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Abstract 

Mulberry (Morus alba L.) is one of the most important cultivated crops in Indian 

sub-continent contributing in the direction of silk fibre production that carries 

economic significance worldwide. Present study deals with a challenge to resolve an 

age long difficulty of silkworm farmers which is feeding of silkworm larvae during 

monsoon season and a current arising dilemma related to landless silk farmers.  

Silk industry was an agro-based labour intensive industry that can be sub-divided 

into two major sectors viz. cultivation of mulberry, for fresh leaves and rearing of 

silkworm. Cultivation of mulberry leaves for larval feeding is an outdoor practice, 

requires an open land, while rearing of silkworm larvae for cocoon is an indoor 

practice. Thus rearing exercise remains limited to those farmers bearing marginal to 

small scale lands. Landless farmers commonly drift from one garden to another or 

shift to urban areas in search of work leaving the conventional practice. Thus due to 

regular migration of traditional practitioners to urban areas, sericulture practice is 

shrinking day by day in India, putting an impact over economic status of the 

country. Beside this during monsoon, on feeding wet mulberry leaves, mortality rate 

of silkworm increases because of which production efficiency decreases, as a result 

silk farmer often incur economic loss during rainy season. Post-harvest mulberry 

leaf preservation by retaining natural condition of leaves using suitable preservative 

solution might help to overcome this problem. 

Post-harvest preservation of mulberry leaves is a challenging factor as decrease in 

content of essential metabolites required for proper development of silk gland takes 

place. Decrease in concentration of chlorophyll, protein, sugar and increase in 

accumulation of ROS and associated free radicals takes place at post-harvest stages 

of preservation, putting negative impact on development of silkworm indicated by 

high mortality rate and low quality cocoon production. Biogenic silver nanoparticles 

were found to be effective in preserving leaves at post-harvest stage along with 

silver nitrate solution. Nanosilver at a concentration of 6 ppm was determined to be 

the least effective concentration for prolonging shelf life of mulberry leaves for at 

least 7 days at post-harvest stage, as revealed from appearance of physical texture 

along with retention of chlorophyll and other primary metabolites. 
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There are limitations of biogenic silver nanoparticles, as the dimension and 

geometry of nanoparticles produced through green synthesis (phytosynthesis) often 

varies greatly. To overcome this problem, process variation was conducted in which 

silver nanoparticles was synthesized by virtue of assessment of reducing efficacy of 

the plant extract at different concentrations of silver nitrate under diverse physical 

conditions viz. light intensity, pH and temperatures. Current study reports optimal 

physical condition for phytosynthesis of nanosilver as neutral pH (pH 7) and 25˚C 

under diffuse light (230 lux).  Nanosilver formed by mixing 45 ml 10
-3 

M silver 

nitrate with 5 ml plant extract under process optimized condition showed 

monodispersed spherical shaped nanoparticles with size dimension range of 12 – 38 

nm and zeta potential of +37.4 mV signifying stability. Beside this, synthesized 

nanoparticles were found to be highly stable under long storage condition as 

revealed by uniformity of SPR spectra. Nanosilver produced under optimized 

circumstance of pH 7 and at 25˚C under diffuse light was found to be bioactive as it 

showed potentiality to prolong the shelf life of mulberry leaves by seven days. 

Solution of silver nanoparticle acts as an efficient preservative as it enhances the 

activity of enzymatic and non-enzymatic antioxidants thereby eliminating the 

harmful consequences of accumulated free radicals and ROS. The effectiveness of 

silver nanoparticle solution was found to be significantly higher than both silver 

nitrate (positive control) and distilled water (negative control), as greater retention of 

primary metabolites like pigments, proteins, and sugar necessary for healthy growth 

of silkworm larvae was noted. The impact of feeding nanosilver preserved leaves on 

silkworm larvae was observed to be significantly better than larvae fed with distilled 

water and silver nitrate preserved leaves. Larvae supplemented with nanosilver 

preserved leaves displayed growth rate, weight of cocoon and shell, effective rate of 

rearing almost equivalent to that of larvae supplemented with fresh leaves.    

Beside these, the preservative effect of nanosilver solution was also determined by 

their potentiality to put off xylem blockage and inhibition of microbial propagation 

within preservative solution. Phytosynthesized silver nanoparticles displayed 

negative microbial count throughout the course of preservation as apparent from no 

colony-forming unit (CFU) till the final day of preservation, while conventional 

preservative silver nitrate displayed traces of CFU count on nutrient agar plate. 

Progressive increase in CFU count was recorded in distilled water set with increase 
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in days of preservation. Beside these leaves preserved in solution of nanosilver 

showed almost negligible number of vascular blockage in petiole section 

approximately equivalent to the blockage pattern displayed by freshly harvested 

mulberry leaves. Whereas leaves preserved in control set (distilled water) showed 

large number of blocked vessels due to the deposition of macromolecules like 

protein, lignin and suberin. Nanosilver preserved leaves also displayed greater 

retention of membrane integrity than mulberry leaves preserved in both positive 

(silver nitrate) and negative (distilled water) control sets. 

High-throughput RNA sequencing technology using Illumina platform has identified 

genes associated with chloroplast and photosynthetic metabolism; detoxifying 

reactive oxygen and carbonyls species; innate immune responses are mainly 

responsible for post-harvest shelf life extension in nanosilver preserved leaves. Loss 

of storage sucrose (sink metabolism); enhanced activity of senescence related 

hormonal mechanism; accumulation of xenobiotic compounds and development of 

osmotic stress inside tissue system was the probable reason for tissue deterioration 

in negative control (distilled water preserved leaves). Real-time quantitative PCR 

validation of DEGs was in good agreement with RNA sequencing analysis, 

indicating reliability of the sequencing platform. RT-PCR analysis has validated the 

up-regulation of photosynthetic and stress management proteins in nanosilver 

preserved leaves.  

Gel electrophoresis of mulberry leaf protein also reflects the preservative 

potentiality of nanosilver solution. Leaves preserved in solution of silver 

nanoparticle showed uniform protein banding pattern throughout preservation 

period. The protein banding pattern of leaves preserved in nanosilver solution 

appeared more prominent and invariable than the protein banding pattern of distilled 

water and silver nitrate sets. Protein banding pattern of silkworm larvae 

supplemented with nanosilver preserved leaves appeared roughly parallel to that of 

larvae supplemented with fresh leaves which also reflects effective preservative 

potential of nanosilver solution. Through isozyme profiling, superoxide dismutase 

and catalase activity were found to be active in both mulberry leaves preserved with 

nanosilver solution and silk gland of larvae supplemented with same preserved 

leaves. Isozyme profiling signifies presence of adequate defensive activity to shield 

against damage caused by ROS accumulation. OHR-LCMS profiled proteins 
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through STRING analysis identified involvement of photosynthesis related and 

stress mitigating proteins, helping to avoid senescence thus enhancing shelf life. 

OHR-LCMS mulberry specific protein band (SDS-PAGE) profiling was in good 

agreement with the obtained results of NGS analysis.      

Thus phytosynthesized (green synthesized) silver nanoparticles through prevention 

of microbial proliferation and vascular occultation, activated stress induced cellular 

defensive processes that helped in the retention of optimum primary metabolite 

content, including photosynthetic processes that directly promoting post-harvest 

shelf life extension up to 7 days.  The physical texture, chemical profile and feeding 

preference of nanosilver preserved leaves was found to be almost equivalent to that 

of fresh mulberry leaves without any toxic effect, signifying the preservative 

potentiality of nanosilver solution over any other preservatives. 
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(5-6) nanosilver and (7-8) silver nitrate solution 

Fig. 109: Graphical representation depicting relative density of NADPH oxidase activity of 

fresh mulberry leaves and 7 days preserved mulberry leaves in distilled water, nanosilver 

and silver nitrate solution. Numerical (1, 2, 3,...) at the top of graphical bars denotes band 

numbers    

Fig. 110:  On-gel (a) image and (b) scanned photograph showcasing superoxide dismutase 

activity of (1-2) fresh leaves and 7 days preserved mulberry leaves in (3-4) distilled water, 

(5-6) nanosilver and (7-8) silver nitrate solution 

Fig. 111: Graphical representation depicting relative density of superoxide dismutase 

activity of fresh mulberry leaves and 7 days preserved mulberry leaves in distilled water, 

nanosilver and silver nitrate solution. Numerical (1, 2, 3,...) at the top of graphical bars 

denotes band numbers   
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Fig. 112: On-gel (a) image and (b) scanned photograph showcasing catalase activity of (1-

2) fresh leaves and 7 days preserved mulberry leaves in (3-4) distilled water, (5-6) 

nanosilver and (7-8) silver nitrate solution 

Fig. 113: Graphical representation depicting relative density of catalase activity of fresh 

mulberry leaves and 7 days preserved mulberry leaves in distilled water, nanosilver and 

silver nitrate solution. Numerical (1, 2, 3,...) at the top of graphical bars denotes band 

numbers    

Fig. 114:  On-gel (a) image and (b) scanned photograph showcasing peroxidase activity of 

(1-2) fresh leaves and 7 days preserved mulberry leaves in (3-4) distilled water, (5-6) 

nanosilver and (7-8) silver nitrate solution 

Fig. 115: Graphical representation depicting relative density of peroxidase activity of fresh 

mulberry leaves and 7 days preserved mulberry leaves in distilled water, nanosilver and 

silver nitrate solution. Numerical (1, 2, 3,...) at the top of graphical bars denotes band 

numbers  

Fig. 116: Nutrient agar plates representing antimicrobial activity of preservative solutions at 

different days of preservation: IA-IG CFU count of distilled water used as preservative 

from day 1 to day 7; IIA-IIG CFU count of silver nitrate solution used as preservative from 

day 1 to day 7; IIIA-IIIG CFU count of nanosilver solution used as preservative from day 1 

to day 7 

Fig. 117:  Pictorial view representing physical condition of S1, S1635, TR10, BC259 and 

Guangdung genotype mulberry leaves preserved for 7 days in preservative solutions: I fresh 

leaves; II, III and IV represents 7 day preserved leaves in nanosilver, silver nitrate and 

distilled water respectively 

Fig. 118: Total chlorophyll content in leaves of five mulberry cultivars, preserved with 6 

ppm nanosilver solution (A), 6 ppm silver nitrate solution (B) and distilled water (C) for 

seven days in comparison to initial day 

Fig. 119: Total protein content in leaves of five mulberry cultivars, preserved with 6 ppm 

nanosilver solution (A), 6 ppm silver nitrate solution (B) and distilled water (C) for seven 

days in comparison to initial day 

Fig. 120: Total sugar content in leaves of five mulberry cultivars, preserved with 6 ppm 

nanosilver solution (A), 6 ppm silver nitrate solution (B) and distilled water (C) for seven 

days in comparison to initial day 

Fig. 121: Transverse section of the petioles of mulberry leaf under light (A) and electron (B) 

microscope indicating different layers from outside to inside as star mark: trichome, CU: 



xxv 
 

cuticle, EP: epidermis, CO: collenchyma, P: parenchyma, ID: idioblast, PH: phloem, MX: 

metaxylem, PX: protoxylem, PI: pith 

Fig. 122: Histochemical identification of protein components in xylem occlusions by 

Bradford reagent in petiole of mulberry leaves: (A) fresh leaves, (B) 7 day distilled water 

preserved leaves; (C) 7 day nanosilver preserved leaves, (D) 7 day silver nitrate preserved 

leaves; I – V represents  S1, S1635, TR10, BC259 and Guangdung genotype of mulberry 

leaves used for preservation respectively 

Fig. 123: Histochemical identification of lignins in xylem occlusions by Azure B in petiole 

of mulberry leaves: (A) fresh leaves, (B) 7 day distilled water preserved leaves; (C) 7 day 

nanosilver preserved leaves, (D) 7 day silver nitrate preserved leaves; I – V represents  S1, 

S1635, TR10, BC259 and Guangdung genotype of mulberry leaves used for preservation 

respectively 

Fig. 124: Histochemical identification of lignins in xylem occlusions by Phloroglucinol–

HCl in petiole of mulberry leaves: (A) fresh leaves, (B) 7 day distilled water preserved 

leaves; (C) 7 day nanosilver preserved leaves, (D) 7 day silver nitrate preserved leaves; I – 

V represents  S1, S1635, TR10, BC259 and Guangdung genotype of mulberry leaves used 

for preservation respectively 

Fig. 125: Histochemical identification of suberins in xylem occlusions by Sudan IV in 

petiole of mulberry leaves: (A) fresh leaves, (B) 7 day distilled water preserved leaves; (C) 

7 day nanosilver preserved leaves, (D) 7 day silver nitrate preserved leaves; I – V represents  

S1, S1635, TR10, BC259 and Guangdung genotype of mulberry leaves used for 

preservation respectively 

Fig. 126: Scanning electron micrograph showing  xylem occlusions in petiole of mulberry 

leaves: (A) fresh leaves, (B) 7 day distilled water preserved leaves; (C) 7 day nanosilver 

preserved leaves, (D) 7 day silver nitrate preserved leaves; I – V represents  S1, S1635, 

TR10, BC259 and Guangdung genotype of mulberry leaves used for preservation 

respectively 

Fig. 127: Histochemical detection of hydrogen peroxide localization by potassium iodide 

and starch solution in petiole of mulberry leaves: (A) fresh leaves, (B) 7 day distilled water 

preserved leaves; (C) 7 day nanosilver preserved leaves, (D) 7 day silver nitrate preserved 

leaves; I – V represents  S1, S1635, TR10, BC259 and Guangdung genotype of mulberry 

leaves used for preservation respectively 

Fig. 128: Histochemical detection of plasma membrane integrity by Evan's blue in petiole 

of mulberry leaves: (A) fresh leaves, (B) 7 day distilled water preserved leaves; (C) 7 day 
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nanosilver preserved leaves, (D) 7 day silver nitrate preserved leaves; I – V represents  S1, 

S1635, TR10, BC259 and Guangdung genotype of mulberry leaves used for preservation 

respectively 

Fig. 129: Score plot analysis of principal components demonstrating vascular blockage 

preventing nature of distilled water, nanosilver and silver nitrate solution as preservative, in 

preserving S1, S1635, TR10, BC259 and Guangdung genotype of mulberry leaves with 

respect to fresh leaves of each genotype 

Fig. 130: Agglomerative hierarchical clustering representing vascular blockage preventing 

nature of distilled water, nanosilver and silver nitrate solution as preservative, in preserving 

S1, S1635, TR10, BC259 and Guangdung genotype of mulberry leaves with respect to fresh 

leaves of each genotype 

Fig. 131: Heat map colour matrix representing inter-relationship between preservative 

solutions (vertical axis) with the nature of blockage pattern detected by staining five 

genotypes of mulberry (S1, S1635, TR10, BC259 and Guangdung) with histochemical 

stains (horizontal axis) after 7 days of preservation 

Fig. 132: Overview of transcriptome assembly through sequence length distribution 

between assembled transcripts and unigenes 

Fig. 133: Comparative histogram of GC range distribution between assembled transcripts 

and unigenes 

Fig. 134: NCBI Nr database mediated unigene homology search, (A) E-value proportional 

frequency distribution of BLAST hits against the Nr database and (B) proportional 

similarity distribution of BLAST hits against the Nr database 

Fig. 135: PMN database mediated unigene homology search, (A) E-value proportional 

frequency distribution of BLAST hits against the PMN database and (B) proportional 

similarity distribution of BLAST hits against the PMN database 

Fig. 136: Top hits organism distribution of transcriptome annotation with plantNR database 

Fig. 137: Top hits organism distribution of transcriptome annotation with PMN database 

Fig. 138: Length distribution of identified SSRs 

Fig. 139: Violin plot representing the log2FoldChanges of differentially expressed up-

regulated and down-regulated (A) isoforms and (B) unigenes. The value within the violin 

indicates average log2FoldChange 
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Fig. 140: The volcano maps showing differentially expressed up-regulated and down-

regulated (A) isoforms and (B) unigenes. Green dots represent up-regulated genes while red 

dots represent down-regulated genes (p < 0.05) 

Fig. 141: Hierarchical clustering of differentially expressed top 5% up-regulated isoforms in 

relation to NS7 vs CO7. The higher score with different colour represents the higher level of 

expression 

Fig. 142: Hierarchical clustering of differentially expressed top 5% up-regulated unigenes in 

relation to NS7 vs CO7. The higher score with different colour represents the higher level of 

expression 

Fig. 143: Hierarchical clustering of differentially expressed top 5% down-regulated 

isoforms in relation to NS7 vs CO7. The higher score with different colour represents the 

higher level of expression 

Fig. 144: Hierarchical clustering of differentially expressed top 5% down-regulated 

unigenes in relation to NS7 vs CO7. The higher score with different colour represents the 

higher level of expression 

Fig. 145: Category wise distribution of differentially expressed up-regulated genes on 

annotation with Arabidopsis database 

Fig. 146: Category wise distribution of differentially expressed down-regulated genes on 

annotation with Arabidopsis database 

Fig. 147: STRING analysis of differentially expressed up-regulated genes obtained after 

annotation with Arabidopsis database using Mercator and Uniport. STRING network 

contains 441 node connected by 4651 edges having PPI enrichment of p< 1.0e-16 

Fig. 148: STRING analysis of differentially expressed down-regulated genes obtained after 

annotation with Arabidopsis database using Mercator and Uniport. STRING network 

contains 572 node connected by 4541 edges having PPI enrichment of p< 1.0e-16 

Fig. 149: Gene Ontology classification of top differentially expressed up-regulated genes 

with respect to biological process (BP1), cellular component (CC1) and molecular function 

(MF1) obtained from STRING analysis 

Fig. 150: Enzyme Class classification of differentially expressed up-regulated genes 

Fig. 151: Gene Ontology classification of top differentially expressed down-regulated genes 

with respect to biological process (BP1), cellular component (CC1) and molecular function 

(MF1) obtained from STRING analysis 

Fig. 152: Enzyme Class classification of differentially expressed down-regulated genes 
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Fig. 153: STRING second round analysis of selected up-regulated unigenes those are found 

to be significantly enriched from round one GO analysis. STRING network contains 71 

node connected by 298 edges having PPI enrichment of p< 1.0e-16 

Fig. 154: STRING second round analysis of selected down-regulated unigenes those are 

found to be significantly enriched from round one GO analysis. STRING network contains 

82 node connected by 216 edges having PPI enrichment of p< 1.0e-16 

Fig. 155: Topological networking of STRING (second round) generated up-regulated gene 

interaction data using cytoscape platform. Cytoscape connected 65 nodes with network 

density and homogeneity of 0.143 and 0.613 respectively, with characteristic path length of 

2.480 and average number of neighbours of 9.169 

Fig. 156: Topological networking of STRING (second round) generated down-regulated 

gene interaction data using cytoscape platform. Cytoscape connected 74 nodes with network 

density and homogeneity of 0.080 and 0.690 respectively, with characteristic path length of 

2.785 and average number of neighbours of 5.835 

Fig. 157: Expression profile of topologically selected top up-regulated genes 

Fig. 158: Functional sub-networking of highly interconnected nodes (up-regulated genes) 

using MCODE. Networks were built considering note density and node score cut-off value 

of 0.1, 0.2 respectively, with kappa-core value of 2 

Fig. 159: Expression profile of topologically selected top down-regulated genes  

Fig. 160: Functional sub-networking of highly interconnected nodes (down-regulated genes) 

using MCODE. Networks were built considering note density and node score cut-off value 

of 0.1, 0.2 respectively, with kappa-core value of 2 

Fig. 161: Gene ontological enrichment analysis of topologically selected up-regulated genes 

based on biological process using BiNGO considering Arabidopsis as model organism. 

Hypergeometric test was conducted, considering p-value cut off ≤ 0.05. Size of the node 

was proportional to the number of gene (transcripts) present under a particular nodal 

category. Node colour shades were according to the significance level where white 

represents no significant differences, yellow and green colour shade represents significance 

level at p = 0.05 and <0.0000005 respectively. (Description of node against node number 

was given in Table 62) 

Fig. 162: Gene ontological enrichment analysis of topologically selected down-regulated 

genes based on biological process using BiNGO considering Arabidopsis as model 

organism. Hypergeometric test was conducted, considering p-value cut off ≤ 0.05.  Size of 

the node was proportional to the number of gene (transcripts) present under a particular 
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nodal category. Node colour shades were according to the significance level where white 

represents no significant differences,  green and blue colour shade represents significance 

level at p = 0.05 and <0.0000005 respectively. (Description of node against node number 

was given in Table 63) 

Fig. 163: Kyoto Encyclopedia of Genes and Genomes (KEGG) classification of top 

differentially expressed (up-regulated) genes. The genes were enlisted at the top and the 

colour pattern (green shades) indicates the involvement of a particular gene in a particular 

KEGG pathway 

Fig. 164: Kyoto Encyclopedia of Genes and Genomes (KEGG) classification of top 

differentially expressed (down-regulated) genes. The genes were enlisted at the top and the 

colour pattern (blue shades) indicates the involvement of a particular gene in a particular 

KEGG pathway 

Fig. 165: Validation of key differentially expressed up-regulated genes using qRT-PCR 

analysis. The y-axis indicates relative quantification of the genes and the studied genes were 

indicated in the x-axis. Error bar indicates the value of standard deviation (±SD) 

Fig. 166: Validation of key differentially expressed down-regulated genes using qRT-PCR 

analysis. The y-axis indicates relative quantification of the genes and the studied genes were 

indicated in the x-axis. Error bar indicates the value of standard deviation (±SD) 

Fig. 167: Rearing pattern of silkworm larvae 

Fig. 168: Average growth rate of larvae fed with fresh and preserved mulberry leaves 

Fig. 169: Cocoon spinned by larvae after feeding with fresh mulberry leaves (a) and leaves 

preserved in distilled water (b), silver nitrate (c) and nanosilver (d) solution  

Fig. 170: Effect of feeding S1 genotype of mulberry leaves, preserved with distilled water, 

nanosilver and silver nitrate on (A) growth index and (B) single cocoon weight. Silkworm 

larvae were fed with leaves preserved for 0D, 1D, 4D, 6D and 7D. The results were 

expressed as Mean ± SDEV, n= 3 

Fig. 171: Effect of feeding S1 genotype of mulberry leaves, preserved with distilled water, 

nanosilver and silver nitrate on (A) single shell weight and (B) shell ratio. Silkworm larvae 

were fed with leaves preserved for 0D, 1D, 4D, 6D and 7D. The results were expressed as 

Mean ± SDEV, n= 3   

Fig. 172: Effect of feeding S1 genotype of mulberry leaves, preserved with distilled water, 

nanosilver and silver nitrate on (A) effective rearing rate and (B) mortality rate. Silkworm 
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larvae were fed with leaves preserved for 0D, 1D, 4D, 6D and 7D. The results were 

expressed as Mean ± SDEV, n= 3  

Fig. 173: (a) SDS gel portrait and (b) scanned image of silk gland protein obtained from 

larvae fed with (1) fresh leaves, (2-4) distilled water, nanosilver and silver nitrate preserved 

leaves respectively 

Fig. 174: (a-c) Graphical representation depicting relative density of silk gland proteins 

obtained from SDS PAGE analysis. Numerical (1, 2, 3,...) at the top of graphical bars 

denotes band numbers 

Fig. 175: (a) SDS gel portrait and (b) scanned image of haemolymph protein obtained from 

larvae fed with (1) fresh leaves, (2-4) distilled water, nanosilver and silver nitrate preserved 

leaves respectively 

Fig. 176: (a-c) Graphical representation depicting relative density of haemolymph proteins 

obtained from SDS PAGE analysis. Numerical (1, 2, 3,...) at the top of graphical bars 

denotes band numbers 

Fig. 177: (a) SDS gel portrait and (b) scanned image of stomach protein obtained from 

larvae fed with (1) fresh leaves, (2-4) distilled water, nanosilver and silver nitrate preserved 

leaves respectively 

Fig. 178: (a-b) Graphical representation depicting relative density of stomach proteins 

obtained from SDS PAGE analysis. Numerical (1, 2, 3,...) at the top of graphical bars 

denotes band numbers   

Fig. 179: (a) SDS gel portrait and (b) scanned image of fat body associated protein obtained 

from larvae fed with (1) fresh leaves, (2-4) distilled water, nanosilver and silver nitrate 

preserved leaves 

Fig. 180: (a-b) Graphical representation depicting relative density of fat body associated 

proteins obtained from SDS PAGE analysis. Numerical (1, 2, 3,...) at the top of graphical 

bars denotes band numbers 

Fig. 181: OHR-LCMS spectra of differentially expressed SDS band obtained from silk 

gland of larvae fed with nanosilver preserved leaves 

Fig. 182: STRING analysis representing protein-protein interaction of differentially 

expressed silk gland proteins obtained from OHR-LCMS analysis 

Fig. 183: On-gel (a) image and (b) scanned photograph showcasing  NADPH oxidase 

activity inside silk gland of silkworm larvae fed with (1) fresh leaves, (2-4) leaves preserved 

in distilled water, nanosilver and silver nitrate solution respectively for 7 days 
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Fig. 184: (a-b) Graphical representation depicting relative density of NADPH oxidase 

activity inside silk gland of silkworm larvae fed with fresh leaves and 7 day preserved 

leaves in distilled water, nanosilver and silver nitrate solution respectively.  Numerical (1, 2, 

3,...) at the top of graphical bars denotes band numbers 

Fig. 185: On-gel (a) image and (b) scanned photograph showcasing superoxide dismutase 

activity inside silk gland of silkworm larvae fed with (1) fresh leaves, (2-4) leaves preserved 

in distilled water, nanosilver and silver nitrate solution respectively for 7days 

Fig. 186: Graphical representation depicting relative density of  superoxide dismutase 

activity inside silk gland of silkworm larvae fed with fresh leaves and 7 day preserved 

leaves in distilled water, nanosilver and silver nitrate solution.  Numerical (1, 2, 3,...) at the 

top of graphical bars denotes band numbers 

Fig. 187: On-gel (a) image and (b) scanned photograph showcasing catalase activity inside 

silk gland of silkworm larvae fed with (1) fresh leaves, (2-4) leaves preserved in distilled 

water, nanosilver and silver nitrate solution respectively for 7days 

Fig. 188: Graphical representation depicting relative density of catalase activity inside silk 

gland of silkworm larvae fed with fresh leaves and 7 day preserved leaves in distilled water, 

nanosilver and silver nitrate solution respectively.  Numerical (1, 2, 3,...) at the top of 

graphical bars denotes band numbers 

Fig. 189: Probable mechanism of action leading to post harvest shelf life extension in 

nanosilver preserved mulberry leaves 

Fig. 190: Diagrammatic model of post harvest vascular blockage and its inhibition through 

nanosilver application  
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1. INTRODUCTION 

Moraceae generally known as mulberry family or fig family is one of the 

commercially important family of flowering plants, cultivated across the globe. The 

family accompanied roughly 1100 species, representing 38 genera (Christenhusz and 

Byng 2016) and are globally distributed in the tropical and sub tropical regions and 

mostly confined in Asia and the Pacific Islands. Due to extremely diverse 

morphological articulation and habitat range, Moraceae is often considered as 

complex family. Characteristically all the species of this family produces milky sap. 

Datta (2002) reported that the genus Morus includes 68 species out of which one 

member is Morus alba, commonly known as white mulberry. Morus alba is one of 

the most economically important and cultivated genus of the family Moraceae. The 

genus Morus alba L. was placed by Bentham and Hooker (1862 – 1883) under the 

order Rosales in the family Moraceae. White mulberry is a small to medium sized 

tree, attaining maximum height up to 20 meter. The species is native to China 

(northern China) (Zhou et al. 2013) and widely cultivated in different geographical 

locations for fodder, silkworm rearing and timber production (Gupta 1993).  

Silkworm (Bombyx mori L.) belongs to lepidopteron group of insect and is globally 

recognised as “Queen of textiles” for spinning out commercially important silk 

fibres (Soumya et al. 2017). Nagaraju (2002) stated that production of good quality 

silk fibres from silk gland of larvae utterly depends on larval internal metabolism 

and nutritional quality of mulberry leaves. The nutrient requirement of silk worm 

larvae is very sensitive as it requires proper balance diet of proteins, amino acids, 

carbohydrate, fatty acids, vitamins and various micro nutrients for normal growth 

and development of silk gland (Wani et al. 2018). Alebiosu et al. (2013) reported 

that ~70% of the total proteins present in silk fibre were directly contributed by 

mulberry leaves. The ability of silkworm larvae in converting protein present in 

mulberry leaf to silk protein depends on dietary efficiency, which in turn depends on 

quality of supplemented mulberry leaves (tenderness, thickness and tightness) they 

fed upon (Sharma et al. 2018). Low quality feeding resulted in low-grade, inferior 

quality small size cocoon and reduced number of eggs. Besides these low nutritive 

value also affects growth rate of larvae, body weight, movement, competitive ability 

longevity, and survival rate (Hossain et al. 2016).   
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The agro based silk industry is most often considered as one of the prime contributor 

to the rural lifeline of India as it generates employment among millions of rural and 

sub-rural people, improving economic status (Bukhari and Kour 2019). Based on 

division of labour, silk industry is divided into different sub-categories viz. mulberry 

cultivation, silkworm rearing including larval spinning, egg production, reeling and 

weaving and finally marketing (Bhat and Choure 2014). This agro-based labour 

intensive industry generates high employment among rural people (Kumar et al. 

2013). More women participants were involved in sericulture practice in comparison 

to men. Women actively participate in silkworm rearing and management practices. 

Kasi (2013) reported that ~50% and 60% women participation were actively 

involved in the practice of mulberry cultivation and silkworm rearing respectively. 

Basically the rearing of silkworm consists of two important activities viz. cultivation 

of mulberry leaves and rearing of silkworm. Rearing is an indoor practice while 

cultivation of leaves is an outdoor practice which requires an open land.  Thus 

rearing practice remains confined to those farmers having marginal to small scale 

lands (Sarkar et al. 2017). Land less farmers usually migrates from one garden to 

another or shift to urban areas in search of work leaving the conventional practice. 

Some farmers even purchase leaves from others gardens for performing the rearing 

practice (Sarkar et al. 2017). Regular purchasing of leaves and its carrying cost 

raises the overall cost of production, which has shifted the interest of traditional 

practitioners from this conventional field. Preservation by maintaining the leaf 

quality on purchasing the leaves once in a while may serve up as a way out to this 

problem by regaining the interest of farmers and their families to this wide field of 

application. 

Another major challenging event faced by silk industry was rearing of silkworm 

larvae during rainy season. During rainy season, at the time of raining, rain water 

gets adsorbed in the surface of the leaf. Feeding of larvae with soggy leaves led to 

the development of larval disease consequence in high mortality rate, declining 

productivity. To overcome these crisis traditional practitioners for long time adopted 

the policy of leaf storage. The obstacle that is faced during storage is nutritional 

depletion and dehydration of leaves, resulting in mediocre quality cocoons. Post-

harvest preservation of leaves in suitable preservative solution by retaining natural 

condition of leaves might assist to triumph over this existing problem.  
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Wilting, senescence, discolouration, high respiration rate, tissue browning, decay, 

vascular blockage and microbial growth are the major causes which checks 

postharvest shelf life extension and delimits the use of preservative solution. 

Microbial proliferation results in rapid senescence and breakdown of 

macromolecules by mounting ROS and free radical percentage (Merzlyak and 

Hendry 1994).  Decolouration caused by chlorophyll degradation resulted in 

yellowing of leaves is the most conspicuous indicative happening of senescence 

(Merzlyak and Hendry 1994). In presence of light, leaf chloroplast is the main site 

for generation of ROS and during senescence disassembly of photosynthetic 

machinery causes disturbance of reducing equivalents of electron chain causing 

enrichment in ROS accumulation (Juvany et al. 2013). Unnecessary ROS 

accumulation causes damage at cellular level which is apparent by degradation of 

pigment, carbohydrates, proteins, lipids, and even nucleic acid (Das and 

Roychoudhury 2014).  To overcome oxidative injury, tissue system of plants causes 

detoxification of surplus generated ROS by activating enzymatic and non-enzymatic 

enzymological activities (Sharma et al. 2012). ROS scavenging activity was 

triggered by the action of the antioxidant enzymes like superoxide dismutase (SOD), 

catalase (CAT), glutathione peroxidase (GPOX), ascorbate peroxidase (APX) and 

many others which works in a coordinated fashion transforming accumulated 

superoxide (O2
•-
) to hydrogen peroxide (H2O2) and finally to water (H2O) (Ighodaro 

and Akinloye 2018; Apel and Hirt 2004). Glutathione, ascorbate, carotenoids are 

primarily involved in non-enzymatic enzymological activities. Glutathione 

participates in the generation of ascorbic acid which gets implicated in detoxifying 

superoxide
 
inside chloroplast (Noctor and Foyer 1998), whereas carotenoids protects 

photosynthetic apparatus from damages caused by induction of stress (Racchi 2013).  

Phenolics are also classified as non-enzymatic antioxidants and are mainly 

concerned with phyto-based defence system by nullifying the toxic effect of 

generated free radicals (Rice-Evans et al. 1997).   

With the on-set of stress, auto-activation of defensive pathways mediated by 

enzymatic and non-enzymatic molecules takes place. But these defensive activities 

decreases at post-harvest stage with increase in duration of preservation. Presence of 

bio-active elicitor or preservative may extend the shelf life by up-regulating the 

cellular defensive pathways. Silver nitrate is the most practiced and implicated silver 
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salt as preservative in the field of horticultural crop, as they slow up microbial 

proliferation, preventing vascular occlusion (Elgimabi 2011). The impact of silver 

nitrate in elongation of vase life has been well documented and practiced in 

horticultural crop like rose (Hussen and Yassin 2013), tuberose (Anjum et al. 2001). 

Silver thiosulphate, another silver salt is frequently used as preservative for 

extending shelf life of horticultural crops. Silver nitrate and silver thiosulphate 

solutions are the most commonly used preservatives as they function as ethylene 

blocker, thus delaying the process of senescence (Subhashini et al. 2011). It has been 

reported that by acting as ethylene blocker both silver nitrate and silver thiosulphate 

delays senescence of flower and thereby prevents early abscission (Kofranek 1985; 

Knee 1992). Salts of silver ions were reported to extend the shelf life by maintaining 

the water column, as it also prevents the formation of microbial blockage in the 

xylem lumens (Ohkawa et al. 1999). It has been reported that there is feasible 

possibility of silver nitrate causing toxicity to living organism (Ratte 1999), putting 

a backward thrust towards its application. Nanosilver may serve as an alternate 

option as it has least toxic effect than any other forms of silver (Foldbjerg et al. 

2009). Nanosilver solutions at low concentration might act as an effective 

preservative which not only prevents growth of microbial organisms (Naing et al. 

2017), maintaining xylem integrity but also activates defensive enzymological 

activity (Hatami and Mansour 2014), maintaining pigment and vital metabolite 

concentration. Implementation of silver nanoparticle as preservatives has been 

reported to extend the shelf life of many flowering crops including Chrysanthemum 

(Carrillo-López et al. 2016), Dianthus (Solgi 2018), Gerbera (Kazemi and Ameri, 

2012) and tulip (Byczyńska 2017). However almost all of the preservative aspects of 

nanosilver and silver salts have been reported for extending vase or shelf life of 

commercially important flowering twigs, almost no report was obtained that 

describes their potentiality towards prolonging shelf life of cultivated leaves. 

Silver was one of the most universally practiced metal nanoparticles due to its 

nontoxic, harmless influence on humans and bioactivity at low concentrations 

(Singh et al. 2015). Historical records suggest greater payback of silver than the 

hazardous impact, due to its therapeutic and medical benefits (Alexander 2009). 

Silver nanoparticles have broad spectrum application as antimicrobial agents in 

preventing infections. Beside these, silver nanoparticles bear diverse application in 
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the fields of catalysis, photonics, electronics, and optics (Bhaduria et al. 2013). Due 

to the capability of nanosilver to generate high amount of free-radicals, it was 

considered as one of the best metallic nanoparticles suitable for biological 

applications as antibacterial, antimicrobial, antifungal and antiviral agents (Kim et 

al. 2007).  

Different techniques have been adopted by different workers of the globe concerned 

with the synthesis of metal nanoparticles viz. chemical reduction, photochemical 

reduction, microwave irradiation, micro-emulsion, gamma-ray irradiation, laser 

ablation, electrochemical reduction, and many others (Chauhan et al. 2019; Srikar et 

al. 2016).  Application of these traditional methods have countless drawbacks often 

results in creating hazardous impact over environment which includes application of 

flammable organic solvents and harmful chemicals, high toxicity, capital intensive 

as requisite expensive instruments, high energy consumption, huge amount of waste 

generation and  difficulties associated with purification (Gnanavel et al. 2017; Rai et 

al. 2009). Beside this, nanosilver synthesized by chemical methods was 

inappropriate for medical application as there resides likelihood of toxic effect of the 

chemicals used as reducing and capping agent (Samari et al. 2018). So in concern to 

global safety, necessitate for development of novel substitute methods for synthesis 

of nanoparticles with controlled shape and size having energy-efficient, eco-friendly 

and non-toxic properties. Use of biological materials under the kingdom Plantae 

could be efficiently explored for the development of simple, rapid, stable, eco-

friendly, cost-effective and hygienic nanoparticles, thus opening a new path in the 

form of green chemistry commonly called as biogenic synthesis or green synthesis 

(Elemike et al. 2017).  

Green chemistry utilizes bacteria, algae, fungi and plants that include bryophyte, 

pteridophyte, gymnosperm and angiosperm (Singh 2019; Srikar et al. 2016) for 

phytosynthesis of metallic nanoparticles. Among the diverse groups of biological 

organisms, green plants gains added advantage over others as they drastically 

reduces the reaction and reduction time from several days to few minutes that was 

required by microbes; besides this they are cost effective as they do not require high 

energy, high pressure and toxic chemicals and can be easily scaled up for large-scale 

production at industrial level (Yang et al. 2014; Kaushik et al 2010). Besides these, 

wide-ranging versatility among plants serves as a affluent source of various 
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phytochemicals including aldehydes, ketones, amides, flavones, terpenoids, 

carboxylic acids, phenols and ascorbic acids that carries the significant potentiality 

for reducing metal salts into metal nanoparticles (Singh et al. 2018). Phytosynthesis 

of silver nanoparticles has been reported using the extract of Wrightia tinctoria 

(Rajathi and Sridhar 2013), Withania somnifera (Raut et al. 2014), Tephrosia 

purpurea (Ajitha et al. 2014), Abutilon indicum (Kumar et al. 2015), Ziziphora 

tenuior (Sadeghi and Gholamhoseinpoor 2015), Salvia hispanica (Joshi et al. 2019), 

Priva cordifolia (Ananda et al. 2019) and Flemingia wightiana (Reddy et al. 2020). 

Some study also reports the use of naturally biodegradable plant components viz. 

polysaccharides, vitamins, enzymes, biopolymers and latex for biosynthesis of silver 

nanoparticles (Shukla and Iravani 2017; Talekar et al. 2016). Current study reports 

biosynthesis of nanosilver using Morus alba leaf extract due to its pre-established 

medicinal and nutraceutical properties making it non-toxic to mankind (Li 1998).   

Morus alba (Mulberry), plant which bears not only monetary value but also having 

medicinal importance. Wild and cultivated species of mulberry are distributed across 

India (Tikader and Vijayan 2010), making their easy availability. Global value of 

mulberry lies in the exploitation of its leaves for the feeding of monophagous insect 

Bombyx mori. The potentiality of mulberry also lies in its anti-diabetic (Lee et al. 

2002), antioxidant (Wattanapitayakul et al. 2005; Oh et al. 2002), antimicrobial 

(Sohn et al. 2004), anticancerous (Kofujita et at. 2004), neuroprotective (Niidome et 

al. 2007), and hepatoprotective (Hogade et al. 2010) activity. Because of its 

significant medicinal importance, mulberry leaves along with its root and stem are 

consumed in different parts of world directly as tea (Thaipitakwonga et al. 2018; 

Wilson and Islam 2015). Current work is based on the hypothesis that synthesized 

nanoparticles will bear effective bioactive antimicrobial and antioxidant activity.   

Earlier researchers have performed green synthesis of silver nanoparticles using dry 

extract of mulberry leaves, which was either dried in direct sun light (Awwad and 

Salem 2012) or shade dried (Singh et al. 2018; Akbal et al. 2016). Oxidative change 

in phytochemical constituents of leaves may occur during the process of drying, 

which might put significant impact over the process of reduction during nano 

formation. To avoid occurrence of any such unwanted oxidative reconstruction of 

phyto-constituents, current study was designed to use aqueous decoction of fresh 

mulberry leaves through refluxing for the formation of silver nanoparticles. 
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The foremost disadvantage of green synthesis of nanoparticles resides with 

uncontrolled grip over size and shape of biosynthesizing nanoparticles. In green 

chemistry phytochemical constituents present in plant extract directly acts as 

reducing and capping agent, so it was extremely difficult to predict their structure, 

approach of interaction and nature of alliance at the time of reaction, often leads to 

the formation of large and variable size particles with diverse morphology putting a 

check on their utilization at commercial level (Gour and Jain 2019). As nucleation 

and growth of crystals take place at the identical point in time, so it was incredibly 

difficult to control particles size distribution (LaMer and Dinegar 1950). Thus from 

bioactivity point of view, size of green synthesized silver nanoparticles was very 

crucial thereby putting a demand for controlled synthesis leading to the development 

of novel size nanosilver. It has been proposed that control over size and shape of 

nanoparticles can be achieved by adjusting pH and temperature of the reaction 

medium that brings changes to the nature of the reducing agent (Ibarra-Sánchez et 

al. 2015). Beside this for increasing long term stability and overall yield percentage 

of biogenic silver nanoparticles, process optimization of physical parameters viz. 

pH, temperature and light intensity was the elementary prerequisite (Birla et al. 

2013). It has been reported that difference in nanoparticles size can be achieved by 

altering the condition like time, pH, temperature, reactants concentration and ratio of 

plant extract to metallic salt of the standard process (Liu et al. 2017). Gardea-

Torresdey at al. (2003) reported control over shape and size of the nanoparticles by 

altering the pH that was biosynthesized using alfalfa sprouts. Fayaz et al. (2009) 

during nanoparticle synthesis reported change in size of particles with increase and 

decrease in temperature from optimum range. Increase in temperature enhances the 

tempo of reaction, as well as reduction rate and thereby putting impact over 

distribution of particle size (Khalil et al. 2014).  

Current dissertation work was carried out considering the hypothesis that green 

synthesized nanosilver will bear the ability to prolong the shelf life of mulberry 

cultivars at postharvest stage. In the current study five attempts were made, first 

bioactive green synthesis of silver nanoparticles; secondly detection of ideal 

condition of biosynthesis of nanoparticles through process variation; thirdly to 

investigate the effect of nanosilver as preservative solution, in prolonging shelf life 

of mulberry leaves by retaining valuable metabolite concentration; fourth assessment 
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of comparative aspects among different preservative solutions; and lastly whether 

there is any adverse effect of feeding preserved mulberry leaves on rearing system of 

silkworm larvae.   

Based on the above hypothesis the objective of current dissertation works are 

prescribed below: 

a. Green synthesis of silver nanoparticles using mulberry leaf extract, its 

characterization, process variation and stability assessment 

b. Antioxidant and antimicrobial activity assessment of prepared nanosilver 

c. Application of silver nanoparticles and salts of silver ion in preservation of 

mulberry leaves their biochemical and phytochemical characterization 

d. Assessment of stress accumulation and alternation in free radical scavenging 

activity of preserved mulberry leaves 

e. Determining the changes in antioxidant enzymological characteristics of mulberry 

leaves after preservation 

f. Determining the impact of feeding mulberry leaves preserved with nanosilver and 

salts of silver ion on larval and cocoon parameters 

g. Analysis of gel electrophoresis and isozyme patterns by polyacrylamide gel 

electrophoresis of preserved mulberry leaves and silkworm larvae fed with 

preserved leaves 

h. Comparative transcriptome analysis of nanosilver preserved leaves with respect to 

leaves preserved in distilled water.  
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2. LITERATURE REVIEW 

2.1. Silk and its aspects 

Textile and textile industry is a branch of industrial science that deals with flexible 

material synthesized by forming an interlocking network of either natural or 

synthetic fibres or both together. The flexible material used in textile industry has 

diverse source of origin viz. plant (jute, cotton, flax, hemp, bamboo), animal (silk, 

wool), mineral (glass fibre, asbestos) and synthetic (Kevlar, rayon, acrylic, spandex, 

nylon, polyester). In the last two decades, China has emerged as largest producer 

and exporter of textile throughout the globe. India ranks third after European Union 

(28 countries) with an export value of approximately 17 billion U.S. dollars 

(Sabanoglu 2020).  

India and Indian culture bears a traditional inheritance of textile, specially the 

segment that deals with handicrafts and was considered as “golden bird” before time 

to time exploitation by foreign invaders (Dixit and Lal 2019). Since 2004, Indian 

textile and clothing industry showed a positive trend of growth covering ~14% and 

~11% industrial product and countries export basket respectively. Textile industry in 

India generates employment to more than 45 million peoples with greater percentage 

of women’s than man (Tandon and Eswara Reddy 2013). Among different section 

of textile industries, maximum employment was generated in the sector of silk 

where India stood 2
nd

 in world ranking after China contributing ~13% of the total 

(Bukhari and Kour 2019).  

Due to prevalence of diverse geographical locations and environmental gradient 

India produces all forms of silk viz. mulberry, tasar, eri and muga. Throughout the 

globe, silk is produced in more than 40 countries, out of which India and China 

contributes the bulk amount (more than 90%) (Bukhari and Kour 2019). In India, the 

states of Karnataka, West Bengal, Andhra Pradesh and Tamil Nadu contribute ~90% 

of the total annual production of silk textile (Fig. 1). Beside this, the states of Bihar, 

Assam, Jammu and Kashmir, Madhya Pradesh, Manipur and Meghalaya also 

contributes a significant portion in the growth of silk industry (Bhat and Choure 

2014).  
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Silk industry was broadly divided into two type’s viz. mulberry and vanya (wild) silk 

(Ram et al. 2020). Vanya silk are mostly distributed in remote sterile regions such as 

high altitude of hills and in core of forest areas of China, India, Burma, Korea and 

parts of Africa (equatorial region) and South-East Asia. Tasar, eri and muga are the 

principal contributing component of vanya silk, with tasar accounting more than 

90% of the total non-mulberry silk distribution on global platform (Bukhari et al. 

2019). In India non-mulberry silk rearing practice was traditionally being carried out 

by tribal peoples, as it provides a permanent earning source throughout the year 

(Sharma 2019).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: State wise distribution map of different forms of silk in India 
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2.1.1. Vanya (wild) silk 

Tasar silk, commonly known as “Kosa silk” is traditionally practiced in India by the 

tribal of present Jharkhand state (Vigneswaran et al. 2015), more specifically by the 

conventional local peoples of Chotanagpur region are their successive inventers 

(Bhatia and Yousuf 2014). The fibre length of tasar is short, which makes it more 

durable than cultivated silk (Vigneswaran et al. 2015). India is the largest exporter of 

tropical tasar produced by the silkworm Antheraea mylitta (Lepidoptera: 

Saturniidae). Another form of tasar found in India is oak tasar (temperate tasar), 

which is superior to tropical tasar (Vepari and Kaplan 2007). Different species of 

oak tasar viz. Antheraea proylel (India), Antheraea yamamal (Japan) and Antheraea 

pernyi (China) are found in different parts globe with china being largest producer 

and distributer of it. In India, tropical tasar is basically produced in different parts of 

the state of Jharkhand, Orissa, Chhattisgarh, Maharashtra, West Bengal and Andhra 

Pradesh, while oak tasar is produced in the different parts of Manipur, Uttar Pradesh, 

Himachal Pradesh, Meghalaya, Assam, Ladakh and Jammu and Kashmir. Tropical 

tasar has wide range of host plants starting from Terminalia alata, Terminalia 

arjuna and Shorea robusta as primary host; Lagerstroemia parviflora, Anogeissus 

latifolia, Ziziphus jujube, Terminalia belerica and Syzygium cumini as most common 

secondary host available naturally in the forests of Indian tropical tasar belt; whereas 

species like Artocarpus lakoocha, Bauhinia variegate, Bombax ceiba, Buchanania 

latifolia, Canthium didymium, Lecythidaceae, Carissa carandas, Celastrus 

paniculatus, Chloroxylon sweitenia, Dalbergia sissoo, Diospyros lanoxylon, 

Dodonea viscose, Embelica officinalis, Ficus bengalensis, Ficus benjamina, Ficu 

hispida, Ficus religiosa, Ficus retusa, Ficus tsjakela, Gardenia lucida, Garuga 

pinnata, Lagerstroemia indica, Lagerstroemia speciosa, Madhuca indica, 

Melastoma malabathricum, Messua ferrea, Prynus domestica, Pterocarpus 

marsupium, Rhizophora caseolaris, Semecarpus anacardium, Shorea talura, 

Syzyzium cumini, Tectona grandis, Terminalia bellerica, Terminalia catappa, 

Terminalia chebula, Terminalia paniculata, Zizyphus rugosa and Zizyphus 

xylopyrus are the tertiary host plant for tropical tasar (Jena 2016). The most common 

primary host plant of oak tasar (temperate tasar) are Lithocarpus dealbata, Quercus 

incana, Quercus himalayana, Quercus leucotrichophora, Quercus floribunda, 

Quercus grifithi, Quercus semicarpifolia and Quercus serrata, commonly found in 
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high altitudinal belt. While species like Castanopsis indica, Castanopsis lancaefolia, 

Castanopsis purpurella, Lithocarpus fenestrate, Quercus baloot, Quercus glauca, 

Quercus kamroopi, Quercus lamellose, Quercus lanata, Salix viminalis are 

commonly recognised as secondary host of temperate tasar (Tikader and Kamle 

2010). In the five year tenure from 2015-2019, in India maximum tasar silk 

production of 3268 MT was noted in the year 2016-17 (Table 1). In the last five year 

tenure a gradual uniform tasar production rate was noted with slight up or down that 

can be neglected on a broader scale.  

Table 1: Vanya silk production in India for the year 2015 to 2019 

Year 
Raw silk production (MT) 

Total Vanya Raw Silk (MT) 
Tasar Eri Muga 

2019-20 3136 7204 241 10581 

2018-19 2981 6910 233 10124 

2017-18 2988 6661 192 9841 

2016-17 3268 5637 170 9075 

2015-16 2819 5060 166 8045 

(Source: Central Silk Board; http://csb.gov.in) 

Eri silk, is popular in India as “Assam silk” (Sarkar 1988). The term “eri” has 

derived from the Assamese word ‘era’, denoting plant of castor oil that serves as 

primary food plant for the eri silkworm. Eri silk is produced from the fibre of the 

cocoon produced by the silkworm Philosamia ricini ((Lepidoptera: Saturniidae). 

The cocoon of eri remains open at one end and thus it cannot be reeled for producing 

yarn of continuous filament, as that practiced for cocoons of other silkworms viz. 

tasar, muga and mulberry (Jolly et al. 1979). Among Indian states, Assam ranks first 

in terms of eri silk production followed by Meghalaya, Nagaland, Orissa, Arunachal 

Pradesh, Mizoram and West Bengal. In north-east India, seven eco-races viz. 

Borduar, Dhanubhanga, Sille, Titabar, Nongpoh, Mendipathar and Kokrajhar are 

very popular in terms of eri silk production, among them cocoon produced from 

Kokrajhar was brick red in colour, while white colour cocoon is produced from 

other eco-races (Chattopadhyay et al. 2018). Eri silkworm is a polyphagous and 

multivoltine species that feeds upon more than 29 diversified host leaves (Reddy et 

al. 2002). Most of eri host plants umbels under the family families Euphorbiaceae, 

Araliaceae, Simaroubaceae and Apocynaceae. Ricinus communis (castor) and 

http://csb.gov.in/
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Heteropanax fragrans (kesseru) are the primary host plant of eri silkworm. Kumar 

and Gangwar (2010) reported that eri cocoon produced during spring by feeding 

leaves of castor was the most superior quality eri silk. Although on the basis of 

feeding preference by eri silkworm prefers both castor and kesseru, but it has been 

reported that eri silkworm produces better quality cocoon on feeding castor (Singh et 

al. 2011). Beside primary host plant species like Manihot esculenta, Evodia 

fraxinifolia, Ailanthus grandis, Ailanthus excelsa serves as secondary host plant for 

eri silkworm. In some eri culture zone combination of Manihot esculenta (tapioca) 

with castor and kesseru was supplemented to the silkworm and it was reported that 

mixed supplementation has no effect over eri cocoon quality (Deka et al. 2011; Patil 

et al. 2009). The species like Ailanthus glandulosa, Ailanthus tryphysa, Artocarpus 

heterophyllus, Carica papaya, Celastrus monospermus, Cinnamomum 

cecicodaphne, Ficus benghalensis, Gmelina arborea, Hodgsonia heteroclite, 

Jatropha curca, Jatropha multifida, Micromelum pubescens, Oroxylum indicum 

Plumeria rubra, Sapium eugenifolium, Sapium sebiferum, Zanthoxylum alatum, 

Zizyphus mauritiana, Mechelia champaca, Spathodea companuclata also has been 

reported to serve as host plant for eri silk work, and thus can be considered as 

tertiary host plant (Das et al. 2020).  According to the report of Central Silk Board 

(CSB), India it was observed that a gradual increase in eri silk production rate was 

noted in between the period 2015-2019. An increased rate of ~42% was noted in raw 

eri silk production in the year 2019-20 in comparison to 2015-16.  

Muga silk is produced from the cocoon of the larvae Antheraea assamensis which 

remains confined (endemic) to north-east India, more specifically in the Brahmputra 

valley in Assam (Tikader et al. 2013). The state of Assam holds monopoly in muga 

silk production accounting more than 95% of total muga silk production in the 

country. The “Golden Muga” silk of Assam is endemic to the state and was the 

monopoly distributor throughout the world (Goswami et al. 2015). Muga rearing 

practice was reported to be most fruitful under temperature range of 20 – 31°C, 

maintaining humidity around 65 – 95%, and this environmental condition prevails in 

entire north-east India (Tikader et al. 2013). Traditionally muga culture was carried 

as outdoor practice, but gradually it has been acclimatised as semi-domestic rearing 

practice where rearing is carried out as outdoor practice, while cocoon formation and 

grainage is carried out as indoor practice (Barman and Rajan 2012). In has been 
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reported that on conducting outdoor practice, abiotic factors like strong wind, 

rainfall, soaring temperature and climate change and biotic factors like pests, 

predators and pathogens causes heavy loss to muga silkworm specially in the first 

three instars (Thangavelu et al. 1988). Sengupta et al. (1992) reported that abiotic 

factors are mostly responsible for larval loss and most of the loss occurs in the early 

stage of growth. To overcome the all season loss muga practitioners gradually 

shifted towards indoor practice. Different indoor rearing technique has been 

proposed by different workers, some of them are still followed. Significant retention 

of effective rate of rearing has been proposed by Thangavelu and Sahu (1986) when 

indoor practice was carried out with soalu plant. Similarly iron tray method of 

Bhuyan et al. (1991) also reported significant retention of effective rate of rearing 

where iron tray covered in sand bed with slotted cover containing som twigs as food 

supplementary material. Among the host plant of muga silkworm Persea bombycina 

(som) and Litsea monopetala (soalu) is the primary post, while species like 

Cinnamomum camphora, Cinnamomum tamala, Litsea citrate, Litsea salicifolia are 

the common secondary host plant (Bhattacharya et al. 1993). Other species like 

Actinodaphne augustifolia, Actinodaphne obovata, Celastrus monosperma, 

Cinnamomum cecicodaphne, Cinnamomum obtusifolium, Gmelina arborea, Litsea 

nitida, Machilus odoratissima, Michelia champaca, Michelia oblonga, Symplocos 

grandiflora, Symplocos ramosissima are also reported to act as occasional host plant 

of muga silkworm (Das et al. 2020). In the five year tenure from 2015-2019 a 

gradual increase in muga raw silk production has been reported by CSB. Currently 

on an average 240 MT of raw muga silk is been produced by India in a year.  

2.1.2. Mulberry silk 

Silk that was first discovered in China around 2200 B.C. most probably in the period 

of Chou King has taken several decades to perpetuate in other parts of the world. 

Some study also claims Indus civilizations as the prisoner founder of silk (Good et 

al. 2009). Korea and Japan were the pioneer landmass that learnt the basic concept 

of silk production from China. In India, traditionally silk production was practiced 

by the peoples of foot-hill regions of Himalaya (Tuigong et al. 2015). British East 

India Company first started commercialization, trading and exporting Indian silk 

across the globe and established the basic platform which today leads to the 

formation of 2
nd

 largest silk industry in the world.   
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Among all naturally occurring basic forms of silk, mulberry silk contributes ~90% 

of the total raw silk produced globally. Mulberry silk was produced from the cocoon 

of the silkworm (Bombyx mori), that was traditionally native to China. On the 

perspective of silkworm, at the end of larval fifth instar, silk cocoon is synthesized 

by the worm to protect itself from adverse environmental condition including natural 

calamities, along with biogenic agents like microbes and predators, so that they can 

metamorphose into moth without any disturbance (Nivedita and Sivaprasad 2014). 

Mulberry silk is an elastic, highly tensile, highly tough organic polymer synthesized 

inside the silk gland of the insect (Li et al. 2020). Silk, mostly mulberry silk is 

considered as “queen of textiles” because of its mechanical strength, flexibility, 

durability, dyeability and tactile properties, and the comfort level it provides to the 

skin on wearing silk based garments (Nguyen et al. 2019). The silk gland is a typical 

exocrine gland that remains rudimentary till the 4
th

 instar of silkworm larvae. With 

the onset of 5
th

 instar the silk gland begins to developed which on full maturation 

retains ~40% total weight of the larvae (Kunz et al. 2016). On the basis of functional 

and structural differences, silk gland can be segmented into three parts viz. anterior, 

middle and posterior silk gland. The anterior silk gland is the excretory duct that 

spinets the silk. The middle silk gland is ~7 cm in length containing ~300 cells that 

synthesizes mainly the sericin polypeptides, while fibroin is synthesized by ~500 

posterior silk gland cells (Dhawan and Gopinathan 2003; Akai 1983). Basically, the 

silk gland of silkworm contains two principal protein polymers viz. fibroin (~70%) 

and sericin (~30%) (Gamo et al. 1977). Structurally two threads of fibroin, 

synthesized by posterior silk gland were crossed linked by sericin, produced from 

middle silk gland (Chen et al. 2019). Basically sericin is a hydrophilic glycoprotein 

that forms the outer coat around the fibroin fibres, the hydrophobic glycoprotein 

core protein (Sinohara et al. 1971). The shielding potentiality of the sericin was due 

to the presence of large number of hydroxyl amino acids that are capable of forming 

interconnecting hydrogen bonds (Sahu et al. 2016). Fibroin is a heterodimeric 

protein consisting of 395 KDa heavy chain and small subunit of 25 KDa linked by 

disulphide bond at the carboxylic end (Zhou et al. 2000). The large and small 

subunit of fibroin through hydrophobic interactions remains associated with a 25 

kDa polypeptide, product of the gene P25 (Tanaka et al. 1999). Crystallographic 

analysis has reported two types of fibroin so far, one is crystalline β-sheeted phase 

and the other is semi-crystalline or non-crystalline phase (Lotz and Colonna-Cesari 
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1979). Sericin polypeptides contains 18 different amino acids with high proportion 

of two amino acids namely serine (~4%) and glycine (~16%) and it bears a wide 

variability in molecular weight which may be as low as 24 KDa or as high as 400 

KDa (Tokutake 1980). Takasu et al. (2002) through SDS-PAGE analysis reported 

that sericin protein isolated from silk gland varies in their molecular weight viz. 250, 

400, 150 KDa respectively. Same study also reported similarity in amino acid 

sequence of 400 and 150 KDa sericin proteins, which is the indicative signal of 

presence of different coding gene for 250 KDa sericin obtained from middle silk 

gland. Structurally sericin contains amalgamation of two protein structures viz. 

random coil (63%) and β-sheet (35%) respectively.  

Traditionally during industrial processing of the cocoon a significant portion of the 

sericin gets dissociated from the silk fibre and has been discarded (Kundu et al. 

2008). Gulrajani (2005) reported that 50,000 tons of sericin was present in 400,000 

tons dry cocoons produced across the globe. It has been identified that sericin that 

generally gets discarded from silk industry bears wide range of nutraceutical and 

cosmeceutical properties. Mondal et al. (2007) reported that in many cosmetic 

industry sericin acts as an active ingredient in the manufacture of face masks, anti-

ageing creams, sunscreen lotions, moisturizers and shampoos. Due to the presence 

of considerable amount of antioxidant activity sericin is used in the suppression of 

occurrence of colon tumors (Zhaorigetu et al. 2001). It has been proposed through 

rat modelling that sericin supplement increases the intestinal absorption and thereby 

bioactivity of some essential elements like Fe, Zn, Mg and Ca (Sasaki et al. 2000). 

Beside this it has also been reported that consumption of sericin fibre is effective in 

the treatment of constipation (Sasaki et al. 2000). Due to the presence of functional 

groups like –OH, –COOH and –NH2 in the peptide chain of sericin it is often 

considered in the process of bioconjugation and drug delivery (Zhang et al. 2006). 

Beside this in the manufacture of sportswear, sericin is used as it bears the 

potentiality to evaporate the absorbed sweat (Morooka et al. 2006). It is also used in 

the manufacture of surgical wound-dressing material containing less than 10% 

crystallinity (Tsubouchi 1999). Beside this, biocompatible silk fibroin is also 

reported to be used in medical and garment industry for the manufacture of gloves, 

neck braces, wrist and knee bands, knitted socks and innerwear (Nivedita and 

Sivaprasad 2014). Due to the prevalence of less mechanical friction, application of 
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fibroin based wound dressing materials are increasing in medical industry, as it 

promotes early healing and do not peel-off the newly formed skin during removal or 

dressing (Mondal et al. 2007). Silk fibroin protein has been reported to be useful in 

gene targeting in the delivery system of drugs and proteins (Nguyen et al. 2019). 

Byun et al. (2010) reported the application of γ-irradiated silk fibroin in the 

treatment of tumour. Inouye et al. (1998) reported the use of silk fibroin in animal 

cell culture as a substitute of collagen, as it provide base for cell adherence and 

proliferation (Jin et al. 2004). 

The quality of silk produced depends upon the race of silkworm selected for rearing. 

Literature survey reports maintenance of ~400 different races of silkworm (Bombyx 

mori) in different parts of the world, mostly by the traditional silk rearing countries 

viz. India, China, South Korea, Japan, France and Italy (Srivastava et al. 2011).  In 

nature three types of silkworm prevails viz. univoltines, bivoltines and multiivoltines 

categorized on the basis of number of life cycle the worm completes in a year. 

Univoltine and bivoltine silkworms completes one and two life cycle in a year 

respectively, whereas multivoltine silkworms completes on an average 4-5 life cycle 

in the same tenure. Thus on the basis of production quantity, multivoltine silkworms 

are mostly preferred. However on the basis of superiority of cocoon production, 

bivoltine silkworms lead the ranking (Kamble et al. 2007). Traditionally in India 

different races of silkworm were reared in different geographic locations (Table 2) 

viz. Nistari (West Bengal), Pure Mysore (Karnataka) and Sarupat and Moria 

(Assam) (Chatterjee et al. 1993). In India the quality of silk produced is quite low 

probably because of two factors, (i) greater practice of multivoltine silkworm rearing 

and (ii) prevalence of tropical climatic conditions (high temperature with low 

humidity) mostly across the country. For improving quality of silk in the last few 

decade’s attempts has been taken by breeders to develop bivoltine and hybrid 

silkworm breeds (Lakshmi et al. 2011). The tropical environmental condition of 

India favours the development of cross-breed (multivoltine × bivoltine), and the 

developed cross-breed showed better survival and reproductive ability, but the major 

drawback was the production of inferior quality cocoon which often gets rejected in 

the international market (Singh et al. 2010). With an aim to develop superior quality 

cocoons, attempts were made by breeders of different Central Sericultural Research 

and Training Institute (CSR&TI), India to develop hardy silkworm races. Breeding 
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of bivoltine breeds was first introduced in India in 1955 by Harada by the 

development of KA (Kalimpong A) breed (Ramesh Babu et al. 2005).   

Table 2: Indigenous silkworm races in India 

Name of the 

Race 

Voltine 

Nature 

State of 

Rearing 

Cocoon 

Colour 

Cocoon 

Shape 
Comment 

Nistari Multivoltine West Bengal 
Golden 

yellow 
Spatulate 

Introduced in India 

around 1788 in 

Madras and then 

spread in Bengal 

Pure Mysore Multivoltine Karnataka 
Greenish 

yellow 
Oval 

Common in 

Western Ghats and 

is considered as 

hardy and disease 

resistance race 

Sarupat Multivoltine Assam White Spatulate Endemic to Assam 

Moria Multivoltine Assam White Spatulate Endemic to Assam 

Barapolu Univoltine West Bengal 

Greenish 

white or 

pure white 

Oval 
Race is 

degenerated 

Kashmiri race Univoltine Kashmir Yellow Oval 
Race is 

degenerated 

Most of the commercial hybrids of silkworm were predominantly developed through 

a cross between multivoltine (♀) × bivoltine (♂). The hybrids developed in the 

breeding programme of CST&TI showed high survival, low disease incidence, 

superior cocoon parameters and raw silk recovery. The developed bivoltine hybrids 

displayed long filament length, less deviation in size and high tensile strength. The 

F1 hybrids have gained considerable attention of Indian farmers because of their 

high commercial yield. The supremacy of F1 hybrids was documented by comparing 

their yield with their parental line. For the development of high quality, productive 

silk the silkworm hybrids recognized by Central Silk Board in India are enlisted in 

Table 3. With the introduction of cross-breed in India the annual mulberry silk 

production has increased and the last few years it has reached the production mark 

of ~25000 MT per year (Table 4). Beside breeds of silkworm, production of good 

quality silk depends upon quality of mulberry leaves the larvae fed upon. All 

essential nutrients and internal moisture content present inside mulberry leaves are 

required by the larvae for proper growth and development (Hamamura 1959). Dong 

et al. (2017) reported co-evolutionary mode of development between silkworm and 

mulberry that ultimately results in the development of superior cocoon yielding 

good quality raw silk. Probably the process of natural selection has selected 

mulberry leaf as best food source of silkworm larvae. Mulberry leaves as 
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supplement act as sole source of carbohydrates, lipids, proteins, inorganic matter, 

vitamins and moisture (Masthan et al. 2017). The leaves (mulberry) nutrient content 

varies subsequently with season, age, variety and nature of harvesting (Sarkar 2020). 

For improving silk quality, attempts has been made time to time to supplement 

silkworm larvae with other source of food which failed to provide desired result, 

possibly due to physiology of digestion and thereby assimilation inside body of 

larvae does not support alternative food source (Manjula et al. 2021). Lalfelpuii et 

al. (2014) stated that physiological performance of silkworm larvae is directly 

proportional to the digestion and assimilation efficiency of the leaf they fed upon. 

Thus out of the total mulberry leaves consumed, the quantity of leaves digested and 

nutrient incorporated by the larvae have a direct effect on silk gland development 

and cocoon spinning ability (Ruth et al. 2019). Improper nutritional balance hampers 

larval metabolic activity, resulting in the formation of poor, inferior quality cocoon. 

Thus attempts has been made by researchers to developed good quality high yielding 

mulberry cultivars, suitable for silkworm rearing, which will led to the production of 

silk fibres in the form of cocoon  effective from both quality and quantity point of 

view.    

Cultivation of mulberry in a particular geographical area depends upon number of 

factors including environmental condition, soil moisture content, parental line of the 

tree including its nutritional status, harvesting procedure, disease management 

strategy (Sori and Gebreselassie 2016). Mulberry cultivation holds ~16% cost share 

of the entire cost of silk production (Zhao et al. 2009). Before the development of 

commercially high yielding varieties of mulberry, cultivation of local varieties that 

are generally practiced were Kajli and Bombai in West Bengal; Mysore local, 

Boodi-ranginakaddi and Bilidevalaya in Karnataka. These varieties have low leaf 

yield (~5-7 and ~10-12 tons ha
-1

 year
-1

 under non-irrigated and irrigated conditions 

respectively) and moisture content (< 65%) and are adapted under harsh / stress 

conditions. For improving yield and adaptability under wide environmental 

condition, high yielding region specific varieties were developed and introduced in 

commercial practice. The region specific developed varieties are S1, S1635, S-146, 

BC259, C1730, C-776, Tr-10, Tr-4 and many more for Eastern and North Eastern 

region of India; AR-11, AR-12, G-2, G-4, RF5135, RF5175, RC-1, RC-2, S-13, S-

34, S-36, Sahana, K2, V1 and many more for Southern region of India. These high  
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Table 3: Different hybrid lines of silkworm developed and reared in India 

Nature of Cross Hybrid Season of Rearing State of Rearing 

Multivoltine × 

Bivoltine 

APDR15 × APDR115 Spring, summer, autumn, winter West Bengal, Karnataka 

APM2 × APDR105 Spring, summer, autumn, winter West Bengal, Andra Pradesh, Karnataka, Tamil Nadu 

APM3 × APS12 Spring, summer, autumn, winter West Bengal, Karnataka 

BL67 × CSR19 Spring, summer, autumn, winter 
Assam,  West Bengal, Andra pradesh, Bihar, Orissa, Jharkhand, 

Chattisgarh, Uttar Pradesh, Karnataka 

BL67A × CSR101A Spring, summer, autumn, winter Andra Pradesh, Karnataka, Tamil Nadu 

MCON1 × BCON4 Spring, summer, autumn, winter West Bengal, Jharkhand, Andra Pradesh, Karnataka, Tamil Nadu 

MCON4 × BCON4 Spring, summer, autumn, winter Assam, West Bengal, Orissa, Jharkhand 

MH1 x CSR2 Spring, summer, autumn, winter Uttar Pradesh, Andra Pradesh, Karnataka, Tamil Nadu, Orissa 

MY1 × NB18 Spring,autumn Assam, West Bengal, Bihar, Jharkhand, Orissa, MP 

Mysore  × CSR2  Spring, summer, autumn, winter Andra Pradesh, Karnataka, Tamil Nadu 

N × (NB18 × P5) Spring,autumn Assam, West Bengal, Bihar, Orissa, MP, Chattisgarh 

N × YB Spring, summer, autumn, winter West Bengal 

P2D1 x NB18 Spring, summer, early autumn 
Assam, Andra Pradesh, West Bengal, Bihar, Orissa, Jharkhand, 

Chattisgarh, Uttar Pradesh, Uttarakhand 

PM × CSR2(SL) Spring, summer, autumn, winter Assam,Andra Pradesh, Maharastra, Tamil Nadu, Karnataka 

PM × NB18 Summer Assam, Bihar, Orissa, MP 

RD1 × NB18 Summer, early winter Uttar Pradesh, Uttarakhand 

Varuna (BL24 × C.NICHI) Spring, summer, autumn, winter Andra Pradesh, Karnataka, Tamil Nadu 

Bivoltine × 

Bivoltine 

APS105 × APS126 Spring, summer, autumn, winter Andra Pradesh, Karnataka, Tamil Nadu 

APS45 × APS12 Spring, summer, autumn, winter Tamil Nadu, Jammu and Kashmir 

CA2 × NB4D2 Spring, autumn, early winter Assam, West Bengal, Bihar, Jharkhand, Orissa, MP, Chattisgarh 

CC1 × NB4D2 Autumn, early winter Uttar Pradesh, Uttarakhand, Jammu and Kashmir 
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CSR2 × CSR4 Spring, rainy Andra Pradesh, Karnataka, Tamil Nadu 

CSR2A × CSR4A Spring, rainy Karnataka, Tamil Nadu 

CSR46 × CSR47 Spring, summer, autumn, winter 
Assam, Andra Pradesh, West Bengal, Himachal Pradesh, Orissa, 

Karnataka, Chattisgarh, Uttar Pradesh, Uttarakhand 

CSR48 × CSR5 Spring, rainy Karnataka, Tamil Nadu 

DUN17 × DUN18 Spring, summer, autumn, winter Assam, West Bengal, Himachal Pradesh, Karnataka 

GEN3 × GEN2 Spring, summer, autumn, winter 
Assam, West Bengal, Andra Pradesh, Tamil Nadu, Jammu and 

Kashmir 

KSO1 × NP4 Spring, summer, autumn, winter Himachal Pradesh, Jammu and Kashmir, Karnataka 

NB18 × P5 Winter Assam, Bihar, Orissa, MP 

NK2 × NP4 Spring, summer, autumn, winter Assam, Jharkhand 

PAM101 × NB4D2 Autumn, early winter Uttar Pradesh, Uttarakhand, Jammu and Kashmir 

PAM111 × SF19 Autumn, early winter Uttar Pradesh, Jammu and Kashmir 

SH6 × KA Spring, Winter Assam, West Bengal, Bihar, Orissa, MP 

SH6 × NB4D2 Spring Uttar Pradesh, Uttarakhand, Jammu and Kashmir 

SLD4 × SLD8 Spring, summer, autumn, winter 
Assam, West Bengal, Andra Pradesh, Tamil Nadu, Jammu and 

Kashmir 

YS3 × SF19 Spring Uttar Pradesh, Uttarakhand, Jammu and Kashmir 

Multivoltine × 

Multivoltine 

MCON1 × MCON4 Spring, summer, autumn, winter West Bengal, Andra Pradesh, Karnataka, Tamil Nadu 

N x M12(W) Summer West Bengal 

N x MCON4 Spring, summer, autumn, winter West Bengal, Andra Pradesh, Tamil Nadu 

PM x C110 Spring, summer, autumn, winter West Bengal 

Double hybrid 
(CSR6 × CSR26) × (CSR2 × 

CSR27) 
Spring, rainy 

Assam,  West Bengal, Andra Pradesh, Bihar, Orissa, Jharkhand, 

Chattisgarh, Uttar Pradesh, Karnataka 

(Source: Central Sericulture Research & Training Institute) 
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Table 4: Mulberry silk production in India for the year 2015 to 2019 

Year 
Raw silk production (MT) Total Raw Mulberry  silk 

(MT) Bivoltine Cross breed 

2019-20 7009 18230 25239 

2018-19 6987 18357 25344 

2017-18 5874 16192 22066 

2016-17 5266 16007 21273 

2015-16 4613 15865 20478 

                                                                         (Source: Central Silk Board; http://csb.gov.in) 

 

yielding varieties have leaf yield of ~12-15 and ~35-70 tons ha
-1

 year
-1

 under non-

irrigated and irrigated conditions respectively and tissue moisture content of < 75 %. 

Area covered under mulberry plantation has gradually increased in India and in the 

last five year (2015 – 2019) a gradual linear plantation rate was observed (Fig. 2).  

 

Fig.  2: Graphical representation of mulberry plantation (ha) in India for the year 

2015 to 2019  

On the basis of morphological (number of leaves, branches; lamina area; leaf yield) 

and physio-biochemical (moisture, chlorophyll, protein and carbohydrate content) 

parameters Sinha et al. (2001) reported four commercially selected cultivars of 

mulberry viz. S1, C763, C776 and K2. Adolkar et al. (2007) on the basis of growth 
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and yield reported six mulberry cultivars viz. S1, S2 and S36, K2, Thailand and 

Thika. Chaluachari and Bongale (1995) reported S1635 as superior variety over S-

13, S-34, S-146, and TR-10 in terms of protein, sugar and moisture contents. S1635 

was also recognized as best salt tolerant mulberry genotype among commercially 

released other salt tolerant genotypes viz. S36, S13 and MR2 (Gnanaraj et al. 2011). 

Kumar et al. (2016) reported that among improved mulberry genotypes, S1635 and 

TR10 was the best commercially accepted genotype.  Debaraj et al. (2010) reported 

that in north-east India cultivars like V1, S1635, BC259, K2 and S1 are evenly good 

in terms of leaf and cocoon yield and are better performing than other tested 

mulberry varieties.  

2.1.3. Silk in West Bengal 

In West Bengal production of all the four types of silk viz. mulberry, tasar, eri and 

muga was carried out by the farmers, among them practice of mulberry silk covers 

majority of the proportion. West Bengal ranks 3
rd

 in mulberry silk production with 

blocks under the district of Malda, Murshidabad and Birbhum were the major 

contributors (Anonymous 2018).  According to the report of Anonymous (2016) 

currently in West Bengal about 2000 villages are directly involved in sericulture 

practice with 37,883 acres of land under mulberry plantation.  

Throughout the state of West Bengal mulberry silk rearing was practiced except 

Howrah and East Midnapore district. The rearing practice of tasar silk was carried 

out in the blocks of the district Bankura, Purulia, Birbhum, Paschim Midnapore and 

part of Burdwan. While eri and muga silk rearing was mostly practiced in patches of 

Jalpaiguri, Darjeeling and Coochbehar district (Fig. 3). In West Bengal, tasar 

silkworm mostly grow on arjun, asan and sal tree, while eri silkworm supplements 

on castor plant and leaves of Som and Soalu were preferred by muga silkworm. 

Currently throughout the state of West Bengal 59 technical service centres, 62 basic 

seed farms, 16 Grainages are present that were established by Directorate of Textiles 

(Sericulture), Government of West Bengal. Beside this, there are 8 cocoon 

marketing centres viz. Berhampore, Bhadrapur, Panchgram, Sagarpara, Kaliachak, 

Chanchal, Mothabari and Amrity.  



Fig. 3: Major mulberry, tasar, eri and muga silk distribution zones in 

West Bengal, India  
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2.1.4. Problems associated with mulberry silk production 

India has long traditional history of silkworm rearing and silk production. The agro-

based silk industry in India in not well developed throughout the country. The silk 

farmers often raise their voice in the demand of infrastructure and guidance facility. 

Time to time different researchers through their survey has highlighted the problems 

associated with mulberry silk production in India. 

Hadimani et al. (2019) has identified major constraints of silk farmers throughout 

India.  

A. The problems associated with mulberry cultivation are: 

1. Lack of information about selection of mulberry cultivar according to 

geographical location and environmental factors. 

2. Lack of proper irrigation and drainage facility. 

3. Lack of knowledge about the application of bio-fertilizers, VAM and vermi 

compost for proper growth of the cultivars. 

4. Lack of training regarding proper management of plant, including pest and 

diseases management.  

5. High disease incidence and high cost of insecticide and fungicide. 

B. The problems associated with silkworm rearing are: 

1. Lack of knowledge about proper rearing of crossbred silkworm races. 

2. Lack of supply or inconsistent supply of disease free laying (DLFs) from 

authorized Government sources. 

3. Lack of proper rearing and marketing infrastructure in rural areas. 

4. Lack of knowledge regarding disease and pests management. 

5. Inadequate training facilities from Government sources. 

Bukhari et al. (2019) while studying impact and problems of women’s in silk 

industry has identified some common problems of silk industry, prescribed below: 
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1. Lack of proper separate rearing house for large scale rearing of silkworms. 

2. Inconsistency in rearing process (i.e. does not perform rearing practice in every 

month or season). 

3. Lack of sufficient mulberry plantation lands.  

4. Land less farmers collect inferior quality leaves from naturally grown mulberry 

trees which puts impact over rearing process. 

5. Lack of guidance and technical knowledge for improving productivity. 

Monir and Mandal (2016) has identified major drawbacks in mulberry silk 

production in West Bengal that puts limitation over production of superior quality 

silk. The problems faced by agro-based silk industry were: 

1. Erratic climatic conditions impacting larval rearing.  

2. Cultivation of low yielding mulberry varieties. 

3. Improper spacing between two mulberry varieties which limits their proper 

growth. 

4. Rearing of low productive silkworm larvae (Nistari 15-20 kg/dfls) on large scale. 

5. High mortality and low productivity on feeding diseased leaves. 

2.2. Nanosilver with special reference to green technology 

“Nano” is a Greek word signifying anything which is extremely small, and the term 

“nanoparticles” means clusters of atoms of 1-100 nm in size (Vadlapudi and 

Kaladhar 2014). Nano is a numerical prefix referring to a billionth i.e. “extremely 

small” (Ranjit and Baquee 2013). Couvreur (1988) describe nanoparticles as solid, 

colloidal particles in the size range of 10-100 nm. Nanoparticles are gaining 

considerable interest in the field of science due to its extensive application in day-to-

day life. Due to the presence of catalytic, optical, antimicrobial and anti-

carcinogenic properties, nanoparticles have placed itself in a demanding position in 

the field of biology, electronics and medicine (Lee and Jun 2019). Due to the 

presence of antimicrobial properties nanoparticles are sometimes considered as 

nano-antibiotics (Sastry et al. 2003).  
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Devi et al. (2015) reported that metallic nano particle possesses different physical 

and chemical properties viz. lower melting points, higher specific surface areas, 

mechanical strengths, specific optical properties. Nanoparticle has exceptionally 

high surface area to volume ratio and it may be one of the reasons for their 

extraordinary properties (AbouEl-Nour et al. 2010; Ge et al. 2014). Due to the 

presence of large surface area the nanoparticle displays characteristics like 

reactivity, high energy of surface area, absorption, higher solubility, lower melting 

points and many more (Cadden 1987; Rao and Biswas 2009). 

Nanoparticles can be prepared by three means viz. physical, chemical and green 

methods. Physical and chemical methods are not cost-friendly besides this in most 

of the cases they are toxic in nature and hazardous (Li et al. 2011), due to which they 

often required purification (Ahmed et al. 2015). Instead of this toxic and hazardous 

problem, one cannot neglect the increasing demand of nanoparticles in the field of 

applied science including medicine. A solution to this problem is green synthesis of 

nanoparticles using reagents that occur naturally in nature such as sugars, vitamins, 

plant extract, biodegradable polymers, microorganisms etc. as reducing and capping 

agents (Ahmed and Ikram 2015; Kharissova et al. 2013). Among different types of 

reducing and capping agents, plant extracts have gained significant importance 

because of their easy availability and cost effective nature (Sithara et al. 2017). 

Because of environment friendly nature, nanoparticles synthesized by green 

technology is widely accepted in many commercial industries like medicine, food, 

chemical and cosmetic industries (Rao and Gautam 2016).    Silver, aluminum, gold, 

zinc, iron, titanium, palladium and copper are most commonly used metals in the 

green synthesis of nanoparticles (Vadlapudi and Kaladhar 2014). Among all the 

metals that are used till date for green synthesis, silver nanoparticles has gained 

prime focus due to its vast action background which includes good electrical 

conductivity, chemical stability, catalytic and broad spectrum antimicrobial activity 

(Sharma et al. 2009). Application of silver nanoparticles was also noted in water 

treatments (Lu et al., 2016) and water filtration membranes (Haider and Kang 2015). 

2.2.1. Nano Technology 

Nano technology is an amalgamated technology which combines nano-science with 

the knowledge from different field of science viz. physics, chemistry, biology, 
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medicines, informatics, and engineering. The concept of nano-science and 

nanotechnology significantly applies in the application of pharmaceutics (Jain et al. 

2010), biological and chemical sensors (McFarland and Van Duyne 2003), 

cosmetics, processed food, chemical engineering, high-performance materials, 

electronics (Chen et al. 2009), precision mechanics, optics (Kelly et al. 2003), 

energy production, and environmental sciences (Saxena et al. 2012). 

2.2.2. Nanoparticles 

Nanoparticles are the particle of nano dimension (Nagaich 2016). Nanoparticles can 

be synthesized with different material having different chemical natures, the most 

common being metals (Fedlheim and Foss 2001), metal oxides (Naseem and Durrani 

2021), silicates (Ehrman et al. 1999), non-oxide (Gan et al. 2021), polymers (Paques 

et al. 2014; Rao and Geckeler 2011) and organic molecules (Yang et al. 2021). 

Morphology of nanoparticles varies greatly such as spheres, cylinders, platelets, 

tubes etc. (Agam et al. 2007). Nanoparticles are used in agricultural field to increase 

efficiency and productivity of crops (Campos et al. 2014; Nair et al. 2012). Different 

metabolic pathways in plant can be boost up by the application of nanoparticles 

(Nair et al. 2011; Giraldo et al. 2014).  

2.2.3. Types of Nanoparticles 

Based on creation aspect nanoparticles are of two types viz. non-engineered and 

engineered (Kole et al. 2016). Nanoparticles which are derived from the natural 

events like erosion, forest fire, storm, and volcanic incident are known as non 

engineered nanoparticles. On the other hand, the nanoparticles that are man made 

from variety of materials like metals (Ni, Au, Cu, Zn, , Fe and Ag) (Fedlheim and 

Foss 2001), non-metals (silica) (Ehrman et al. 1999), metal oxides (SiO2, 

CeO2,TiO2, Fe2O4  and Al2O3), lipids like stearic acid (Ekambaram et al. 2012) and 

carbon (fullerene and graphene) are known as engineered nanoparticles. Inorganic 

non-materials have been extensively used for cellular drug delivery. Shrama et al. 

(2009) stated that among different inorganic nanoparticles silver nanoparticles draw 

additional interest because of their novel biological, chemical and physical 

properties. 

2.2.4. Silver and its nano form  
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Ag (Silver) exist in four oxidation state viz. Ag
0
, Ag

+
, Ag

2+
 and Ag

3+
 of which 

former two are abundant and the remaining two are unstable in aquatic condition 

(Ramya 2012). Silver if present in metallic form are insoluble in water, but its 

metallic salts (silver chloride and silver nitrate) are soluble in water. Beside this, 

silver is not very much toxic to immune, reproductive, cardiovascular system and 

they are non-carcinogenic in nature. 

Silver ion on reduction by suitable reducing agent gets transformed into particles of 

nano dimension called silver nanoparticle (Dong et al. 2020). Silver nanoparticles 

are often considered as unique and diversified nano form because of their size, 

shape, optical (Kelly et al. 2003), electrical (Chen et al. 2009) and magnetic 

properties (Mwilu et al. 2014). Williams (2008) stated that silver nanoparticles are 

made up of ~20-15000 silver atoms and their size dimension ranges from 1-100 nm 

in diameter. Egyptians in ancient time believes that the silver powder has some 

immense disease resistant and healing properties and they often uses silver powder 

for the treatment of wound infection (Russel and Hugo 1994). In the manufacture of 

different industrial product viz. textile goods (Perelshtein et al. 2008), plastics, 

electric appliances, different health care product, silver nanoparticle is often used 

due to its effective antimicrobial property (Morones et al. 2005). Silver 

nanoparticles serve as a good source of Ag
+
 ions which  binds to the bacterial 

membrane protein forming a pit and also enhances other morphological plasticity 

(Morones et al. 2005) creating ROS in bacterial cell which ultimately causes 

bacterial mortality (Yin et al. 2020). Several physical, chemical and biological 

methods have been used for synthesizing and stabilizing silver nanoparticles (Iravani 

et al. 2014; Klaus et al. 1999).  

2.2.5. Methods for nanoparticle synthesis 

A large number of techniques viz. laser ablation, gamma and electron irradiation, 

photochemical methods, microwave processing, chemical reduction and biological 

synthetic methods has been reported for the synthesis of metallic nanoparticles. 

There are two broad line methods for nanoparticle synthesis viz. top-down method 

and bottom-up method. In this method large size molecules are broken down into 

small size molecules which further undergone transformation into particles of nano 

dimension. Top-down method was often considered as destructive method of nano 
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synthesis (Iravani et al. 2011). Methods like thermal decomposition, ball-milling, 

lithography, laser ablation and sputtering comes under top-down method (Ijaz et al. 

2020). While in bottom-up method, atoms or molecules aggregate into particles of 

nano dimension (Chugh et al. 2018). Common bottom-up methods are chemical 

vapour deposition, sol-gel, spinning and pyrolysis (Ijaz et al. 2020). There are three 

basic process of nano synthesis viz. physical, chemical and biological.  

2.2.5.1. Physical methods of nanoparticles synthesis 

Different physical methods for nanoparticle synthesis are prescribed below: 

a. Thermal decomposition is a common top-down method of nanoparticle 

formation in which nanoparticles are synthesized by decomposed of concerned 

material at defined temperature (Salavati-Niasari et al. 2008). Lee and Kang (2004) 

reported formation of silver nanocrystals through thermal decomposition of silver-

oleate complex at 287°C. 

b. Pulse laser ablation uses second generation lasers at high intensity to produce 

plasma inside vacuum chamber. The produced plasma by pulse laser treatment was 

used to prepare nanoparticles (Satyanarayana and Sudhakar Reddy 2018).  

c.   Ball-milling method uses mechanical mills of different capacity to generate cost 

effective and high quantity nanoparticles. The quality of nano particles formed 

depends upon type, speed, container and grinding medium of the machine. Beside 

this, control agent used in the process and weight ratio of ball used to powder plays 

crucial role in determining size of the formed nanoparticles. The major drawback of 

this process was mechanical limitations which puts hold over formation of ultra-fine 

particles. Using ball-milling method, zinc oxide (Salah et al. 2011), copper oxide 

(Yang et al. 2017), titanium dioxide (Yadav et al. 2015) and silver (Khayati et al. 

2013) nanoparticles were synthesized.  

d. Evaporation–condensation method uses tube furnace and carrier gas phase for 

nanoparticle synthesis. Using this method, nanoparticles of PbS, Au and Ag have 

been synthesized (Kruis et al. 2000). In this method the base material is carried by 

carrier gas to the centre of the furnace for nanoparticle synthesis. 
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e. Laser ablation synthesizes nanoparticle in liquid environment. Laser irradiation 

synthesizes silver nanoparticle in pure form by removing other ions, compounds or 

reducing agents (Lee and Jun 2019). This method is free of any chemical reagents, 

only mild liquid soluble surfactants are used for proper nano formation (Chen and 

Yeh 2002).  

f. Arc discharge method synthesizes nanoparticles (viz. silver nanoparticle) in 

deionized water without any surfactants using centrifuge separation technique of 

ions (Tien et al. 2008).  

Physical method although gives pure form of nanoparticle but it has certain 

disadvantage putting a limit over its wide application. Various physical methods 

have their own disadvantages viz. evaporation condensation method consumes large 

space for tube furnace, consumes higher quantity of energy and thereby increases the 

environmental temperature and takes longer duration to stabilize the product (Tran et 

al. 2018); in laser ablation technique prolong exposure time leads to production of 

high amount of nanoparticles that block the laser path, as a result the laser energy 

cannot hit the target surface and gets consumed by the already formed nanoparticles 

(Jamkhande et al. 2019).  

2.2.5.2. Chemical methods of nanoparticles synthesis 

Chemical synthesis of nanoparticles involves mainly three components viz. (a) metal 

precursors, (b) reducing agents and (c) stabilizing agents (Natsuki et al. 2015). 

Chemical method of nanoparticle synthesis utilizes chemical reagents like N,N-

dimethylformamide (Pastoriza-Santos and Liz-Marza´n 2002), sodium borohydrate 

(Reddy et al. 2009), ethylene glycol (Kim et al. 2006), liquid paraffin and 

oleylamine (Chen et al. 2007), glucose (Janardhanan et al. 2009), ascorbic acid 

(Velikov et al. 2003), urea (Lu and Chou 2008) and many more as reducing agents 

for reducing ionic form of metal to nano form.  

Chemical mediated synthesis of nanoparticles has certain disadvantages as it has 

environmental concerns due to the use of chemicals that are hazardous, along with 

various harsh reaction parameters and usage of various toxic by-products. The 

chances of toxic chemicals remaining adhered to the surface of the nanoparticles 

after synthesis is very high. Moreover, nanoparticles synthesized by this method 
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tend to get insoluble in aqueous systems or get agglomerated which puts limitation 

for it to be used in living systems (Borase et al. 2014).  

2.2.5.3. Biological synthesis of nanoparticles 

Biological or biogenic method uses natural products as reducing and capping agent 

to form silver nanoparticles (Bhainsa and D’Souza 2006). Recently biological 

synthesis approaches of silver nanoparticles are emphasized to get relief from 

complex chemical procedure (Logeswari et al. 2015). In green synthesis, addition of 

further stabilizing and capping agent from outside is not required, as the natural 

reagent which is added from plant source contains reducing agent and other cell 

constituent which acts as stabilizing and capping agents (Srikar et al. 2016). In 

biological method extracts from different sources viz. fungi (Shankar et al. 2003), 

bacteria (Bahrulolum et al. 2021), plant extract (Zhang et al. 2020) and metabolic bi-

products are used for synthesizing nanoparticles.  

For biological synthesis of silver nanoparticle, prepared plant extract was added 

drop wise to the solution of silver nitrate along with continuous stirring (Fig. 4). 

Garibo et al. (2020) reported the fusion of 2.5 ml extract of Lysiloma acapulcensis 

with 0.001 M silver nitrate for nanosilver biosynthesis. Pirtarighat et al. (2019) 

reported synthesis of silver nanoparticles by adding extract of Salvia spinosa in the 

ratio of 9:1 to 1 mM silver nitrate, with continuous shaking for 6 hrs at 27°C. 

Carmona et al. (2017) prepared silver nanoparticles following green technology 

using 5% Buddleja globosa leaf extract mixed with 0.1 to 1 mM silver nitrate 

solution. Similarly, Krithiga et al. (2015) reported preparation of silver nanoparticles 

using 5 ml leaf extract of Clitoria ternatea and Solanum nigrum with 45 ml 0.1 M 

silver nitrate. The different sources used for silver nanoparticle synthesis are 

prescribed below. 

2.2.5.3.1. Synthesis of silver nanoparticle by algal extract 

The biosynthesis of silver nanoparticles by algae gained popularity due to their easy 

availability in large scale (Balantrapu and Goia 2009). It has been reported that 

marine algae contain several forms phenolic compounds that acts efficiently as 

reducing agent (Ibraheem et al. 2016). Beside this, it has been proved that algal 

extract to some extend displayed antifungal, antibacterial, antiviral properties  



Fig. 4: Sequential steps for green synthesis of silver nanoparticles 
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(Maneerung et al. 2008). Mainly the marine algae are used for the production of 

silver nanoparticles (Merin et al. 2010; Kannan et al. 2013). The marine 

polysaccharides bear reducing as well as stabilizing properties and are reported to 

provide stability to the synthesized nanoparticles even at moderate pH alteration in 

presence of electrolytes (Wijesekara et al. 2011). Different algal extracts that are 

used for the biosynthesis of silver nanoparticles are enlisted in Table 5. 

2.2.5.3.2. Synthesis of silver nanoparticles by fungal extract  

Fungi have high proliferation rate and are source of large quantity of proteins, acting 

as reducing and stabilizing agents (Guilger-Casagrande et al. 2019). Fungus 

mediated biosynthesis of metal nanoparticles can occur by both extracellular and 

intracellular process. For biosynthesis of nanosilver using fungal extract through 

extracellular process, at first the fungi were cultured in a liquid medium and then the 

biomass was transferred in water so that cellular metabolic components get 

immiscible in water. The water was then filtered, and the filtrate was used for 

nanosilver synthesis (Ottoni et al. 2017). While in intracellular process, the metal 

precursor is directly added to the culture of mycelia. The nanoparticles formed were 

extracted by centrifugation and filtration (Molnár et al. 2018). Different algal 

extracts that are used for the biosynthesis of silver nanoparticles are enlisted in Table 

6. 

2.2.5.3.3. Synthesis of silver nanoparticle by bacterial extract 

Bacteria serve as a suitable agent for nanoparticle synthesis as they can adapt 

quickly under different condition and their cultural growth can be controlled by 

varying temperature and oxygenation, which is helpful for generation nanoparticles 

of variable size dimension (Mughal et al. 2021). Like fungi mediated nanoparticle 

synthesis, bacterial mediated nanoparticles can be synthesized by both extracellular 

and intracellular process. The main drawback of bacterial mediated nanoparticle 

synthesis was that it cannot put limitation over geometry of nanoparticles under 

large scale production (Mukherjee et al. 2002). Different algal extracts that are used 

for the biosynthesis of silver nanoparticles are enlisted in Table 7. 
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Table 5: Algae mediated synthesis of silver nanoparticles 

Algae Name Extract Used Characterization 

Size  

(nm) 

Shape  Bioactivity Reference 

Padina 
Aqueous 

extract 

UV-Vis, FT-IR, SEM, FE-

SEM, EDX, XRD 
25 - 61.4  

Spherical and 

oval 

Prevents proliferation of 

Staphylococcus 

aureus and Bacillus subtilis 

Bhuyar et al. (2020) 

Sargassum myriocystum 
Aqueous 

filtrate 

UV-Vis, FT-IR,  FE-SEM, HR-

TEM, EDX, XRD, SAED 
27 -54  

Spherical and 

cubic 

Effective against antibacterial, 

anticancerous and vector born 

diseases 

Balaraman et al. 

(2020) 

Chlorella ellipsoidea 
Dry algal 

powder 

UV-Vis, FT-IR,  TEM, EDX, 

XRD, DLS 
220.8  

Spherical, cubic, 

triangular, rod, 

multiply twinned 

Effective photo-catalysts for 

effective degradation of water-

soluble pollutants 

Borah et al. (2020) 

Gracilaria birdiae 
Aqueous 

filtrate 
UV-Vis, FT-IR,  TEM,  DLS 20 - 94 Spherical 

Effective against Escherichia 

coli  and Staphylococcus aureus 

de Aragão et al. 

(2019) 

Ulva flexuosa 
Aqueous 

filtrate 

UV-Vis, FT-IR, FE-SEM, HR-

TEM, EDX, AFM, XRD 

4.93 - 

6.70  
Spherical 

Reduced the bacterial count 

(proliferation rate) 
Dixit et al. (2018) 

Enteromorpha 

compressa 

Aqueous 

filtrate 

UV-Vis, FT-IR, HR-TEM,  

EDX, XRD 
4 -24  Spherical 

Effective against different clinical 

pathogens (both bacteria and 

fungi) 

Ramkumar et al. 

(2017) 
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Spirogyra varians 
Aqueous 

filtrate 
UV-Vis, FT-IR,  SEM,  XRD 17.6  Quasi-spheres 

Effective against pathogenic 

microbes 
Salari et al. (2016) 

Caulerpa racemosa 
Aqueous 

filtrate 

UV-Vis, FT-IR, HR-TEM, 

EDX, XRD, SAED 
25  Spherical 

Catalytic degradation of 

methylene blue 
Edison et al. (2016) 

Acanthophora specifera 
Aqueous 

filtrate 
FT-IR, XRD 33 - 81  Cubic 

Prevents proliferation of 

Staphylococcus aureus, Bacillus 

subtillis, Salmonella spp., 

Escherichia coli and unicellular 

fungus Candida albicans 

Ibraheem et al. 

(2016) 

Caulerpa racemosa 
Aqueous 

filtrate 
UV-Vis, FT-IR,  TEM,  DLS 5 - 25  Spherical 

Effective against human 

pathogenic microbes  

(Staphylococcus 

aureus and Proteus mirabilis) 

Kathiraven et al. 

(2015) 

Pithophora oedogonia 
Aqueous 

filtrate 

UV-Vis, FT-IR,  SEM, EDX,  

DLS 
25 -44  

cubical and 

hexagonal 

Inhibit growth of Pseudomonas 

aeruginosa and  Escherichia coli 
Sinha et al. (2015) 

Sargassum longifolium 
Aqueous 

filtrate 

UV-Vis, FT-IR,  SEM,  TEM, 

XRD 
40 - 85 

spherical, 

truncated and 

ellipsoidal 

Prevents proliferation of 

pathogenic fungi Aspergillus 

fumigatus, Candida albicans 

and Fusarium 

Rajeshkumar et al. 

(2014) 

Codium capitatum 
Aqueous 

filtrate 
FT-IR,  TEM, EDX 3 - 44  Spherical 

Effective in the field of 

biomedicine and agriculture  

Kannan et al. 

(2013) 
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Ulva fasciata 
Ethyl acetate 

extract 

UV-Vis, FT-IR,  SEM,  EDX, 

XRD 
28 - 41  Spherical 

Inhibits prolifiration of 

Xanthomonas campestris pv. 

malvacearum 

Rajesh et al. (2012) 

Padina tetrastromatica 

Dry algal 

powder 

aqueous 

extracted 

UV-Vis, FT-IR,  TEM,  XRD 14  Spherical 

Inhibit the growth of pathogenic 

and opportune pathogenic 

bacteria (Bacillus and 

Pseudomonas; Bacillus subtilis 

and Klebsiella planticola) 

Rajeshkumar et al. 

(2012) 

Gelidiella acerosa 
Aqueous 

filtrate 

UV-Vis, FT-IR,  SEM,  TEM, 

XRD 
22  Spherical 

Inhibit the growth of Humicola 

insolens, Fusarium dimerum, 

Mucor indicus and Trichoderma 

reesei 

Vivek et al. (2011) 

Sargassum wightii 
Aqueous 

filtrate 
UV-Vis, FT-IR, TEM, XRD 5 - 25  Spherical 

Effective against Staphylococcus 

aureus, Bacillus rhizoids, 

Escherisia coli and Pseudomonas 

aeruginosa 

Govindaraju et al. 

(2009) 

[Abbreviation used: UV-Vis = UV-Visible Spectrophotometer; FT-IR = Fourier-Transform Infrared Spectroscopy; SEM = Scanning Electron Microscopy; FE-SEM= 

Field Emission Scanning Electron Microscopy; TEM= Transmission Electron Microscopy; HR-TEM= High-Resolution Transmission Electron Microscopy; AFM= Atomic 

Force Microscopy; EDX= Energy Dispersive X-Ray Analysis; XRD= X-Ray Diffraction Analysis; DLS = Dynamic Light Scattering] 

 

 



 

38 
 

Table 6: Fungi mediated synthesis of silver nanoparticles 

Fungi Name Extract Used Characterization 

Size 

(nm) 

Shape Bioactivity Reference 

Aspergillus sydowii  Fungal filtrate UV-Vis, TEM, XRD 5 - 15  Spherical 

Inhibit the proliferation of fungal 

pathogens Aspergillus,  

Fusarium, Candida,  and Sporoth

rix schenckii 

Wang et al. (2021) 

Bjerkandera  Fungal filtrate 
UV-Vis, FT-IR, STEM, HR-

TEM, EDX 
70 - 90  Spherical ND 

Osorio-Echavarría 

et al. (2021) 

Fusarium scirpi Fungal filtrate 
UV-Vis, FT-IR, SEM, TEM, 

EDX 
2 - 20  Quasi-spherical 

Antibacterial activity against 

E.coli 

Rodríguez-Serrano 

et al. (2020) 

Penicillium duclauxii Fungal filtrate UV-Vis, , TEM, EDX, XRD 3 - 32  Spherical 
Concentration dependent growth 

control of Bipolaris sorghicola 

Almaary et al. 

(2020) 

Penicillium cyclopium Fungal filtrate UV-Vis, FT-IR, SEM, TEM 12 - 25  Irregular ND 

Wanarska and 

Maliszewska 

(2019) 

Fusarium oxysporum 
Fungal biomass 

and PDA media 
SEM, TEM, DLS 1 - 50  Spherical Antibacterial potential 

Srivastava et al. 

(2019) 

Trichoderma harzianum Fungal biomass UV-Vis, DLS, Zeta Potential 57.20 NM 
Controls mycelial growth of 

Sclerotinia  sclerotiorum 

Guilger-Casagrande 

et al. (2019) 
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Beauveria bassiana Fungal filtrate 
UV-Vis,SEM, TEM, EDX, 

XRD, ZP 
10 - 50  

Triangular, 

circular, 

hexagonal 

Inhibit growth of Escherichia 

coli, Pseudomonas aeruginosa 

and Staphylococcus aureus 

Tyagi et al. (2019) 

Phomopsis liquidambaris 
Aqueous 

extract 

UV-Vis, FT-IR, TEM, EDX, 

ZP 
10 - 20  Spherical 

Effective against wide range of 

bacteria 

Seetharaman et al. 

(2018) 

Trichoderma 

longibrachiatum 
Fungal biomass UV-Vis, FT-IR, TEM, DLS 1 - 25 Spherical Effective against pathogenic fungi 

Elamawi et al. 

(2018) 

Duddingtonia flagans Fungal filtrate 
UV-Vis, FT-IR, TEM, XRD, 

DLS 
30 - 409  Spherical ND 

Costa Silva et al. 

(2017) 

Aspergillus versicolor Fungal biomass UV-Vis, SEM, TEM 5 - 30  Spherical 

Antifungal activity against 

Sclerotinia sclerotiorum and 

Botrytis cinerea 

Elgorban et al. 

(2016) 

Sclerotinia sclerotiorum Fungal filtrate UV-Vis, FT-IR, TEM 10 - 15  Spherical 
Effective against Escherichia coli 

and Staphylococcus aureus  
Saxena et al. (2016) 

Fusarium oxysporum Fungal filtrate 
UV-Vis, FT-IR, TEM, EDX, 

DLS 
15 - 40  Spherical 

Antibacterial and antitumor 

activity 

Husseiny et al. 

(2015) 

Guignardia mangifera 
Mycelial free 

filtrate 

UV-Vis, HR-TEM, EDX, 

XRD, SAED 
5 - 30  Spherical 

Antibacterial, antifungal and 

cytotoxic activity 

Balakumaran et al. 

(2015) 

Trichoderma harzianum 
Mycelia free 

cell filtrate 

UV-Vis, FT-IR, TEM, EDX, 

XRD, DLS 
51.01  Spherical 

Effective against Staphylococcus 

aureus and Klebsiella pneumonia 

Ahluwalia et al. 

(2014) 

Neurospora intermedia 
Suparnatant of 

PDB media 

UV-Vis, FT-IR, SEM, EDX, 

XRD, DLS 
24  NM 

Inhibit the growth of  Escherichia 

coli 

Hamedi et al. 

(2013) 

Fusarium oxysporum Fungal filtrate UV-Vis, FT-IR, TEM, SAED 10 - 40  NM ND Birla et al. (2013) 
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Epicoccum nigrum 
Suspension of 

fungal biomass 
UV-Vis, TEM, XRD 1 - 22  Spherical 

Antifungal activity against 

pathogenic Candida spp. 
Qian et al. (2013) 

Rhizoctonia solani 
Culture 

supernatant 

UV-Vis, FT-IR, TEM, EDX, 

XRD 
2 - 22  Spherical ND Ashrafi et al. (2013) 

Aspergillus Niger Fungal biomass UV-Vis, TEM 1.7 - 20  Spherical 

Antibacterial activity against 

Bacillus megaterium, 

Staphylococcus aureus, Proteus 

vulgaris and Shigella sonnei 

Vala and Shah 

(2012) 

Penicillium 

purpurogenum 
Fungal filtrate UV-Vis, TEM, XRD 8 - 10  Spherical 

Displayed antimicrobial effect 

against Escherichia coli,  

Pseudomonas aeruginosa and 

Staphylococcus aureus 

Nayak et al. (2011) 

[Abbreviation used: NM = Not Mentioned; ND = Not Detected; UV-Vis = UV-Visible Spectrophotometer; FT-IR = Fourier-Transform Infrared Spectroscopy; SEM = 

Scanning Electron Microscopy; FE-SEM = Field Emission Scanning Electron Microscopy; TEM = Transmission Electron Microscopy; HR-TEM = High-Resolution 

Transmission Electron Microscopy; AFM = Atomic Force Microscopy; EDX = Energy Dispersive X-Ray Analysis; XRD = X-Ray Diffraction Analysis; DLS = Dynamic 

Light Scattering; ZP = Zeta Potential] 
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Table 7: Bacteria mediated synthesis of silver nanoparticles 

Bacteria Used  Extract used Characterization 

Size 

(nm) 

Shape Bioactivity Reference 

Lactobacillus plantarum 
Bacterial wet 

biomass 

UV-Vis, FT-IR, SEM, HR-

TEM, EDX, DLS 
4.7 - 24.3 Spherical 

Antibacterial and antioxidant 

activity 
Yusof et al. (2020) 

Bacillus siamensis 
Bacterial 

culture filtrate 

UV-Vis, FT-IR, SEM, TEM, 

EDX, XRD 
25 - 50  Spherical 

Protecting rice plants from  

bacterial leaf blight and brown 

stripe diseases 

Ibrahim et al. 

(2019) 

Escherichia coli 
Bacterial 

culture filtrate 
SEM, TEM, EDX 10.6  NM Antimicrobial activity 

Baltazar-

Encarnación et al. 

(2019) 

Bacillus brevis 
Bacterial 

culture filtrate 
UV-Vis, FT-IR, SEM, AFM 22 - 60  Spherical 

Effective against pathogenic 

bacteria Staphylococcus aureus 

and Salmonella typhi 

Saravanan et al. 

(2018) 

Leuconostoc lactis 

Partially 

purified 

exopolysaccha

ride 

UV-Vis, FT-IR, SEM, TEM, 

AFM, XRD 
30 - 200 Spherical 

Biodegradation of harmful textile 

dyes 

Saravanan et al. 

(2017) 

Gordonia amicalis 

Bacterial cell 

free 

suspension 

UV-Vis, FT-IR,  TEM,  XRD 5 - 25  Cubic Free radical scavenging activity Sowani et al. (2016) 
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Ochrobactrum 

rhizosphaerae 

Bacterial cell 

free 

suspension 

UV-Vis, FT-IR, TEM, EDX, 

DLS 

2 - 20  

 
Spherical Effective against cholera disease 

Gahlawat et al. 

(2016) 

Sinomonas mesophila 

Bacterial cell 

free 

suspension 

UV-Vis, FT-IR, TEM 4 - 50  Spherical 
Effective against multi drug 

resistant Staphylococcus aureus 

Manikprabhu et al. 

(2016) 

Bacillus 

Bacterial cell 

free 

suspension 

UV-Vis,  SEM, TEM, EDX 7 -31 Spherical 
Effective against Escherichia coli 

and Salmonella typhi 

Deljou and 

Goudarzi (2016) 

Bacillus 

Bacterial cell 

free 

suspension 

UV-Vis, TEM 42 -92 NM ND Das et al. (2014) 

Acinetobacter 

calcoaceticus 

Bacterial cell 

free 

suspension 

UV-Vis, TEM, HR-TEM, EDX 8 - 12  Spherical 
Effective against some drug-

resistant bacterial strains 

Chopade et al. 

(2013) 

Enterobacter aerogenes 

Bacterial cell 

free 

suspension 

UV-Vis,  SEM, TEM, EDX 25 - 35  Spherical ND 
Karthik and Radha 

(2012) 

Morganella morganii 
Culture 

suspension 
UV-Vis, TEM,  XRD, SAED 10 - 50  Quasispherical ND Parikh et al. (2011) 

Geobacillus 

stearothermophilus 

Bacterial cell 

free 

suspension 

UV-Vis, FT-IR, TEM, XRD 5 - 35 Spherical ND 
Mohammed Fayaz 

et al. (2011) 
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Streptomyces 

hygroscopicus 

Bacterial cell 

free 

suspension 

UV-Vis, FE-SEM,TEM, AFM, 

XRD 
20 - 30  Spherical 

Inhibit the growth of Bacillus 

subtilis, Enterococcus faecalis, 

Escherichia coli and Salmonella 

typhimurium 

Sadhasivam et al. 

(2010) 

[Abbreviation used: NM = Not Mentioned; ND = Not Detected; UV-Vis = UV-Visible Spectrophotometer; FT-IR = Fourier-Transform Infrared Spectroscopy; SEM = 

Scanning Electron Microscopy; FE-SEM = Field Emission Scanning Electron Microscopy; TEM = Transmission Electron Microscopy; HR-TEM= High-Resolution 

Transmission Electron Microscopy; AFM = Atomic Force Microscopy; EDX = Energy Dispersive X-Ray Analysis; XRD = X-Ray Diffraction Analysis; DLS = Dynamic 

Light Scattering] 
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2.2.5.3.4. Synthesis of silver nanoparticle by plants extract 

Different plant parts viz. root, stem, bark, leaf, bud, fruit, latex, and others are used 

for biogenic synthesis of silver nanoparticles (Ahmed and Mustafa 2020). The plant 

extract acts as a pool of different phytochemicals viz. phenol, flavones, terpenoids, 

aldehydes, ketones, carboxylic acids, enzymes, amides, and many more which 

donates electron for reduction of metallic ion to nano form (Masum et al. 2019). 

Plant extract mediated green synthesis bears additional advantage over physical and 

chemical methods of synthesis because of their simple, rapid, environment friendly, 

non-toxic, and cost effective nature (Chanel et al. 2017). Besides this, plant material 

used for nano synthesis should be easily available under natural condition (Chung et 

al. 2016). It has also been reported that nanoparticles synthesized by green 

technology bears more bioactivity than synthesized through chemical methods 

(Choudhury et al. 2016).  It has also been reported that plant extract mediated 

synthesis of silver nanoparticles displayed potential antioxidant (Ansar et al. 2020) 

and antimicrobial activities (Salayová et al. 2021; Okafor et al. 2013).  Different 

plant extracts that are used for the biosynthesis of silver nanoparticles are enlisted in 

Table 8. 

2.2.6. Characterization and validation of green synthesized silver nanoparticles 

The techniques that are generally adopted for nano characterization are UV-Visible 

spectroscopy, Fourier-transform infrared spectroscopy (FTIR), dynamic light 

scattering (DLS), scanning electron microscope (SEM), transmission electron 

microscopy (TEM), X-ray diffraction (XRD) and atomic force microscopy (AFM). 

2.2.6.1. UV-Visible spectroscopy 

UV-Visible spectrophotometer works following Beer lambert law, in which when 

light falls on the sample, the amount of light absorbed is directly proportional to the 

path length and concentration of the sample (Abbas 2019). The compound that is 

formed after reaction between silver nitrate with plant extract was generally 

confirmed by UV-Visible spectroscopy in the range of 350 – 700 nm (Sumi Maria et 

al. 2014). Appearance of spectral peak in the wavelength range of 400 – 500 nm 

confirms the formation of silver nanoparticles (Sastry et al. 1997). The appearance 

of surface plasmon resonance (SPR) peak depends upon dielectric environment 
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along with size, shape and composition of the nanoparticles (Sahu et al. 2021). 

Prasad and Elumalia (2011) on synthesizing nanosilver using extract of Moringa 

oleifera displayed absorption peak in the range of 430 – 440 nm. Bagherzade et al. 

(2016) confirms the formation of silver nanoparticle using aqueous extract of 

Crocus sativus by observing appearance of Surface Plasmon Resonance (SPR) at 

450 nm. Nanosilver formed using aqueous extract of Otostegia persica shows 

absorption peak at 420 nm (Sharifi-Rad et al. 2021). Kumar et al. (2014) observed 

absorption peak at 430 nm when green synthesis was done using leaf extract of 

Alternanthera dentate. Nano Silver prepared using extract of blackberry fruit shows 

absorption peak at 435 nm (Kumar et al. 2015). 

2.2.6.2. Fourier-transform infrared spectroscopy (FT-IR) 

FT-IR analysis was done to determine the functional groups involved in nanosilver 

formation. FT-IR spectroscopy provide the detection of small changes in absorbance 

in the order of 10
-3

 by which one could understand the small changes in absorption 

bands of active residue from the total absorption of entire molecule (Kim and Barry 

2001). FT-IR spectra help in determining the nature of bonding and structural 

characteristics of conjugate complexes (Huq et al. 2020). In FT-IR analysis, when 

infrared light is projected stretching, contraction and bending of bonds takes place, 

due to which absorption of infrared radiation of specific wavelength takes place by 

the functional groups present in the molecules (Kumar and Yadav 2008). FTIR 

spectroscopy is widely used to search the involvement of biomolecules in the 

synthesis of nanoparticles, which is very demanding in academic and industrial areas 

(Lin et al. 2014). FTIR is very important to the study of nano-scaled materials, 

provides confirmation of functional molecules covalently attached onto silver, 

carbon and gold nanoparticles (Gurunathan et al. 2014). The advance level of FT-IR 

method is attenuated total reflection (ATR)-FTIR spectroscopy. ATR-FTIR helps in 

understand the chemical properties on the surface of the polymer and side by side 

sample preparation; for this, method is easier than conventional FT-IR (Hind et al. 

2001). 



46 
 

Table 8: Plants mediated synthesis of silver nanoparticles 

Plant Name 
Extract 

Used 

Extraction 

solvent 
Characterization 

Size 

(nm) 
Shape Bioactivity Reference 

Tropaeolum majus Dried leaf Aqueous UV-Vis, FT-IR, AFM 25  Crystalline 

Anti-microbial activity against 

Klebsiella pneumonia, 

Staphylococcus aureus and 

Bacillus subtilis 

Bawazeer et al. 

(2021) 

Jasminum officinal Dried leaf Aqueous 
UV-Vis, FT-IR,TEM, HR-TEM, 

XRD, DLS 
9.22  Spherical 

Exhibits cytotoxic activity 

against 5637 and MCF-7 cell 

lines 

El-Hawary et al. 

(2020) 

Clinacanthus nutans Dried leaf Aqueous 
UV-Vis, FT-IR, SEM, TEM, 

EDS, XRD, DLS, ZP 
114.7 Spherical ND 

Mat Yusuf et al. 

(2020) 

Clinacanthus nutans Dried Stem Aqueous 
UV-Vis, FT-IR, SEM, TEM, 

EDS, XRD, DLS, ZP 
129.9 Spherical ND 

Mat Yusuf et al. 

(2020) 

Muntingia calabura Dried leaf Aqueous UV-Vis, FT-IR, SEM, TEM, EDS 30 - 60 Spherical 

Antimicrobial activity against 

Escherichia coli and  Bacillus 

cereus 

Ahmad et al. 

(2020) 

Calligonum comosum Root Aqueous UV-Vis, FT-IR, SEM, TEM, ZP 183.2 Spherical 

Exhibits apoptotic potential 

against HepG2, LoVo and MDA-

MB 231- cell 

Algebaly et al. 

(2019) 

Solanum mammosum Dried Fruit Aqueous 
UV-Vis, SEM,TEM, EDX, XRD, 

DLS 
10 - 14  Spherical 

Larvicidal activity against Aedes 

aegypti 

Pilaquinga et al. 

(2019) 
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Phyllanthus emblica Fresh Fruit Aqueous 
UV-Vis, FT-IR, SEM, TEM, HR-

TEM, EDX, XRD, SAED 

19.8 - 

92.8 
Spherical 

Inhibits proliferation of 

Acidovorax oryzae 

Masum et al. 

(2019) 

Ipomoea Pes-Caprae Stem Aqueous UV-Vis, FT-IR,TEM, XRD, DLS 116  Spherical 

Effective against pathogenic 

microbes (Escherichia coli, 

Pseudomonas aeruginosa) 

Veeramani et al. 

(2018) 

Punica granatum Dried leaf Aqueous 
UV-Vis, FT-IR, TEM, XRD, 

EDAX 

88 - 

120 

Spherical, 

rhomboid 

and 

cubical 

ND 
Kumar et al. 

(2018) 

Carica papaya 

Dried 

epidermal 

peel 

Aqueous 
UV-Vis, SEM,TEM,  XRD, 

SAED 
15 - 20  Spherical 

Antibacterial activities against 

Escherichia coli and 

Staphylococcus aureus 

Balavijayalakshmi 

and Ramalakshmi 

(2017) 

Zingiber officinale 
Dried 

rhizomes 
Ethanol UV-Vis, FT-IR, TEM, XRD 10 Spherical 

Antimicrobial activity against 

Vibrio anguillarum, Vibrio 

alginolyticus, Aeromonas 

punctata, Vibrio 

parahaemolyticus, Vibrio 

splendidus and Vibrio harveyi 

Nan et al. (2017) 

Azadirachta indica Leaf Aqueous UV-Vis, FT-IR,TEM, DLS 34  Spherical 

Effective against gram positive 

(Staphylococcus aureus) and 

gram negative (Escherichia coli) 

bacteria 

Ahmed et al. 

(2016) 

Couroupita guianensis Leaf Aqueous UV-Vis, FT-IR, XRD, TEM 10 - 45  Cubic Dose dependent larvicidal effect Vimala et al. 
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crystalline against Aedes aegypti (2015) 

Couroupita guianensis Fruit Aqueous UV-Vis, FT-IR, XRD, TEM 5 -15  
Cubic 

crystalline 

Dose dependent larvicidal effect 

against Aedes aegypti 

Vimala et al. 

(2015) 

Ziziphora tenuior Dried leaf Methanol 
UV-Vis, FT-IR, SEM, TEM, 

XRD 
8 - 40  Spherical ND 

Sadeghi and 

Gholamhoseinpoor 

(2015) 

Tephrosia purpurea Fresh Leaf Aqueous 
UV-Vis, FT-IR, FE-SEM, TEM, 

XRD, EDX 
16  Spherical 

Antipathogenic activity against 

Pseudomonas and Penicillium 
Ajitha et al. (2014) 

Eucalyptus leucoxylon Leaf Aqueous UV-Vis, SEM, TEM, XRD 50  Spherical Potential antioxidant activity 
Rahimi-Nasrabadi 

et al. (2014) 

Myrmecodia pendan 
Entire 

Plant 
Aqueous 

UV-Vis, FT-IR, SEM, TEM, 

XRD 
10 - 20  

Cubic 

crystalline 
ND Zuas et al. (2014) 

Withania somnifera Dried leaf Aqueous 
UV-Vis, FT-IR, TEM, EDS, 

XRD, ZP, NTA 
5 - 30  Spherical 

Antipathogenic activity against 

Staphylococcus aureus, 

Escherchia coli, Candida 

albicans, Aspergillus niger and 

Aspergillus flavus 

Raut et al. (2014) 

Epiphyllum 

Oxypetalum 
Fresh Fruit Aqueous UV-Vis, FT-IR, ZP 86 Spherical 

Antimicrobial activity against 

Propionibacterium acne, 

Pseudomonas 

aeruginosa and Klebsiella 

pneumoniae 

Paralikar (2014) 

Cocos nucifera Coconut- Aqueous UV-Vis, SEM,TEM, EDX, XRD 23  Spherical Anti-larvicidal activity against Roopan et al. 
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coir Anopheles stephensi  (2013) 

Lxora coccinea  Leaf Aqueous UV-Vis, FT-IR,FE-SEM, XRD 13 - 57  Spherical ND 
Karuppiah and 

Rajmohan (2013) 

Elaeagnus indica 
Leaf 

powder 
Aqueous UV-Vis, FT-IR, TEM, DLS 30  Spherical 

Effective against bacterial 

(Escherichia coli, Pseudomonas 

putida, Bacillus subtilis and 

Staphylococcus aureus) and 

fungal (Aspergillus flavus and 

Fusarium oxysporium) pathogens 

Natarajan et al. 

(2013) 

Azadirchata indica  Leaf Aqueous UV-Vis, TEM, XRD 15 - 20  Spherical 
 Application towards heavy 

metal ion sensor like copper 

Kirubaharan et al. 

(2012) 

Morinda citifolia  Leaf Aqueous 
UV-Vis, FT-IR, SEM, HR-TEM, 

EDX, SAED 
10 - 60  Spherical 

Effective against human 

pathogenic microbes (Eschericia 

coli, Pseudomonas aeroginosa, 

Klebsiella pneumoniae, 

Enterobacter aerogenes, Bacillus 

cereus and Enterococci sp.) 

Satishkumar et al. 

(2012) 

Crossandra 

infundibuliformis 
Leaf Aqueous 

UV-Vis, FT-IR, FE-SEM-EDAX, 

XRD 
38  

Cubic 

crystalline 
ND 

Kaviya et al. 

(2012) 

Tribulus terrestris  Fruit Aqueous 
UV-Vis, FT-IR, TEM, AFM, 

XRD 
16 - 28  Spherical 

Effective against Streptococcus 

pyogens, Pseudomonas 

aeruginosa, Escherichia coli, 

Bacillus subtilis and 

Gopinath et al. 

(2012) 
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Staphylococcus aureus 

Ocimum tenuiflorum Leaf Aqueous UV-Vis, TEM, SAED, DLS, ZP 25 - 40  Spherical 

Effective against different 

bacterial strains of  Escherichia 

coli, Corney bacterium, Bacillus 

substilus  

Patil et al. (2012) 

Catharanthus roseus Leaf Aqueous UV-Vis, SEM, XRD, EDX 48 - 67  
Cubic 

crystalline 
ND 

Mukunthan et al. 

(2011) 

Eclipta prostrate Leaf Aqueous 
UV-Vis, FT-IR, SEM, TEM, 

XRD 
35 - 60  

Cubic 

crystalline 

Controls proliferation of Culex 

tritaeniorhynchus and Anopheles 

subpictus 

Rajakumar and 

Abdul Rahuman 

(2011) 

Lonicera japonica  Leaf Aqueous 
UV-Vis, FT-IR,TEM, EDX, 

AFM, ZP 
36 -72  Spherical ND 

Kumar and Yadav. 

(2011) 

Nelumbo nucifera Dried leaf Aqueous 
UV-Vis, FT-IR, SEM, TEM, 

XRD 
25 - 80  

Spherical, 

triangle, 

truncated 

triangles, 

and 

decahedral 

Mosquito larvicidal activity 
Santoshkumar et 

al. (2011) 

Citrus limon Fruit Aqueous 
UV-Vis, FT-IR, TEM, AFM, 

XRD 
50  

Spherical 

and 

spheroidal 

ND 
Prathna et al. 

(2011) 

Fissidens minutus Thallus 
Aqueous 

and 70% 
UV-Vis, SEM, EDS NM 

Spherical 

and 

Antimicrobial activity against 

Escherichia coli, Bacillus cereus, 

Srivastava et al. 

(2011) 
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ethanol spheroidal Klebsiella pneumoniae and 

Pseudomonas aeruginosa 

Cycas Leaf 
Aqueous-

ethanolic 
UV-Vis, TEM, XRD 2 - 6  

Spherical 

and 

spheroidal 

ND 
Jha and Prasad. 

(2010) 

Acalypha indica Leaf Aqueous UV-Vis, SEM, TEM, EDS, XRD 20 - 30  Spherical 

Effective against water borne 

pathogens ( Escherichia coli and 

Vibrio cholera) 

Krishnaraj et al. 

(2010) 

Piper nigrum Seed Aqueous UV-Vis, TEM, XRD 20 - 50  Spherical ND 
Shukla et al. 

(2010) 

Tanaetum vulgare Fruit Aqueous 
UV-Vis, FT-IR, TEM, XRD, 

EDAX 
10 - 40  Hexagonal ND Dubey et al. (2010) 

[Abbreviation used: NM = Not Mentioned; ND = Not Detected; UV-Vis = UV-Visible Spectrophotometer; FT-IR = Fourier-Transform Infrared Spectroscopy; SEM = 

Scanning Electron Microscopy; FE-SEM = Field Emission Scanning Electron Microscopy; TEM = Transmission Electron Microscopy; HR-TEM = High-Resolution 

Transmission Electron Microscopy; AFM = Atomic Force Microscopy; EDX = Energy Dispersive X-Ray Analysis; XRD = X-Ray Diffraction Analysis; DLS = Dynamic 

Light Scattering; ZP = Zeta Potential] 

 



52 
 

2.2.6.3. X-ray diffraction (XRD) 

The device that is widely used for determining the crystalline structure and size of 

the synthesized nanoparticles is X-ray diffraction (Garcia et al. 2020). Nanosilver 

solution was dried at 60°C before characterizing through XRD (Verma and Mahata 

2016). The crystalline nature of silver nanoparticles was determined using XRD 

analysis using the dry powder of nanoparticle (Yu et al. 2019). There is a strong 

correlation between the size of nanoparticle that is obtained by TEM and XRD, it 

has been found that size of nanoparticles that is obtained through XRD generally 

remains same or slightly smaller than that of the size determined through TEM 

analysis (Ungár et al. 2005).  

2.2.6.4. Dynamic light scattering (DLS) 

 DLS study was done to determine the size range of nano particles in suspension 

(Kim et al. 2019). Bhattacharjee (2016) stated that DLS study of prepared nanosilver 

was done for determining the size distribution, as well as for determining surface 

charge through analysing zeta potential. Patil et al. (2012) stated that the negative 

value of zeta potential indicates stability of nanoparticles. DLS measures 

hydrodynamic radiuses of the synthesized nanoparticles and takes into consideration 

associated capping and reducing agents while measuring size and thus DLS size is 

greater than TEM size of nanoparticles (Kaasalainen et al. 2017).  

2.2.6.5. Scanning electron microscopy (SEM) and energy dispersive X-ray 

(EDX) 

High resolution microscopes have wide applicability in the field of nanoscience and 

nanotechnology as it helps in studying ultra-structure of nanomaterials (Pawley 

1997). Scanning electron microscopy (SEM) is a method that scans the surface 

morphology of nanoparticles and thereby predicting their shape and particle 

distribution pattern (Vladára and Hodoroaba 2020). EDX provides the elemental 

profile of biosynthesized nanoparticle (Femi-Adepoju et al. 2019).  

There is a limitation of SEM analysis, as it cannot detect the internal structure of a 

particle, but it can provide important information about the purity of the sample and 

the degree of aggregation of the particles in that sample and lastly modern high-
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resolution SEM can detect the surface morphology of nanoparticles below 10 nm 

(Rydz et al. 2019; Mourdikoudis et al. 2018).  

2.2.6.6. Transmission electron microscopy (TEM) 

Transmission electron microscopy (TEM) is very important, commonly used 

technique for quantitative characterization of nanoparticles in respect to particle size 

and range of size distribution (Santiago et al. 2018). Beside this TEM also predicts 

morphology of the nanoparticles (Joshi and Bhattacharyya 2008). Ahmed et al. 

(2016) reported that TEM analysis was performed for determining the particle size, 

shape and surface morphology. Rice et al. (2013) stated that microscopy is the only 

method for measuring the individual particle size. TEM analysis of synthesized 

nanoparticle using extract of Brillantaisia patula, Crossopteryx febrifuga and Senna 

siamea displayed spherical shaped nanoparticles with average size dimension of 45, 

115 and 47 nm respectively (Kambale et al. 2020). Bagherzade et al. (2016) reported 

that shape and size of the silver nanoparticle formed using aqueous extract of saffron 

wastage was spherical and 15 nm respectively. Kumar et al. (2014) reported 

spherical shaped nanosilver when green synthesis was done with leaf extract of 

Alternanthera dentate. 

2.2.7. Factors affecting nanoparticles formation 

Formation of bioactive nanoparticles depends upon number of factors including 

temperature, pH, concentration of reactants and reaction time.  

2.2.7.1. Effect of temperature on silver nanoparticle synthesis 

Increase in temperature during green synthesis gradually leads to decrease in SPR 

peak and thereby decrease in size of formed nanoparticles takes place (Ibrahim 

2015). Kumar et al. (2014) reported that with increase in temperature blue shift 

(decrease in wavelength) takes place in surface plasmon resonance band. Khatoon et 

al. (2017) reported that with increase in temperature, reaction rate increases due to 

which reduction of silver ions occurs at lesser time, leading to the formation of 

smaller size particles. Rao and Tang (2017) reported that high temperature is 

favourable for biosynthesis of nanosilver as it provides greater concentration of 

silver nanoparticles along with small and uniform size particles. 
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2.2.7.2. Effect of pH on silver nanoparticle synthesis 

pH alters the surface charge of nanoparticles, so it plays an important role in 

reduction of silver ion, as well as in determining shape, size and stability of 

nanoparticles (Khatoon et al. 2017). Dubey et al. (2010) while working with tansy 

fruit for nanoparticle synthesis observed low zeta potential at acidic pH and high at 

alkaline pH. Jayapriya and Lalitha (2013) reported that in comparison to acidic pH, 

at basic pH formation of nanosilver takes place more rapidly. Alqadi et al. (2014) 

reported inverse relationship between size of the nanoparticles and pH of the 

reaction media because when pH of the reaction mixture increases the size of the 

silver nanoparticles decreases and vice versa. Maria et al. (2015) observed through 

spectral analysis that at low pH (pH 3), no characteristic SPR peak was formed, 

while at pH 7 characteristic SPR peak was noted and at pH 11 a very well peak is 

developed, indicating higher or alkaline pH is much suitable for the synthesis of 

silver nanoparticles.  

2.2.7.3. Effect of concentration on silver nanoparticle synthesis 

Shankar et al. (2017) reported that with increase in concentration of silver nitrate, 

formation of nanosilver increases which was confirmed by increase in wavelength of 

plasmon peak. Jayapriya and Lalitha (2013) used different concentration of silver 

nitrate (1ml, 2ml, 3ml, 4ml and 5ml) with a particular concentration of plant extract 

(1ml) for the synthesis of silver nanoparticles and they observed that best formation 

of nanosilver particles occurred when 5ml silver nitrate solution was mixed with 1ml 

plant extract at room temperature. Intensity of the SPR peak increases in 

concentration of silver nitrate solution from 1 to 10 mM and in case of 10 mM silver 

nitrate concentration the peak appeared at 418 nm (Zaki et al. 2011). Dubey et al. 

(2010) also reported similar phenomenon i.e., increase in peak intensity takes place 

with increase in concentration of salt.  

2.2.7.4. Effect of reaction time on silver nanoparticle synthesis 

Krishnaraj et al. (2010) reported that greater the reaction time between silver nitrate 

with plant extract more is the concentration of synthesized nanoparticle. Rao and 

Tang (2017) reported that increase in biosynthesis of silver nanoparticles over time 

can be monitored using UV-Vis spectrophotometer, as the intensity of peak 
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gradually increases over time. Shankar et al. (2017) also reported that formation of 

nanosilver increases with increase in time of reaction, as revealed by increase in 

intensity of plasmon peak. Logeswari et al. (2015) observed that the colour of the 

reaction mixture changes gradually from light yellow to dark yellow to dark brown 

along with the time which indicates nano formation. Ahmed et al. (2016) recorded 

the spectral peak of synthesized nanoparticles at different time intervals viz. 1 hr, 2 

hr, 3 hr, 4 hr, 18 hr and 24 hr and observed that the intensity of absorption peaks, as 

well as intensity of colour of the reaction mixture increased with increase in duration 

of incubation period. 

2.2.8. Bioactive potentiality assessment of green synthesized silver nanoparticles 

2.2.8.1. Antioxidant activity of green synthesized silver nanoparticles 

Otunola et al. (2017) used 1, 1-diphenyl-2-picrylhydrazyl (DPPH) and 2, 2-Azino-

bis (3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) assays to examine the 

antioxidant activities of plant species and silver nanoparticles. Silver nanoparticles 

which were synthesized using leaf extracts of Leptadenia reticulate gave the highest 

record of free radical scavenging activity of 64.81% at a concentration of 500 μg/ml 

(Swamy et al. 2015). Plant extracts is a pool of large number of phenolic compounds 

which displayed high antioxidant properties and reduction activity, and this 

potentiality was used synthesis of silver nanoparticles (Quaresma et al. 2009). 

Mohamed et al. (2013) observed that mixture of plant extract and silver nitrate i.e., 

silver nanoparticles showed greater scavenging activity than the plant extract alone. 

Biogenic silver nanoparticles synthesized using extract of Ananas comosus (Das et 

al. 2019) and Erythrina suberosa (Mohanta et al. 2017) displayed potent antioxidant 

activity against generated oxidative stress.  

2.2.8.2. Efficiency of green synthesized silver nanoparticles against 

microorganisms 

Antimicrobial activity was performed to determine the minimum concentration at 

which a particular compound is effective against concerned microorganism. 

Nanoparticles prepared using copper, zinc, aluminium, titanium and silver displayed 

potential biocidal properties (Toker et al. 2013). Monores et al. (2005) stated that 

antimicrobial activity increases if the size of the formed nanoparticles is less than 



56 
 

100 nm. Among all the reported metal ions used for synthesis of nanoparticles, 

nanoparticles synthesized with silver ion showed best result because of their large 

surface area which is useful to make surface contact with microorganisms (Rai et al. 

2009). The antimicrobial activity of nanosilver depends upon its property to release 

Ag
+
 which interacts with target cell in ionic form (Dong et al. 2019). Monores et al. 

(2005) reported that silver nanoparticles attack cell division and respiratory chain 

causing death of the microbes.  Gao et al. (2014) reported that due to the presence of 

antimicrobial activity in silver nanoparticles, it is widely used in the field of 

medicine, food preservation, cosmetics, and many other industries. Silver has a 

tendency to act as an intercalating agent and thereby stopping the process of 

replication in microorganisms (Mikhailova 2020). Beside these, amino acids, mainly 

cysteine has a tendency to bind with silver ion and thereby disturbing the process of 

protein synthesis that are involved in major metabolic pathways, due to which 

microorganisms fails to perform vital functions leading to their death (Percival et al. 

2005). Stoimenov et al. (2002) reported that nanosilver was effective against both 

gram positive and gram negative bacteria. Green synthesized silver nanoparticle 

using neem extract was found to be effective against both gram positive 

(Staphylococcus aureus) and gram negative (Escherichia coli) bacteria (Ahmed et 

al. 2016). Ali et al. (2016) observed that silver nanoparticles prepared using apple 

extract at a concentration of 1000 μg/ml, 500μg/ml and 125μg/ml was effective 

against Staphylococcus aureus, Pseudomonas aeruginosa and Escherichia coli 

respectively. Bagherzade et al. (2016) reported that biosynthesized silver 

nanoparticles showed better and prominent growth inhibition against test organisms 

in comparison to purchased silver nanoparticles. Kumar et al. (2014) reported that 

nanosilver at 50 μg/ml was effective against Aeromonas hydrophila, Flavobacterium 

branchiophilum and Pseudomonas fluorescens.  

2.2.9. Application of green synthesized silver nanoparticles 

Silver nanoparticles green synthesized using phyto extracts has wide field of 

application in medical, industrial, and biological field, described below: 

2.2.9.1. Application of silver nanoparticles in enhancing post-harvest shelf life 

of horticultural crops 
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Halevy and Mayak (1974) stated that at post-harvest stage, horticulture industry 

faces major problem due to the appearance of early senescence and the prime cause 

for this in cut flowers was microbial contamination, inhibition of water uptake due 

to vascular system blockage, excessive water loss and enhancement in ethylene 

production. Combinational treatment of nanosilver (1 mgdm
-3

) and sucrose (2%) 

prevents petal senescence and thereby extends post-harvest life of ‘Cut Lisianthus’ 

(Skutnik et al. 2021). Nanosilver solution has been reported to act as a novel 

biocide, as it prevents senescence and extends vase life of Cosmos bipinnatus 

(Skutnik et al. 2020). Combination of sucrose (4%) along 2 or 4 ppm PbSNPs (Piper 

betle silver nanoparticles) in vase solution extends the post-harvest shelf life of cut 

spike of Gladiolus (Maity et al. 2019). Similarly, silver nanoparticles at 35 ppm 

concentration were reported to enhance post-harvest shelf life of Lilium orientalis 

(Nemati et al. 2014). Liu et al. (2009) reported that nanosilver pulse treatment 

enhances the vas life of Gerbera by inhibiting microbial growth and thereby 

preventing xylem blockage. Beni et al. (2013) reported that humic acid and 

nanosilver treatment enhances fresh weight and water conduction capability in cut 

tuberose. Byczyńska (2017) reported that among the used concentrations of 

nanosilver (10, 20, 40 mg/lit), 10 mg/lit concentration provide best result in 

postharvest shelf life extension of cut tulip flower. Alimoradi et al. (2013) found that 

nanosilver treatment at post-harvest stage extends vase life by retaining chlorophyll 

content and by preventing wilting. Hatima et al. (2013) reported that enhancement of 

vase life of red rose took place if combinational pulse treatment of 5% sucrose and 

50 mg/lit silver nanoparticle was given, as it enhances water uptake capacity and 

prevents loss of fresh weight. Liua et al. (2012) reported vase life extension of 

Acacia holosericea by pulse treatment of neutral and acidic nanosilver.  

2.2.9.2. Application of silver nanoparticles in food packaged  

Increasing day to day demand of ready-to-eat and cook foods has drawn a major 

concerned of food industry towards supply of high quality and contamination free 

preserved foods. Bumbudsanpharoke and Ko (2015) reported the continuously 

increasing demand of nano based material in food packaging industry. Due to the 

presence of anti-viral, antimicrobial and anti-fungi activity silver nanoparticles 

amalgamated with edible polymers in active packaging of food (Carbone et al. 

2016). Martinez-Abad et al. (2012) reported that application of silver nanoparticles 
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in packaging industry enhances the shelf life of packaged food and thereby lowers 

the risk of pathogen contamination. Becaro et al. (2016) reported enhanced shelf life 

of sliced carrot by reducing microbial contamination when treated with low 

concentration of nanosilver before packaging. Zandi et al. (2013) reported retention 

of ascorbic acid content in strawberry (which generally reduces with storage time) 

when packaged in nanosilver based polypropylene and polyethylene containers. 

Shah et al. (2015) observed that shelf life of silver nanoparticle coated mandarin 

stored at 4°C enhances by 120 days. 

2.2.9.3. Application of silver nanoparticles in medicine industry 

From the very early age silver has been used in the treatment of various diseases 

including burns and wound infections (Lansdown 2006; Muangman et al. 2006; 

Dowsett 2004). Silver nanoparticles bear large scale of biomedical application 

including drug delivery, medical device coating, diagnosis and treatment (Ge et al. 

2014). Application of silver nanoparticles is increasing in medical industries because 

of their active antimicrobial and antifungal properties (Shrivastava 2007; Sanpui et 

al. 2008). Various clinically used medical products are developed using silver 

nanoparticles (Burdușel et al. 2018). Silver nanoparticles are used in the treatment of 

external infection like wound healing dressing materials (Atiyeh et al. 2007; 

Hermans 2006; Qin 2005). Several commercial products such as gauze, film coating, 

and bandage are now available which actually remain coated with silver salt or silver 

nanoparticles (Pirnay et al. 2003; Gupta et al. 2001). Silver nanoparticles has been 

reported detect and destroy cancerous cells (Patra et al. 2014) using laser therapy 

(Ge et al. 2014). Jeremiah et al. (2020) reported effectiveness of silver nanoparticles 

on SARS-CoV-2 as potent microbicides against. Silver nanoparticles have been 

reported to be used as surface disinfectants against SARS-CoV-2 (COVID-19) 

(Talebian et al. 2020).  Beside this silver nanocluster-silica composite sputtered 

coating on FFP3 mask has been reported to be effective against Coronavirus SARS-

CoV-2 (Balagna et al. 2020). 

2.2.9.4. Application of silver nanoparticles in cosmetics industry  

The use of silver nanoparticle in cosmetic industry is being practiced for more than a 

decade. Due to their nano size dimension, silver nanoparticles can penetrate into the 

skin and other organs easily (Raj and Jose 2012). Nanosilver mediated products are 
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used in numerous cosmetic articles including hair care products, moisturizer, 

makeup and sunscreen (Gajbhiye and Sakharwade 2016). Silver nanoparticles can 

reduce some skin diseases and there were no drastic side effects of silver 

nanoparticles application was recorded on human health (Campbell et al. 2012). 

Silver nanoparticles at 0.002 – 0.02 ppm concentration in cosmetic products can 

easily penetrate human skin without ant toxic effect (Kokura et al. 2010).  

2.3. Biochemical, enzymological and histological perspective of post-harvest 

preservation 

From biological point of view preservation is a process of maintaining original 

integrity of biological samples. In agricultural and horticultural science for fulfilling 

global requirement, different economically important crops (bearing food or 

medicinal value) and flowering twigs or cuttings are often required to preserved at 

post-harvest stage (Aidoo 1993). Preservation can be divided into different 

categories viz. fresh preservation and dry preservation, chilling, freezing, and 

pasteurization (Amit et al. 2017). Food source that are consumed in fresh form like 

leafy vegetables and fruits faces bears short post-harvest shelf life (De Corato 2020). 

Mahajan et al. (2014) stated that the metabolic system of plants remains active after 

harvest which gradually undergoes senescence and ripening with time, and this 

process of gradual degradation must be controlled to prolong postharvest shelf life. 

For maintaining the quality during post-harvest stage, different preservatives have 

been recommended (Damunupola and Joyce 2008; Ichimura et al. 2016). Most of 

the preservative solutions usually contain a carbohydrate energy source and a 

biocide that inhibits bacterial proliferation within the preservative solution (Redman 

et al. 2002). During post-harvest preservation, changes in biochemical content and 

enzyme activity decide the ultimate fate of the preserved vegetables, fruits, leaves 

and flowers. Kazemi et al. (2011) on studying preservation of cut Eustoma 

grandiflorum stated that accumulation of free proline above threshold level is a 

general indicator of senescence. Skutnik et al. (2021) on studying vase life of cut 

Lisianthus observed that accumulated free proline level get reduced by several folds 

when nanosilver was used as preservative than control set (normal water). Another 

important primary metabolite was chlorophyll whose content retention during post 

harvest stage indicates health status of leaves. Rajinder et al. (1980) reported that 

peroxidation of membrane lipid chloroplast was the another reason for chlorophyll 
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content degradation during leaf senescence. Ferrante et al. (2002) while studying 

effect of hormones on vase life of Eucalyptus parvifolia, stated that cytokinin 

prevents chlorophyll degradation and thereby prolonging shelf life. Plants stores 

carbohydrate as reserve food material and it serves as energy source during 

induction of stress. In vase solution, degradation of carbohydrate source mainly 

sucrose, affects the respiration potentiality of plants which ultimately results in 

senescence (Ferrante and Reid 2006; Reid 1991).  

During the course of preservation, excessive accumulation of superoxide,
 
hydrogen 

peroxide and other ROS related molecules inside tissue system leads to the 

generation of oxidative stress. Ishida et al. (2014) reported that chloroplast lumen 

was the major site for ROS production. Generated ROS is capable in causing 

oxidative injury to primary metabolites viz. carbohydrates, lipids, proteins and 

nucleic acids, while generation and accumulation of ROS above threshold level 

causes cellular death (Ismail et al. 2015; Anjum et al. 2015). To overcome the toxic 

effect of ROS and to prolong the shelf life, plants activate certain defensive 

activities. Antioxidant enzymes like superoxide dismutase, catalase, ascorbate 

peroxidase generally responds in relation to stress to neutralize generated ROS and 

to maintain the redox balance within tissue system (Apel and Hirt 2004). This 

enzymatic defensive activity in most of the events get elevated during initial stage 

but with increase in preservation period, they gradually decline down (Saeed et al. 

2014; Chakrabarty et al. 2009). Skutnik et al. (2021) reported increase in catalase 

activity with increase in content of hydrogen peroxide inside tissue system during 

post-harvest stage and thereby nullifying generated ROS. The catalase activity was 

also found to be on higher scale in cut peonies prolonging vase life and this activity 

was reported to be higher when preservation was carried out in solution containing 

nanosilver and sucrose (Rabiza-´Swider et al. 2020).  

Prevention of post-harvest shelf life extension was also mediated by vascular 

blockage caused by deposition of macromolecules preventing normal conducting 

pathways (Hassan 2005). Blockage of xylem lumen was also caused by microbial 

proliferation in the preservative solution (Zakrzewski 2009). Beside microbes and 

macromolecules, blockage of vascular lumen was also mediated through deposition 

of colloidal substances (Neumann et al. 2010). Histochemical study through 

microscopic observation was the most suitable way for detecting nature of vascular 
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blockage pattern during the course of preservation (Jedrzejuk et al. 2012).  Among 

different preservative solutions, various studies has reported effectiveness of 

biogenic nanosilver solution in preventing microbial proliferation and thereby 

maintaining post-harvest shelf life (Maity et al. 2019; Basiri et al. 2011).  Nanosilver 

solution can penetrate the bacterial cell membrane quite efficiently and thus 

displaying bactericidal effect (Yin et al. 2000). Solgi (2014) reported that efficiency 

of nanosilver over other chemical agents towards bactericidal activity was probably 

due to its large surface area. 

2.4. Role of nanosilver and silver salts in senescence alteration and oxidative 

stress mitigation 

Senescence is a pre-defined process of long term ageing in plants. Generally the 

process of senescence is noticeable in a plant part like leaves, branches or roots 

instead of entire plant for perennial plants, while in annual and seasonal plants 

undergoes complete senescence (Thomas 2012; Munné-Bosch 2008). In perennial 

plants, transport of minerals and nutrients from senescence tissue in developing 

tissues was a general developmental phenomenon (Maillard et al. 2015). This 

transportation occurs when expression of genes associated with destruction and 

mobilization of macromolecules increases with the onset of senescence associated 

stress and that for photosynthesis decreases (Buchanan-Wollaston et al. 2003). 

Similar expression of genes also takes place at post-harvest stage, preventing shelf 

life extension. In plants, appearance of senescence can be identified by yellowish 

leaves due to loss of chlorophyll content, degradation of proteins and low 

photosynthetic activity (Keles 2009). During leaf senescence, enhanced 

accumulation of ROS inside tissue system such as superoxide anion, hydroxyl 

radical, hydrogen peroxide, singlet oxygen and other harmful free radicals causes 

cellular damage, membrane lipid peroxidation and programmed cell 

death (Breusegem and Dat 2006). One of the major reasons for senescence 

activation in plants or plants parts like leaves was enhanced expression of ethylene 

hormone (Iqbal et al. 2017). The inhibitory effect of silver (Ag
+
) ions on ethylene 

has been explored by many researchers in preventing senescence (Nejatzadeh-

Barandozi et al. 2014). Ouma et al. (2004) reported the ability of silver nitrate in 

inhibiting ethylene biosynthesis in cotton plant. It has been reported that application 

of ethylene inhibitors such as silver nitrate and silver thiosulfate promotes shoot 
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formation by delaying the process of aging (Strader et al. 2009; Giridhar et al. 

2001).  

Silver nanoparticle more specifically that was synthesized using green technology 

bears efficiency in delaying senescence, especially in cut flowers at post-harvest 

stage (Rabiza-Świder et al. 2020). Karuppanapandian et al. (2011) reported that in 

preventing leaf senescence, silver nanoparticles are more powerful than silver 

nitrate. During senescence lipid peroxidation is induced, which leads to leakage of 

electrolytes through cell sap especially from the older plant parts. This membrane 

lipid peroxidation accumulates MDA during senescence, reflecting the severity of 

cell damage. Application of nanosilver has been reported to reduce accumulation of 

hydrogen peroxide and MDA in cut rose (Hassan et al. 2014). Rabiza-Świder et al. 

(2020) reported enhanced defensive activity through the activation of defensive 

enzymes like superoxide dismutase and catalase in inflorescence of cut snapdragon 

flowers when preserved in amalgamated solution of nanosilver and sucrose. Zhao et 

al. (2018) also reported preservative potentiality of silver nanoparticles through 

activation antioxidant defensive activity in cut peony flowers.  

2.5. Proteomic analysis of mulberry leaves and silkworm larvae with special 

reference to gel electrophoresis 

Protein is the functional molecule inside tissue system synthesized through the 

fundamental process of central dogma of gene expression (Kosti et al. 2016). 

Although genomic equivalence persist in each and every cell of a tissue system but 

the expression profile varies largely. Depending upon the physiological state, 

different cells express selective proteins that perform the cellular, molecular, and 

biological functions (Greller and Tobin 1999). Mulberry holds high nutritional value 

in terms of leaf protein that serves as feeding supplement to herbivorous group of 

organisms (Kandylis et al. 2009).  The leaf protein of mulberry plays vital role in the 

development of silk gland of the silkworm larvae (Sekar et al. 2016). 2D gel 

electrophoresis by the application of SDS-PAGE is the most conventional method 

for the detection of different cellular proteins (Ikonomov et al. 1999). Through SDS 

gel electrophoresis Madhu Babu et al. (2014) has detected 10 – 12 protein bands in 

five mulberry varieties viz. ATP, M5, S13, S36 and V1 that have molecular mass in 

the range of ~18 to 97 KDa. Similarly Jyothi et al. (2016) has identified 10 – 12 
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protein bands in the range of ~14 to 120 KDa while working on four mulberry 

cultivars namely G-2, G-4, RC-1 and RC-2. Mahmoud (2017) through SDS-PAGE 

has reported 5 protein bands in mulberry leaves and 15 protein bands in silk gland of 

silkworm larvae, supplemented with same leaves. Chaitanya et al. (2001) has 

reported the appearance of additional two protein bands of 68 and 85 KDa under 

heat stress, proving differential expression of proteins under stress. SDS-PAGE has 

identified haemolymph proteins in silkworm larvae in the range of 30 to 80 KDa, 

participating in various metabolic processes including moulting (Hou et al. 2010). 

Bhat et al. (2014) on performing gel electrophoresis of middle silk gland has 

identified heavy and low chain fibroin protein of molecular mass 325 and 26 KDa 

respectively. Dong et al. (2016) on performing LCMS/MS analysis of silk gland 

proteins has identified ~1271 proteins which through GO annotation via Blast2GO 

tool has detected the presence of proteins that are involved in the process of 

transportation, stress response, signalling mediator, and metabolic and cellular 

organization. For the management of generated stress inside tissue system, 

activation of series of defensive enzymes takes place. Some enzymes act as stress 

markers, while some other functions are associated in the direction of stress 

mitigation. NADPH oxidase is a crucial stress marker whose enhancement in 

activity leads to overproduction of ROS inside cellular organization (Marschall et al. 

2016). While enzymes like SOD, CAT and POD functions as stress inhibitors as 

they nullifies excess generated ROS and maintains homeostasis inside the body of 

an organism (Nandi et al. 2019; Fukai and Ushio-Fukai 2011). Hirano and 

Naganuma (1979) through isozyme profiling have reported the presence of well 

defined peroxidase activity within mulberry leaves that nullifies generated ROS.  

Hirano (1977) through isozyme profiling has reported the presence of five isoforms 

of peroxidase isozyme in mulberry leaf blade. Tewari et al. (2010) has reported 

increased activity of CAT, SOD, POD and APX in boron-deficit mulberry leaves. 

Thus through detection and study of differentially expressed protein and isozyme 

banding pattern one can predict the internal physiological changes that takes place 

with the onset of stress and its defensive strategies.    

2.6. Next-generation sequencing with special reference mulberry and cellular 

senescence 
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Next-generation sequencing (NGS) is a latest advancement towards obtaining 

sequence of DNA and RNA and detection of differential expression, variation and 

mutation within and among species (Qin 2019). It is a rapid process that can 

sequence the entire set of genome in an organism in a time interval of few hours 

(Behjati and Tarpey 2013). Genomic information of mulberry is crucial for the 

development of superior quality cultivar having high yield and nutritional efficiency. 

Vijayan (2010) has stated that transcriptome analysis through next generation 

sequencing will help molecular breeders to develop high yielding mulberry cultivars 

for greater acceptability by silkworm larvae. Wang et al. (2018) has reported 

112,481 transcripts through de novo assembly by using Illumina platform from ~16 

Gb raw RNA sequence data of Morus alba. Similarly, Guan et al. (2018) through 

Illumina Hiseq2000 platform reported 133,002 de novo assembled transcripts of 

Morus alba leaves that was subjected to high-level UV-B exposure. Chen et al. 

(2015) has reported 158,680 bp circular chloroplast genome of Morus notabilis 

through Illumina sequencing. 

Progressive deterioration of cellular and sub-cellular components with ageing is 

termed as senescence. While senescence that get imposed with the onset of stress is 

termed as premature senescence and it causes serious problem in maintaining 

productivity of agricultural crops and often result in economic losses. Identification 

and detection of genes and mechanistic pathways responsible for acceleration of pre-

mature senescence might help to put a check over low crop yield by imposition of 

stress. Zhao et al. (2018) through transcriptome analysis has identified four 

senescence related pathways including hormonal and chlorophyll metabolism 

responsible for appearance of premature senescence in Nicotiana tabacum. Chao et 

al. (2018) while studying mechanism of leaf senescence in legume plants (Trifolium 

pratense) through RNA sequencing technology has identified 207 genes that played 

direct role in promoting senescence. Transcriptome analysis of leaf senescence in 

Medicago truncatula under salt stress has identified 4,419 senescence related genes 

(Dong et al. 2021). Differential expression of genes through RNA sequencing 

technology has identified 52,382 and 6680 up- and down-regulated genes between 

fresh and senescence leaf of Cynodon dactylon (Fan et al. 2019). Kim et al. (2018) 

while studying comparative transcriptome associated with leaf senescence in 

Arabidopsis has identified two antagonistic plant hormone viz. ethylene (senescence 
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promoter) and cytokinin (senescence inhibitor). Thus Illumina tool plays a 

significant role in comparative analysis of genomic sequences that provides next 

generation platform for detecting probable cellular, molecular and biological 

pathways associated with a particular physiological response. 

During construction of the review, it has been found that sufficient information in 

the form of published papers is available regarding green synthesis of silver 

nanoparticles. Among different types of extracts used for the preparation of silver 

nanoparticles, green mature leaves of angiosperms were mostly used. It was 

observed that the size of the nanoparticles formed varied widely from one species to 

another. Different type of biomolecules that are present in plant extract helps in 

reducing silver ion to nanosilver. The green synthesized nanoparticles showed their 

great potentiality as antioxidant, and antimicrobial agent; beside this application of 

nanoparticles was confirmed for extending shelf-life of horticultural crops, in 

preservation of processed food, and medicine industry. Thus, from overall 

viewpoint, green synthesized nanosilver displayed great potential than nanoparticles 

synthesized through physical and chemical methods and its utility is developing in 

the field of science with wider range of applications in near future. 
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3. STUDY AREA 

India, the seventh largest landmass in the world comprises a total area of 3,287,263 

sq. km. Geographically India is positioned on Indian plate in the southern part of 

Asia. The landmass of India diversifies 3,214 km from north to south and 2,933 km 

from east to west. In the north, India is bounded by Himalayan mountain range, 

while southern landmass was bounded by Indian Ocean. In the west and southwest 

there lies Arabian Sea and Lakshadweep Sea respectively, while eastern region is 

surrounded by Bay of Bengal. India forms International Boundaries with seven 

countries viz. China, Bhutan, Nepal, Bangladesh, Myanmar, Afghanistan and 

Pakistan. India enjoys four diversified seasonal variation throughout the year viz. 

two month winter season (January–February), three month summer season (March–

May), long lasting monsoon (rainy) season of four month (June–September) and 

post-monsoon period or pre-winter period of three month (October–December). 

Ganga is the major river basin of India originating from Western Himalayas in the 

state of Uttarakhand and empties into the Bay of Bengal. The Ganga–Brahmaputra 

system covers majority of northern, central and eastern part of India, while the 

Deccan Plateau encircles the southern part. Six types of diversified vegetation 

covers the entire land mass of India and maintains the ecosystem of the country viz. 

tidal or mangrove forests and semi-desert and desert vegetations, mountain forests, 

dry deciduous forests, deciduous or monsoon type of forests, and tropical evergreen 

rain forests. 

The diverse north–south and east–west extension of India is divided in to 28 states 

and 8 union territories. The state of West Bengal is the 13
th

 largest state in terms of 

area covering an area of 88,752 sq. km. West Bengal occupies ~2.70% of National 

area and is considered as home to Royal Bengal Tiger. West Bengal is located in the 

eastern part of India and is globally recognized as eastern bottleneck of India 

encircled by Himalayas in the north to Bay of Bengal in the south. The remaining 

landmass is covered by plains and plateaus. West Bengal is delimited by three 

international countries viz. Bhutan in the North East (~183 km), Nepal in the North 

West (~100 km) and Bangladesh to the East (2216.70 km). West Bengal shares state 

boundaries with five Indian states viz. Sikkim (north), Assam (north east), Jharkhand 

and Bihar (west), and Orissa (south west). The entire area of West Bengal can be 
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divided into eight geographical zones viz. the Ganga Delta, Sundarbans, Coastal 

plains, Western plateau and high lands, Rarh region, North Bengal plains, Terai and 

Dooars, and Darjeeling-Kalimpong Himalayan. The state of west Bengal was further 

divided in to 23 districts, out of which 8 districts viz. Cooch Behar, Alipurduar, 

Kalimpong, Darjeeling, Jalpaiguri, Malda, Uttar Dinajpur and Dakshin Dinajpur lies 

north of river Ganga, while remaining 15 districts viz. North 24 Parganas, South 24 

Parganas, Hooghly, Howrah, Kolkata, West Midnapore, East Midnapore, Jhargram, 

Purulia, Murshidabad, Nadia, Bankura, Paschim Bardhaman, Purba Bardhaman and 

Birbhum lies south of river Ganga. 

The Darjeeling-Kalimpong Himalayan is the hilly area located in the north-western 

frontier of the state of West Bengal. This region comes under the Eastern Himalaya 

range. The entire Darjeeling-Kalimpong Himalayan region is separated by river 

Teesta in to two parts viz. hills to the east of Teesta and the hills to the west of 

Teesta. To the west of Teesta positioned the Singalila range and the Darjeeling-

Kurseong range. The Singalila range encircles Singalila National Park and forms 

western frontier of the province separating Nepal from West Bengal. The four 

highest peaks in this region are Falut, Sandakfu, Tonglu and Sabargram having 

altitude of 3595 m, 3630, 3036 and 3543 m respectively. Sandakfu measures to be 

the highest point of the ridge of West Bengal. In the Darjeeling-Kurseong range 

notable peaks are Senchal and Tiger Hill. To the east of Teesta lies the Chola range 

and within this range lies the Kalimpong district of West Bengal.  

Two districts of West Bengal are situated in the Darjeeling-Kalimpong Himalayan 

region viz. Darjeeling district consisting of four sub-divisions viz. Siliguri, Mirik, 

Kurseong and Darjeeling Sadar (Fig. 5), and Kalimpong district encomprising 

Kalimpong Municipality and three community development blocks namely 

Gorubathan, Kalimpong I, and Kalimpong II. Darjeeling district is situated in the 

foothills of the Himalayas in the Eastern India. It covers an area of 2,092.5 sq. km, 

occupying ~2.35% total area of West Bengal with Darjeeling being its district 

headquarters. The district extends its periphery by 29 km from north to south and 26 

km from east to west. Geographically the district of Darjeeling can be divided into 

two sections viz. the hills and the plains. The entire sub-division of Darjeeling Sadar, 

Kurseong and Mirik falls under the hilly region while Siliguri subdivision 

constitutes the plane (uniform landmass). Streams of river Mechi, Balason, 

https://en.wikipedia.org/wiki/Darjeeling_Sadar_subdivision
https://en.wikipedia.org/wiki/Mirik_subdivision
https://en.wikipedia.org/wiki/Siliguri_subdivision
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Mahananda and Teesta are distributed throughout Darjeeling district and represent 

the major drainage system of this district (Paul et al. 2009). Due to the existence of 

altitudinal variation the district of Darjeeling exhibits variability in climatic factors 

between hills and plains. Darjeeling is located ~2074 m above sea level and receives 

average annual rainfall of 3558 mm. 

 

Fig. 5: Geographical map of North Bengal and Darjeeling district 
 

Siliguri subdivision is located at the foot of Himalaya mountain range, in the plains 

of district Darjeeling along the side of river Mahananda. The Sub-Division is 

encircled by Sub-Himalayan ranges on the North; Bangladesh, Uttar Dinajpur and 

Bihar on the South; Jalpaiguri and Kalimpong district on the East and Nepal on the 

West. Geographically Siliguri sub-division is distributed over 837.45 sq. km and has 

a 19.32 km International border with Bangladesh. The Siliguri subdivision contains 

four community developmental blocks namely Matigara, Naxalbari, Phansidewa and 

Kharibari and one Municipal Corporation that covers the area of Siliguri town (Fig. 

6). 

The area of Siliguri sub-division is situated at ~122 m above sea level and is 

demarcated by the low hills of Himalayas in the north to alluvium plains in the south 

(Fig. 7).  The major part of the sub-division area contains unconsolidated materials  
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Fig. 6: Blocks of Siliguri Sub-division 

 

Fig. 7: Soil distribution pattern of Siliguri Sub-division  
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that are brought down by the rivers of the Himalayan range. The area slopes down 

from north-east to south-west directions.  The alluvium plain in this region is the 

compositional deposition brought down by the river Mahananda, Balason and Mechi 

along with their confluence (Bandyopadhyay et al. 2014). Siliguri sub-division has 

diverse drainage system with river Mahananda and Teesta draining through 

Matigara block, Mechi and Balasan passing through Naxalbari block, river Mechi 

also crossed through Kharibari block and river Mahananda, Buri Balasan, Galandi 

forms the drainage system of Phansidewa block (Fig. 8). Siliguri sub-division being 

adjacent to hilly area is characterised by humid atmosphere and abundant rains, with 

temperature being rarely extreme (Fig. 9). The area receives huge proportion of 

rainfall that is influenced by South-West monsoon. The average precipitation in this 

area ranges between 2500–3500 mm. Rainy season begins in the month of June and 

last till the mid or end of September (Nandargi and Barman 2018). The area comes 

under moderate temperature zone with average summer temperature ranges between 

28–32˚C and average winter temperature ranges between 14–18˚C. The atmospheric 

moisture content is always high in this area with the rainy season bearing the highest 

humidity content of >80%. The gentle land slope of this sub-division favours the 

growth of wide range of vegetation including simul, wild banana, mixed sal, khair, 

screw pine, siris, sisoo and large healthy dense bamboo forest. The Naxalbari block 

regularly faces elephant invasion into the agricultural lands and due to which people 

of this block cultivate mulberry and carries out sericulture practice as mulberry 

plantation is not preferred by elephant as food source.  

The Siliguri sub-divisional region contains a technical service centre of Sericulture 

under Department of Textile (Sericulture) in Phansidewa block; Sericulture farm 

(Naxalbari Sericulture Complex) under Department of Textile (Sericulture) in 

Naxalbari block; and Farm and Grainage centre (Matigara Sericulture Complex) 

under Department of Textile (Sericulture) in Matigara block. Beside this, a mulberry 

plantation unit was also present in Department of Botany, University of North 

Bengal.  In the present study mulberry leaves for experiment was collected from 

Matigara Sericulture Complex, Naxalbari Sericulture Complex and mulberry 

germplasm unit of Department of Botany, University of North Bengal (Fig. 10); 

while the required silkworm larvae were obtained from Matigara Sericulture 

Complex and Naxalbari Sericulture Complex.  



Fig. 8: Drainage system of Siliguri Sub-division 

71 



Fig. 9: Average monthly temperature (a), rainfall (b) and humidity (c) of 

Siliguri sub-divisional region under Darjeeling district of West Bengal, India 

for the period of 2016 – 2020 
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Fig. 10: Google Map representation demarcating areas of sample collection in the present study 
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4. MATERIALS AND METHODS 

4.1. Collection of mulberry leaves 

Fresh, healthy and disease free leaves were used for preservation purpose and were 

collected from three different locations of Darjeeling district, West Bengal, India on 

the basis of availability. The locations of leaf collection are as follows:  

 Directorate of Textiles (Sericulture), Govt. of West Bengal, Matigara 

Sericulture Complex, Matigara, Darjeeling (26°70′40″ N and 88°35′37″ E) 

 Directorate of Textiles (Sericulture), Govt. of West Bengal, Naxalbari 

Sericulture Complex, Naxalbari, Darjeeling (26°66′23″ N and 88°19′46″ E) 

 Mulberry Germplasm Garden, Department of Botany, University of North 

Bengal, Darjeeling (26°50′58.3′′N 88°26′26.9′′E) 

4.2. Preparation of voucher specimens 

Healthy and disease free twigs of mulberry cultivars were collected during field 

visit. The collected twigs were tagged, and field characters were recorded in Field 

Notebook. Cleaning and processing of the collected samples were carried out 

following the standard protocol of Jain and Rao (1977) and Paul et al. (2020) with 

slight modifications, followed by drying using old news and blotting papers. Post 

drying, the specimens was soaked in saturated solution of mercuric chloride (4 – 

6%) prepared in rectified ethanol, followed by drying and mounting against standard 

herbarium sheets. Prepared herbarium sheets were labelled and deposited at 

Herbarium of University of North Bengal against accession numbers NBU – 11722, 

NBU – 11723, NBU – 11724, NBU – 11725, NBU – 11726 and NBU – 11727 

corresponding to the mulberry cultivar namely V1, Guangdong, BC259, S1, S1635, 

TR10 respectively. 

4.3. Screening of mulberry cultivar for experimental setup 

Six cultivars of white mulberry viz. S1, S1635, V1, BC259, TR10 and Guangdong 

were primarily selected from the locally available mulberry cultivars on the basis of 

their frequency of availability for screening out most suitable mulberry genotype for 

conducting preservative based experiments. For maintaining the fresh texture of the 

leaves, the samples were collected early morning in between 6:00–7:00 am.  
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4.3.1. Study of foliar macro-morphology  

Macro-morphological characters viz. total leaf length (lamina + petiole), lamina 

length, lamina breadth, petiole length and internodal distance were measured 

directly from the studied cultivars during field visit and were recorded in Field Note 

Book.  

4.3.2. Study of foliar micro-morphology  

Different techniques were followed to study foliar micro-morphological parameters. 

The protocols used are prescribed below. 

4.3.2.1. Study of Venation pattern 

Method of Mishra et al. (2011) was followed to study the venation pattern of the 

studied cultivars. Leaves were incubated with 80% ethanol for 48 hrs leading to 

chlorophyll removal, followed by distilled water washing. Leaves were then treated 

with 3–5% sodium hydroxide and incubated for ~15 days at 25˚C. Following 

incubation, the leaf skeleton was acquired after careful removal of digested tissue. 

The leaves were then treated with lactic acid (Himedia) and boiled to obtain 

transparent clean tissues (Lama 2004). Finally the leaf specimens were stained with 

2% safranin (Himedia, RM1315-25G, Batch#0000029519) and washed with 70% 

ethanol before observing under simple and compound microscope. 

The primary (1˚) and secondary (2˚) veins were primarily observed by naked eyes 

and the detailed layout was observed using simple magnifying lens. Minor venation 

pattern viz. 3˚ and 4˚ veins, vein course, vein angle variability etc. were observed 

under compound microscope using 5X objective and 10X eyepiece.   

4.3.2.2. Study of Indumentum 

Detection of indumentums type and nature among the studied cultivars was 

conducted by observing the processed lamina under compound microscope using 

5X, 10X and 40 X objectives.   

4.3.2.3. Detection and study of stomatal parameters 

Study of stomata, its type and dimension is of significant taxonomic importance as it 

provides identifying characters. Beside this, stomatal frequency and index are 
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significantly important characters for physiological and ecological studies. Detection 

of stomatal parameters among the studied cultivars was conducted following two 

separate detection protocols as stated below. 

 Epidermal peeling of the leaves were taken, stained with safranin, mounted 

with glycerol and observed under microscope. Observed stomata and its 

associated cells was photograph for documentation. 

 Portion of the leaf (without mid-vein) was allowed to boil 2–3 times using 

absolute (100%) alcohol (causing de-pigmentation), followed by lactic acid 

treatment (causing leaf transparency) and observed under microscope after 

mounting with glycerol. Safranin staining was also conducted for proper 

visibility.  

Following the method prescribed by Salisbury (1927), stomatal frequency (SF) and 

index (SI) was detected using the following formula:  

                   

                   
                                       

                
 

     
      

S = number of stomata per microscopic field 

E = number of epidermal cell per microscopic field 

4.3.3. Statistical data analysis of macro- and micro-morphological data 

Results were expressed as Mean ± SEM where n = 50 for macro-morphological 

characters and 20 for micro-morphological characters. Differences between different 

attributes among the studied samples are indicated with different letters (a, b, c,... 

etc.) differs significantly at p ≤ 0.05 by Duncan’s Multiple Range Test (DMRT). 

The obtained data was subjected to analyze of variance (ANOVA) for determining 

the level of significance among the attributes under study. To determine direct or 

inverse relationship between different attributes under observation, correlation 

analysis was performed using XLSTAT 2017 software. Principle Component 

Analysis (PCA) of different genotypes and variables under study was conducted 
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using XLSTAT 2017 software. Similarity Dendrogram was constructed using 

XLSTAT 2017 for clustering genotypes with similar morphological features. 

4.4. Experimental setup leading to post-harvest mulberry leaf preservation 

The most commonly grown and used genotype of mulberry in Siliguri sub-divisional 

region of Darjeeling district was used as experimental material. The leaves were 

collected from sericulture farms, early morning, in between 6:00 – 7:00 am during 

April to October of four consecutive years starting from mid-2016 to late-2020. 

Uniform experimental condition was maintained by selecting leaves of same 

maturity and by eliminating unhealthy and disease leaves from the harvested lot. 

Post-harvest, the petiole of the leaves was immersed in preservative solutions for 7 

days. For retaining moisture content, leaves were preserved inside perforated zipper 

bag. Prior to preservation, fine oblique section of the leaf petiole under water was 

made for maintaining continuous water column. The experimental units were kept 

under constant physical parameters maintaining at 25˚C, 260 – 270 lux light 

intensity and 40% humidity. During the course of preservation, leaves were 

evaluated at regular interval for determining preservative potentiality of used 

solution. Schematic representation of the steps involves in post-harvest leaf 

preservation was provided in Figure 11. 

4.5. Screening of preservative solutions  

Mulberry leaves were preserved in different preservative solutions for screening out 

the ideal solution and effective concentration suitable for prolonging shelf life at 

post-harvest stage. Leaves were allowed to preserve in different hormonal solutions 

viz. indole acetic acid (Himedia, PCT0803-5G, Batch# 0000229586), kinetin 

(Himedia, RM448-1G, Batch# 0000176257), benzyl adenine (Himedia, RM789-5G, 

Batch# 0000080236) and gibberellic acid (Himedia, RM1867-1G, Batch# 5-2154); 

phenolic phyto-hormone viz. salicylic acid (Himedia, RM1286, Batch# 3-2583); 

ethylene blocker viz. Putrescine (Himedia, RM443-1G, Batch# 00192970) and 

sodium nitroprusside (SRL, 13755-38-9, Batch# 4827140); silver salts viz. silver 

nitrate (Himedia, RM408-10G, Batch# 000159591) and silver thiosulphate 

(Himedia, PCT1308-100ML). For each solution, four different concentrations were 

used viz. indole acetic acid (IAA; 10, 5, 1, 0.1 mM), kinetin (10
-3

, 10
-4

, 10
-5

 and 10
-6

 

M), benzyl adenine (BA; 10
-2

, 10
-3

, 10
-4

 M and 0.05 mM), gibberellic acid (GA; 1,  



Fig. 11: (1-5) Schematic diagram representing sequential steps involve in post harvest preservation of mulberry leaves 
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0.5, 0.1 and 0.05 mM), salicylic acid (SA; 2, 1, 0.5 and 0.1 mM), putrescine (800, 

600, 400 and 200 ppm) and sodium nitroprusside (1, 0.1, 0.05 and 0.01 mM) silver 

nitrate (SN; 150, 100, 50 and 10 ppm) and silver thiosulphate (STS; 300, 200, 100, 

50 μM). At the end of preservation period, leaves were evaluated with respect to 

both qualitative and quantitative parameters for determining most suitable solution 

extending shelf life at post-harvest stage.  

4.6. Phytosynthesis of silver nanoparticles   

Silver nanoparticles were synthesized by reduction of silver salt (silver nitrate) using 

phyto-extract of mulberry leaves.  

4.6.1. Preparation of plant extract 

For preparing extract of mulberry leaves, 10 gm leaf was measured (Sartorius Lab 

Instruments GmbH & Co. KG, Model No. QUINTIX224–10IN), washed with 

distilled water (dH2O) repeatedly for 2 – 3 times and then gauzily chopped into 

small pieces. To the conical flask (Borosil Make) containing 100 ml double distilled 

water (ddH2O), chopped leaves were added and were allowed to reflux for 60 min at 

100°C. At the end of refluxing period, pale yellowish coloured leaf extract was 

collected. 

4.6.2. Preparation of silver nitrate (AgNO3) solution 

For phytosynthesis of silver nanoparticles, 10
–3

 M silver nitrate (Sigma-Aldrich 

v800358-25G, Batch# 0000003756, VETEC; DH7D671829, 1.9320.0027, Batch# 

8907357614039; Himedia GRM409-10G, Batch# 0000384304) solution was 

prepared in ddH2O.  

4.6.3. Biosynthesis of nanosilver  

Prepared leaf extract of mulberry was added drop-wise to the prepared silver nitrate 

solution, in the ratio of 9:1 (Kuppurangan et al. 2016). The resultant solution was 

mixed uniformly using magnetic stirrer (REMI Equipments) for 10 min. The 

solution was allowed to stand for ~30 – 40 min until completion of entire reduction 

process. 
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The schematic representation of the entire process leading to the synthesis of 

nanosilver was given in Figure 12. 

4.7. Validation and characterization of phytosynthesized silver nanoparticles 

Following parameters were adopted for validation and characterization of 

phytosynthesized silver nanoparticles. 

4.7.1. Colour transformation 

Initial confirmation of nanosilver formation was determined by the emergence of 

brown colour solution with time, which was an indicative signal for complete 

reduction of transparent silver nitrate to nanosilver.  

4.7.2. Spectrophotometric analysis 

Validation of silver (Ag
+
) ion reduction leading to the formation of nanosilver was 

done using UV-Vis Spectrophotometer (SYSTRONICS-2201). Synthesized 

nanosilver after 12 hrs of reaction was diluted in the ratio of 1:4 and was run against 

wavelength range of 300 – 800 nm. The spectrum obtained by plotting absorption 

against the wavelength was analysed for the appearance of surface plasmon 

resonance (SPR). 

4.7.3. Fourier transformed infrared spectroscopy (FT-IR) 

Detection of functional groups for predicting the possible involvement of organic 

molecules present in phyto-extract as reducing and capping agents participating in 

reduction of silver ion was conducted using Fourier transformed Infrared 

Spectroscopy (THERMO NICOLET, AVATAR 370). FT-IR analysis was carried 

out in the wavelength range of 4000 – 500 cm
−1

 and a resolution of 4 nm. Dried 

plant extract and nanosilver was incorporated directly and individually on separate 

potassium bromide crystals to acquire the spectra in transmittance mode. 

4.7.4. Scanning electron microscopy (SEM) 

Scanning electron microscopic (JEOL Model JSM-6390LV) analysis was conducted 

for studying shape and surface morphology of synthesized nanoparticles. For 

analysis, drop of nanosilver was dried on a carbon-coated copper grid and then 

observed and imaged at different magnifications. 



Fig. 12: (1-9) Schematic diagram representing sequential steps involve in phytosynthesis of silver nanoparticles   
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4.7.5. Field emission scanning electron microscope (FESEM) 

Investigation of topographical features of synthesized nanoparticles was conducted 

using field emission scanning electron microscopy (JEOL Model JSM-7600F). The 

instrument was operated at an accelerated voltage of 10.0 kv and was imaged at 

magnification range of 33X – 100,000X.  

4.7.6. Energy dispersive X‑ray spectroscopy (EDX) 

Profiling of elements present in biosynthesized nanoparticles was done using energy 

dispersive X‑ray spectroscopy (Oxford-EDX system). For analysis, dry sample was 

used that was passed through 80 mm
2
 silicon drift detector (SDD) that identified 

element under high resolution.  

4.7.7. Transmission electron microscopy (TEM) 

Transmission electron microscopy (Philips-CM 200) was conducted for measuring 

size and determining shape of biogenic silver nanoparticles.  The micrographs were 

obtained at an operational voltage of 120 KV. The size distribution pattern was 

analysed using Image J (version 1.50b) by sampling more than 200 particles and 

plotted graphically using Origin statistical software (Origin Pro 2020, Origen Lab 

Corporation, USA). Polydispersity index of particle distribution was calculated 

using the following formulation: 

                                   

Where “α” was the standard deviation of particle size distribution and “β” stands for 

average nanoparticles size. 

4.7.8. High resolution transmission electron microscopy (HR-TEM) 

High resolution transmission electron microscopic analysis was done using PHILIPS 

MODEL CM 200 electron microscope, by loading sample on a carbon coated 

copper grid operated at an accelerated voltage of 120 kV. TEM analysis was done 

for determining the size, shape and morphology of synthesized nanosilver. Sampling 

of more than 350 particles per microscopic filed was conducted using Image J 

software (version 1.50b) for determining particle size. The particle size distribution 

range was obtained using Origin statistical software (version b9.5.5.409, Origen Lab 
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Corporation, USA). Percent polydispersity of was determined using the same 

formula as mentioned in 4.7.7. 

4.7.9. X-ray diffraction analysis (XRD) 

For determining crystalline nature of biogenic silver nanoparticles, X-ray diffraction 

pattern (BRUKER AXS D8 ADVANCE: BRUKER KAPPA APEX II) was used. 

For analysis, centrifuged dry crystals of nanoparticles were operated at 30 mA 

current and at operational voltage of 40 kV. The sample was Cu Kα radiated for 

generating 2θ data, operated at a speed of 5˚/min. The obtained result was compared 

with standard Joint Committee on Powder Diffraction Standards (JCPDS) library for 

determining the crystalline structure. The average crystalline size was calculated 

using Debye - Scherrer’s (D) formula:  

        β     θ  

Where “ ” denotes the X-ray wavelength, “β” represents the angular full width at 

half maximum (FWHM) of the XRD diffraction peak and “θ” represents Bragg 

angle. FWHM was calculated from Gaussian function using Origin software.  

Bragg’s Law was applied for measuring inter planar spacing (d), represented as 

follows: 

       θ     

Where “n” denotes the order of diffraction pattern and “ ” is the wavelength of the 

X-ray source 

Lattice constant (a0) has been derived using the following formula, a0 = d × 

√(h
2
+K

2
+l

2
), where d is inter-planar spacing and h, k, l are directions of planes. 

4.7.10. Dynamic light scattering (DLS) 

Dynamic light scattering analysis displays the graphical representation of 

distribution of particle size with respect to percent intensity. Size distribution was 

performed through DLS analyser (Zetasizer Nano ZS90 ZEN3690) operated at 

standard room temperature (25˚C) having viscosity of 0.8872 cP and count rate of 
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343.7 Kcps. For analysis, water was used as medium of dispersion having dispersion 

and material refractive index of 1.332 and 1.330 respectively. 

4.7.11. Zeta potential 

Measurement of stability of biosynthesized silver nanoparticles was determined 

through zeta potential analyser (Zetasizer Nano ZS90 ZEN3690). Zeta potential 

analysis was conducted at 25˚C having dispersant dielectric constant of 78.5, count 

rate of 4.5 Kcps and measurement position of 2.00 mm.  

4.8. Time kinetics of nanosilver formation 

Phytosynthesized nanosilver was scanned under UV-Vis Spectrophotometer in the 

wavelength range of 300 – 800 nm at a regular interval of 1 hr for estimating actual 

reaction (time) period requisite for complete reduction of silver ion (Ag
+
) to 

nanosilver by phyto-extract.  

4.9. Bioactivity assessment of phytosynthesized silver nanoparticles 

Assessment of bioactive potential of phytosynthesized silver nanoparticles was 

conducted in terms of antioxidant and antimicrobial activity. 

4.9.1. Antioxidant activity assessment 

Antioxidant activity of prepared nanosilver and plant extract was evaluated in terms 

of DPPH, ABTS
+
, superoxide, nitric oxide and metal chelating activity by 

comparing with respect to standards. 

4.9.1.1. DPPH (2, 2-diphenyl-1-picrylhydrazyl) radical scavenging assay 

DPPH radical scavenging activity was conducted according to the method of 

Sidduraju et al. (2002), against ascorbic acid as standard. For assessment, 2000 μl 

DPPH (Himedia, RM2798-1G, Batch# 00136706) was added to 200 μl sample and 

absorbance was measured at 517 nm. Scavenging activity was calculated as 

percentage inhibition using the following equation: 
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Where “α” and “β” is the absorbance of the control and the sample respectively. 

Antioxidant activity was expressed as concentration at which 50% reduction in free 

radical activity occurs referred to as IC50 value.   

4.9.1.2. ABTS
+
 (2,2-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid) 

scavenging assay 

Method prescribed by Li et al. (2009) was followed for ABTS
+
 scavenging activity. 

Scavenging activity was estimated by reacting 1000 μl extract with 2000 μl ABTS 

(Himedia, RM9270-1G, Batch# 0000278630). The reaction mixture was allowed to 

incubate at 25˚C for 10 min. Absorbance was recorded at 734 nm and percent 

inhibition and antioxidant activity was calculated in the same way as stated in 

4.9.1.1 against butyl-hydroxytoluene (BHT) as standard. 

4.9.1.3. Nitric oxide (NO) scavenging assay 

Method described by Marcocci et al. (1994) was used to measure nitric oxide 

scavenging activity. For estimation, 2000 μl 20 mM sodium nitroprusside, 0.5 ml 

phosphate buffer (pH 7.4) and 3 ml Griess reagent (mixture of 1000 μl 5% 

sulphanilamide in 20% glacial acetic acid and 1000 μl 0.2% N-(1-Naphthyl) 

ethylenediamine dihydrochloride) was mixed with 500 μl extract and incubated for 

30 min. Absorbance was measured at 540 nm, and percent inhibition and antioxidant 

activity was measured in the same way as stated in 4.9.1.1 using gallic acid standard.  

4.9.1.4. Superoxide radical (SO) scavenging assay 

Standard method of Fu et al. (2010) was used for estimating superoxide scavenging 

activity. To 100 μl sample, 100 μl 312 μM nitroblue tetrazolium chloride (NBT) was 

added and incubated for 5 min. After incubation, 1000 μl 936 μM nicotinamide 

adenine dinucleotide (NADH) was added and reincubated for 5 min, followed by 

addition of 10 μl 120 μM phenazine methosulphate (PMS). The resultant solution 

was allowed to stand for 30 min in presence of fluorescence light and absorbance 

was recorded at 560 nm. Antioxidant activity was measured by comparing with 

tocopherol (Himedia, RM185-5G, Batch# 5-1114) as standard using the same 

formula as stated in 4.9.1.1. 

4.9.1.5. Metal chelating activity (MC) 
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Method of Dinis et al. (1994) with few modifications was followed for estimating 

metal chelating activity. For estimating 400 μl extract was added to a reaction 

mixture containing 1600 μl methanol, 40 μl 2 mM ferrous chloride and 80 μl 5 mM 

ferrozine. Absorbance was measured at 562 nm after incubating for 10 min. 

Inhibition percentage was calculated as described previously in 4.9.1.1. and activity 

comparison was done using ascorbic acid as standard. 

4.9.2. Antimicrobial activity assessment 

Disk diffusion method was followed for determining the antimicrobial potentiality 

of phytosynthesized silver nanoparticles. Activity of nanosilver was assessed against 

both gram positive viz. Bacillus megaterium (ATCC 14581), Staphylococcus aureus 

(ATCC 11632) and Bacillus subtilis (ATCC 11774) and gram negative viz. 

Escherichia coli (ATCC 11229) and Salmonella typhimurium (ATCC 25241) 

bacteria. Silver nanoparticles were diluted to seven different concentrations viz. 25, 

50, 100, 200, 300, 400, 500 µg/ml for estimating antimicrobial activity. For 

obtaining rapidly growing viable cells, test organisms were grown for 6 hrs on 

nutrient broth (Himedia, M002-500G, Batch# 0000302074) prior to their 

application. Freshly grown 100 µl test organism from nutrient broth was mixed 

uniformly with molten nutrient agar (Himedia, M001-500G, Batch# 000270060) in a 

sterilized culture plate and was allowed to solidify. After 30 min, paper disks soaked 

in nanosilver solution of appropriate concentration was placed on the upper layer of 

the nutrient agar plate and was allowed to incubate inside an incubator maintaining 

at 30 – 37˚C. The zone of inhibition was calculated in millimetre scale after 24 hrs 

of incubation. 

Antimicrobial activity of biogenic silver nanoparticles was also determined in terms 

of minimum inhibitory concentration (MIC). For estimation, 0.1 ml actively 

growing viable bacterial culture maintained at 10
6
 CFU/ml was added to 50 ml 

freshly prepared sterilized nutrient broth and was allowed to incubate after mixing 

with different concentrations of silver nanoparticles. Growth of microbes was 

measured after overnight incubation at 37˚C and 120 rpm using UV-Visible 

spectrophotometer (SYSTRONICS – 2201) at 600 nm.  

4.10. Process variation of nanosilver formation 
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For determining the ideal condition of nanosilver biosynthesis, effective in 

preserving mulberry leaves at post-harvest stage, following process variations were 

conducted. 

4.10.1. Determination of effective concentration of silver nitrate for nanosilver 

formation 

Nanosilver was synthesized with five different concentrations of silver nitrate viz. 

10
-1

, 10
-2

, 10
-3

, 10
-4

 and 10
-5

 M. Formed silver nanoparticles was evaluated in terms 

of colour, spectral peak, DLS, zeta potential and TEM for determining the most 

effective concentration suitable for nano formation. 

4.10.2. Determination of appropriate volume of plant extract for nanosilver 

formation 

Silver nanoparticle was synthesized with different volume of mulberry leaf extract 

viz. 2.5, 5, 10, 15, 20 ml keeping the volume and concentration of silver nitrate 

constant to 45 ml and 10
-3 

M. The purpose of the study was to identify appropriate 

volume of leaf extract suitable for nanosilver biosynthesis. 

4.10.3. Determination of appropriate ratio of plant extract to silver nitrate for 

nanosilver formation 

Nanosilver was synthesis at five different proportions of plant extract to silver 

nitrate viz. 1:10, 1:20, 1:50, 1:70 and 1:100 for determining the exact proportion 

suitable for nano formation by keeping the amount of plant extract constant to 1 ml 

and by varying the amount of silver nitrate.   

4.10.4. Determination of suitable genotype of mulberry for nanosilver 

formation  

In sericulture for improving yield, many genotypes of mulberry have been 

developed. The nutritional value of one genotype differs from other. So, to predict 

which genotype is most suitable for nano formation, extracts of five high yielding 

and commercially accepted genotypes of mulberry viz. S1635, TR10, S1, BC259 

and Guangdung was selected for synthesizing silver nanoparticles using silver 

nitrate as base solution.  
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4.10.5. Determination of impact of light on nanosilver synthesis 

For assessing impact of light on biosynthesis of silver nanoparticles, nanosilver was 

prepared at three different luminosity state of affairs. Biosynthesis was conducted 

under dark, diffuse light and direct sunlight having light intensity of 0 lux, 230 lux 

and 67000 lux (LX-101 Lux Meter) respectively. Formed silver nanoparticle was 

evaluated in terms of colour, SRP peak, DLS, zeta potential and TEM analysis.   

4.10.6. Determination of impact of pH on nanosilver synthesis 

Phytosynthesis of nanosilver was carried out by adjusting the pH of mulberry leaf 

extract with HCl (0.1 N) and NaOH (0.1 N). At first the actual pH of the leaf extract 

was measured using digital pH meter (Zesco make) and accordingly pH was 

adjusted by adding HCl or NaOH in drop-wise manner. The leaf extract was 

accustomed to five different pH viz. pH 2, 5, 7, 9 and 12, keeping one at neutral 

range (pH 7), two in acidic range (one high acidic pH 2 and one moderate acidic pH 

5) and two in alkaline rage (one high basic pH 12 and one moderate basic pH 9). 

The adjusted pH of the extract was added to silver nitrate solution to prepare 

biogenic nanosilver in the ratio of 1:9. Effect of pH on nanosilver formation was 

comparatively analysed with respect to colour, SRP peak, DLS, zeta potential and 

TEM examination. 

4.10.7. Determination of impact of temperature on nanosilver synthesis 

Biosynthesis of nanosilver was carried out at different temperature range viz. 0˚C, 

10˚C, 25˚C, 50˚C and 80˚C for evaluating the impact of temperature on nanosilver 

synthesis. For assessing the impact, temperature of silver nitrate solution was 

adjusted either by ice chilled water or by hot water and the temperature steadiness 

was maintained using thermometer. To the accustomed temperature of silver nitrate 

solution, plant extract was added leading to the production of silver nanoparticles. 

Impact of temperature variation on nanosilver biosynthesis was evaluated in terms 

of colour, UV-Vis spectra, DLS, zeta potential and TEM analysis. 

4.11. Stability assessment of phytosynthesized silver nanoparticles 

For evaluating long term stability, silver nanoparticles synthesized through different 

process variations was analysed periodically at an interval of 10 days for a duration 
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of 60 days using UV-Vis spectrophotometer (Systronics-2201). The SPR pattern 

generated graphically by plotting absorbance with respect to wavelength was 

comparatively analysed to predict the difference with respect to time of nanosilver 

storage.  

4.12. Bio-potentiality assessment of silver nanoparticles prepared by process 

variation 

Bio-potentiality assessment of silver nanoparticles prepared by different process 

variations was carried out by evaluating its preservative potentiality. Nanosilver 

prepared by varying different physical parameters was allowed to preserve mulberry 

leaves at post-harvest stage for a period of 7 days. During preservation periodic 

evaluation of physical texture and chlorophyll content was carried out for 

determining the ideal combination suitable for extending shelf life of mulberry 

leaves.  

4.13. Screening of least effective concentration of silver nanoparticle 

Nano silver was synthesized following the ideal combination as determined from 

process variation and was used to preserve S1 cultivar of mulberry leaves for a 

period of 7 days using three different dilutions viz. 10x, 20x and 40x for determining 

the least effective concentration suitable for extending post-harvest shelf life. 

4.14. Evaluation of preservative potentiality of least effective concentration of 

phytosynthesized silver nanoparticles 

The most commonly grown and used genotype of mulberry in this region, namely 

S1 genotype was used as experimental material. Juvenile, unhealthy, and diseased 

leaves were screened out for maintaining homogeneous experimental condition. 

Leaves were preserved up to 7 days in three different preservative solutions viz. 

phyto-synthesized silver nanoparticles (NS) having 6 ppm colloidal silver, silver 

nitrate (SN) solution containing 6 ppm silver ion concentration, serving as positive 

control and distilled water, acting as negative control. All the three preservative 

solutions were maintained at neutral pH (pH 7). The preserved leaves were 

evaluated through chemical profiling at regular interval of 1, 4, 6 and 7 days for 

determining the potentiality of preservative solutions in extending shelf life with 

respect to fresh leaves. 
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4.15. Quantitative chemical profiling of mulberry leaves at post preservation 

stage 

At the end of preservation period mulberry leaves preserved in different preservative 

solution was evaluated in terms of quantitative chemical parameters for determining 

changes during the course of preservation. 

4.15.1. Quantitative profiling of primary metabolite content 

4.15.1.1. Determination of total chlorophyll content 

Total chlorophyll content was determined according to the methods proposed by 

Arnon (1949). For extraction, 1gm preserved leaf was finely chopped and 

homogenized using a mortar and pestle with 20 ml 80% (v/v) acetone. The crushed 

leaf sample was centrifuged at 10,000 × g for 5 min at 25˚C. Obtained supernatant 

was re-extracted 2 – 3 times with 80% acetone for absolute extraction of pigments. 

The supernatants were collected and used as crude extract for determining total 

chlorophyll content at 663 and 645 nm using UV-Vis spectrophotometer (Systronics 

– 2201). The total chlorophyll content was calculated using the following 

benchmark formulation: 

                                                          

Where A645 and A663 stands for absorbance value at 645 and 663 nm respectively 

                                   

                                                                      

4.15.1.2. Determination of total soluble protein content 

Total protein content in preserved leaves was determined following the method 

prescribed by Lowry et al. (1951). For extraction, 0.5 gm cryo-frozen leaves were 

crushed using sodium phosphate buffer (pH 7.2) and centrifuged (REMI, C-24 BL) 

at 5,000 × g at -10˚C for 5 min. To the collected supernatant, 5 ml alkaline copper 

solution and 0.5 ml Folin-Ciocalteu reagent (Merck, AA3A620688, Batch# 

8901668608596) was added and incubated for 30 min which leads to the 

development of blue coloured complex. The absorbance of the coloured complex 

was recorded at 660 nm and was standardized using bovine serum albumin (BSA) 
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(GeNei, 1650500501730, Batch# 5017) solution for determining the total protein 

content.  

4.15.1.3. Determination of free proline content 

Free proline content was determined according to the process described by Bates et 

al. (1973). For extraction, 1 gm leaf sample was crushed using mortar and pestle in 

20 ml of 3% sulfosalicylic acid followed by UV-Vis spectral reading at 520 nm of 

the upper toluene layer collected from the reaction mixture containing 1000 μl 

extract, 2000 μl acid ninhydrin, 2000 μl glacial acetic acid and 4000 μl toluene.  

4.15.1.4. Determination of total soluble sugar and reducing sugar content 

Total soluble and reducing sugar content was estimated spectrophotometrically 

following the standard method that was prescribed by Sadasivam and Manickam 

(1996). Preserved leaf sample (0.1 gm) was extracted twice (5 ml each time) with 

80% hot ethanol using mortar and pestle. The supernatant was collected through 

filtration and the ethanol was heat evaporated. On removal of ethanol, the final 

volume was brought up to 10 ml by adding double distilled water. Total soluble 

sugar content was estimated using Anthrone reagent (Himedia, GRM314-25G, 

Batch# 0000239756) at 620 nm by incubating the water extract in a boiling water 

bath for 8 min. Reducing sugar content was determined at 510 nm using 

Dinitrosalicylic acid  and 40% Rochelle salt (sodium-potassium tartrate) solution. 

4.15.2. Quantitative profiling of reactive oxygen species and lipid peroxidation  

4.15.2.1. Determination of hydrogen peroxide (H2O2) content 

Hydrogen peroxide accumulation was determined according to the protocol 

prescribed by Loreto and Velikova (2001). Preserved leaf sample (0.5 gm) was 

homogenized in 1% (w/v) tri-chloroacetic acid (TCA) (Himedia, GRM6274-100G, 

Batch# 0000243496) using mortar and pestle and centrifuged at 10,000 × g for 10 

min at 4˚C. The supernatant collected was measured spectrophotometrically at 390 

nm after reacting with 10 mM phosphate buffer (pH 7.0) and 1 M potassium iodide.  

4.15.2.2. Determination of superoxide (O2
•−

) content 
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Accumulation of superoxide (O2
•−

) reactive oxygen species was evaluated following 

the method prescribed by and Elstner and Heupel (1976). For estimation, 

homogenization of 1gm leaf samples was done in 65 mM potassium phosphate 

buffer (pH 7.8) and was centrifuged at 5,000 × g for 10 min. The supernatant 

collected was allowed to react with 65 mM potassium phosphate buffer (pH 7.8) and 

10 mM hydroxylamine hydrochloride. The resultant mixture was incubated for 15 

min at 25˚C. Spectral absorbance was recorded at 530 nm after reacting with 17 mM 

sulphanilamide and 7 mM α-naphthylamine. 

4.15.2.3. Determination of lipid peroxidation 

Extend of lipid peroxidation was estimated by measuring malondialdehyde contents 

following the method prescribed by Davenport et al. (2003). For detection, 0.2 gm 

leaf sample was homogenized in 2 ml 0.5% (w/v) tri-chloroacetic acid and 

centrifuged at 10,000 × g for 10 min at 4˚C. From the collected supernatant, 2 ml 

was taken out and reacted with 2 ml 0.67% thiobarbituric acid (TBA) (Himedia, 

RM1594-25G, Batch# 0000177577). The reaction mixture was incubated for 30 min 

at 95˚C, followed by termination of reaction by ice water treatment. The spectral 

absorbance of the supernatant was recorded at 450, 532 and 600 nm. Measurement 

of MDA content was done using the following formula: 

     μ                                           

Where A600, A532 and A450 represents absorbance at 600, 532 and 450 nm and Vt 

= 0.0021 and W = 0.2 g.   

4.15.3. Quantitative profiling of free radical scavenging activities and metal 

chelating activity 

Free radical scavenging activity was estimated in terms of DPPH, ABTS, 

superoxide, nitric oxide scavenging activity and metal chelating activity following 

the method of Sidduraju et al. (2002), Li et al. (2009), Fu et al. (2010), Marcocci et 

al. (1994), and Dinis et al. (1994) respectively. For extraction, 1 gm preserved leaf 

sample was homogenized in 10 ml methanol using mortar and pestle and centrifuged 

at 10,000 × g for 10 min at 4˚C. The obtained supernatant was stored and was used 

as crude extract for the above cited assays. 
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DPPH scavenging activity was estimated at 517 nm by mixing 0.2 ml methanolic 

extract with 2 ml DPPH. ABTS activity was resolute by mixing 2 ml ABTS to 1 ml 

methanol extract and measuring the absorbance at 734 nm after incubating for 10 

min. For predicting superoxide scavenging activity spectral absorbance was 

recorded at 560 nm after 30 min incubation under illuminated light (4000 flux) 

containing 1 ml NBT, 1 ml NADH and 10 μl PMS. For estimating nitric oxide 

scavenging activity 20 mM sodium nitroprusside and 3 ml Griess reagent was mixed 

with 0.5 ml phosphate buffer and to it 0.5 ml extract was added, and the absorbance 

value was recorded at 540 nm after 30 min incubation. Metal chelating activity was 

recorded at 562 nm by reacting 0.4 ml methanolic extract with 2 mM FeCl3 and 5 

mM Ferrozine. Scavenging activity was measured as percent inhibition and 

antioxidant activity was determined in terms of concentration where 50% reduction 

in free radical takes place denoted by IC50 value.   

4.15.4. Determination of enzymatic antioxidant activity 

For determining enzymatic antioxidant activity, the leaf samples (0.5 gm) were 

homogenized cryogenically in a pre-cool mortar and pestle. Crushed sample was 

immediately mixed with 0.1 M ice-cool potassium phosphate buffer (pH 7.5 for 

catalase, superoxide dismutase and glutathione disulphide reductase; pH 7.0 for 

glutathione peroxidase and glutathione S-transferase; pH 6.8 for ascorbate 

peroxidase) containing 0.5 mM EDTA. The crushed leaf buffer sample was 

centrifuged at 15000 × g for 15 min at -10˚C and the supernatant was used for 

enzymatic assay.   

4.15.4.1. Detection of superoxide dismutase (SOD) activity 

Superoxide dismutase (EC: 1.15.1.1) activity was predicted following the method of 

Esfandiari et al. (2007).  For estimation, 50 μl enzyme extract was added to a 

reaction mixture containing 1500 μl 100 mM potassium phosphate buffer, 1000 μl 

distilled water, 100 μl 200 mM methionine, 10 μl 2.25 mM NBT and 100 μl 3 mM 

EDTA. Reaction was initiated by the addition of 60 µM riboflavin.  Absorbance was 

recorded at 560 nm after incubated under light for 10 min. SOD activity was 

expressed as amount of enzyme reducing the absorbance of NBT by 50%.  

4.15.4.2. Detection of catalase (CAT) activity 
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Detection method prescribed by Aebi (1984) was followed for estimating Catalase 

(EC: 1.11.1.6) activity with certain modifications. Enzyme activity was determined 

by adding enzyme extract to a reaction mixture containing 50 mM potassium 

phosphate buffer (pH 7.0) and 15 mM hydrogen peroxide. The reaction was 

monitored under UV-Vis spectrophotometer for 1 min at 240 nm and the resultant 

was used to predict enzyme activity expressed as unit (1unit = millimoles of H2O2 

reduced min
-1

 mg protein
-1

) by means of extinction coefficient of 39.4 M
-1

 cm
-1

.   

4.15.4.3. Detection of glutathione disulphide reductase (GSR) activity 

GSR (EC: 1.6.4.2) activity was recorded under UV-Vis spectrophotometer for 1 min 

at 340 nm by mixing 1 mM glutathione disulphide to the reaction system containing 

0.1 M potassium phosphate buffer (pH 7.8), 1 mM EDTA, 0.2 mM NADPH and 100 

μl enzyme solution. The enzyme activity evaluated in terms of unit (1unit = µmol 

(NADPH) min
-1

 mg protein
-1

) using extinction coefficient value of 6.2 mM
-1

 cm
-1

 

(Hossain et al. 2010). 

4.15.4.4. Detection of glutathione peroxidase (GPOX) activity 

Glutathione peroxidase (EC: 1.11.1.9) activity was determined according to the 

method of Elia et al. (2003). For estimating GPOX activity, reaction mixture 

contains 100 mM sodium phosphate buffer (pH 7.5), 1 mM EDTA, 1mM sodium 

azide (NaN3), 0.2 mM NADPH, 2 mM glutathione, 1 unit glutathione reductase and 

0.6 mM hydrogen peroxide was reacted with 20 µl crude enzyme extract. Enzyme 

activity was recorded in terms of unit through oxidation of NADPH at 340 nm for 

60 sec. Enzyme activity was expressed using extinction coefficient of 6.62 mM
-1

 cm
-

1
 as µmol (NADPH) min

-1
 mg protein

-1
. 

4.15.4.5. Detection of glutathione S-transferase (GST) activity 

Glutathione S-transferase (EC: 2.5.1.18) activity was estimated following the 

process of Hasanuzzaman et al. (2011). For estimating enzyme activity, reaction was 

made by adding 100 mM tris-HCl (pH 6.5), 1.5 mM glutathione and 1 mM 1-chloro-

2,4-dinitrobenzene (CDNB) with crude enzyme solution. Spectral reading was 

recorded for 60 sec at 340 nm and enzyme activity was expressed by using 

extinction coefficient of 9.6 mM
-1

 cm
-1

.  
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4.15.4.6. Detection of ascorbate peroxidase (APX) activity 

Estimation of ascorbate peroxidase (EC: 1.11.1.11) activity was determined 

according to the process of Chen and Asada (1989). For estimation, crude enzyme 

extract was added to 3 ml reaction mixture containing 50 mM potassium phosphate 

buffer (pH 7.0), 0.5 mM ascorbate and 0.1 mM hydrogen peroxide. Spectral reading 

was recorded at 290 nm for 2 min. APX was expressed in terms of unit, where one 

unit was defined as quantity of enzyme required to put away 1 µm of ascorbate min
-1

 

mg protein
-1

. 

4.15.5. Determination of non-enzymatic antioxidant activity 

4.15.5.1. Determination of carotenoids content 

Method prescribe by Lichtenthaler (1987) was followed for estimating the content of 

carotenoids present in preserved leaves. For estimation, 1 gm preserved leaf samples 

were homogenized in 80% acetone and supernatant was collected after 

centrifugation at 10,000 × g for 5 min at 25˚C. The spectral absorbance of the 

supernatant was determined at 470, 645, and 663 nm.  

4.15.5.2. Determination of ascorbic acid content 

Detection processes described by Omaye et al. (1979) was followed for estimating 

ascorbic acid content. Sample extraction was done by homogenizing 0.5 gm leaf 

samples in 10% (w/v) TCA, followed by centrifugation at 10,000 × g for 20 min at 

25˚C to collect the supernatant. Detection was carried out by reacting 0.5 ml 

supernatant with 2% 2, 4-dinitrophenyl hydrazine in 0.5 N sulphuric acid and 10% 

thiourea. The absorbance of the reaction mixture was recorded at 520 nm after 3 hrs 

of incubation at 37˚C. 

4.15.5.3. Determination of total glutathione content 

Total glutathione content was detected according to the method prescribed by 

Griffith et al. (1979). For estimation, 0.1 ml extract was reacted with 0.3 mM 

NADPH in 20 mM potassium phosphate buffer (pH 7.5) and 6 mM 5’-dithio-bis (2-

nitrobenzoic acid) and incubated for 3 min at 25˚C. After incubation 0.01 ml 

reduced glutathione was added and absorbance was recorded at 412 nm after the 

development of coloured complex. 
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4.15.6. Estimation of polyphenol content 

Extraction of polyphenols present in preserved leaf sample was carried out by 

grinding 1gm leaf sample with 80% ethanol using mortar and pestle, followed by 

centrifugation at 10,000 × g for 20 min for collecting the supernatant. The 

supernatant collected was evaporated to dryness and the residue was re-extracted 

with double distilled water, using which estimation was carried out. 

4.15.6.1. Detection of total phenol content 

Total phenol content was calculated following the method of Malick and Singh 

(1980). To the 1000 μl water extracted sample  500 μl 50% Folin-ciocalteu reagent 

and 1000 μl 20% sodium carbonate was added and incubated for 1 hr. Proline 

content was estimated using gallic acid as standard after measuring the absorbance 

at 650 nm. 

4.15.6.2. Detection of orthodihydric phenol content 

Content of orthodihydric phenol was determined at 515 nm by adding 500 μl 0.05 

(N) hydrochloric acid, 500 μl Arnow’s reagent and 1000 μl 1 (N) sodium hydroxide 

to the aqueous extract following the method of Mahadevan and Sridhar (1986) using 

catechol as standard. 

4.15.6.3. Detection of flavonoid content 

Content of flavonoids was determined at 510 nm following the protocol of 

Atanassova et al. (2011) by adding 300 μl 5% NaNO2, 300 μl 10% AlCl3 and 2 ml 1 

(M) NaOH to the aqueous extract and by using quercetin as standard. 

4.15.7. Data analysis 

Using General Linear Model, two-way analysis of variance (ANOVA) was 

performed to calculate the effect of preservative solutions on preservation of 

mulberry leaves using SPSS statistical package (IBM SPSS Advanced Statistics 

20.0). Bivariate correlations study was performed using Pearson correlation 

coefficient to study inter-relationship among different metabolic parameters (p≤0.01 

and 0.05) using SPSS. SPSS statistical tool was also used for performing multiple 

regression analysis (MRA). MRA was performed for determining the stress 
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parameters that are involved in degradation of essential primary metabolites. Graphs 

were generated using OriginPro 2018b software (b9.5.5.409). 

4.16. Investigation of protein profile of preserved mulberry leaves 

Mulberry leaves preserved in nanosilver, silver nitrate and distilled water was used 

for SDS gel electrophoresis and isozyme analysis for predicting the difference in 

banding pattern with respect to fresh leaves. 

4.16.1. Sodium dodecyl (lauryl) sulphate (SDS) Gel Electrophoresis of leaf 

protein 

4.16.1.1. Extraction of leaf protein 

Preserved and fresh mulberry leaves were first treated with liquid nitrogen in a 

mortar and pestle, followed by addition of lysis buffer containing trichloroacetic 

acid, dithiotreitol and acetone and pasted thoroughly. The lysate was transferred to 

fresh eppendorf tube with a little more lysis buffer for accurate lysis of the cells, 

followed by vortexing for homogeneous mixing of the content. Followed vortexing, 

the tube was allowed to incubate at -20˚C for 40 min, for proper precipitation of 

protein in the buffer solution. At the end of incubation period, the tube was allowed 

to centrifuge at 14,000 × g for 30 min maintaining temperature consistency at 4˚C. 

The supernatant generated from centrifugation was cautiously discarded without 

disturbing the pellet. The pellet was mixed with 1000μl wash buffer containing 

dithiotreitol and acetone and incubated at -20˚C for 30 min. Post-incubation, 

centrifugation at 14,000 × g for 15 min was carried out and the supernatant was 

carefully discarded. The pellet was air dried and dissolved to rehydration buffer 

containing CHAPS and urea that would solubilise and denature the protein 

respectively.      

4.16.1.2. Reagents and detection technique of Sodium dodecyl sulphate – 

polyacrylamide gel electrophoresis (SDS PAGE) 

SDS PAGE mediated separation of protein was carried out in Bio Rad Mini 

PROTEAN Tetra Cell following the standard protocol as prescribed by He (2011). 

4.16.1.2.1. Preparation of acrylamide and bisacrylamide solution 
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For conducting SDS gel electrophoresis, 29.2% acrylamide (w/v) (Himedia, 

GRM1110-500G, Batch# 0000279528) and 0.8% N’N’-bis-methylene-acrylamide 

(w/v) (Himedia, MB005-25G, Batch# 0000198755) was dissolved one after another 

in 100 ml double distilled water. Prepared stock solution was filtered by Whatman 

No. 1 filter paper and stored in dark glass bottle at 4˚C. 

4.16.1.2.2. Preparation of sodium dodecyl sulphate (SDS) solution 

For resolving gel and stacking gel 0.4% (w/v) and 0.8% (w/v) sodium dodecyl 

sulphate solution was prepared in 100 ml double distilled water respectively and 

stored at room temperature. 

4.16.1.2.3. Preparation of Tris-HCl (pH 8.8) buffer for resolving gel 

For resolving gel 1.5 M Tris-HCl (Himedia, MB029-100G, Batch# 0000420487) 

buffer solution was prepared by mixing 4.541 gm Tris free base with 15 ml of 

double distilled water. The strength of the solution was adjusted to pH 8.8 using 

1(N) HCl. Final volume was made up to 25 ml with double distilled water and stored 

at 4˚C. 

4.16.1.2.4. Preparation of Tris-HCl (pH 6.8) buffer for stacking gel 

For stacking gel 1 M Tris-HCl (Himedia, MB030-100G, Batch# 0000089451) buffer 

solution was prepared by mixing 3.925 gm Tris hydrochloride with 15 ml of double 

distilled water. The strength of the solution was adjusted to pH 6.8 using 1(N) HCl. 

Final volume was made up to 25 ml with double distilled water and stored at 4 ˚C. 

4.16.1.2.5. Preparation of sample loading buffer  

Sample loading buffer was prepared by dissolving 24 mg Tris free base, 5 mg 

EDTA, 200 mg SDS and 1 gm sucrose into 19 ml of double distilled water and 

adjusted the solution strength to pH 8. Then 20 mg Bromophenol blue (Himedia, 

RM117-5G) was dissolved, and the solution was filtered using Whatman No.1 filter 

paper. At the end, 1 ml β-mercaptoethanol was added, bottled, and stored at 4˚C. 

4.16.1.2.6. Preparation of electrophoresis running buffer (pH 8.3)  

Running buffer was prepared by dissolving 3.03 gm Tris base, 14.4 gm glycine and 

1 gm sodium dodecyl sulphate into 800 ml double distilled water. The strength of 
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the solution was adjusted to pH 8.3. Final volume made up to 1000 ml with double 

distilled water and stored at 4˚C. 

4.16.1.2.7. Preparation of ammonium persulfate (APS) solution 

10% ammonium persulphate (Himedia, GRM1095-500G, Batch# 0000142945) 

solution was freshly prepared prior to use. 

4.16.1.2.8. Sample preparation for SDS gel electrophoresis 

Protein sample was mixed with sample loading buffer in the ratio of 1:2, followed 

by heating at 95˚C for 60 sec and was gently loaded into the wells of stacking gel. 

4.16.1.2.9. Gel formulations  

Stacking and resolving gel were prepared by mixing double distilled water, 30% 

acrylamide-bisacrylamide, gel buffer and SDS in the proportion of 5% and 10% 

respectively. 

4.16.1.2.10. Electrophoresis set up 

At the onset of electrophoretic running, the electrode holding the gel was transferred 

onto the electrophoresis reservoir (tank) (Bio Rad, Mini PROTEAN Tetra Cell, Sl. 

No. 552BR028247) and into it, running buffer (pH 8.3) was added. Then the 

extracted protein samples were loaded to their respective lanes. Finally, the entire 

setup was eletrophoresed at 50-60 Volts using electrophoresis power stabilizer 

(GeNei, Model No. SLM-LVP-300, Sl. No. 20091011185). 

4.16.1.2.11. Post electrophoresis gel staining  

For staining the gel at the end of electrophoresis, solution mixture of methanol, 

acetic acid and double distilled water in the ratio of 5:1:4 was prepared and to it 

0.25% Commassie brilliant blue R-250 (Himedia, RM-250, Batch# 0000157217) 

was added, dissolved and filtered with Whatman No.1 filter paper. The gel was 

immersed into the staining solution and was incubated for 6 hrs at room temperature. 

4.16.1.2.12. De-staining of stained gel 
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The stained gel was transferred to the de-staining solution having mixture of 

methanol, acetic acid, and double distilled water in the ratio of 5:1:4 and washed 

gently 2 – 3 times, leading to the appearance of protein bands. 

4.16.1.2.13. Gel scanning  

For studying banding pattern and for identifying band intensity, the obtained gels 

were scanned under calibrated densitometer GS-800 (Model No. Powerlock 

2100XL-USB) and the image obtained was analysed through image lab platform 

(version 5.1). 

4.16.2. Orbitrap high resolution liquid chromatography mass spectrometry 

(OHR-LCMS) 

         The most prominent and differentially expressed SDS gel band of leaves preserved 

in solution of silver nanoparticles was analysed for liquid chromatography mass 

spectroscopy (Q-Exactive Plus Biopharma-High Resolution Orbitrap, Thermo 

Fischer Scientific Pte. Ltd.) 

4.16.2.1. In-gel digestion of differentially expressed SDS gel band 

The differentially expressed gel pieces were cut out and were rinsed with 0.1 ml 

25mM ammonium bicarbonate (ABC). The gel pieces were then dehydrated by 

immersing in a mixed solution 0.1 ml of acetonitrile (ACN): 50mM ABC for 5 min 

in the ratio of 2:1 (Solution ‘A’). On removing supernatant, 0.1 ml 25mM ABC was 

again added and incubated for 5 min, followed by dehydration in solution ‘A’. This 

process was repeated 2 times before moving towards reduction steps for possible 

breakage of disulphide bonds. At the time of rehydration, the gel pieces were 

rehydrated in 50 µl of 10 mM dithiothreitol (DTT) and was allowed to incubate at 

56˚C for 1 hr. After incubation DTT was poured off, and the gel segments were 

rinsed in 100 µl 25mM ABC. The gel pieces were incubated in dark for 30 min in 

100mM IAA. After 30 min, IAA was discarded, and the gel cuts were rinsed with 1 

ml ABC. After reduction the gel cuts were again dehydrated in the same manner as 

described above. Then the gel pieces were rehydrated with trypsin (Promega 

Sequencing Grade Trypsin) at 0˚C, mixed with 25 mM ABC and incubated for 30 

min, until added trypsin gets absorbed. The gel slices were then transferred in a tube 

and incubated at 37˚C for 16 hrs with 25 mm ABC. At the end of incubation period, 
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extraction was carried out by pouring off supernatant and vortexing the gel slices 

with 0.1 ml extraction buffer having 50% ACN and 0.1% TFA for 10 min and was 

pooled into a single tube. After which again 100µl extraction solution was added 

containing 60% ACN and 0.1% TFA. The mixture was allowed to sonicate for 1 min 

(2 sec pulse, 1 sec gap, 25% amplitude), followed by 10 min vortexing and finally 

the supernatant was poured into the previously pooled sample. Extraction was again 

repeated with 80% ACN and 0.1% TFA and vortexed for 10 min, followed by 

collection of supernatants. Finally, the collected supernatant was vacuum 

concentrated to 20μl.  

4.16.2.2. Zip Tip C18 for MS Analysis    

Zip Tip analysis was carried out with the supernatant obtained from in-gel digestion. 

10µl 100% HPLC-grade acetonitrile was sprayed into the tip to get rid of any waste, 

followed by tip washing with 0.1% TFA in MilliQ water (washing solution) to get 

rid of the waste. Bound peptides with Zip Tip were aspirated and were dispensed up 

to 10 cycles. After that 0.1% TFA in MilliQ water was added to get rid of the waste. 

The process was repeated five times. Finally, 3-5 μl elution solution (50% 

acetonitrile in 0.1% TFA) was poured into a clean sterile eppendorf tube. The eluent 

present in the Zip Tip was aspirated and dispensed 8 times in an airtight condition.    

4.16.2.3. Column Details 

4.16.2.3.1. Analytical Column  

PepMap RSLC C18 2 μm column, 100A × 50 cm was used for ultrahigh resolution 

separation. Pre-column: Acclaim PepMap 100, 100 μm × 2 cm nanoviper. 

4.16.2.3.2. Mobile Phase 

The mobile phases used in the column are as follows: 

 Solvent ‘A’: 0.1% Formic acid (FA) in MilliQ water  

Solvent ‘B’: 80:20 (ACN: MilliQ water) + 0.1% FA 

4.16.2.3.3. Run time of sample 

The sample running was carried out for a period of 60 min. 
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4.16.2.3.4. Data analysis software 

The obtained peptide sequences were analysed using Thermo Proteome Discoverer 

software (version 2.2).   

4.16.2.3.5. Databases used 

Morus alba database was used for identifying the leaf peptides sequences obtained 

from OHR-LCMS analysis. 

4.16.2.4. Protein - protein networking analysis 

The identified proteins were grouped, and their possible inter-relations were 

analysed using STRING under multiple protein interaction platforms to obtain the 

clustering network of protein-protein interaction.  

4.16.3. Native PAGE detecting leaf isozymes 

4.16.3.1. Preparation of plant extract for on-gel assay 

For analysing on-gel isozyme patterning, leaves preserved in different preservative 

solution were first crushed in liquid nitrogen followed by mixing with phosphate 

buffer definite for different isozymes. After crushing, the buffer containing the 

sample was incubated for 30 min at -20˚C and then cold-centrifuged. After 

centrifugation the supernatant was collected and was stored at -20˚C for future use in 

reaction assay.  

4.16.3.2. Electrophoresis set up 

Isozyme on-gel patterning was conducted under freezer (≤ 4˚C) condition for 

preventing protein from denaturation following the standard protocol of Williams 

and Reisfeld (1964). Process of Native PAGE was more or less similar to that of 

SDS PAGE mentioned above with slight differences viz. no SDS solution was used, 

protein was not heat destabilized before sample loading and entire electrophoresis 

setup was maintained under cold condition (≤ 4˚C). 

At the end of electrophoresis, the gel was collected out and was immediately stained 

with isozyme specific staining according to the nature of the isozymes to be 

detected.    
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4.16.3.3. Staining of isozymes 

4.16.3.3.1. NADPH Oxidase (NOX) 

Method prescribed by Frahry and Schopfer (2001) was followed for observing 

isozyme pattern of NADPH Oxidase. The gel obtained post electrophoresis was 

stained in a solution mixture of 10 mM Tris buffer (pH 7.4), 0.05 gm NBT 

(Himedia, RM578-1G, Batch# 0000246382) and 134 μM NADPH (Himedia, 

RM576-100MG, Batch# 00003277249). The gel was incubated in this staining 

solution under ice cold condition (inside freezer) until the visible band was 

developed.  

The gels displaying isozyme banding pattern were scanned imaged under GS-800 

calibrated densitometer (Model No. Powerlock 2100XL-USB). Band analysis from 

obtained gel image was done using image lab software (version 5.1). 

4.16.3.3.2. Superoxide dismutase (SOD) 

The isozyme pattern of superoxide dismutase activity was detected on gel according 

to protocol prescribed by Pereira et al. (2002). At the end of electrophoresis process, 

the gel was transferred on to the staining solution containing blend of 0.05 M 

potassium phosphate buffer (pH 7.0), 1 mM EDTA (Himedia, RM1370-100G), 0.05 

mM riboflavin (Himedia, PCT0214-25G, Batch# 0000113139), 0.1 mM NBT and 

300 µl TEMED (N, N, N, N-tetramethylenediamine) (Himedia, GRM1572-1ML, 

Batch# 0000214495) and was allowed to incubate under dark state at room 

temperature for 30 min. After incubation the gel was washed with double distilled 

water and kept into a light box until the isozyme banding pattern became visible. 

         4.16.3.3.3. Catalase (CAT) 

On-gel detection of catalase isozyme was carried out by following the procedure of 

Woodbery et al. (1971). The gel obtained at post-electrophoresis stage was soaked in 

the solution of 5 mM H2O2 (Merck, CC2C620059) and incubated for 10 min. Post 

incubation the gel was rinse with double distilled water. The gel was then dark 

incubated in a solution containing equal proportion of 2% potassium ferricyanide 

(Himedia, GRM627-500G, Batch# 0000185664) (w/v) and 2% ferric chloride 
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(Himedia, GRM6353-500G, Batch# 0000340233) at 25˚C until bands were 

developed. 

4.16.3.3.4. Peroxidase (POD) 

Peroxidase activity was detected following the method given by Janda et al. (1999). 

At the end of electrophoresis, the gel was isolated from the gel plate and was soaked 

in a solution containing 5 mM benzidine dissolving in 0.05 M borate buffer. To the 

solution 5 mM H2O2 was added and was incubated in dark under ice-cold condition 

until visible bands were developed. 

4.17. Determination of microbial load in preservative solution 

For detecting microbial load (proliferation) in preservative solution pour plate 

method using nutrient agar media was followed as proposed by Sanders (2012). 

Preservative solutions (distilled water, nanosilver and silver nitrate) of different days 

(day 1 to day 7) were poured to sterilize Petri plates followed by addition of nutrient 

agar medium. On solidifying the plates were incubated for 24 hrs at 37˚C for 

detecting presence/ absence of microbial colonies. 

4.18. Evaluation of preservative potentiality of phytosynthesized silver 

nanoparticles against five studied genotypes 

Preservative potentiality of phytosynthesized silver nanoparticles was further 

evaluated against all the studied genotype with respect to physical and biochemical 

parameters. The objective of examination was to find out the response pattern of 

nanosilver against other genotypes.  

4.19. Histochemical detection of preserved tissues  

At the end of preservation period, transverse section of preserved leaf petioles was 

done using sharp blade and stained with different histochemical reagents for 

detecting the blockage and non-blockage scenery of xylem. Histochemical detection 

of xylem blockage was conducted with standard dyes viz. Bradford reagent, Azure 

B, Phloroglucinol-HCL and Sudan IV. A general account of the used stains, process 

of preparation and bio-component detected by the stain was enlisted below: 

4.19.1. Light microscopic detection of xylem blockage 

4.19.1.1. Preparation of Bradford reagent  
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For preparing Bradford reagent, 0.005 gm Coomassie brilliant blue (Himedia-

RM344, Batch# 0000335258) was dissolved in 5 ml methanol. To this solution, 10 

ml 8.5% (w/v) phosphoric acid and 85 ml double distilled water was added. The 

resultant solution was filtered to remove the precipitates (Bradford 1976).  The 

section was stained for 1 – 2 min and observed under microscope (Olympus 

CX21iLED) for detecting protein accumulation.  

4.19.1.2. Preparation of Azure B  

Azure B stain was prepared by adding 0.15 gm Azure B (Sigma-Aldrich A4043-5G, 

Batch# 000348164) in 30 ml saturated alcoholic solution. To it, 100 ml double 

distilled water and 0.1 ml 10% potassium hydroxide was added. The solution was 

filtered and diluted to 1:20 ratio before use (Marshall and Lewis 1975). The section 

was stained for 3 – 4 min and observed under light microscope for detecting lignin 

deposition. 

4.19.1.3. Preparation of Phloroglucinol-HCl  

Phloroglucinol-HCl stain was prepared by dissolving 0.125 gm phloroglucinol 

(Himedia, RM834-25G, Batch# 0000052547) in 5 ml 20% ethanol and to it 1.25 ml 

HCl was added and mixed uniformly (Liljegren 2010). The section was stained for 2 

min and observed under microscope for detecting deposition of lignin. 

4.19.1.4. Preparation of Sudan IV 

For preparing the stain solution, 0.005 gm Sudan IV (Sigma-Aldrich, 198102-25G) 

was dissolved in 10 ml 96% ethanol. The solution was filtered and to it 10 ml 

glycerol was added before use (Soukup 2013). The section was first rinsed in Sudan 

IV solution for 5 min followed by heating for few seconds. The solution was cooled 

at room temperature and the section was mounted with glycerol before observing 

under microscope for detecting suberin deposition. 

4.19.2. Scanning electron microscopic detection of xylem blockage 

Scanning electron microscopic analysis (Jeol JSM-IT 100) was conducted for 

detecting the post-harvest blockage pattern within petiole of all the five genotypes of 

Morus alba under study. The blockage nature was predicted after preservation in all 
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preservative solution viz. nanosilver, silver nitrate and distilled water and was 

compared with respect to fresh leaf petiole. For analysis, petiole section was dried 

on a carbon-coated copper grid and then micrographs were taken at different 

magnifications. 

4.19.3. Histochemical detection of oxidative stress  

At the end of preservation, the petioles of the leaves were cut into thin transverse 

section and stained with appropriate solution for studying the localization of 

hydrogen peroxide (H2O2) and detection of membrane integrity. 

4.19.3.1. Detection of hydrogen peroxide localization 

For detecting localization of hydrogen peroxide in the preserved leaves, the petiole 

sections were kept submerged for about 45 min in potassium iodide (Himedia, 

GRM10692-25G, Batch# 0000378816) solution (0.1M) and starch (4% w/v) reagent 

as proposed by Olson and Varner (1993). At the end of incubation period, the 

sections were examined under microscope. 

4.19.3.2. Detection of plasma membrane integrity 

The integrity of plasma membrane was detected according to the method prescribed 

by Yamamoto et al. (2001). Firstly, the transverse section of the petiole was stained 

using Evan's blue (Himedia, RM370-10G, Batch# 0000001622) solution (0.025% 

w/v in 100 mM CaCl2) for 30 min and then was washed thrice with double distilled 

water for tissue clearing by removing the extra stain and observed under microscope. 

4.19.4. Statistical analysis of anatomical data  

For evaluating the relationship among used preservative solutions with respect to 

their potentiality to prevent vascular blockage by group clustering, Principal 

Component Analysis (PCA) was performed using XLSTAT 2017 statistical 

package. Agglomerative hierarchical clustering (AHC) was performed following 

Ward's method of dissimilarity matrix using XLSTAT 2017 to identify the inter-

relationship among different preservative solutions suitable for enhancing shelf life 

at post-harvest stage. R software based heat map study (version 3.4.0) was 

conducted for predicting the nature of colour matrix between the cultivars under 

study with respect to staining pattern detecting vascular blockage. 
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4.20. Transcriptome analysis of preserved mulberry leaves using Illumina 

platform 

4.20.1. RNA extraction and high-throughput Illumina sequencing 

Standard Trizol RNA extraction protocol (1 ml Trizol reagent was mixed with 200 

mg leaf tissue crushed in liquid nitrogen, vortex and incubated for 5 min at 25˚C; 0.2 

ml chloroform/ml Trizol was added and vigorously shaking for 15 sec, incubated at 

25˚C for 3 min and centrifuge at 14000 × g for 15 min at 4 ºC. To the upper aqueous 

phase isopropyl alcohol was added for precipitating RNA; incubated for 5 min 

followed by centrifugation at 12000 × g for 10 min at 4 ºC. The pellets were washed 

with 80% ethanol, by vortexing and centrifuged at 7000 × g for 5 min at 4ºC. The 

RNA pellets were dried out and dissolved in 40 – 80 µl RNAase-free water and 

stored at 80˚C) was used for total RNA extraction from nanosilver and distilled 

water preserved (7 days) mulberry leaves. RNAase free agarose gel electrophoresis 

was performed for measuring the integrity of isolated RNA (Laila et al. 2017) and 

the quantity was measured using Bioanalyzer (Agilent Technologies, Santa Clara, 

CA). Total RNA from both NS7 (7 days nanosilver preserved leaves) and CO7 (7 

days distill water preserved leaves) was used for library preparation and sequencing. 

Library preparation was conducted following Illumina TrueSeq RNA library method 

as prescribed in TruSeq Stranded Total RNA Reference Guide (Illumina 

Technologies, San Diego, CA). Libraries of each sample (NS7 and CO7) were used 

for RNA sequencing using Illumina HiSeq 4000 platform (Illumina Inc., CA, USA), 

which were exposed to automated cycles of paired-end-sequencing (2 × 100 bp). 

4.20.2. Pre-processing of RNA-Seq data set 

Illumina raw reads were processed for removal of adapter sequences using 

AdapterRemoval (version 2.2.0). Reads having quality average score < 20 were 

filtered out from pair end and reads. Trimming of rRNA reads were achieved using 

Silva database (https://www.arb-silva.de/). The high quality reads with base quality 

score ≥ 30 were used for downstream analysis.  

4.20.3. Prediction of simple sequence repeats (SSRs) 

Mulberry transcriptome was analysed through MIcroSAtellite identification tool 

(MISA, https://.ipk-gatersleben.de/en/bioinformatics-tools/marker-data/misa/) for 
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detecting the presence of SSRs. 

4.20.4. de novo transcriptome profile and differential gene expression analysis  

Trinity (version 2.8.2) software package was used for de novo transcriptome 

analysis. Transcript ≤ 200 bp were screened out and the resultant high quality clean 

reads were assembled into contigs. Kallisto (version 0.44.0) was used for estimating 

transcript abundance, leading to the determination of cross-sample normalization 

TPM/TMM value, which was used to perform differential gene expression using 

EdgeR (version 3.6). Quantification of transcript expression level was determined in 

terms of fold change (FC). The expression profile of transcript that satisfied with 

log2FC ≥ 2 and ≤ -2 for up- and down-regulated genes respectively were considered 

as significantly differentially expressed transcript with P-value cut off ≤ 0.05 

(Tafolla-Arellano et al. 2017). Significantly (p<0.05) differentially expressed up-

regulated and down-regulated genes were expressed in terms of Violin and Volcano 

plot.  

4.20.5. Functional annotation of differentially expressed genes  

Generalized annotation and validation of differentially expressed genes was 

performed with NCBI plant NR database (http://www.ncbi.nlm.nih.gov/), and PMN 

(plant metabolic network) database (https://plantcyc.org/). While specific annotation 

with respect to Arabidopsis database was performed using Mercator (version 3.6) 

plaBi database (https://plabipd.de/portal/mercator-sequence-annotation) and 

revalidation was conducted with uniport database (https://www.uniprot.org/).  

4.20.6. Functional enrichment analysis of differentially expressed genes 

Functional enrichment through protein-protein enrichment analysis was studied 

using STRING (version 11.0; https://string-db.org/). STRING generated biological 

process (BP), cellular component (CC) and molecular function (MF) was aligned 

with respect to percentile ranking of the obtained GO (Gene ontology) score for 

obtaining top rank processes. STRING generated interaction data was passed 

through Cytoscape (version 3.7.1; https://cytoscape.org/) for obtaining the gene 

topological score. Sub-networking analysis of highly interconnected nodes was 

performed using MCODE (version 2.0.0) statistical package considering node 

density cut-off of 0.1 and node score cut-off of 0.2. Gene ontological study of 
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topologically selected differentially expressed genes having ≤50% average 

percentile rank was performed using BiNGO plug-in (version 3.0.4) at Cytoscape 

platform. BiNGO process was used to identify GO terms through the application of 

hypergeometric test, considering p-value cut off ≤ 0.05.  

4.21. Validation of differentially expressed genes by quantitative real-time PCR 

For validating differentially expressed up- and down-regulated genes quantitative 

real-time PCR (qPCR) analysis was carried out using gene specific primer sets. 

Sample preparation was done by vortex 0.1 gm of sample in a diethyl pyrocarbonate 

(DEPC) treated sterile 1.5 ml eppendorf tube containing 1 ml of Trisol (Aura 

Biotechnologies, India). The mixture was incubated at 25°C for 5 min. Following 

incubation 200 μl of chloroform (Himedia, India) was added and shaken vigorously 

for 30 sec, incubated for 5 min at 25˚C followed by centrifugation at 12,000 × g for 

15 min maintaining at 4˚C.  Post-centrifugation 1ml of 75% ethanol was added to 

the pellets and vortexed after discarding the supernatant, followed by re-

centrifugation at 7,500 × g for 15 min maintaining 4˚C. The supernatant was 

removed, and the pellets were air dried and then mixed with 35 μl of DEPC treated 

water. The concentration and purity of extracted RNA was assessed using a UV-Vis 

spectrophotometer (Sartorius). Extracted RNA was treated with DNase to avoid the 

possibility of DNA contamination. 10 μl of DNase treated RNA was reacted with 5x 

RT buffer (4 μl), 25x dNTPS (0.8 μl), 10x random primer (2 μl), reverse 

transcriptase (1 μl) and DEPC water (2.2 μl) for cDNA synthesis at ice cold 

condition. The mixture was spun and was placed in the thermal cycler maintaining 

25°C for 10 min, 42°C for 60 min, 85°C for 5mins, and then hold at 4°C for ∞. 

Synthesized cDNA was stored in -20°C for RT-PCR analysis after confirming by 

performing PCR with the house keeping gene Actin 3.  

The Primers designed for the gene expression studies was carried out with Eurofin 

genomics PCR primer designing tool 

(https://eurofinsgenomics.eu/en/ecom/tools/pcr-primer-design/). Real Time PCR 

relative quantification study was carried out in Applied Biosystems StepOne Real-

Time PCR using the SYBR Green Chemistry (Sensifast SYBR HiRoxkit, 

Bioline,USA). Reaction mixture for qRT-PCR contains cDNA (0.5 μl), 2x SYBR 

Green Master Mix (5 μl), forward primer (10 μM, 0.5 μl), reverse primer (10 μM, 
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0.5 μl) and nuclease free water (3.5 μl). qRT-PCR programme was operated as 

follows: pre-denaturation at 95˚C followed by 40 cycles of 15 sec at 95˚C and 30 sec 

at 60˚C, followed by the steps of dissociation curve generation (20 sec at 95˚C, 60 

sec at 60˚C, and 15 sec 95˚C). For accurate determination of gene expression values, 

raw fluorescence data (Ct values) generated by the real-time PCR instrument 

(Applied Biosystems) was exported to qBase plus software 13 which scales raw data 

to an endogenous control gene (Actin). Relative expression of a target gene (TG) 

was done using comparative Ct (ΔΔCt) method using StepOne Software (version 

2.2.2) by applying following equation:  

RQ =                                       .  

Data was plotted graphically using OriginPro 2021 software (9.8.0.200).                               

4.22. Feeding experiment and rearing data collection  

The overall rearing process was conducted under laboratory condition following the 

standard protocol of Krishnaswami et al. (1978).  

4.22.1. Collection of silkworm larvae 

For rearing purpose healthy and disease free 5
th

 instar larvae were collected from 

Matigara Sericulture Complex and Naxalbari Sericulture Complex. 

4.22.2. Experimental setup for rearing 

The collected larvae were randomly selected and distributed uniformly in bamboo 

made trays in such a way that each tray was bearing 10 larvae. During rearing 

process larvae were supplemented with S1 genotype mulberry leaves. In one set 

freshly collected S1 leaves were given for feeding, while in remaining sets preserved 

leaves were given for feeding. At a regular interval of 4 – 5 hrs larvae were 

supplemented with preserved leaves. To avoid possibility of any contamination/ 

disease the rearing trays were cleaned twice a day.  

4.22.3. Collection of cocoon parameters 

During the entire rearing process, larval weight was recorded at regular interval. 

Besides this, mortality rate was also counted. When the larvae started spinning, they 

were transferred to spinning tray and left undisturbed. At the end of the trial growth 

index (GI), single cocoon weight (SCW), single shell weight (SSW), shell ratio (SR) 
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(%), effective rearing rate (ERR) (%) and mortality rate (MR) (%) were calculated 

by means of following formulas: 

GI = 
                            –                              

                             
 

 

WCS = 
                                                                

                            
 

 

SSW = 
                                                              

                          
 

 

SR (%) = 
                        

                         
     

 

ERR (%) = 
                                 

                              
      

 

MR (%) = 
                       

                       
      

 

4.22.4. Post cocoon analysis (cocoon quality assessment) 

At the end of the rearing process obtained cocoons were analysed for cocoon 

characters (viz. average filament length, non-breakable filament length and average 

filament size) and reeling characters (viz. quantity of cocoon reeled, quantity of silk 

obtained, silk waste quantity, rendita (on good cocoons), percentage of raw silk 

recovery, percentage of raw silk and percent waste on silk weight) for understanding 

the effect of feeding preserved leaves over cocoon formation. 

4.22.5. Data analysis of rearing parameters 

General Linear Model of two-way analysis of variance (ANOVA) was used to 

calculate the effect of feeding preserved mulberry leaves on silkworm rearing 

system (P≤0.05) using SPSS statistical tool (IBM SPSS Advanced Statistics 20.0). 

Pearson correlation coefficient mediated bivariate correlations study was conducted 

using SPSS to study inter-relationship between leaf metabolic attributes with rearing 

parameters (p≤0.01 and 0.05). Rearing data were plotted using OriginPro 2021 

software (9.8.0.200).                              
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4.23. Investigation of protein profile of silkworm larvae fed with preserved 

mulberry leaves 

Silkworm larvae fed with mulberry leaves preserved in nanosilver, silver nitrate and 

distilled water was used for electrophoretic analysis (SDS gel) and isozyme profiling 

for predicting difference in banding pattern with respect to larvae fed with fresh 

leaves. 

4.23.1. Sodium dodecyl (lauryl) sulphate (SDS) Gel Electrophoresis of larval 

protein 

4.23.1.1. Extraction of larval protein 

Before the silkworm larvae starts spinning i.e., on the final day of 5
th

 instar some 

larvae were selected from different preservation sets for dissection. Anatomical 

dissection of the larvae was conducted (Fig. 13) and different body parts viz. silk 

gland, stomach, haemolymph, and fat body (Fig. 14) were separately collected. 

Isolated body parts were crushed with phosphate buffer (pH 7.5), centrifuged and 

the supernatant obtained as source of proteins was stored at -20   C. 

4.23.1.2. Reagents and detection technique of Sodium dodecyl sulphate 

polyacrylamide gel electrophoresis (SDS PAGE) 

Same as described under sub-sections of 4.16.1.2. 

4.23.2. Orbitrap high resolution liquid chromatography mass spectrometry 

(OHR-LCMS) of differentially expressed larval proteins 

Same procedure was followed as described under sub-sections of 4.16.2. The only 

difference was Bombyx mori database was used for identifying silk gland peptide 

sequences obtained from OHR-LCMS analysis.  

4.23.3. Native PAGE detecting larval isozymes  

Three isozymes were detected viz. SOD, Catalase and NADPH oxidase according to 

the protocol prescribed in 4.16.3. 

 



Silk Gland 

Haemolymph 

Fat Body 

Stomach 

Multi-voltine Bi-voltine 

Fig. 13: Dissected silkworm larvae displaying internal body parts 

* The fluid in the wax plate was the haemolymph 
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Silk Gland Stomach Fat Body Haemolymph 

Fig. 14: Isolated different  body part of silkworm larvae obtained after dissection 
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5. RESULTS 

5.1. Study of Foliar macro- and micro-morphology 

Foliar macro- and micro-morphological study was carried out for all the collected 

cultivars of mulberry under the family Moraceae. For all the cultivars under study, 

both qualitative and quantitative foliar characters were evaluated cautiously for 

understanding the variation in their sizes, shape, stomatal type and dimension, 

venation pattern and trichomes type and density. The observed macro- and micro-

morphological character significantly varies among the studied cultivars. A critical 

illustration of observed macro- and micro-morphological data was displayed below.  

5.1.1. Foliar macro-morphology 

Leaves are flattened outgrowth typically blade-like, originating from stem directly or 

through a stalk and perform the function of photosynthesis and transpiration. 

Generally, leaves carries large number of irregular and interesting characters that 

bears fundamental role in plant identification under sterile (non-flowering) 

condition. Visible attributes of foliage are more accurately known as foliar macro-

morphology. Study of macro-morphological characters for each cultivar was done 

following Hickey’s Manual. The attachment and organization of leaves and petiole, 

mean length and width of lamina; surface area of lamina; class of blade; lamina 

shape and symmetry; angle of lamina base and apex; margin type and lobation of 

lamina for all studied cultivars were observed and recorded. Considerable variation 

was noted among the cultivars in terms of macro-morphological characters 

prescribed below.  

In the studied cultivars leaves were arranged alternately. The lamina of all the 

cultivars appears to be symmetrical on both side of mid rib, while the base of the 

lamina was found to be asymmetrical. The shape of lamina was found to be ovate in 

TR10 and V1, while in S1635 and S1 it was wide-ovate than that of BC259 and in 

Guangdong it was very wide ovate (Table 9). On determining lamina size, it was 

found to be macrophyllous in all the studied cultivars except for Guangdong which 

was found to be magaphyllous. Obtuse base was observed in S1635, S1, V1 and 

Guangdong as the base angle was found to be <90˚. In BC259 and TR10, the base 

was wide obtuse as the angle was found to be <180˚. The apex angle was determined  
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Cultivar 

Mean 

lamina 

length 

(mm) 

Mean 

lamina 

width 

(mm) 

Lamina area 

(mm) 

Blade 

class 

Lamina 

shape 

Base 

angle 

Base 

shape 

Apex 

angle 

Apex 

shape 

Margin 

type 
Lobation 

Petiole 

length 

(mm) 

Internodal 

Length 

(mm) 

S1635 

166.30 

± 

8.16
c
 

131.10 

± 

4.93
c
 

174936.30 

± 

207.20
b
 

Macrophyll 
Wide 

Ovate 
Obtuse Cordate Acute Convex Serrate Unlobed 

47.70 

± 

5.70
a
 

78.90 

± 

4.11
a
 

TR10 

138.00 

± 

9.06
f
 

88.40 

± 

4.00
f
 

60370.30 

± 

258.36
d
 

Macrophyll Ovate 
Wide 

Obtuse 
Cordate Acute Convex Serrate Unlobed 

44.20 

± 

5.54
b
 

58.32 

± 

6.61
b
 

S1 

150.40 

± 

5.65
d
 

114.00 

± 

6.02
d
 

26586.60 

± 

93.35
f
 

Macrophyll 
Wide 

Ovate 
Obtuse Concave Acute Convex Serrate Unlobed 

37.60 

± 

3.11
c
 

45.32 

± 

6.90
d
 

BC259 

172.30 

± 

6.89
b
 

158.20 

± 

7.30
b
 

71370.40 

± 

201.42
c
 

Macrophyll 

Very 

Wide 

Ovate 

Wide 

Obtuse 
Lobate Obtuse Convex Crenate Unlobed 

36.20 

± 

2.76
d
 

38.40 

± 

3.41
e
 

V1 

140.40 

± 

8.37
e
 

95.40 

± 

4.00
e
 

36686.50 

± 

154.88
e
 

Macrophyll Ovate Obtuse Concave Acute Convex Serrate Unlobed 

33.40 

± 

3.66
e
 

33.00 

± 

3.38
f
 

Guangdong 

195.40 

± 

9.16
a
 

177.80 

± 

7.07
a
 

202694.70 

± 

307.68
a
 

Megaphyll 

Very 

Wide 

Ovate 

Obtuse Cordate Acute Convex Crenate Unlobed 

32.10 

±  

4.47
f
 

52.60 

± 

5.41
c
 

Table 9: Foliar macro morphological data of all the studied cultivar of mulberry 

leaves 

 

Results are expressed as Mean ± SEM. Values with different letters (a, b, c, etc.) differ significantly (p≤0.05) by Duncan’s Multiple Range Test (DMRT) 
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to be acute (>90˚) in all the cultivars except in BC259 which was found to be obtuse. 

The shape of foliar base was found to be cordate in S1635, TR10 and Guangdong; 

while in S1 and V1 it was concave; and in BC259 it was lobate. The shape of the 

foliar apex was found to be convex in all the cultivars without any variation. In 

BC259 and Guangdong the crenate type of lamina margin was observed while in 

remaining cultivars it was serrate.  

5.1.2. Morphology of stomata 

Stomata are the minute openings appeared on the epidermis of leaves. 

Physiologically stomata play significant role in exchanging gaseous molecules and 

thereby providing the principal raw material for photosynthesis. Stomata also 

regulate the rate of transpiration by opening and closing of guard cell mediated pores 

and thereby maintaining the cooling system of plant. The stomatal morphology, their 

distribution and arrangement was regarded as valuable taxonomic tool for the 

identification of different taxa. The study of stomatal system was considered as 

significant evolutionary tool for understanding the relationship among taxa.  

Among the studied cultivar no difference in stomatal morphology was noted, all the 

taxa showed similar type of stomata which was anomocytic type (Fig. 15, 16). The 

only difference was noted in their mean length, breadth, stomatal frequency and 

stomatal index. Least stomatal frequency of 222.90 ± 27.62 was noted in the apical 

region of S1 while apical region of Guangdong showed maximum frequency of 

476.20 ± 39.98 (Table 10). The stomatal frequency co-ordinated strongly with 

laminar surface area, leaf with least surface area viz. S1 depicts low stomatal 

frequency while Guangdong with large surface area depicts height stomatal 

frequency. Similarly, laminar basal portion of S1 and Guangdong represents least 

and highest stomatal index of 10.09 ± 2.91 % and 25.90 ± 1.18 % respectively.  

Significant variation in stomatal pour length was noted among the cultivars ranging 

from 7.89 to 10.91 μm in apical portion, 11.61 to 16.78 μm in the middle portion, 

and 8.96 to 12.48 μm in the basal portion with highest pour length was recorded in 

the middle portion S1635 (16.78 μm) and least pour length was recorded in the apex 

portion S1 (7.87 μm). Stomatal size also displayed great deviations within the 

studied cultures, largest stomatal size was recorded in BC259 (35.70 μm) in the  



Fig. 15: Light microscopic plates displaying nature of stomata in all the cultivars 

of mulberry under study viz.S1635 (a), TR10 (b), S1 (c), BC259 (d), V1 (e) and 

Guangdong (f)  
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Fig. 16: Scanning Electron Microscopic plates displaying nature of stomata in all 

the cultivars of mulberry under study viz.S1635 (a), TR10 (b), S1 (c), BC259 (d), 

V1 (e) and Guangdong (f) 
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Cultivar 
Part of 

lamina 

Mean 

length of 

S (µm) 

Mean 

breadth 

of S (µm) 

Mean 

length of 

GC 

(µm) 

Mean 

breadth 

of GC 

(µm) 

Mean 

length of 

SC (µm) 

Mean 

breadth 

of SC 

(µm) 

Mean 

length of 

S+GC 

(µm) 

Mean 

breadth 

of 

S+GC 

(µm) 

Mean 

length 

of 

S+GC+

SC (µm) 

Mean 

breadth 

of 

S+GC+S

C (µm) 

Stomatal 

frequency 

(no. of 

stomata 

/mm²) 

Stomatal 

index 

(S*100/E

+S) [%] 

S1635 

Apex 

9.33  

± 

 1.21gh 

1.93 

 ±  

0.21c 

10.19 

 ± 

 2.22ef 

4.05  

±  

0.19ef 

28.76 

 ±  

3.7ef 

12.56 

 ±  

2.52defg 

19.52 

 ±  

2.60fgh 

5.98 

 ±  

0.91bc 

48.28 

 ±  

7.89gh 

18.54 

 ±  

3.60defg 

269.17 

 ±  

56.83h 

23.28  

±  

1.19bcd 

Middle 

16.78 

 ± 

 2.11a 

2.37  

± 

 0.13b 

18.10 

 ±  

1.98a 

6.85 

 ± 

 0.98a 

42.24  

± 

 2.29b 

21.45 

 ±  

5.56a 

34.88 

 ± 

 5.53a 

9.22  

±  

1.87a 

77.12 

 ±  

2.89b 

30.67 

 ± 

 6.17a 

242.42 

 ± 

 42.86i 

22.62 

 ±  

2.45cd 

Base 

11.66  

±  

1.09def 

2.62  

± 

 0.43a 

12.59 

 ± 

 1.18d 

4.22  

±  

0.76def 

32.75 

 ±  

1.96d 

12.99  

±  

1.98cdef 

24.25 

 ±  

7.97de 

6.84 

 ± 

 1.32b 

57.00  

± 

 7.89de 

19.83 

 ± 

 5.08bcde 

281.54 

 ±  

35.59gh 

16.26  

±  

1.02g 

TR10 

Apex 

8.73 

 ±  

1.17hi 

1.72  

± 

 0.25d 

9.36 

 ±  

2.76fg 

3.25  

± 

 0.18hi 

23.85  

± 

 2.29i 

10.67  

±  

2.98ghi 

18.09 

 ± 

 2.30gh 

4.97  

±  

4.88cd 

41.94 

 ±  

7.65jk 

15.64 

 ± 

 4.98gh 

382.23 

 ±  

23.46e 

24.25 

 ±  

1.17b 

Middle 

13.11 

 ±  

2.87bc 

2.01 

 ± 

 0.12c 

14.50  

±  

1.98b 

4.86  

±  

1.09c 

36.25 

 ± 

 2.19c 

15.17 

 ±  

4.87bc 

27.61  

±  

3.65bc 

6.87 

 ±  

1.81b 

63.86 

 ±  

5.56c 

22.04  

± 

 6.76b 

453.42 

 ±  

33.08abcd 

22.31 

 ± 

 2.71d 

Base 

11.02 

 ±  

1.65ef 

1.60  

± 

 0.19def 

12.48 

 ± 

 1.31d 

4.19 

 ± 

 0.98ef 

30.02 

 ± 

 1.10e 

13.01  

±  

2.76cdef 

23.5  

±  

6.21de 

5.79 

 ± 

 1.43bcd 

53.52  

± 

 9.38ef 

18.80 

 ±  

4.78cdef 

470.21 

 ±  

52.13ab 

16.42 

 ± 

 2.17g 

S1 

Apex 

7.87 

 ± 

 3.39i 

0.54 

 ± 

 0.05i 

8.62 

 ±  

1.09g 

2.78  

±  

0.91i 

21.65 

 ± 

 2.98j 

8.59  

± 

 1.74i 

16.49  

± 

 2.89h 

3.32 

 ±  

0.63e 

38.14  

± 

 2.29k 

11.92 

 ±  

2.29i 

222.90  

±  

27.62i 

23.65 

 ± 

 0.82bc 

Middle 

11.61  

±  

1.01def 

1.65  

± 

 0.28de 

12.8  

±  

1.21d 

4.33  

± 

 0.21de 

31.88 

 ± 

 2.76d 

13.43 

 ±  

2.89bcde 

24.41  

±  

5.54de 

5.98  

±  

0.59bc 

56.29 

 ± 

 3.28de 

19.41  

±  

3.90bcde 

238.05 

 ±  

32.23i 

16.43 

 ± 

 0.64g 

Base 

8.96  

±  

0.93gh 

1.15  

±  

0.07h 

9.93 

 ± 

 1.98f 

3.27 

 ±  

0.78h 

24.56 

 ± 

 2.46hi 

10.16  

±  

1.21hi 

18.89 

 ± 

 3.87gh 

4.42 

 ± 

 0.01de 

43.45 

 ±  

7.98ij 

14.58  

± 

 3.21hi 

297.98  

±  

26.27g 

10.09  

± 

 2.91k 

Table 10: Quantitative stomatal attributes and its associated cells of six mulberry cultivars under study based on light microscopy 

 [Abbreviation used S = Stoma; GC = Guard Cell; SC = Subsidiary Cell] 
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Cultivar 
Part of 

lamina 

Mean 

length of 

S (µm) 

Mean 

breadth 

of S (µm) 

Mean 

length of 

GC 

(µm) 

Mean 

breadth 

of GC 

(µm) 

Mean 

length of 

SC (µm) 

Mean 

breadth 

of SC 

(µm) 

Mean 

length of 

S+GC 

(µm) 

Mean 

breadth 

of 

S+GC 

(µm) 

Mean 

length 

of 

S+GC+

SC (µm) 

Mean 

breadth 

of 

S+GC+S

C (µm) 

Stomatal 

frequency 

(no. of 

stomata 

/mm²) 

Stomatal 

index 

(S*100/E

+S) [%] 

BC259 

Apex 

9.87 

 ± 

 4.21g 

1.51 

 ±  

0.08ef 

10.44 

 ±  

1.19ef 

3.52  

±  

0.34gh 

26.57 

 ±  

4.16g 

10.94 

 ± 

 2.07fgh 

20.31  

±  

2.30fg 

5.03  

± 

 0.45cd 

46.88 

 ±  

4.98ghi 

15.97  

± 

 3.98fgh 

350.50  

±  

48.12f 

14.26 

± 

1.91h 

Middle 

16.55  

± 

 1.26a 

2.24  

± 

 0.75b 

19.15 

 ±  

2.54a 

6.42  

± 

 1.76b 

45.26  

±  

1.09a 

20.05  

± 

 3.87a 

35.70  

±  

7.72a 

8.66 

 ± 

 1.42a 

80.96 

 ± 

 11.21a 

28.71 

 ± 

 5.98a 

434.04  

± 

 57.69d 

20.11 

± 

1.23e 

Base 

11.13  

±  

1.63ef 

1.97  

± 

 0.19c 

12.74  

±  

3.44d 

4.25  

±  

0.57def 

33.22  

± 

 1.61d 

13.88 

 ±  

2.39bcde 

23.87 

 ± 

 1.20de 

6.22  

±  

1.19bc 

57.09  

± 

 1.39de 

20.10 

 ±  

3.50bcde 

458.90 

 ±  

77.36abc 

12.53 

 ± 

 2.01i 

V1 

Apex 

10.91 

 ±  

1.76f 

1.64 

 ± 

 0.15de 

11.31 

 ±  

2.89e 

3.82 

 ±  

0.49fg 

28.27 

 ± 

 3.65f 

12.11 

 ±  

2.11efgh 

22.22 

 ± 

 6.62ef 

5.46  

±  

1.01bcd 

50.49 

 ± 

 3.67fg 

17.57 

 ±  

2.31efgh 

337.40 

 ± 

 65.64f 

11.33 

 ± 

 1.91j 

Middle 

13.26 

 ±  

1.13bc 

2.03 

 ±  

0.12c 

14.18  

±  

1.10bc 

4.67  

± 

 0.67cd 

35.45  

±  

2.98c 

14.58 

 ± 

 2.5bcd 

27.44 

 ± 

 1.17bc 

6.70 

 ± 

 0.76b 

62.89  

± 

 11.23c 

21.28 

 ±  

3.42bcd 

392.50 

 ±  

47.12e 

14.39  

± 

 2.21h 

Base 

12.03 

 ± 

 1.28de 

1.28 

±  

0.13g 

12.77 

 ± 

 0.83d 

4.28 

 ± 

 0.37def 

32.92 

 ± 

 5.55d 

13.57 

 ± 

 1.05bcde 

24.80  

± 

 2.76cde 

5.56 

 ± 

 1.11bcd 

57.72 

 ± 

 11.78d 

19.14 

 ± 

 2.54bcde 

382.98 

 ± 

 31.28e 

12.45  

±  

2.42i 

Guangdong 

Apex 

9.46  

± 

 1.97gh 

1.02  

±  

0.24h 

10.25  

±  

1.09ef 

3.42 

 ± 

0.35gh 

25.66  

± 

 4.2gh 

10.76 

 ±  

1.66ghi 

19.71  

± 

 4.92fg 

4.44  

±  

0.85de 

45.37  

± 

 8.71hij 

15.20 

 ± 

 3.82h 

476.20  

± 

 39.98a 

15.45  

±  

1.21g 

Middle 

13.57 

 ± 

 2.36b 

1.69 

 ±  

0.02d 

14.37 

 ± 

0.62b 

4.85 

 ± 

 0.28c 

35.89  

± 

 3.29c 

15.34 

 ± 

 3.21b 

27.94  

± 

 2.11b 

6.54  

±  

0.51b 

63.83  

± 

 9.2c 

21.88 

 ±  

2.17bc 

443.32 

 ±  

62.34cd 

18.05 

 ± 

 0.95f 

Base 
12.48 

 ± 1.76cd 

1.49  

±  

0.16f 

13.23 

 ±  

1.34cd 

4.51  

±  

0.17cde 

33.08 

 ±  

4.89d 

14.09 

 ± 

 3.54bcde 

25.71 

 ±  

1.98bcd 

6.00  

±  

1.56bc 

58.79 

 ± 

 5.41d 

20.09 

 ±  

2.81bcde 

450.15 

 ±  

62.86bcd 

25.90  

± 

 1.18a 

 
Results are expressed as Mean ± SEM. Values with different letters (a, b, c, etc.) differ significantly (p≤0.05) by Duncan’s Multiple Range Test (DMRT) 
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middle region of lamina while stomata present in the apical portion of S1 displayed 

least size dimension of 16.49 μm.  

5.1.3. Study of venation morphology 

Venation system is composed of xylem and phloem tissues embedded between 

parenchymatous and sometimes in sclerenchymatous tissue which are surrounded by 

cells of bundle sheath. The xylem through venation system transports water through 

the petiole throughout the mesophyll cells of lamina, and the phloem transports 

photosynthetic sugars out of the lamina to other parts of the plant. The veins and 

veinlets forming the vasculature system of lamina vary greatly among taxa and were 

considered as essential tool in overcoming taxonomic delimitations.   

5.1.3.1. Major venation pattern 

The major venation pattern comprises characterization of 1˚ and 2˚ veins. Current 

study reports reticulate venation pattern in all the cultivars. The 1˚ vein is the mid 

vein consolidated at middle portion of the lamina separating the foliage into two 

equal halves. On categorizing 1˚ vein in mulberry leaf, it was obtained to be pinnate 

type in all the studied cultivars (Table 11). The spacing of the 1˚ vein was more or 

less similar in all the cultivars. The 1˚ vein showed maximum thickness at the basal 

region which gradually tappers towards the apex (Fig. 17, 18).  

The primary vein branches off to generate 2˚ veins that laterally get distributed 

within the lamina. In all the studied cultivars 2˚ veins were found to be 

brochidodromous i.e. a series of prominent arches join together in secondary veins. 

Irregular spacing was observed in 2˚ veins.  

5.1.3.2. Minor venation pattern 

In the current study higher order venation pattern was observed up to 4˚. In the 

studied cultivars 3˚ veins was appeared to be more or less similar which was 

dichotomizing i.e., tertiary veins branch off freely. The 3˚ veins branches into higher 

orders without re-joining secondaries i.e., ramified. Mulberry cultivars showed 

exmedially ramified 3˚ vein course i.e., branching oriented toward the leaf margin. 

3˚ vein angle variability was inconsistent i.e., tertiary angle varied randomly over  
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Cultivar 
1˚ vein 

category 

1˚ vein 

spacing 

2˚ vein 

 category 

2˚ vein 

spacing 

3˚ vein 

category 

4˚ vein 

 category 

Vein Islet 

(per mm
2
) 

Vein 

Termination 

(per mm
2
) 

S1635 Pinnate Regular Brochidodromous Irregular Dichotomizing 
Alternate 

percurrent 
7.20 ± 0.84

c
 16.20 ± 2.59

b
 

TR10 Pinnate Regular Brochidodromous Irregular Dichotomizing 
Alternate 

percurrent 
5.08 ± 0.49

c
 6.70 ± 1.05

c
 

S1 Pinnate Regular Brochidodromous Irregular Dichotomizing 
Alternate 

percurrent 
17.40 ± 2.30

b
 9.20 ± 1.79

c
 

BC259 Pinnate Regular Brochidodromous Irregular Dichotomizing 
Alternate 

percurrent 
20.20 ± 2.59

b
 16.40 ± 2.07

b
 

V1 Pinnate Regular Brochidodromous Irregular Dichotomizing 
Alternate 

percurrent 
6.20 ± 0.84

c
 15.20 ± 2.28

b
 

Guangdong Pinnate Regular Brochidodromous Irregular Dichotomizing 
Regular polygonal 

reticulate 
28.52 ± 2.22

a
 19.62 ± 1.11

a
 

Table 11: Major and minor venation pattern in lamina of studied cultivar of mulberry based on light microscopy 

Results are expressed as Mean ± SEM. Values with different letters (a, b, c, etc.) differ significantly (p≤0.05) by Duncan’s Multiple Range Test (DMRT) 

 



Fig. 17: Illustration of venation pattern in mulberry cultivars under study 

(a) S1635, (b) TR10, (c) S1 and (d) BC259 
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Fig. 18: Illustration of venation pattern in mulberry cultivars under study 

(a) V1 and (b) Guangdong 
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lamina. 3˚ vein branches off to produce 4˚ veins which showed variation among the 

studied cultivars. Current study reports two different types of 4˚ veins viz. alternate 

percurrent (the quaternary veins cross between adjoining tertiary veins with an 

abrupt angular discontinuity) and regular polygonal reticulate (the quaternary veins 

connects with other veins to form the structure like regular polygons of uniform size 

and shape). In Guangdong the 4˚ veins were regular polygonal reticulate while 

remaining cultivars displayed alternate percurrent type.  

5.1.3.3. Study of areolation 

In the leaf tissue the small patches that are bounded by veins throughout the lamina 

are called areoles. The mode of appearance and patterns of areoles are termed 

areolation. Present study reports moderately developed areoles in all the cultivars i.e. 

areoles are irregularly shaped. In all the cultivar maximum frequency of areolation 

was observed in the apical part of the lamina, while least frequency was noted in the 

basal portion.  

5.1.4. Study of Indumentums 

Indumentums are the epidermal outgrowth generally fine hairs (called trichomes) 

providing superficial protective covering around the laminar cells. Trichomes are 

commonly unicellular or multicellular outgrowths which may be branched or 

unbranched mostly non-glandular sometimes glandular. Present study reports the 

presence of both glandular (Fig. 19, 20) and non-glandular unicellular trichomes 

(Fig. 21, 22). The trichomes are distributed on both adaxial and abaxial surface of 

the lamina. Present study also reveals considerable variation in trichome dimension 

among all the studied cultivars, it was observed that BC259 displayed the shortest 

outgrowth of trichomes (89.40 μm) while S1 displayed longest outgrowth of 

trichomes (253 μm) (Table 12). On comparing trichome density, it was noted that 

BC259 and S1 represents highest and least number of trichomes per millimetre 

square of microscopic field respectively.  

Present study also reports the presence of idioblast (Fig. 23) embedded in the tissue 

system of lamina that differs from surrounding cells. Deposition of crystals of 

calcium oxalate was noted with in the idioblast cells. Among the studied cultivars  
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Cultivar Type Shape Branching Gland 
Trichome 

length 

 (µm) 

Trichome 

breadth 

 (µm) 

Trichome 

density  

(per mm2) 

Idioblast 

density 

 (per mm2) 

Features 

S1635 Uniseriate Club shaped Unbranched Both glandular and 

non glandular 

223.00 ± 7.28b 30.34 ± 3.21b 38.28 ± 1.39c 21.77 ± 1.11d Short, dense, sharp tip, 

gland present at base 

TR10 Uniseriate Slender Unbranched Both glandular and 

non glandular 

156.00 ± 3.26d 24.04 ± 2.96c 34.26 ± 0.96d 18.55 ± 0.55d Long, dense, tip very 

sharp, gland present 

S1 Uniseriate 
Elongated, 

slender 

Unbranched Both glandular and 

non glandular 

253.00 ± 11.89a 43.66 ± 1.38a 28.36 ± 2.41e 28.24 ± 1.81c Long, dense, tip very 

sharp, gland present 

BC259 Uniseriate Club shaped Unbranched Both glandular and 

non glandular 

89.40 ± 5.12e 15.20 ± 2.24d 55.08 ± 0.89a 32.51 ± 2.09b 
Short, dense, gland 

present at base, blunt 

apices 

V1 Uniseriate Slender, curve Unbranched Both glandular and 

non glandular 

216.00 ± 9.63b 28.24 ± 2.59bc 47.86 ± 1.55b 35.89 ± 2.14b 

Short, spiny, tip very 

sharp in non glandular 

type, long with blunt 

apices in glandular type 

Guangdong Uniseriate 
Elongated, 

slender, curve 

Unbranched Both glandular and 

non glandular 

189.00 ± 7.05c 26.03 ± 3.01bc 37.24 ± 1.72cd 45.29 ± 2.56a 
Long, dense, tip very 

sharp, in glandular type 

gland present at base 

Table 12: Variation in trichome and idioblast attributes of six mulberry cultivars under study 

 

Results are expressed as Mean ± SEM. Values with different letters (a, b, c, etc.) differ significantly (p≤0.05) by Duncan’s Multiple Range Test (DMRT) 

 



Fig. 19: Light microscopic plates displaying nature of glandular trichomes in 

all the cultivars of mulberry under study viz.S1635 (a), TR10 (b), S1 (c), 

BC259 (d), V1 (e) and Guangdong (f) 
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Fig. 20: Scanning Electron Microscopic plates displaying nature of glandular 

trichomes in all the cultivars of mulberry under study viz.S1635 (a), TR10 (b), 

S1 (c), BC259 (d), V1 (e) and Guangdong (f) 
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Fig. 21: Light microscopic plates displaying nature of  non-glandular 

trichomes in all the cultivars of mulberry under study viz.S1635 (a), TR10 

(b), S1 (c), BC259 (d), V1 (e) and Guangdong (f) 
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Fig. 22: Scanning Electron Microscopic plates displaying nature of non-glandular 

trichomes in all the cultivars of mulberry under study viz.S1635 (a), TR10 (b), S1 

(c), BC259 (d), V1 (e) and Guangdong (f)  
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Fig. 23: Light microscopic plates displaying nature of idioblast in all the 

cultivars of mulberry under study viz.S1635 (a), TR10 (b), S1 (c), BC259 (d), 

V1 (e) and Guangdong (f) 
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highest idioblast density was observed in Guangdong (45.29/mm
2
) while TR10 

displayed least idioblast density of 8.55 per millimetre square of microscopic field.  

5.1.5. Statistical analysis of foliar macro and micro morphology 

For determining the degree of significance among different attributes under study 

ANOVA analysis was conducted. From ANOVA analysis (Table 13) it can be stated 

that different morphological leaf parameters showed significant relationship among 

different cultivars under study at p<0.01 level.  

 

 

From correlation matrix (Fig. 24) it was noted that length of lamina was positively 

and significantly correlated with breadth of lamina (r = 0.982**) and vein islets (r = 

0.839*). Breadth of lamina was also found to be positively and significantly 

correlated with vein islet (r = 0.873*). Length of petiole have positive correlation 

with length of internode (r = 0.816*) and negative correlation with density of 

idioblast (r = -0.905*). Internodal length showed positive and significant 

relationship with stomatal index (r = 0.859*). Positive and significant correlation 

was observed between stroma length and the length of guard cell (r = 0.969**). 

Beside this, both length and breadth of stroma correlates positively and significantly 

with breadth of guard cell (r = 0.934** and 0.916*), length (r = 0.982** and 0.829*) 

and breadth (r = 0.948** and 0.910*) of subsidiary cell and length (r = 0.987** and 

0.817*) and breadth (r = 0.929** and 0.936*) of stomata along with subsidiary cell. 

Length and breadth of guard cell and subsidiary cell individually correlates 

positively and significantly with different stomatal parameters. The epidermal  

ANOVA 

      
Source of Variation SS df MS F P-value F crit 

Mulberry cultivars 1.12E+09 5 2.43E+08 1.002463 0.419833 2.296868 

Morphological traits 5.22E+10 22 2.37E+09 9.810339 3.69E-17 1.639884 

Error 2.66E+10 110 2.42E+08 

   
       
Total 8.00E+10 137 

    

Table 13: ANOVA analysis representing the significance level among different 

parameters under study 

 

Significant at p<0.01 level 

 



LL = Lamina Length, LB = Lamina Breadth, PL = Petiole Length, IL = Internodal Length, SA = Surface Area, VI = Vein Islet, VT = Vein 

Termination, SF= Stomatal Frequency, SI = Stomatal Index, SL = Stroma Length, SB = Stroma Breadth, LGC = Guard cell length, BGC = Guard 

cell breadth, LSC = Subsidiary cell length, BSC = Subsidiary cell breadth, L S+GC = Length of Stroma and Guard Cell, B S+GS = Breadth of 

Stroma and Guard Cell, L S+SC = Length of stomata and subsidiary cell, B S+SC = Breadth of Stomata and subsidiary cell, TL = Trichome 

Length, TB = Trichome Breadth, TD = Trichome Density, ID = Idioblast Density 

 
Fig. 24: Pearson correlation coefficient matrix of different micro- and macro-morphological traits under study  

Matrix Colour Scale Bar 
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outgrowth i.e. trichome length displayed strong correlation with trichome breadth (r 

= 0.912*).  For in-depth understanding the relationship between studied variables 

with formed clustering groups, Principal Component Analysis (PCA) was 

performed. The first two principal components (PC1 and PC2) account 36.91% and 

27.28% of the total data variance (Fig. 25). The scoring system of PC1 was 

dominated by length of internodal, surface area, palisade ratio, palisade diameter, 

stroma length, stroma breadth, stomatal index, combine length and breadth of stroma 

+ guard cell and stomata + subsidiary cell. Cultivars namely S1635, S1 and V1 

dominated the first axis. The scoring system of PC2 was dominated by length and 

breadth of lamina, length of petiole, stomatal frequency, vein islet, vein termination, 

length, breadth and density of trichome and idioblast density. TR10, BC259 and 

Guangdong occupy their position in the second axis.  

 
LL = Lamina Length, LB = Lamina Breadth, PL = Petiole Length, IL = Internodal Length, SA = Surface Area, VI = Vein Islet, 

VT = Vein Termination, SF= Stomatal Frequency, SI = Stomatal Index, SL = Stroma Length, SB = Stroma Breadth, LGC = 

Guard cell length, BGC = Guard cell breadth, LSC = Subsidiary cell length, BSC = Subsidiary cell breadth, L S+GC = Length 

of Stroma and Guard Cell, B S+GS = Breadth of Stroma and Guard Cell, L S+SC = Length of stomata and subsidiary cell, B 

S+SC = Breadth of Stomata and subsidiary cell, TL = Trichome Length, TB = Trichome Breadth, TD = Trichome Density, ID 

= Idioblast Density 
 

Fig. 25: Principal component analysis of six mulberry cultivars and different micro- 

and macro-morphological traits under study (Yellow dots represents mulberry 

cultivars, while green, orange, red, violet and blue dots represents laminar, trichome, 

stomatal, venation and idioblast attributes respectively)  
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Figure 26 represents agglomerative hierarchical clustering (AHC) of different 

cultivars with respect to the studied morphological attributes. Dendrogram was 

generated following Pearson similarity coefficient. AHC study displayed high 

degree of resemblance between S1 and V1 cultivars and thus are grouped together. 

Two more clusters were formed viz. S1635 with Guangdong and TR10 with BC259. 

 

Fig. 26: Dendrogram representing similarity clusters of six mulberry genotype under 

study with respect to overall parameters   

 

5.2. Screening of effective preservative solution 

On preserving mulberry leaves with different category of preservative solutions it 

was observed that none of the solutions at any used concentration except silver 

nitrate could prolong the shelf life of mulberry leaves at post-harvest stage. Silver 

nitrate at low concentration showed potentiality to extend post-harvest shelf life of 

mulberry leaves, however these potentiality decreases with increase in 

concentration.  

On assessing physical condition of leaves at post preservation stage in all 

preservative solutions with respect to fresh leaves, it was observed that with 
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increasing days of preservation, traces of yellowish patches begin to appear along 

the midrib which gradually invade towards the margin and the apex, except for 

leaves preserved in silver nitrate solution (6 ppm and 50 ppm) which showed no 

apparent change till the last day of preservation (Fig. 27). Besides depigmentation, 

preserved leaves also displayed gradual loss of turgidity and texture resulting in 

wilting.  Leaves preserved in high hormonal concentration of indole acetic acid, 

kinetin and benzyl adenine showed tissue browning which gradually extends from 

midrib to lateral veins.  

Quantitative profiling of preserved leaves supports the qualitative observation which 

showed decrease content of primary metabolites with respect to fresh leaves. The 

extend of decrease was found to be least in leaves that are preserved in 10 ppm 

silver nitrate which showed ~1.7%, ~4%, ~3% and ~0.15% decrease in total 

chlorophyll, total protein, total sugar and reducing sugar content respectively with 

respect to fresh leaves. While maximum depletion in primary metabolite content was 

exhibited by 10
-2 

M benzyl adenine displaying ~78%, ~76%, ~64% and ~70% 

decrease in total chlorophyll, total protein, total sugar and reducing sugar content 

respectively (Fig. 28, 29, 30, 31). 

On assessing stress markers by measuring the accumulation of superoxide and 

hydrogen peroxide in preserved leaves it was observed that the content of stress 

accretion has increased in all the preservative sets (Fig. 32, 33). Maximum 

accumulation of superoxide and hydrogen peroxide was noted in benzyl adenine 

followed by kinetin and indole acetic acid. Content of superoxide and hydrogen 

peroxide was found to be least when leaves are preserved in silver salts viz. silver 

nitrate and silver thiosulphate, with silver nitrate showed better performance than 

silver thiosulphate. Among all the used preservatives silver nitrate at 10 ppm 

concentration showed least accumulation of superoxide and hydrogen peroxide 

which is approximately 9% and 24% respectively in comparison with leaves 

preserved in dH2O for 7 days.  

 

 



Fig. 27: Pictorial view representing physical condition of mulberry leaves 

preserved for 7 days in nine different preservative solutions. (a-b) 1D and 7D 

distilled water preserved leaves; (c-f) 0.1, 1, 5, 10 mM indole acetic acid; (g-j) 

10-6, 10-5, 10-4, 10-3 M kinitin; (k-m) 0.05 mM, 10-4, 10-3, 10-2 M benzyl 

adenine; (o-r) 0.05, 0.1, 0.5, 1 mM gibberellic acid; (s-v) 0.1, 0.5, 1, 2 mM 

salicylic acid; (w-z) 200, 400, 600, 800 ppm putricine; (aa-ad) 0.05, 0.01, 0.1, 1 

mM sodium nitroprusside; (ae-ah) 10, 50, 100, 150 ppm silver nitrate; (ai-al) 

50, 100, 200, 300 μM silver thiosulphate preserved leaves respectively 
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Fig. 28: Effect of preservation on total chlorophyll content of mulberry leaves preserved with different preservative solutions. The 

effect of preservation was compared with respect to fresh leaves (Cont 1D) and seven day distilled water preserved leaves (Cont 

7D). The results were expressed as Mean ± SDEV, n= 3 
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Fig. 29: Effect of preservation on total protein content of mulberry leaves preserved with different preservative solutions. The effect of 

preservation was compared with respect to fresh leaves (Cont 1D) and seven day distilled water preserved leaves (Cont 7D). The results 

were expressed as Mean ± SDEV, n= 3 
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Fig. 30: Effect of preservation on total sugar content of mulberry leaves preserved with different preservative solutions. The effect of 

preservation was compared with respect to fresh leaves (Cont 1D) and seven day distilled water preserved leaves (Cont 7D). The results 

were expressed as Mean ± SDEV, n= 3 
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Fig. 31: Effect of preservation on reducing sugar content of mulberry leaves preserved with different preservative solutions. The effect 

of preservation was compared with respect to fresh leaves (Cont 1D) and seven day distilled water preserved leaves (Cont 7D). The 

results were expressed as Mean ± SDEV, n= 3 
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Fig. 32: Effect of preservation on superoxide accumulation within mulberry leaves preserved with different preservative solutions. The 

effect of preservation was compared with respect to fresh leaves (Cont 1D) and seven day distilled water preserved leaves (Cont 7D). 

The results were expressed as Mean ± SDEV, n= 3 
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Fig. 33: Effect of preservation on hydrogen peroxide accumulation within mulberry leaves preserved with different preservative 

solutions. The effect of preservation was compared with respect to fresh leaves (Cont 1D) and seven day distilled water preserved 

leaves (Cont 7D). The results were expressed as Mean ± SDEV, n= 3 
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5.3. Characteristic transformation of silver nitrate solution  

On preserving mulberry leaves with silver nitrate solution at any concentration it 

was observed that after 2 to 3 days of preservation the transparent (colourless) 

solution turns light brownish, which after 4 to 5 days turns deep brown in colour 

(Fig. 34a-c). For determining the nature of transformation, the silver nitrate solution 

was subjected to UV-Vis spectral characterization, which showed appearance of 

SPR peak at ~459 nm (Fig. 34d). 

5.4. Phytosynthesis of silver nanoparticles and its characterization 

Additions of aqueous mulberry leaf extract to silver nitrate solution leads to the 

transformation of transparent solution to brown colour product within 30 min of 

initiation. At the onset the solution turns pale yellow, which then gradually 

transformed to light brown and finally dark brown with time (Fig. 35).  This brown 

colour product was further characterized to validate nanosilver formation. 

5.4.1. UV - Visible spectral analysis 

Instrumental validation of formed silver nanoparticles was done using more specific 

technique, UV-Visible spectrophotometer. UV-Vis spectra showed appearance of 

SPR band at ~441 nm (Fig. 36) when nanosilver was formed by adding 5 or 10 ml 

plant extract to 45 or 90 ml silver nitrate solution respectively.  

5.4.2. Fourier transformed infrared spectroscopic (FTIR) analysis 

Fourier transformed infrared spectroscopic analysis was conducted for determining 

probable involvement of functional groups taking part in reduction and stabilization 

of formed silver nanoparticles. FTIR spectra of dried aqueous plant extract displayed 

absorption peak at 3675.839, 3425.126, 1627.706, 1386.636, 1066.495, 1020.209, 

761.782, 572.7529 and 518.7832 cm
-1

 (Fig. 37a). After phytoreduction, certain 

spectral bands showed slight shift in wave position viz. 3633.411, 3430.912, 

1033.709 and 796.4961 cm
-1

. Peak at 1627.706, 1386.636, 572.7829 and 518.7832 

cm
-1

 appeared at exact locality, while two extra peaks appeared at 2919.843 and 

2854.272 cm
-1

 (Fig. 37b). 

 



Fig. 34: Colour transformation of silver nitrate solution during the course of preservation. (a) Transparent silver 

nitrate solution; (b) silver nitrate solution after 2-3 days of preservation ; (c) silver nitrate solution after 4-5 days of 

preservation and (d) UV-Visible Spectrophotometric observation of silver nitrate solution after colour 

transformation 
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Fig. 35: Biogenic synthesis of silver nanoparticles mediated by 

mulberry leaf extract and silver nitrate solution 

Fig. 36: UV–Visible spectral analysis of phytosynthesized silver 

nanoparticles 

λmax = 441nm 
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Fig. 37:  FT-IR spectra of (a) mulberry leaf extract and (b) 

phytosynthesized silver nanoparticles 
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5.4.3. Scanning electron microscopy (SEM) and Field emission scanning 

electron microscope (FESEM) 

Scanning electron imaging of phytosynthesized silver nanoparticles was represented 

in Figure 38a. From SEM micrograph it was found that most of the formed silver 

nanoparticles were spherical in dimension while some are irregular in shape. The 

micrograph obtained from FESEM (Fig. 38b) analysis also displayed spherical 

nanoparticles, supporting the result obtained from SEM analysis. Homogenous 

alignment of silver nanoparticles was observed from FESEM analysis with average 

particle size of 16.33 ± 5.14 nm. Distributional matrix of particle size ranges showed 

size distribution pattern in the range of 12 – 40 nm. Distribution of some particles 

with size ≥ 50 nm was also observed but this may be due to the overlapping of one 

particle with another. 

5.4.4. Energy dispersive x-ray spectroscopy (EDX) 

Identification of elements involved in nanosilver phytosynthesis was carried out 

using energy dispersive spectrum analysis. EDX spectra provide both qualitative and 

quantitative information regarding the element involved in bioreduction process. 

The elemental profile showed incidence of C, O, S, Cl and Ag (Fig. 39a), with 

strong intensity peak at 3 KeV representing Ag. The quantitative profiling of 

elements in terms of weight percent indicates ~ 70% accountability of silver 

occupying maximum proportion followed by carbon and oxygen (Fig. 39b). 

5.4.5. Transmission electron microscopy (TEM) and High-resolution 

transmission electron microscopy (HR-TEM) 

From TEM and HR-TEM micrograph it was found that synthesized silver 

nanoparticles were spherical in shape and they vary in their size distributional 

pattern. From TEM analysis (Fig. 40a) average size of the particles was estimated to 

be 14.43 ± 0.84 nm and the particles size distribution ranges between 12 – 39 nm 

(Fig. 40b). Imaging of HR-TEM (Fig. 41a) at 200 nm scale showed strong 

correlation with TEM result displaying average particle size of 14.95 ± 2.29 nm and 

range of size distribution between 12 – 38 nm (Fig. 41b). TEM imaging showed 

polydispersity of 11.35% indicating monodispersed distribution of most of the 

particles.   



Fig. 38: (a) SEM and (b) FESEM micrograph of phytosynthesized 

silver nanoparticles 
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a b 

Fig. 39: (a) EDX spectra and (b) elemental profile of phytosynthesized silver nanoparticles 
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Fig. 40:  (a) TEM micrograph of phytosynthesized silver nanoparticles and (b) particle size distribution 

(nm) 
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Fig. 41:  (a) HR-TEM micrograph of phytosynthesized silver nanoparticles and (b) particle size distribution 
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5.4.6. X-ray diffraction analysis (XRD) 

The crystalline nature of phytosynthesized silver nanoparticles was confirmed using 

XRD pattern (Fig. 42).  Four prominent diffraction peaks were found to be oriented 

at 38.14˚, 44.26˚, 64.46˚, 77.41˚ corresponding to (hkl) values of (111), (200), (220), 

(311) Bragg’s reflections plane of face centered cubic silver. The obtained data was 

found to be matched with standard JCPDS library file no: 04-0783 confirming face 

centered cubic structure of phytosynthesized silver nanoparticles. The peak intensity 

at (200), (220) and (311) were feeble and are broad, while (111) represents sharp 

and intense peak representing orientation of most of the nanocrystals around (111). 

The average crystalline size at (111) Bragg’s reflection was found to be 10.65 nm 

from Debye-Scherrer’s equation. Besides normal peaks of silver that matches with 

JCPDS library, three extra peaks at 27.86˚, 32.26˚ and 46.11˚ were recorded.   

The crystallinity of phytosynthesized nanosilver was further evaluated through 

selected area electron diffraction (SAED) pattern (Fig. 43). SEAD pattern depicts 

that the nanocrystals are mostly (111) plane oriented and due to which sharp and 

intense band was developed around (111) XRD spectra.    

Table 14 represents the FWHM value, crystalline size (D), dislocation density (δ), 

inter planar spacing (d), lattice constant (a0) and cell volume as obtained from 

Bragg’s reflections at (111), (200), (220) and (311). The determined lattice constant 

value of most intense peak at (111) was 4.084 Å which matches almost exactly with 

the earlier prescribed standard value of silver which is 4.086 Å (JCPDS file no: 04-

0783).  

5.4.7. Dynamic light scattering (DLS) and Zeta potential analysis 

Analysis through dynamic light scattering reveals that all the particles in the 

dispersion remains in nano-dimension with average zeta diameter of 29.68 nm and 

polydispersity index (PDI) of 0.441 (Fig. 44a). Stability of synthesized silver 

nanoparticles was measured in terms of zeta potential which measures the surface 

charge of nanoparticles. Biosynthesized silver nanoparticles on measuring showed 

zeta potential value of +37.4 mV (Fig. 44b).  

 



Fig. 42:  XRD pattern of phytosynthesized silver nanoparticles 

Fig. 43  SAED image of phytosynthesized silver nanoparticles 
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5.5. Time kinetics of nanosilver formation 

Although brown colouration becomes visible within 20 – 30 min of addition of plant 

extract to silver nitrate solution but it did not specify end of reduction process, as 

functional characterization through UV-Vis spectra showed gradual positional shift 

of plasmon peak with time (Fig. 45). It was noted that it takes around 10-11 hrs for 

the entire reduction process to complete. It was found that with increase in 

bioreaction time, the colour of the nanosilver solution remained almost same that 

appeared initially, indicating completion of conventional reaction during first half 

hour of initiation. The plasmon peak appeared at ~429 nm at the beginning of 

reaction which progressively got shifted to ~432 nm and finally saturates at ~441 nm 

indicating red shift with time.  

 

 

2θ Orientation Intensity 
FWHM 

(Degree) 

D  

(nm) 

δ  

(nm
-2

) 

d  

(Å) 

 a0 

(Å) 

Cell 

volume 

(Å
3
) 

38.14 111 393.44 0.7887 10.6567 0.0088 2.358 4.084 68.096 

44.26 200 79.12 1.0685 8.0258 0.0155 2.045 4.090 68.399 

64.46 220 116.06 0.6677 14.0642 0.0051 1.444 4.085 68.179 

77.41 311 93.25 1.3229 7.6951 0.0169 1.232 4.086 68.199 

Table 14: Variation in crystalline size, dislocation density, inter planar spacing, lattice 

constant and cell volume of synthesized nanoparticles 



Fig. 44:  DLS size distribution pattern (a) and zeta potential (b) of 

phytosynthesized silver nanoparticles 
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Fig. 45:  UV–Visible spectra demonstrating time kinetics of 

nanosilver formation as a function absorbance and wavelength in 

the range of 300–800 nm 
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5.6. Bioactivity assessment of phytosynthesized silver nanoparticles 

Bioactivity of phytosynthesized silver nanoparticles was evaluated in terms of 

antioxidant and antimicrobial property. 

5.6.1. Antioxidant property assessment 

Antioxidant potentiality of phytosynthesized nanoparticles was evaluated by 

comparing with antioxidant property of plant extract and with standard antioxidant. 

Phytosynthesized silver nanoparticles displayed significant dose dependent 

scavenging activity against all the free radicals under study (Fig. 46, 47, 48). In 

present study DPPH scavenging activity of phytosynthesized silver nanoparticles 

increases with increase in concentration and attaining maximum activity of 47.81% 

at highest concentration (100 µg/ml) which was ~56% of the activity displayed by 

standard ascorbic acid at equivalent concentration, while plant extract depicts 

considerably less scavenging activity of 36.22%.  

Synthesized nanosilver displayed maximum ABTS
+
 scavenging activity of 95.08% 

almost equivalent to that exhibited by butyl-hydroxytoluene (BTH) standard 95.51% 

at 100 µg/ml, representing strong activity.  

Nitric oxide scavenging activity was found to be 64.04% in biogenic silver 

nanoparticles at highest concentration of 100 µg/ml while at same concentration 

gallic acid standard and plant extract displayed 88.62% and 45.72% scavenging 

power respectively.  

Superoxide scavenging activity was measured spectrophotometrically at 560 nm and 

reduction in absorption value in comparison to blank indicated consumption of 

superoxide ions by antioxidants. Silver nanoparticles at its highest tested 

concentration (100 µg/ml) showed significant superoxide scavenging activity of 

81.92% in comparison to 85.35% in tocopherol standard.   

Metal chelating activity was evaluated at 562 nm and greater the decrease in 

absorption in respect to control more is the ability of antioxidant to bind with iron. 

Nanosilver at maximum concentration (100 µg/ml) displayed 84.24% metal 

chelating potentiality, while at equivalent concentration plant extract and ascorbic 

acid standard displayed 68.62% and 90.81% chelating activity respectively. The 
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Fig. 46:  DPPH and ABTS scavenging activity of 

phytosynthesized silver nanoparticles in comparison with plant 

extract and respective standards (Results are expressed as Mean ± 

STDEV of triplicate determinations. Values with different letters 

(a, b, c, etc.) differ significantly (p≤0.05) by Duncan’s Multiple 

Range Test) 
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Fig. 47: Nitricoxide and Superoxide scavenging activity of 

phytosynthesized silver nanoparticles in comparison with plant 

extract and respective standards (Results are expressed as Mean 

± STDEV of triplicate determinations. Values with different 

letters (a, b, c, etc.) differ significantly (p≤0.05) by Duncan’s 

Multiple Range Test) 
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obtained result clearly indicates greater metal chelation potentiality of 

biosynthesized silver nanoparticles than mulberry leaf extract at any used 

concentration.     

 

Fig. 48: Metal Chelating activity of phytosynthesized silver nanoparticles in comparison 

with plant extract and respective standards (Results are expressed as Mean ± STDEV of 

triplicate determinations. Values with different letters (a, b, c, etc.) differ significantly 

(p≤0.05) by Duncan’s Multiple Range Test)  

Obtained IC50 value of phytosynthesized silver nanoparticles, plant extract and 

respective standards against all the studied antioxidants were enlisted in Table 15. 

Through cumulative study it was observed that silver nanoparticles displayed 

maximum antioxidant activity against ABTS
+
 with IC50 of 25.92 µg/ml, while least 

activity was found to be displayed by DPPH scavenging activity having IC50 value 

of 97.27 µg/ml. In comparison with standards, it can be clearly stated that IC50 of 

phytosynthesized silver nanoparticles showed significant enhancement with respect 

to plant extract from which it was prepared. 

Table  15: IC50 value of silver nanoparticles, plant extract with respect to standards 

   IC
50

 (µg/ml)  
Antioxidant  Standard  Nano Silver  Plant Extract  

DPPH  20.744  97.273  143.967  
ABTS  12.016  25.929  53.832  
Superoxide  30.895  37.097  77.479  
Nitricoxide  28.685  70.992  101.587  
Metal Chelation  28.999  54.325  73.837  
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5.6.2. Antimicrobial property assessment 

Phytosynthesized silver nanoparticles using leaf extract of mulberry displayed 

potent antimicrobial activity against both gram-positive and gram-negative microbes 

as evident by measuring the diameter of inhibition zone (Fig. 49). From tabulated 

data in Table 16 it was found that at maximum concentration (500 µg/ml) silver 

nanoparticles depict highest activity against gram positive bacteria, Bacillus 

megaterium (22.03 ± 1.06 mm) while at lowest concentration (25 µg/ml) best 

activity was noted against gram negative bacteria, Salmonella typhimurium (10.51 ± 

1.17 mm) than other tested microorganisms.  

On assessing minimum inhibitory concentration (MIC) value of silver nanoparticles 

against different tested microorganisms it was observed that nanosilver showed 

highest bactericidal activity against gram negative bacteria, Salmonella 

typhumurium followed by Escherichia coli with MIC value of 40 µg/ml and 60 

µg/ml respectively (Fig. 50). In gram positive bacteria the MIC value was found to 

be on higher site with maximum value of 160 µg/ml against Bacillus megaterium 

(Fig. 51).  

5.7. Process variation of silver nanoparticle formation 

Nanosilver was synthesized under different physical conditions and by varying 

quantity of reagents for determining ideal combination for nanosilver 

phytosynthesis, prerequisite for preserving mulberry leaves at post-harvest stage. 

5.7.1. Effect of silver nitrate concentration variation on phytosynthesis of silver 

nanoparticle 

On adding mulberry leaf extract to five different concentrations of silver nitrate viz. 

10
-1

, 10
-2

, 10
-3

, 10
-4

 and 10
-5

 M; it was found that 10
-4

 and 10
-5

 M silver nitrate 

solution remained transparent even after addition of plant extract while all other 

solutions having different concentrations were transformed to brownish solution 

(Fig. 52). The intensity of brown colour increases with increase in silver nitrate 

concentration i.e., 10
-1 

M appeared darkest of all. Further it was observed that within 

24 hrs of synthesis, precipitation appears in nanosilver solution synthesized from 10
-

1
 M silver nitrate solution.  



Fig. 49: Antimicrobial activity of silver nanoparticles at seven 

different concentrations (I –500, II – 400, III – 300, IV – 200, V – 

100, VI – 50, VII – 25 µg/ml) against (A-B) Bacillus megaterium, (C-

D) Staphylococcus aureus, (E-F) Bacillus subtilis, (G-H) Escherichia 

coli and (I-J) Salmonella typhimurium  
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Microorganism 
Zone of inhibition (mm) 

500 µg/ml 400 µg/ml 300 µg/ml 200 µg/ml 100 µg/ml 50 µg/ml 25 µg/ml 

Bacillus megaterium 22.03 ± 1.06
a
 20.00 ± 0.78

ab
 18.31 ± 1.02

bc
 16.95 ± 1.55

c
 11.19 ± 1.02

d
 9.32 ± 1.28

de
 6.61 ± 1.53

e
 

Staphylococcus aureus  16.61 ± 1.06
a
 15.08 ± 0.78

ab
 13.73 ± 0.88

bc
 12.71 ± 0.51

cd
 11.36 ± 1.28

de
 10.17 ± 1.35

e
 7.10 ± 1.02

f
 

Bacillus subtilis  21.86 ± 1.02
a
 17.97 ± 0.78

b
 15.93 ± 0.59

c
 11.86 ± 1.28

d
 11.36 ± 1.06

d
 9.15 ± 1.02

e
 7.29 ± 0.29

e
 

Escherichia coli  20.51 ± 1.06
a
 19.49 ± 1.55

a
 15.93 ± 0.78

b
 11.53 ± 1.28

c
 10.17 ± 1.35

cd
 8.64 ± 1.02

de
 7.12 ± 1.02

e
 

Salmonella typhimurium  17.97 ± 1.28
a
 16.27 ± 0.51

ab
 15.42 ± 1.06

bc
 13.90 ± 0.78

cd
 13.39 ± 1.06

cd
 12.54 ± 0.78

de
 10.51 ± 1.17

e
 

Table 2   Table 16: Antimicrobial activity of silver nanoparticles against tested microorganisms 

 

R   Results are expressed as Mean ± SEM of triplicate determinations. Values with different letters (a, b, c, etc.) differ significantly (p≤0.05) by Duncan’s Multiple Range Test 

(DMRT). 
 

 



Fig. 50:  Minimum inhibitory concentration of silver nanoparticles 

against tested microorganisms (Gram Negative) 

166 



Fig. 51:  Minimum inhibitory concentration of silver nanoparticles against tested microorganisms (Gram Positive) 
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Fig. 53:  UV–Visible spectra of silver nanoparticles synthesized at 

different concentration of silver nitrate  

Fig. 52:  Biogenic synthesis of silver nanoparticles mediated by 

mulberry leaf extract at different concentration of silver nitrate 
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UV-Vis spectral analysis displayed appearances of most sharpen, prominent and 

intense band from silver nanoparticles phytosynthesized with 10
-3

 M silver nitrate 

showing λmax of 432 nm (Fig. 53). Spectral analysis displayed no SPR band for 

nanosilver prepared with 10
-4

 and 10
-5

 M silver nitrate solution.  

On determining Z-average particle size through DLS analysis it was observed that 

particle size was directly proportional to the concentration of silver nitrate i.e., 

higher the concentration greater is the particle size. The average particle size was 

found to be 110.60, 76.94, 29.13 nm respectively when synthesized with 10
-1

, 10
-2

, 

10
-3

 M silver nitrate (Fig. 54). Nanosilver synthesized with 10
-4

 and 10
-5

 M silver 

nitrate solution showed no particle distribution, indicating inefficiency of this 

solution at specified concentrations to synthesize nanoparticles. 

No value of zeta potential was obtained for silver nanoparticle synthesized with 10
-1

,
 

10
-4

 and 10
-5

 M silver nitrate solution. Zeta peak was obtained for only silver 

nanoparticle prepared with 10
-2

 and 10
-3

 M silver nitrate solution displaying highest 

intensified zeta potential value of -2.11 and +74.7 mV respectively (Fig. 55) 

covering an area of 37.9 and 41.2%.  

Transmission electron micrograph displayed spherical shaped silver nanoparticles 

under any concentration of silver nitrate with variation in particle distributional 

pattern. Image J statistical tool-based detection of particle size showed concentration  

based size distribution with highest particle distribution range was recorded in 10
-1

 

M silver nitrate (12.49 – 76.70 nm) followed by 10
-2

 and 10
-3

 M silver nitrate which 

displayed size distribution range of 11.28 – 58.22 nm and 10.12 – 47.86 nm 

respectively (Fig. 56). The average particle size was found to be 34.04 ± 13.68, 

27.56 ± 7.44 and 18.85 ± 6.53 nm respectively for nanosilver synthesized with 10
-1

, 

10
-2

, 10
-3

 M silver nitrate.  

5.7.2. Effect of variation of biogenic extract on phytosynthesis of silver 

nanoparticle 

On biosynthesis of silver nanoparticles by varying volume of mulberry leaf extract 

viz. 2.5, 5, 10, 15 and 20 ml and by maintaining the concentration of silver nitrate 

constant  to 10
-3

 M, it was observed that with increase in volume of plant extract up 

to 10 ml, notable colour variation was apparent after which colour transformation 
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was homogenous (Fig. 57). The characteristic UV-Vis spectra displayed SPR band 

of formed silver nanoparticle at ~429 nm when phytosynthesized with 2.5 ml leaf 

extract (Fig. 58). While the SPR peak gets shifted towards red region when 

nanosilver was phytosynthesized with 5 ml (~ 432 nm) and 10 ml (~ 432 nm) leaf 

extract. However, decline in SPR spectra (blue shift) was noted with increase in 

volume of extract to 15 ml (~ 426 nm) and 20 ml (~ 423 nm).   

On running the particles through dynamic light scattering it was observed that 

particle size increases with increase in volume of leaf extract. Through DLS, Z-

average particle size was found to be 29.13, 37.54, 39.13, 56.53 and 56.81 nm (Fig. 

59) when nanosilver was synthesized with 2.5, 5, 10, 15 and 20 ml mulberry leaf 

extract.  

Stability assessment through analysing most intensified peak point of Zeta potential 

showed potential value of +20.8, +30.9, +29.6, +54.7 and +122 mV covering an area 

of 41.50, 91.00, 60.30, 21.10 and 11.7% when synthesized with 2.5, 5, 10, 15 and 20 

ml mulberry leaf extract (Fig. 60). Nanosilver synthesized with 15 and 20 ml extract 

displayed multiple peak points resulting in greater distribution of coverage area. 

Image J mediated analysis of TEM micrograph displayed average particle size of 

17.09 ± 4.57, 14.00 ± 1.42, 20.78 ± 7.57, 22.43 ± 8.25 and 26.13 ± 7.95 nm when 

nanoparticles were synthesized with 2.5, 5, 10, 15 and 20 ml mulberry leaf extract 

(Fig. 61). The obtained result showed increasing trend of particle size distribution 

with increase in volume of plant extract. On analysing polydispersity index, it was 

observed that nanosilver synthesized with 5 ml leaf extract showed least 

polydispersity of 10.14%.  

5.7.3. Effect of variation of plant extract to silver nitrate ratio on 

phytosynthesis of silver nanoparticle 

On synthesizing nanosilver with five different proportions of plant extract to silver 

nitrate viz. 1:10, 1:20, 1:50, 1:70 and 1:100 it was observed that with increase in 

volume of silver nitrate, appearance of dark brown colour ceases i.e., nanosilver  

formation decreases (Fig. 62).  

UV-Visible Spectrophotometer showed characteristics peak against all the 

proportions used with λmax at ~447 nm. The graphical representation of spectral data  



Fig. 54:  Dynamic light scattering (DLS) representing particle size 

distribution as a function of percent intensity of phytosynthesized silver 

nanoparticles at different concentration of silver nitrate viz. 10-1 M (A), 

10-2 M (B) and 10-3M (C) silver nitrate 
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Fig. 55: Zeta potential showcasing stability of phytosynthesized silver nanoparticles at different concentration 

of silver nitrate viz. 10-2 M (A) and 10-3M (B) silver nitrate 

A 

B 
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Fig. 56: Transmission electron micrograph (i) and size distribution 

pattern (ii) of phytosynthesized silver nanoparticles at different 

concentration of silver nitrate viz. 10-1 M (A), 10-2 M (B), 10-3 M 

(C) silver nitrate 
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Fig. 58: UV–Visible spectra of silver nanoparticles synthesized at 

different volume of leaf extract 

Fig. 57: Biogenic synthesis of silver nanoparticles mediated by 

varying volume of mulberry leaf extract 
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Fig. 59: Dynamic light scattering (DLS) representing particle size 

distribution as a function of percent intensity of silver nanoparticles 

phytosynthesized by varying volume of plant extract, (A-E) 2.5, 5, 

10, 15 and 20 ml plant extract respectively 
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Fig. 60: Zeta potential demonstrating stability of silver 

nanoparticles phytosynthesized by varying volume of plant 

extract, (A-E) 2.5, 5, 10, 15 and 20 ml plant extract respectively 
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Fig. 61: Transmission electron micrograph (i) and size distribution 

pattern (ii) of silver nanoparticles phytosynthesized by varying 

volume of plant extract, (A-E) 2.5, 5, 10, 15 and 20 ml plant extract 

respectively 
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Fig. 62: Biosynthesis of silver nanoparticles at different 

proportions of plant extract to silver nitrate 

 

Fig. 63: UV-Visible spectral observation of phytosynthesized silver 

nanoparticles at different proportions of plant extract to silver 

nitrate 
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with respect to absorbance and wavelength displayed highest intense and sharp peak 

by 1:10 proportion of plant extract to silver nitrate (Fig. 63). 

5.7.4. Determination of suitable genotype of mulberry for phytosynthesis of 

silver nanoparticle 

On synthesizing silver nanoparticles by homogenizing extract of five genotypes of 

mulberry viz. S1635, TR10, S1, BC259 and Guangdong with 10
-3 

M silver nitrate it 

was observed that nanosilver synthesized with BC259 appeared darkest of all while 

remaining others showed more or less uniform colouration (Fig. 64).  

UV-Vis spectral observation displayed two characteristic peak values of Surface 

Plasmon Resonance at 438 nm for S1 and S1635 while 444 nm was displayed by 

remaining three genotypes. Further it was observed that S1 genotype showed highest 

amplitude of peak (Fig. 65) in comparison with other genotypes. Thus, while 

studying influence of other physical parameters over nanosilver synthesis, extract of 

S1 genotype was used. 

5.7.5. Effect of light intensity on phytosynthesis of silver nanoparticle 

On synthesizing nanosilver at different intensity of light viz. 67000 lux, 230 lux and 

0 lux correspond to sunlight, diffuse light and dark respectively, it was revealed that 

rapid reduction of silver ion takes place under direct sunlight indicated by the 

appearance of dark brown colour nanoparticles (Fig. 66) within initial 2 min of 

reaction. The rate of generation of nanosilver under direct sunlight increases by 

more than 10 fold in comparison with diffuse light which takes ~30 min for colour 

transformation to occur. Reduction rate of silver ion under dark state was very slow 

and it takes more than 72 hrs for completion of nanoparticles phytosynthesis. 

UV-Vis spectral analysis displayed the appearance of SPR peak at 459 nm, 441 nm 

and 447 nm (Fig. 67) on synthesizing silver nanoparticles under sunlight, diffuse 

light and dark. Red shift of SPR peak from 441 nm to 459 nm was the functional 

representation of variation in photon number indicating formation of large size 

particles.  

 



Fig. 65: UV–Visible spectral analysis of biosynthesized silver 

nanoparticles using leaf extract of S1, S1635, TR10, BC259 and 

Guangdung genotype of mulberry 

Fig. 64:  Biosynthesis of silver nanoparticles using leaf extract of 

S1, S1635, TR10, BC259 and Guangdung genotype of mulberry 
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Fig. 66:  Impact of sunlight (67000 lux), diffuse light (230 

lux) and dark (0 lux) over phytosynthesis of silver 

nanoparticles mediated by fresh extract of mulberry leaves 

Fig. 67: UV–Visible spectra showing plasmon peaks of 

phytosynthesized silver nanoparticles at different light intensity 

viz. 67000, 230 and 0 lux 
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Intensity based particle size distribution through DLS analysis of biosynthesized 

silver nanoparticles under sunlight, diffuse light, and dark displayed Z-average 

nanoparticles size of 111.90, 40.03 and 41.52 nm respectively (Fig. 68). Result 

obtained from DLS analysis was in good agreement with the red shift effect as 

revealed from UV-Vis spectral analysis. It was found that greater the wavelength of 

spectral peak more was the Z-average size of particles. Silver nanoparticles 

biosynthesized under sunlight, diffuse light and dark displayed Zeta potential value 

of +36.5, +46.2 and +25.6 mV, covering distributional area of 19.2, 77.3 and 41.7% 

respectively (Fig. 69).  

TEM micrograph showed that the phytosynthesized nanoparticles were spherical in 

shape and presented variation in their size distribution pattern (Fig. 70). The average 

particle size of silver nanoparticles synthesized under sunlight, diffuse light and dark 

was found to be 27.68 ± 19.91, 21.58 ± 8.72 and 21.59 ± 14.36 nm respectively. 

Nanosilver synthesized under direct sunlight showed particle size distribution ranges 

from 12.41 to 74.24 nm, with polydispersity index of 71.91%. While nanoparticles 

formed under diffuse light and dark showed size distribution range of 12.44 to 44.22 

nm and 12.63 to 36.42 nm with polydispersity of 40.40% and 66.48% 

correspondingly. The size distribution pattern appeared to be same as that of DLS 

analysis displaying large particle size under sunlight followed by diffuse light and 

dark. From current study it was revealed that silver nanoparticle synthesized under 

diffuse light represents small size particles with greater monodispersed nature than 

other conditions, supporting its selection over other. Thus while studying influence 

of pH and temperature over nanosilver formation, nano synthesis was carried out 

under diffuse light.  

5.7.6. Effect of pH variation of leaf extract on phytosynthesis of silver 

nanoparticle 

On synthesizing silver nanoparticles with extract of mulberry leaf corresponding to 

different pH gradient it was found that acidic pH was not appropriate for nanosilver 

biosynthesis while with increase in alkalinity rate of nano synthesis enhances. In 

case of pH 12 it was observed that within 2 min of addition of plant extract 

appearance of dark brown colouration takes place while that of pH 7 and 9 it takes 

~30 min and 8 min respectively for colouration to build up. On observing colour 



Fig. 68: Dynamic light scattering (DLS) representing particle size 

distribution as a function of percent intensity of phytosynthesized 

silver nanoparticles at different light intensity viz. sunlight (A) 67000 

lux, diffuse light (B) 230 lux and dark (C) 0 lux 
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Fig. 69: Zeta potential showcasing stability of phytosynthesized 

silver nanoparticles at different light intensity viz. sunlight (A) 

67000 lux, diffuse light (B) 230 lux and dark (C) 0 lux 
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Fig. 70: Transmission electron micrograph (i) and size distribution 

pattern (ii) of  phytosynthesized silver nanoparticles at different 

light intensity viz. sunlight (A) 67000 lux, diffuse light (B) 230 lux 

and dark (C) 0 lux 

185 



186 
 

development pattern, it appeared that a colour scale of pale brown to brown to dark 

brown was formed as the pH scale progresses from acidic to neutral to alkaline 

range (Fig. 71). The pale brownish solution that appeared initially in acidic range 

turned transparent within 24 hrs of synthesis, indicating that the acidic pH range was 

not appropriate for nanosilver biosynthesis.  

UV-Vis spectral analysis showed no spectral peak when nanosilver was prepared 

using leaf extract adjusted to pH 2 and 5 while peak amplitude increased with 

increase in alkalinity (Fig. 72). Plasmon peak at 438, 420 and 426 nm was observed 

when nanoparticles were synthesized using leaf extract of mulberry having pH 7, 9 

and 12 respectively. SPR peak at pH 9 showed blue shift in comparison with peak at 

pH 7, while SPR peak at pH 12 showed red shift in comparison with peak at pH 9. 

So, a phenomenon of red to blue to red shift was observed as the pH of the extract 

progresses from neutral to low alkaline to high alkaline range. Minimal red-blue 

shift in the spectral absorbance peak was probably due to difference in particle size 

and shape.  

The DLS hydrodynamic size of phytosynthesized silver nanoparticles at different pH 

range (pH 2, 5, 7, 9 and 12) was found to be 39.13, 45.04, 29.13, 77.12 and 111.80 

nm respectively (Fig. 73). Analysis of DLS Z-average size reveals that 

biosynthesized silver nanoparticles are in nanoscale with increase in particle size at 

both acidic and basic pH range, while least size dimension was observed at neutral 

pH (pH 7).  

Obtained zeta potential of most intensified peak at pH 2 and 5 was +14.2 and +19.5 

mV respectively covering 67.4 and 56.6% of the total distributional area (Fig. 74). 

Beside this zeta potential at pH 9 and 12 showed appearance of multiple peaks 

revealing its polydispersity and instability which was not fruitful for bioactivity. The 

appeared zeta potential at pH 7 was found to be +36.4 mV and it was within the 

zone of stability. 

TEM profiling of nanoparticles synthesized at pH 7, 9 and 12 was carried out 

rejecting pH 2 and 5 as the particles does not remain in suspension after 

biosynthesis. From TEM micrograph it was found that synthesized particles were 

mostly spherical in dimension (Fig. 75). Further it was observed that with increase 

in alkalinity, dimension of particle size enhanced. It was observed that nanosilver 



Fig. 71: Impact of pH variation of plant extract on phytosynthesis 

of silver nanoparticles  

Fig. 72: UV–Visible spectra showing plasmon peaks of silver 

nanoparticles phytosynthesized by varying pH of plant extract  
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Fig. 73: Dynamic light scattering (DLS) representing particle size 

distribution as a function of percent intensity of silver nanoparticles 

phytosynthesized by varying pH of plant extract, (A-E) pH 2, 5, 7, 

9 and 12 respectively 
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Fig. 74: Zeta potential demonstrating stability of silver 

nanoparticles phytosynthesized by varying pH of plant extract, 

(A-E) pH 2, 5, 7, 9 and 12 respectively 

189 



190 
 

synthesized at pH 7 displayed average particle size range of 18.11 ± 2.55 nm with 

polydispersity of 8.78%, indicating monodispersed nature of most of the synthesized 

particles. Nanoparticles synthesized at pH 9 and 12 showed average particle size of 

25.48 ± 12.41 and 29.04 ± 9.61 nm and polydispersity of 48.70 and 53.90% 

respectively. Obtained result clearly indicates that greater the pH more was the 

particle size and larger was the polydispersity.  

 

Fig. 75: Transmission electron micrograph (i) and size distribution pattern (ii) of 

silver nanoparticles phytosynthesized by varying pH of plant extract, (A-C) pH 7, 9 

and 12 respectively  
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5.7.7. Effect of temperature variation on phytosynthesis of silver nanoparticle 

On studying temperature fluctuation over nanosilver formation it was observed that 

with increase in temperature rapid nano formation takes place. On synthesizing 

silver nanoparticle at 80˚C, it was observed that within 5 min of addition of leaf 

extract, appearance of dark brown colour takes place, indicating nanosilver 

formation. Time duration of nanosilver synthesis at 50˚C and 25˚C was 15 min and 

30 min respectively. While at lower temperature zone nano formation did take place 

but took more time than normal. The colour intensity varied greatly with 

temperature fluctuation displaying a colour gradient i.e. at higher temperature 

appearance of dark brown colour nanosilver solution was observed while at lower 

temperature appearance of pale brown colour nanosilver solution was observed (Fig. 

76).  

On plotting UV-Vis spectral reading in the wavelength range of 300-800 nm against 

absorbance it was found that with gradual increase in temperature from 0˚C to 80˚C, 

intensity of plasmon peak was increased (Fig. 77). On analysing SPR peak as a 

function of wavenumber it was noted that nanoparticles synthesized at any 

temperature zone gave same λmax of 432, indicating uniformity in particle shape. 

On analysing hydrodynamic diameter as a correlation function of the scattered 

intensity of the synthesized silver nanoparticles through DLS analysis, it was noted 

that at 25˚C lowest Z-average diameter of 29.57 nm was produced which got 

elevated in both low and high temperature zone (Fig. 78). It was found that in 

comparison to Z-average diameter of 37.54 nm at 50˚C, nanosilver formed at 10˚C 

and 0˚C produced greater dimension of 42.66 and 38.81 nm respectively. However 

maximum hydrodynamic size of 57.68 nm was recorded at 80˚C, signifying that 

with rising temperature, particle size increased.  

On estimating electrostatic stabilization of the nanoparticles through zeta potential it 

was found that at temperature 0, 10, 50, 80˚C zeta potential was noted to be +22.1, 

+24.9, +22.0 and +7.36 mV (Fig. 79), covering 77.6, 40.2, 65.0 and 48.3% of the 

total distributional area respectively. The zeta potential of silver nanoparticle 

biosynthesized at 25˚C was found to be +34.8 mV and it was within the zone of 

stability.  



Fig. 76: Impact of temperature variation on phytosynthesis of 

silver nanoparticles  

Fig. 77: UV–Visible spectra showing plasmon peaks of silver 

nanoparticles phytosynthesized at different temperature range viz. 

0, 10, 25, 50 and 80˚C  
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Fig. 78: Dynamic light scattering (DLS) representing particle 

size distribution as a function of percent intensity of silver 

nanoparticles phytosynthesized at different temperature range, 

(A-E) 0, 10, 25, 50 and 80˚C respectively 
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Fig. 79: Zeta potential indicating stability of silver nanoparticles 

phytosynthesized at different temperature range, (A-E) 0, 10, 25, 

50 and 80˚C respectively 
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TEM micrograph of phytosynthesized silver nanoparticles showed the presence of 

spherical shape particles under all experimental conditions (Fig. 80). Image J 

analysis of TEM micrograph showed minimal variation in average size of particles 

bearing size dimension of 21.45 ± 8.44, 20.67 ± 6.44, 18.94 ± 5.30, 22.45 ± 7.93 and 

23.55 ± 5.92 nm for nanoparticles synthesized at 0, 10, 25, 50, 80˚C respectively. 

TEM size dimension was in good agreement with the DLS hydrodynamic size 

dimension, showing least particle size formation at 25˚C. On analysing variation in 

particle size with respect to polydispersity it was found that with gradual increase in 

temperature from 0˚C to 80˚C polydispersity varies insignificantly and it ranges 

between 25.14 to 39.33%, which directly indicates monodispersed nature of 

synthesized nanosilver by at least 60%.  

5.8. Assessment of long term stability of phytosynthesized silver nanoparticles 

For determining long term stability of biosynthesized silver nanoparticles, UV-

Visible spectral reading were taken at regular interval of 10 days for the period of 60 

days and the nature of peak deformation and stability were studied. Nanosilver 

prepared with 10
-4

 and 10
-5

 M silver nitrate did not show any signature peak till the 

last day of spectral observations and that for 10
-1

 M showed peak deformation from 

initial day of synthesis. Characteristic spectral peak was displayed by nanosilver 

prepared with 10
-2

 and 10
-3

 M silver nitrate. However, with increase in days of 

storage, nanosilver prepared with 10
-2

 M silver nitrate showed gradual peak 

bluntness. Along with peak deformation, increase in absorbance value was also 

noted due to precipitation of particles with time (Fig. 81).   

No significant change in peak orientation pattern was noted during storage when 

nanosilver was synthesized by varying volume of plant extract (Fig. 82) and by 

varying proportion of plant extract to silver nitrate (Fig. 83), except when nanosilver 

was synthesized using 20 ml plant extract. Nanosilver formed using 20 ml plant 

extract showed multiple spectral peak points after 10 days of storage indicating 

instability.   

It was observed that silver nanoparticle synthesized at pH 12 and 9 gradually gets 

deformed with increase in storage duration, as revealed by appearance of plateau 

shaped peak with increase in time of storage (Fig. 84). Peak deformation was more 

prominent for silver nanoparticle prepared at pH 12 displaying gradual bluntness 



Fig. 80: Transmission electron micrograph (i) and size distribution 

pattern (ii) of phytosynthesized silver nanoparticles at different 

temperature range, (A-E) 0, 10, 25, 50 and 80˚C respectively 
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Fig. 81: Long term stability assessment as a function of plasmon peak deformation through UV-Vis 

spectrophotometer of silver nanoparticles phytosynthesized by varying concentration of silver nitrate, (A-F) 

spectral reading at an interval of 10, 20, 30, 40, 50, 60 days respectively 
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Fig. 82: Long term stability assessment as a function of plasmon peak deformation through UV-Vis 

spectrophotometer of silver nanoparticles phytosynthesized by varying volume of plant extract, (A-F) spectral 

reading at an interval of 10, 20, 30, 40, 50, 60 days respectively 
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Fig. 83: Long term stability assessment as a function of plasmon peak deformation through UV-Vis 

spectrophotometer of silver nanoparticles phytosynthesized at different proportion of plant extract to silver 

nitrate, (A-F) spectral reading at an interval of 10, 20, 30, 40, 50, 60 days respectively 
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Fig. 84: Long term stability assessment as a function of plasmon peak deformation through UV-Vis 

spectrophotometer of silver nanoparticles phytosynthesized by varying pH of plant extract, (A-F) spectral 

reading at an interval of 10, 20, 30, 40, 50, 60 days respectively 
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from 20 days onward while that for pH 9 visible changes was noted after 40 days of 

storage. Silver nanoparticle synthesized at pH 7 could retain its normal peak 

sharpness almost till the last day of storage, representing its high stable nature. With 

increase in period of storage, gradual red shift in spectral peak was observed for 

nanosilver synthesized at alkaline pH.  

No striking transformation was noted on analysing graphical spectral peaks of silver 

nanoparticle prepared at different temperature zone during long term stability 

estimation, indicating that silver nanoparticle prepared at any temperature range able 

to retain its natural texture for a longer duration of time (Fig. 85). However slight 

enhancement in absorbance value with increase in period of storage was probably 

due to precipitation of large size particles over time.  

Thus it might be stated that presence of sufficient potentiality in phyto-constituents 

of mulberry leaves extract was a key factor that ensures long time stability to 

synthesize silver nanoparticles at pH 7 and 25˚C where bioreduction was conducted 

by amalgamating 45 ml 10
-3 

M silver nitrate with 5 ml mulberry leaf extract. 

 
 

Fig. 85: Long term stability assessment as a function of plasmon peak deformation through UV-

Vis spectrophotometer of phytosynthesized silver nanoparticles at different temperature range, 

(A-F) spectral reading at an interval of 10, 20, 30, 40, 50, 60 days respectively  
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5.9. Bio-potentiality assessment of prepared nanosilver solution under different 

process variation 

Bioactivity of prepared silver nanoparticles by different process variation was 

assessed by evaluating their potentiality to extend post-harvest shelf life of mulberry 

leaves. On preserving S1 cultivar of mulberry leaves for 7 days in three different 

concentration of synthesized nanosilver viz. 10
-1

, 10
-2

 and 10
-3

 M, it was noted that 

with increase in preservation period, gradual depletion in leaf quality (i.e., yellowing 

of the leaves) was taken place when preserved with 10
-1

 and 10
-2

 M nanosilver 

solution. Visual appearance of depletion in leaf quality was noted from 4 days 

onward (Fig. 86), while no apparent change in physical texture was observed in 

leaves preserved with 10
-3

 M nanosilver solution. 

On preserving mulberry leaves for a duration of 7 days with nanosilver solution 

biosynthesized with extract of mulberry leaf adjusted to pH 2, 5, 7, 9 and 12; it was 

noted that with increase in days of preservation gradual deterioration of leaf quality 

(i.e. yellowing of the leaves) was taken place when preserved in nanosilver solution 

adjusted to pH 2, 5, 9 and 12 respectively. Maximum yellowish texture was 

observed in leaves preserved in nanosilver solution of pH 12 followed by pH 2 (Fig. 

87), indicating that high acidic and alkaline environment was not suitable for 

postharvest leaf preservation. The best quality of leaves i.e., complete greenish 

nature was observed when preserved in nanosilver solution synthesized at pH 7.  

On preserving mulberry leaves with nanosilver solution synthesized at different 

temperature zone viz. 0, 10, 25, 50 and 80˚C it was observed that nanosilver 

phytosynthesized at low and higher temperature zone was not suitable for leaf 

preservation because in both cases, decolouration of leaves was noted after 4 days 

onwards. The ideal temperature for nanosilver biosynthesis at which best quality leaf 

preservation achieved was 25˚C (Fig. 88). Leaf preserved with nanosilver solution 

prepared at 25˚C could be able to maintain its natural condition till the last day of 

preservation, indicating its bioactive potential. 

Further determination of leaf quality was done through estimation of chlorophyll 

content in preserved leaves. Leaves preserved with 10
-1

 and 10
-2

 M nanosilver 

solution showed drastic depletion of chlorophyll content from 4
th

 day onward (Table 

17), however the degree of depletion in 10
-1

 M was more when compared with other  



Fig. 86: Physical condition of mulberry leaves preserved in nanosilver solution 

phytosynthesized at different concentration of silver nitrate 
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Fig. 87: Physical condition of mulberry leaves preserved in 

nanosilver solution phytosynthesized with mulberry leaf extract 

adjusted to pH 2, 5, 7, 9 and 12 
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Fig. 88: Physical condition of mulberry leaves preserved in 

nanosilver solution phytosynthesized at different temperature range 

viz. 0, 10, 25, 50 and 80˚C 
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Days of 

preservation 

Chlorophyll content (mg g
-1

 FW) in preserved leaves  

Concentration variation 

10
-1

 M 10
-2

 M 10
-3

 M 

0 1.211±0.019
a
 

1 1.207±0.012
a
 1.204±0.020

a
 1.202±0.013

a
 

4 0.993±0.010
c
 1.065±0.012

b
 1.198±0.021

a
 

6 0.739±0.019
e
 0.832±0.011

d
 1.188±0.014

a
 

7 0.711±0.017
e
 0.801±0.023

d
 1.182±0.017

a
 

 

 

Chlorophyll content estimation of leaves preserved in nanosilver solution prepared 

under different pH gradient showed gradual depletion of chlorophyll content from 4 

day onwards (Table 18). Leaves preserved in nanosilver solution of pH 12 showed 

maximum reduction in chlorophyll content followed by pH 2, while pH 5 and 9 

displayed almost similar depletion pattern. Leaves preserved in nanosilver solution 

adjusted at pH 7 showed uniform retention of chlorophyll content till the last day of 

preservation.  

Content of chlorophyll decreased sharply from day 4 onwards in leaves preserved in 

nanosilver solution prepared at 0˚C (Table 19). Leaves preserved in nanosilver 

solution prepared at 10˚C also showed reduction in chlorophyll content but the 

amount of depletion was significantly less than 0˚C. A modest depletion in 

chlorophyll content was also observed in leaves preserved in nanosilver solution 

synthesized at 50˚C and 80˚C. The maximum retention of chlorophyll content was 

noted in leaves preserved in nanosilver solution primed at 25˚C.  

On analysing chlorophyll retention pattern in the current study, it can be stated that 

nanosilver biosynthesized by amalgamation of 10
-3 

M silver nitrate with mulberry 

plant extract maintaining pH 7 and 25˚C gave best bioactive nanoparticles effective 

in preserving mulberry leaves at post-harvest stage. 

Table 17:  Estimation of chlorophyll content of leaves preserved in nanosilver solution 

prepared at different concentration scale  

Results are expressed as Mean ± STDEV. Values with different letters (a, b, c, etc.) differ 

significantly (p≤0.05) by Duncan’s Multiple Range Test (DMRT) 
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Days of 

preservation 

Chlorophyll content (mg g
-1

 FW) in preserved leaves  

pH variation  

pH 2 pH 5 pH 7 pH 9 pH 12 

0 1.219±0.006
a
 

1 1.213 ± 0.020
a
 1.218 ± 0.010

a
 1.217 ± 0.010

a
 1.207 ± 0.010

ab
 1.217 ± 0.017

a
 

4 1.185 ± 0.019
ab

 1.205 ± 0.009
ab

 1.209 ± 0.012
ab

 1.207 ± 0.007
ab

 1.177 ± 0.015
b
 

6 1.042 ± 0.024
d
 1.092 ± 0.017

c
 1.191 ± 0.014

ab
 1.099 ± 0.010

c
 0.897 ± 0.019

f
 

7 0.967 ± 0.023
e
 1.014 ± 0.018

d
 1.189 ± 0.022

ab
 1.084 ± 0.013

c
 0.727±0.018

g
 

Table 18: Estimation of chlorophyll content of leaves preserved in nanosilver solution prepared at different pH scale 

Results are expressed as Mean ± STDEV. Values with different letters (a, b, c, etc.) differ significantly (p≤0.05) by Duncan’s Multiple Range Test (DMRT)  
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Days of 

preservation 

Chlorophyll content (mg g-1 FW) in preserved leaves  

Temperature variation 

0 ˚C 10 ˚C 25 ˚C 50 ˚C 80 ˚C 

0 1.221 ± 0.005
a
 

1 1.213 ± 0.011
abc

 1.223 ± 0.020
a
 1.222 ± 0.014

a
 1.210 ± 0.013

abc
 1.216 ± 0.013

ab
 

4 1.166 ± 0.012
ef

 1.205 ± 0.012
abc

 1.213 ± 0.012
abc

 1.208 ± 0.011
abc

 1.201 ± 0.017
abc

 

6 0.974 ± 0.017
i
 1.132 ± 0.015

g
 1.194 ± 0.015

bcd
 1.167 ± 0.018

ef
 1.187 ± 0.020

cde
 

7 0.803 ± 0.012
j
 1.017 ± 0.011

h
 1.192 ± 0.015

bcd
 1.154 ± 0.015

fg
 1.171 ± 0.022

def
 

Table 19: Estimation of chlorophyll content of leaves preserved in nanosilver solution prepared at different temperature scale 

Results are expressed as Mean ± STDEV. Values with different letters (a, b, c, etc.) differ significantly (p≤0.05) by Duncan’s Multiple Range Test (DMRT)  
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5.10. Determination of least effective preservative concentration of screened 

silver nanoparticle 

On preserving S1 cultivar of mulberry leaves with 10
-3

 M nanosilver solution (pH 7, 

25˚C) at three different dilutions viz. 10x, 20x and 40x it was noted that leaves 

preserved in 10x and 20x dilutions does not display any visual change till the last 

day of preservation (i.e., up to day7). While mark of yellowish patches along the 

mid vein towards the lateral veins were visualized in leaves preserved in 40x 

dilution from day 4 onwards (Fig. 89). 

 On evaluating chlorophyll content, almost no depletion was recorded in leaves 

preserved with 10x and 20x dilution of phytosynthesized nanosilver, while drastic 

decreasing trend was noted in leaves preserved with 40x diluted nanosilver from day 

3 onward (Table 20). Thus it was observed that 20x dilution of silver nanoparticle 

having effective concentration of 6 ppm was the least effective concentration 

suitable for extending shelf life of mulberry at post-harvest stage. 

5.11. Assessment of preservative potentiality of least effective concentration of 

phytosynthesized silver nanoparticles 

Comparative assessment of preservative potentiality was conducted by preserving 

mulberry leaves at post-harvest stage with 6 ppm nanosilver solution with respect to 

6 ppm silver nitrate solution and distilled water serving as positive and negative 

control respectively.  

5.11.1. Assessment of physical condition of preserved mulberry leaves 

After preservation of mulberry leaves (S1 genotypes), it was noted that leaves 

preserved in nanosilver solution showed better preservative aspect for 7 days as 

compared to silver nitrate and distilled water treated leaves. Leaves preserved in 

nanosilver solution could be able to keep of its fresh texture up to seven days, 

whereas leaves preserved in silver nitrate solution started deterioration after five day 

onward, while leaves preserved in distilled water started to turn yellowish (along the 

mid vein and then to lateral veins) from third day onwards, indicating senescence 

(Fig. 90).  

 



Fig. 89: Pictorial view representing physical condition of S1 genotype mulberry leaves preserved for 7 days in three 

different dilutions of 10-3 M silver nanoparticles viz. 10x (A), 20x (B) and 40x (C)  
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Days of preservation 

Chlorophyll content (mg g
-1 

FW) in preserved leaves 

Dilution of 10
-3

 M Nanosilver solution 

10X 20X 40X 

0                                           1.195 ±  0.021
a
 

1 1.194 ± 0.017
a
 1.194 ± 0.033

a
 1.190 ± 0.016

a
 

4 1.192 ± 0.011
a
 1.191 ± 0.020

a
 1.163 ± 0.028

a
 

6 1.183 ± 0.023
a
 1.181 ± 0.027

a
 1.107 ± 0.033

b
 

7 1.175 ± 0.025
a
 1.175 ± 0.013

a
 0.989 ± 0.021

c
 

Table 20: Tabular representation displaying total chlorophyll content of S1 genotype mulberry leaves preserved 

for 7 days in three different dilutions of 10
-3

 M silver nanoparticles  

Results are expressed as Mean ± STDEV. Values with different letters (a, b, c, etc.) differ significantly (p≤0.05) by Duncan’s Multiple Range 

Test (DMRT)  



Fig. 90: Physical changes in mulberry leaves with increase in days of preservation (left to right: day 1 to 

day 7). Leaves were preserved in (a) Control (distilled water); (b) Nanosilver; (c) Silver nitrate solution 
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5.11.2. Quantitative chemical profiling of mulberry leaves at post preservation 

stage 

At the end of preservation, mulberry leaves preserved in different preservative 

solution were evaluated in terms of quantitative parameters for determining 

chemical changes during the course of preservation. 

5.11.2.1. Changes in primary metabolites and proline content  

As days of preservation increased, the concentration of total chlorophyll, total 

soluble protein, total and reducing sugar decreased, while that of free proline content 

increased (Fig. 91). Leaves preserved in distilled water depict greater increase in 

proline content, while greater declining trend was recorded in the content of other 

primary metabolites (chlorophyll, protein and sugar). A low magnitude rise in 

proline content and less depletion in soluble protein and other essential primary 

metabolites was recorded in leaves preserved in 6 ppm solution of silver nitrate and 

nanosilver. Leaves preserved in nanosilver solution displayed significant retention of 

primary metabolites (p≤0.05) than leaves preserved in distilled water set (Table 21).   

5.11.2.2. Changes in reactive oxygen species and MDA content 

The contents of hydrogen peroxide, superoxide and MDA increased rapidly in 

leaves of distilled water set than in leaves preserved in nanosilver and silver nitrate 

solution (Fig. 92). The magnitude of increase of these stress indicators in leaves 

preserved in nanosilver solution bears significant negative difference (p≤0.05) in 

comparison to distilled water set (Table 22). Higher content of MDA and ROS was 

recorded in leaves preserved in silver nitrate solution than nanosilver solution, but 

the rise was lesser than leaves preserved in distilled water set without any significant 

difference (p≤0.05) except for H2O2 content, where significant increase (p≤0.05) 

was recorded. Increase in MDA and ROS content with increase in days of 

preservation correlates negatively with primary metabolite content (p≤0.01) and 

shows positive correlation with proline content and antioxidant activity (p≤0.01 and 

0.05) (Fig. 93).   

 

 



Fig. 91: Effect of preservation of S1 genotype of mulberry leaves with 

distilled water, nanosilver and silver nitrate on (A) total chlorophyll, (B) 

total protein, (C,D)  total and reducing sugar and (E) proline content. 

Effect of preservative solutions on mulberry leaves was observed at 

regular interval of 0D, 1D, 4D, 6D and 7D. The results were expressed as 

Mean ± SDEV, n= 3 
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Dependent Variable 
Mean 

Difference  

Std. 

Error 
Sig.b 

95% Confidence 

Interval for 

Differenceb 

Lower 

Bound 

Upper 

Bound 

Total chlorophyll 

Distilled 

water 

Nano silver -0.334* 0.085 0.023 -0.613 -0.055 

Silver nitrate -0.260 0.085 0.066 -0.539 0.019 

Nano silver 

Distilled 

water 
0.334* 0.085 0.023 0.055 0.613 

Silver nitrate 0.074 0.085 1.000 -0.205 0.353 

Silver nitrate 

Distilled 

water 
0.260 0.085 0.066 -0.019 0.539 

Nano silver -0.074 0.085 1.000 -0.353 0.205 

Total protein 

Distilled 

water 

Nano silver -19.448* 5.215 0.029 -36.592 -2.304 

Silver nitrate -17.615* 5.215 0.045 -34.759 -0.471 

Nano silver 

Distilled 

water 
19.448* 5.215 0.029 2.304 36.592 

Silver nitrate 1.833 5.215 1.000 -15.311 18.977 

Silver nitrate 

Distilled 

water 
17.615* 5.215 0.045 0.471 34.759 

Nano silver -1.833 5.215 1.000 -18.977 15.311 

Total sugar 

Distilled 

water 

Nano silver -10.042* 2.480 0.020 -18.195 -1.888 

Silver nitrate -6.794 2.480 0.101 -14.947 1.359 

Nano silver 

Distilled 

water 
10.042* 2.480 0.020 1.888 18.195 

Silver nitrate 3.248 2.480 0.715 -4.906 11.401 

Silver nitrate 

Distilled 

water 
6.794 2.480 0.101 -1.359 14.947 

Nano silver -3.248 2.480 0.715 -11.401 4.906 

Reducing sugar 

Distilled 

water 

Nano silver -1.477* 0.433 0.043 -2.900 -0.055 

Silver nitrate -1.357 0.433 0.060 -2.779 0.065 

Nano silver 

Distilled 

water 
1.477* 0.433 0.043 0.055 2.900 

Silver nitrate 0.120 0.433 1.000 -1.302 1.543 

Silver nitrate 

Distilled 

water 
1.357 0.433 0.060 -0.065 2.779 

Nano silver -0.120 0.433 1.000 -1.543 1.302 

Proline 

Distilled 

water 

Nano silver 0.793 0.249 0.057 -0.027 1.612 

Silver nitrate 0.649 0.249 0.122 -0.171 1.468 

Nano silver 

Distilled 

water 
-0.793 0.249 0.057 -1.612 0.027 

Silver nitrate -0.144 0.249 1.000 -0.963 0.676 

Silver nitrate 

Distilled 

water 
-0.649 0.249 0.122 -1.468 0.171 

Nano silver 0.144 0.249 1.000 -0.676 0.963 

Table 21: General Linear Model representing significance level among preservative 

solutions with respect to different primary metabolite content at post harvest stage of 

preservation (Based on estimated marginal means, “*”denotes mean difference is 

significant at 0.05 level and “b” stands for adjustment for multiple comparisons according 

to Bonferroni) 

 



Fig. 92: Effect of preservation of S1 genotype of mulberry leaves with 

distilled water, nanosilver and silver nitrate on (A) hydrogen peroxide, 

(B) superoxide and (C) malondialdehyde content. Effect of 

preservative solutions on stress content of mulberry leaves was 

observed at regular interval of 0D, 1D, 4D, 6D and 7D. The results 

were expressed as Mean ± SDEV, n= 3  
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Dependent Variable 
Mean 

Difference  

Std. 

Error 
Sig.

b
 

95% Confidence 

Interval for 

Difference
b
 

Lower 

Bound 

Upper 

Bound 

Hydrogen 

peroxide 

Distilled 

water 

Nano 

silver 
4.655

*
 1.135 0.019 0.923 8.388 

Silver 

nitrate 
3.822

*
 1.135 0.045 0.089 7.554 

Nano silver 

Distilled 

water 
-4.655

*
 1.135 0.019 -8.388 -0.923 

Silver 

nitrate 
-0.833 1.135 1.000 -4.566 2.899 

Silver 

nitrate 

Distilled 

water 
-3.822

*
 1.135 0.045 -7.554 -0.089 

Nano 

silver 
0.833 1.135 1.000 -2.899 4.566 

Superoxide 

Distilled 

water 

Nano 

silver 
4.186

*
 1.205 0.040 0.223 8.148 

Silver 

nitrate 
3.731 1.205 0.064 -0.231 7.693 

Nano silver 

Distilled 

water 
-4.186

*
 1.205 0.040 -8.148 -0.223 

Silver 

nitrate 
-0.455 1.205 1.000 -4.417 3.508 

Silver 

nitrate 

Distilled 

water 
-3.731 1.205 0.064 -7.693 0.231 

Nano 

silver 
0.455 1.205 1.000 -3.508 4.417 

MDA 

Distilled 

water 

Nano 

silver 
2.396

*
 0.664 0.034 0.213 4.579 

Silver 

nitrate 
1.962 0.664 0.076 -0.221 4.145 

Nano silver 

Distilled 

water 
-2.396

*
 0.664 0.034 -4.579 -0.213 

Silver 

nitrate 
-0.433 0.664 1.000 -2.616 1.750 

Silver 

nitrate 

Distilled 

water 
-1.962 0.664 0.076 -4.145 0.221 

Nano 

silver 
0.433 0.664 1.000 -1.750 2.616 

Table 22: General Linear Model representing significance level among preservative 

solutions with respect to stress accumulation at post harvest stage of preservation 

(Based on estimated marginal means, “*”denotes mean difference is significant at 0.05 

level and “b” stands for adjustment for multiple comparisons according to Bonferroni) 

 

 



Fig. 93: Two tailed Pearson correlation representing interrelationship among the post-preservative quality detecting parameters 

and rearing parameters   

Matrix Colour Scale Bar 

218 



219 
 

5.11.2.3. Changes in free radical scavenging activities, and metal chelating 

activity 

With extension in days of preservation, scavenging activity of free radical increased 

in leaves preserved with nanosilver and silver nitrate solution as revealed by 

decreased in IC50 values, while reverse trend was noted for distilled water set (Fig. 

94). In negative control (dH2O set), magnitude of decrease in DPPH and superoxide 

scavenging activity was high from day 4 onwards. With increase in days of 

preservation significantly difference in DPPH scavenging activity was recorded in 

nanosilver and silver nitrate set (Table 23) in comparison to observed changes in 

dH2O set (p≤0.05). ABTS scavenging activity showed significant difference 

between leaves preserved in nanosilver solution as compared to leaves preserved in 

dH2O set (p≤0.05). The correlation matrix displays negative significant correlation 

(p≤0.01 and 0.05) between scavenging activity of free radicals and content of 

primary metabolites, but the correlation was actually positive, since free radical 

scavenging activity was represented in terms of IC50 value. Metal chelating activity 

was more in leaves preserved in distilled water set than other preservative solutions. 

5.11.2.4. Changes in enzymatic antioxidant activities 

With increase in days of preservation, an escalating trend in antioxidant enzymatic 

activity was noted (Fig. 95). A rapid raise in GSR, GST, and APX activity was 

noted in dH2O set up to 4 days, after which gradual drop off in activity was noted, 

except for GPOX which maintained a linear increasing trend almost till last day of 

preservation. A declining trend of SOD activity was observed, from day 1 onward in 

leaves preserved in dH2O set. A gradual increase in antioxidant enzymatic activity 

was noted in leaves preserved in nanosilver and silver nitrate solution, which 

showed maximum activity on day 6, after which activity drop was recorded in silver 

nitrate set for the enzymes CAT and GST. Broadly, antioxidant enzymatic activity in 

leaves preserved in nanosilver and silver nitrate solution increases with increase in 

days of preservation without any significant difference (Table 24) between the two 

preservatives (p≤0.05). Correlation matrix clearly displays that with elevation in 

concentration of secondary metabolites, increase in enzymatic antioxidant activity 

takes place (p≤0.01 and 0.05). 

 



Fig. 94: Effect of preservation of S1 genotype of mulberry leaves with 

distilled water, nanosilver and silver nitrate on (A) diphenyl-1-picrylhydrazyl, 

(B) 2,2-azino-bis 3-ethylbenzthiazoline-6-sulphonic acid, (C) superoxide, (D) 

nitric oxide and (E) metal chelating activity. Effect of preservative solutions 

on antioxidant activity of mulberry leaves was observed at regular interval of 

0D, 1D, 4D, 6D and 7D. Smaller the IC50 value more was the antioxidant 

activity. The results were expressed as Mean ± SDEV, n= 3 
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Fig. 95: Effect of preservation of S1 genotype of mulberry leaves with 

distilled water, nanosilver and silver nitrate on (A) superoxide dismutase, (B) 

catalase, (C) ascorbate peroxidase, (D) glutathione S-transferase, (E) 

glutathione peroxidase and (F) glutathione disulfide reductase content. Effect 

of preservative solutions on antioxidant enzymatic activity of mulberry leaves 

was observed at regular interval of 0D, 1D, 4D, 6D and 7D. Larger the 

content, greater was the defensive activity, less was the stress accumulation. 

The results were expressed as Mean ± SDEV, n= 3 
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Dependent Variable 
Mean 

Difference  

Std. 

Error 
Sig.b 

95% Confidence 

Interval for 

Differenceb 

Lower 

Bound 

Upper 

Bound 

ABTS 

Distilled water 
Nano silver 2.562* 0.688 0.029 0.300 4.825 

Silver nitrate 1.521 0.688 0.208 -0.742 3.783 

Nano silver 
Distilled water -2.562* 0.688 0.029 -4.825 -0.300 

Silver nitrate -1.042 0.688 0.543 -3.304 1.221 

Silver nitrate 
Distilled water -1.521 0.688 0.208 -3.783 0.742 

Nano silver 1.042 0.688 0.543 -1.221 3.304 

DPPH 

Distilled water 
Nano silver 25.592* 7.149 0.035 2.090 49.093 

Silver nitrate 24.876* 7.149 0.039 1.374 48.377 

Nano silver 
Distilled water -25.592* 7.149 0.035 -49.093 -2.090 

Silver nitrate -0.716 7.149 1.000 -24.218 22.785 

Silver nitrate 
Distilled water -24.876* 7.149 0.039 -48.377 -1.374 

Nano silver 0.716 7.149 1.000 -22.785 24.218 

Superoxide  

scavenging 

Distilled water 
Nano silver 31.594 11.794 0.110 -7.179 70.367 

Silver nitrate 30.322 11.794 0.127 -8.451 69.095 

Nano silver 
Distilled water -31.594 11.794 0.110 -70.367 7.179 

Silver nitrate -1.272 11.794 1.000 -40.045 37.501 

Silver nitrate 
Distilled water -30.322 11.794 0.127 -69.095 8.451 

Nano silver 1.272 11.794 1.000 -37.501 40.045 

Nitricoxide 

scavenging 

Distilled water 
Nano silver 6.627 2.625 0.135 -2.004 15.257 

Silver nitrate 8.245 2.625 0.060 -0.385 16.875 

Nano silver 
Distilled water -6.627 2.625 0.135 -15.257 2.004 

Silver nitrate 1.618 2.625 1.000 -7.012 10.248 

Silver nitrate 
Distilled water -8.245 2.625 0.060 -16.875 0.385 

Nano silver -1.618 2.625 1.000 -10.248 7.012 

Metal 

chelating 

 

Distilled water 
Nano silver 1.097 0.677 0.469 -1.129 3.322 

Silver nitrate -.210 0.677 1.000 -2.435 2.016 

Nano silver 
Distilled water -1.097 0.677 0.469 -3.322 1.129 

Silver nitrate -1.306 0.677 0.306 -3.532 0.919 

Silver nitrate 
Distilled water 0.210 0.677 1.000 -2.016 2.435 

Nano silver 1.306 0.677 0.306 -0.919 3.532 

 

 

 

 

Table 23: General Linear Model representing significance level among preservative 

solutions with respect to antioxidant activity at post harvest stage of preservation 

(Based on estimated marginal means, “*”denotes mean difference is significant at 

0.05 level and “b” stands for adjustment for multiple comparisons according to 

Bonferroni) 

 



223 
 

 

 

 

 

 

Dependent Variable 
Mean 

Difference  

Std. 

Error 
Sig.b 

95% Confidence 

Interval for Differenceb 

Lower 

Bound 

Upper 

Bound 

CAT 

Distilled 

water 

Nano silver -3.195 1.218 0.118 -7.199 0.809 

Silver nitrate -2.271 1.218 0.335 -6.275 1.733 

Nano silver 
Distilled water 3.195 1.218 0.118 -0.809 7.199 

Silver nitrate 0.924 1.218 1.000 -3.081 4.928 

Silver nitrate 
Distilled water 2.271 1.218 0.335 -1.733 6.275 

Nano silver -0.924 1.218 1.000 -4.928 3.081 

GSR 

Distilled 

water 

Nano silver 0.222 3.034 1.000 -9.751 10.195 

Silver nitrate 0.561 3.034 1.000 -9.412 10.534 

Nano silver 
Distilled water -0.222 3.034 1.000 -10.195 9.751 

Silver nitrate 0.339 3.034 1.000 -9.634 10.312 

Silver nitrate 
Distilled water -0.561 3.034 1.000 -10.534 9.412 

Nano silver -0.339 3.034 1.000 -10.312 9.634 

GPOX 

Distilled 

water 

Nano silver 1.389 0.570 0.152 -0.483 3.262 

Silver nitrate 1.520 0.570 0.111 -0.353 3.392 

Nano silver 
Distilled water -1.389 0.570 0.152 -3.262 0.483 

Silver nitrate 0.131 0.570 1.000 -1.742 2.003 

Silver nitrate 
Distilled water -1.520 0.570 0.111 -3.392 0.353 

Nano silver -0.131 0.570 1.000 -2.003 1.742 

GST 

Distilled 

water 

Nano silver -0.838 5.794 1.000 -19.886 18.210 

Silver nitrate -2.510 5.794 1.000 -21.558 16.538 

Nano silver 
Distilled water 0.838 5.794 1.000 -18.210 19.886 

Silver nitrate -1.672 5.794 1.000 -20.720 17.376 

Silver nitrate 
Distilled water 2.510 5.794 1.000 -16.538 21.558 

Nano silver 1.672 5.794 1.000 -17.376 20.720 

APX 

Distilled 

water 

Nano silver -24.796 14.734 0.430 -73.233 23.641 

Silver nitrate -26.288 14.734 0.374 -74.725 22.149 

Nano silver 
Distilled water 24.796 14.734 0.430 -23.641 73.233 

Silver nitrate -1.493 14.734 1.000 -49.930 46.944 

Silver nitrate 
Distilled water 26.288 14.734 0.374 -22.149 74.725 

Nano silver 1.493 14.734 1.000 -46.944 49.930 

SOD 

Distilled 

water 

Nano silver -0.163* 0.041 0.023 -0.299 -0.027 

Silver nitrate -0.121 0.041 0.078 -0.257 0.015 

Nano silver 
Distilled water 0.163* 0.041 0.023 0.027 0.299 

Silver nitrate 0.042 0.041 1.000 -0.094 0.178 

Silver nitrate 
Distilled water 0.121 0.041 0.078 -0.015 0.257 

Nano silver -0.042 0.041 1.000 -0.178 0.094 

 

Table 24: General Linear Model representing significance level among preservative 

solutions with respect to enzymatic antioxidant activity at post harvest stage of preservation 

(Based on estimated marginal means, “*”denotes mean difference is significant at 0.05 level 

and “b” stands for adjustment for multiple comparisons according to Bonferroni) 
 



224 
 

5.11.2.5. Changes in non-enzymatic antioxidant activities  

From initial days of preservation, content of total glutathione displayed an 

increasing trend in nanosilver preserved leaves that reaching a maximum on day 6, 

after which rapid decline trend was noted (Fig. 96). In dH2O set decrease in content 

of total glutathione was observed after 4 days. Leaves in preservative solution of 

nanosilver and silver nitrate showed a significant (p≤0.05) higher ascorbic acid 

content than dH2O set (Table 25), where decrease in ascorbic acid content was taken 

place from day 1 of preservation. Decrease in carotenoids content was noted from 4
th

 

days onwards in all the preservative solutions, with maximum magnitude of 

decrease in dH2O set followed by silver nitrate. Leaves preserved in solution of 

silver nanoparticles showed significant (p≤0.05) withholding of carotenoids content 

with increase in preservation period in relation to leaves preserved in dH2O set. The 

activity and content of ascorbic acid in preserved leaves plays a significant (p≤0.01) 

positive role in retention of essential primary metabolites as revealed from 

correlation matrix.     

5.11.2.6. Changes in polyphenol contents  

With increase in duration preservation the concentration of phenol and associated 

secondary metabolites increases (Fig. 97). Significant difference (p≤0.05) was noted 

in the amount of phenol between initial and final day of preservation (Table 26). In 

nanosilver and silver nitrate sets, increase in phenol content was observed till last 

day, with greater increase in nanosilver set than silver nitrate set, while in distilled 

water set decrease in total phenol content was observed on the last day. More or less 

alike trend was noticed for ortho-dihydric phenol content without any significant 

(p≤0.05) difference among preservative solutions. In dH2O set a greater increase in 

flavonoid content was noted till day 4 and after which a greater decrease was 

observed, while in nanosilver and silver nitrate solution gradual increase in content 

was noted till the final day of preservation without any significant difference 

(p≤0.05).  

 



Fig. 96: Effect of preservation of S1 genotype of mulberry leaves 

with distilled water, nanosilver and silver nitrate on (A) carotenoids, 

(B) ascorbic acid and (C) total glutathione content. Effect of 

preservative solutions on non-enzymatic antioxidant activity of 

mulberry leaves was observed at regular interval of 0D, 1D, 4D, 6D 

and 7D. The results were expressed as Mean ± SDEV, n= 3  
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Fig. 97: Effect of preservation of S1 genotype of mulberry leaves 

with distilled water, nanosilver and silver nitrate on (A) total phenol, 

(B) ortho-dihydric phenol, and (C) flavonoid content. Effect of 

preservative solutions on secondary metabolite content of mulberry 

leaves was observed at regular interval of 0D, 1D, 4D, 6D and 7D. 

The results were expressed as Mean ± SDEV, n= 3   
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Dependent Variable 

Mean 

Difference 

(I-J) 

Std. 

Error 
Sig.b 

95% 

Confidence 

Interval for 

Differenceb 

Lower 

Bound 

Upper 

Bound 

Carotenoids 

Distilled 

water 

Nano silver -1.083* 0.250 0.015 -1.906 -0.259 

Silver 

nitrate 
-0.737 0.250 0.078 -1.560 0.087 

Nano silver 

Distilled 

water 
1.083* 0.250 0.015 0.259 1.906 

Silver 

nitrate 
0.346 0.250 0.649 -0.477 1.169 

Silver 

nitrate 

Distilled 

water 
0.737 0.250 0.078 -0.087 1.560 

Nano silver -0.346 0.250 0.649 -1.169 0.477 

Ascorbic acid 

Distilled 

water 

Nano silver -2.354* 0.651 0.033 -4.494 -0.215 

Silver 

nitrate 
-2.175* 0.651 0.047 -4.314 -0.036 

Nano silver 

Distilled 

water 
2.354* 0.651 0.033 0.215 4.494 

Silver 

nitrate 
0.179 0.651 1.000 -1.960 2.318 

Silver 

nitrate 

Distilled 

water 
2.175* 0.651 0.047 0.036 4.314 

Nano silver -0.179 0.651 1.000 -2.318 1.960 

Total 

Glutathione 

Distilled 

water 

Nano silver -3.238 1.140 0.089 -6.985 .509 

Silver 

nitrate 
-2.085 1.140 0.351 -5.832 1.662 

Nano silver 

Distilled 

water 
3.238 1.140 0.089 -0.509 6.985 

Silver 

nitrate 
1.153 1.140 1.000 -2.594 4.900 

Silver 

nitrate 

Distilled 

water 
2.085 1.140 0.351 -1.662 5.832 

Nano silver -1.153 1.140 1.000 -4.900 2.594 

Table 25: General Linear Model representing significance level among 

preservative solutions with respect to non-enzymatic antioxidant activity at post 

harvest stage of preservation (Based on estimated marginal means, “*”denotes 

mean difference is significant at 0.05 level and “b” stands for adjustment for 

multiple comparisons according to Bonferroni) 
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Dependent Variable 
Mean 

Difference  

Std. 

Error 
Sig.b 

95% Confidence 

Interval for 

Differenceb 

Lower 

Bound 

Upper 

Bound 

Total Phenol 

1D 

4D -1.372 0.711 0.610 -4.118 1.373 

6D -2.232 0.711 0.120 -4.978 0.513 

7D -3.121* 0.711 0.028 -5.867 -0.375 

4D 

1D 1.372 0.711 0.610 -1.373 4.118 

6D -0.860 0.711 1.000 -3.606 1.886 

7D -1.749 0.711 0.295 -4.494 0.997 

6D 

1D 2.232 0.711 0.120 -0.513 4.978 

4D 0.860 0.711 1.000 -1.886 3.606 

7D -0.889 0.711 1.000 -3.634 1.857 

7D 

1D 3.121* 0.711 0.028 0.375 5.867 

4D 1.749 0.711 0.295 -0.997 4.494 

6D 0.889 0.711 1.000 -1.857 3.634 

Ortho Phenol 

1D 

4D -0.081 0.045 0.734 -0.255 0.093 

6D -0.139 0.045 0.127 -0.313 0.034 

7D -0.128 0.045 0.175 -0.302 0.046 

4D 

1D 0.081 0.045 0.734 -0.093 0.255 

6D -0.059 0.045 1.000 -0.232 0.115 

7D -0.047 0.045 1.000 -0.221 0.127 

6D 

1D 0.139 0.045 0.127 -0.034 0.313 

4D 0.059 0.045 1.000 -0.115 0.232 

7D 0.011 0.045 1.000 -0.163 0.185 

7D 

1D 0.128 0.045 0.175 -0.046 0.302 

4D 0.047 0.045 1.000 -0.127 0.221 

6D -0.011 0.045 1.000 -0.185 0.163 

Flavonoid 

1D 

4D -0.408 0.427 1.000 -2.058 1.242 

6D -0.041 0.427 1.000 -1.691 1.609 

7D 0.115 0.427 1.000 -1.535 1.765 

4D 

1D 0.408 0.427 1.000 -1.242 2.058 

6D 0.367 0.427 1.000 -1.283 2.017 

7D 0.523 0.427 1.000 -1.127 2.173 

6D 

1D 0.041 0.427 1.000 -1.609 1.691 

4D -0.367 0.427 1.000 -2.017 1.283 

7D 0.156 0.427 1.000 -1.494 1.806 

7D 

1D -0.115 0.427 1.000 -1.765 1.535 

4D -0.523 0.427 1.000 -2.173 1.127 

6D -0.156 0.427 1.000 -1.806 1.494 

Table 26: General Linear Model representing significance level among days of 

preservation with respect to secondary metabolites activity at post harvest stage of 

preservation (Based on estimated marginal means, “*”denotes mean difference is 

significant at 0.05 level and “b” stands for adjustment for multiple comparisons 

according to Bonferroni) 
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5.12. Investigation of protein profile of preserved mulberry leaves through gel 

electrophoresis 

On analysing biochemical attributes of mulberry leaves, it was observed that 

nanosilver solution act as a potential preservative solution in preserving mulberry 

leaves at post-harvest stage. Nanosilver treated leaves displayed better preservative 

potential than conventional preservative silver nitrate that served as positive control 

in current study. Observing the above trend, protein profiling through SDS-PAGE 

analysis of preserved mulberry leaves in nanosilver solution was conducted along 

with silver nitrate and distilled water preserved leaves, serving as positive and 

negative control respectively. The obtained banding pattern was compared with 

protein banding pattern of fresh leaves to demarcate notable significant changes in 

preserved leaves.  

On observing SDS band pattern (Fig. 98) of silver nanoparticle preserved mulberry 

leaves from day one till day seven and through graphical representation (Fig. 99a-b) 

it was noted that the band intensity remained almost constant (uniform) till the last 

day (day 7) of preservation. Band number 5, 6, 7, 8 and 9 in graphical representation 

displayed relative density more or less constant from day 1 to day 7 of preservation. 

On comparing the obtained end-result with negative control (i.e., dH2O preserved 

leaves) it was found that a gradual decreasing trend in band intensity was recorded 

with increase in days of preservation (Fig. 100). Graphical illustration also generated 

similar observation i.e., steady depletion in relative density with increase in days of 

preservation (Fig. 101a-b). Graphical band number 2, 6, 8 and 9 clearly 

demonstrated a linear decreasing trend in protein band intensity, as days of 

preservation increased in leaves maintained with distilled water. Whereas, on 

analysing positive control i.e., silver nitrate preserved leaves, it was noted that the 

intensity of protein bands remained almost uniform till the fifth day of preservation 

(Fig. 102), after which plodding deformation in protein content was observed. On 

analysing the banding pattern corresponds to the relative density it was recorded that 

maximum density was exhibited by protein band number 6 and 7 (Fig. 103a-b), 

which also displayed decreasing trend of intensity from fifth day onward, supporting 

the observation apparently made through gel analysis. 

 



Fig. 98: SDS gel portrait and scanned image of protein bands in nanosilver preserved mulberry 

leaves (1 to 7 denotes Day 1 to Day 7) 
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Fig. 99: (a-b) Graphical representation depicting relative density of 

protein bands in nanosilver preserved mulberry leaves from day 1 

to day 7 
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Fig. 100: SDS gel portrait and scanned image of protein bands in distilled water preserved mulberry 

leaves (1 to 7 denotes Day 1 to Day 7) 
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Fig. 101: (a-b) Graphical representation depicting relative density of 

protein bands in distilled water preserved mulberry leaves from day 1 

to day 7 
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Fig. 102: SDS gel portrait and scanned image of protein bands in silver nitrate preserved 

mulberry leaves (1 to 7 denotes Day 1 to Day 7) 
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Fig. 103: (a-b) Graphical representation depicting relative density 

of protein bands in silver nitrate preserved mulberry leaves from 

day 1 to day 7 
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Cumulative comparison was conducted by analysing SDS banding pattern of seven 

day preserved mulberry leaves in nanosilver, silver nitrate and distilled water with 

fresh leaves for predicting preservative potentiality of nanosilver over others. On 

running gel electrophoresis, seven distinguishable protein bands were recorded (Fig. 

104). The protein bands in the control lane i.e., distilled water preserved leaves were 

much less prominent in comparison to other lanes, indicating depletion in protein 

content during the course of preservation. Graphical representation (Fig. 105a-b) 

clearly demonstrated retention of protein content after preservation in nanosilver and 

in silver nitrate sets. It was also noted that in comparison with fresh leaves, 

nanosilver preserved leaves displayed greater retention of protein band intensity than 

leaves preserved in silver nitrate solution.  

 

 

 

Fig. 104: SDS gel portrait and scanned image of protein bands in seven day 

preserved mulberry leaves (1&2: Fresh; 3&4: Distilled water; 5&6: Nano silver; 

7&8: Silver nitrate) 

 



Fig. 105: (a-b) Graphical representation depicting relative density of 

protein bands in seven day preserved mulberry leaves  
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5.13. Analysis of differentially expressed SDS protein band of mulberry leaves 

through orbitrap high resolution liquid chromatography mass spectrometry 

(OHR-LCMS) 

The obtained OHR-LCMS (Fig. 106) analysis result when run through software 

based prediction (Thermo Proteome Discoverer 2.2) leads to the identification of 

mulberry peptides of the concerned differentially expressed proteins. Table 27 lists 

the identified proteins obtained from OHR-LCMS analysis. From OHR-LCMS 

analysis, 34 protein types were identified among them notable proteins which were 

identified that are probably involved in postharvest shelf life elongation belongs to 

Photosystem I, Photosystem II, subunits of Rubisco enzyme, subunits of ATP 

synthase, catalase, actin, proteins associated with ribosome and heat shock protein 

(HSP) 70 kDa. The obtained proteins were further processed and analysed through 

STRING networking for understanding possible involvement of metabolic and non-

metabolic pathways and interaction among enzymes. STRING analysis of identified 

proteins was carried out with Arabidopsis thaliana database. 

Through STRING (Fig. 107) enrichment analysis, seven KEGG pathways were 

recognized namely photosynthesis, metabolic pathways, MAPK signalling pathway 

in plant, terpenoid backbone biosynthesis, oxidative phosphorylation, carbon 

fixation in photosynthetic organisms and carbon metabolism (Table 28). Five 

identified proteins promote photosynthesis associated processes out of which PSBB 

and PSBC are the component of Photosystem II (PSII) while PSAB, PSAA and 

PSAJ forms the component system of Photosystem I (PS I).  

Current study identified three proteins associated with MAPK signalling pathway, 

out of which RAN 1 participates in ethylene response pathway and take part in 

activation of defensin-like protein 16 that takes part in plant defence response. CAT 

1 was found to be involved in stress tolerance response as they directly participate in 

nullifying hydrogen peroxide generated during preservation. CAM 5 encodes 

calcium dependent calmodulin protein which takes part in activation of a variety of 

calmodulin dependent proteins that take part in different stress-associated signal 

transduction pathways. CAM 5 activates serine threonine protein kinase that 

provides defence by maintaining homeostasis of reactive oxygen species in doing so 

preventing excess accumulation of ROS at tissue level. 



Fig. 106: OHR-LCMS spectra of differentially expressed SDS band obtained from protein of 7 day 

post harvest mulberry leaves preserved in nanosilver solution 
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Accession Description of Identified Peptides 
Coverage 

[%] 
Peptides PSMs 

Unique 

Peptides 
AAs 

MW 

[kDa] 
calc. pI 

 

A0A165PKU7 

 

ATP synthase subunit beta OS=Morus alba var. multicaulis 

OX=170012 GN=atpB PE=3 SV=1 

77 25 56 25 498 53.7 5.59 

W8SI98 
Ribulose bisphosphate carboxylase large chain (Fragment) 

OS=Morus alba OX=3498 PE=3 SV=1 
55 12 35 1 184 20.3 7.81 

A0A165PKT8 
ATP synthase subunit alpha OS=Morus alba var. multicaulis 

OX=170012 GN=atpA PE=3 SV=1 
45 20 42 18 507 55.4 5.21 

P28431 
Ribulose bisphosphate carboxylase large chain (Fragment) 

OS=Morus alba OX=3498 GN=rbcL PE=3 SV=1 
42 22 77 3 459 50.9 6.68 

E5FR85 Actin OS=Morus alba OX=3498 PE=3 SV=2 34 9 15 3 377 41.6 5.71 

Q8GUS0 
Catalase (Fragment) OS=Morus alba OX=3498 GN=CAT1 PE=2 

SV=1 
23 4 6 4 195 22.2 6.65 

E5DKD5 
ATP synthase subunit alpha (Fragment) OS=Morus alba OX=3498 

GN=atp1 PE=4 SV=1 
23 8 12 6 349 37.4 7.37 

A0A068C8F5 Actin OS=Morus alba OX=3498 GN=ACT PE=2 SV=1 21 7 12 1 377 41.7 5.49 

A0A159YMW6 
Photosystem II CP47 reaction center protein OS=Morus alba var. 

multicaulis OX=170012 GN=psbB PE=3 SV=1 
20 11 14 11 508 56.1 6.89 

A0A1S6PVK8 
Glyceraldehyde 3-phosphate dehydrogenase (Fragment) OS=Morus 

alba OX=3498 GN=g3pdh PE=4 SV=1 
12 1 1 1 127 13.4 7.25 

Table 27:  Differentially expressed nanosilver preserved mulberry leaf proteins identified by OHR-LCMS 

analysis 
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Accession Description of Identified Peptides 
Coverage 

[%] 
Peptides PSMs 

Unique 

Peptides 
AAs 

MW 

[kDa] 
calc. pI 

 

A0A159YMN6 

 

Photosystem I P700 chlorophyll a apoprotein A1 OS=Morus alba 

var. multicaulis OX=170012 GN=psaA PE=3 SV=1 

12 9 14 9 750 83.1 7.17 

A0A172R2U2 
Photosystem II CP43 reaction center protein OS=Morus alba var. 

atropurpurea OX=1453101 GN=psbC PE=3 SV=1 
10 4 4 4 473 51.8 7.18 

D3KE88 
Photosystem I psaE OS=Morus alba var. multicaulis OX=170012 

GN=psaE PE=2 SV=1 
9 1 1 1 145 15.4 9.94 

A0A172R2R6 
Photosystem I P700 chlorophyll a apoprotein A2 OS=Morus alba 

var. atropurpurea OX=1453101 GN=psaB PE=3 SV=1 
8 5 14 5 734 82.3 7.4 

A0A172R2X2 
30S ribosomal protein S18, chloroplastic OS=Morus alba var. 

atropurpurea OX=1453101 GN=rps18 PE=3 SV=1 
7 1 1 1 101 12 11.8 

A0A0M3SH25 
1-deoxyxylulose-5-phosphate synthase OS=Morus alba OX=3498 

PE=2 SV=1 
5 1 1 1 714 76.7 7.09 

A0A159YMY2 
Photosystem II D2 protein OS=Morus alba var. multicaulis 

OX=170012 GN=psbD PE=3 SV=1 
5 2 2 2 353 39.6 5.55 

C7EXG9 
Calmodulin OS=Morus alba var. multicaulis OX=170012 PE=2 

SV=1 
5 1 1 1 149 16.8 4.27 

A0A0A0QYC5 
Auxin efflux carrier component OS=Morus alba var. multicaulis 

OX=170012 PE=2 SV=1 
4 1 1 1 624 67.7 9.04 
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Accession Description of Identified Peptides 
Coverage 

[%] 
Peptides PSMs 

Unique 

Peptides 
AAs 

MW 

[kDa] 
calc. pI 

 

A0A0G2SJA8 

 

14-3-3e protein OS=Morus alba OX=3498 PE=2 SV=1 

 

3 

 

1 

 

1 

 

1 

 

263 

 

29.2 

 

4.97 

A0A059U3G8 
Latex protein MLX56-6 OS=Morus alba var. alba OX=229046 

PE=2 SV=1 
3 1 1 1 415 45.1 6.99 

A8DUA7 
Chloroplast sedoheptulose-1,7-bisphosphatase OS=Morus alba var. 

multicaulis OX=170012 PE=2 SV=1 
3 1 1 1 392 42.5 6.44 

A0A0K1P7S8 
Heat shock 70 kDa protein (Fragment) OS=Morus alba OX=3498 

GN=hsp70 PE=2 SV=1 
2 1 1 1 317 34.9 5.39 

Q948V5 
Mitochondrial processing peptidase alpha subunit OS=Morus alba 

OX=3498 GN=a-MPP PE=2 SV=1 
2 1 1 1 506 54.7 8.25 

A0A075WHK2 
Transport inhibitor response 1 OS=Morus alba var. multicaulis 

OX=170012 GN=TIR1 PE=2 SV=1 
1 1 1 1 585 65.4 6.71 

A0A0M5KAI5 
4-hydroxy-3-methylbut-2-enyl diphosphate synthase OS=Morus 

alba OX=3498 PE=2 SV=1 
1 1 1 1 740 81.8 6.24 



Fig. 107: STRING analysis representing protein-protein interaction of differentially 

expressed mulberry leaves proteins obtained from OHR-LCMS analysis 
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KEGG 

ID 

Term 

Description 

Observed 

Gene 

Count 

Background 

Gene 

Count 

False 

Discovery 

Rate 

Matching Proteins 

Network 

(STRING Ids) 

matching 

proteins 

UniProt 

ID 
Protein Description 

ath00

195 

Photosynthe

sis 
5 76 4.44E-07 

 

ATCG00280.1 

ATCG00340.1 

ATCG00350.1 

ATCG00630.1 

ATCG00680.1 

 

PSAA 

PSAB 

PSAJ 

PSBB 

PSBC 

 

P56766 

P56767 

P56769 

P56777 

P56778 

 

Photosystem I P700 chlorophyll a apoprotein A1 

Photosystem I P700 chlorophyll a apoprotein A2 

Photosystem I subunit IX 

Photosystem II 47 kDa protein 

Photosystem II 44 kDa protein 

ath01

100 

Metabolic 

Pathways 
12 1899 2.13E-06 

 

 

AT1G13440.1 

AT3G55800.1 

AT4G15560.1 

AT5G08680.1 

AT5G60600.1 

ATCG00280.1 

ATCG00340.1 

ATCG00350.1 

ATCG00630.1 

ATCG00680.1 

ATCG01110.1 

ATMG01190.1 

 

 

AT5G08680 

ATP1 

CLA1 

GAPC2 

HDS 

NDHH 

PSAA 

PSAB 

PSAJ 

PSBB 

PSBC 

SBPASE 

 

 

Q9C5A9 

G1C2Z0 

A0A1I9LTC7 

Q9FX54 

F4K0E8 

P56753 

P56766 

P56767 

P56769 

P56777 

P56778 

P46283 

 

 

ATP synthase subunit beta-3, mitochondrial 

ATP synthase subunit alpha 

1-deoxy-D-xylulose-5-phosphate synthase 

Glyceraldehyde-3-phosphate dehydrogenase , cytosolic 

4-hydroxy-3-methylbut-2-enyl diphosphate synthase 

NAD(P)H-quinone oxidoreductase subunit H, chloroplastic 

Photosystem I P700 chlorophyll a apoprotein A1 

P700 chlorophyll a apoprotein A2 

Photosystem I subunit IX 

Photosystem II 47 kDa protein 

Photosystem II 44 kDa protein 

Sedoheptulose-bisphosphatase 

 

 

Table 28:  Enrichment analysis of string identified mulberry leaf proteins through KEGG pathway 
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KEGG 

ID 

Term 

Description 

Observed 

Gene 

Count 

Background 

Gene 

Count 

False 

Discovery 

Rate 

Matching Proteins 

Network 

(STRING Ids) 

matching 

proteins 

UniProt 

ID 
Protein Description 

ath00

190 

Oxidative 

Phosphorylat

ion 

3 149 0.0027 

 

AT5G08680.1 

ATCG01110.1 

ATMG01190.1 

 

AT5G08680 

ATP1 

NDHH 

 

P83483 

P92550 

P56753 

 

F-type H+-transporting ATPase subunit beta 

F-type H+-transporting ATPase subunit alpha 

NAD(P)H-quinone oxidoreductase subunit H 

ath00

900 

Terpenoid 

Backbone 

Biosynthesis 

2 59 0.0076 

 

AT4G15560.1 

AT5G60600.1 

 

CLA1 

HDS 

 

A0A1I9LTC7 

F4K0E8 

 

1-deoxy-D-xylulose-5-phosphate synthase 

4-hydroxy-3-methylbut-2-enyl diphosphate synthase 

ath00

710 

Carbon 

Fixation in 

Photosynthet

ic 

Organisms 

2 69 0.0085 

 

AT1G13440.1 

AT3G55800.1 

 

GAPC2 

SBPASE 

 

Q9FX54 

P46283 

 

Glyceraldehyde 3-phosphate dehydrogenase 

Sedoheptulose-bisphosphatase 

ath01

200 

Carbon 

Metabolism 
3 261 0.0085 

 

AT1G13440.1 

AT1G20630.1 

AT3G55800.1 

 

CAT1 

GAPC2 

SBPASE 

 

Q42547 

Q9FX54 

P46283 

 

Catalase 

Glyceraldehyde 3-phosphate dehydrogenase 

Sedoheptulose-bisphosphatase 

 

https://www.uniprot.org/uniprot/P92550
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From oxidative phosphorylation, three subunits of proteins were identified viz. 

AT5G08680 forming subunit C of V-type of ATPase; ATP1 represents subunit α of 

F-type ATPase and NDHH encoding subunit H of NAD(P)H-quinone 

oxidoreductase. The subunit C of V-type of pump is a 37 to 52 KDa protein that 

principally involved in stabilizing V1-stalk of the ATPase. The α-chain represents 

regulatory subunit of F-type ATPase belonging to F1 component. This ATPase 

utilizes electrochemical proton gradient for generating ATP from ADP and Pi. 

Alongside, these NAD(P)H-quinone oxidoreductase directly takes part in superoxide 

scavenging activity. This property of NAD(P)H-quinone oxidoreductase was 

significant as it would work equivalently alongside with antioxidant defensive 

enzymes for ensuring nullification of generated oxidative stress during post-harvest 

preservation.     

First (1-deoxy-D-xylulose-5-phosphate synthase) and an intermediate (4-hydroxy-3-

methylbut-2-enyl-diphosphate synthase) enzyme of methylerythritol-4-phosphate 

pathway were identified from terpenoid backbone biosynthesis.   

In carbon fixation and carbon metabolism pathway, important enzymes alongside 

with catalase that were identified belong to Calvin (C3) cycle. GAPC2 encodes 

glyceraldehyde-3-phosphate dehydrogenase taking part in conversion of 

glyceraldehydes-3-phosphate to glycerate-1,3-bisphosphate and SBPASE encodes 

sedoheptulose-bisphosphatase that catalyses substrate level conversion of 

sedoheptylose-1,7-bisphosphate to sedoheptulose-7-phosphate. The identification of 

two intermediate Calvin cycle enzymes through protein profiling evidently indicates 

the ongoing process of photosynthesis inside mulberry leaves preserved in solution 

of silver nanoparticles at post-harvest stage.  

5.14. Isozyme profiling of preserved mulberry leaves 

For evaluating the preservative potentiality of nanosilver solution at 6 ppm 

concentration, assessment of stress mitigation was conducted through isozyme 

profiling. Isozymes involved in nullifying generated ROS are mainly analysed 

through NATIVE PAGE in leaves preserved in nanosilver, silver nitrate and distilled 

water. The obtained banding pattern and isoforms were compared with respect to 

fresh leaves for predicting differential expression during the course of preservation. 

On analysing the isozyme profiling of NADPH oxidase (NOX enzyme) in preserved 
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and fresh leaves, two isoforms was noted (Fig. 108). From relative density analysis, 

it was found that leaves preserved in dH2O showed greater amplitude of NOX 

activity than mulberry leaves preserved in other preservative solutions (Fig. 109). 

The peak amplitude of isoform 1 and 2 appeared almost same in leaves preserved in 

nanosilver and silver nitrate solution.   

On analysing superoxide dismutase (SOD) banding pattern of preserved and fresh 

leaves through NATIVE gel electrophoresis two isoforms were reported (Fig. 110). 

The calculated relative density of isoform 1 in nanosilver and silver nitrate preserved 

leaves appeared almost identical to that of fresh leaves while isoform 2 displayed 

maximum intensity in nanosilver preserved leaves indicating high potentiality in 

nullifying generated superoxide (Fig. 111).  

On analysing catalase (CAT) activity of preserved mulberry leaves only one isoform 

was recorded (Fig. 112). Through relative density profiling it can be stated that CAT 

activity was found to be significantly uplifted in leaves preserved in nanosilver and 

silver nitrate solution (Fig. 113), while it failed to fortify in leaves preserved in 

distilled water.  

Another important enzymatic antioxidant protecting cellular damage besides 

catalase is peroxidase (POD). On estimating POD banding pattern, one isoform was 

detected, and its banding pattern was much prominent in preserved leaves than fresh 

leaves (Fig. 114). Through comparative graphical illustration it can be stated that the 

defensive activity of POD was considerably greater than CAT activity (Fig. 115). 

Among preservative solutions, mulberry leaves preserved in nanosilver and silver 

nitrate solution manifested better POD activity than leaves preserved in distilled 

water.    

 



Fig. 108: On-gel (a) image and (b) scanned photograph showcasing 

NADPH oxidase activity of (1-2) fresh leaves and 7 days preserved 

mulberry leaves in (3-4) distilled water, (5-6) nanosilver and (7-8) silver 

nitrate solution 

 

Fig. 109: Graphical representation depicting relative density of NADPH 

oxidase activity of fresh mulberry leaves and 7 days preserved mulberry 

leaves in distilled water, nanosilver and silver nitrate solution. Numerical (1, 

2, 3,...) at the top of graphical bars denotes band numbers    
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Fig. 110: On-gel (a) image and (b) scanned photograph showcasing 

superoxide dismutase activity of (1-2) fresh leaves and 7 days preserved 

mulberry leaves in (3-4) distilled water, (5-6) nanosilver and (7-8) silver 

nitrate solution 

 

Fig. 111: Graphical representation depicting relative density of superoxide 

dismutase activity of fresh mulberry leaves and 7 days preserved mulberry 

leaves in distilled water, nanosilver and silver nitrate solution. Numerical (1, 2, 

3,...) at the top of graphical bars denotes band numbers    
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Fig. 112: On-gel (a) image and (b) scanned photograph showcasing 

catalase activity of (1-2) fresh leaves and 7 days preserved mulberry 

leaves in (3-4) distilled water, (5-6) nanosilver and (7-8) silver nitrate 

solution 

 

Fig. 113: Graphical representation depicting relative density of  catalase 

activity of fresh mulberry leaves and 7 days preserved mulberry leaves in 

distilled water, nanosilver and silver nitrate solution. Numerical (1, 2, 3,...) at 

the top of graphical bars denotes band numbers    
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Fig. 114:  On-gel (a) image and (b) scanned photograph showcasing 

peroxidase activity of (1-2) fresh leaves and 7 days preserved mulberry 

leaves in (3-4) distilled water, (5-6) nanosilver and (7-8) silver nitrate 

solution 

 

Fig. 115: Graphical representation depicting relative density of peroxidase 

activity of fresh mulberry leaves and 7 days preserved mulberry leaves in 

distilled water, nanosilver and silver nitrate solution. Numerical (1, 2, 3,...) at 

the top of graphical bars denotes band numbers    
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5.15. Evaluation of microbial count in preservative solutions used for mulberry 

leaf preservation 

Distilled water, silver nitrate and nanosilver solution that were used for post-harvest 

preservation of mulberry leaves from day 1 to day 7 when added to nutrient agar 

plates for studying microbial count, after incubation it was observed that no 

microbial growth was noted in nutrient agar plates incubated with post preservative 

nanosilver solution (Fig. 116). Post preservative distilled water (negative control) 

displayed microbial count and the amplitude of bacterial colony count increased 

with increase in duration of preservation, reaching a maximum count of 169 CFU 

(Table 29) on the final day. While post preservative silver nitrate solution (positive 

control), displayed traces of microbial count from third day of preservation which 

amplified proportionately with increase in days of preservation.  

 

 

 

 

Days of Preservative solution 
Counted CFU/plate 

           DW            NS       SN 

1D 0 0 0 

2D 8 0 2 

3D 22 0 3 

4D 25 0 5 

5D 74 0 7 

6D 125 0 14 

7D 169 0 19 

Table 29: CFU count of preservative solutions at different days of preservation 

DW, NS, SN stands for distilled water, nanosilver and silver nitrate respectively 



Fig. 116: Nutrient agar plates representing antimicrobial activity of preservative 

solutions at different days of preservation: IA-IG CFU count of distilled water 

used as preservative from day 1 to day 7; IIA-IIG CFU count of silver nitrate 

solution used as preservative from day 1 to day 7; IIIA-IIIG CFU count of 

nanosilver solution used as preservative from day 1 to day 7 
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5.16. Determination of preservative aspect of different genotypes of mulberry 

leaves preserved in nanosilver, silver nitrate and distilled water 

The above synthesized and characterized nanosilver whose preservative potentiality 

was mainly screened upon its application over S1 genotype of mulberry at least 

effective dilution of 20X (6 ppm) was used in the current study for assessing leaf 

preservation potentiality against different cultivars of mulberry viz. S1635, TR10, 

S1, BC259, Guangdung for 7 days. At the end of seven days preservation, physical 

texture, chlorophyll, protein, and sugar content was measured and following 

interpretations were made: 

1. On preserving the leaves of S1, S1635, TR10, BC259 and Guangdung genotype 

of mulberry at post-harvest stage in distilled water, 6 ppm nanosilver and 6 ppm 

silver nitrate for 7 days, it was recorded that in comparison with initial day, 

leaves of all studied genotypes preserved in nanosilver solutions able to keep hold 

of its natural greenish physical texture till the last day of preservation. While 

leaves preserved in dH2O (negative control) showed complete deterioration of 

total chlorophyll content as denoted by yellowish texture of last day preserved 

leaves. Leaves preserved in positive control viz. silver nitrate solution showed 

minor deterioration in physical texture as indicated by the presence of yellowish 

patches in the last day preserved leaves (Fig. 117). 

2.  Chlorophyll acts as an important tool as it provides primary information 

regarding health of the leaves. On analysing chlorophyll content, it was observed 

that in comparison to initial day, slight decrease in chlorophyll content takes 

place on seven day preserved leaves with highest depletion was noted in 

Guangdung followed by BC259 cultivar (Fig. 118). S1 cultivar preserved in 6 

ppm nanosilver solution showed maximum chlorophyll retention almost as that of 

fresh leaves. In silver nitrate solution, S1 cultivar displayed maximum 

chlorophyll retention (~91%), while Guangdung displayed maximum chlorophyll 

depletion (~18%). More than 40% depletion in chlorophyll content was recorded 

in leaves preserved in distilled water, with maximum depletion was recorded in 

BC259 (~57%).  

3. Protein content in mulberry leaves is an important parameter because of feeding 

those leaves, the silkworm larvae produce raw silk. On analysing protein content, 

it was noted that in comparison with initial day, decrease in protein content took 
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place in all the mulberry cultivars with highest depletion in Guangdung followed by 

BC259 cultivar while S1 showed highest protein retention capacity till the last day of 

preservation (Fig. 119). Leaves preserved in distilled water in any used cultivars 

displayed more than 60% depletion in protein content with maximum depletion was 

recorded in BC259 (~76%). Leaves preserved in nanosilver and silver nitrate solution 

at 6 ppm concentration displayed maximum depletion in protein content in 

Guangdung by ~20 and ~33% respectively, while S1 cultivar displayed maximum 

potentiality in retaining protein content by ~97 and ~80% respectively.  

4. Another important parameter was sugar content, as it provides energy during cocoon 

spinning. On analysing total sugar content, it was observed that in comparison 

with initial day, decrease in sugar content took place in all the mulberry cultivars 

with highest depletion was recorded in Guangdung followed by BC259 cultivar 

while S1 represented maximum sugar retention potentiality till the last day of 

preservation (Fig. 120). Leaves preserved in nanosilver and silver nitrate solution at 

6 ppm concentration displayed maximum depletion in sugar content in Guangdung 

by ~19 and ~37% respectively, while S1 cultivar displayed maximum potentiality in 

retaining sugar content by ~94 and ~75% respectively. Leaves preserved in distilled 

water in any used cultivars displayed more than 55% depletion in sugar content with 

minimum and maximum depletion was recorded in S1 (57%) and BC259 (~65%) 

respectively. 

Thus, on the basis of preservative potentiality over different cultivars of mulberry it 

can be stated that maximum preservative potentiality was displayed by 

phytosynthesized silver nanoparticle followed by positive control silver nitrate, 

while negative control i.e., distilled water displayed maximum depletion in leaf 

quality.  

 



Fig. 117: Pictorial view representing physical condition of S1, S1635, TR10, 

BC259 and Guangdung genotype mulberry leaves preserved for 7 days in 

preservative solutions: I fresh leaves; II, III and IV represents 7 day 

preserved leaves in nanosilver, silver nitrate and distilled water respectively 

256 



Fig. 118: Total chlorophyll content in 

leaves of five mulberry cultivars, 

preserved with 6 ppm nanosilver  

solution (A), 6 ppm silver nitrate 

solution (B) and distilled water (C) for 

seven days in comparison to initial day 
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Fig. 119: Total protein content in 

leaves of five mulberry cultivars, 

preserved with 6 ppm nanosilver  

solution (A), 6 ppm silver nitrate 

solution (B) and distilled water (C) for 

seven days in comparison to initial day 

258 



Fig. 120: Total sugar content in leaves 

of five mulberry cultivars, preserved 

with 6 ppm nanosilver  solution (A), 6 

ppm silver nitrate solution (B) and 

distilled water (C) for seven days in 

comparison to initial day 
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5.17. Anatomical organization of petiole of mulberry leaf  

Transverse section of the petioles of mulberry leaf under light and electron (Fig. 

121) microscope displayed the appearance of single layer epidermis, consisting of 

rectangular cells. Epidermis remained enclosed with smooth cuticular layer on the 

external side, while inner side bears 4 to 6 layers of collenchymatous cells. Vascular 

bundles were located in the parenchymatous tissue and this tissue occupied 

maximum area of the petiole. Petiole consisted of more or less 8 to 10 vascular 

bundles. The vascular bundles were of two types’ viz. protoxylem and metaxylem. 

Towards the inner side, the primary xylem constituted small vessels of protoxylem, 

while on the outer side, a wide area of metaxylem with large diametric vessels was 

noted. The vascular bundles were mainly arc shaped and the diameter of xylem 

vessels ranged from 8.18 to 48.74 µm (Table 30). Pith region was found to be wide 

and parenchymatous in nature.  

Glandular and eglandular hairs were noted on both abaxial and adaxial surface of 

epidermis. Eglandular hairs were mostly unicellular, long, slender with blunt end, 

while glandular hairs consisted of 1 to 2 stalk cells and 1 to 3 head cells. The 

characteristics foliar idioblast cells were noted in between the parenchymatous cells.  

 

 

5.18. Histochemical study of transverse section of mulberry leaf petioles at post 

preservation stage 

5.18.1. Light microscopic detection of xylem blockage 

Genotype 
Diameter of xylem lumen (µm) 

Minimum Maximum Mean Standard Deviation 

S1 9.17 28.15 18.75 ±7.65 

S1635 10.79 38.44 23.75 ±7.75 

TR10 8.18 32.74 19.21 ±8.25 

BC259 16.22 40.17 28.43 ±9.44 

Guangdung 17.69 48.74 30.86 ±11.54 

Table 30:  Diameter of xylem lumen in five genotype of mulberry leaves under study 
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Transverse section of the petioles after staining with appropriate blockage detecting 

dye was observed under compound microscope for observing blockage pattern of 

different preservative solutions against five cultivars of mulberry.  

5.18.1.1. Staining with Bradford Reagent 

On staining with Bradford reagent, appearance of bluish colour deposition was 

recorded indicating blockage on xylem pores by protein particles (Fig. 122). Freshly 

collected mulberry leaves showed blue colour deposition beneath epidermis in 

collenchyma, adjoining xylem in parenchyma and in phloem. Traces of protein 

deposition were also recorded inside xylem pores. It was observed that at the end of 

preservation period, leaves preserved in distilled water showed highest number of 

blockages followed by silver nitrate and nanosilver. In comparison to dH2O 

preserved leaves, leaves preserved in nanosilver and silver nitrate solution displayed 

~24 and ~36% blocked vessels. It was also found that leaves preserved in nanosilver 

solution displayed ~34% less blockage number than silver nitrate solution. It was 

observed that leaves preserved in dH2O, nanosilver and silver nitrate solution 

displayed ~13, ~3 and ~4 fold more blocked vessels respectively than the blockage 

pattern displayed by freshly cultivated leaves. On comparing the studied genotypes, 

BC259 depicted highest number of blockages, while S1 showed least blockages 

number (Table 31). The blockage number of S1 cultivar was ~41% less than the 

average blockage number executed by BC259 under all studied preservative 

conditions. The order of blockage pattern among the studied genotypes in decreasing 

order can be demarcated as BC259 ˃ TR10 ˃ Guangdung ˃ S1635 ˃ S1. 

5.18.1.2. Staining with Azure B  

Azure B staining deposited blue coloured complex representing lignin particles on 

xylem pores indicating the involvement of lignin deposition in xylem occlusion (Fig. 

123). It was recorded that among all the studied genotypes, highest and least number 

of lignin deposition in xylem pore was observed in BC259 and S1 respectively. S1, 

S1635, TR10 and Guangdung cultivar exhibited ~43, ~25, ~16 and ~30% 

respectively less lignin mediated vascular blockage than that was exhibited by 

BC259 under all preservative condition (Table 32). In comparison to recorded xylem 

blockage in distilled water preserved leaves, ~17 and ~25% lesser lignin deposition 

was recorded in the lumen of the xylem vessels when nanosilver and silver nitrate  



Fig. 121:  Transverse section of the petioles of mulberry leaf under light 

(A) and electron (B) microscope indicating different layers from outside 

to inside as star mark: trichome, CU: cuticle, EP: epidermis, CO: 

collenchyma, P: parenchyma, ID: idioblast, PH: phloem, MX: 

metaxylem, PX: protoxylem, PI: pith 
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Fig. 122: Histochemical identification of protein components in xylem 

occlusions by Bradford reagent in petiole of mulberry leaves: (A) fresh 

leaves, (B) 7 day distilled water preserved leaves; (C) 7 day nanosilver 

preserved leaves, (D) 7 day silver nitrate preserved leaves; I–V represents  

S1, S1635, TR10, BC259 and Guangdung genotype of mulberry leaves used 

for preservation respectively 
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Genotype 
Completely blocked vessels Partially blocked vessels 

FR DW NS SN FR DW NS SN 

S1 0.20 ± 0.52a 9.95 ± 1.88i 1.30 ± 1.08b 2.55 ± 0.89cd 0.80 ± 0.95a 13.05 ± 3.73f 1.90 ± 0.85ab 3.45 ± 1.76abcd 

S1635 0.30 ± 0.57a 8.65 ± 1.87h 2.30 ± 1.17c 3.45 ± 1.10ef 1.25 ± 1.02a 14.50 ± 5.18fg 3.15 ± 1.27abcd 5.30 ± 2.81bcd 

TR10 0.40 ± 0.88a 9.45 ± 2.31i 3.15 ± 1.18de 3.90 ± 1.29f 2.10 ± 1.94abc 16.65 ± 6.38gh 3.65 ± 0.99abcd 6.35 ± 4.00de 

BC259 0.50 ± 0.95a 9.70 ± 2.08i 4.05 ± 1.23f 4.75 ± 1.41g 2.35 ± 1.50abc 20.05 ± 5.52h 6.35 ± 3.07de 9.30 ± 3.66e 

Guangdung 0.25 ± 0.55a 8.15 ± 1.93h 2.15 ± 1.18c 2.85 ± 0.88cde 1.70 ± 1.56ab 19.20 ± 3.91h 3.15 ± 1.18abcd 5.80 ± 4.43cde 

Table 31:  Average number of blocked vessels detected on staining with Bradford reagent at post preservation stage 

Results are expressed as Mean ± STDEV of twenty determinations. Values with different letters (a, b, c, etc.) differ significantly (p≤0.05) by Duncan’s Multiple Range Test 

(DMRT). FR, DW, NS, SN stands for fresh, distilled water, nanosilver and silver nitrate respectively 

  



Fig. 123: Histochemical identification of lignins in xylem occlusions by 

Azure B in petiole of mulberry leaves: (A) fresh leaves, (B) 7 day distilled 

water preserved leaves; (C) 7 day nanosilver preserved leaves, (D) 7 day 

silver nitrate preserved leaves; I–V represents  S1, S1635, TR10, BC259 

and Guangdung genotype of mulberry leaves used for preservation 

respectively 
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Genotype 
Completely blocked vessels Partially blocked vessels 

FR DW NS SN FR DW NS SN 

S1 0.10 ± 0.31a 10.20 ± 2.19i 1.45 ± 0.89b 2.60 ± 0.82de 0.80±1.06a 17.05±4.94d 1.90±1.07ab 3.45±1.10abc 

S1635 0.15 ± 0.49a 14.70 ± 1.45k 2.40 ± 0.99cd 3.50 ± 1.19fg 1.55±1.47ab 19.10±4.81de 3.10±0.85abc 4.75±2.12abc 

TR10 0.25 ± 0.55a 14.65 ± 2.31k 3.20 ± 1.51ef 4.05 ± 1.15gh 1.75±1.52ab 22.30±5.57ef 3.80±1.54abc 5.40±2.41bc 

BC259 0.50 ± 0.76a 17.85 ± 1.95l 3.85 ± 1.39fgh 4.35 ± 1.69h 1.95±1.23ab 25.15±7.04f 4.85±1.90abc 7.50±4.82c 

Guangdung 0.35 ± 0.67a 11.10 ± 1.79j 1.80 ± 1.01bc 3.20 ± 1.15ef 1.90±1.55ab 19.35±4.98de 3.20±1.91abc 5.30±2.54abc 

Table 32:  Average number of blocked vessels detected on staining with Azure B at post preservation stage 

Results are expressed as Mean ± STDEV of twenty determinations. Values with different letters (a, b, c, etc.) differ significantly (p≤0.05) by Duncan’s Multiple Range Test (DMRT).  

FR, DW, NS, SN stands for fresh, distilled water, nanosilver and silver nitrate respectively 
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was used as preservative. While in comparison to freshly cultivated mulberry leaves, 

leaves preserved in distilled water, nanosilver and silver nitrate displayed ~18, ~3 

and ~3 fold more vascular blockage respectively. On analysing the blockage pattern 

among leaves preserved in nanosilver and silver nitrate solution, it was noted that 

nanosilver solution exhibited ~32% less blockage number than silver nitrate 

solution. 

5.18.1.3. Staining with Phloroglucinol-HCl  

Phloroglucinol staining under microscope showed deposition of red colour complex 

detecting lignin accumulation. Phloroglucinol staining displayed almost similar 

pattern of vascular blockage that was recorded while studying Azure B mediated 

lignin vascular deposition. Maximum number of blockages was recorded in distilled 

water preserved leaves in all studied genotypes. The order of xylem pour occlusion 

in decreasing order under all preservative condition can be represented as BC259 ˃ 

TR10 ˃ S1635 ˃ Guangdung ˃ S1 (Fig. 124). The number of partial vascular 

blockage was found to be larger than the number of complete blockages in all the 

cultivars. In contrast to xylem occlusion under distilled water preservation, mulberry 

leaves preserved in preservative solution of nanosilver, and silver nitrate depicted 

~82 and ~75% less vascular blockage respectively (Table 33). The number of 

vascular blockages increased by ~18, ~3 and ~4 fold respectively in distilled water, 

nanosilver and silver nitrate preserved leaves in comparison with blockage pattern 

displayed by freshly collected leaves. 

5.18.1.4. Staining with Sudan IV 

Sudan IV staining was carried out for predicting the suberin deposition within xylem 

vessels. Transverse section of freshly collected mulberry leaf petiole showed almost 

negligible number of suberin deposition in xylem vessels. It was found that leaves 

preserved in nanosilver and silver nitrate preservative solution depicted ~3 and ~ 8 

fold increase in blocked vessel numbers than that was displayed by freshly collected 

leaves. While leaves preserved in distilled water showed ~33, ~5 and ~2 fold 

increase in blockage number than fresh leaves and leaves preserved in preservative 

solution of nanosilver and silver nitrate (Table 34). Among all the studied mulberry 

genotypes, phytosynthesized nanosilver solution was found to be most effective 

against S1 cultivar as indicated by lesser number of blocked xylem vessels while  



Fig. 124: Histochemical identification of lignins in xylem occlusions by 

Phloroglucinol–HCl in petiole of mulberry leaves: (A) fresh leaves, (B) 7 

day distilled water preserved leaves; (C) 7 day nanosilver preserved 

leaves, (D) 7 day silver nitrate preserved leaves; I–V represents  S1, 

S1635, TR10, BC259 and Guangdung genotype of mulberry leaves used 

for preservation respectively 
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Genotype 
Completely blocked vessels Partially blocked vessels 

FR DW NS SN FR DW NS SN 

S1 0.10 ± 0.31a 11.45 ± 3.39de 1.65 ± 1.09abc 1.85 ± 1.23abc 1.15 ± 1.14a 19.20 ± 6.52g 2.50 ± 0.89abcd 3.40 ± 1.23bcde 

S1635 0.25 ± 0.55ab 13.55 ± 4.52ef 2.80 ± 1.40abc 3.30 ± 1.30c 1.45 ± 1.10ab 20.20 ± 5.96g 4.00 ± 1.45cdef 4.95 ± 1.32ef 

TR10 0.30 ± 0.57ab 14.15 ± 5.27f 3.05 ± 1.39bc 3.75 ± 1.41c 1.60 ± 1.14ab 23.45 ± 5.51h 4.15 ± 1.14def 4.75 ± 1.92ef 

BC259 0.40 ± 0.75ab 17.35 ± 7.40g 3.40 ± 1.27c 4.15 ± 1.31c 2.05 ± 1.00abc 26.15 ± 5.26i 4.80 ± 1.58ef 6.00 ± 2.20f 

Guangdung 0.15 ± 0.49a 10.80 ± 4.63d 2.60 ± 1.39abc 3.00 ± 1.30bc 1.55 ± 0.94ab 22.85 ± 4.44h 3.90 ± 1.25cde 4.75 ± 1.41ef 

Table 33: Average number of blocked vessels detected on staining with Phloroglucinol-HCl at post preservation stage 

Results are expressed as Mean ± STDEV of twenty determinations. Values with different letters (a, b, c, etc.) differ significantly (p≤0.05) by Duncan’s Multiple Range Test (DMRT). 

FR, DW, NS, SN stands for fresh, distilled water, nanosilver and silver nitrate respectively 
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BC259 depicted highest number of blockages (Fig. 125). The order of xylem occlusion in decreasing order among the studied cultivars 

can be demarcated as BC259 ˃ Guangdung ˃ TR10 ˃ S1635 ˃ S1. Traces of blockages were also recorded in the petioles of freshly 

collected leaves.   

5.18.2. Scanning Electron Micrograph detection of xylem blockage 

On analysing SEM micrograph of transverse section of mulberry leaf petiole of all the five studied cultivars under all preservative 

condition, it was observed that maximum number of vascular blockages were present in the petioles of leaves that were preserved in 

distilled water.  Occasional blockage was also recorded in leaves preserved in silver nitrate solution while leaves preserved in 

phytosynthesized nanosilver solution displayed almost negligible number of blockages which was almost equivalent to the nature of 

xylem blockage reflected by the petioles of freshly collected leaves (Fig. 126). 

Genotype 
Completely blocked vessels Partially blocked vessels 

FR DW NS SN FR DW NS SN 

S1 0.05 ± 0.22a 11.55 ± 3.35g 1.50 ± 0.89abc 3.90 ± 2.29cde 0.75 ± 1.12a 17.85 ± 5.07f 2.45 ± 1.19a 5.15 ± 2.50abc 

S1635 0.20 ± 0.52ab 13.05 ± 4.89g 2.25 ± 0.79abcd 5.25 ± 2.29ef 1.70 ± 1.45a 18.55 ± 5.02fg 3.20 ± 1.20a 7.65 ± 2.32bcd 

TR10 0.35 ± 0.75ab 13.85 ± 5.53gh 2.90 ± 1.12bcde 4.90 ± 2.49def 1.40 ± 1.23a 18.70 ± 5.43fg 3.95 ± 1.19ab 8.45 ± 2.65cde 

BC259 0.45 ± 0.76ab 17.80 ± 5.85i 3.25 ± 1.45cde 6.65 ± 2.37f 1.75 ± 1.02a 22.85 ± 5.19g 3.95 ± 1.28ab 12.30 ± 3.74e 

Guangdung 0.25 ± 0.55ab 16.25 ± 5.71hi 2.00 ± 1.08abc 5.55 ± 3.00ef 1.10 ± 0.97a 19.35 ± 5.72fg 2.95 ± 1.10a 9.60 ± 3.89de 

Table 34: Average number of blocked vessels detected on staining with Sudan IV at post preservation stage 

Results are expressed as Mean ± STDEV of twenty determinations. Values with different letters (a, b, c, etc.) differ significantly (p≤0.05) by Duncan’s Multiple Range Test 

(DMRT). FR, DW, NS, SN stands for fresh, distilled water, nanosilver and silver nitrate respectively 

 



Fig. 125: Histochemical identification of suberins in xylem occlusions by 

Sudan IV in petiole of mulberry leaves: (A) fresh leaves, (B) 7 day distilled 

water preserved leaves; (C) 7 day nanosilver preserved leaves, (D) 7 day 

silver nitrate preserved leaves; I–V represents  S1, S1635, TR10, BC259 

and Guangdung genotype of mulberry leaves used for preservation 

respectively 
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Fig. 126: Scanning electron micrograph showing  xylem occlusions in 

petiole of mulberry leaves: (A) fresh leaves, (B) 7 day distilled water 

preserved leaves; (C) 7 day nanosilver preserved leaves, (D) 7 day silver 

nitrate preserved leaves; I–V represents  S1, S1635, TR10, BC259 and 

Guangdung genotype of mulberry leaves used for preservation 

respectively 
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5.18.3. Histochemical stress assessment of transverse section of petioles at post 

preservation stage 

Stress detecting marker dyes were used for detecting accumulation of stress 

molecules inside tissue system, responsible for inhibiting post-harvest shelf life. 

5.18.3.1. Hydrogen peroxide localization 

Amalgamation of potassium iodide and starch solution was used for detecting 

localization of hydrogen peroxide (H2O2) molecules within preserved tissue system. 

Current study revealed that in all the studied mulberry genotypes, leaves preserved 

in the distilled water displayed maximum deposition of dark stain, with BC259 

representing maximum intensified stain accumulation. Leaves preserved in 

preservative solution of nanosilver, and silver nitrate depicted low intense stain 

deposition which resembled with the colour intensity observed microscopically for 

fresh petioles (Fig. 127). 

5.18.3.2. Plasma membrane integrity 

Under microscope, Evan's blue staining pattern visualized dark bluish deposition in 

leaves preserved in distilled water. On comparing with plasma membrane of leaves 

under microscope it was observed that in comparison to distilled water sets, leaves 

preserved in preservative solution of nanosilver, and silver nitrate showed less 

intensified stain deposition indicating retention of membrane integrity (Fig. 128).  

5.18.4. Statistical analysis of observed xylem blockage pattern 

Principal component analysis (PCA) projects studied attributes into different 

geometrical dimensions and separates correlated parameters from uncorrelated ones. 

Of the total score, principal component 1 (PC1) and principal component 2 (PC2) 

accounts 98.97 and 0.77% respectively (Fig. 129). It was observed that PC1 mostly 

dominates all the preservative conditions viz. nanosilver, silver nitrate and distilled 

water. Leaves preserved in preservative solution of nanosilver (6 ppm) and silver 

nitrate (6 ppm) formed one cluster toward the negative pole of PC1 along with fresh 

leaf. While leaves preserved in distilled water formed isolated node toward positive 

axis of PC1. The allocated position of fresh leaves and leaves preserved in distilled 

water, nanosilver and silver nitrate within PCA plot was recorded to be -5.4998, 
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+10.0329, -3.0852, and -1.4479 respectively. Squared cosines data observation also 

reported clustering of preservative conditions around PC1 (Table 35). 

The studied xylem blockage parameters under different staining circumstances were 

further taken into consideration to analyse dissimilarity agglomerative hierarchical 

clustering (AHC). The generated dendrogram (Fig. 130) displayed one major cluster 

consisting of three preservative conditions viz. fresh, nanosilver and silver nitrate 

and an out-group, represented by leaves preserved in distilled water.  

Heat map represents correlated analysis of graphical illustration and hierarchical 

clustering of constant and variable parameters represented independently by vertical 

and horizontal axis of the generated rectangular plot. In the current study graphical 

matrix was generated by taking preservative solutions (constant factors) in the 

vertical axis while staining parameters detecting blockage pattern (variable factors) 

was taken alone horizontal axis (Fig. 131). The matrix is the amalgamation of three 

separate colours viz. yellow, green and red denoting low, medium and high vascular 

blockage values respectively. In the vertical axis the constant factors formed one 

major cluster containing of three preservative solutions viz. fresh, nanosilver and 

silver nitrate and an out-group of distilled water. The variable factors in the 

horizontal axis formed two major groups “A” and “B”. Group “A” mostly 

comprised complete blockage staining parameters while group “B” represented the 

aggregation of partial blockage staining parameters. 

 

 

 

Preservative 

condition  
F1 F2 F3 

FR 0.9823 0.0169 0.0008 

DW 0.9995 0.0005 0.0000 

NS 0.9697 0.0065 0.0238 

SN 0.7811 0.1762 0.0427 

Table 35:  Squared cosines of preservative condition for each principal component 

(PC1 – PC2)  

Values in bold represents the factor for which the squared cosine is the largest FR, DW, NS, SN stands 

for fresh, distilled water, nanosilver and silver nitrate respectively 

 

 

 



Fig. 127: Histochemical detection of hydrogen peroxide localization by 

potassium iodide and starch solution in petiole of mulberry leaves: (A) 

fresh leaves, (B) 7 day distilled water preserved leaves; (C) 7 day 

nanosilver preserved leaves, (D) 7 day silver nitrate preserved leaves; I–V 

represents  S1, S1635, TR10, BC259 and Guangdung genotype of 

mulberry leaves used for preservation respectively 
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Fig. 128: Histochemical detection of plasma membrane integrity by Evan's 

blue in petiole of mulberry leaves: (A) fresh leaves, (B) 7 day distilled 

water preserved leaves; (C) 7 day nanosilver preserved leaves, (D) 7 day 

silver nitrate preserved leaves; I–V represents  S1, S1635, TR10, BC259 

and Guangdung genotype of mulberry leaves used for preservation 

respectively 

 

276 



Fig. 129: Score plot analysis of principal components demonstrating vascular blockage preventing nature 

of distilled water, nanosilver and silver nitrate solution as preservative, in preserving S1, S1635, TR10, 

BC259 and Guangdung genotype of mulberry leaves with respect to fresh leaves of each genotype 
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Fig. 130: Agglomerative hierarchical clustering representing vascular blockage preventing nature of 

distilled water, nanosilver and silver nitrate solution as preservative, in preserving S1, S1635, TR10, 

BC259 and Guangdung genotype of mulberry leaves with respect to fresh leaves of each genotype 
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Fig. 131: Heat map colour matrix representing inter-relationship between preservative solutions (vertical axis) with the nature 

of blockage pattern detected by staining five genotypes of mulberry (S1, S1635, TR10, BC259 and Guangdung) with 

histochemical stains (horizontal axis) after 7 days of preservation 
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5.19. Transcriptome analysis of preserved mulberry leaves using Illumina 

platform 

Comparative characterization of transcriptome profile of 7 days nanosilver and 

distilled water preserved mulberry leaves was conducted using high-throughput 

Illumina platform for fulfilling three objectives. Firstly, to identify differentially 

expressed up-regulated and down-regulated genes between leaves preserved in 

nanosilver solution and distilled water; secondly determination of functional identity 

of differentially expressed genes; and finally, identification of probable defensive 

lines responsible for extending post-harvest shelf life of mulberry leaves preserved 

in nanosilver solution.  

5.19.1. Illumina De novo paired end transcriptome assembly 

Total mRNA from the preserved leaves of S1 mulberry cultivars viz. NS7 (leaves 

preserved in nanosilver solution for 7 days) and CO7 (leaves preserved in distilled 

water for 7 days) were sequenced using Hiseq 4000. Illumina sequencing of 

mulberry transcriptome yielded a raw read of 9,64,11,054 and 9,49,97,804 for NS7 

and CO7 respectively, totalling around 191 million (Table 36). The average base 

quality was tested to be above Q30 (error-probability≤0.001) for 93.81% of bases 

and the %GC content of the reads within the test sample followed normal 

distribution pattern. The average Q30 percentage for NS7 and CO7 were 95.63 and 

96.43% and GC percentage were 48.19 and 47.76% respectively.  Pre-processing of 

the raw reads was performed before assembly by trimming the read for the presence 

of adapter sequences (AdapterRemoval 2.2.0). The reads that have average quality 

score less than 20 in any of the paired end and reads were filtered out. The r-RNA 

data were also trimmed out using Silva database (Table 37). On an average scale 

nearly 71% of processed high quality reads with base quality score ≥30 were 

obtained for downstream analysis. The clean reads were submitted in the National 

Centre for Biotechnology Information (NCBI) which can be accessed in the form of 

sequenced read archive (SRA) under accession number SRR9665629 and 

SRR9665368 for NS7 and CO7 respectively. Both the SRA were registered under 

same bio-project and bio-sample accession number PRJNA553319 and 

SAMN12234591 respectively. 
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Table 36: Sequencing statistics of mulberry transcriptome  

Sample 
Mean read quality 

(Phred score) 

Number of raw 

reads 
% GC % Q < 10 % Q 10-20 % Q 20-30 % Q > 30 

Number of 

bases (MB) 

Mean read 

length (bp) 

NS 7 39.24 96411054 48.19 0 1.6 2.79 95.63 9641.1 100 

CO7 39.48 94997804 47.76 0 1.26 2.29 96.43 9499.78 100 

 

 

Table 37: Summary of paired-end RNA sequences of preserved mulberry leaves 

Sample  Raw reads  % Raw read 

Processed reads (Adapter 

trimmed and Quality 

Trimmed) 

% Processed 

read 

Reads after rRNA 

removal 

% Read after rRNA 

removal  

NS7 96411054 100 964,03,161 99.992 426,83,018 44.276 

CO7 94997804 100 949,51,582 99.951 94494544 99.519 
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The pre-processed data was used for transcriptome assembly by using Trinity 

(Trinity 2.8.2). Transcript of length ≥200 bp was screened out and was considered 

for transcript expression estimation and downstream annotations. Trinity program 

generated 157,982 assembled transcripts (isoforms) and 81,952 unigenes with 

longest transcript length (bp) of 24,890 and 79,047 respectively (Table 38). Quality 

of assembled genomes dataset obtained via transcriptome analysis was supported by 

N50 value of 2,054 bp and 1,374 bp respectively for isoforms and unigenes 

respectively (Table 39). Based on the length it was found that 35.60% (29,175) 

unigenes were <300 bp, 53.22% (43,617) were between 300 – 2000 bp, 9.08% 

(7,442) were between 2000 – 5000 bp, while 2.09% (1,718) unigenes were >5000 bp 

(Fig. 132). The average GC content was recorded to be around 40% (Fig. 133). 

Based on GC range, 5,471 transcript unigenes have GC range <30 while 69,512 and 

6,873 unigenes have GC range between 30 – 50 and 50 – 70 respectively, while 9 

unigenes have GC range >70.  

5.19.2. Annotation of unigenes 

The unigenes of de novo transcriptome assembly were annotated and validated from 

NCBI plant NR database using BLASTx. NCBI plant NR database detected 55.24% 

(45,273) unigenes out of the total number of 81,952 unigenes (E-value≤1.42E-5). 

Among the annotated unigenes, 9,795 were detected as hypothetical protein, while 

6,931 were found to be uncharacterized proteins. Through plant metabolic network 

(PMN) 46,440 unigenes were detected, accounting 56.66% of the total unigenes (E-

value≤1.93E-5).   

E-value distribution of the top hits in NR database indicated strong sequence 

similarity of 21,699 unigenes accounting ~47% (<1.0E-45), 20,795 unigenes (~45%) 

showed moderate sequence similarity (range between 1.0E-5 to 1.0E-45) while 

remaining unigenes showed low similarity (Fig. 134a). NR match sequence database 

detected ~60% matched sequences had >80% similarity, ~31% had similarity range 

between ≤80 – >50%, while remaining ~8% had matched sequences range of ≤50 – 

22.93% (Fig. 134b). E-value distribution of PMN showed ~33% strong sequence 

similarity (<1.0E-45), whereas moderate sequence similarity (range between 1.0E-5 

to 1.0E-45) was showed by ~66% (Fig. 135a). PMN matched sequences similarity 

showed ~41% sequences had similarity level >60% while remaining ~59% 
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sequences has ≤60% similarity level (Fig. 135b). Hits related to organism 

distribution of transcriptome annotation with plantNR database showed maximum 

similarity with Morus notabilis (62.17%), followed by Quercus suber (9.21%), and 

Vitis vinifera (3.73%) (Fig. 136), whereas transcriptome annotation with PMN 

database showed maximum hit with Vitis vinifera (11.06%), followed by Triticum 

urartu (10.05%) and Solanum lycopersicum (10.03%) (Fig. 137).  

5.19.3. SSR prediction 

The transcripts were operated through MISA tool for identifying the SSRs. MISA 

identified 78,085 out of 157,980 transcripts; 67,018 transcripts were harboured to 

contain SSRs (Table 40). Out of examined sequences ~30% transcripts contain more 

than one SSRs. Obtained summery indicates that SSRs with repeat motifs in the 

range of 1 to 3bp of mono-, di- and tri-nucleotides repeats accounting ~95% of the 

total identified SSRs (Table 41). In mono-nucleotide repeats, A/T was the most 

abundant while G/C was less frequent accounting ~1% of the total monomer repeats 

(Table 42). In di-, tri-, tetra- and penta-nucleotides repeats the most abundant type of 

motif was AG/CT (5901, ~31%), TTC/GAA (1233, ~14%), AAAT/ATTT (254, 

~25%), and AAAAT/ATTTT (31, 12%) followed by GA/TC (5275, ~28%), 

TCT/AGA (1031, ~12%), TTTA/TAAA (172, ~17%), and AAATA/TATTT (29, 

~11%) while AT/TA (5097, ~27%), AAG/CTT (958, ~11%), TTAT/ATAA (81, 

~8%), and TTTTC/GAAAA (25, ~10%) occupied the third frequent position 

respectively. SSRs were classified into 11 groups based on length distribution, 

maintaining a homogenous gap of 10 units between two groups (Fig. 138). SSRs 

with 10 bp being the shortest of the lot occupying ~10% of the total SSRs, while 

SSRs with base pare ranged between 11 – 20 and 21 – 30 occupies ~52% and ~19% 

respectively. In SSRs with di-nucleotide repeats the most abundant repeat length 

was 12 bp (3424, ~18%) followed by 24 bp (2527, ~13%) and 22 bp (2277, ~12%). 

Among tri-, tetra-, penta- and hexa-nucleotide repeats, the most abundant repeat 

length were 15 bp, 20 bp, 25 bp and 30 bp respectively. Nucleotide repeats length in 

penta- and hexa-nucleotide ranged between 25 – 40 bp and 30 – 48 bp respectively. 
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     Table 38: Summary of assembled transcript  

Description No. of  Assembled 

Transcripts 

No. of unigenes  

Number of assembled transcripts 157982 81952 

Longest transcript length (bp) 24890 79047 

Mean GC % of transcripts 41.02 39.97 

 

 

 

      Table 39: Contigs summary based on all trinity transcript and unigenes 

Particulars 
Trinity transcript 

(Isoform) 
Unigenes 

Contig N10 4939 4325 

Contig N20 3731 3178 

Contig N30 3031 2459 

Contig N40 2507 1896 

Contig N50 2054 1374 

Median contig length 585 365 

Average contig 1116.27 730.6 

Total assembled bases 176350155 59874339 

 

 



Fig. 132: Overview of transcriptome assembly through sequence length distribution between assembled transcripts and unigenes 
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Fig. 133: Comparative histogram of GC range distribution between assembled transcripts and unigenes 
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Fig. 134: NCBI Nr database mediated unigene homology search, (A) E-value 

proportional frequency distribution of BLAST hits against the Nr database and 

(B) proportional similarity distribution of BLAST hits against the Nr database 
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Fig. 135: PMN database mediated unigene homology search, (A) E-value 

proportional frequency distribution of BLAST hits against the PMN database 

and (B) proportional similarity distribution of BLAST hits against the PMN 

database 
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Fig. 136: Top hits organism distribution of transcriptome annotation with plantNR database 
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Fig. 137: Top hits organism distribution of transcriptome annotation with PMN database 
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       Table 40:  Category wise allocation of predicted SSRs  

Types of 

Repeats 
p1 p2 p3 p4 p5 p6 c c* 

Total number 

of SSRs 

predicted 

38557 18611 8508 989 246 107 10588 479 

 

 

 

       

 

        Table 41: Repeat motif based distribution of identified SSRs  

Number of 

repetitive unit 

Number of nucleotide repeats 

Mono- Di- Tri- Tetra- Penta- Hexa- 

1 27050 13663 5671 714 190 65 

2 8318 3761 2172 214 45 29 

3 2186 842 500 48 8 13 

4 685 239 119 10 2 0 

5 179 73 31 1 1 0 

6 64 15 13 1 0 0 

7 32 8 2 1 0 0 

8 19 3 0 0 0 0 

9 9 4 0 0 0 0 

10 6 0 0 0 0 0 

>10 9 3 0 0 0 0 

Total 38557 18611 8508 989 246 107 

 

 

 

 

 

 

(p1, p2, p3, p4, p5, p6 encodes SSR based on monomer, dimer, trimer, tetramer, pentamer, hexamer respectively. c 

and c* encodes SSRs without and with an interruption between two motifs respectively) 
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     Table 42: Frequency summary of SSRs with different numbers of tandem repeats 

Repeat Type Count 
Repeat 

Type 
Count 

Repeat 

Type 
Count 

Mono-nucleotide 38556 Di-nucleotide 18611 Tri-nucleotide 8508 

A/T 38106 AG/CT 5901 TTC/GAA 1233 

G/C 450 GA/TC 5275 TCT/AGA 1031 

  
AT/TA 5097 AAG/CTT 958 

  
TG/CA 1300 AAT/ATT 901 

  
AC/GT 992 TTA/TAA 580 

  
CG/GC 46 TTG/CAA 307 

    
TCA/TGA 287 

    
TAT/ATA 244 

    
CCG/CGG 233 

    
AAC/GTT 224 

    
ACA/TGT 215 

    
CAT/ATG 200 

    
GAT/ATC 188 

    
GCC/GGC 180 

    
TGC/GCA 156 

    
GAG/CTC 154 

    
CAG/CTG 152 

    
CGC/GCG 150 

    
GCT/AGC 142 

    
CCA/TGG 139 

    
CAC/GTG 134 

    
TCC/GGA 122 

    
GGT/ACC 111 

    
TCG/CGA 110 

    
CCT/AGG 94 

    
TAG/CTA 61 

    
ACG/CGT 59 

    
GAC/GTC 58 

    
ACT/AGT 53 

    
GTA/TAC 32 

 



Fig. 138: Length distribution of identified SSRs 
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5.19.4. Differential Expression Analysis (DEG) 

The differential expression analysis for the above pair of samples was performed 

using Trinity package. Transcript abundance and counts was estimated using kallisto 

(version 0.44.0) and cross-sample normalized TPM/TMM (Transcripts per Million 

Transcripts) values were obtained. The counts were used to perform differential 

expression using EdgeR (version 3.6). Transcript having more than 2 fold change in 

gene expression and false discovery rate (FDR) ≤0.5 with p-value cut-off 0.05 was 

screened out as differentially expressed. The values of expressed and normalized 

counts for up-regulated and down-regulated transcripts/unigenes were assembled 

together along with logFC, logCPM, p-value, and FDR. The comparative profile 

analysis was performed with respect to NS7 vs CO7 for evaluating the post-harvest 

preservative potentiality of nanosilver (NS) solution with respect to distilled water 

(CO). A total of 4,918 isoforms and 3,413 unigenes were found to have significant 

differential expression with 2,112 isoforms and 1,587 unigenes being up-regulated 

and 2,806 isoforms and 1,826 unigenes being down-regulated (Table 43). Average 

log2FoldChange of the identified differentially expressed up-regulated and down-

regulated isoforms was obtained to be 2.76 and 3.04 respectively, while for unigenes 

the obtained values were 2.86 and 2.95 respectively (Fig. 139). The volcano plots of 

expression between the samples leads to the identification of differentially expressed 

isoforms and unigenes in terms of log2FoldChange and negative log10FDR (Fig. 

140), indicating the differential expression was highly significant at p<0.05. NCBI 

Nr database mediated cluster heat map analysis of top 5% up-regulated and down-

regulated isoforms and unigenes of the sample compared at FDR cut-off 0.001 

indicates Morus notabilis as the top hit organism, which is in support of the above 

stated observation (Fig. 141, 142, 143, 144). From generalized heat map analysis, it 

was revealed that proteins associated with Photosystem, chloroplast development, 

defence mechanism, transcription, and cell formation are mainly up-regulated. On 

the opposite aspect protein that’s over expression may hamper post-harvest shelf life 

of mulberry leaves are mostly down-regulated viz. ion transporters, aquaporin, ABC 

transporters, cytochrome P450, ubiquitin ligase, and serine-threonine kinase. 

5.19.5. Functional annotation of differentially expressed up-regulated and 

down-regulated genes with respect to Arabidopsis database 
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For determining genes responsible for extending post-harvest shelf life in mulberry 

leaves preserved with nanosilver solution for 7 days, annotation of differentially 

expressed (NS7 vs CO7) up-regulated and down-regulated genes were conducted 

with respect to Arabidopsis database. For annotation Mercator (version 3.6) plaBi 

database was used which identified 443 up-regulated and 579 down-regulated 

unigenes (Table 44, 45). Top up-regulated genes were found to remain associated 

with photosynthetic processes (~10%), processing and regulation of RNA (~8%), 

protein metabolism (~8%), stress markers (~7.5%), and different enzymatic 

processes (~6%) (Fig. 145). Besides this, notable up-regulated genes categories that 

might play crucial role in post-harvest shelf-life elongation are post translational 

protein modification (~3.5%), hormone metabolism (~3%), secondary metabolites 

(~3%), development associated proteins (~2%), ATP synthesis (~1%), tetrapyrrole 

synthesis (~0.4%), and biodegradation of xenobiotics (~0.2%). Photosynthesis 

associated transcripts can be further categorised as thylakoid protein (component of 

Z-scheme, ~8%) and stromal protein (component of Calvin cycle, ~2%). Transcript 

identified as stress markers are found to be of two types, senescence promoters 

(~2.8%), and senescence inhibitors (~4.7%). Senescence promoters are mainly 

associated with apoptosis mediated processes, while senescence inhibitors are found 

to be gene product that were involved in response to pathogens, disease resistance,  

response to hydrogen peroxide, heat shock proteins (hsp), and light mediated de-

etiolation responses. Category wise distribution of differentially expressed down-

regulated genes on annotation with Arabidopsis database are found to be involved as 

signalling molecules (~18%), transcriptional regulators (~8.5%), transporters (~7%), 

stress indicators (~5%), secondary metabolites (~4%) (Fig. 146). Besides this, 

protein involved in degradation of carbohydrate, nucleotide, and cell wall were also 

noted to be down regulated in NS7. Some cascade proteins for cellular response to 

water deprivation, hsp associated with unfolded protein response, and ubiquitin-

protein ligase activity were found to be down-regulated indicating the inability of 

CO7 in retaining intercellular water content and to prevent protein denaturation. 

Events like systemic acquired resistance, innate immune response, apoptosis 

mediated cellular defence, hypersensitive response were also recorded to be down 

regulated revelling potentiality of NS7 in extending post-harvest shelf life by 

maintaining cellular integrity and preventing pathogen mediated degradation and 

blockage of conducting pathways. 



296 
 

Table 43: Summary of differentially expressed isoforms and unigenes 

    

 

 

 

Fig. 139: Violin plot representing the log
2
FoldChanges of differentially expressed up-

regulated and down-regulated (A) isoforms and (B) unigenes. The value within the violin 

indicates average log
2
FoldChange  

Fig. 140: The volcano maps showing differentially expressed up-regulated and down-

regulated (A) isoforms and (B) unigenes. Green dots represent up-regulated genes while red 

dots represent down-regulated genes (p < 0.05)  

 

NS7 vs CO7 Up Regulated Down Regulated 

Isoforms 2112 2806 

Unigenes 1587 1826 



Fig. 141: Hierarchical clustering of differentially expressed top 5% up-

regulated isoforms in relation to NS7 vs CO7. The higher score with 

different colour represents the higher level of expression 
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Fig. 142: Hierarchical clustering of differentially expressed top 5% up-

regulated unigenes in relation to NS7 vs CO7. The higher score with different 

colour represents the higher level of expression 

298 



Fig. 143: Hierarchical clustering of differentially expressed top 5% down-

regulated isoforms in relation to NS7 vs CO7. The higher score with different 

colour represents the higher level of expression 
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Fig. 144: Hierarchical clustering of differentially expressed top 5% down-

regulated unigenes in relation to NS7 vs CO7. The higher score with different 

colour represents the higher level of expression 
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   Table 44: Annotation of up-regulated genes with respect to Arabidopsis database 

Sl 

No. 
Trinity ID Up Regulated Gene Gene ID Arabidopsis Gene 

Arabidopsis 

Gene ID 
Uniport Protein Uniport Gene 

1 trinity_dn6869_c0_g1 alpha/beta-Hydrolases superfamily  at5g36210 
acylaminoacyl-peptidase-

related  
AT4G14570.1 

Acylamino-acid-releasing 

enzyme 
AARE 

2 trinity_dn10311_c0_g1 
ATH subfamily of ATP-binding 

cassette (ABC) proteins 
at5g64940 

Protein kinase superfamily 

protein 
AT3G07700.2 

Protein ACTIVITY OF BC1 
COMPLEX KINASE 7, 

chloroplastic 

ABC1K7 

3 trinity_dn9747_c0_g1 
MRP subfamily; multidrug 
resistance-associated protein 13 

(MRP13) 

at1g30410 
multidrug resistance-associated 

protein 12 
AT1G30420.1 

ABC transporter C family 

member 11 
ABCC11 

4 trinity_dn6512_c0_g1 
MRP subfamily; multidrug 
resistance-associated protein 11 

(MRP11) 

at2g07680 
multidrug resistance-associated 

protein 2  
AT2G34660.2 

ABC transporter C family 

member 2 
ABCC2 

5 trinity_dn3618_c1_g1 
ABC-2 type transporter family 
protein 

at5g06530 
ABC-2 type transporter family 
protein 

AT3G52310.1 
ABC transporter G family 
member 27 

ABCG27 

6 trinity_dn90_c2_g1 ABC transporter family at1g15520 pleiotropic drug resistance  AT1G66950.1 
ABC transporter G family 

member 39 
ABCG39 

7 trinity_dn20077_c0_g1 pleiotropic drug resistance 4 (PDR4) at2g26910 pleiotropic drug resistance 12  AT1G15520.1 
ABC transporter G family 

member 40 
ABCG40 

8 trinity_dn3068_c0_g1 
abscisic acid responsive element-
binding factor 1 (ABF1) 

at1g49720 ABRE binding factor 4 AT3G19290.1 
ABSCISIC ACID-
INSENSITIVE 5-like protein 7 

ABF4 

9 trinity_dn4949_c0_g2 IIB calcium pump isoforms at4g29900 
autoinhibited Ca2+ -ATPase, 
isoform 8 

AT5G57110.2 
Calcium-transporting ATPase 
8, plasma membrane-type 

ACA8 

10 trinity_dn7133_c0_g1 
carbamoyl phosphate synthetase B 

(CARB) 
at1g29900 acetyl-CoA carboxylase 2  AT1G36180.1 Acetyl-CoA carboxylase 2 ACC2 

11 trinity_dn4327_c0_g1 acyl-CoA oxidase at2g35690 acyl-CoA oxidase 1 AT4G16760.1 
Peroxisomal acyl-coenzyme A 

oxidase 1 
ACX1 

12 trinity_dn2059_c0_g1 acyl-CoA oxidase at4g16760 acyl-CoA oxidase 5  AT2G35690.1 
Putative peroxisomal acyl-

coenzyme A oxidase 1.2 
ACX1.2 

13 trinity_dn5170_c0_g1 
glutathione-dependent formaldehyde 

dehydrogenase  
at5g43940 alcohol dehydrogenase 1  AT1G77120.1 Alcohol dehydrogenase class-P ADH1 

14 trinity_dn1900_c1_g1 
SHORT VEGETATIVE PHASE 

(SVP) 
at2g22540 AGAMOUS-like 24  AT4G24540.1 MADS-box protein AGL24 AGL24 

15 trinity_dn10164_c0_g1 
MIKC (MADS box, Keratin binding 
domain, and C terminal domain 

containing ) family 

at1g18750 AGAMOUS-like 30  AT2G03060.2 
Agamous-like MADS-box 

protein AGL30 
AGL30 

16 trinity_dn5950_c0_g1 AHP4 at3g16360 
histidine-containing 
phosphotransmitter 2  

AT3G29350.1 
Histidine-containing 
phosphotransfer protein 2 

AHP2 
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Sl 

No. 
Trinity ID Up Regulated Gene Gene ID Arabidopsis Gene 

Arabidopsis 

Gene ID 
Uniport Protein Uniport Gene 

17 trinity_dn1369_c0_g5 
Alfin-Like family of nuclear-
localized PhD domain containing 

homeodomain proteins 

at5g20510 alfin-like 3  AT3G42790.1 
PHD finger protein ALFIN-

LIKE 3 
AL3 

18 trinity_dn7681_c0_g 

ATPase E1-E2 type family protein / 

haloacid dehalogenase-like hydrolase 
family protein 

at3g27870 

ATPase E1-E2 type family 

protein / haloacid 

dehalogenase-like hydrolase 

family protein 

AT1G68710.1 
Putative phospholipid-

transporting ATPase 9 
ALA9 

19 trinity_dn6270_c0_g1 
EMBRYO DEFECTIVE 1030 

(EMB1030) 
at5g22800 Alanyl-tRNA synthetase AT1G50200.1 Alanine--tRNA ligase ALATS 

20 trinity_dn322_c5_g1 
NADP-dependent glyceraldehyde-3-
phosphate dehydrogenase  

at2g24270 aldehyde dehydrogenase 10A8 AT1G74920.1 
Betaine aldehyde 
dehydrogenase 1, chloroplastic 

ALDH10A8 

21 trinity_dn18954_c0_g1 aldehyde dehydrogenase at3g24503 aldehyde dehydrogenase 2B4  AT3G48000.1 

Aldehyde dehydrogenase 

family 2 member B4, 
mitochondrial 

ALDH2B4 

22 trinity_dn7483_c0_g1 Thioesterase superfamily protein at1g68260 
Thioesterase superfamily 

protein  
AT1G68280.1 

Acyl-acyl carrier protein 

thioesterase ATL4, 
chloroplastic 

ALT4 

23 trinity_dn5211_c0_g1 Annexins at5g65020 annexin 7 AT5G10230.1 Annexin D7 ANNAT7 

24 trinity_dn618_c3_g1 
inorganic phosphate transporter 

(PHT4;3) 
at3g46980 phosphate transporter 4;2 AT2G38060.1 

Probable anion transporter 3, 

chloroplastic 
ANTR3 

25 trinity_dn1055_c0_g1 FERONIA (FER) at3g51550 
Malectin/receptor-like protein 

kinase family protein 
AT3G04690.1 

Receptor-like protein kinase 

ANXUR1 
ANX1 

26 trinity_dn2568_c2_g1 allene oxide cyclase at1g13280 allene oxide cyclase 3  AT3G25780.1 
Allene oxide cyclase 3, 
chloroplastic 

AOC3 

27 trinity_dn4597_c0_g1 
Oxidoreductase, zinc-binding 

dehydrogenase family protein 
at4g13010 

Oxidoreductase, zinc-binding 

dehydrogenase family protein  
AT1G23740.1 

NADPH-dependent 

alkenal/one oxidoreductase, 
chloroplastic 

AOR 

28 trinity_dn3793_c0_g1 
Adenosine phosphoribosyl 

transferase 
at1g27450 

adenine phosphoribosyl 

transferase 3 
AT4G22570.1 

Adenine 

phosphoribosyltransferase 3 
APT3 

29 trinity_dn2432_c0_g2 
Disease resistance protein (TIR-

NBS-LRR class) family 
at5g36930 

disease resistance protein (TIR-

NBS-LRR class) 
AT5G17680.1 TIR domain-containing protein ARALYDRAFT_488633 

30 trinity_dn9176_c0_g2 thioredoxin at4g03520 thioredoxin M-type 1  AT1G03680.1 Thioredoxin M1, chloroplastic At1g03680 

31 trinity_dn1051_c0_g1 UDP-glucosyltransferase, UGT74E2 at1g05680 
UDP-Glycosyltransferase 
superfamily protein  

AT1G05675.1 Glycosyltransferase AT1G05675.1 

32 trinity_dn1884_c0_g1 AP2C1 at2g30020 Protein phosphatase  AT1G07160.1 
Probable protein phosphatase 

2C 2 
At1g07160 

33 trinity_dn44005_c0_g1 Ribosomal L18p/L5e family protein at3g20230 
Ribosomal L18p/L5e family 

protein  
AT1G08845.2 

Ribosomal L18p/L5e family 

protein 
At1g08845 
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Sl 

No. 
Trinity ID Up Regulated Gene Gene ID Arabidopsis Gene 

Arabidopsis 

Gene ID 
Uniport Protein Uniport Gene 

34 trinity_dn14635_c0_g1 protein serine/threonine kinases at1g11300 
S-locus lectin protein kinase 

family protein 
AT1G11330.2 

G-type lectin S-receptor-like 
serine/threonine-protein kinase 

At1g11330 

At1g11330 

35 trinity_dn2506_c0_g1 
S-locus lectin protein kinase family 

protein 
at1g11340 

S-locus lectin protein kinase 

family protein 
AT1G11410.1 

G-type lectin S-receptor-like 

serine/threonine-protein kinase 

At1g11410 

At1g11410 

36 trinity_dn44_c0_g1 
1-aminocyclopropane-1-carboxylate 

oxidase 
at1g05010 

2-oxoglutarate (2OG) and 
Fe(II)-dependent oxygenase 

superfamily protein  

AT1G12010.1 
1-aminocyclopropane-1-

carboxylate oxidase 3 
At1g12010 

37 trinity_dn19129_c0_g1 
PENTATRICOPEPTIDE REPEAT 

596 (PPR596) 
at1g80270 

Tetratricopeptide repeat (TPR)-

like superfamily protein 
AT1G15480.1 

Pentatricopeptide repeat-
containing protein At1g15480, 

mitochondrial 

At1g15480 

38 trinity_dn6344_c1_g1 
Mitochondrial transcription 

termination factor family protein 
at5g07900 

Mitochondrial transcription 
termination factor family 

protein  

AT1G21150.1 
Mitochondrial transcription 
termination factor family 

protein 

At1g21150 

39 trinity_dn3913_c0_g1 RING/U-box superfamily protein at1g67856 
RING/U-box superfamily 
protein 

AT1G24580.1 
RING-type domain-containing 
protein 

At1g24580 

40 trinity_dn6803_c0_g1 nuclear acetyltransferase (NSI) at1g32070 
Acyl-CoA N-acyltransferases 

(NAT) superfamily protein  
AT1G26220.1 

N-acetyltransferase domain-

containing protein 
At1g26220 

41 trinity_dn6173_c0_g2 

Translation elongation factor 

EF1B/ribosomal protein S6 family 

protein 

at2g18110 
Translation elongation factor 
EF1B/ribosomal protein S6 

AT1G30230.1 Elongation factor 1-delta 1 At1g30230 

42 trinity_dn958_c0_g1 Vacuolar protein sorting 55  at3g11530 
Vacuolar protein sorting 55 

(VPS55) family protein 
AT1G32410.5 

Vacuolar protein sorting-

associated protein 55 homolog 
At1g32410 

43 trinity_dn80_c0_g4 phytochrome-associated protein at1g22280 
Protein phosphatase 2C family 
protein 

AT1G34750.1 
Probable protein phosphatase 
2C 10 

At1g34750 

44 trinity_dn1409_c1_g1 
Leucine-rich repeat receptor-like 

protein kinase family protein 
at4g08850 

Protein kinase family protein 

with leucine-rich repeat domain 
AT1G35710.1 

Probable leucine-rich repeat 

receptor-like protein kinase 
At1g35710 

At1g35710 

45 trinity_dn7653_c0_g1 embryo defective 1241 (EMB1241) at5g17710 
Co-chaperone GrpE family 

protein 
AT1G36390.2 GrpE protein homolog At1g36390 

46 trinity_dn4871_c0_g2 alcohol dehydrogenase at5g19440 
NAD(P)-binding Rossmann-

fold superfamily protein 
AT1G51410.1 

Epimerase domain-containing 

protein 
At1g51410 

47 trinity_dn3973_c0_g1 
Leucine-rich repeat transmembrane 

protein kinase 
at1g07650 

Leucine-rich repeat 

transmembrane protein kinase 
AT1G53430.1 

Probable LRR receptor-like 
serine/threonine-protein kinase 

At1g53430 

At1g53430 

48 trinity_dn1129_c0_g1 
Leucine-rich repeat transmembrane 
protein kinase 

at1g56145 
Leucine-rich repeat 
transmembrane protein kinase 

AT1G56130.1 

Probable LRR receptor-like 

serine/threonine-protein kinase 

At1g56130 

At1g56130 
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49 trinity_dn5560_c0_g1 carotenoid isomerase at1g06820 
FAD/NAD(P)-binding 
oxidoreductase family protein  

AT1G57770 .1 
FAD/NAD(P)-binding 
oxidoreductase family protein 

At1g57770 

50 trinity_dn8344_c0_g2 CW9 at1g59620 
Disease resistance protein (CC-

NBS-LRR class) family 
AT1G58390.1 

Probable disease resistance 

protein At1g58390 
At1g58390 

51 trinity_dn4472_c0_g1 
Disease resistance protein (CC-NBS-

LRR class) family 
at1g58410 

Disease resistance protein (CC-

NBS-LRR class) family 
AT1G58400.1 

Putative disease resistance 

protein At1g58400 
At1g58400 

52 trinity_dn940_c0_g1 
NAD(P)-linked oxidoreductase 
superfamily protein 

at1g59950 
NAD(P)-linked oxidoreductase 
superfamily protein  

AT1G59960.1 
NAD(P)-linked oxidoreductase 
superfamily protein 

At1g59960 

53 trinity_dn8094_c0_g1 
RNA-binding (RRM/RBD/RNP 

motifs) family protein 
at1g01080 

RNA-binding 

(RRM/RBD/RNP motifs) 
family protein 

AT1G60000.1 AT1G60000 protein At1g60000 

54 trinity_dn7904_c0_g1 
NAD(P)-linked oxidoreductase 

superfamily protein 
at1g60690 

NAD(P)-linked oxidoreductase 

superfamily protein 
AT1G60710.1 Probable aldo-keto reductase 4 At1g60710 

55 trinity_dn1863_c0_g2 
protein serine/threonine kinase 
activity 

at4g21390 
S-locus lectin protein kinase 
family protein 

AT1G61610.1 

Putative G-type lectin S-

receptor-like serine/threonine-

protein kinase At1g61610 

At1g61610 

56 trinity_dn8043_c0_g1 SUPERCENTIPEDE1 (SCN1) at3g07880 
Immunoglobulin E-set 

superfamily protein  
AT1G62450.1 

Immunoglobulin E-set 

superfamily protein 
At1g62450 

57 trinity_dn20329_c0_g1 
Eukaryotic aspartyl protease family 
protein 

at5g37540 
Eukaryotic aspartyl protease 
family protein  

AT1G66180.1 
Eukaryotic aspartyl protease 
family protein 

At1g66180 

58 trinity_dn787_c1_g1 glyoxalase I homolog ATGLX1 at1g11840 

Glyoxalase/Bleomycin 

resistance protein/Dioxygenase 
superfamily protein 

AT1G67280.1 
Probable lactoylglutathione 

lyase, chloroplastic 
At1g67280 

59 trinity_dn134_c2_g1 
Leucine-rich repeat protein kinase 

family protein 
at2g37050 

Leucine-rich repeat protein 

kinase family protein 
AT1G67720.1 

Probable LRR receptor-like 

serine/threonine-protein kinase 
At1g67720 

At1g67720 

60 trinity_dn32172_c0_g1 Prolyl oligopeptidase family protein at1g50380 
Prolyl oligopeptidase family 

protein 
AT1G69020.1 

Prolyl oligopeptidase family 

protein 
At1g69020 

61 trinity_dn7851_c0_g1 Rubisco activase at2g39730 

P-loop containing nucleoside 

triphosphate hydrolases 

superfamily protein 

AT1G73110.1 

p-loop containing nucleoside 

triphosphate hydrolases 

superfamily protein 

AT1G73110 

62 trinity_dn217_c2_g1 
phenylcoumaran benzylic ether 
reductase (PCBER) 

at4g39230 

NmrA-like negative 

transcriptional regulator family 

protein 

AT1G75280.1 
Isoflavone reductase homolog 
P3 

At1g75280 

63 trinity_dn5960_c0_g1 
A caffeic acid/5-hydroxyferulic acid 

O-methyltransferase 
at5g54160 

O-methyltransferase family 

protein  
AT1G77520.1 

O-methyltransferase family 

protein 
At1g77520 

64 trinity_dn11079_c0_g1 large subunit of RUBISCO atcg00490 
Ribulose bisphosphate 
carboxylase large chain, 

catalytic domain  

AT2G07732.1 

Ribulose bisphosphate 

carboxylase large chain, 

catalytic domain-containing 
protein 

At2g07732 
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65 trinity_dn7085_c0_g1 
Plant basic secretory protein (BSP) 
family protein 

at2g15220 
Plant basic secretory protein 
(BSP) family protein 

AT2G15130.1 
Plant basic secretory protein 
(BSP) family protein 

At2g15130 

66 trinity_dn21196_c0_g1 embryo defective 2394 (emb2394) at1g05190 
ribosomal protein L6 family 

protein 
AT2G18400.1 

Ribosomal_L6 domain-

containing protein 
At2g18400 

67 trinity_dn2390_c0_g1 
NAD(P)-linked oxidoreductase 

superfamily protein 
at2g21250 NAD(P)-linked oxidoreductase AT2G21260.1 

Aldo_ket_red domain-

containing protein 
At2g21260 

68 trinity_dn22883_c0_g1 
NAD(P)-binding Rossmann-fold 

superfamily protein 
at1g07440 

NAD-dependent 
epimerase/dehydratase family 

protein  

AT2G29340.3 
Tropinone reductase homolog 

At2g29340 
At2g29340 

69 trinity_dn10511_c0_g1 
plastid transcriptionally active 3 

(PTAC3) 
at3g04260 genomes uncoupled 1 AT2G31400.1 

Pentatricopeptide repeat-
containing protein At2g31400, 

chloroplastic 

At2g31400 

70 trinity_dn14665_c0_g1 
Acyl-CoA N-acyltransferases (NAT) 
superfamily protein 

at3g22560 
Acyl-CoA N-acyltransferases 
(NAT) superfamily protein  

AT2G32020.1 
N-acetyltransferase domain-
containing protein 

At2g32020 

71 trinity_dn4828_c0_g1 Pyruvate kinase family protein at3g52990 Pyruvate kinase family protein  AT2G36580.1 Pyruvate kinase At2g36580 

72 trinity_dn8351_c0_g1 
SGNH hydrolase-type esterase 

superfamily protein 
at3g11210 

SGNH hydrolase-type esterase 

superfamily protein 
AT2G38180.1 

GDSL esterase/lipase 

At2g38180 
At2g38180 

73 trinity_dn2353_c0_g1 
Zinc finger (C3HC4-type RING 

finger) family protein 
at5g60710 

Zinc finger (C3HC4-type 

RING finger) family protein 
AT2G38970.1 

Zinc finger (C3HC4-type 

RING finger) family protein 
At2g38970 

74 trinity_dn6817_c0_g1 
methionine--tRNA ligase, putative / 
methionyl-tRNA synthetase 

at4g13780 
Nucleic acid-binding, OB-fold-
like protein 

AT2G40660.1 
Nucleic acid-binding, OB-fold-
like protein 

At2g40660 

75 trinity_dn37018_c0_g2 Ribosomal protein L1p/L10e family at3g58660 
Ribosomal protein L1p/L10e 

family 
AT2G42650.1 

Ribosomal protein L1p/L10e 

family 
At2g42650 

76 trinity_dn1446_c0_g1 Ribosomal protein L1p/L10e family at3g63490 
Ribosomal protein L1p/L10e 

family 
AT2G42710.1 

Ribosomal protein L1p/L10e 

family 
At2g42710 

77 trinity_dn5079_c0_g1 Major facilitator superfamily protein at1g54730 
Major facilitator superfamily 
protein  

AT2G48020.2 Sugar transporter ERD6-like 7 At2g48020 

78 trinity_dn10547_c0_g1 
Far-red impaired responsive (FAR1) 

family protein 
at2g43280 

Far-red impaired responsive 

(FAR1) family protein  
AT3G07500.1 

FAR1 domain-containing 

protein 
At3g07500 

79 trinity_dn6404_c0_g1 DNAJ heat shock family protein at5g01390 
DNAJ heat shock family 

protein  
AT3G08910.1 J domain-containing protein At3g08910 

80 trinity_dn8736_c0_g1 
alpha 1,4-glycosyltransferase family 
protein 

at5g01250 
alpha 1,4-glycosyltransferase 
family protein 

AT3G09020.1 
Gb3_synth domain-containing 
protein 

At3g09020 

81 trinity_dn4401_c0_g1 Amino acid kinase family protein at3g18680 
aspartate/glutamate/uridylate 

kinase family protein 
AT3G10030.1 

AA_kinase domain-containing 

protein 
At3g10030 

82 trinity_dn12549_c3_g1 
KH domain-containing protein / zinc 
finger (CCCH type) family protein 

at5g06770 

KH domain-containing protein 

/ zinc finger (CCCH type) 
family protein  

AT3G12130.1 
Zinc finger CCCH domain-
containing protein 36 

At3g12130 

83 trinity_dn7336_c0_g1 NOP56-like protein at1g56110 NOP56-like pre RNA AT3G12860.1 NOP56-like pre RNA At3g12860 
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processing ribonucleoprotein processing ribonucleoprotein 

84 trinity_dn26881_c0_g1 Protein kinase family protein at2g25760 Protein kinase family protein  AT3G13670.1 
Protein kinase domain-
containing protein 

At3g13670 

85 trinity_dn1029_c0_g1 
NB-ARC domain-containing disease 

resistance protein 
at3g14470 

LRR and NB-ARC domains-

containing disease resistance 
protein  

AT3G14460.1 
Putative disease resistance 

protein At3g14460 
At3g14460 

86 trinity_dn20927_c1_g1 
non race-specific disease resistance 1 

(NDR1) 
at3g20600 

Late embryogenesis abundant 

(LEA) hydroxyproline-rich 
glycoprotein family  

AT3G20590.1 

Late embryogenesis abundant 

(LEA) hydroxyproline-rich 
glycoprotein family 

At3g20590 

87 trinity_dn1081_c1_g2 

AGC (cAMP-dependent, cGMP-

dependent and protein kinase C) 
kinase family protein 

at4g14350 

AGC (cAMP-dependent, 

cGMP-dependent and protein 
kinase C) kinase family protein  

AT3G23310.1 
Non-specific serine/threonine 

protein kinase 
At3g23310 

88 trinity_dn6576_c0_g1 
Nucleic acid-binding, OB-fold-like 

protein 
at1g12800 

Nucleic acid-binding proteins 

superfamily  
AT3G23700.1 AT3g23700/MYM9_3 At3g23700 

89 trinity_dn11901_c0_g1 
Kelch repeat-containing F-box 

family protein 
at1g23390 

Galactose oxidase/kelch repeat 

superfamily protein 
AT3G24760.1 

F-box/kelch-repeat protein 

At3g24760 
At3g24760 

90 trinity_dn5513_c0_g3 Glycosyl hydrolase family  at5g13980 
Glycosyl hydrolase family 38 
protein  

AT3G26720.1 Alpha-mannosidase At3g26720 At3g26720 

91 trinity_dn8120_c0_g1 
NAD(P)-binding Rossmann-fold 

superfamily protein 
at4g03140 

NAD(P)-binding Rossmann-

fold superfamily protein  
AT3G26760.1 

Alcohol dehydrogenase-like 

protein 
At3g26760 

92 trinity_dn2854_c0_g1 AAA-ATPase 1 (AATP1) at5g40010 

P-loop containing nucleoside 

triphosphate hydrolases 

superfamily protein  

AT3G28580.1 AAA-ATPase At3g28580 At3g28580 

93 trinity_dn304_c1_g1 
Ubiquitin carboxyl-terminal 

hydrolase-related protein 
at3g47890 

Ubiquitin carboxyl-terminal 

hydrolase-related protein 
AT3G47910.2 

Ubiquitin carboxyl-terminal 

hydrolase-related protein 
At3g47910 

94 trinity_dn1604_c0_g2 CZF1 at2g40140 salt-inducible zinc finger 1  AT3G55980.1 
Zinc finger CCCH domain-
containing protein 47 

At3g55980 

95 trinity_dn35805_c0_g1 
Tetratricopeptide repeat (TPR)-like 

superfamily protein 
at1g02150 

Pentatricopeptide repeat (PPR) 

superfamily protein 
AT4G02820.1 

Pentatricopeptide repeat-

containing protein At4g02820, 
mitochondrial 

At4g02820 

96 trinity_dn14790_c1_g1 
RNA-binding (RRM/RBD/RNP 

motifs) family protein 
at2g35410 

RNA-binding 

(RRM/RBD/RNP motifs) 
family protein  

AT4G09040.1 At4g09040 At4g09040 

97 trinity_dn4798_c0_g1 
Chaperone DnaJ-domain 

superfamily protein 
at4g36520 

Chaperone DnaJ-domain 

superfamily protein  
AT4G12770.2 

Chaperone DnaJ-domain 

superfamily protein 
At4g12770 

98 trinity_dn750_c0_g1 Protein kinase family protein at5g09890 

AGC (cAMP-dependent, 

cGMP-dependent and protein 
kinase C) kinase family protein 

AT4G14350.2 
Non-specific serine/threonine 
protein kinase 

At4g14350 

99 trinity_dn15101_c0_g2 Senescence/dehydration-associated at3g21600 Senescence/dehydration- AT4G15450.1 At4g15450 At4g15450 
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100 trinity_dn9133_c0_g1 binding partner of acd11 1 (BPA1 at5g16840 
RNA-binding 
(RRM/RBD/RNP motifs) 

family protein  

AT4G17720.1 
Putative RRM-containing 

protein 
At4g17720 

101 trinity_dn5132_c0_g1 
NB-ARC domain-containing disease 
resistance protein 

at4g27190 
NB-ARC domain-containing 
disease resistance protein 

AT4G27220.1 
Probable disease resistance 
protein At4g27220 

At4g27220 

102 trinity_dn2639_c0_g1 
S-locus lectin protein kinase family 

protein 
at4g27300 

S-locus lectin protein kinase 

family protein 
AT4G27290.1 

G-type lectin S-receptor-like 

serine/threonine-protein kinase 
At4g27290 

At4g27290 

103 trinity_dn1309_c0_g2 DNAJ heat shock family protein at2g20560 
DNAJ heat shock family 

protein 
AT4G28480.1 J domain-containing protein At4g28480 

104 trinity_dn5695_c1_g3 
NAD(P)-binding Rossmann-fold 

superfamily protein 
at2g37660 

NAD(P)-binding Rossmann-

fold superfamily protein 
AT5G02240.1 

Uncharacterized protein 

At5g02240 
At5g02240 

105 trinity_dn512_c0_g1 PLAC8 family protein at3g10980 PLAC8 family protein AT5G05350.1 PLAC8 family protein At5g05350 

106 trinity_dn12360_c0_g1 GTP-binding protein at5g39900 Small GTP-binding protein AT5G08650.1 
Translation factor GUF1 

homolog, chloroplastic 
At5g08650 

107 trinity_dn622_c0_g2 beta subunit of ATP synthase atcg00480 
ATP synthase alpha/beta 

family protein  
AT5G08670.1 ATP synthase subunit beta At5g08670 

108 trinity_dn5033_c0_g1 
Ribosomal protein L17 family 

protein 
at3g54210 

Ribosomal protein L17 family 

protein  
AT5G09770.1 At5g09770 At5g09770 

109 trinity_dn6075_c0_g1 
disease resistance protein (TIR-NBS-
LRR class) 

at5g17680 
Disease resistance protein 
(TIR-NBS-LRR class) 

AT5G11250.1 
Disease resistance protein 
(TIR-NBS-LRR class) 

At5g11250 

110 trinity_dn12614_c1_g1 pseudouridine synthase (NAP57) at3g57150 
Pseudouridine synthase family 

protein  
AT5G14460.1 

Pseudouridine synthase family 

protein 
At5g14460 

111 trinity_dn1729_c0_g1 
RNA-binding KH domain-

containing protein 
at5g53060 

RNA-binding KH domain-

containing protein  
AT5G15270.1 

RNA-binding KH domain-

containing protein 
At5g15270 

112 trinity_dn307_c0_g3 
triglyceride lipases;triglyceride 
lipases 

at4g13550 
alpha/beta-Hydrolases 
superfamily protein  

AT5G18640.1 
Alpha/beta-Hydrolases 
superfamily protein 

At5g18640 

113 trinity_dn6908_c0_g1 RING/U-box superfamily protein at3g06330 
RING/U-box superfamily 

protein 
AT5G18760.1 

RING-CH-type domain-

containing protein 
At5g18760 

114 trinity_dn2786_c0_g1 Glycosyl hydrolase family protein at5g20950 
Glycosyl hydrolase family 

protein  
AT5G20940.1 Beta-glucosidase-like protein At5g20940 

115 trinity_dn3838_c0_g1 
Calcium-dependent 
phosphotriesterase superfamily 

protein 

at3g57030 
Calcium-dependent 
phosphotriesterase superfamily 

protein  

AT5G22020.1 
Str_synth domain-containing 

protein 
At5g22020 

116 trinity_dn3342_c0_g2 
GRAM domain-containing protein / 

ABA-responsive protein-related 
at5g23370 

GRAM domain-containing 
protein / ABA-responsive 

protein-related  

AT5G23350.1 GEM-like protein 6 At5g23350 
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117 trinity_dn1070_c0_g2 S-domain-2 5 (SD2-5) at4g32300 
S-locus lectin protein kinase 

family protein 
AT5G35370.1 

G-type lectin S-receptor-like 
serine/threonine-protein kinase 

At5g35370 

At5g35370 

118 trinity_dn40368_c0_g1 

S-adenosyl-L-methionine-dependent 

methyltransferases superfamily 

protein 

at1g68040 

S-adenosyl-L-methionine-

dependent methyltransferases 

superfamily protein 

AT5G38100.1 

Probable S-

adenosylmethionine-dependent 

methyltransferase At5g38100 

At5g38100 

119 trinity_dn12430_c0_g1 
Malectin/receptor-like protein kinase 
family protein 

at5g39000 
Malectin/receptor-like protein 
kinase family protein 

AT5G38990.1 
Probable receptor-like protein 
kinase At5g38990 

At5g38990 

120 trinity_dn3228_c0_g1 
Transmembrane amino acid 

transporter family protein 
at1g08230 

Transmembrane amino acid 

transporter family protein 
AT5G41800.1 Probable GABA transporter 2 At5g41800 

121 trinity_dn85_c0_g2 
FAD-binding Berberine family 

protein 
at5g44440 

FAD-binding Berberine family 

protein  
AT5G44410.1 

Berberine bridge enzyme-like 

27 
At5g44410 

122 trinity_dn3726_c0_g1 
Ribosomal protein L19 family 
protein 

at4g17560 
Ribosomal protein L19 family 
protein  

AT5G47190.1 
50S ribosomal protein L19-2, 
chloroplastic 

At5g47190 

123 trinity_dn1669_c0_g1 
Leucine-rich repeat transmembrane 

protein kinase 
at5g49780 

Leucine-rich repeat 

transmembrane protein kinase 
AT5G49760.1 

Protein kinase domain-

containing protein 
At5g49760 

124 trinity_dn730_c2_g1 
leucine rich repeat transmembrane 
protein 

at2g31880 
Leucine-rich repeat protein 
kinase family protein  

AT5G63930.1 

Probable leucine-rich repeat 

receptor-like protein kinase 

At5g63930 

At5g63930 

125 trinity_dn2206_c0_g1 plastid ribosomal protein CL15 at3g25920 
Ribosomal protein L18e/L15 

superfamily protein 
AT5G64670.1 

Ribosomal_L18e/L15P 

domain-containing protein 
At5g64670 

126 trinity_dn78353_c0_g1 
Disease resistance protein (TIR-
NBS-LRR class) family 

at5g66900 
Disease resistance protein (CC-
NBS-LRR class) family 

AT5G66910.1 
Probable disease resistance 
protein At5g66910 

At5g66910 

127 trinity_dn8562_c0_g3 
homeodomain leucine zipper class I 

(HD-Zip I) protein 
at4g36740 homeobox protein 21  AT2G18550.1 

Homeobox-leucine zipper 

protein ATHB-21 
ATHB-21 

128 trinity_dn998_c1_g1 DNAJ homologue 2 (J2) at5g22060 DNAJ homologue 3  AT3G44110.1 Chaperone protein dnaJ 3 ATJ3 

129 trinity_dn2406_c0_g1 
RING-H2 zinc finger protein ATL6 

(ATL6) 
at3g05200 carbon/nitrogen insensitive 1  AT5G27420.1 

E3 ubiquitin-protein ligase 

ATL31 
ATL31 

130 trinity_dn9131_c0_g1 cytochrome c oxidase subunit 2 atmg00160 
Cytochrome C oxidase subunit 
II 

ATMG01280.1 
mitochondrial protein 
AtMg01280 

AtMg01280 

131 trinity_dn6171_c2_g1 AtObgC at5g18570 GTP-binding protein Obg/CgtA  AT1G07615.1 
Probable GTP-binding protein 

OBGM, mitochondrial 
ATOBGM 

132 trinity_dn69334_c0_g1 NADPH-cytochrome P450 reductase at4g30210 P450 reductase 1  AT4G24520.1 
NADPH--cytochrome P450 

reductase 1 
ATR1 

133 trinity_dn22709_c0_g1 flavanone 3 hydroxylase at5g20400 
2-oxoglutarate (2OG) and 
Fe(II)-dependent oxygenase 

superfamily protein 

AT1G49390.1 
Fe2OG dioxygenase domain-

containing protein 
AXX17_At1g43550 

134 trinity_dn9501_c0_g1 
Arabidopsis BAG (Bcl-2-associated 

athanogene) proteins 
at5g52060 BCL-2-associated athanogene 3  AT5G07220.1 

BAG family molecular 

chaperone regulator 3 
BAG3 
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135 trinity_dn130_c0_g1 BONZAI1-binding protein BAP1 at2g45760 BON association protein 1  AT3G61190.2 BON1-associated protein 1 BAP1 

136 trinity_dn10604_c0_g1 E3 ubiquitin ligase  at3g63530 
RING/U-box superfamily 
protein  

AT3G19910.1 
E3 ubiquitin ligase BIG 
BROTHER-related 

BBR 

137 trinity_dn6799_c0_g1 
beta-hydroxylase 1 (BETA-OHASE 

1) 
at4g25700 beta-carotene hydroxylase 2  AT5G52570.1 

Beta-carotene 3-hydroxylase 2, 

chloroplastic 
BETA-OHASE 2 

138 trinity_dn1364_c0_g1 basic helix loop helix domain protein at5g41315 

basic helix-loop-helix (bHLH) 

DNA-binding superfamily 

protein  

AT1G63650.3 Transcription factor EGL1 BHLH2 

139 trinity_dn4226_c0_g1 
basic helix-loop-helix (bHLH) DNA-
binding superfamily protein 

at5g57150 

basic helix-loop-helix (bHLH) 

DNA-binding superfamily 

protein  

AT4G29930.3 Transcription factor bHLH27 BHLH27 

140 trinity_dn3371_c0_g1 
basic helix-loop-helix (bHLH) DNA-
binding superfamily protein 

at5g48560 

basic helix-loop-helix (bHLH) 

DNA-binding superfamily 

protein  

AT3G07340.1 Transcription factor bHLH62 BHLH62 

141 trinity_dn1201_c5_g1 
BAK1-interacting receptor-like 
kinase named BIR1 

at5g48380 
Leucine-rich repeat protein 
kinase family protein 

AT3G28450.1 

Inactive LRR receptor-like 

serine/threonine-protein kinase 

BIR2 

BIR2 

142 trinity_dn253_c1_g2 Homeodomain protein at5g41410 BEL1-like homeodomain 4  AT2G23760.3 
BEL1-like homeodomain 

protein 4 
BLH4 

143 trinity_dn945_c0_g3 
SBP (S-ribonuclease binding 
protein) family protein 

at5g45100 
SBP (S-ribonuclease binding 
protein) family protein 

AT4G19700.1 E3 ubiquitin-protein ligase BOI BOI 

144 trinity_dn11524_c0_g1 bZIP protein at5g04840 

Basic-leucine zipper (bZIP) 

transcription factor family 
protein  

AT3G58120.1 Basic leucine zipper 61 BZIP61 

145 trinity_dn5037_c0_g1 callose synthase  at4g03550 glucan synthase-like 1  AT4G04970.1 Callose synthase 11 CALS11 

146 trinity_dn2572_c0_g1 Ca2+-binding protein at5g49480 calmodulin 1 AT5G37780.1 Calmodulin-4 CAM4 

147 trinity_dn289_c0_g3 
Calmodulin-binding transcription 

activator protein  
at5g64220 

ethylene induced calmodulin 

binding protein  
AT5G09410.2 

Calmodulin-binding 

transcription activator 1 
CAMTA1 

148 trinity_dn85_c1_g1 
Calcium-dependent lipid-binding 
(CaLB domain) family protein 

at5g37740 

Calcium-dependent lipid-

binding (CaLB domain) family 

protein  

AT1G66360.1 
Protein C2-DOMAIN ABA-
RELATED 2 

CAR2 

149 trinity_dn21449_c0_g1 
Calcium-dependent lipid-binding 
(CaLB domain) family protein 

at1g70810 

Calcium-dependent lipid-

binding (CaLB domain) family 

protein 

AT1G70800.1 
Protein C2-DOMAIN ABA-
RELATED 6 

CAR6 

150 trinity_dn1214_c3_g2 Calmodulin binding protein-like at1g73805 Calmodulin-binding protein  AT5G57580.1 
Calmodulin-binding protein 60 

B 
CBP60B 

151 trinity_dn1299_c2_g1 Calmodulin-binding protein at5g57580 Calmodulin-binding protein  AT4G25800.2 
Calmodulin-binding protein 60 
D 

CBP60D 
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152 trinity_dn36_c2_g1 glycine-rich RNA binding protein  at2g21660 
cold, circadian rhythm, and 
RNA binding 1  

AT4G39260.3 
Cold, circadian rhythm, and 
RNA binding 1 

CCR1 

153 trinity_dn13286_c0_g2 
Oxidoreductase, zinc-binding 

dehydrogenase family protein 
at1g23740 

Oxidoreductase, zinc-binding 

dehydrogenase family protein  
AT4G13010.1 

Chloroplast envelope quinone 

oxidoreductase homolog 
CEQORH 

154 trinity_dn18153_c0_g1 
HXXXD-type acyl-transferase 

family protein 
at5g17540 

acetyl CoA:(Z)-3-hexen-1-ol 

acetyltransferase  
AT3G03480.1 

(Z)-3-hexen-1-ol 

acetyltransferase 
CHAT 

155 trinity_dn12513_c0_g1 
ATP-dependent caseinolytic (Clp) 
protease/crotonase family protein 

at1g06550 
beta-hydroxyisobutyryl-CoA 
hydrolase 1 

AT5G65940.1 
3-hydroxyisobutyryl-CoA 
hydrolase 1 

CHY1 

156 trinity_dn16012_c0_g1 ClpP (caseinolytic protease) atcg00670 
CLP protease proteolytic 

subunit 2  
AT1G12410.1 

ATP-dependent Clp protease 

proteolytic subunit-related 
protein 2, chloroplastic 

CLPR2 

157 trinity_dn8951_c0_g1 calmodulin like 37 (CML37) at5g42380 calmodulin-like 38  AT1G76650.3 
Calcium-binding protein 

CML38 
CML38 

158 trinity_dn5945_c0_g1 ARF GAP domain (AGD) at3g07490 
Calcium-binding EF-hand 

family protein  
AT2G43290.1 Calmodulin-like protein 5 CML5 

159 trinity_dn9168_c0_g1 
Cyclic nucleotide gated channel 
family; cyclic nucleotide gated 

channel 1 (CNGC1) 

at5g53130 
cyclic nucleotide-gated channel 

13  
AT4G01010.1 

Putative cyclic nucleotide-

gated ion channel 13 
CNGC13 

160 trinity_dn27771_c0_g1 

Mitochondrial apocytochrome b 
(cob) gene encodes a subunit of the 

ubiquinol-cytochrome c 

oxidoreductase  

atmg00220 

Di-haem cytochrome, 

transmembrane;Cytochrome 
b/b6 

AT2G07727.1 Cytochrome b cob 

161 trinity_dn4343_c0_g1 B-box type zinc finger protein  at2g47890 
B-box type zinc finger protein 

with CCT domain  
AT1G28050.1 

Zinc finger protein 

CONSTANS-LIKE 15 
COL15 

162 trinity_dn1844_c0_g2 chloroplast RNA binding protein at2g37220 
chloroplast RNA-binding 
protein 29  

AT3G53460.3 
29 kDa ribonucleoprotein, 
chloroplastic 

CP29A 

163 trinity_dn2035_c0_g1 calcium-dependent protein kinase  at1g18890 
calcium-dependent protein 

kinase 30  
AT1G74740.1 

Calcium-dependent protein 

kinase 30 
CPK30 

164 trinity_dn16181_c2_g1 

ERF (ethylene response factor) 

subfamily B-5 of ERF/AP2 

transcription factor family 

at4g11140 cytokinin response factor 2  AT4G23750.2 
Ethylene-responsive 

transcription factor CRF2 
CRF2 

165 trinity_dn5395_c0_g1 
cysteine-rich RLK (RECEPTOR-like 
protein kinase) 25 (CRK25) 

at4g05200 

cysteine-rich RLK 

(RECEPTOR-like protein 

kinase) 10 

AT4G23180.1 
Cysteine-rich receptor-like 
protein kinase 10 

CRK10 

166 trinity_dn1849_c0_g1 
cysteine-rich RLK (RECEPTOR-like 
protein kinase) 2 (CRK2) 

at1g70520 

cysteine-rich RLK 

(RECEPTOR-like protein 
kinase) 42 

AT5G40380.1 
Cysteine-rich receptor-like 
protein kinase 42 

CRK42 

167 trinity_dn307_c0_g2 
cysteine-rich RLK (RECEPTOR-like 

protein kinase) 8 (CRK8) 
at4g23160 

cysteine-rich RLK 

(RECEPTOR-like protein 
kinase) 6  

AT4G23140.1 
Cysteine-rich receptor-like 

protein kinase 6 
CRK6 
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168 trinity_dn4657_c0_g1 Protein kinase superfamily protein at5g54590 
Protein kinase superfamily 
protein 

AT5G15730.2 
Calcium/calmodulin-regulated 
receptor-like kinase 2 

CRLK2 

169 trinity_dn5551_c0_g1 PF01657 at3g22060 
Domain of unknown function 

(DUF26)  
AT3G58310.1 

Putative cysteine-rich repeat 

secretory protein 61 
CRRSP61 

170 trinity_dn2298_c0_g1 CONSTANS at1g04400 cryptochrome 1 AT4G08920.1 Cryptochrome-1 CRY1 

171 trinity_dn6844_c0_g1 
chloroplastic copper/zinc superoxide 

dismutase CSD2 
at2g28190  

Copper/zinc superoxide 

dismutase 1 
AT1G08830.2 

Superoxide dismutase [Cu-Zn] 

1 
CSD1 

172 trinity_dn3812_c0_g2 cellulose synthase-like B4 (CSLB04) at2g32540 cellulose synthase-like B3  AT2G32530.1 
Cellulose synthase-like protein 
B3 

CSLB3 

173 trinity_dn16661_c0_g1 A2-type cyclin at1g15570 Cyclin A2 AT1G80370.1 Cyclin-A2-4 CYCA2-4 

174 trinity_dn30870_c0_g2 HCEF1 at3g54050 
Inositol monophosphatase 

family protein 
AT1G43670.1 

Fructose-1,6-bisphosphatase, 

cytosolic 
CYFBP 

175 trinity_dn6986_c0_g1 rotamase cyclophilin 2 (ROC2)  at3g56070 rotamase CYP 3  AT2G16600.1 
Peptidyl-prolyl cis-trans 

isomerase CYP19-1 
CYP19-1 

176 trinity_dn30378_c0_g1 
lumenal cyclophilin with peptidyl-

prolyl isomerase 
at5g13120 rotamase CYP 4  AT3G62030.1 

Peptidyl-prolyl cis-trans 

isomerase CYP20-3, 

chloroplastic 

CYP20-3 

177 trinity_dn15701_c0_g1 
Cyclophilin-like peptidyl-prolyl cis-

trans isomerase family protein 
at3g15520 cyclophilin 38  AT3G01480.1 

Peptidyl-prolyl cis-trans 
isomerase CYP38, 

chloroplastic 

CYP38 

178 trinity_dn20425_c0_g1 
Cyclophilin-like peptidyl-prolyl cis-

trans isomerase family protein 
at4g32420 

Cyclophilin-like peptidyl-
prolyl cis-trans isomerase 

family protein  

AT3G63400.3 
Peptidyl-prolyl cis-trans 

isomerase CYP63 
CYP63 

179 trinity_dn5427_c0_g1 
cytochrome P450; "cytochrome 
P450, family 71, subfamily A, 

polypeptide 22" (CYP71A22) 

at3g48310 
cytochrome P450, family 71, 

subfamily A, polypeptide 21  
AT3G48320.1 Cytochrome P450 71A21 CYP71A21 

180 trinity_dn11207_c0_g1 cytochrome p450  at2g26710 
cytochrome P450, family 72, 
subfamily A, polypeptide 8  

AT3G14620.1 AT3g14620/MIE1_12 CYP72A8 

181 trinity_dn1987_c0_g2 
CYP82G; "cytochrome P450, family 

82, subfamily G, polypeptide 1"  
at3g25180 

cytochrome P450, family 82, 

subfamily C, polypeptide 4  
AT4G31940.1 

Xanthotoxin 5-hydroxylase 

CYP82C4 
CYP82C4 

182 trinity_dn8327_c0_g1 cysteine synthase CysD2 at5g28020 L-cysteine desulfhydrase 1  AT5G28030.1 
Bifunctional cystathionine 

gamma-lyase/cysteine synthase 
DES1 

183 trinity_dn262_c0_g1 diacylglycerol kinase at4g30340 diacylglycerol kinase 3 AT2G18730.1 Diacylglycerol kinase 3 DGK3 

184 trinity_dn2386_c0_g1 
DNAJ heat shock N-terminal 
domain-containing protein 

at2g42750 
DNAJ heat shock N-terminal 
domain-containing protein  

AT5G23240.1 
Chaperone protein dnaJ C76, 
chloroplastic 

DJC76 

185 trinity_dn5418_c0_g1 DNAJ heat shock family protein at5g23240 
DNAJ heat shock N-terminal 

domain-containing protein 
AT2G42750.1 

DNAJ heat shock N-terminal 

domain-containing protein 
DJC77 
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186 trinity_dn74_c1_g1 putative 2OG-Fe(II) oxygenase at5g24530 
2-oxoglutarate (2OG) and 
Fe(II)-dependent oxygenase 

superfamily protein  

AT4G10490.1 
Protein DMR6-LIKE 

OXYGENASE 2 
DLO2 

187 trinity_dn2678_c1_g1 alpha dioxygenase at1g73680 Peroxidase superfamily protein AT3G01420.1 Alpha-dioxygenase 1 DOX1 

188 trinity_dn605_c0_g2 
DREB subfamily A-1 of ERF/AP2 
transcription factor family (CBF3) 

at4g25480  C-repeat/DRE binding factor 3 AT4G25470.1 
Dehydration-responsive 
element-binding protein 1C 

DREB1C 

189 trinity_dn13075_c0_g1 

P-loop containing nucleoside 

triphosphate hydrolases superfamily 
protein 

at1g72660 
developmentally regulated G-

protein 1  
AT1G17470.2 

Developmentally-regulated G-

protein 1 
DRG1 

190 trinity_dn11290_c0_g1 
dormancy-associated protein 

(DRM1) 
at1g28330 

Dormancy/auxin associated 

family protein 
AT2G33830.2 

Dormancy-associated protein 

homolog 1 
DRMH1 

191 trinity_dn5259_c0_g1 DDB1a interacting protein  at5g58760  DROUGHT SENSITIVE 1  AT1G80710.1 DROUGHT SENSITIVE 1 
DROUGHT SENSITIVE 

1 

192 trinity_dn127_c1_g1 
Dynamin related protein 4C 
(DRP4C) 

at1g60500 Dynamin related protein 4A  AT1G60530.1 
Putative dynamin-related 
protein 4A 

DRP4A 

193 trinity_dn8786_c0_g1 ARC5 gene  at3g19720 Dynamin related protein 5A  AT1G53140.1 Dynamin-related protein 5A DRP5A 

194 trinity_dn7959_c0_g2 MATE efflux family protein at3g26590 MATE efflux family protein  AT5G38030.1 
Protein DETOXIFICATION 

30 
DTX30 

195 trinity_dn346_c0_g1 
1-deoxyxylulose 5-phosphate 

synthase  
at4g15560 

1-deoxy-D-xylulose 5-

phosphate synthase 1 
AT3G21500.1 

1-deoxy-D-xylulose 5-

phosphate synthase 1 
DXPS1 

196 trinity_dn6880_c0_g1 O-fucosyltransferase family protein at3g30300 
O-fucosyltransferase family 

protein 
AT3G03810.1 

Protein EMBRYO SAC 
DEVELOPMENT ARREST 

30 

EDA30 

197 trinity_dn6715_c0_g3 
Pleckstrin homology (PH) domain-
containing protein / lipid-binding 

START domain-containing protein 

at5g45560 
ENHANCED DISEASE 

RESISTANCE 2  
AT4G19040.1 

Protein ENHANCED 

DISEASE RESISTANCE 2 
EDR2 

198 trinity_dn7015_c0_g1 embryo defective 2726 at4g29060 
translation elongation factor Ts 
(EF-Ts) 

AT4G11120.1 
Elongation factor Ts, 
mitochondrial 

EFTS 

199 trinity_dn13274_c0_g1 S2P-like putative metalloprotease at1g17870 Peptidase M50 family protein AT5G35220.1 
Probable zinc metalloprotease 

EGY1, chloroplastic 
EGY1 

200 trinity_dn431_c2_g1 
DREB subfamily A-5 of ERF/AP2 

transcription factor family 
at1g19210 

Integrase-type DNA-binding 

superfamily protein  
AT1G74930.1 

Ethylene-responsive 

transcription factor ERF018 
ERF018 

201 trinity_dn12264_c0_g1 
DREB subfamily A-4 of ERF/AP2 
transcription factor family 

at1g12630 
Integrase-type DNA-binding 
superfamily protein  

AT5G52020.1 
Ethylene-responsive 
transcription factor ERF025 

ERF025 

202 trinity_dn1711_c2_g1 

ERF (ethylene response factor) 

subfamily B-3 of ERF/AP2 
transcription factor family 

at4g34410 
Integrase-type DNA-binding 

superfamily protein  
AT5G61890.1 

Ethylene-responsive 

transcription factor ERF114 
ERF114 

203 trinity_dn7022_c0_g1 
ERF (ethylene response factor) 
subfamily B-6 of ERF/AP2 

at1g68550 
Integrase-type DNA-binding 
superfamily protein  

AT3G25890.2 
Ethylene-responsive 
transcription factor ERF119 

ERF119 
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transcription factor family 

204 trinity_dn10201_c0_g1 
ERF (ethylene response factor) 
subfamily B-3 of ERF/AP2 

transcription factor family 

at3g23240 
ethylene-responsive element 

binding factor 15  
AT2G31230.1 

Ethylene-responsive 

transcription factor 15 
ERF15 

205 trinity_dn2304_c0_g1 EXORDIUM like 2 (EXL2) at5g64260 EXORDIUM like 4  AT5G09440.1 Protein EXORDIUM-like 4 EXL4 

206 trinity_dn3081_c0_g2 Glycosyl hydrolase family protein at3g47000 
Glycosyl hydrolase family 
protein 

AT3G47010.1 
Beta-D-glucan exohydrolase-
like protein 

F13I12.60 

207 trinity_dn12044_c0_g1 
GroES-like zinc-binding alcohol 

dehydrogenase family protein 
at5g61510 

oxidoreductase, zinc-binding 

dehydrogenase family protein  
AT4G21580.1 AT4g21580/F18E5_200 F18E5.200 

208 trinity_dn8885_c0_g1 
HNH endonuclease domain-

containing protein 
at1g18680 HNH endonuclease  AT3G47490.1 At3g47490 F1P2.40 

209 trinity_dn7333_c0_g1 
UDP-Glycosyltransferase 
superfamily protein 

at3g15940 
UDP-Glycosyltransferase 
superfamily protein  

AT1G52420.1 At1g52420 F6D8.36 

210 trinity_dn12759_c0_g1 

2-oxoglutarate (2OG) and Fe(II)-

dependent oxygenase superfamily 

protein 

at3g13610 

2-oxoglutarate (2OG) and 

Fe(II)-dependent oxygenase 

superfamily protein 

AT1G55290.1 
Feruloyl CoA ortho-

hydroxylase 2 
F6'H2 

211 trinity_dn16569_c0_g1 
fructose-bisphosphate aldolase 2 

(FBA2) 
at4g38970 

 fructose-bisphosphate aldolase 

1  
AT2G21330.2 Fructose-bisphosphate aldolase FBA1 

212 trinity_dn14114_c0_g1 IDN2 at3g48670 
XH/XS domain-containing 

protein  
AT3G12550.2 Factor of DNA methylation 3 FDM3 

213 trinity_dn324_c1_g1 FKBP-type immunophilin family  at4g25340 
FKBP-like peptidyl-prolyl cis-
trans isomerase family protein  

AT5G05420.1 
Peptidyl-prolyl cis-trans 
isomerase FKBP15-3 

FKBP15-3 

214 trinity_dn9109_c0_g1 
FKBP-like peptidyl-prolyl cis-trans 

isomerase family protein 
at5g13410 

FKBP-like peptidyl-prolyl cis-

trans isomerase family protein  
AT4G19830.1 

Peptidyl-prolyl cis-trans 

isomerase FKBP17-1, 
chloroplastic 

FKBP17-1 

215 trinity_dn469_c2_g1 
arabinogalactan protein 17 precursor 

(FLA17) 
at5g06390 

arabinogalactan protein 18 

precursor 
AT3G11700.1 

Fasciclin-like arabinogalactan 

protein 18 
FLA18 

216 trinity_dn14369_c0_g4 
Protein of unknown function 

(DUF581) 
at4g17670 

Protein of unknown function 

(DUF581) 
AT5G47060.1 FCS-Like Zinc finger 1 FLZ1 

217 trinity_dn167_c1_g1 
Protein of unknown function 
(DUF581) 

at5g20700 
Protein of unknown function 
(DUF581) 

AT1G74940.1 FCS-Like Zinc finger 13 FLZ13 

218 trinity_dn11450_c0_g1 
Protein of unknown function 

(DUF581) 
at1g78020 

Protein of unknown function 

(DUF581) 
AT1G22160.1 FCS-Like Zinc finger 5 FLZ5 

219 trinity_dn962_c0_g1 glutamate decarboxylase at5g17330 glutamate decarboxylase 4  AT2G02010.1 Glutamate decarboxylase 4 GAD4 

220 trinity_dn10407_c0_g1 
glyceraldehyde-3-phosphate 
dehydrogenase  

at1g42970 
glyceraldehyde 3-phosphate 
dehydrogenase A subunit 

AT3G26650.1 

Glyceraldehyde-3-phosphate 

dehydrogenase GAPA1, 

chloroplastic 

GAPA1 
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221 trinity_dn20323_c1_g1 GAST1 protein  at1g75750 
Gibberellin-regulated family 
protein  

AT2G18420.1 
Gibberellin-regulated protein 
11 

GASA11 

222 trinity_dn5649_c0_g1 ZIM-like 1 (ZML1) at3g21175 ZIM-LIKE 2  AT1G51600.2 GATA transcription factor 28 GATA28 

223 trinity_dn2942_c0_g1 galacturonosyltransferase activity at1g13250 
galacturonosyltransferase-like 

4  
AT3G06260.1 

Probable 

galacturonosyltransferase-like 
4 

GATL4 

224 trinity_dn822_c0_g2 galacturonosyltransferase at3g58790 galacturonosyltransferase 14  AT5G15470.1 
Probable 

galacturonosyltransferase 14 
GAUT14 

225 trinity_dn6935_c0_g1 galacturonosyltransferase at3g02350 

Nucleotide-diphospho-sugar 

transferases superfamily 

protein  

AT3G25140.1 Galacturonosyltransferase 8 GAUT8 

226 trinity_dn795_c0_g2 senescence-related gene 3 (SRG3) at3g02040 
PLC-like phosphodiesterases 

superfamily protein  
AT5G41080.1 

Glycerophosphodiester 

phosphodiesterase GDPD2 
GDPD2 

227 trinity_dn31832_c0_g1 GFA1 at1g06220 
Ribosomal protein 
S5/Elongation factor G/III/V 

family protein  

AT5G25230.1 
109 kDa U5 small nuclear 
ribonucleoprotein component 

GFL 

GFL 

228 trinity_dn3845_c0_g1 
Class I glutamine amidotransferase-

like superfamily protein 
at2g23970 

Class I glutamine 
amidotransferase-like 

superfamily protein  

AT4G30550.1 Gamma-glutamyl peptidase 3 GGP3 

229 trinity_dn15724_c0_g1 
Putative ligand-gated ion channel 
subunit family 

at2g29120 glutamate receptor 2.8 AT2G29110.1 Glutamate receptor 2.8 GLR2.8 

230 trinity_dn253_c4_g1 
ferredoxin dependent glutamate 

synthase (Fd-GOGAT) 
at5g04140 glutamate synthase 2  AT2G41220.1 

Ferredoxin-dependent 

glutamate synthase 2, 
chloroplastic 

GLU2 

231 trinity_dn6434_c0_g1 
Lactoylglutathione lyase / glyoxalase 

I family protein 
at5g57040 

Lactoylglutathione lyase / 

glyoxalase I family protein 
AT1G80160.1 AT1G80160 protein GLYI7 

232 trinity_dn1107_c0_g1 galactinol synthase 4 (GolS4) at1g60470 galactinol synthase 7  AT1G60450.1 Galactinol synthase 7 GOLS7 

233 trinity_dn127_c0_g3 
glucose6-Phosphate/phosphate 
transporter 2 

at1g61800 
glucose 6-phosphate/phosphate 
translocator 1  

AT5G54800.1 

Glucose-6-

phosphate/phosphate 

translocator 1, chloroplastic 

GPT1 

234 trinity_dn20927_c0_g1 glutathione peroxidase 8 (GPX8) at1g63460 glutathione peroxidase 6  AT4G11600.1 

Probable phospholipid 

hydroperoxide glutathione 

peroxidase 6, mitochondrial 

GPX6 

235  trinity_dn16535_c0_g1 
tRNA arginine adenosine deaminase 

(TADA) 
at1g68720 

Cytidine/deoxycytidylate 

deaminase family protein 
AT5G28050.1 Guanosine deaminase GSDA 

236 trinity_dn6909_c0_g1 glutathione transferase  at2g29490 glutathione S-transferase tau 2  AT2G29480.1 Glutathione S-transferase U2 GSTU2 

237 trinity_dn1792_c0_g1 glutathione transferase  at1g17180 
glutathione S-transferase TAU 
24  

AT1G17170.1 Glutathione S-transferase U24 GSTU24 
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238 trinity_dn1235_c0_g1 Glutathione transferase  at2g29420 glutathione S-transferase tau 4  AT2G29460.1 Glutathione S-transferase U4 GSTU4 

239 trinity_dn5039_c0_g3 starch initiation protein 6 (PGSIP6) at5g18480 
plant glycogenin-like starch 

initiation protein 5  
AT1G08990.1 

Putative UDP-
glucuronate:xylan alpha-

glucuronosyltransferase 5 

GUX5 

240 trinity_dn1260_c2_g1 
chloroplastidic phosphoglucan, water 
dikinase 

at5g26570 Pyruvate phosphate dikinase AT1G10760.1 
Alpha-glucan water dikinase 1, 
chloroplastic 

GWD1 

241 trinity_dn1499_c1_g1 Carbohydrate-binding-like fold at5g01260 carbohydrate kinases AT5G26570.1 
Phosphoglucan, water dikinase, 

chloroplastic 
GWD3 

242  trinity_dn9218_c1_g2 Phosphatase 2C at1g72770 ABI2  AT1G17550.1 Protein phosphatase 2C 7 HAB2 

243 trinity_dn9507_c0_g1 SOUL heme-binding family protein at3g10130  
SOUL heme-binding family 

protein  
AT5G20140.1 

SOUL heme-binding family 

protein 
HBP5 

244 trinity_dn8998_c0_g1 
NAD(P)-binding Rossmann-fold 
superfamily protein 

at4g18810 
high chlorophyll fluorescence 
phenotype 173  

AT1G16720.1 

Protein HIGH 
CHLOROPHYLL 

FLUORESCENCE 

PHENOTYPE 173, 

chloroplastic 

HCF173 

245 trinity_dn1301_c2_g1 Protein kinase superfamily protein at5g59700 hercules receptor kinase 1  AT3G46290.1 
Receptor-like protein kinase 

HERK 1 
HERK1 

246 trinity_dn673_c1_g1 
Heavy metal transport/detoxification 
superfamily protein 

at5g60800 

Heavy metal 

transport/detoxification 

superfamily protein 

AT2G36950.1 
Heavy metal-associated 
isoprenylated plant protein 5 

HIPP05 

247 trinity_dn2316_c0_g1 
Heavy metal transport/detoxification 
superfamily protein 

at1g22990 

Heavy metal 

transport/detoxification 

superfamily protein  

AT1G71050.1 
Heavy metal-associated 
isoprenylated plant protein 20 

HIPP20 

248 trinity_dn20599_c0_g1 
Ribosomal protein L14p/L23e family 

protein 
at5g46160 

Ribosomal protein L14p/L23e 

family protein 
AT1G17560.1 

50S ribosomal protein HLL, 

mitochondrial 
HLL 

249 trinity_dn8386_c0_g1 
HMG-box (high mobility group) 
DNA-binding family protein 

at2g34450 high mobility group B2  AT1G20693.3 
High mobility group B protein 
2 

HMGB2 

250 trinity_dn1713_c0_g1 homogentisate prenyltransferase  at3g11945 
homogentisate 

phytyltransferase 1  
AT2G18950.1 

Homogentisate 

phytyltransferase 1, 
chloroplastic 

HPT1 

251 trinity_dn5557_c1_g2 RING/U-box superfamily protein at5g01960 
RING/U-box superfamily 

protein 
AT1G65040.1 

RING/U-box superfamily 

protein 
Hrd1B 

252 trinity_dn10404_c0_g1 
Heat Stress Transcription Factor 

(Hsf) family 
at2g26150 

heat shock transcription factor 

A1D 
AT1G32330.1 

Heat stress transcription factor 

A-1d 
HSFA1D 

253 trinity_dn9703_c1_g1 heat shock protein  at5g59720 
HSP20-like chaperones 
superfamily protein  

AT1G53540.1 
17.6 kDa class I heat shock 
protein 3 

HSP17.6C 

254 trinity_dn9107_c0_g2 
alpha-crystallin domain containing 
protein  

at1g06460 heat shock protein 17.6A  AT5G12030.1 
17.7 kDa class II heat shock 
protein 

HSP17.7 
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255 trinity_dn15575_c0_g2 
HSP20-like chaperones superfamily 
protein 

at1g52560 heat shock protein 21  AT4G27670.1 
Heat shock protein 21, 
chloroplastic 

HSP21 

256 trinity_dn2276_c0_g1 90-kDa heat shock protein at2g04030 HEAT SHOCK PROTEIN 89.1  AT3G07770.1 
Heat shock protein 90-6, 

mitochondrial 
HSP90-6 

257 trinity_dn10347_c0_g1 chlorophyll synthase  at3g51820 
homogentisate 
prenyltransferase  

AT3G11945.1 

Homogentisate 

solanesyltransferase, 

chloroplastic 

HST 

258 trinity_dn10461_c0_g1 homolog of HY5 (HYH) at3g17609 

Basic-leucine zipper (bZIP) 

transcription factor family 

protein  

AT5G11260.1 Transcription factor HY5 HY5 

259 trinity_dn163_c2_g2 
indoleacetic acid-induced protein 16 

(IAA16) 
at3g04730 indole-3-acetic acid 7  AT3G23050.1 

Auxin-responsive protein 

IAA7 
IAA7 

260 trinity_dn3646_c0_g1 
basic helix-loop-helix (bHLH) DNA-

binding superfamily protein 
at3g21330 

basic helix-loop-helix (bHLH) 
DNA-binding superfamily 

protein  

AT4G00120.1 Transcription factor IND IND 

261 trinity_dn6695_c2_g1 IQ-domain 32 (iqd32) at1g19870 IQ-domain 31  AT1G74690.1 Protein IQ-DOMAIN 31 IQD31 

262 trinity_dn6470_c0_g1 IQ-domain 5 (IQD5) at3g22190 IQ-domain 6  AT2G26180.1 At2g26180 IQD6 

263 trinity_dn1063_c1_g1 
embryo sac development arrest 39 
(EDA39) 

at4g33050 
calmodulin-binding family 
protein  

AT2G26190.1 
IQ domain-containing protein 
IQM4 

IQM4 

264 trinity_dn7014_c0_g1 
Inositol 1,3,4-trisphosphate 5/6-

kinase family protein 
at4g08170 

Inositol 1,3,4-trisphosphate 

5/6-kinase family protein 
AT4G33770.1 

Inositol-tetrakisphosphate 1-

kinase 2 
ITPK2 

265 trinity_dn4096_c0_g1 lectin kinase (RLK) at2g37710 
Concanavalin A-like lectin 

protein kinase family protein 
AT3G53810.1 

L-type lectin-domain 

containing receptor kinase IV.2 
LECRK42 

266 trinity_dn23450_c0_g3 
Concanavalin A-like lectin protein 
kinase family protein 

at5g06740 
Concanavalin A-like lectin 
protein kinase family protein 

AT5G55830.1 
Probable L-type lectin-domain 
containing receptor kinase S.7 

LECRKS7 

267 trinity_dn3069_c0_g1 
photosystem I light harvesting 

complex gene 2 (LHCA2) 
at3g61470 

photosystem I light harvesting 

complex gene 6  
AT1G19150.1 

Photosystem I chlorophyll a/b-

binding protein 6, chloroplastic 
LHCA6 

268 trinity_dn20209_c0_g1 
photosystem II light harvesting 

complex gene B1B2 (LHB1B2) 
at2g34420 

chlorophyll A/B binding 

protein 1 
AT1G29930.1 

Chlorophyll a-b binding 

protein 1, chloroplastic 
LHCB1.3 

269 trinity_dn6709_c1_g1 LOX5 at3g22400 lipoxygenase 1 AT1G55020.1 Linoleate 9S-lipoxygenase 1 LOX1 

270 trinity_dn4127_c1_g1 lipoxygenase at3g45140 
PLAT/LH2 domain-containing 
lipoxygenase family protein 

AT1G67560.1 Lipoxygenase 6, chloroplastic LOX6 

271 trinity_dn10285_c0_g1 Protein kinase superfamily protein at1g25390 
Protein kinase superfamily 
protein 

AT1G18390.2 

LEAF RUST 10 DISEASE-

RESISTANCE LOCUS 
RECEPTOR-LIKE PROTEIN 

KINASE-like 1.2 

LRK10L-1.2 

272 trinity_dn4468_c0_g1 Protein kinase superfamily protein at1g67000 
Protein kinase superfamily 
protein 

AT1G66930.1 
LEAF RUST 10 DISEASE-
RESISTANCE LOCUS 

LRK10L-2.7 
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RECEPTOR-LIKE PROTEIN 
KINASE-like 2.7 

273 trinity_dn26787_c0_g1 lycopene β-cyclase at3g10230 
Lycopene beta/epsilon cyclase 

protein  
AT5G57030.1 

Lycopene epsilon cyclase, 

chloroplastic 
LUT2 

274 trinity_dn10817_c0_g1 
Pyridoxal-dependent decarboxylase 

family protein 
at5g11880 

Pyridoxal-dependent 

decarboxylase family protein 
AT3G14390.1 

Diaminopimelate 

decarboxylase 1, chloroplastic 
LYSA1 

275 trinity_dn17251_c0_g1 acylaminoacyl-peptidase-related at4g14570 
alpha/beta-Hydrolases 
superfamily protein 

AT5G36210.1 
Alpha/beta-Hydrolases 
superfamily protein 

MAB16.20 

276 trinity_dn8328_c0_g1 FLOWERING LOCUS C (FLC) at5g10140 AGAMOUS-like 31  AT5G65050.1 AGAMOUS-like 31 MAF2 

277 trinity_dn1201_c7_g1 APE1 at5g38660 
Proteasome maturation factor 

UMP1  
AT5G38650.1 

Proteasome maturation factor 

UMP1 
MBB18.20 

278 trinity_dn1068_c2_g1 
lactate/malate dehydrogenase family 

protein 
at5g58330 

Lactate/malate dehydrogenase 

family protein  
AT5G56720.1 

Malate dehydrogenase 3, 

cytoplasmic 
MDH3 

279 trinity_dn14847_c0_g2 DNA-binding protein at2g03270 
P-loop containing nucleoside 
triphosphate hydrolases 

superfamily protein 

AT5G35970.1 
P-loop containing nucleoside 
triphosphate hydrolases 

superfamily protein 

MEE13.8 

280 trinity_dn9945_c0_g1 
Translation elongation factor 
EFG/EF2 protein 

at2g45030 
Translation elongation factor 
EFG/EF2 protein  

AT1G45332.1 
Elongation factor G-1, 
mitochondrial 

MEFG1 

281 trinity_dn41725_c0_g1 EF-G proteins at1g62750 
Translation elongation factor 

EFG/EF2 protein  
AT2G45030.1 

Elongation factor G-2, 

mitochondrial 
MEFG2 

282 trinity_dn8552_c0_g1 
methionine adenosyltransferase 3 

(MAT3) 
at2g36880 

S-adenosylmethionine 

synthetase family protein  
AT3G17390.1 

S-adenosylmethionine synthase 

4 
METK4 

283 trinity_dn17791_c0_g1 farnesylated protein 3 (FP3) at5g63530 
Heavy metal 
transport/detoxification 

superfamily protein  

AT5G50740.1 
Heavy metal 
transport/detoxification 

superfamily protein 

MFB16.14 

284 trinity_dn2724_c0_g2 
MITOCHONDRIAL 
FERREDOXIN 2 (MFDX2) 

at4g21090 mitochondrial ferredoxin 1  AT4G05450.1 
Adrenodoxin-like protein 1, 
mitochondrial 

MFDX1 

285 trinity_dn73_c1_g1 
RNA-binding (RRM/RBD/RNP 

motifs) family protein 
at3g13224 

RNA-binding 

(RRM/RBD/RNP motifs) 
family protein  

AT5G40490.1 

RNA-binding 

(RRM/RBD/RNP motifs) 
family protein 

MNF13.1 

286 trinity_dn17046_c0_g1 plastid developmental protein DAG at1g11430 
plastid developmental protein 

DAG 
AT3G06790.2 

Multiple organellar RNA 

editing factor 3, mitochondrial 
MORF3 

287 trinity_dn5739_c0_g1 magnesium transporter 9 (MGT9) at5g64560 magnesium transporter 7  AT5G09690.2 
Magnesium transporter MRS2-

7 
MRS2-7 

288 trinity_dn3217_c2_g1 
cytochrome b(6) subunit of the 
cytochrome b6f complex 

atcg00720 apocytochrome b  ATMG00220.1 Cytochrome b MT-CYB 

289 trinity_dn3754_c0_g4 
Disease resistance protein (TIR-
NBS-LRR class) family 

at5g36930 
disease resistance protein (TIR-
NBS-LRR class) 

AT5G17680.1 
Disease resistance protein 
(TIR-NBS-LRR class) 

MVA3.30 

290 trinity_dn6421_c0_g3 IIIB acid phosphatase at4g25150 IIIB acid phosphatase  AT5G51260.1 Acid phosphatase MWD22.21 
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291 trinity_dn1780_c0_g2 R2R3 factor gene family at3g61250 myb domain protein 16 AT5G15310.1 Transcription factor MYB16 MYB16 

292 trinity_dn4056_c0_g1 R2R3 factor gene family at4g37260 myb domain protein 70 AT2G23290.1 At2g23280 MYB70 

293 trinity_dn1925_c1_g2 myb domain protein 94 (MYB94) at3g47600 myb domain protein 96  AT5G62470.2 Transcription factor MYB96 MYB96 

294 trinity_dn2777_c0_g1 
NAC domain containing protein 36 
(NAC036) 

at2g17040 
NAC domain containing 
protein 35 

AT2G02450.2 
NAC domain-containing 
protein 35 

NAC035 

295 trinity_dn11364_c0_g1 NAD-dependent malic enzyme  at4g00570 
NAD-dependent malic enzyme 

1  
AT2G13560.1 

NAD-dependent malic enzyme 

1, mitochondrial 
NAD-ME1 

296 trinity_dn2074_c0_g1 NADP-ME4  at1g79750 NADP-malic enzyme 3  AT5G25880.1 
NADP-dependent malic 

enzyme 3 
NADP-ME3 

297 trinity_dn4032_c0_g1 NAD(P)H dehydrogenase complex atcg01050 
NADH dehydrogenase subunit 
4 

ATMG00580.1 
NADH-ubiquinone 
oxidoreductase chain 4 

ND4 

298 trinity_dn1119_c0_g1 NAD(P)H dehydrogenase  at1g07180 
alternative NAD(P)H 

dehydrogenase 2  
AT2G29990.1 

Internal alternative NAD(P)H-

ubiquinone oxidoreductase A2, 
mitochondrial 

NDA2 

299 trinity_dn7692_c0_g1 NAD(P)H dehydrogenase B1  at4g28220 NAD(P)H dehydrogenase B3  AT4G21490.1 

External alternative NAD(P)H-

ubiquinone oxidoreductase B3, 
mitochondrial 

NDB3 

300 trinity_dn17292_c0_g1 
nucleoside diphosphate kinase 3 

(ndpk3) 
at4g11010 

Nucleoside diphosphate kinase 

family protein  
AT4G23900.1 

Nucleoside diphosphate kinase 

IV, chloroplastic/mitochondrial 
NDK4 

301 trinity_dn2605_c0_g1 NOT2/NOT3/NOT5 family protein at5g18230 
NOT2/NOT3/NOT5 family 

protein 
AT1G07705.2 NOT2 / NOT3 / NOT5 family 

Negative on TATA 

less2a 

302 trinity_dn5561_c0_g1 
NIMA-related serine/threonine 
kinases  

at3g20860 NIMA related 6 AT3G44200.1 
Serine/threonine-protein kinase 
Nek5 

NEK5 

303 trinity_dn13235_c0_g1 
Kinase interacting (KIP1-like) 

family protein 
at3g22790 

kinase interacting (KIP1-like) 

family protein  
AT4G14760.1 Protein NETWORKED 1B NET1B 

304 trinity_dn12711_c0_g1 
Kinase interacting (KIP1-like) 

family protein 
at5g58320 

Kinase interacting (KIP1-like) 

family protein  
AT2G30500.2 Protein NETWORKED 4B NET4B 

305 trinity_dn793_c0_g2 CCAAT-binding complex at1g72830 nuclear factor Y, subunit A8 AT1G17590.4 
Nuclear transcription factor Y 
subunit A-8 

NFYA8 

306 trinity_dn4557_c0_g1 nuclear factor Y, subunit B3 at4g14540 nuclear factor Y, subunit B2  AT5G47640.1 
Nuclear transcription factor Y 

subunit B-2 
NFYB2 

307 trinity_dn10827_c0_g3 NSP-interacting kinase (NIK1) at5g16000 NSP-interacting kinase 2 AT3G25560.1 
Protein NSP-INTERACTING 

KINASE 2 
NIK2 

308 trinity_dn28078_c0_g1 
Intron maturase, type II family 
protein 

at5g46920 
Intron maturase, type II family 
protein 

AT1G30010.1 
Nuclear intron maturase 1, 
mitochondrial 

NMAT1 

309 trinity_dn10275_c0_g1 di- and tri-peptide transporter at2g02040 
Major facilitator superfamily 

protein  
AT1G62200.1 

Protein NRT1/ PTR FAMILY 

8.5 
NPF8.5 
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310 trinity_dn9038_c0_g1 NPY family genes  at4g31820 
Phototropic-responsive NPH3 
family protein  

AT5G67440.1 
BTB/POZ domain-containing 
protein NPY3 

NPY3 

311 trinity_dn19205_c0_g1 
Nramp2 family; NRAMP metal ion 

transporter 6 (NRAMP6) 
at1g15960 

natural resistance-associated 

macrophage protein 1 
AT1G80830.1 Metal transporter Nramp1 NRAMP1 

312 trinity_dn1783_c0_g1 NAP1-related protein 1 (NRP1) at1g74560 NAP1-related protein 1 (NRP1) AT1G18800.1 NAP1-related protein 2 NRP2 

313 trinity_dn41315_c0_g1 
non-catalytic subunits of Nuclear 
RNA polymerases II and V 

at1g54250 RNA polymerase Rpb8  AT3G59600.1 

DNA-directed RNA 

polymerases II, IV and V 

subunit 8B 

NRPB8B 

314 trinity_dn14064_c0_g1 
DNA-dependent RNA polymerase 

IV (aka RNA polymerase D) 
at3g23780 nuclear RNA polymerase D2B  AT3G18090.1 

DNA-directed RNA 

polymerase D subunit 2b 
NRPD2b 

315 trinity_dn14474_c0_g1 ADP-ribose pyrophosphatase at5g47650 nudix hydrolase homolog 10  AT4G25434.1 Nudix hydrolase 10 NUDT10 

316 trinity_dn13737_c0_g1 
nudix hydrolase homolog 20 
(NUDT20) 

at5g19460 nudix hydrolase homolog 24  AT5G19470.1 
Nudix hydrolase 24, 
chloroplastic 

NUDT24 

317 trinity_dn6377_c0_g1 
nudix hydrolase homolog 25 

(NUDX25) 
at1g30110 nudix hydrolase homolog 26  AT3G10620.1 

Nudix hydrolase 26, 

chloroplastic 
NUDT26 

318 trinity_dn5665_c0_g1 cytosolic O-acetylserine(thiol)lyase at4g14880 
O-acetylserine (thiol) lyase 

(OAS-TL) isoform A2  
AT3G22460.1 

Putative inactive cysteine 

synthase 2 
OASA2 

319 trinity_dn6451_c0_g1 OEP16 at2g28900 

Mitochondrial import inner 
membrane translocase subunit 

Tim17/Tim22/Tim23 family 

protein  

AT4G16160.1 
Outer envelope pore protein 

16-2, chloroplastic 
OEP162 

320 trinity_dn3092_c0_g1 
alpha/beta barrel fold family of 

FMN-containing oxidoreductases 
at1g76680 

12-oxophytodienoate reductase 

2  
AT1G76690.1 

12-oxophytodienoate reductase 

2 
OPR2 

321 trinity_dn15533_c0_g1 oligopeptide transporter (OPT3) at4g16370 oligopeptide transporter 2  AT1G09930.1 Oligopeptide transporter 2 OPT2 

322 trinity_dn11585_c0_g1 
SEC-C motif-containing protein / 
OTU-like cysteine protease family 

protein 

at5g67170 
OTU-like cysteine protease 

family protein  
AT2G27350.6 

OVARIAN TUMOR 
DOMAIN-containing 

deubiquitinating enzyme 6 

OTU6 

323 trinity_dn4707_c0_g1 
senescence-associated gene 101 
(SAG101) 

at5g14930 
alpha/beta-Hydrolases 
superfamily protein  

AT3G52430.1 Lipase-like PAD4 PAD4 

324 trinity_dn1478_c1_g1 Pectinacetylesterase family protein at4g19420 
Pectinacetylesterase family 

protein  
AT4G19410.1 Pectin acetylesterase 7 PAE7 

325 trinity_dn14291_c1_g1 purple acid phosphatase 10 (PAP10) at2g16430 purple acid phosphatase 12  AT2G27190.1 
Fe(3+)-Zn(2+) purple acid 

phosphatase 12 
PAP12 

326 trinity_dn247_c0_g3 
Calcium-binding EF-hand family 
protein 

at4g27280 pinoid-binding protein 1 AT5G54490.1 Calcium-binding protein PBP1 PBP1 

327 trinity_dn521_c1_g1 Protein kinase superfamily protein at5g18610 
Protein kinase superfamily 

protein 
AT5G13160.1 

Serine/threonine-protein kinase 

PBS1 
PBS1 
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328 trinity_dn2607_c2_g3 Peroxidase superfamily protein at2g22420 Peroxidase superfamily protein AT5G19890.1 Peroxidase 59 PER59 

329 trinity_dn10795_c0_g1 Peroxidase superfamily protein at5g39580 Peroxidase superfamily protein AT5G64120.1 Peroxidase 71 PER71 

330 trinity_dn11645_c0_g1 
DNA-damage resistance protein 

(DRT112) 
at1g20340 plastocyanin 1 AT1G76100.1 

Plastocyanin minor isoform, 

chloroplastic 
PETE 

331 trinity_dn31250_c0_g1 
D-isomer specific 2-hydroxyacid 

dehydrogenase family protein 
at1g72190 

D-3-phosphoglycerate 

dehydrogenase 
AT4G34200.1 

D-3-phosphoglycerate 

dehydrogenase 1, chloroplastic 
PGDH1 

332 trinity_dn2644_c0_g1 6-phosphoglucunolactonase at5g24400 6-phosphogluconolactonase 2  AT3G49360.1 
Probable 6-

phosphogluconolactonase 2 
PGL2 

333 trinity_dn3548_c1_g1 
Homeodomain-like superfamily 
protein 

at5g45580 
Homeodomain-like 
superfamily protein  

AT3G24120.1 Protein PHR1-LIKE 2 PHL2 

334 trinity_dn1264_c3_g1 plastidic alpha-glucan phosphorylase at3g29320 alpha-glucan phosphorylase 2 AT3G46970.1 
Alpha-glucan phosphorylase 2, 

cytosolic 
PHS2 

335 trinity_dn3268_c0_g1 phosphate transporter 1;9 (PHT1;9) at1g76430 phosphate transporter 1;8  AT1G20860.1 
Probable inorganic phosphate 

transporter 1-8 
PHT1-8 

336 trinity_dn6521_c0_g1 
plasma membrane intrinsic protein 

subfamily PIP1 
at4g00430 

plasma membrane intrinsic 

protein 1B  
AT2G45960.2 AT2G45960 protein PIP1B 

337 trinity_dn775_c0_g2 Patatin-related phospholipase A at4g37070 PATATIN-like protein 5  AT4G37060.1 Patatin-like protein 5 PLP5 

338 trinity_dn6215_c0_g1 Major facilitator superfamily protein at2g20780 
polyol/monosaccharide 

transporter 5  
AT3G18830.1 Polyol transporter 5 PLT5 

339 trinity_dn33896_c0_g1 Tropomyosin-related at1g06530 Tropomyosin-related AT3G58840.2 
Peroxisomal and mitochondrial 

division factor 1 
PMD1 

340 trinity_dn8509_c0_g1 
2Fe-2S ferredoxin-like superfamily 
protein 

at4g32590 
NDH-dependent cyclic electron 
flow 1  

AT3G16250.1 
Photosynthetic NDH subunit of 
subcomplex B 3, chloroplastic 

PNSB3 

341 trinity_dn1906_c0_g1 phloem protein 2-A4 (PP2-A4) at1g33920 phloem protein 2-A1  AT4G19840.1 
Protein PHLOEM PROTEIN 

2-LIKE A1 
PP2A1 

342 trinity_dn6848_c0_g1 
2A protein serine/threonine 

phosphatase  
at1g17720 

protein phosphatase 2A 55 kDa 
regulatory subunit B alpha 

isoform  

AT1G51690.3 

Serine/threonine protein 

phosphatase 2A 55 kDa 

regulatory subunit B alpha 
isoform 

PP2AB1 

343 trinity_dn5017_c0_g1 
PPO2, a putative 

protoporphyrinogen oxidase  
at5g14220 

Flavin containing amine 

oxidoreductase family  
AT4G01690.1 

Protoporphyrinogen oxidase 1, 

chloroplastic 
PPOX1 

344 trinity_dn12672_c0_g1 
Protease inhibitor/seed storage/LTP 

family protein 
at1g70250 PR5-like receptor kinase AT5G38280.1 PR5-like receptor kinase PR5K 

345 trinity_dn8437_c0_g1 PR1 gene  at2g14610 
basic pathogenesis-related 
protein 1  

AT2G14580.1 Pathogenesis-related protein 1 PRB1 

346 trinity_dn1397_c0_g1 profilin 1 (PRF1) at2g19760 profilin 2 AT4G29350.1 Profilin-2 PRF2 

347 trinity_dn3991_c0_g1 D1 subunit of photosystem I and II atcg00340 Photosystem I, PsaA/PsaB ATCG00350.1 Photosystem I P700 psaA 
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protein chlorophyll a apoprotein A1 

348 trinity_dn1754_c0_g1 psaA protein  atcg00350 
Photosystem I, PsaA/PsaB 
protein 

ATCG00340.1 
Photosystem I P700 
chlorophyll a apoprotein A2 

psaB 

349 trinity_dn808_c0_g1 PSII D2 protein atcg00270 
photosystem II reaction center 

protein A  
ATCG00020.1 Photosystem II protein D1 psbA 

350 trinity_dn14336_c0_g2 CP43 subunit of the photosystem II  atcg00280 
photosystem II reaction center 

protein B  
ATCG00680.1 

Photosystem II CP47 reaction 

center protein 
psbB 

351 trinity_dn5054_c0_g1 CP47 subunit of the photosystem II  atcg00680 
photosystem II reaction center 
protein C  

ATCG00280.1 
Photosystem II CP43 reaction 
center protein 

psbC 

352 trinity_dn889_c0_g2 chlorophyll binding protein D1 atcg00020 
photosystem II reaction center 

protein D  
ATCG00270.1 Photosystem II D2 protein psbD 

353 trinity_dn2763_c0_g1 extrinsic subunit of photosystem II  at5g66570 photosystem II subunit O-2  AT3G50820.1 
Oxygen-evolving enhancer 

protein 1-2, chloroplastic 
PSBO2 

354 trinity_dn4616_c0_g1 heteroglycan glucosidase 1 (HGL1) at3g23640 
Glycosyl hydrolases family 31 
protein  

AT5G63840.1 
Probable glucan 1,3-alpha-
glucosidase 

PSL5 

355 trinity_dn4858_c0_g1 
5'-AMP-activated protein kinase-

related 
at5g39790 

5'-AMP-activated protein 

kinase-related 
AT1G27070.1 

Protein PTST homolog 2, 

chloroplastic 
PTST2 

356 trinity_dn9973_c0_g1 plant U-box 9 (PUB9) at3g46510 PLANT U-BOX 12  AT2G28830.1 
U-box domain-containing 

protein 12 
PUB12 

357 trinity_dn2628_c0_g1 plant U-box 9 (PUB9) at3g07360 
ARM repeat superfamily 
protein  

AT5G18320.1 
Putative U-box domain-
containing protein 46 

PUB46 

358 trinity_dn83_c0_g2 
mitochondrial dicarboxylate carriers 

(DIC) 
at4g24570 uncoupling protein 5  AT2G22500.1 

Mitochondrial uncoupling 

protein 5 
PUMP5 

359 trinity_dn9768_c0_g1 allantoinase at4g04955 pyrimidine 2  AT5G12200.1 Dihydropyrimidinase PYD2 

360 trinity_dn203_c0_g4 
Ribulose bisphosphate carboxylase 
(small chain) family  

at5g38410 

Ribulose bisphosphate 

carboxylase (small chain) 

family protein 

AT5G38430.1 

Ribulose bisphosphate 

carboxylase small chain 1B, 

chloroplastic 

RBCS-1B 

361 trinity_dn34369_c0_g1 
RNA-binding (RRM/RBD/RNP 

motifs) family protein 
at3g08000 

glycine-rich RNA-binding 

protein 4  
AT3G23830.2 

Glycine-rich RNA-binding 

protein 4, mitochondrial 
RBG4 

362 trinity_dn1629_c1_g1 RNA-binding protein 47B (RBP47B) at3g19130 RNA-binding protein 47A  AT1G49600.1 
Polyadenylate-binding protein 
RBP47A 

RBP47A 

363 trinity_dn59831_c0_g1 
zinc finger (C3HC4-type RING 

finger) family protein 
at5g59550 

zinc finger (C3HC4-type RING 

finger) family protein  
AT3G46620.1 

E3 ubiquitin-protein ligase 

RDUF1 
RDUF1 

364 trinity_dn7297_c0_g3 DEAD/DEAH box helicase at3g02060 
DEAD/DEAH box RNA 

helicase family protein 
AT2G01440.1 

ATP-dependent DNA helicase 

homolog RECG, chloroplastic 
RECG 

365 trinity_dn2311_c0_g1 
LOWER CELL DENSITY 1 
(LCD1) 

at2g37860 reticulata-related 1  AT5G22790.1 
Protein RETICULATA-
RELATED 1, chloroplastic 

RER1 

366 trinity_dn7824_c0_g1 
P-loop containing nucleoside 
triphosphate hydrolases superfamily 

at5g63630 
P-loop containing nucleoside 
triphosphate hydrolases 

AT5G08610.1 
DEAD-box ATP-dependent 
RNA helicase 26 

RH26 
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protein superfamily protein  

367 trinity_dn8537_c0_g2 
S-locus lectin protein kinase family 

protein 
at1g11410 

S-locus lectin protein kinase 

family protein 
AT1G11340.1 

G-type lectin S-receptor-like 
serine/threonine-protein kinase 

RKS1 

RKS1 

368 trinity_dn1409_c1_g2 receptor like protein 53 (RLP53) at5g27060 receptor like protein 34  AT3G11010.1 Receptor-like protein 34 RLP34 

369 trinity_dn12502_c0_g1 
Homeodomain-like transcriptional 
regulator 

at4g12750 
Homeodomain-like 
transcriptional regulator 

AT5G44180.1 
Homeobox-DDT domain 
protein RLT2 

RLT2 

370 trinity_dn2710_c1_g1 
mitochondrial ribosomal protein L11 

(MRPL11) 
at4g35490 plastid ribosomal protein l11 AT1G32990.1 

50S ribosomal protein L11, 

chloroplastic 
RPL11 

371 trinity_dn7683_c0_g1 
Ribosomal protein L18e/L15 

superfamily protein 
at5g64670 ribosomal protein L15  AT3G25920.1 

50S ribosomal protein L15, 

chloroplastic 
RPL15 

372 trinity_dn36547_c0_g1 
Zinc-binding ribosomal protein 
family protein 

at3g10950 
Zinc-binding ribosomal protein 
family protein 

AT3G60245.1 60S ribosomal protein L37a-2 RPL37AC 

373 trinity_dn10624_c0_g2 
Ribosomal protein L10 family 

protein 
at1g25260 

Ribosomal protein L10 family 

protein 
AT3G11250.1 

60S acidic ribosomal protein 

P0-3 
RPP0C 

374 trinity_dn11413_c0_g1 
NB-ARC domain-containing disease 

resistance protein 
at3g46730 

NB-ARC domain-containing 

disease resistance protein  
AT3G46530.1 

Disease resistance protein 

RPP13 
RPP13 

375 trinity_dn11560_c0_g1 
Disease resistance protein (TIR-
NBS-LRR class) family 

at4g12010 
Disease resistance protein 
(TIR-NBS-LRR class)  

AT4G19510.1 
Disease resistance protein 
RPP2B 

RPP2B 

376 trinity_dn4194_c0_g2 
HOPZ-ACTIVATED RESISTANCE 

1 (ZAR1) 
at3g50950 

Disease resistance protein (CC-

NBS-LRR class) family  
AT5G43470.2 

Disease resistance protein 

RPP8 
RPP8 

377 trinity_dn258_c0_g1 
Disease resistance protein (CC-NBS-

LRR class) family 
at1g53350 

Disease resistance protein (CC-

NBS-LRR class) family  
AT5G35450.1 

Disease resistance RPP8-like 

protein 3 
RPP8L3 

378 trinity_dn14160_c0_g1 
NB-ARC domain-containing disease 
resistance protein 

at1g50180 
Disease resistance protein (CC-
NBS-LRR class) family  

AT5G48620.1 
Probable disease resistance 
RPP8-like protein 4 

RPP8L4 

379 trinity_dn9452_c0_g1 
LRR and NB-ARC domains-

containing disease resistance protein 
at3g14460 

NB-ARC domain-containing 

disease resistance protein  
AT3G14470.1 

Putative disease resistance 

RPP13-like protein 1 
RPPL1 

380 trinity_dn59_c1_g4 mitochondrial ribosomal protein S4 atmg00290 

Alpha-L RNA-binding 

motif/Ribosomal protein S4 

family protein  

AT2G07734.1 Ribosomal protein S4 rps4 

381 trinity_dn7060_c1_g1 
Disease resistance protein (TIR-

NBS-LRR class) family 
at5g46450 

disease resistance protein (TIR-

NBS-LRR class) family  
AT5G46470.1 

Disease resistance protein 

RPS6 
RPS6 

382 trinity_dn16067_c0_g1 mitochondrial ribosomal protein S7 atmg01270 
Ribosomal protein S7p/S5e 
family protein 

AT2G07696.1 
Ribosomal protein S7, 
mitochondrial 

RPS7 

383 trinity_dn340_c0_g3 chloroplast ribosomal protein S7 atcg00900 ribosomal protein S7  ATCG01240.1 
30S ribosomal protein S7, 

chloroplastic 
rps7-A 

384 trinity_dn6415_c0_g1 3'-5' exoribonuclease at3g60500 ribonuclease PH45A  AT3G12990.3 
Exosome complex component 

RRP45A 
RRP45A 
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385 trinity_dn9391_c1_g1 Reticulon family protein at2g46170 Reticulon family protein  AT3G61560.1 Reticulon-like protein B6 RTNLB6 

386 trinity_dn6721_c1_g1 SBE2 at5g03650 starch branching enzyme 2.1  AT2G36390.1 
1,4-alpha-glucan-branching 
enzyme 2-1, 

chloroplastic/amyloplastic 

SBE2.1 

387 trinity_dn7942_c0_g1 sphingoid base hydroxylases (SBH) at1g14290 sphingoid base hydroxylase 1  AT1G69640.1 
Sphinganine C4-
monooxygenase 1 

SBH1 

388 trinity_dn10568_c0_g1 GRAS gene family at5g48150 SCARECROW-like 21  AT2G04890.1 Scarecrow-like protein 21 SCL21 

389 trinity_dn9885_c0_g1 
serine carboxypeptidase-like 20 

(scpl20) 
at4g12910 serine carboxypeptidase-like 21  AT3G25420.1 

Serine carboxypeptidase-like 

21 
SCPL21 

390 trinity_dn3221_c0_g1 
serine carboxypeptidase-like 44 

(scpl44) 
at1g43780 serine carboxypeptidase-like 42  AT5G42240.1 

Serine carboxypeptidase-like 

42 
SCPL42 

391 trinity_dn6005_c0_g1 
serine carboxypeptidase-like 45 
(SCPL45) 

at1g28110 serine carboxypeptidase-like 46  AT2G33530.1 
Serine carboxypeptidase-like 
46 

SCPL46 

392 trinity_dn16646_c2_g1 
serine carboxypeptidase-like 51 

(SCPL51) 
at2g27920 serine carboxypeptidase-like 48  AT3G45010.1 

Serine carboxypeptidase-like 

48 
SCPL48 

393 trinity_dn6263_c0_g1 serine/threonine protein kinases  at4g21380 receptor kinase 2  AT1G65800.1 
Receptor-like serine/threonine-

protein kinase SD1-6 
SD16 

394 trinity_dn276_c1_g2 serine/threonine protein kinases  at1g65800 receptor kinase 1  AT1G65790.1 
Receptor-like serine/threonine-
protein kinase SD1-7 

SD17 

395 trinity_dn2925_c0_g2 
S-locus lectin protein kinase family 

protein 
at4g27290 receptor kinase 3  AT4G21380.1 

Receptor-like serine/threonine-

protein kinase SD1-8 
SD18 

396 trinity_dn3433_c0_g1 
S-locus lectin protein kinase family 
protein 

at2g19130 receptor-like protein kinase 4  AT4G00340.1 

G-type lectin S-receptor-like 

serine/threonine-protein kinase 

SD2-2 

SD22 

397 trinity_dn8074_c0_g1 
small RNA degrading nuclease 1 

(SDN1) 
at3g50100 

small RNA degrading nuclease 

3 
AT5G67240.1 

Small RNA degrading nuclease 

3 
SDN3 

398 trinity_dn7738_c0_g1 
Plasma membrane LRR receptor-like 
serine threonine kinase 

at1g71830 
somatic embryogenesis 
receptor-like kinase 2  

AT1G34210.1 
Somatic embryogenesis 
receptor kinase 2 

SERK2 

399 trinity_dn2866_c0_g3 
Leucine-rich repeat transmembrane 

protein kinase protein 
at4g29990 

FLG22-induced receptor-like 

kinase 1 
AT2G19190.1 

Senescence-induced receptor-

like serine/threonine-protein 
kinase 

SIRK 

400 trinity_dn7046_c0_g1 F-box gene  at4g08980 RNI-like superfamily protein AT4G05460.1 F-box protein SKIP19 SKIP19 

401 trinity_dn12552_c0_g1 Fatty acid/sphingolipid desaturase at2g46210 
Fatty acid/sphingolipid 

desaturase  
AT3G61580.1 Delta(8)-fatty-acid desaturase 1 SLD1 

402 trinity_dn205_c2_g1 
Calcineurin-like metallo-
phosphoesterase superfamily protein 

at1g18480 

Calcineurin-like metallo-

phosphoesterase superfamily 

protein 

AT1G07010.1 
Shewanella-like protein 
phosphatase 1 

SLP1 
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403 trinity_dn18773_c0_g3 YCF3 atcg00360 
Tetratricopeptide repeat (TPR)-

like superfamily protein  
AT3G11540.1 

Probable UDP-N-
acetylglucosamine--peptide N-

acetylglucosaminyltransferase 

SPINDLY 

SPY 

404 trinity_dn3730_c0_g2 
calcium/calmodulin-dependent 

protein kinase  
at1g10940 SNF1-related protein kinase AT1G60940.2 

Serine/threonine-protein kinase 

SRK2B 
SRK2B 

405 trinity_dn194_c0_g1 ADP-ribosyl)transferase at1g32230 RCD one 1 AT2G35510.1 
Probable inactive poly [ADP-
ribose] polymerase SRO1 

SRO1 

406 trinity_dn2265_c0_g1 SSI at5g24300 starch synthase 2  AT3G01180.1 
Starch synthase 2, 

chloroplastic/amyloplastic 
SS2 

407 trinity_dn5942_c1_g1 Nodulin MtN3 family protein at3g14770 Nodulin MtN3 family protein AT1G21460.1 
Bidirectional sugar transporter 

SWEET1 
SWEET1 

408 trinity_dn1105_c0_g1 BSD domain-containing protein at2g10950 
BSD domain-containing 
protein  

AT3G49800.1 AT3g49800/T16K5_150 T16K5.150 

409 trinity_dn1379_c0_g1 Ankyrin repeat family protein at3g18670 Ankyrin repeat family protein AT5G04700.1 Ankyrin repeat family protein T1E3_60 

410 trinity_dn50185_c0_g1 SOUL heme-binding family protein at1g17100 
SOUL heme-binding family 

protein  
AT1G78450.1 F3F9.4 T30F21.21 

411 trinity_dn4777_c0_g1 Cycloidea 1 at1g53230 
TCP family transcription factor 

4  
AT3G15030.3 Transcription factor TCP4 TCP4 

412 trinity_dn242_c1_g1 
NAD(P)-binding Rossmann-fold 
superfamily protein 

at4g11410 
NAD(P)-binding Rossmann-
fold superfamily protein  

AT4G23430.2 
Short-chain dehydrogenase 
TIC 32, chloroplastic 

TIC32 

413 trinity_dn12673_c0_g1 
tonoplast intrinsic protein 4;1 

(TIP4;1) 
at2g25810 

gamma tonoplast intrinsic 

protein 
AT2G36830.1 Aquaporin TIP1-1 TIP1-1 

414 trinity_dn5199_c0_g1 WUS-interacting protein 2 (WSIP2) at3g15880 
Transducin family protein / 

WD-40 repeat family protein  
AT1G15750.4 Protein TOPLESS TPL 

415 trinity_dn15445_c0_g1 TRF-like 8 (TRFL8) at2g37025 TRF-like 6  AT1G72650.2 TRF-like 6 TRFL6 

416 trinity_dn1597_c0_g2 
Pyridoxal-5'-phosphate-dependent 
enzyme family protein 

at5g28237 
tryptophan synthase beta-
subunit 2  

AT4G27070.1 
Tryptophan synthase beta chain 
2, chloroplastic 

TSB2 

417 trinity_dn9596_c0_g1 beta-tubulin at5g23860 tubulin beta chain 3  AT5G62700.1 Tubulin beta-2 chain TUBB2 

418 trinity_dn275_c0_g2 
UDP-Glycosyltransferase 

superfamily protein 
at1g01390 UDP-glucosyl transferase 72B3  AT1G01420.1 UDP-glycosyltransferase 72B3 UGT72B3 

419 trinity_dn4174_c0_g1 
UDP-glycosyltransferase 73B4 

(UGT73B4) 
at2g15490 UDP-glucosyl transferase 73B5  AT2G15480.1 UDP-glycosyltransferase 73B5 UGT73B5 

420 trinity_dn1051_c0_g1 UDP-glucosyltransferase, UGT74E2 at1g05680 
UDP-Glycosyltransferase 
superfamily protein  

AT1G05675.1 UDP-glycosyltransferase 74E1 UGT74E1 

421 trinity_dn2574_c0_g1 
UDP-Glycosyltransferase 

superfamily protein 
at4g27570 

UDP-Glycosyltransferase 

superfamily protein  
AT4G27560.1 UDP-glycosyltransferase 79B2 UGT79B2 
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422 trinity_dn1304_c0_g1 
UDP-glucosyl transferase 85A7 
(UGT85A7) 

at1g22340 UDP-glucosyl transferase 85A2  AT1G22360.1 UDP-glycosyltransferase 85A2 UGT85A2 

423 trinity_dn2944_c0_g1 
UDP-Glycosyltransferase 

superfamily protein 
at2g30140 

UDP-Glycosyltransferase 

superfamily protein  
AT2G30150.1 UDP-glycosyltransferase 87A1 UGT87A1 

424 trinity_dn70091_c0_g1 RNA helicases at1g05460 RNA helicase AT5G47010.1 
Regulator of nonsense 

transcripts 1 homolog 
UPF1 

425 trinity_dn10600_c0_g1 
Regulator of chromosome 

condensation (RCC1) family protein 
at5g11580 

Regulator of chromosome 
condensation (RCC1) family 

protein  

AT5G63860.1 Ultraviolet-B receptor UVR8 UVR8 

426 trinity_dn3657_c0_g1 
vesicle-associated membrane protein 
7B (At VAMP7B) mRNA 

at1g04750 synaptobrevin-related protein 1  AT2G33120.1 
Vesicle-associated membrane 
protein 722 

VAMP722 

427 trinity_dn203_c0_g2 phloem protein 2-B13 (PP2-B13) at1g56240 phloem protein 2-B14  AT1G56250.1 F-box protein VBF VBF 

428 trinity_dn8744_c0_g1 wall associated kinase 3 (WAK3) at1g21240 cell wall-associated kinase  AT1G21250.1 
Wall-associated receptor kinase 

1 
WAK1 

429 trinity_dn4860_c0_g1 
wall associated kinase-like 1 

(WAKL1) 
at1g16120 wall associated kinase-like 5 AT1G16160.1 

Wall-associated receptor 

kinase-like 5 
WAKL5 

430 trinity_dn4430_c0_g1 WCRKC thioredoxin 1 (WCRKC1) at5g06690 WCRKC thioredoxin 2  AT5G04260.1 
Thioredoxin-like 3-2, 
chloroplastic 

WCRKC2 

431 trinity_dn4369_c0_g1 WPP domain-interacting proteins at1g68910 
WPP domain-interacting 

protein 1  
AT5G11390.1 

WPP domain-interacting tail-

anchored protein 1 
WIT1 

432 trinity_dn68_c2_g1 
Pathogen-induced transcription 

factor 
at1g80840 

WRKY DNA-binding protein 

18  
AT4G31800.2 

WRKY DNA-binding protein 

18 
WRKY18 

433 trinity_dn795_c0_g1  WRKY Transcription Factor at4g23810 
WRKY family transcription 
factor  

AT4G11070.1 
Probable WRKY transcription 
factor 41 

WRKY41 

434 trinity_dn2651_c0_g1  WRKY Transcription Factor at5g64810 
WRKY DNA-binding protein 

50 
AT5G26170.1 

Probable WRKY transcription 

factor 50 
WRKY50 

435 trinity_dn3977_c1_g1 WRKY Transcription Factor at4g11070 
WRKY family transcription 

factor  
AT4G23810.1 

Probable WRKY transcription 

factor 53 
WRKY53 

436 trinity_dn2744_c0_g1  WRKY Transcription Factor at3g56400 
WRKY DNA-binding protein 
54  

AT2G40750.1 
Probable WRKY transcription 
factor 54 

WRKY54 

437 trinity_dn5062_c0_g1 
Pathogen-induced transcription 

factor 
at4g31800 

WRKY DNA-binding protein 

60 
AT2G25000.1 

Probable WRKY transcription 

factor 60 
WRKY60 

438 trinity_dn14369_c0_g2  WRKY Transcription Factor at3g58710 
WRKY DNA-binding protein 

65  
AT1G29280.1 

Probable WRKY transcription 

factor 65 
WRKY65 

439 trinity_dn1288_c0_g2 XTH33 at1g10550 
xyloglucan 
endotransglucosylase/hydrolase 

28  

AT1G14720.1 
Probable xyloglucan 
endotransglucosylase/hydrolase 

protein 28 

XTH28 

440 trinity_dn4617_c0_g1 
xyloglucan 

endotransglucosylase/hydrolases  
at4g03210 

xyloglucan 

endotransglucosylase/hydrolase 
AT5G13870.1 

Probable xyloglucan 

endotransglucosylase/hydrolase 
XTH5 
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5  protein 5 

441 trinity_dn3743_c1_g1 
xyloglucan 
endotransglucosylase/hydrolase 6 

(XTH6) 

at5g65730 
xyloglucan 
endotransglucosylase/hydrolase 

7  

AT4G37800.1 
Probable xyloglucan 
endotransglucosylase/hydrolase 

protein 7 

XTH7 

442 trinity_dn8101_c0_g1 ZmYS1 at4g24120 YELLOW STRIPE like AT5G53550.2 
Metal-nicotianamine 
transporter YSL3 

YSL3 

443 trinity_dn8365_c0_g1 YUC10 at1g48910 
Flavin-binding monooxygenase 

family protein 
AT1G21430.1 

Probable indole-3-pyruvate 

monooxygenase YUCCA11 
YUC11 
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1 trinity_dn2730_c0_g1 
isoform of 4-coumarate:CoA 
ligase 

at1g51680 4-coumarate:CoA ligase 2  AT3G21240.1 4-coumarate--CoA ligase 2 4CL2 

2 trinity_dn54_c1_g1 
nonfunctional amino acid 

transporter 
at5g23810 amino acid permease 3  AT1G77380.1 Amino acid permease 3 AAP3 

3 trinity_dn339_c0_g1 nucleotide transporter 1 (NTT1) at1g80300 TLC ATP/ADP transporter  AT1G15500.1 
ADP,ATP carrier protein 2, 

chloroplastic 
AATP2 

4 trinity_dn4754_c0_g1 P-glycoprotein 10 (PGP10) at1g10680 P-glycoprotein 2  AT4G25960.1 ABC transporter B family member 2 ABCB2 

5 trinity_dn126_c0_g2 P-glycoprotein 9 (PGP9) at4g18050 P-glycoprotein 7  AT5G46540.1 ABC transporter B family member 7 ABCB7 

6 trinity_dn673_c0_g1 
multidrug resistance-associated 
protein 14 (MRP14) 

at3g59140 
multidrug resistance-associated 
protein 6 

AT3G21250.2 ABC transporter C family member 8 ABCC8 

7 trinity_dn1120_c0_g1 
white-brown complex homolog 

protein 11 (WBC11) 
at1g17840 ABC-2 type transporter family protein  AT3G21090.1 ABC transporter G family member 15 ABCG15 

8 trinity_dn7579_c0_g1 
ATP-binding cassette 14 

(ABCG14) 
at1g31770 ABC-2 type transporter family protein  AT3G25620.2 ABC transporter G family member 21 ABCG21 

9 trinity_dn156_c0_g1 
Negative regulator of auxin polar 
transport inhibitors 

at3g53480 pleiotropic drug resistance 5  AT2G37280.1 ABC transporter G family member 33 ABCG33 

10 trinity_dn65_c0_g2 
ATPase E1-E2 type family 

protein  
at3g22910 ATPase E1-E2 type family protein  AT3G63380.1 Calcium-transporting ATPase 12 ACA12 

11 trinity_dn12288_c0_g1 alpha carbonic anhydrase 7  at1g08080 alpha carbonic anhydrase 5  AT1G08065.1 Alpha carbonic anhydrase 5 ACA5 

12 trinity_dn9634_c0_g1 ATP-citrate lyase A-2  at1g60810 ATP-citrate lyase A-1  AT1G10670.4 
ATP-citrate synthase alpha chain 

protein 1 
ACLA-1 

13 trinity_dn4176_c0_g1 Aconitase at4g35830 aconitase 3 AT2G05710.1 Aconitate hydratase 3, mitochondrial ACO3 

14 trinity_dn942_c0_g3 ACT domain-containing protein at5g04740 uridylyltransferase-related  AT1G16880.1 
ACT domain-containing protein 
ACR11 

ACR11 

15 trinity_dn3784_c0_g2 ACT-like superfamily protein at5g25320 ACT domain repeat 3  AT1G76990.5 
ACT domain-containing protein 

ACR3 
ACR3 

16 trinity_dn1560_c0_g1 
1-aminocyclopropane-1-

carboxylate (ACC) synthase  
at4g11280 ACC synthase 1  AT3G61510.1 

1-aminocyclopropane-1-carboxylate 

synthase-like protein 1 
ACS1 

17 trinity_dn11335_c0_g1 Member of the Actin gene family at3g53750  actin 1  AT2G37620.2 Actin-1 ACT1 

18 trinity_dn1524_c0_g1 actin related protein 2 (ARP2) at3g27000 
Actin-like ATPase superfamily 
protein  

AT2G42100.1 Putative actin-5 ACT5 

19 trinity_dn4897_c0_g1 acyl-CoA oxidase 2  at5g65110 acyl-CoA oxidase 3  AT1G06290.1 
Acyl-coenzyme A oxidase 3, 

peroxisomal 
ACX3 

20 trinity_dn3778_c0_g1 
plastid-localized arogenate 

dehydratase 
at2g27820 arogenate dehydratase 6  AT1G08250.1 

Arogenate dehydratase/prephenate 

dehydratase 6, chloroplastic 
ADT6 
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21 trinity_dn390_c0_g1 
FUS3-complementing gene 2 

(FC2) 
at4g24740 FUS3-complementing gene 1  AT3G53570.4 Serine/threonine-protein kinase AFC1 AFC1 

22 trinity_dn802_c0_g2 
Galactose oxidase/kelch repeat 
superfamily protein 

at1g30090 
Galactose oxidase/kelch repeat 
superfamily protein 

AT2G24540.1 F-box protein AFR AFR 

23 trinity_dn5180_c0_g1 AGAMOUS-like 14 (AGL14) at4g11880 AGAMOUS-like 19  AT4G22950.1 
Agamous-like MADS-box protein 

AGL19 
AGL19 

24 trinity_dn25358_c0_g1 
beta-alanine aminotransferase 

activity 
at3g08860 alanine:glyoxylate aminotransferase 3  AT2G38400.1 

Alanine--glyoxylate aminotransferase 

2 homolog 2, mitochondrial 
AGT3 

25 trinity_dn393_c0_g2 
P-type ATPase superfamily of 
cation-transporting ATPases 

at4g30190 H(+)-ATPase 1  AT2G18960.1 ATPase 1, plasma membrane-type AHA1 

26 trinity_dn2487_c1_g1 hemoglobin 1 (HB1) at2g16060 haemoglobin 2 AT3G10520.1 Non-symbiotic hemoglobin 2 AHB2 

27 trinity_dn893_c1_g2 
3-hydroxyacyl-CoA 
dehydrogenase  

at3g06860 
Enoyl-CoA hydratase/isomerase 
family  

AT4G29010.1 
Peroxisomal fatty acid beta-oxidation 
multifunctional protein AIM1 

AIM1 

28 trinity_dn9558_c0_g1 
highly ABA-induced PP2C gene 

1 (HAI1) 
at5g59220 highly ABA-induced PP2C gene 2  AT1G07430.1 Protein phosphatase 2C 3 AIP1 

29 trinity_dn5500_c0_g1 
transducin family protein / WD-

40 repeat family protein 
at3g18060 nucleotide binding  AT2G01330.2 Actin-interacting protein 1-1 AIP1-1 

30 trinity_dn49_c0_g1 
ankyrin repeat-containing protein 
2 (AKR2) 

at4g35450 ankyrin repeat-containing 2B  AT2G17390.1 
Ankyrin repeat domain-containing 
protein 2B 

AKR2B 

31 trinity_dn1398_c0_g1 ankyrin repeat protein EMB506 at5g40160 ankyrin repeat protein  AT5G66055.1 
Ankyrin repeat domain-containing 

protein, chloroplastic 
AKRP 

32 trinity_dn3185_c0_g1 aldehyde dehydrogenase 2B7  at1g23800 aldehyde dehydrogenase 2B4 AT3G48000.1 
Aldehyde dehydrogenase family 2 

member B4, mitochondrial 
ALDH2B4 

33 trinity_dn202_c1_g1 
ALA-interacting subunit 1 
(ALIS1) 

at3g12740 
LEM3 (ligand-effect modulator 3) 
family protein / CDC50 family protein  

AT1G54320.1 ALA-interacting subunit 3 ALIS3 

34 trinity_dn159_c0_g2 plastid-localized α-amylase at1g69830 alpha-amylase-like 2  AT1G76130.1 Probable alpha-amylase 2 AMY2 

35 trinity_dn9305_c0_g1 annexin 5 (ANN5) at1g68090 annexin 7  AT5G10230.1 Annexin D7 ANNAT7 

36 trinity_dn2204_c0_g1 
 inorganic phosphate transporter 

(PHT4;2) 
at2g38060 phosphate transporter 4;3  AT3G46980.3 

Probable anion transporter 4, 

chloroplastic 
ANTR4 

37 trinity_dn1503_c0_g3 AGAMOUS-like 8 (AGL8) at5g60910 
K-box region and MADS-box 

transcription factor family protein  
AT1G69120.1 Floral homeotic protein APETALA 1 AP1 

38 trinity_dn5337_c0_g1 
adenosine-5'-phosphosulfate 
kinase 

at2g14750 APS-kinase 2  AT4G39940.1 
Adenylyl-sulfate kinase 2, 
chloroplastic 

APK2 

39 trinity_dn1825_c0_g1 ATP sulfurylase at3g22890 
Pseudouridine synthase/archaeosine 

transglycosylase-like family protein 
AT4G14680.1 ATP-sulfurylase 3, chloroplastic APS3 

40 trinity_dn1509_c0_g1 
protein with galactose kinase 

activity 
at3g06580 arabinose kinase  AT4G16130.1 L-arabinokinase ARA1 

41 trinity_dn3167_c0_g1 
Calcium-dependent lipid-binding 
(CaLB domain) family protein 

at3g04360 
Calcium-dependent lipid-binding 
(CaLB domain) family protein  

AT1G04540.1 C2 domain-containing protein ARALYDRAFT_470434 
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42 trinity_dn347_c0_g1 
Aluminium induced protein with 

YGL and LRDR motifs 
at4g27450 

Aluminium induced protein with YGL 

and LRDR motifs 
AT3G15450.1 DUF3700 domain-containing protein ARALYDRAFT_478991 

43 trinity_dn3052_c2_g1 
) manganese tracking factor for 
mitochondrial SOD2 (MTM1) 

at4g27940 
Mitochondrial substrate carrier family 
protein  

AT2G46320.1 
Mitochondrial substrate carrier family 
protein 

ARALYDRAFT_483782 

44 trinity_dn646_c0_g2 
Involved in root cap cell 

differentiation 
at4g30080 auxin response factor 10  AT2G28350.1 Auxin response factor 10 ARF10 

45 trinity_dn39_c0_g1 
a member of the ARF family of 
transcription factors  

at5g60450 

Transcriptional factor B3 family 

protein / auxin-responsive factor 

AUX/IAA-related 

AT2G33860.1 Auxin response factor 3 ARF3 

46 trinity_dn612_c0_g1 
DISTORTED TRICHOMES 2 

(DIS2) 
at1g30825 actin-related protein C2B  AT2G33385.2 

Actin-related protein 2/3 complex 

subunit 2B 
ARPC2B 

47 trinity_dn264_c0_g1 
shaggy-like protein kinase 32 

(SK32) 
at4g00720 shaggy-like kinase 13  AT5G14640.1 Shaggy-related protein kinase epsilon ASK5 

48 trinity_dn1069_c0_g1 aspartate aminotransferase at5g11520 aspartate aminotransferase 2  AT5G19550.1 
Aspartate aminotransferase, 
cytoplasmic isozyme 1 

ASP2 

49 trinity_dn1086_c2_g1 
Eukaryotic aspartyl protease 

family protein 
at1g03220 

Eukaryotic aspartyl protease family 

protein  
AT1G03230.1 

Eukaryotic aspartyl protease family 

protein 
At1g03230 

50 trinity_dn120_c0_g1 
Calcium-binding EF hand family 

protein 
at1g20760 

Calcium-binding EF hand family 

protein  
AT1G21630.1 

Calcium-binding EF hand family 

protein 
AT1G03960 

51 trinity_dn5607_c0_g1 
pfkB-like carbohydrate kinase 
family protein 

at1g06030 
pfkB-like carbohydrate kinase family 
protein 

AT1G06020.1 Probable fructokinase-3 At1g06020 

52 trinity_dn622_c0_g1 
RmlC-like cupins superfamily 

protein 
at2g28680 RmlC-like cupins superfamily protein  AT1G07750.1 GRAS family transcription factor  At1g07750 

53 trinity_dn637_c0_g3 thioredoxin family protein at5g61440 atypical CYS HIS rich thioredoxin 4  AT1G08570.1 Thioredoxin-like 1-1, chloroplastic At1g08570 

54 trinity_dn4048_c0_g1 
Gibberellin-regulated family 

protein 
at2g39540 Gibberellin-regulated family protein  AT1G10588.2 Gibberellin-regulated family protein At1g10588 

55 trinity_dn7383_c1_g1 
receptor-like serine/threonine 
kinase (RKF3) 

at2g48010  Protein kinase superfamily protein AT1G11050.1 Probable receptor-like protein kinase  At1g11050 

56 trinity_dn1250_c0_g2 
EMBRYO DEFECTIVE 2757 

(EMB2757) 
at4g29860 

Transducin/WD40 repeat-like 

superfamily protein  
AT1G11160.1 

Katanin p80 WD40 repeat-containing 

subunit B1 homolog 
At1g11160 

57 trinity_dn44_c0_g2 

1-aminocyclopropane-1-

carboxylic oxidase (ACC 

oxidase) 

at1g62380 

2-oxoglutarate (2OG) and Fe(II)-

dependent oxygenase superfamily 

protein 

AT1G12010.1 
1-aminocyclopropane-1-carboxylate 
oxidase 3 

At1g12010 

58 trinity_dn13497_c0_g1 RING/U-box superfamily protein at1g24440 RING/U-box superfamily protein  AT1G13195.1 RING-type domain-containing protein At1g13195 

59 trinity_dn714_c0_g1 
alpha/beta-Hydrolases 

superfamily protein 
at1g80280 

alpha/beta-Hydrolases superfamily 

protein  
AT1G15490.1 

Alpha/beta-Hydrolases superfamily 

protein 
At1g15490 

60 trinity_dn247_c0_g1 RING/U-box superfamily protein at1g73760 RING/U-box superfamily protein  AT1G17970.1 RING-type domain-containing protein At1g17970 

61 trinity_dn460_c0_g1 transposase-like gene  at3g42170 
BED zinc finger ;hAT family 
dimerisation domain  

AT1G18560.1 BED-type domain-containing protein At1g18560 
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62 trinity_dn1556_c0_g4 glyoxal oxidase-related protein at1g75620 glyoxal oxidase-related protein  AT1G19900.1 glyoxal oxidase-related protein  At1g19900 

63 trinity_dn1264_c0_g1 
Bifunctional inhibitor/lipid-

transfer protein 
at1g62790 

receptor serine/threonine kinase, 

putative  
AT1G70250.1 

Protein kinase domain-containing 

protein 
AT1G20760 

64 trinity_dn2393_c0_g1 

Thiamin diphosphate-binding 

fold (THDP-binding) 

superfamily protein 

at5g09300 
Thiamin diphosphate-binding fold 

(THDP-binding) superfamily protein  
AT1G21400.1 

2-oxoisovalerate dehydrogenase 

subunit alpha 1, mitochondrial 
At1g21400 

65 trinity_dn443_c3_g2 Exostosin family protein at4g16745 Exostosin family protein  AT5G19670.1 Exostosin family protein AT1G21480 

66 trinity_dn17388_c0_g2 endo-1,4-beta-glucanase at1g70710 glycosyl hydrolase 9B6  AT1G23210.1 Endoglucanase 4 At1g23210 

67 trinity_dn293_c6_g1 
RING/FYVE/PHD-type zinc 
finger family protein 

at3g43230 
RING/FYVE/PHD-type zinc finger 
family protein  

AT1G29800.1 
RING/FYVE/PHD-type zinc finger 
family protein 

At1g29800 

68 trinity_dn1961_c0_g2 
FAD-binding Berberine family 

protein 
at1g30700 FAD-binding Berberine family protein  AT1G30710.1 Berberine bridge enzyme-like 9 At1g30710 

69 trinity_dn85_c0_g1 

MATERNAL EFFECT 

EMBRYO ARREST 23 
(MEE23) 

at2g34790 FAD-binding Berberine family protein  AT1G30760.1 Berberine bridge enzyme-like 13 At1g30760 

70 trinity_dn1364_c0_g3 
embryo defective 2742 

(emb2742) 
at3g12670 CTP synthase family protein  AT1G30820.1 CTP synthase At1g30820 

71 trinity_dn1592_c0_g1 receptor-like protein kinase at5g60900 lectin protein kinase family protein AT1G34300.1 
G-type lectin S-receptor-like 

serine/threonine-protein kinase  
At1g34300 

72 trinity_dn1687_c0_g1 
Leucine-rich repeat receptor-like 
protein kinase family protein 

at4g08850 
Protein kinase family protein with 
leucine-rich repeat domain 

AT1G35710.1 
Probable leucine-rich repeat receptor-
like protein kinase  

At1g35710 

73 trinity_dn4178_c0_g1 
nodulin MtN21 /EamA-like 

transporter family protein 
at5g64700 

nodulin MtN21 /EamA-like 

transporter family protein 
AT1G43650.1 WAT1-related protein  At1g43650 

74 trinity_dn2215_c0_g1 
Protein of unknown function 

(DUF3537) 
at3g20300 

Protein of unknown function 

(DUF3537)  
AT1G50630.1 

Extracellular ligand-gated ion channel 

protein (DUF3537) 
At1g50630 

75 trinity_dn176_c0_g1 structural molecules at1g79990 Coatomer, beta' subunit  AT1G52360.1 Coatomer subunit beta'-2 At1g52360 

76 trinity_dn1232_c0_g2 
Leucine-rich repeat 

transmembrane protein kinase 
at1g53440 

Leucine-rich repeat transmembrane 

protein kinase  
AT1G53430.1 

Probable LRR receptor-like 

serine/threonine-protein kinase  
At1g53430 

77 trinity_dn428_c0_g1 
dihydrolipoamide branched chain 
acyltransferase 

at3g06850 
Dihydrolipoamide acetyltransferase, 
long form protein  

AT1G54220.2 

Dihydrolipoyllysine-residue 

acetyltransferase component 3 of 
pyruvate dehydrogenase complex, 

mitochondrial 

At1g54220 

78 trinity_dn1806_c0_g1 
Galactose oxidase/kelch repeat 
superfamily protein 

at1g22040 
Galactose oxidase/kelch repeat 
superfamily protein  

AT1G55270.1 F-box/kelch-repeat protein At1g55270 

79 trinity_dn1232_c1_g1 
Leucine-rich repeat 

transmembrane protein kinase 
at1g56140  

Leucine-rich repeat transmembrane 

protein kinase 
AT1G56130.1 

Probable LRR receptor-like 

serine/threonine-protein kinase  
At1g56130 

80 trinity_dn2520_c0_g1 Adaptin family protein at1g31730  
Adaptor protein complex AP-1, 

gamma subunit 
AT1G60070.1 AP-1 complex subunit gamma-2 At1g60070 
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81 trinity_dn2069_c0_g1 
Flavin-binding monooxygenase 

family protein 
at1g62580 

Flavin-containing monooxygenase 

family protein  
AT1G63340.1 

Putative flavin-containing 

monooxygenase FMO GS-OX-like 10 
At1g63340 

82 trinity_dn576_c0_g1 
Major facilitator superfamily 
protein 

at5g54860 Major facilitator superfamily protein  AT1G64890.1 Probable folate-biopterin transporter 7 At1g64890 

83 trinity_dn2756_c0_g3 
HCP-like superfamily protein 

with MYND-type zinc finger 
at5g50450 

HCP-like superfamily protein with 

MYND-type zinc finger  
AT1G67340.1 F-box protein At1g67340 

84 trinity_dn2907_c2_g1 RING/U-box superfamily protein at3g29270 RING/U-box superfamily protein  AT1G69330.1 RING-type domain-containing protein At1g69330 

85 trinity_dn1264_c0_g1 

Bifunctional inhibitor/lipid-

transfer protein/seed storage 2S 

albumin superfamily protein 

at1g62790 
receptor serine/threonine kinase, 
putative  

AT1G70250.1 
Protein kinase domain-containing 
protein 

AT1G71810  

86 trinity_dn4459_c0_g1 
BRUTUS (BTS), a putative E3 

ligase protein 
at3g18290 zinc ion binding  AT1G74770.1 Zinc finger protein BRUTUS At1g74770 

87 trinity_dn3749_c0_g3 
Thaumatin-like protein involved 

in response to pathogens 
at1g75040 

Pathogenesis-related thaumatin 

superfamily protein 
AT1G75050.1 

Pathogenesis-related thaumatin 

superfamily protein 
At1g75050 

88 trinity_dn3189_c0_g1 
Pathogenesis-related thaumatin 
superfamily protein 

at1g20030 
Pathogenesis-related thaumatin 
superfamily protein 

AT1G75800.1 
Pathogenesis-related thaumatin 
superfamily protein 

At1g75800 

89 trinity_dn334_c0_g1 isocitrate lyase  at3g21720 
Phosphoenolpyruvate carboxylase 

family protein  
AT1G77060.1 

Carboxyvinyl-carboxyphosphonate 

phosphorylmutase, chloroplastic 
At1g77060 

90 trinity_dn2768_c0_g1 
caffeic acid/5-hydroxyferulic 

acid O-methyltransferase 
at5g54160 O-methyltransferase family protein  AT1G77520.1 O-methyltransferase family protein At1g77520 

91 trinity_dn1875_c0_g1 
Curculin-like (mannose-binding) 

lectin family protein 
at1g78830 

D-mannose binding lectin protein with 
Apple-like carbohydrate-binding 

domain  

AT1G78820.1 EP1-like glycoprotein 1 At1g78820 

92 trinity_dn5731_c0_g1 
Plant invertase/pectin 
methylesterase inhibitor 

superfamily protein 

at1g14890 
Plant invertase/pectin methylesterase 

inhibitor superfamily protein  
AT2G01610.1 PMEI domain-containing protein At2g00600 

93 trinity_dn6044_c0_g1 
P-loop containing nucleoside 
triphosphate hydrolases 

superfamily protein 

at5g35970 DNA-binding protein, putative  AT2G03270.1 DNA-binding protein At2g03270 

94 trinity_dn5321_c0_g2 ATPase subunit 1 atmg01190 
ATPase, F1 complex, alpha subunit 
protein  

AT2G07698.1 
ATPase, F1 complex, alpha subunit 
protein 

At2g07698 

95 trinity_dn75450_c0_g1 
Plant basic secretory protein 

(BSP) family protein 
at2g15220 

Plant basic secretory protein (BSP) 

family protein 
AT2G15130.1 

Plant basic secretory protein (BSP) 

family protein 
At2g15130 

96 trinity_dn340_c2_g1 RING/U-box superfamily protein at5g24870 RING/U-box superfamily protein  AT5G10650.2 Zinc finger family protein AT2G18490 

97 trinity_dn205_c0_g2 
geranylgeranyl pyrophosphate 

synthase  
at4g36810 

Terpenoid synthases superfamily 

protein  
AT2G18620.1 

Geranylgeranyl pyrophosphate 

synthase 7, chloroplastic 
At2g18620 

98 trinity_dn641_c0_g1 
Ypt/Rab-GAP domain of gyp1p 
superfamily protein 

at4g29950 
Ypt/Rab-GAP domain of gyp1p 
superfamily protein  

AT2G19240.1 
Ypt/Rab-GAP domain of gyp1p 
superfamily protein 

At2g19240 

99 trinity_dn2490_c0_g1 Transducin family protein / WD- at1g04140 Transducin family protein / WD-40 AT5G43930.3 Transducin family protein AT2G19540 
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40 repeat family protein repeat family protein  

100 trinity_dn916_c0_g1 PNAS-3 related at4g32175 PNAS-3 related  AT2G25355.1 
KH_dom_type_1 domain-containing 

protein 
At2g21140 

101 trinity_dn3531_c0_g1 
Sec23/Sec24 protein transport 

family protein 
at4g01810 

Sec23/Sec24 protein transport family 

protein  
AT2G21630.1 Protein transport protein SEC23 At2g21630 

102 trinity_dn4834_c0_g1 
Cysteine/Histidine-rich C1 

domain family protein 
at2g21840 

Cysteine/Histidine-rich C1 domain 

family protein  
AT2G21850.1 

Cysteine/Histidine-rich C1 domain 

family protein 
At2g21850 

103 trinity_dn4025_c0_g1 Violaxanthin deepoxidase at1g08550 violaxanthin de-epoxidase-related  AT2G21860.1 violaxanthin de-epoxidase-related  At2g21860 

104 trinity_dn588_c0_g3 Protein kinase family protein at3g13670 Protein kinase family protein  AT2G25760.1 
Protein kinase domain-containing 

protein 
At2g25760 

105 trinity_dn1931_c0_g2 Cupredoxin superfamily protein at5g26330 Cupredoxin superfamily protein  AT2G31050.1 Cupredoxin superfamily protein At2g31050 

106 trinity_dn982_c0_g1 
Ubiquitin-associated/ translation 
elongation factor EF1B protein 

at2g26920 
Ubiquitin-associated/translation 
elongation factor EF1B protein  

AT5G12120.1 UBA domain-containing protein AT2G33000 

107 trinity_dn7663_c0_g1 
Mitochondrial substrate carrier 
family protein 

at5g01340 
Mitochondrial substrate carrier family 
protein  

AT2G37890.1 Mitochondrial carrier like protein At2g37890 

108 trinity_dn1638_c0_g1 ubiquitin E3 ligase  at1g02860 
zinc finger (C3HC4-type RING 

finger) protein-related  
AT2G38920.2 

SPX (SYG1/Pho81/XPR1) domain-

containing protein 
At2g38920 

109 trinity_dn159_c0_g1 
Zinc finger (C3HC4-type RING 

finger) family protein 
at5g60710 

Zinc finger (C3HC4-type RING 

finger) family protein  
AT2G38970.1 

Zinc finger (C3HC4-type RING 

finger) family protein 
At2g38970 

110 trinity_dn5680_c0_g1 
nodulin MtN21 /EamA-like 
transporter family protein 

at4g08290 
nodulin MtN21 /EamA-like 
transporter family protein  

AT2G39510.1 WAT1-related protein At2g39510 

111 trinity_dn3230_c0_g1 EP3 chitinase  at3g54420 Chitinase family protein  AT2G43590.1 Endochitinase At2g43590 

112 trinity_dn3199_c0_g1 

-adenosyl-L-methionine-

dependent methyltransferases 
superfamily protein 

at4g00750 

S-adenosyl-L-methionine-dependent 

methyltransferases superfamily 
protein  

AT2G45750.1 Probable methyltransferase PMT16 At2g45750 

113 trinity_dn736_c0_g1 
Flowering time control protein 

(FCA) 
at4g16280 

flowering time control protein-related 

/ FCA gamma-related  
AT2G47310.1 

flowering time control protein-related / 

FCA gamma-related  
At2g47310 

114 trinity_dn562_c1_g1 
WD40/YVTN repeat-like-

containing domain 
at5g49430  

WD40/YVTN repeat-like-containing 

domain 
AT2G47410.1 WD40 domain-containing protein At2g47410 

115 trinity_dn474_c0_g1 
Protein kinase superfamily 
protein 

at5g50000 Protein kinase superfamily protein  AT3G01490.1 
Protein kinase domain-containing 
protein 

At3g01490 

116 trinity_dn6066_c0_g1 
Eukaryotic aspartyl protease 

family protein 
at1g05840 

Eukaryotic aspartyl protease family 

protein  
AT3G02740.1 

Peptidase A1 domain-containing 

protein 
At3g02740 

117 trinity_dn3680_c0_g1 

Adenine nucleotide alpha 

hydrolases-like superfamily 

protein 

at3g53990 
Adenine nucleotide alpha hydrolases-
like superfamily protein 

AT3G03270.2 Usp domain-containing protein At3g03270 

118 trinity_dn977_c0_g2 
Protein kinase superfamily 

protein 
at1g54610 Protein kinase superfamily protein  AT3G05050.1 

Protein kinase domain-containing 

protein 
At3g05050 
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119 trinity_dn1191_c0_g1 
Cytidine/deoxycytidylate 

deaminase family protein 
at5g28050 

Cytidine/deoxycytidylate deaminase 

family protein  
AT3G05300.1 

Cytidine/deoxycytidylate deaminase 

family protein 
At3g05300 

120 trinity_dn24_c3_g1 
alpha/beta-Hydrolases 
superfamily protein 

at4g02340 
alpha/beta-Hydrolases superfamily 
protein  

AT3G05600.1 
Alpha/beta-Hydrolases superfamily 
protein 

At3g05600 

121 trinity_dn797_c0_g2 
protein serine/threonine 

phosphatases 
at2g20050 Protein phosphatase 2C family protein  AT3G06270.1 Probable protein phosphatase 2C 35 At3g06270 

122 trinity_dn1785_c0_g1 Exostosin family protein at5g03795 Exostosin family protein  AT3G07620.1 Putative glycosyltransferase At3g07620 

123 trinity_dn9153_c0_g1 
NAD-dependent glycerol-3-

phosphate (G3P) dehydrogenase  
at2g41540 

6-phosphogluconate dehydrogenase 

family protein  
AT3G07690.1 

Glycerol-3-phosphate dehydrogenase 

[NAD(+)]  
At3g07690 

124 trinity_dn728_c1_g1 
Protein kinase superfamily 
protein 

at1g16670 Protein kinase superfamily protein  AT3G09010.1 
Protein kinase domain-containing 
protein 

At3g09010 

125 trinity_dn413_c0_g1 
SOUL heme-binding family 
protein 

at5g20140 SOUL heme-binding family protein  AT3G10130.1 
Heme-binding-like protein 
At3g10130, chloroplastic 

At3g10130 

126 trinity_dn25320_c0_g2 
RNA-binding (RRM/RBD/RNP 

motifs) family protein 
at2g42240 

RNA-binding (RRM/RBD/RNP 

motifs) family protein 
AT3G13700.2 

RNA-binding (RRM/RBD/RNP 

motifs) family protein 
At3g13700 

127 trinity_dn303_c0_g1 
NB-ARC domain-containing 

disease resistance protein 
at3g14470 

LRR and NB-ARC domains-

containing disease resistance protein  
AT3G14460.1 

Putative disease resistance protein 

At3g14460 
At3g14460 

128 trinity_dn958_c1_g1 
Core-2/I-branching beta-1,6-N-
acetylglucosaminyltransferase 

family protein 

at4g27480 
Core-2/I-branching beta-1,6-N-
acetylglucosaminyltransferase family 

protein  

AT3G15350.2 
Core-2/I-branching beta-1,6-N-
acetylglucosaminyltransferase family 

protein  

At3g15350 

129 trinity_dn12903_c0_g1 
2-oxoglutarate (2OG) and Fe(II)-
dependent oxygenase 

superfamily protein 

at3g19000 
2-oxoglutarate (2OG) and Fe(II)-
dependent oxygenase superfamily 

protein 

AT3G19010.2 
2-oxoglutarate (2OG) and Fe(II)-
dependent oxygenase superfamily 

protein 

At3g19010 

130 trinity_dn4761_c1_g1 
PLC-like phosphodiesterases 
superfamily protein 

at4g36945 
PLC-like phosphodiesterases 
superfamily protein 

AT3G19310.1 MAP3K protein kinase-like protein At3g19310 

131 trinity_dn780_c0_g3 
RING/FYVE/PHD zinc finger 

superfamily protein 
at1g50620 

RING/FYVE/PHD zinc finger 

superfamily protein  
AT3G20280.1 PHD finger protein At3g20280 

132 trinity_dn1378_c0_g3 

S-adenosyl-L-methionine-

dependent methyltransferases 

superfamily protein 

at4g14360 

S-adenosyl-L-methionine-dependent 

methyltransferases superfamily 

protein  

AT3G23300.1 Probable methyltransferase PMT1 At3g23300 

133 trinity_dn1180_c0_g1 protein with α-fucosidase activity at1g67830 
GDSL-like Lipase/Acylhydrolase 

superfamily protein  
AT3G26430.1 GDSL esterase At3g26430 

134 trinity_dn52691_c0_g1 calmodulin-binding proteins  at5g40190 
RNA ligase/cyclic nucleotide 
phosphodiesterase family protein  

AT3G28140.1 
RNA ligase/cyclic nucleotide 
phosphodiesterase family protein 

At3g28140 

135 trinity_dn4738_c1_g1 

P-loop containing nucleoside 

triphosphate hydrolases 
superfamily protein 

at2g46620 

P-loop containing nucleoside 

triphosphate hydrolases superfamily 
protein  

AT3G28580.1 AAA-ATPase  At3g28580 

136 trinity_dn588_c1_g1 
Protein kinase superfamily 

protein 
at5g58950 Protein kinase superfamily protein  AT3G46930.1 Protein kinase superfamily protein At3g46930 
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137 trinity_dn3430_c1_g1 
C2H2 and C2HC zinc fingers 

superfamily protein 
at2g37430 C2H2-type zinc finger family protein  AT3G53600.1 Zinc finger protein ZAT18 At3g53600 

138 trinity_dn3770_c0_g1 
S-adenosyl-L-methionine-
dependent methyltransferases 

superfamily protein 

at2g41380 
S-adenosyl-L-methionine-dependent 
methyltransferases superfamily 

protein  

AT3G61210.1 
Methyltransf_11 domain-containing 

protein 
At3g61210 

139 trinity_dn1642_c0_g1 
2-oxoglutarate (2OG) and Fe(II)-
dependent oxygenase 

superfamily protein 

at1g06620 
2-oxoglutarate (2OG) and Fe(II)-
dependent oxygenase superfamily 

protein  

AT3G61400.1 
1-aminocyclopropane-1-carboxylate 

oxidase homolog 8 
At3g61400 

140 trinity_dn1764_c4_g1 
Tetratricopeptide repeat (TPR)-
like superfamily protein 

at2g47440 
Tetratricopeptide repeat (TPR)-like 
superfamily protein  

AT3G62570.1 
TPR_REGION domain-containing 
protein 

At3g62570 

141 trinity_dn3765_c0_g1 
alpha/beta-Hydrolases 
superfamily protein 

at1g02660 alpha/beta-Hydrolases superfamily  AT3G62590.1 
Phospholipase A1 PLIP3, 
chloroplastic 

AT3G62590 

142 trinity_dn7342_c0_g1 

basic chitinase involved in 

ethylene/jasmonic acid mediated 
signalling pathway 

at3g12500 Chitinase family protein  AT4G01700.1 Chitinase family protein  At4g01700 

143 trinity_dn1007_c1_g1 
nodulin MtN21 /EamA-like 

transporter family protein 
at1g21890 

nodulin MtN21 /EamA-like 

transporter family protein 
AT4G08300.1 WAT1-related protein  At4g08300 

144 trinity_dn1478_c0_g1 glycosyl hydrolase 9B15  at4g23560 glycosyl hydrolase 9B14  AT4G09740.1 Endoglucanase 18 At4g09740 

145 trinity_dn164_c0_g1 

Calcineurin-like metallo-

phosphoesterase superfamily 

protein 

at4g23000 
Calcineurin-like metallo-
phosphoesterase superfamily protein 

AT4G11800.1 
Calcineurin-like metallo-
phosphoesterase superfamily protein 

At4g11800 

146 trinity_dn2374_c0_g1 

hAT dimerisation domain-

containing protein / transposase-

related 

at5g33406 hAT transposon superfamily  AT4G15020.2 HAT transposon superfamily At4g15020 

147 trinity_dn6101_c0_g2 
alpha/beta-Hydrolases 

superfamily protein 
at4g15960 

alpha/beta-Hydrolases superfamily 

protein  
AT4G15955.3 

Alpha/beta-Hydrolases superfamily 

protein 
At4g15955 

148 trinity_dn1756_c0_g1 
S-adenosyl-L-methionine-
dependent methyltransferases 

superfamily protein 

at1g26850 
S-adenosyl-L-methionine-dependent 
methyltransferases superfamily 

protein  

AT4G18030.1 Probable methyltransferase PMT14 At4g18030 

149 trinity_dn4196_c0_g1 
UDP-Glycosyltransferase 
superfamily protein 

at5g59070 
UDP-Glycosyltransferase superfamily 
protein  

AT4G19460.1 Glycosyltransferase At4g19460 

150 trinity_dn1247_c0_g1 

Glycosyl hydrolase family 

protein with chitinase insertion 
domain 

at4g19810 
Glycosyl hydrolase family protein 

with chitinase insertion domain 
AT4G19820.1 

Glycosyl hydrolase family protein 

with chitinase insertion domain-
containing protein 

At4g19820 

151 trinity_dn59765_c0_g1 Encodes CPR30  at4g12560 
F-box associated ubiquitination 

effector family protein  
AT4G22390.1 F-box protein At4g22390 

152 trinity_dn171_c0_g1 
Galactose mutarotase-like 

superfamily protein 
at3g61610 

Galactose mutarotase-like superfamily 

protein 
AT4G23730.1 Glucose-6-phosphate 1-epimerase At4g23730 

153 trinity_dn2707_c0_g1 
2-oxoglutarate (2OG) and Fe(II)-
dependent oxygenase 

at4g25310 
2-oxoglutarate (2OG) and Fe(II)-
dependent oxygenase superfamily 

AT4G25300.1 
2-oxoglutarate (2OG) and Fe(II)-
dependent oxygenase superfamily 

At4g25300 
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superfamily protein protein  protein 

154 trinity_dn1745_c0_g1 
peptidoglycan-binding LysM 

domain-containing protein 
at5g62150 

peptidoglycan-binding LysM domain-

containing protein  
AT4G25433.1 

peptidoglycan-binding LysM domain-

containing protein  
At4g25433 

155 trinity_dn1243_c0_g3 
S-locus lectin protein kinase 

family protein 
at4g27300 

S-locus lectin protein kinase family 

protein  
AT4G27290.1 

G-type lectin S-receptor-like 

serine/threonine-protein kinase  
At4g27290 

156 trinity_dn750_c1_g1 

P-loop containing nucleoside 

triphosphate hydrolases 
superfamily protein 

at5g52882 

P-loop containing nucleoside 

triphosphate hydrolases superfamily 
protein  

AT4G28000.1 

P-loop containing nucleoside 

triphosphate hydrolases superfamily 
protein 

At4g28000 

157 trinity_dn180_c0_g2 
nodulin MtN21 /EamA-like 

transporter family protein 
at4g30420 

nodulin MtN21 /EamA-like 

transporter family protein  
AT4G28040.5 WAT1-related protein At4g28040 

158 trinity_dn116_c0_g1 RING/U-box superfamily protein at5g55970 RING/U-box superfamily protein  AT4G26580.2 RING-type domain-containing protein At4g30670 

159 trinity_dn31_c0_g1 
Ypt/Rab-GAP domain of gyp1p 

superfamily protein 
at5g54780 

Ypt/Rab-GAP domain of gyp1p 

superfamily protein  
AT4G27100.2 

Rab-GAP TBC domain-containing 

protein 
At4g31250 

160  trinity_dn1486_c0_g2 
Sec23/Sec24 protein transport 

family protein  
at3g44340 

Sec23/Sec24 protein transport family 

protein  
AT4G32640.2 Protein transport protein Sec24-like At4g32640 

161 trinity_dn228_c0_g1 

Phosphatidylinositol 3- and 4-

kinase family protein with FAT 

domain 

at2g17930 phosphatidylinositol kinases  AT4G36080.1 Phosphotransferases/inositol At4g36080 

162 trinity_dn1897_c0_g1 
Transducin/WD40 repeat-like 
superfamily protein 

at2g26490 
Transducin/WD40 repeat-like 
superfamily protein  

AT4G34380.1 
WD_REPEATS_REGION domain-
containing protein 

At4g39320 

163 trinity_dn2880_c0_g1 
ACCELERATED CELL 

DEATH 11 (ACD11) 
at2g34690 

Glycolipid transfer protein (GLTP) 

family protein  
AT4G39670.1 ACD11 homolog protein At4g39670 

164 trinity_dn12005_c0_g1 
PLC-like phosphodiesterases 

superfamily protein 
at4g38690 

PLC-like phosphodiesterases 

superfamily protein 
AT4G34920.1 PLCXc domain-containing protein At4g39900 

165 trinity_dn7934_c0_g1 GL2-expression modulator at2g22475 GRAM domain family protein AT4G40100.1 Putative GEM-like protein 3 At4g40100 

166 trinity_dn4490_c0_g1 
S-adenosyl-L-methionine-
dependent methyltransferases 

superfamily protein 

at3g10200 
S-adenosyl-L-methionine-dependent 
methyltransferases superfamily 

protein  

AT5G04060.1 Probable methyltransferase PMT7 At5g04060 

167 trinity_dn824_c0_g1 
HXXXD-type acyl-transferase 

family protein 
at5g42830 

HXXXD-type acyl-transferase family 

protein  
AT5G07850.1 

Anthranilate N-
hydroxycinnamoyl/benzoyltransferase-

like protein 

At5g07850 

168 trinity_dn164_c0_g3 
N-terminal nucleophile 

aminohydrolases  
at3g16150 

N-terminal nucleophile 
aminohydrolases (Ntn hydrolases) 

superfamily protein  

AT5G08100.1 Isoaspartyl peptidase/L-asparaginase 1 At5g08100 

169 trinity_dn1192_c2_g1 
Nucleotide-sugar transporter 
family protein 

at5g25400 
Nucleotide-sugar transporter family 
protein 

AT5G11230.1 
Probable sugar phosphate/phosphate 
translocator  

At5g11230 

170 trinity_dn4274_c0_g1 
disease resistance protein (TIR-

NBS-LRR class) 
at5g17680 

Disease resistance protein (TIR-NBS-

LRR class)  
AT5G11250.1 

Disease resistance protein (TIR-NBS-

LRR class) 
At5g11250 
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171 trinity_dn318_c0_g1 Exostosin family protein at4g38040 Exostosin family protein  AT5G11610.1 Exostosin family protein AT5G11610.1 

172 trinity_dn1975_c0_g1 
Protein kinase superfamily 

protein 
at1g79640 Protein kinase superfamily protein  AT5G14720.1 

Protein kinase domain-containing 

protein 
At5g14720 

173 trinity_dn1652_c0_g2 
Galactose oxidase/kelch repeat 

superfamily protein 
at1g27340 

Galactose oxidase/kelch repeat 

superfamily protein  
AT5G15710.1 F-box/kelch-repeat protein At5g15710 

174 trinity_dn2491_c0_g1 
NAD(P)-binding Rossmann-fold 

superfamily protein 
at5g04070 

NAD(P)-binding Rossmann-fold 

superfamily protein 
AT5G15940.1 

NAD(P)-binding Rossmann-fold 

superfamily protein 
At5g15940 

175 trinity_dn879_c0_g2 
alpha/beta-Hydrolases 

superfamily protein 
at5g18640 

alpha/beta-Hydrolases superfamily 

protein  
AT5G18630.2 

alpha/beta-Hydrolases superfamily 

protein  
At5g18630 

176 trinity_dn607_c1_g1 Protein kinase family protein at5g35960 Protein kinase superfamily protein AT5G18910.1 At5g18910 At5g18910 

177 trinity_dn3454_c0_g2 
Dynein light chain type 1 family 
protein 

at4g15930 
Dynein light chain type 1 family 
protein  

AT5G20110.1 
Dynein light chain type 1 family 
protein  

At5g20110 

178 trinity_dn667_c0_g1 Exostosin family protein at3g42180 Exostosin family protein  AT5G20260.1 Glycosyltransferase AT5G20260 

179 trinity_dn1872_c0_g1 
Zn-dependent exopeptidases 
superfamily protein 

at1g67420 
Zn-dependent exopeptidases 
superfamily protein 

AT5G20660.1 24 kDa vacuolar protein-like At5g20655 

180 trinity_dn207_c1_g1 
Protein phosphatase 2C family 

protein 
at3g02750 Protein phosphatase 2C family protein  AT5G36250.1 Probable protein phosphatase 2C 74 At5g36250 

181 trinity_dn835_c0_g1 

S-adenosyl-L-methionine-

dependent methyltransferases 

superfamily protein 

at1g68040 

S-adenosyl-L-methionine-dependent 

methyltransferases superfamily 

protein 

AT5G38100.1 
Probable S-adenosylmethionine-
dependent methyltransferase 

At5g38100 

182 trinity_dn1459_c0_g1 
PR (pathogenesis-related) 

peptide 
at5g43580 

Serine protease inhibitor, potato 

inhibitor I-type family protein 
AT5G43570.1 

Serine protease inhibitor, potato 

inhibitor I-type family protein 
At5g43570 

183 trinity_dn1537_c0_g3 
FAD-binding Berberine family 
protein 

at4g20860 FAD-binding Berberine family protein  AT5G44360.1 Berberine bridge enzyme-like 23 At5g44360 

184  trinity_dn2355_c0_g2 
FAD-binding Berberine family 

protein 
at5g44400 FAD-binding Berberine family protein  AT5G44390.1 Berberine bridge enzyme-like 25 At5g44390 

185 trinity_dn2734_c0_g1 
FAD-binding Berberine family 

protein 
at5g44410 FAD-binding Berberine family protein  AT5G44440.1 Berberine bridge enzyme-like 28 At5g44440 

186 trinity_dn3659_c0_g1 
Pseudouridine synthase family 
protein 

at3g52260 Pseudouridine synthase family protein  AT5G51140.1 RNA pseudouridine synthase 7 At5g51140 

187 trinity_dn18549_c0_g1 
NAD(P)-binding Rossmann-fold 

superfamily protein 
at5g53100 

NAD(P)-binding Rossmann-fold 

superfamily protein  
AT5G53090.1 Protochlorophyllide reductase AT5G53100 

188 trinity_dn868_c0_g1 RING/U-box superfamily protein at3g47160 RING/U-box superfamily protein  AT5G58787.1 RING-type domain-containing protein At5g58787 

189 trinity_dn1932_c0_g1 
arginyl-tRNA:protein transferase 

(ATE1) 
at5g05700 arginine-tRNA protein transferase 2  AT3G11240.1 Arginyl-tRNA--protein transferase 2 ATE2 

190 trinity_dn6697_c0_g1 member of EXO70 gene family at4g31540 
exocyst subunit exo70 family protein 
G2  

AT1G51640.1 Exocyst subunit Exo70 family protein ATEXO70G2 
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191 trinity_dn2921_c0_g1 

autophagosome formation during 

nutrient deprivation and 

senescence 

at3g62770 
homolog of yeast autophagy 18 
(ATG18) D  

AT3G56440.1 Autophagy-related protein 18d ATG18D 

192 trinity_dn5114_c0_g1 
homolog of yeast autophagy 18 

(ATG18) H (ATG18H) 
at1g54710 

homolog of yeast autophagy 18 

(ATG18) G  
AT1G03380.1 Autophagy-related protein 18g ATG18G 

193 trinity_dn8640_c0_g1 
homeodomain leucine zipper 
class I (HD-Zip I) protein 

at3g61890 homeobox 7  AT2G46680.1 
Homeobox-leucine zipper protein 
ATHB-7 

ATHB-7 

194 trinity_dn3994_c2_g1 
Member of the class III HD-ZIP 

protein family 
at1g52150 homeobox gene 8  AT4G32880.1 

Homeobox-leucine zipper protein 

ATHB-8 
ATHB-8 

195 trinity_dn2253_c1_g2 
Chaperone DnaJ-domain 

superfamily protein 
at2g17880 

Chaperone DnaJ-domain superfamily 

protein 
AT4G36040.1 

Chaperone protein dnaJ 11, 

chloroplastic 
ATJ11 

196 trinity_dn860_c0_g1 
DnaJ-like protein similar to 

ARG1 and ARL2  
at1g24120 ARG1-like 2  AT1G59980.1 Chaperone protein dnaJ 39 ATJ39 

197 trinity_dn3652_c0_g3 RING/U-box superfamily protein at2g18670 RING/U-box superfamily protein  AT4G30370.1 RING-H2 finger protein ATL14 ATL14 

198 trinity_dn2534_c1_g2 RING/U-box superfamily protein at2g42360 RING/U-box superfamily protein  AT2G42350.1 RING-H2 finger protein ATL40 ATL40 

199  trinity_dn454_c0_g1 ribosomal-protein S6 kinase at3g08720 protein-serine kinase 1  AT3G08730.1 Serine/threonine-protein kinase ATPK1 

200 trinity_dn418_c1_g1 
Pyrophosphate-energized 
vacuolar membrane proton pump  

at1g15690 
Inorganic H pyrophosphatase family 
protein  

AT1G16780.1 
Pyrophosphate-energized membrane 
proton pump 3 

AVPL2 

201 trinity_dn1014_c0_g1 
Transmembrane amino acid 

transporter family protein 
at3g28960 

Transmembrane amino acid 

transporter family protein 
AT5G15240.1 Amino acid transporter AVT1J 

202 trinity_dn2599_c1_g1 putative amino acid transporter at3g30390 
Transmembrane amino acid 

transporter family protein  
AT5G38820.1 Amino acid transporter AVT6B 

203 trinity_dn123_c1_g2 
homolog of the adenine-guanine-
hypoxanthine transporter AzgA 

of Aspergillus nidulans 

at3g10960 
Xanthine/uracil permease family 

protein  
AT5G50300.1 Adenine/guanine permease AZG2 AZG2 

204 trinity_dn4677_c0_g1 
B' regulatory subunit of PP2A 

(AtB'beta) 
at3g09880 

Protein phosphatase 2A regulatory B 

subunit family protein  
AT5G03470.1 

Serine/threonine protein phosphatase 
2A 57 kDa regulatory subunit B' alpha 

isoform 

B'ALPHA 

205 trinity_dn753_c1_g1 chloroplast beta-amylase at3g23920 chloroplast beta-amylase  AT4G17090.1 Beta-amylase 3, chloroplastic BAM3 

206 trinity_dn3665_c0_g1 RING/U-box superfamily protein at3g47180 RING/U-box superfamily protein  AT3G19910.1 
E3 ubiquitin ligase BIG BROTHER-
related 

BBR 

207 trinity_dn80_c0_g1 beta carbonic anhydrase 5  at4g33580 beta carbonic anhydrase 6  AT1G58180.4 
Beta carbonic anhydrase 6, 

mitochondrial 
BCA6 

208 trinity_dn10602_c0_g1 ATBETAFRUCT4 at1g12240 Glycosyl hydrolases family 32 protein  AT1G62660.1 
Acid beta-fructofuranosidase 3, 

vacuolar 
BFRUCT3 

209 trinity_dn2746_c0_g2 
Glycosyl hydrolases family 32 
protein 

at1g62660 Glycosyl hydrolases family 32 protein  AT1G12240.1 
Acid beta-fructofuranosidase 4, 
vacuolar 

BFRUCT4 
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210 trinity_dn975_c0_g1 
Glycosyl hydrolase superfamily 

protein 
at4g16260 beta-1,3-glucanase 1  AT3G57270.1 

Probable glucan endo-1,3-beta-

glucosidase BG1 
BG1 

211 trinity_dn711_c0_g1 
beta-galactosidase, glycosyl 
hydrolase family 35 

at3g13750 beta-galactosidase 3  AT4G36360.1 Beta-galactosidase 3 BGAL3 

212 trinity_dn4381_c0_g2 beta glucosidase 17 (BGLU17) at2g44480 beta glucosidase 15  AT2G44450.1 Beta-glucosidase 15 BGLU15 

213 trinity_dn600_c0_g1 beta glucosidase 41 (BGLU41) at5g54570 beta glucosidase 40  AT1G26560.1 Beta-glucosidase 40 BGLU40 

214 trinity_dn2123_c0_g1 

transcription factor CIB1 

(cryptochrome-interacting basic-
helix-loop-helix) 

at4g34530 
basic helix-loop-helix (bHLH) DNA-

binding superfamily protein 
AT1G68920.2 Transcription factor bHLH49 BHLH49 

215 trinity_dn3484_c0_g2 

basic helix-loop-helix (bHLH) 

DNA-binding superfamily 
protein 

at2g20100 
basic helix-loop-helix (bHLH) DNA-

binding superfamily protein  
AT4G29100.1 Transcription factor bHLH68 BHLH68 

216 trinity_dn108_c3_g2 
unfertilized embryo sac 12 
(UNE12) 

at4g02590 
basic helix-loop-helix (bHLH) DNA-
binding superfamily protein 

AT1G03040.1 Transcription factor bHLH7 BHLH7 

217 trinity_dn3537_c0_g1 
SEC7-like guanine nucleotide 

exchange family protein 
at4g38200 

SEC7-like guanine nucleotide 

exchange family protein  
AT4G35380.1 

Brefeldin A-inhibited guanine 

nucleotide-exchange protein 4 
BIG4 

218 trinity_dn1012_c0_g1 efflux-type boron transporter at1g15460 HCO3- transporter family  AT1G74810.1 Putative boron transporter 5 BOR5 

219 trinity_dn6896_c0_g2 
Arabidopsis GBP Basic Penta 

Cysteine 1 
at1g14685 basic pentacysteine1  AT2G01930.2 Protein BASIC PENTACYSTEINE1 BPC1 

220 trinity_dn253_c3_g1 
Encodes BR-signaling kinase 1 
(BSK1) 

at4g35230 
Protein kinase protein with 
tetratricopeptide repeat domain 

AT5G59010.1 Serine/threonine-protein kinase BSK5 BSK5 

221 trinity_dn1629_c0_g1 BTB and TAZ domain protein at5g67480 BTB and TAZ domain protein 5  AT4G37610.1 
BTB/POZ and TAZ domain-

containing protein 5 
BT5 

222 trinity_dn281_c0_g2 beta-xylosidase 1  at5g49360 beta-xylosidase 2  AT1G02640.1 Probable beta-D-xylosidase 2 BXL2 

223 trinity_dn15722_c0_g1 group-S bZIP transcription factor at3g62420 basic leucine-zipper 44  AT1G75390.1 bZIP transcription factor 44 BZIP44 

224 trinity_dn3361_c0_g1 bZIP protein BZO2H2 at5g24800 
bZIP transcription factor family 

protein  
AT5G28770.2 Basic leucine zipper 63 BZIP63 

225 trinity_dn693_c0_g1 
brassinosteroid (BR) signalling 
pathway  

at1g75080 
Brassinosteroid signalling positive 
regulator (BZR1) family protein  

AT1G19350.3 
Protein BRASSINAZOLE-
RESISTANT 2 

BZR2 

226 trinity_dn1503_c0_g1 
Floral homeotic gene encoding a 

MADS domain protein  
at1g69120 

K-box region and MADS-box 

transcription factor family protein 
AT1G26310.1 Transcription factor CAULIFLOWER CAL 

227 trinity_dn1761_c0_g1 
Terpenoid cyclases family 

protein 
at1g78950 camelliol C synthase 1  AT1G78955.1 Camelliol C synthase CAMS1 

228 trinity_dn904_c1_g1 
Calcium-dependent lipid-binding 
(CaLB domain) family protein 

at1g48590 
Calcium-dependent lipid-binding 
(CaLB domain) family protein  

AT3G17980.1 
Protein C2-DOMAIN ABA-
RELATED 4 

CAR4 

229 trinity_dn756_c0_g1 
calcineurin B-like calcium sensor 

gene family 
at4g33000 calcineurin B-like 3  AT4G26570.1 Calcineurin B-like protein 3 CBL3 
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230 trinity_dn78_c1_g1 
mitochondrial ethanolamine-

phosphate cytidylyltransferase 
at2g38670 

phosphorylcholine 

cytidylyltransferase  
AT2G32260.1 

Choline-phosphate 

cytidylyltransferase 1 
CCT1 

231 trinity_dn13923_c0_g1 cytidine deaminase  at2g19570 
Cytidine/deoxycytidylate deaminase 
family protein 

AT4G29610.1 Cytidine deaminase 6 CDA6 

232 trinity_dn1958_c0_g1 SEC24a/ERMO2 at3g07100 clone eighty-four  AT3G44340.1 
Protein transport protein Sec24-like 

CEF 
CEF 

233 trinity_dn5471_c0_g1 methionine gamma-lyase at1g64660 
Pyridoxal phosphate (PLP)-dependent 

transferases superfamily protein 
AT3G01120.1 

Cystathionine gamma-synthase 1, 

chloroplastic 
CGS1 

234 trinity_dn7783_c0_g1 chitin-binding protein  at3g04720 basic chitinase  AT3G12500.1 Basic endochitinase B CHI-B 

235 trinity_dn6975_c0_g1 AR791 at1g52080  
Hydroxyproline-rich glycoprotein 
family protein  

AT3G25690.2 Protein CHUP1, chloroplastic CHUP1 

236 trinity_dn259_c0_g1 
member of Putative Na+/H+ 
antiporter family 

at3g53720 cation/H+ exchanger 18  AT5G41610.1 Cation/H(+) antiporter 18 CHX18 

237 trinity_dn1821_c0_g1 CBL-interacting protein kinase  at5g58380  CBL-interacting protein kinase 2  AT5G07070.1 CBL-interacting serine CIPK2 

238 trinity_dn653_c0_g1 
voltage-dependent chloride 

channel 
at5g40890 chloride channel B  AT3G27170.1 Chloride channel protein CLC-b CLC-B 

239 trinity_dn1278_c0_g1 chloride channel C (CLC-C) at5g49890 
Voltage-gated chloride channel family 

protein  
AT5G33280.1 Putative chloride channel-like protein  CLC-G 

240 trinity_dn1233_c0_g1 
ATP-dependent Clp protease 
regulatory subunit 

at5g51070 CLPC homologue 1  AT5G50920.1 
Chaperone protein ClpC1, 
chloroplastic 

CLPC1 

241 trinity_dn7675_c0_g1 
EF hand calcium-binding protein 

family 
at1g18530 

Calcium-binding EF-hand family 

protein 
AT3G25600.1 

Probable calcium-binding protein 

CML16 
CML16 

242 trinity_dn1424_c0_g1 
Calcium-binding EF-hand family 

protein 
at3g10300 

Calcium-binding EF-hand family 

protein  
AT5G04170.1 

Probable calcium-binding protein 

CML50 
CML50 

243 trinity_dn1622_c1_g1 'defense, no death' gene (DND1)  at5g15410 
cyclic nucleotide-gated cation channel 
4  

AT5G54250.2 Cyclic nucleotide-gated ion channel 4 CNGC4 

244 trinity_dn3859_c0_g1 B-box zinc finger family protein at1g68190 CONSTANS-like 9  AT3G07650.4 
Zinc finger protein CONSTANS-

LIKE 9 
COL9 

245 trinity_dn2182_c2_g1 copper transporter 5 (COPT5) at5g20650 Ctr copper transporter family AT2G26975.1 Copper transporter 6 COPT6 

246  trinity_dn446_c0_g1 
cysteine-rich receptor-like 

protein kinase 
at4g23160 

cysteine-rich RLK (RECEPTOR-like 

protein kinase) 6  
AT4G23140.1 

Cysteine-rich receptor-like protein 

kinase 6 
CRK6 

247 trinity_dn5627_c0_g2 cellulose synthase-like D3  at3g03050 cellulose-synthase like D2  AT5G16910.1 Cellulose synthase-like protein D2 CSLD2 

248 trinity_dn431_c0_g1 cellulose synthase like E1  at1g55850 cellulose synthase like G2  AT4G24000.1 Cellulose synthase-like protein G2 CSLG2 

249 trinity_dn1382_c0_g1 citrate synthase 5  at3g60100 Citrate synthase family protein  AT2G44350.1 Citrate synthase 4, mitochondrial CSY4 

250 trinity_dn1390_c2_g1 
Protein kinase superfamily 
protein 

at4g24480 Protein kinase superfamily protein  AT5G03730.1 Serine/threonine-protein kinase CTR1 CTR1 
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251 trinity_dn6422_c0_g1 Beta-fructofuranosidase at2g36190 cell wall invertase 2  AT3G52600.1 
Beta-fructofuranosidase, insoluble 

isoenzyme CWINV2 
CWINV2 

252 trinity_dn3290_c0_g1 cyclin b3 at1g16330 Cyclin B2 AT1G20610.1 Cyclin-B2-3 CYCB2-3 

253 trinity_dn661_c0_g1 flavonoid 3' hydroxylase activity at5g07990 cytochrome P450 AT4G12320.1 cytochrome P450 CYP706A6 

254 trinity_dn60471_c0_g1 
protein with C22-sterol 
desaturase activity 

at2g34500 
cytochrome P450, family 710, 
subfamily A, polypeptide 2 

AT2G34490.1 Cytochrome P450 710A2 CYP710A2 

255 trinity_dn14113_c0_g2 

putative cytochrome P450; 

"cytochrome P450, family 71, 
subfamily A, polypeptide 22 

at3g48310 
cytochrome P450, family 71, 

subfamily A, polypeptide 21 
AT3G48320.1 Cytochrome P450 71A21 CYP71A21 

256 trinity_dn1472_c0_g1 putative cytochrome P450 at3g48270 
cytochrome P450, family 71, 

subfamily A, polypeptide 22  
AT3G48310.1 Cytochrome P450 71A22 CYP71A22 

257 trinity_dn2055_c3_g1 

putative cytochrome P450; 

"cytochrome P450, family 71, 
subfamily B, polypeptide 13 

at5g25140 
cytochrome p450, family 71, 
subfamily B, polypeptide 11  

AT5G25120.1 Cytochrome P450 71B11 CYP71B11 

258 trinity_dn5468_c0_g1 putative cytochrome P450 at3g26300 
cytochrome P450, family 71, 

subfamily B, polypeptide 35 
AT3G26310.1 Cytochrome P450 71B35 CYP71B35 

259 trinity_dn2046_c0_g1 putative cytochrome P450 at3g26210 
cytochrome P450, family 71 

subfamily B, polypeptide 7 
AT1G13110.1 Cytochrome P450 71B7 CYP71B7 

260 trinity_dn1261_c0_g1 
protein with similarity to other 
cytochrome P450's and is a 

homolog of BAS1 

at1g17060 
cytochrome P450, family 72, 

subfamily A, polypeptide 15  
AT3G14690.1 Cytochrome P450 72A15 CYP72A15 

261 trinity_dn13_c0_g1 
cytochrome P450, family 76, 
subfamily C, polypeptide 4 

at2g45550 
cytochrome P450, family 76, 
subfamily C, polypeptide 1 

AT2G45560.1 Cytochrome P450 76C1 CYP76C1 

262 trinity_dn611_c2_g1 
cytochrome p450 

monooxygenase 
at3g61880 

cytochrome P450, family 78, 

subfamily A, polypeptide 6  
AT2G46660.1 Cytochrome P450 78A6 CYP78A6 

263 trinity_dn1472_c0_g4 ferulate 5-hydroxylase (F5H) at4g36220 Cytochrome P450 superfamily protein  AT5G04330.1 Cytochrome P450 84A4 CYP84A4 

264 trinity_dn1265_c0_g4 cinnamate-4-hydroxylase at2g30490 
cytochrome P450, family 98, 

subfamily A, polypeptide 3  
AT2G40890.1 Cytochrome P450 98A3 CYP98A3 

265 trinity_dn2466_c0_g1 
protein with cysteine proteinase 
inhibitor activity 

at3g12490 Cystatin/monellin family protein  AT5G05110.1 Cysteine proteinase inhibitor 7 CYS7 

266 trinity_dn1713_c0_g2 protein serine/threonine kinase  at2g34650 D6 protein kinase  AT5G55910.1 Serine/threonine-protein kinase D6PK D6PK 

267 trinity_dn416_c2_g1 hydrolyzes phosphatidylcholine at4g16820 
alpha/beta-Hydrolases superfamily 

protein  
AT2G44810.1 

Phospholipase A(1) DAD1, 

chloroplastic 
DAD1 

268 trinity_dn4134_c0_g2 DA1 (DA1) at1g19270 LIM domain-containing protein AT4G36860.1 Protein DA1-related 1 DAR1 

269 trinity_dn3656_c0_g2 Thioesterase superfamily protein at1g48320 Thioesterase superfamily protein  AT5G48950.1 
1,4-dihydroxy-2-naphthoyl-CoA 

thioesterase 2 
DHNAT2 

270 trinity_dn2468_c0_g1 Disease resistance-responsive at1g58170 Disease resistance-responsive AT5G49040.1 Dirigent protein 3 DIR3 
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(dirigent-like protein) family 

protein 

(dirigent-like protein) family protein 

271 trinity_dn1829_c0_g2 DnaJ-like protein (J20) at4g13830 
Molecular chaperone Hsp40/DnaJ 
family protein  

AT4G39960.1 
Molecular chaperone Hsp40/DnaJ 
family protein  

DJA5 

272 trinity_dn76660_c0_g1 
Chaperone DnaJ-domain 

superfamily protein 
at4g36040 

Chaperone DnaJ-domain superfamily 

protein  
AT2G17880.1 

Chaperone DnaJ-domain superfamily 

protein  
DJC24 

273 trinity_dn2677_c2_g1 OBF binding protein 4 (OBP4) at5g60850 DOF zinc finger protein 1  AT1G51700.1 Dof zinc finger protein DOF1.7 DOF1.7 

274 trinity_dn1678_c0_g1 alpha-dioxygenase  at3g01420 alpha dioxygenase  AT1G73680.1 Alpha-dioxygenase 2 DOX2 

275 trinity_dn666_c0_g1 

C3HC4 RING-domain-

containing ubiquitin E3 ligase 

capable  

at1g06770 DREB2A-interacting protein 2 AT2G30580.1 E3 ubiquitin protein ligase DRIP2 DRIP2 

276 trinity_dn2677_c0_g1 
Arabidopsis dynamin-related 

protein 1E, DRP1E 
at3g60190 DYNAMIN-like 1D  AT2G44590.3 Dynamin-related protein 1D DRP1D 

277 trinity_dn654_c0_g1 dynamin-like protein 6 (ADL6) at1g10290 dynamin-like 3  AT1G59610.1 Dynamin-2B DRP2B 

278 trinity_dn8835_c0_g1 MATE efflux family protein at1g73700 MATE efflux family protein  AT5G52450.1 Protein DETOXIFICATION 16 DTX16 

279 trinity_dn2894_c0_g1 MATE efflux family protein at4g38380 MATE efflux family protein  AT2G38330.1 
Protein DETOXIFICATION 44, 

chloroplastic 
DTX44 

280 trinity_dn2321_c0_g3 
Helicase/SANT-associated, DNA 
binding protein 

at3g24880 
Helicase/SANT-associated, DNA 
binding protein  

AT3G24870.1 
Chromatin modification-related 
protein EAF1 B 

EAF1B 

281 trinity_dn1577_c0_g1 
PH and START domain-

containing protein 
at4g19040 

Pleckstrin homology (PH) domain-

containing protein  
AT5G45560.1 

Protein ENHANCED DISEASE 

RESISTANCE 2-like 
EDR2L 

282 trinity_dn14926_c0_g1 
Leucine-rich repeat protein 

kinase family protein 
at3g47110 EF-TU receptor  AT5G20480.1 

LRR receptor-like serine/threonine-

protein kinase 
EFR 

283 trinity_dn3019_c0_g2 ethylene response 2  at3g23150 
Signal transduction histidine kinase, 
hybrid-type, ethylene sensor  

AT3G04580.2 Protein EIN4 EIN4 

284 trinity_dn330_c0_g1 cytosolic glutathione reductase at3g24170 glutathione reductase AT3G54660.1 Glutathione reductase, chloroplastic EMB2360 

285 trinity_dn6837_c0_g1 endonuclease 2 at1g68290 endonuclease 4 AT4G21585.1 Endonuclease 4 ENDO4 

286 trinity_dn1175_c0_g1 

member of the ERF (ethylene 

response factor) subfamily B-4 of 
ERF/AP2 transcription factor 

family 

at5g50080 
Integrase-type DNA-binding 
superfamily protein  

AT2G33710.1 
Ethylene-responsive transcription 
factor 

ERF112 

287 trinity_dn84_c0_g2 

member of the ERF (ethylene 
response factor) subfamily B-4 of 

ERF/AP2 transcription factor 

family 

at5g13330 
Integrase-type DNA-binding 

superfamily protein 
AT5G61890.1 

Ethylene-responsive transcription 

factor 
ERF114 

288 trinity_dn7661_c0_g1 
eukaryotic release factor 1 

homolog 
at5g47880 eukaryotic release factor 1-3 AT3G26618.1 

Eukaryotic peptide chain release factor 

subunit 1-3 
ERF1-3 
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289 trinity_dn2416_c0_g1 
ERF (ethylene response factor) 

subfamily B-3  
at4g17500 

ethylene responsive element binding 

factor 2  
AT5G47220.1 

Ethylene-responsive transcription 

factor 2 
ERF2 

290 trinity_dn2936_c0_g2 Ethylene receptor, subfamily 1 at2g40940 
Signal transduction histidine kinase, 
hybrid-type, ethylene sensor  

AT1G66340.1 Ethylene receptor 1 ETR1 

291 trinity_dn3492_c2_g1 Encodes EXLB1  at4g17030 expansin-like A2  AT4G38400.1 Expansin-like A2 EXLA2 

292 trinity_dn1757_c0_g1 5'-3' exonuclease family protein at5g26680 5'-3' exonuclease family protein  AT1G29630.2 Exonuclease 1 EXO1 

293 trinity_dn4658_c0_g1 
O-Glycosyl hydrolases family 17 

protein 
at5g55180 

O-Glycosyl hydrolases family 17 

protein 
AT4G26830.1 Putative beta-1, 3-glucanase F10M23.170 

294 trinity_dn688_c0_g1 
C2H2-type zinc finger family 

protein 
at5g04390 C2H2-type zinc finger family protein AT3G10470.1 C2H2-type zinc finger family protein F18K10.4 

295 trinity_dn3131_c0_g1 
serine protease inhibitor, Kazal-
type family protein 

at4g01575 
serine protease inhibitor, Kazal-type 
family protein 

AT3G61980.1 
Serine protease inhibitor, Kazal-type 
family protein 

F21F14.150 

296 trinity_dn444_c0_g2 
SAUR-like auxin-responsive 
protein family  

at2g46690 
SAUR-like auxin-responsive protein 
family  

AT3G61900.1 
SAUR-like auxin-responsive protein 
family 

F21F14.70 

297 trinity_dn1843_c0_g1 
RING/FYVE/PHD-type zinc 

finger family protein 
at1g29800 

RING/FYVE/PHD-type zinc finger 

family protein  
AT3G43230.1 

RING/FYVE/PHD-type zinc finger 

family protein 
F7K15_80 

298 trinity_dn2641_c0_g2 
Pectin lyase-like superfamily 

protein 
at5g41870 Pectin lyase-like superfamily protein  AT4G23820.1 Pectin lyase-like superfamily protein F9D16.290 

299 trinity_dn3065_c0_g1 phosphatidylinositol-3P 5-kinase at1g71010 
phosphatidylinositol-4-phosphate 5-
kinase family protein 

AT3G14270.1 
1-phosphatidylinositol-3-phosphate 5-
kinase 

FAB1B 

300 trinity_dn2679_c0_g1 Omega-6 fatty acid desaturase at3g12120 fatty acid desaturase 3  AT2G29980.1 

Acyl-lipid omega-3 desaturase 

(cytochrome b5), endoplasmic 
reticulum 

FAD3 

301 trinity_dn3058_c0_g1 Aldolase superfamily protein at2g01140 fructose-bisphosphate aldolase 2 AT4G38970.1 
Fructose-bisphosphate aldolase 2, 

chloroplastic 
FBA2 

302 trinity_dn1671_c0_g1 RNI-like superfamily protein at4g05460 RNI-like superfamily protein  AT4G05497.1 Putative F-box/LRR-repeat protein 9 FBL9 

303 trinity_dn2328_c1_g1 
FAD-binding Berberine family 

protein 
at1g26390 FAD-binding Berberine family protein  AT1G26420.1 Berberine bridge enzyme-like 7 FOX5 

304 trinity_dn9967_c0_g1 Quinone reductase family protein at4g27270 flavodoxin-like quinone reductase 1 AT5G54500.1 
NAD(P)H dehydrogenase (quinone) 
FQR1 

FQR1 

305 trinity_dn12953_c0_g1 FAR1-related sequence 6 (FRS6) at1g52520 FAR1-related sequence 8  AT1G80010.1 
Protein FAR1-RELATED 

SEQUENCE 8 
FRS8 

306 trinity_dn1180_c0_g2 
GDSL-like Lipase/Acylhydrolase 

superfamily protein 
at3g26430 alpha-fucosidase 1  AT1G67830.1 Alpha-L-fucosidase 3 FXG1 

307 trinity_dn2756_c1_g1 
Involved in later steps of the 
gibberellic acid biosynthetic 

pathway 

at1g15550 gibberellin 3-oxidase 2  AT1G80340.1 Gibberellin 3-beta-dioxygenase 2 GA3OX2 

308 trinity_dn221_c0_g1 
dihydrosphingosine phosphate 
lyase  

at1g27980 glutamate decarboxylase  AT5G17330.1 Glutamate decarboxylase 1 GAD1 
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309 trinity_dn22408_c0_g1 glutamate decarboxylase  at5g17330 glutamate decarboxylase 4  AT2G02010.1 Glutamate decarboxylase 4 GAD4 

310 trinity_dn10965_c0_g1 UDP-D-glucuronate 4-epimerase at1g02000 UDP-D-glucuronate 4-epimerase 3 AT4G00110.1 UDP-glucuronate 4-epimerase 3 GAE3 

311 trinity_dn1186_c0_g1 
Transmembrane amino acid 

transporter family protein 
at5g41800 

Transmembrane amino acid 

transporter family protein 
AT1G08230.2 GABA transporter 1 GAT1 

312 trinity_dn942_c0_g1 
gamma-glutamyl hydrolase 2 
(GGH2) 

at1g78680 gamma-glutamyl hydrolase 1  AT1G78660.2 Gamma-glutamyl hydrolase 1 GGH1 

313 trinity_dn1707_c0_g1 IAA-amido synthases at2g14960 Auxin-responsive GH3 family protein  AT4G37390.1 
Indole-3-acetic acid-amido synthetase 

GH3.2 
GH3.2 

314 trinity_dn1587_c0_g1 

Core-2/I-branching beta-1,6-N-

acetylglucosaminyltransferase 

family protein 

at1g71070 

Core-2/I-branching beta-1,6-N-

acetylglucosaminyltransferase family 

protein  

AT5G39990.1 
Beta-glucuronosyltransferase 
GlcAT14A 

GLCAT14A 

315 trinity_dn1391_c0_g1 GDSL-motif lipase 4 (GLIP4) at3g14225 GDSL-motif lipase 3  AT1G53990.1 GDSL esterase GLIP3 

316 trinity_dn1437_c0_g1 
RmlC-like cupins superfamily 

protein 
at5g39130 germin-like protein 2  AT5G39190.1 

Germin-like protein subfamily 1 

member 20 
GLP5A 

317 trinity_dn18124_c0_g1 
 Lactoylglutathione lyase / 

glyoxalase I family protein 
at1g15380 

Lactoylglutathione lyase / glyoxalase I 

family protein  
AT1G80160.1 

Lactoylglutathione lyase / glyoxalase I 

family protein  
GLYI7 

318 trinity_dn87_c0_g1 
6-phosphogluconate 
dehydrogenase family protein 

at4g20930 glyoxylate reductase 2  AT1G17650.1 
Glyoxylate/succinic semialdehyde 
reductase 2, chloroplastic 

GLYR2 

319 trinity_dn375_c6_g1 galactinol synthase 1  at2g47180 galactinol synthase 2  AT1G56600.1 Galactinol synthase 2 GOLS2 

320 trinity_dn579_c0_g2 galactinol synthase 2  at1g56600 galactinol synthase 3  AT1G09350.1 Galactinol synthase 3 GOLS3 

321 trinity_dn1593_c0_g1 SKOR at3g02850 
gated outwardly-rectifying K+ 

channel  
AT5G37500.1 Potassium channel GORK GORK 

322 trinity_dn1299_c3_g1 
glucose6-Phosphate/phosphate 

transporter 2 
at1g61800 

glucose 6-phosphate/phosphate 

translocator 1  
AT5G54800.1 

Glucose-6-phosphate/phosphate 

translocator 1, chloroplastic 
GPT1 

323 trinity_dn2598_c0_g1 auxin receptor  at3g62980 GRR1-like protein 1  AT4G03190.1 GRR1-like protein 1 GRH1 

324 trinity_dn2935_c2_g1 
Homeodomain-like superfamily 

protein 
at2g38250 

Homeodomain-like superfamily 

protein  
AT5G01380.1 Trihelix transcription factor GT-3a GT-3A 

325 trinity_dn1032_c0_g1 homology to ABI1 (HAB1) at1g72770 homology to ABI2  AT1G17550.1 Protein phosphatase 2C 7 HAB2 

326 trinity_dn1215_c0_g2 
HXXXD-type acyl-transferase 

family protein 
at4g31910 

HXXXD-type acyl-transferase family 

protein  
AT5G41040.1 

Omega-hydroxypalmitate O-feruloyl 

transferase 
HHT1 

327 trinity_dn29_c2_g2 

Heavy metal 

transport/detoxification 

superfamily protein 

at1g01490 
Heavy metal transport/detoxification 
superfamily protein  

AT1G63950.1 
Heavy metal-associated isoprenylated 
plant protein 15 

HIPP15 

328 trinity_dn5824_c0_g1 

Heavy metal 

transport/detoxification 

superfamily protein 

at4g08570 
Heavy metal transport/detoxification 
superfamily protein 

AT1G22990.1 
Heavy metal-associated isoprenylated 
plant protein 22 

HIPP22 



344 
 

Sl. 

No 
Tinity ID Down regulated Gene  Gene ID Arabidopsis Gene 

Arabidopsis 

Gene ID 
Uniport_ Protein Uniport Gene 

329 trinity_dn3578_c0_g1 
Chromatin Assembly Factor-1 

(CAF-1) p60 subunit 
at5g64630 homolog of histone chaperone HIRA  AT3G44530.1 Protein HIRA HIRA 

330 trinity_dn42_c0_g1 
ATP dependent copper 
transporter  

at5g44790 heavy metal atpase 5  AT1G63440.1 Probable copper-transporting ATPase HMA5 

331 trinity_dn5704_c1_g1 
3-hydroxy-3-methylglutaryl 

coenzyme A reductase 
at1g76490 

3-hydroxy-3-methylglutaryl-CoA 

reductase 2  
AT2G17370.1 

3-hydroxy-3-methylglutaryl-coenzyme 

A reductase 2 
HMG2 

332 trinity_dn507_c0_g1 plastoquinone-9 biosynthesis at3g11945 homogentisate phytyltransferase 1  AT2G18950.1 
Homogentisate phytyltransferase 1, 

chloroplastic 
HPT1 

333 trinity_dn215_c1_g1 
heat shock transcription factor 
B3 (HSFB3) 

at2g41690 heat shock transcription factor B2A  AT5G62020.1 Heat stress transcription factor B-2a HSFB2A 

334 trinity_dn37939_c1_g1 
member of the class I small heat-
shock protein (sHSP) family 

at3g46230 
HSP20-like chaperones superfamily 
protein 

AT1G53540.1 17.6 kDa class I heat shock protein 3 HSP17.6C 

335 trinity_dn7865_c0_g2 
Heat shock protein 70 (Hsp 70) 

family protein 
at5g02490 heat shock cognate protein 70-1  AT5G02500.1 Heat shock 70 kDa protein 1 HSP70-1 

336 trinity_dn6004_c0_g1 Putative transcription factor at5g23150 
Tudor/PWWP/MBT domain-

containing protein  
AT5G08230.1 Protein HUA2-LIKE 1 HULK1 

337 trinity_dn1395_c0_g1 

Abscisic acid-responsive 

(TB2/DP1, HVA22) family 

protein 

at5g42560 HVA22-like protein H  AT1G19950.1 HVA22-like protein h HVA22H 

338 trinity_dn4264_c0_g2 
2-oxoglutarate (2OG) and Fe(II)-
dependent oxygenase 

superfamily protein 

at3g18210 
2-oxoglutarate (2OG) and Fe(II)-
dependent oxygenase superfamily 

protein 

AT1G22950.1 
2-oxoglutarate and iron-dependent 
oxygenase domain-containing protein 

ICU11 

ICU11 

339 trinity_dn7358_c0_g3 RLK7 at1g09970 
Leucine-rich repeat protein kinase 
family protein  

AT3G19700.1 Receptor-like protein kinase  IKU2 

340 trinity_dn61_c1_g1 
IAA-leucine resistant (ILR)-like 

gene 6  
at1g44350 

peptidase M20/M25/M40 family 

protein  
AT1G51760.1 IAA-amino acid hydrolase ILR1-like 4 ILL4 

341 trinity_dn158_c1_g1 
L-galactose-1-phosphate 

phosphatase 
at3g02870 myo-inositol monophosphatase like 1  AT1G31190.1 Phosphatase IMPL1, chloroplastic IMPL1 

342 trinity_dn35_c0_g1 
chloroplast-targeted 
alkaline/neutral invertase 

at5g22510 Plant neutral invertase family protein  AT1G56560.1 
Alkaline/neutral invertase A, 
mitochondrial 

INVA 

343 trinity_dn435_c0_g1 
Plant neutral invertase family 

protein 
at1g56560 invertase H AT3G05820.1 

Probable alkaline/neutral invertase A, 

chloroplastic 
INVH 

344 trinity_dn19_c0_g1 
active Arabidopsis 

isopropylmalate synthase IPMS2 
at1g74040 methylthioalkylmalate synthase-like 4 AT1G18500.1 

2-isopropylmalate synthase 1, 

chloroplastic 
IPMS1 

345 trinity_dn511_c0_g1 IQ-domain 11 (IQD11) at5g13460 IQ-domain 12 AT5G03960.1 IQ-domain 12 IQD12 

346 trinity_dn3733_c0_g1 
calmodulin-binding family 
protein 

at5g57010 calmodulin-binding family protein  AT4G33050.3 IQ domain-containing protein IQM1 

347 trinity_dn514_c1_g1 endoribonuclease/protein kinase  at2g17520 inositol requiring 1-1  AT5G24360.1 
Serine/threonine-protein 

kinase/endoribonuclease IRE1b 
IRE1B 
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348 trinity_dn2436_c0_g1 
Protein kinase superfamily 

protein 
at3g17850 Protein kinase superfamily protein  AT1G48490.3 

Probable serine/threonine protein 

kinase IRE3 
IRE3 

349 trinity_dn738_c0_g1 
Mannose-binding lectin 
superfamily protein 

at1g73040 
Mannose-binding lectin superfamily 
protein  

AT1G19715.2 Jacalin-related lectin 3 JAL3 

350 trinity_dn644_c1_g1 PKDM7D at1g08620 
 zinc finger (C5HC2 type) family 

protein 
AT1G30810.2 Lysine-specific demethylase JMJ18 JMJ18 

351 trinity_dn341_c2_g1 
plastidic beta-ketoacyl-ACP 

synthase II 
at1g74960 

3-ketoacyl-acyl carrier protein 

synthase I  
AT5G46290.1 

3-oxoacyl-[acyl-carrier-protein] 

synthase I, chloroplastic 
KAS1 

352 trinity_dn172_c0_g1 K+ efflux antiporter 3 (KEA3) at4g04850 K+ efflux antiporter 1  AT1G01790.1 K(+) efflux antiporter 1, chloroplastic KEA1 

353 trinity_dn246_c0_g1 
Protein kinase superfamily 
protein 

at4g32250 
protein kinases;ubiquitin-protein 
ligases  

AT5G13530.2 Protein kinasesubiquitin-protein ligase KEG 

354 trinity_dn1556_c0_g1 kinesin-like protein PAK  at1g12430 armadillo repeat kinesin 2  AT1G01950.1 Kinesin-like protein KIN-UB KINUB 

355 trinity_dn15584_c0_g1 
Kunitz family trypsin and 
protease inhibitor protein 

at1g17860 kunitz trypsin inhibitor 1  AT1G73260.1 Kunitz trypsin inhibitor 4 KTI4 

356 trinity_dn1299_c0_g1 putative laccase at3g09220 
Laccase/Diphenol oxidase family 

protein  
AT5G01050.1 Laccase-9 LAC9 

357 trinity_dn640_c0_g1 
long-chain acyl-CoA synthetase 

3  
at1g64400 

AMP-dependent synthetase and ligase 

family protein  
AT4G23850.1 Long chain acyl-CoA synthetase 4 LACS4 

358 trinity_dn1172_c0_g1 
long-chain acyl-CoA synthetase 
6  

at3g05970 long-chain acyl-CoA synthetase 7  AT5G27600.1 
Long chain acyl-CoA synthetase 7, 
peroxisomal 

LACS7 

359 trinity_dn3701_c0_g1 
LOB domain-containing protein 

11 (LBD11) 
at2g28500 LOB domain-containing protein 1 AT1G07900.1 LOB domain-containing protein 1 LBD1 

360 trinity_dn757_c0_g1 
LOB domain-containing protein 

39 (LBD39) 
at4g37540 LOB domain-containing protein 38  AT3G49940.1 LOB domain-containing protein 38 LBD38 

361 trinity_dn2515_c0_g1 AP4.3A at2g32800 
Concanavalin A-like lectin protein 
kinase family protein  

AT3G53810.1 
L-type lectin-domain containing 
receptor kinase IV.2 

LECRK42 

362 trinity_dn198_c0_g1 
Concanavalin A-like lectin 

protein kinase family protein 
at5g55830 

Concanavalin A-like lectin protein 

kinase family protein 
AT3G53380.1 

L-type lectin-domain containing 

receptor kinase VIII.1 
LECRK81 

363 trinity_dn2323_c0_g1 
Concanavalin A-like lectin 

protein kinase family protein 
at5g10530 

Concanavalin A-like lectin protein 

kinase family protein 
AT5G65600.1 

L-type lectin-domain containing 

receptor kinase IX.2 
LECRK92 

364 trinity_dn322_c0_g1 lipoxygenase at1g55020 
PLAT/LH2 domain-containing 
lipoxygenase family protein 

AT3G22400.1 Linoleate 9S-lipoxygenase 5 LOX5 

365 trinity_dn223_c0_g1 
lysophosphatidyl acyltransferase 

4  
at1g75020 lysophosphatidyl acyltransferase 5  AT3G18850.4 

Probable 1-acyl-sn-glycerol-3-

phosphate acyltransferase 5 
LPAT5 

366 trinity_dn1003_c1_g1 lipoamide dehydrogenase 1 at1g48030 lipoamide dehydrogenase 2 AT3G17240.3 
Dihydrolipoyl dehydrogenase 2, 

mitochondrial 
LPD2 

367 trinity_dn1245_c1_g1 
basic helix-loop-helix (bHLH) 
protein 

at2g24260 LJRHL1-like 2  AT4G30980.1 Transcription factor LRL2 LRL2 

368 trinity_dn10969_c0_g1 protein with 3 plant-specific zinc at1g32540 LSD1 zinc finger family protein  AT4G20380.7 Protein LSD1 LSD1 



346 
 

Sl. 

No 
Tinity ID Down regulated Gene  Gene ID Arabidopsis Gene 

Arabidopsis 

Gene ID 
Uniport_ Protein Uniport Gene 

finger domains 

369 trinity_dn108_c1_g1 RING/U-box superfamily protein at3g06140 RING/U-box superfamily protein  AT5G19080.1 
Probable E3 ubiquitin-protein ligase 

LUL3 
LUL3 

370 trinity_dn27106_c0_g1 member of MEKK subfamily at2g30040 
mitogen-activated protein kinase 

kinase kinase 13  
AT1G07150.2 

Mitogen-activated protein kinase 

kinase kinase 13 
MAPKKK13 

371 trinity_dn2434_c0_g1 member of MEKK subfamily at5g55090 
mitogen-activated protein kinase 

kinase kinase 16  
AT4G26890.1 

Mitogen-activated protein kinase 

kinase kinase 16 
MAPKKK16 

372 trinity_dn231_c0_g1 
monodehydroascorbate reductase 

6  
at1g63940 monodehydroascorbate reductase 1  AT3G52880.1 

Monodehydroascorbate reductase 1, 

peroxisomal 
MDAR1 

373 trinity_dn660_c0_g1 myo-inositol oxygenase 1  at1g14520 myo-inositol oxygenase 2  AT2G19800.1 Inositol oxygenase 2 MIOX2 

374 trinity_dn301_c0_g1 myo-inositol oxygenase 2  at2g19800 myo-inositol oxygenase 4  AT4G26260.2 Inositol oxygenase 4 MIOX4 

375 trinity_dn3987_c0_g2 
protein with a B-box domain 
predicted to act as a transcription 

factor 

at3g21150 B-box type zinc finger family protein AT4G15248.1 B-box domain protein 30 MIP1A 

376 trinity_dn8859_c0_g1 
B-box type zinc finger family 

protein 
at4g15248 B-box type zinc finger family protein  AT3G21890.1 B-box domain protein 31 MIP1B 

377 trinity_dn1767_c1_g1 
Arabidopsis homolog of the 
endonuclease MSU81 

at4g30870 
Restriction endonuclease, type II-like 
superfamily protein 

AT5G39770.1 
Restriction endonuclease, type II-like 
superfamily protein 

MKM21.10 

378 trinity_dn6133_c0_g1 

A member of a large family of 

seven-transmembrane domain 
proteins specific to plants 

at3g45290 
Seven transmembrane MLO family 

protein  
AT2G39200.1 MLO-like protein 12 MLO12 

379 trinity_dn998_c0_g2 
RNA-binding (RRM/RBD/RNP 

motifs) family protein 
at3g07810 

RNA-binding (RRM/RBD/RNP 

motifs) family protein  
AT5G47620.2 Putative RNA-binding protein MNJ7.21 

380 trinity_dn867_c0_g1 
FAD/NAD(P)-binding 

oxidoreductase family protein 
at4g38540 

FAD/NAD(P)-binding oxidoreductase 

family protein 
AT5G05320.1 Monooxygenase 3 MO3 

381 trinity_dn32_c0_g1 
protein with similarity to MAP 
kinases (MAPK9) 

at3g18040 MAP kinase 15  AT1G73670.1 Mitogen-activated protein kinase 15 MPK15 

382 trinity_dn393_c1_g1 
phosphate transporter 3;1 

(PHT3;1) 
at5g14040 phosphate transporter 3;2  AT3G48850.1 

Mitochondrial phosphate carrier 

protein 2, mitochondrial 
MPT2 

383 trinity_dn967_c2_g1 
Transducin family protein / WD-

40 repeat family protein 
at1g04140 

Transducin family protein / WD-40 

repeat family protein  
AT5G43930.3 

Transducin family protein / WD-40 

repeat family protein  
MRH10.2 

384 trinity_dn57_c2_g1 
chloroplast-localized methionine 
sulfoxide reductase 

at4g25130 
peptidemethionine sulfoxide reductase 
1 

AT5G61640.1 
Peptide methionine sulfoxide 
reductase A1 

MSRA1 

385 trinity_dn57_c0_g1 
peptidemethionine sulfoxide 

reductase 1 (PMSR1) 
at5g61640 

peptidemethionine sulfoxide reductase 

3 
AT5G07470.1 

Peptide methionine sulfoxide 

reductase A3 
MSRA3 

386 trinity_dn1063_c0_g1 
Member of the R2R3 factor gene 

family 
at5g49620 myb domain protein 108  AT3G06490.1 Transcription factor MYB108 MYB108 

387 trinity_dn350_c0_g1 
MyB-related protein containing 
R2 and R3 repeats 

at5g14750 myb domain protein 23 AT5G40330.1 Transcription factor MYB23 MYB23 
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388 trinity_dn12664_c0_g1 
Member of the R2R3-MYB gene 

family 
at3g11440 myb domain protein 33  AT5G06100.3 Transcription factor MYB33 MYB33 

389 trinity_dn406_c1_g1 
putative transcription factor 
MYB108 (MYB108) mRNA 

at3g06490 myb domain protein 78  AT5G49620.1 Transcription factor MYB78 MYB78 

390 trinity_dn390_c1_g1 
member of the NAC transcription 

factor gene family 
at1g69490 NAC domain containing protein 25  AT1G61110.1 NAC transcription factor 25 NAC025 

391 trinity_dn579_c2_g1 NAC domain transcription factor  at5g13180 NAC domain containing protein 41  AT2G33480.1 NAC domain-containing protein 41 NAC041 

392 trinity_dn8232_c0_g1 

Arabidopsis NAC domain 

containing protein 87 

(ANAC087) 

at5g18270 NAC domain containing protein 46 AT3G04060.1 NAC domain-containing protein 46 NAC046 

393 trinity_dn867_c0_g2 
Transcription factor with a NAC 

domain 
at1g52880 NAC domain containing protein 2 AT3G15510.1 NAC transcription factor 56 NAC056 

394 trinity_dn130_c1_g2 
NAC domain containing protein 

10 (NAC010) 
at1g28470 NAC domain containing protein 73  AT4G28500.1 NAC domain-containing protein 73 NAC073 

395 trinity_dn2779_c0_g1 ATAF2 at5g08790 NAC domain containing protein 102  AT5G63790.1 NAC domain-containing protein  NAC102 

396 trinity_dn11731_c0_g1 
Encodes subunit of mitochondrial 

NAD(P)H dehydrogenase 
atmg01275 NADH dehydrogenase 1C  ATMG00516.1 

NADH-ubiquinone oxidoreductase 

chain 1 
nad1 

397 trinity_dn245_c0_g3 
Chloroplast-targeted copper 

chaperone protein 
at2g37390 

Chloroplast-targeted copper chaperone 

protein  
AT3G53530.1 

Protein SODIUM POTASSIUM 

ROOT DEFECTIVE 3 
NAKR3 

398 trinity_dn1230_c0_g1 AtNek2 at3g04810 NIMA-related kinase 3  AT5G28290.1 Serine/threonine-protein kinase Nek3 NEK3 

399 trinity_dn2722_c0_g1 
homolog of the mammalian zinc 

finger transcription factor NF-X1 
at5g05660 NF-X-like 1  AT1G10170.1 

NF-X1-type zinc finger protein 

NFXL1 
NFXL1 

400 trinity_dn4117_c0_g1 
protein with similarity to a 
subunit of the CCAAT promoter 

motif binding complex of yeast 

at3g48590 nuclear factor Y, subunit C4  AT5G63470.2 
Nuclear transcription factor Y subunit 

C-4 
NFYC4 

401 trinity_dn900_c0_g1 
protein with similarity to a 
subunit of the CCAAT promoter 

motif binding complex of yeast 

at1g56170 nuclear factor Y, subunit C9  AT1G08970.2 
Nuclear transcription factor Y subunit 

C-9 
NFYC9 

402 trinity_dn2576_c0_g2 
Arabidopsis non-race specific 
disease resistance gene (NDR1) 

at5g06320 NDR1/HIN1-like 2  AT3G11650.1 NDR1/HIN1-like protein 2 NHL2 

403 trinity_dn20304_c0_g3 

Late embryogenesis abundant 

(LEA) hydroxyproline-rich 
glycoprotein family 

at1g65690 NDR1/HIN1-like 25  AT5G36970.1 NDR1/HIN1-like 25  NHL25 

404 trinity_dn874_c0_g1 

vacuolar sodium/proton 

antiporter involved in salt 
tolerance 

at5g27150 sodium hydrogen exchanger 2  AT3G05030.1 Sodium/hydrogen exchanger 2 NHX2 

405 trinity_dn2271_c0_g1 
NOD26-like intrinsic protein 1;2 

(NIP1;2) 
at4g18910 NOD26-like major intrinsic protein 1  AT4G19030.1 Aquaporin NIP1-1 NIP1-1 
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406 trinity_dn190_c0_g1 RING/U-box superfamily protein at5g66070 NEP-interacting protein 2  AT2G17730.1 NEP1-interacting protein 2 NIP2 

407 trinity_dn691_c0_g1 sulfite reductase  at5g04590 nitrite reductase 1  AT2G15620.1 
Ferredoxin--nitrite reductase, 

chloroplastic 
NIR1 

408 trinity_dn3399_c1_g1 
Plant regulator RWP-RK family 

protein 
at1g64530 NIN like protein 7  AT4G24020.1 Protein NLP7 NLP7 

409 trinity_dn939_c2_g1 nitrate transporter 1.7 (NRT1.7) at1g69870 nitrate transporter 1.6  AT1G27080.1 Protein NRT1/ PTR FAMILY  NPF2.12 

410 trinity_dn8771_c0_g1 
Major facilitator superfamily 

protein 
at1g33440 Major facilitator superfamily protein  AT1G59740.1 Protein NRT1/ PTR FAMILY 4.3 NPF4.3 

411 trinity_dn3485_c2_g1 
NRT1.1 (CHL1), a dual-affinity 

nitrate transporter 
at1g12110 Major facilitator superfamily protein  AT2G26690.1 Protein NRT1/ PTR FAMILY NPF6.2 

412 trinity_dn9734_c0_g1 nitrate transporter 1.5 (NRT1.5) at1g32450 NITRATE TRANSPORTER 1.8  AT4G21680.1 Protein NRT1/ PTR FAMILY  NPF7.2 

413 trinity_dn6379_c0_g1 
inosine-uridine preferring 
nucleoside hydrolase family 

protein 

at5g18860 
Inosine-uridine preferring nucleoside 

hydrolase family protein  
AT5G18890.1 

Inosine-uridine preferring nucleoside 

hydrolase family protein 
NSH4 

414 trinity_dn185_c0_g1 nudix hydrolase homolog 17  at2g01670 nudix hydrolase homolog 18  AT1G14860.1 Nudix hydrolase 18, mitochondrial NUDT18 

415 trinity_dn1259_c1_g1 Nucleoporin autopeptidase at1g10390 Nucleoporin autopeptidase  AT1G59660.1 Nuclear pore complex protein NUP98B 

416 trinity_dn1301_c1_g2 
Dof-type zinc finger DNA-

binding family protein 
at1g28310 OBF-binding protein 3  AT3G55370.3 OBF-binding protein 3 OBP3 

417 trinity_dn3282_c0_g1 
embryo sac development arrest 
30  

at3g03810 O-fucosyltransferase family protein AT3G30300.1 O-fucosyltransferase 27 OFUT27 

418 trinity_dn375_c4_g1 
O-fucosyltransferase family 

protein 
at2g37980 O-fucosyltransferase family protein  AT3G54100.1 O-fucosyltransferase 28 OFUT28 

419 trinity_dn2622_c0_g1 
O-fucosyltransferase family 

protein 
at3g26370 O-fucosyltransferase family protein  AT4G24530.1 O-fucosyltransferase 31 OFUT31 

420 trinity_dn2511_c0_g1 novel member of the Lhc family  at1g34000 novel member of the Lhc family  AT1G34000 
Light-harvesting complex-like protein 
OHP2, chloroplastic 

OHP2 

421 trinity_dn974_c1_g1 Serine racemase at4g11640 L-O-methylthreonine resistant 1 AT3G10050.1 
Threonine dehydratase biosynthetic, 

chloroplastic 
OMR1 

422 trinity_dn1169_c0_g1 oligopeptide transporter at4g10770 oligopeptide transporter 1 AT4G27730.1 Oligopeptide transporter 6 OPT6 

423 trinity_dn5760_c0_g1 

OSBP(oxysterol binding 

protein)-related protein 1C 

(ORP1C) 

at4g08180 
OSBP(oxysterol binding protein)-
related protein 1A  

AT2G31020.1 
Oxysterol-binding protein-related 
protein 1A 

ORP1A 

424 trinity_dn2607_c2_g2 

OSBP(oxysterol binding 

protein)-related protein 4B 

(ORP4B) 

at4g25850 
OSBP(oxysterol binding protein)-
related protein 4A  

AT4G25860.1 
Oxysterol-binding protein-related 
protein 4A 

ORP4A 

425 trinity_dn556_c0_g1 phloem protein 2-A13 (PP2-A13) at3g61060 phloem protein 2-A12  AT1G12710.1 F-box protein PP2-A12 P2A12 
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426 trinity_dn2747_c0_g1 Class I polyA-binding protein at1g71770 poly(A) binding protein 3  AT1G22760.1 Polyadenylate-binding protein 3 PAB3 

427 trinity_dn41_c0_g1 
Pectinacetylesterase family 

protein 
at5g23870 Pectinacetylesterase family protein  AT3G62060.1 Pectin acetylesterase 6 PAE6 

428 trinity_dn13202_c0_g1 PAP20 at3g52780 purple acid phosphatase 22 AT3G52820.1 Purple acid phosphatase 22 PAP22 

429 trinity_dn4627_c0_g1 
purple acid phosphatase 16 
(PAP16) 

at3g10150 purple acid phosphatase 28 AT5G57140.1 
Probable inactive purple acid 
phosphatase 28 

PAP28 

430 trinity_dn9332_c0_g1 purple acid phosphatase 17  at3g17790 purple acid phosphatase 3  AT1G14700.1 Purple acid phosphatase 3 PAP3 

431 trinity_dn9415_c0_g1 purple acid phosphatase 3  at1g14700 purple acid phosphatase 8  AT2G01890.1 Purple acid phosphatase 8 PAP8 

432 trinity_dn86_c1_g1 
DHHC-type zinc finger family 

protein  
at3g26935 DHHC-type zinc finger family protein  AT5G41060.1 Probable protein S-acyltransferase 6 PAT06 

433 trinity_dn1559_c0_g1 
Protein kinase superfamily 

protein 
at2g05940 Protein kinase superfamily protein  AT5G35580.1 

Serine/threonine-protein kinase 

PBL13 
PBL13 

434 trinity_dn2961_c0_g1 Encodes protein kinase APK2a at1g14370 protein kinase 2B  AT2G02800.2 
Probable serine/threonine-protein 
kinase PBL3 

PBL3 

435 trinity_dn84_c0_g1 
phosphoenolpyruvate 

carboxykinase 1 
at4g37870 phosphoenolpyruvate carboxykinase 2 AT5G65690.1 phosphoenolpyruvate carboxykinase 2 PCK2 

436 trinity_dn167_c0_g1 Phytochelatin synthase gene  at5g44070  phytochelatin synthase 2  AT1G03980.1 
Glutathione gamma-

glutamylcysteinyltransferase 2 
PCS2 

437 trinity_dn13541_c0_g1 pyruvate decarboxylase-2 at5g54960 
Thiamine pyrophosphate dependent 

pyruvate decarboxylase family protein 
AT4G33070.1 Pyruvate decarboxylase 1 PDC1 

438 trinity_dn3211_c1_g1 Transketolase family protein at2g34590 pyruvate dehydrogenase E1 beta AT1G30120.1 
Pyruvate dehydrogenase E1 
component subunit beta-2, 

chloroplastic 

PDH-E1 BETA 

439 trinity_dn6065_c0_g1 Peroxidase superfamily protein at1g14540 Peroxidase superfamily protein  AT1G14550.1 Peroxidase 5 PER5 

440 trinity_dn606_c0_g3 Peroxidase superfamily protein at5g06730 peroxidase 2  AT5G06720.1 Peroxidase 53 PER53 

441 trinity_dn129_c0_g2 
NAD-dependent formate 

dehydrogenase 
at5g14780 D-3-phosphoglycerate dehydrogenase  AT1G17745.1 

D-3-phosphoglycerate dehydrogenase 

2, chloroplastic 
PGDH2 

442 trinity_dn4391_c0_g1 
polygalacturonase inhibiting 

protein 2  
at5g06870 polygalacturonase inhibiting protein 1  AT5G06860.1 Polygalacturonase inhibitor 1 PGIP1 

443 trinity_dn2835_c0_g1 
Phosphoglycerate mutase family 

protein 
at1g22170 

phosphoglycerate/bisphosphoglycerate 

mutase  
AT1G78050.1 

Phosphoglycerate/bisphosphoglycerate 

mutase 
PGM 

444 trinity_dn1739_c0_g1 
PHO1;H1, a member of the 
PHO1 family 

at1g68740 phosphate 1 AT3G23430.1 Phosphate transporter PHO1 

445 trinity_dn6701_c0_g1 phosphate 1 (PHO1) at3g23430 
EXS (ERD1/XPR1/SYG1) family 

protein  
AT1G68740.1 

Phosphate transporter PHO1 homolog 

1 
PHO1-H1 

446 trinity_dn26_c0_g1 
a member of the Pht1 family of 

phosphate transporters  
at2g38940 phosphate transporter 1;7  AT3G54700.1 

Probable inorganic phosphate 

transporter 1-7 
PHT1-7 
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447 trinity_dn5976_c0_g1 RING/U-box superfamily protein at5g41580 zinc ion binding;zinc ion binding  AT1G08910.1 E4 SUMO-protein ligase PIAL1 PIAL1 

448 trinity_dn83_c1_g1 
Auxin efflux carrier family 

protein 
at5g65980 Auxin efflux carrier family protein  AT2G17500.4 Protein PIN-LIKES 5 PILS5 

449 trinity_dn13016_c0_g1 
Cell differentiation, Rcd1-like 

protein 
at3g20800 Cell differentiation, Rcd1-like protein  AT5G12980.1 Cell differentiation, Rcd1-like protein PIM1 

450 trinity_dn209_c2_g1 
plasma membrane intrinsic 

protein subfamily PIP1 
at4g00430 plasma membrane intrinsic protein 1B  AT2G45960.2 plasma membrane intrinsic protein 1B  PIP1B 

451 trinity_dn2313_c0_g1 chalcone synthase  at5g13930 
Chalcone and stilbene synthase family 

protein  
AT4G34850.1 Type III polyketide synthase B PKSB 

452 trinity_dn2055_c1_g1 phospholipase D at2g42010 phospholipase D beta 2 AT4G00240.1 Phospholipase D beta 2 PLDBETA2 

453 trinity_dn150_c1_g1 
phosphomannose isomerase 
activity 

at3g02570 
Mannose-6-phosphate isomerase, type 
I  

AT1G67070.1 Mannose-6-phosphate isomerase 2 PMI2 

454 trinity_dn702_c1_g1 
Potassium transporter family 
protein 

at5g14880 K+ uptake permease 6  AT1G70300.1 Potassium transporter 6 POT6 

455 trinity_dn482_c0_g1 
Methylenetetrahydrofolate 

reductase family protein 
at5g38710 

Methylenetetrahydrofolate reductase 

family protein  
AT3G30775.1 

Proline dehydrogenase 1, 

mitochondrial 
POX1 

456 trinity_dn6515_c0_g1 
maternal effect embryo arrest 66 

(MEE66) 
at2g02240 phloem protein 2-B2  AT2G02250.1 Putative F-box protein PP2-B2 PP2B2 

457 trinity_dn315_c0_g1 pyrophosphorylase 4 at3g53620 pyrophosphorylase 1 AT1G01050.1 Soluble inorganic pyrophosphatase 1 PPA1 

458 trinity_dn284_c0_g3 
phosphoenolpyruvate (PEP) 
carboxylase 

at1g68750 phosphoenolpyruvate carboxylase 1  AT1G53310.3 Phosphoenolpyruvate carboxylase 1 PPC1 

459 trinity_dn11253_c0_g1 
phosphoenolpyruvate 

carboxylase kinase 
at1g08650 

phosphoenolpyruvate carboxylase 

kinase 2  
AT3G04530.1 

Phosphoenolpyruvate carboxylase 

kinase 2 
PPCK2 

460 trinity_dn3704_c0_g1 PR1 gene  at2g14610 basic pathogenesis-related protein 1  AT2G14580.1 Pathogenesis-related protein 1 PRB1 

461 trinity_dn2892_c0_g1 profilin 1 (PRF1) at2g19760 profilin 2 AT4G29350.1 Profilin-2 PRF2 

462 trinity_dn940_c1_g1 
RmlC-like cupins superfamily 

protein 
at2g43120 pirin  AT3G59220.1 Pirin-1 PRN1 

463 trinity_dn2870_c1_g1 pinoresinol reductase  at1g32100  pinoresinol reductase 2  AT4G13660.1 Pinoresinol reductase 2 PRR2 

464 trinity_dn481_c0_g1 
Phosphoribosyltransferase family 
protein 

at2g35390 
phosphoribosyl pyrophosphate (PRPP) 
synthase 2  

AT1G32380.1 
Ribose-phosphate pyrophosphokinase 
2, chloroplastic 

PRS2 

465 trinity_dn4829_c0_g1 ARM repeat superfamily protein at5g01830 plant U-box 17  AT1G29340.1 U-box domain-containing protein 17 PUB17 

466 trinity_dn9465_c0_g2 ARM repeat superfamily protein at5g37490 CYS, MET, PRO, and GLY protein 1  AT1G66160.1 U-box domain-containing protein 20 PUB20 

467 trinity_dn1265_c0_g2 
CYS, MET, PRO, and GLY 

protein 2 
at5g64660 ARM repeat superfamily protein  AT5G09800.1 U-box domain-containing protein 28 PUB28 

468 trinity_dn1418_c0_g1 
U-box domain-containing protein 

kinase family protein 
at2g45910 

U-box domain-containing protein 

kinase family protein  
AT3G49060.1 U-box domain-containing protein 32 PUB32 
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469 trinity_dn1143_c0_g1 
Member of Uncoupling protein 

PUMP2 family 
at3g54110 uncoupling protein 2  AT5G58970.1 Mitochondrial uncoupling protein 2 PUMP2 

470 trinity_dn2108_c0_g1 
Member of a family of proteins 
related to PUP1 

at1g44750 
Drug/metabolite transporter 
superfamily protein  

AT4G08700.1 Probable purine permease 13 PUP13 

471 trinity_dn3039_c0_g1 Caleosin-related family protein at1g70670 Caleosin-related family protein  AT1G70680.1 Probable peroxygenase 5 PXG5 

472 trinity_dn657_c0_g1 ras-related small GTPase at1g43890 RAB GTPase homolog C2A  AT5G03530.1 Ras-related protein RABC2A 

473 trinity_dn2840_c0_g1 
RAB GTPase homolog H1E 

(RABH1e) 
at5g10260 RAB GTPase homolog H1D  AT2G22290.1 Ras-related protein RABH1d RABH1D 

474 trinity_dn13780_c0_g1 heavy metal atpase 5 (HMA5) at1g63440 copper-transporting ATPase (RAN1)  AT5G44790.1 Copper-transporting ATPase RAN1 

475 trinity_dn94_c0_g1 
NADPH/respiratory burst 

oxidase protein D  
at5g47910 

NADPH/respiratory burst oxidase 

protein D 
AT5G51060.1 

Respiratory burst oxidase homolog 

protein C 
RBOHC 

476 trinity_dn645_c1_g1 Papain family cysteine protease at2g21430 Papain family cysteine protease  AT4G39090.1 Cysteine protease RD19A RD19A 

477 trinity_dn878_c0_g1 
cysteine proteinase precursor-like 
protein 

at1g47128 
Granulin repeat cysteine protease 
family protein  

AT5G43060.1 Probable cysteine protease RD21B RD21B 

478 trinity_dn1180_c2_g1 

Transcription factor jumonji 

(jmj) family protein / zinc finger 

(C5HC2 type) family protein 

at5g46910 relative of early flowering 6  AT3G48430.1 Lysine-specific demethylase REF6 REF6 

479 trinity_dn565_c0_g1 seed imbibition 2 at3g57520 seed imbibition 1  AT1G55740.1 
Probable galactinol--sucrose 
galactosyltransferase 1 

RFS1 

480 trinity_dn909_c0_g1 seed imbibition 1  at1g55740 seed imbibition 2  AT3G57520.1 
Probable galactinol--sucrose 

galactosyltransferase 2 
RFS2 

481 trinity_dn909_c0_g2 glycosyl hydrolase family 36 at5g20250 seed imbibition 2  AT3G57520.1 
Probable galactinol--sucrose 

galactosyltransferase 6 
RFS6 

482 trinity_dn6713_c0_g1 RING-type E3 ubiquitin ligase  at4g14220 RING-H2 group F2A  AT5G22000.3 E3 ubiquitin-protein ligase RHF2A RHF2A 

483 trinity_dn3166_c0_g1 RPM1 interacting protein 2 at4g25230 RPM1 interacting protein 3  AT5G51450.1 E3 ubiquitin protein ligase RIN3 RIN3 

484 trinity_dn7267_c1_g1 
S-locus lectin protein kinase 

family protein 
at1g11410 

S-locus lectin protein kinase family 

protein 
AT1G11340.1 

G-type lectin S-receptor-like 

serine/threonine-protein kinase  
RKS1 

485 trinity_dn5640_c0_g1 
Protein kinase family protein 

with leucine-rich repeat domain 
at5g25930 receptor like protein 52  AT5G25910.1 Receptor-like protein 52 RLP52 

486 trinity_dn3666_c0_g1 receptor like protein 7 (RLP7) at1g47890 receptor like protein 6  AT1G45616.1 Receptor-like protein 6 RLP6 

487 trinity_dn1419_c0_g1 RING finger E3 ubiquitin ligase at4g27470 RING membrane-anchor 1  AT4G03510.2 E3 ubiquitin-protein ligase RMA1 RMA1 

488 trinity_dn260_c0_g1 Ribonuclease T2 family protein at1g14220 ribonuclease 3  AT1G26820.1 Ribonuclease 3 RNS3 

489 trinity_dn1047_c0_g1 Rho GTPase-activating protein  at4g24580 
Rho GTPase activation protein 

(RhoGAP) with PH domain  
AT5G12150.1 Rho GTPase-activating protein 6 ROPGAP6 
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490 trinity_dn76521_c0_g1 
NB-ARC domain-containing 

disease resistance protein 
at3g46730 

NB-ARC domain-containing disease 

resistance protein 
AT3G46530.1 Disease resistance protein RPP13 RPP13 

491 trinity_dn6058_c0_g1 chloroplast ribosomal protein S7 atcg00900 ribosomal protein S7  ATCG01240.1 
30S ribosomal protein S7, 
chloroplastic 

rps7-A 

492 trinity_dn766_c0_g1 RELA/SPOT homolog 1  at4g02260 RELA/SPOT homolog 3 AT1G54130.1 
Probable GTP diphosphokinase RSH3, 

chloroplastic 
RSH3 

493 trinity_dn3148_c0_g2 Myb-like transcription factor at5g17300 
Homeodomain-like superfamily 

protein 
AT5G37260.1 Protein REVEILLE 2 RVE2 

494 trinity_dn744_c0_g2 
CHY-type/CTCHY-type/RING-
type Zinc finger protein 

at5g25560 
CHY-type/CTCHY-type/RING-type 
Zinc finger protein  

AT5G22920.1 E3 ubiquitin-protein ligase RZFP34 RZPF34 

495 trinity_dn2889_c0_g1 stearoyl-ACP desaturase at2g43710 
Plant stearoyl-acyl-carrier-protein 
desaturase family protein 

AT3G02630.1 
Stearoyl-[acyl-carrier-protein] 9-
desaturase 5, chloroplastic 

S-ACP-DES5 

496 trinity_dn1360_c0_g1 
Adenosylmethionine 

decarboxylase family protein 
at3g25570 S-adenosylmethionine decarboxylase AT3G02470.4 

S-adenosylmethionine decarboxylase 

proenzyme 1 
SAMDC1 

497 trinity_dn1583_c0_g1 
mitochondrial serine O-

acetyltransferase 
at3g13110 serine acetyltransferase 2 AT1G55920.1 

Serine acetyltransferase 1, 

chloroplastic 
SAT1 

498 trinity_dn14992_c2_g3 
SAUR-like auxin-responsive 

protein family  
at4g34760 

SAUR-like auxin-responsive protein 

family  
AT2G16580.1 Putative auxin-induced protein SAUR8 

499 trinity_dn574_c0_g1 SCARECROW-like 8 (SCL8) at5g52510 SCARECROW-like 1  AT1G21450.1 Scarecrow-like protein 1 SCL1 

500 trinity_dn341_c1_g1 GRAS family transcription factor at2g37650 SCARECROW-like 14  AT1G07530.1 Scarecrow-like protein 14 SCL14 

501 trinity_dn14609_c0_g2 GRAS family transcription factor at5g66770 GRAS family transcription factor  AT3G50650.1 Scarecrow-like protein 7 SCL7 

502 trinity_dn664_c0_g1 
serine carboxypeptidase-like 40 

(scpl40) 
at3g63470 serine carboxypeptidase-like 39  AT3G52020.1 Serine carboxypeptidase-like 39 SCPL39 

503 trinity_dn4505_c0_g1 

SERINE 

CARBOXYPEPTIDASE-LIKE 

49 (SCPL49) 

at3g10410 serine carboxypeptidase-like 48  AT3G45010.1 Serine carboxypeptidase-like 48 SCPL48 

504 trinity_dn373_c0_g1 
S-locus lectin protein kinase 

family protein 
at4g27290 receptor kinase 3  AT4G21380.1 

Receptor-like serine/threonine-protein 

kinase SD1-8 
SD18 

505 trinity_dn950_c1_g1 
S-locus lectin protein kinase 
family protein 

at2g19130 receptor-like protein kinase 4  AT4G00340.1 G-type lectin S-receptor-like serine SD22 

506 trinity_dn1270_c0_g1 SUGAR-DEPENDENT1 (SDP1) at5g04040 sugar-dependent 1-like  AT3G57140.2 Triacylglycerol lipase SDP1L SDP1L 

507 trinity_dn1220_c0_g1 MADS box transcription factor  at5g15800 
K-box region and MADS-box 

transcription factor family protein 
AT3G02310.1 

Developmental protein SEPALLATA 

2 
SEP2 

508 trinity_dn4254_c0_g4 serine hydroxymethyltransferase  at4g13930 
Pyridoxal phosphate (PLP)-dependent 

transferases superfamily protein  
AT4G13890.1 Serine hydroxymethyltransferase 5 SHM5 

509 trinity_dn5980_c0_g1 
Protein with RING/U-box and 
TRAF-like domains 

at3g61790 
Protein with RING/U-box and TRAF-
like domains 

AT4G27880.1 E3 ubiquitin-protein ligase SINAT4 SINAT4 
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510 trinity_dn2866_c0_g1 

Leucine-rich repeat 

transmembrane protein kinase 

protein 

at4g29990 FLG22-induced receptor-like kinase 1  AT2G19190.1 
Senescence-induced receptor-like 
serine/threonine-protein kinase 

SIRK 

511 trinity_dn3300_c0_g1 SKU5-similar 6  at1g41830 SKU5 similar 5  AT1G76160.1 SKU5 similar 5  sks5 

512 trinity_dn2321_c1_g1 SEUSS-like 2 (SLK2) at5g62090 SEUSS-like 1  AT4G25520.1 
Probable transcriptional regulator 

SLK1 
SLK1 

513 trinity_dn1330_c0_g1 Sucrose-phosphate synthase  at5g20280 sucrose phosphate synthase 2F  AT5G11110.1 Probable sucrose-phosphate synthase 2 SPS2 

514 trinity_dn2896_c0_g1 squalene monooxygenase at1g58440 squalene epoxidase 2  AT2G22830.1 Squalene epoxidase 2, mitochondrial SQE2 

515 trinity_dn530_c0_g1 plant protein kinase  at1g10940 SNF1-related protein kinase 2.10  AT1G60940.2 
Serine/threonine-protein kinase 
SRK2B 

SRK2B 

516 trinity_dn2934_c0_g1 
SNF1-related protein kinases 

(SnRK2)  
at5g66880 SNF1-related protein kinase 2.2  AT3G50500.1 Serine/threonine-protein kinase  SRK2D 

517 trinity_dn856_c0_g1 
hexose-specific/H+ symporter 

activity 
at5g26340 sugar transporter protein 7  AT4G02050.1 Sugar transport protein 7 STP7 

518 trinity_dn281_c1_g1 Senescence-associated gene  at4g35770 sulfurtransferase protein 16  AT5G66040.1 
Thiosulfate sulfurtransferase 16, 

chloroplastic 
STR16 

519 trinity_dn6070_c0_g1 
ACT-like protein tyrosine kinase 
family protein 

at4g38470 
ACT-like protein tyrosine kinase 
family protein  

AT4G35780.1 
Serine/threonine-protein kinase 
STY17 

STY17 

520 trinity_dn2093_c0_g1 
sulfate transporter 3;1 

(SULTR3;1) 
at3g51895 sulfate transporter 3;2  AT4G02700.1 Sulfate transporter 3.2 SULTR3;2 

521 trinity_dn73_c0_g1 sulfate transporter 91 (AST91) at1g23090 sulfate transporter 3;4  AT3G15990.1 Probable sulfate transporter 3.4 SULTR3;4 

522 trinity_dn994_c0_g1 sucrose synthase 6  at1g73370 sucrose synthase 5  AT5G37180.1 Sucrose synthase 5 SUS5 

523 trinity_dn830_c0_g1 
homolog of the Medicago 

nodulin MTN3 
at5g23660 Nodulin MtN3 family protein  AT3G48740.1 

Bidirectional sugar transporter 

SWEET11 
SWEET11 

524 trinity_dn5423_c0_g1 Nodulin MtN3 family protein at1g21460 Nodulin MtN3 family protein  AT5G53190.1 
Bidirectional sugar transporter 
SWEET3 

SWEET3 

525 trinity_dn9434_c0_g1 SYTC at5g04220 synaptotagmin A AT2G20990.1 Synaptotagmin-1 SYT1 

526 trinity_dn441_c0_g1 glutaredoxin-related at3g11920 
electron carriers;protein disulfide 

oxidoreductases  
AT4G08550.1 

electron carriers;protein disulfide 

oxidoreductases  
T15F16.10 

527 trinity_dn637_c0_g2 BAH domain  at3g48050 
BAH domain ;TFIIS helical bundle-

like domain  
AT3G48060.1 

BAH and TFIIS domain-containing 

protein 
T17F15.70 

528 trinity_dn530_c1_g1 
Pyridoxal phosphate (PLP)-
dependent transferases 

superfamily protein 

at1g34040 
Pyridoxal phosphate (PLP)-dependent 

transferases superfamily protein 
AT1G34060.1 

Tryptophan aminotransferase-related 

protein 4 
TAR4 

529 trinity_dn643_c0_g1 tyrosine aminotransferase  at5g53970 Tyrosine transaminase family protein  AT5G36160.1 Tyrosine aminotransferase TAT 

530 trinity_dn852_c0_g1 TBL (TRICHOME at5g51640 TRICHOME BIREFRINGENCE- AT4G25360.2 Protein trichome birefringence-like 18 TBL18 
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BIREFRINGENCE-LIKE) gene 

family  

LIKE 18  

531 trinity_dn805_c0_g1 
Tesmin/TSO1-like CXC domain-
containing protein 

at4g29000 
Tesmin/TSO1-like CXC domain-
containing protein  

AT2G20110.1 Protein tesmin/TSO1-like CXC 6 TCX6 

532 trinity_dn24644_c0_g1 

forkhead-associated domain-

containing protein / FHA 
domain-containing protein 

at5g07400 
tyrosyl-DNA phosphodiesterase-

related  
AT5G15170.1 Tyrosyl-DNA phosphodiesterase 1 TDP1 

533 trinity_dn1295_c1_g1 tetraspanin8 (TET8) at2g23810 tetraspanin9  AT4G30430.1 Tetraspanin-9 TET9 

534 trinity_dn718_c0_g2 threonine aldolase 1  at1g08630 threonine aldolase 2  AT3G04520.2 Threonine aldolase 2 THA2 

535 trinity_dn1608_c0_g1 

bifunctional dihydrofolate 

reductase - thymidylate synthase 
gene 

at2g16370 thymidylate synthase 2  AT4G34570.1 
Bifunctional dihydrofolate reductase-

thymidylate synthase 2 
THY-2 

536 trinity_dn1821_c1_g1 
gamma tonoplast intrinsic protein 
2 (TIP2) 

at3g26520 gamma tonoplast intrinsic protein  AT2G36830.1 Aquaporin TIP1-1 TIP1-1 

537 trinity_dn1201_c1_g1 related to AP2.7 (RAP2.7) at2g28550 
target of early activation tagged 

(EAT) 2 
AT5G60120.1 

AP2-like ethylene-responsive 

transcription factor TOE2 
TOE2 

538 trinity_dn944_c0_g1 
Peptidase S24/S26A/S26B/S26C 

family protein 
at1g06870 thylakoid processing peptide  AT2G30440.1 

Thylakoidal processing peptidase 1, 

chloroplastic 
TPP1 

539 trinity_dn3931_c1_g1 trehalose-phosphatase/synthase 9 at1g23870 trehalose-6-phosphatase synthase S8  AT1G70290.1 
Probable alpha,alpha-trehalose-
phosphate synthase [UDP-forming] 8 

TPS8 

540 trinity_dn3981_c0_g2 
trehalose phosphatase/synthase 

11 
at2g18700 trehalose-phosphatase/synthase 9  AT1G23870.1 

Probable alpha,alpha-trehalose-

phosphate synthase [UDP-forming] 9 
TPS9 

541 trinity_dn234_c0_g1 telomeric DNA-binding protein at3g12560 telomeric DNA binding protein 1  AT5G13820.1 Telomere repeat-binding protein 4 TRP4 

542 trinity_dn4963_c0_g2 arogenate dehydrogenase at5g34930 
prephenate dehydrogenase family 

protein 
AT1G15710.1 

Arogenate dehydrogenase 2, 

chloroplastic 
TYRAAT2 

543 trinity_dn5448_c0_g1 U2 auxiliary factor small subunit at1g27650 
Zinc finger C-x8-C-x5-C-x3-H type 
family protein  

AT5G42820.1 Splicing factor U2af small subunit B U2AF35B 

544 trinity_dn3715_c0_g1 
Ubiquitin conjugating enzyme 

family 
at5g41340 ubiquitin-conjugating enzyme 5  AT1G63800.1 Ubiquitin-conjugating enzyme E2 5 UBC5 

545 trinity_dn553_c0_g2 
Polyubiquitin gene containing 4 

ubiquitin repeats 
at4g02890 polyubiquitin 10  AT4G05320.6 polyubiquitin 10  UBQ10 

546 trinity_dn553_c0_g1 polyubiquitin gene at4g05050 Ubiquitin family protein  AT4G02890.2 Polyubiquitin 14 UBQ14 

547 trinity_dn393_c3_g1 
UDP-glucose 6-dehydrogenase 
family protein 

at3g29360 
UDP-glucose 6-dehydrogenase family 
protein 

AT5G39320.1 UDP-glucose 6-dehydrogenase 4 UGD4 

548 trinity_dn811_c0_g1 
UDP-D-glucose 4-epimerase 

activity 
at4g10960 

UDP-D-glucose/UDP-D-galactose 4-

epimerase 2 
AT4G23920.1 UDP-glucose 4-epimerase 2 UGE2 

549 trinity_dn95_c0_g1 UDP-glucose epimerase  at1g12780 
UDP-D-glucose/UDP-D-galactose 4-

epimerase 3  
AT1G63180.1 

Bifunctional UDP-glucose 4-

epimerase and UDP-xylose 4-
UGE3 



355 
 

Sl. 

No 
Tinity ID Down regulated Gene  Gene ID Arabidopsis Gene 

Arabidopsis 

Gene ID 
Uniport_ Protein Uniport Gene 

epimerase 3 

550 trinity_dn6232_c0_g1 UDP-glucosyltransferase 73B2  at4g34135 UDP-glucosyl transferase 73B3  AT4G34131.1 UDP-glycosyltransferase 73B3 UGT73B3 

551 trinity_dn1051_c0_g2 
UGT74F1 transfers UDP:glucose 

to salicylic acid 
at2g43820 UDP-glycosyltransferase 74 F1  AT2G43840.1 

Flavonol 7-O-beta-glucosyltransferase 

UGT74F1 
UGT74F1 

552 trinity_dn5845_c0_g1 
UDP-Glycosyltransferase 
superfamily protein 

at3g22250 
UDP-Glycosyltransferase superfamily 
protein  

AT1G22400.1 UDP-glycosyltransferase 85A1 UGT85A1 

553 trinity_dn1507_c0_g1 UDP-glucosyl transferase 85A2  at1g22360 UDP-glucosyl transferase 85A3  AT1G22380.1 UDP-glycosyltransferase 85A3 UGT85A3 

554 trinity_dn135_c0_g2 
UPRT domains (Uracil 

phosphoribosyltransferase) 
at1g55810 uridine kinase-like 4  AT4G26510.2 Uridine kinase-like protein 4 UKL4 

555 trinity_dn416_c3_g1 ubiquitin-protein ligase  at1g55860 ubiquitin-protein ligase 2  AT1G70320.1 E3 ubiquitin-protein ligase UPL2 UPL2 

556 trinity_dn1605_c0_g1 
member of HECT ubiquitin 

protein ligase family  
at4g38600 ubiquitin-protein ligase 4  AT5G02880.1 E3 ubiquitin-protein ligase UPL4 UPL4 

557 trinity_dn82_c0_g1 uridine-ribohydrolase 1  at2g36310 uridine-ribohydrolase 2  AT1G05620.1 Probable uridine nucleosidase 2 URH2 

558 trinity_dn362_c0_g1 ankyrin repeat family protein  at3g03790 
Regulator of chromosome 

condensation (RCC1) family protein 
AT5G63860.1 Ultraviolet-B receptor UVR8 

559 trinity_dn690_c0_g1 
UDP-glucuronic acid 
decarboxylase 

at3g62830 UDP-xylose synthase 4  AT2G47650.1 UDP-glucuronic acid decarboxylase 4 UXS4 

560 trinity_dn4651_c0_g1 
Phosphoglycerate mutase-like 

family protein 
at5g15070 

Phosphoglycerate mutase-like family 

protein  
AT3G01310.2 

Inositol hexakisphosphate and 

diphosphoinositol-pentakisphosphate 
kinase VIP1 

VIP1 

561 trinity_dn122_c0_g1 
VACUOLAR SORTING 

RECEPTOR 6 (VSR6) 
at1g30900 

VACUOLAR SORTING RECEPTOR 

5  
AT2G34940.1 Vacuolar-sorting receptor 5 VSR5 

562 trinity_dn1481_c0_g1 receptor-like kinase  at1g79670 wall associated kinase-like 2 AT1G16130.1 Wall-associated receptor kinase-like 2 WAKL2 

563 trinity_dn7284_c0_g1 
Protein kinase superfamily 

protein 
at2g23450 Protein kinase superfamily protein  AT5G66790.1 

Wall-associated receptor kinase-like 

21 
WAKL21 

564 trinity_dn6705_c0_g4 
Zinc finger (C3HC4-type RING 

finger) family protein 
at5g49665 

Zinc finger (C3HC4-type RING 

finger) family protein  
AT2G22680.1 E3 ubiquitin-protein ligase WAVH1 WAVH1 

565 trinity_dn5688_c0_g1 
transducin family protein / WD-

40 repeat family protein 
at5g08560 

transducin family protein / WD-40 

repeat family protein  
AT5G43920.1 

WD repeat-containing protein WDS 

homolog 
WDS 

566 trinity_dn109_c0_g1 ornithine delta-aminotransferase  at5g46180 HOPW1-1-interacting 1  AT1G80600.1 
Acetylornithine aminotransferase, 

chloroplastic/mitochondrial 
WIN1 

567 trinity_dn2058_c0_g1 
Protein kinase superfamily 
protein 

at5g55560 with no lysine (K) kinase 3  AT3G48260.1 
Probable serine/threonine-protein 
kinase WNK3 

WNK3 

568 trinity_dn1015_c2_g1 no lysine (K) kinase 4 (WNK4) at5g58350 with no lysine (K) kinase 5 AT3G51630.2 
Probable serine/threonine-protein 

kinase  
WNK5 

569 trinity_dn75646_c0_g1 
WPP family members contains 

an NE targeting domain 
at1g47200 WPP domain protein 1  AT5G43070.1 WPP domain-containing protein 1 WPP1 



356 
 

Sl. 

No 
Tinity ID Down regulated Gene  Gene ID Arabidopsis Gene 

Arabidopsis 

Gene ID 
Uniport_ Protein Uniport Gene 

570 trinity_dn1088_c0_g1 
member of WRKY Transcription 

Factor 
at4g39410 WRKY family transcription factor  AT2G44745.1 

Probable WRKY transcription factor 

12 
WRKY12 

571 trinity_dn11263_c0_g1 transcription factor WRKY6 at1g62300 WRKY family transcription factor AT4G04450.1 WRKY transcription factor 42 WRKY42 

572 trinity_dn243_c3_g1 
member of WRKY Transcription 

Factor 
at5g15130 WRKY DNA-binding protein 61  AT1G18860.1 

Probable WRKY transcription factor 

61 
WRKY61 

573 trinity_dn243_c1_g1 
member of WRKY Transcription 

Factor 
at4g18170 WRKY DNA-binding protein 8 AT5G46350.1 WRKY transcription factor 8 WRKY8 

574 trinity_dn1101_c0_g1 xanthine dehydrogenase at4g34890 xanthine dehydrogenase 2  AT4G34900.1 Xanthine dehydrogenase 2 XDH2 

575 trinity_dn611_c0_g1 XI myosin protein family at5g43900 myosin XI B  AT1G04160.1 Myosin-8 XI-B 

576 trinity_dn1381_c0_g1 XI myosin protein family at5g20490 
Myosin family protein with Dil 

domain  
AT1G54560.1 Myosin-11 XI-E 

577 trinity_dn5702_c0_g1 
xyloglucan 
endotransglycosylase-related 

protein  

at1g32170 
xyloglucan 

endotransglucosylase/hydrolase 29 
AT4G18990.1 

Probable xyloglucan 
endotransglucosylase/hydrolase 

protein 29 

XTH29 

578 trinity_dn3296_c0_g2 YLMG1-2 at4g27990 YGGT family protein  AT3G07430.1 
YlmG homolog protein 1-1, 

chloroplastic 
YLMG1-1 

579 trinity_dn189_c0_g2 
YELLOW STRIPE like 7 
(YSL7) 

at1g65730 YELLOW STRIPE like 5  AT3G17650.1 
Probable metal-nicotianamine 
transporter  

YSL5 

 



Fig. 145: Category wise distribution of differentially expressed up-regulated genes on annotation with Arabidopsis database  
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Fig.  146: Category wise distribution of differentially expressed down-regulated genes on annotation with Arabidopsis database  
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5.19.6. Functional classification and identification of differentially expressed 

up-regulated and down-regulated genes related to postharvest shelf life 

extension using STRING and Cytoscape 

The Arabidopsis gene IDs obtained from Mercator database were re-verified with 

Uniport database and corresponding Uniport gene IDs were enlisted. Uniport gene 

IDs were used for functional enrichment analysis through protein-protein interaction 

networks using STRING (Version 11.0). Out of 443 up-regulated and 579 down-

regulated genes, STRING identified 441, 572 nodes and 4,651, 4,541 edges 

respectively having PPI enrichment of p<1.0E-16 (Fig. 147, 148). The average node 

degree and average local clustering coefficient were recorded to be 21.3, 16 and 

0.343, 0.263 respectively. For screening out top up-regulated and down-regulated 

unigenes playing crucial role in extending post-harvest shelf life in NS7 and to 

decrease the number of gene count two rounds of STRING analysis was performed. 

From first round of analysis discussed above, GO scoring of obtained processes 

under biological process (BP1), cellular component (CC1) and molecular function 

(MF1) was first calculated with respect to the function of observed gene count by 

up- / down-regulated gene count with STRING background gene count by total 

Arabidopsis background gene count (Table 46, 47, 48, 49, 50, 51). Then individual 

genes scoring were calculated through summation of the GO scores of the processes 

at which a particular unigene was identified by STRING. The individual scoring of 

the genes was expressed in terms of percentile ranking. Finally combining GO 

percentile ranking of BP1, CC1 and MF1 average percentile ranking was calculated 

from which unigenes having ranking score of 80% and above were selected. 

Following the above screening process, 71 up-regulated and 82 down-regulated 

genes were selected which would pass through round two STRING analysis (Table 

52, 53, 54, 55). STRING comparison of DEGs of NS7 with respect to CO7 showed 

significantly enriched GO annotation categories for up-regulated genes were cellular 

process (GO:0009987), metabolic process (GO:0008152), metabolic process of 

organic substance (GO:0071704), cellular metabolic process (GO:0044237), 

primary metabolic process (GO:0044238), and metabolic process of nitrogen 

compound (GO:0006807) under BP1; cell and different cell organelle (GO:0005623, 

GO:0005622, GO:0043226, GO:0043229, GO:0043227, GO:0043231) are 

significantly enriched under CC1; different binding (GO:0005488) and binding 
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processes like organic cyclic compound binding (GO:0097159), heterocyclic 

compound binding (GO:1901363), ion binding (GO:0043167), anion binding 

(GO:0043168), small molecule binding (GO:0036094), and nucleotide binding 

(GO:0000166) along with catalytic activity (GO:0003824) and transferase activity 

(GO:0016740) are top ranked under MF1 (Fig. 149). Enzymes under the class 

transferases showed maximum number of DEGs up-regulated genes followed by 

oxidoreductases and hydrolases (Fig. 150). On studying significantly enriched GO 

annotation categories for down-regulated genes  it was noted that genes under 

metabolic process (GO:0008152), cellular process (GO:0009987), organic substance 

metabolic process (GO:0071704), cellular metabolic process (GO:0044237), 

primary metabolic process (GO:0044238), nitrogen compound metabolic process 

(GO:0006807), response to stimulus (GO:0050896), macromolecule metabolic 

process (GO:0043170), cellular macromolecule metabolic process (GO:0044260), 

and biological regulation (GO:0065007) are top GO process under BP1; genes of 

cell (GO:0005623), cell part (GO:0044464) and cellular organelle (GO:0043229, 

GO:0043227, GO:0043231) represents CC1; while genes responsible for catalytic 

activity (GO:0003824), ion binding (GO:0043167), organic cyclic compound 

binding (GO:0097159), heterocyclic compound binding (GO:1901363), small 

molecule binding (GO:0036094), and transferase activity (GO:0016740) represents 

MP1 (Fig. 151). Among down regulated enzymes, transferases were top hit followed 

by oxidoreductases and hydrolases (Fig. 152). 

Second round of STRING analysis with selected up-regulated and down-regulated 

genes displayed 71, 82 nodes and 298, 216 edges respectively having PPI 

enrichment of p<1.0e-16 (Fig. 153, 154). The obtained STRING interaction data for 

both up-regulated and down-regulated genes were transported to Cytoscape_v3.7.1 

for studying the topology. Cytoscape network analysis was constructed using radial 

layout with respect to degree as map node size and combined score as map edge 

size. From STRING interaction network, Cytoscape identified 65, 74 nodes with 

clustering coefficient of 0.406, 0.316 and network homogeneity of 0.613, 0.690 

respectively for up-regulated and down-regulated genes (Fig. 155, 156). The average 

topological score was calculated with consideration to betweenness centrality, 

closeness centrality, degree, radiality, stress and Eigen value (Table 56, 57, 58, 59). 

From topological study top hit up-regulated genes were found to be associated with 
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transcriptional process viz. NRPD2B (DNA-directed RNA polymerase D subunit 

2b), MYB16 (transcription factor MYB16); translational process viz. AT5G47190 

(50S ribosomal protein L19-2, chloroplastic), ALATS (alanine-tRNA ligase), 

AT5G08650 (translation factor GUF1 homolog, chloroplastic), GLU2 (ferredoxin 

dependent glutamate synthase 2, chloroplastic); photosynthetic process viz. PnsB3 

(photosynthetic NDH subunit of subcomplex B 3, chloroplastic), Lhca6 

(photosystem I chlorophyll a/b-binding protein 6, chloroplastic), PSAA 

(photosystem I P700 chlorophyll a apoprotein A1), PSAB (photosystem I P700 

chlorophyll a apoprotein A2), PSBB (photosystem II CP47 reaction center protein), 

PSBD (photosystem II D2 protein), PSBA (photosystem II protein D1), CYP38 

(Peptidyl-prolyl cis-trans isomerase, chloroplastic), EGY1 (zinc-metalloprotease, 

chloroplastic), PSBO2 (oxygen-evolving enhancer protein 1-2, chloroplastic); 

carbohydrate metabolism viz. PHS2 (alpha-glucan phosphorylase 2, cytosolic), 

FBA1 (fructose bisphosphate aldolase), NAD-ME1 (NAD-dependent malic enzyme 

1, mitochondrial); oxidative stress management viz. DOX1 (alpha-dioxygenase 1), 

CSD1 (superoxide dismutase), AOR (NADPH dependent alkenal/one 

oxidoreductase, chloroplastic), ALDH10A8 (betaine aldehyde dehydrogenase 1, 

chloroplastic). Beside this, kinase like WAK1 (wall-associated receptor kinase 1), 

and PBS1 (serine/threonine-protein kinase PBS1); enzymes like ALDH2B4 

(aldehyde dehydrogenase family 2 member B4, mitochondrial), ATR1 (NADPH 

cytochrome P450 reductase 1), and ACX1 (peroxisomal acyl-coenzyme A oxidase 

1) were also found to be up-regulated. On comparing up-regulated genes with 

respect to magnitude of expression (NS7 vs CO7) it was observed that 

photosynthetic genes showed highest magnitude of difference in expression pattern 

with PSBB, PSAB, PSAA displaying more than 20 fold expression and PSBA, 

PSBD, PHS2 showed less than 20 fold expression profile (Fig. 157). On determining 

highly interconnected nodes using MCODE (v_2.0.0), five sub-networks were 

identified (Fig. 158). Sub-network 1, and 4 comprises 16 (PSBC, EGY1, RPS7, 

AOR, PSBB, AT5G08650, PSBD, PSBA, PUB12, FBA1, PSAA, RPP8, PSAB, 

AT5G47190, NRPD2B, and MYB16), and 4 (PnsB3, PSBO2, Lhca6, and CYP38) 

nodes interconnected with 66, and 6 edges having node density of 8.8, and 4, 

associated with photosynthetic processes. Sub-network 2, 3, and 5 forms clustering 

with 6 (WRKY53, AT3G28580, WAK1, CRK10, PAD4, and CRK6), 5 (NAD-

ME1, ALDH2B4, ALDH10A8, NADP-ME3, and PHS2), and 3 (MFDX1, HPT1, 
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ATR1) nodes linked among each other by 14, 10, and 3 edges having node density 

of 6, 5, and 3, associated with stress management.   

Top hit down-regulated genes obtained from topological analysis were found to be 

associated with sucrose mobilization viz. BFRUCT4 (acid beta-fructofuranosidase 4, 

vacuolar); plant hormone viz. ETR1 (ethylene receptor 1), EIN4, CTR1 

(serine/threonine protein kinase), and ARF3 (auxin response factor 3); 

transporters/channels viz. NHX2 (sodium/hydrogen exchanger 2), KEA1 (K
+
 efflux 

antiporter 1, chloroplastic), RAN1 (copper transporting ATPase), ABCC8 (ABC 

transporter C family member 8), PHO1 (phosphate transporter), and CNGC4 (cyclic 

nucleotide-gated ion channel 4); ubiquitination process viz. KEG (protein kinases 

ubiquitin-protein ligase), and BT5 (BTB/POZ and TAZ domain-containing protein 

5); ammonia production process viz. NIR1 (ferredoxin-nitrite reductase, 

chloroplastic), and OMR1 (threonine dehydratase biosynthetic, chloroplastic); beta 

oxidation viz. AIM1 (peroxisomal fatty acid beta-oxidation multifunctional protein), 

and ACX3 (acyl-coenzyme A oxidase 3, peroxisomal); protein associated with 

kinase activity viz. PRS2 (ribose-phosphate pyrophosphokinase 2, chloroplastic), 

MPK15 (mitogen-activated protein kinase 15), PPCK2 (phosphoenolpyruvate 

carboxylase kinase 2), STY17 (serine/threonine-protein kinase) and EFR (LRR 

receptor-like serine/threonine-protein kinase); primary metabolic process viz. PPC1 

(phosphoenolpyruvate carboxylase 1), and FBA2 (fructose-bisphosphate aldolase 2, 

chloroplastic); oxidative stress management viz. ACO3 (aconitate hydratase 3, 

mitochondrial), MDAR1 (monodehydroascorbate reductase 1, peroxisomal), and 

HPT1 (homogentisate phytyltransferase 1, chloroplastic); secondary metabolite 

synthesis viz. HMG2 (3-hydroxy-3-methylglutaryl-coenzyme A reductase 2); 

intracellular sulphate activation viz. APS3 (ATP-sulfurylase 3, chloroplastic). Beside 

these, phosphatase like IMPL1 and aminotransferase like WIN1 (acetylornithine 

aminotransferase, chloroplastic/mitochondrial), and ASP2 (aspartate 

aminotransferase, cytoplasmic isozyme 1) were also down-regulated. With respect to 

magnitude of expression (NS7 vs CO7) BFRUCT4, and PRS2 showed more than 50 

fold expression, while CNGC4, PHO1, APS3 depicted expression in range between 

50 – 20 fold and remaining have less than 20 fold expression profile (Fig. 159). 

MCODE mediated determination of sub-network identified three major interaction 

patterns (Fig. 160). Cluster 1 have 5 nodes (ASP2, PPC1, NIR1, APS3, and WIN1)  



Fig. 147: STRING analysis of 

differentially expressed up-

regulated genes obtained after 

annotation with Arabidopsis 

database using Mercator and 

Uniport. STRING network 

contains 441 node connected 

by 4651 edges having PPI 

enrichment of p< 1.0e-16.  
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Fig. 148: STRING analysis of 

differentially expressed down-

regulated genes obtained after 

annotation with Arabidopsis database 

using Mercator and Uniport. STRING 

network contains 572 node connected 

by 4541 edges having PPI enrichment 

of p< 1.0e-16 
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Table 46: STRING mediated GO identified up-regulated biological process (BP), gene 

count under BP and determination of BP scoring 

Biological Process term description 
Observed 

gene 

count 

Up 

regulated 

gene 

count 

Background 

gene count 

Total 

background 

gene count 

BP1 

score 

metabolic process 265 441 9671 27413 1.703 

cellular process 275 441 10581 27413 1.616 

response to stimulus 167 441 5064 27413 2.050 

organic substance metabolic process 233 441 8632 27413 1.678 

cellular metabolic process 229 441 8432 27413 1.688 

primary metabolic process 214 441 8114 27413 1.639 

response to chemical 100 441 2654 27413 2.342 

cellular macromolecule metabolic process 156 441 5262 27413 1.843 

response to stress 105 441 2932 27413 2.226 

nitrogen compound metabolic process 187 441 7152 27413 1.625 

response to oxygen-containing compound 63 441 1398 27413 2.801 

oxidation-reduction process 61 441 1357 27413 2.794 

macromolecule metabolic process 171 441 6502 27413 1.635 

organonitrogen compound metabolic process 124 441 4116 27413 1.873 

response to acid chemical 51 441 1058 27413 2.996 

cellular protein metabolic process 90 441 2826 27413 1.980 

phosphorylation 48 441 1077 27413 2.770 

phosphate-containing compound metabolic process 62 441 1636 27413 2.356 

protein-chromophore linkage 11 441 43 27413 15.902 

protein metabolic process 95 441 3107 27413 1.901 

response to drug 31 441 533 27413 3.615 

response to organic substance 64 441 1786 27413 2.227 

cell communication 63 441 1749 27413 2.239 

response to endogenous stimulus 57 441 1528 27413 2.319 

protein phosphorylation 38 441 798 27413 2.960 

cellular protein modification process 72 441 2187 27413 2.046 

response to hormone 56 441 1502 27413 2.318 

response to antibiotic 19 441 253 27413 4.668 

response to external stimulus 53 441 1488 27413 2.214 

biological regulation 130 441 5235 27413 1.544 
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Biological Process term description 
Observed 

gene 

count 

Up 

regulated 

gene 

count 

Background 

gene count 

Total 

background 

gene count 

BP1 

score 

defense response 47 441 1277 27413 2.288 

response to salicylic acid 15 441 167 27413 5.583 

multi-organism process 53 441 1535 27413 2.146 

cellular response to stimulus 72 441 2428 27413 1.843 

macromolecule modification 79 441 2763 27413 1.777 

signal transduction 51 441 1487 27413 2.132 

cellular response to acid chemical 24 441 453 27413 3.293 

biosynthetic process 108 441 4258 27413 1.577 

response to organic cyclic compound 20 441 331 27413 3.756 

response to abiotic stimulus 55 441 1699 27413 2.012 

organic substance biosynthetic process 104 441 4083 27413 1.583 

response to inorganic substance 33 441 795 27413 2.580 

cellular biosynthetic process 102 441 4013 27413 1.580 

cellular response to oxygen-containing compound 27 441 596 27413 2.816 

recognition of pollen 9 441 67 27413 8.350 

cellular response to chemical stimulus 43 441 1245 27413 2.147 

photosynthesis 15 441 215 27413 4.337 

response to temperature stimulus 24 441 505 27413 2.954 

response to lipid 29 441 691 27413 2.609 

generation of precursor metabolites and energy 20 441 379 27413 3.280 

regulation of biological process 111 441 4623 27413 1.493 

photosynthesis, light reaction 10 441 98 27413 6.343 

response to oxidative stress 20 441 389 27413 3.196 

regulation of cellular process 101 441 4167 27413 1.507 

small molecule metabolic process 47 441 1503 27413 1.944 

response to cold 18 441 347 27413 3.224 

photosynthetic electron transport in photosystem II 4 441 8 27413 31.080 

response to other organism 38 441 1140 27413 2.072 

cellular response to organic substance 34 441 973 27413 2.172 

response to reactive oxygen species 11 441 149 27413 4.589 

response to wounding 12 441 177 27413 4.214 
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Biological Process term description 
Observed 

gene 

count 

Up 

regulated 

gene 

count 

Background 

gene count 

Total 

background 

gene count 

BP1 

score 

mitochondrial translational elongation 3 441 3 27413 62.161 

defense response to bacterium 16 441 315 27413 3.157 

macromolecule biosynthetic process 72 441 2844 27413 1.574 

cellular macromolecule biosynthetic process 71 441 2793 27413 1.580 

response to light stimulus 23 441 585 27413 2.444 

response to toxic substance 16 441 330 27413 3.014 

cellular response to endogenous stimulus 30 441 883 27413 2.112 

cellular response to hormone stimulus 29 441 857 27413 2.103 

regulation of response to stress 15 441 307 27413 3.037 

cellular nitrogen compound metabolic process 99 441 4363 27413 1.410 

cellular nitrogen compound biosynthetic process 71 441 2881 27413 1.532 

response to bacterium 17 441 385 27413 2.745 

defense response to other organism 30 441 919 27413 2.029 

lateral root development 8 441 99 27413 5.023 

translational elongation 5 441 33 27413 9.418 

protein peptidyl-prolyl isomerization 6 441 54 27413 6.907 

electron transport chain 10 441 160 27413 3.885 

regulation of defense response 12 441 224 27413 3.330 

hormone-mediated signaling pathway 26 441 777 27413 2.080 

carboxylic acid metabolic process 28 441 863 27413 2.017 

pollination 12 441 232 27413 3.215 

response to metal ion 17 441 414 27413 2.553 

gene expression 70 441 2929 27413 1.486 

photosynthetic electron transport chain 5 441 40 27413 7.770 

oxoacid metabolic process 30 441 973 27413 1.917 

multicellular organismal process 58 441 2336 27413 1.543 

oxylipin biosynthetic process 4 441 23 27413 10.811 

response to abscisic acid 19 441 511 27413 2.311 

peptide metabolic process 19 441 513 27413 2.302 

response to ethylene 13 441 282 27413 2.866 

cellular response to disaccharide stimulus 3 441 10 27413 18.648 
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Biological Process term description 
Observed 

gene 

count 

Up 

regulated 

gene 

count 

Background 

gene count 

Total 

background 

gene count 

BP1 

score 

response to cadmium ion 13 441 286 27413 2.825 

lipid oxidation 5 441 45 27413 6.907 

response to carbohydrate 8 441 123 27413 4.043 

cellular polysaccharide metabolic process 12 441 258 27413 2.891 

protein folding 8 441 126 27413 3.947 

monocarboxylic acid metabolic process 16 441 413 27413 2.408 

response to jasmonic acid 10 441 192 27413 3.238 

programmed cell death 7 441 99 27413 4.395 

cell surface receptor signaling pathway 10 441 193 27413 3.221 

cellular amide metabolic process 21 441 625 27413 2.089 

cellular glucan metabolic process 10 441 196 27413 3.171 

plant-type hypersensitive response 6 441 74 27413 5.040 

amide biosynthetic process 18 441 501 27413 2.233 

detoxification 11 441 230 27413 2.973 

cellular response to lipid 15 441 383 27413 2.435 

organonitrogen compound biosynthetic process 34 441 1229 27413 1.720 

regulation of metabolic process 67 441 2911 27413 1.431 

cellular response to antibiotic 5 441 52 27413 5.977 

translation 16 441 433 27413 2.297 

lateral root morphogenesis 5 441 54 27413 5.756 

tropism 6 441 80 27413 4.662 

response to blue light 6 441 80 27413 4.662 

cellular response to drug 6 441 80 27413 4.662 

mitochondrial gene expression 4 441 32 27413 7.770 

dicarboxylic acid metabolic process 6 441 81 27413 4.605 

mitochondrial fission 3 441 15 27413 12.432 

photosystem II assembly 3 441 15 27413 12.432 

reproduction 36 441 1354 27413 1.653 

cellular response to abscisic acid stimulus 11 441 246 27413 2.780 

response to far red light 5 441 57 27413 5.453 

jasmonic acid biosynthetic process 3 441 16 27413 11.655 
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Biological Process term description 
Observed 

gene 

count 

Up 

regulated 

gene 

count 

Background 

gene count 

Total 

background 

gene count 

BP1 

score 

response to extracellular stimulus 10 441 215 27413 2.891 

response to disaccharide 5 441 59 27413 5.268 

response to water deprivation 12 441 292 27413 2.555 

protein homooligomerization 4 441 36 27413 6.907 

response to fructose 3 441 17 27413 10.970 

pollen maturation 3 441 17 27413 10.970 

defense response to bacterium, incompatible 

interaction 
4 441 37 27413 6.720 

abscisic acid-activated signaling pathway 10 441 223 27413 2.787 

malate metabolic process 3 441 18 27413 10.360 

regulation of response to stimulus 21 441 681 27413 1.917 

photoperiodism 5 441 63 27413 4.933 

reproductive process 35 441 1348 27413 1.614 

carboxylic acid biosynthetic process 17 441 506 27413 2.088 

transcription, DNA-templated 47 441 1957 27413 1.493 

 

Table 47: STRING mediated GO identified up-regulated cellular component (CC), gene 

count under CC and determination of CC scoring 

Cellular Component term description 

Observed 

gene 

count 

Up 

regulated 

gene 

count 

Background 

gene count 

Total 

background 

gene count 

CP1 

score 

cell 321 441 12120 27413 1.646 

intracellular 263 441 10570 27413 1.547 

organelle 235 441 9369 27413 1.559 

intracellular organelle 234 441 9362 27413 1.554 

membrane-bounded organelle 228 441 9036 27413 1.568 

cytoplasm 199 441 7481 27413 1.654 

plastid 85 441 2064 27413 2.560 

intracellular membrane-bounded organelle 224 441 8914 27413 1.562 

chloroplast 83 441 2026 27413 2.547 

membrane 157 441 5592 27413 1.745 

cell periphery 95 441 2954 27413 1.999 

plasma membrane 82 441 2406 27413 2.119 

plastoglobule 13 441 76 27413 10.633 

plastid envelope 32 441 598 27413 3.326 

chloroplast stroma 33 441 649 27413 3.161 

chloroplast envelope 31 441 584 27413 3.300 

organelle envelope 42 441 1001 27413 2.608 
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Cellular Component term description 

Observed 

gene 

count 

Up 

regulated 

gene 

count 

Background 

gene count 

Total 

background 

gene count 

CP1 

score 

integral component of membrane 97 441 3460 27413 1.743 

thylakoid 27 441 483 27413 3.475 

intrinsic component of membrane 98 441 3602 27413 1.691 

photosystem 10 441 87 27413 7.145 

chloroplast thylakoid 22 441 423 27413 3.233 

chloroplast thylakoid membrane 17 441 347 27413 3.045 

photosystem II 7 441 62 27413 7.018 

cytosol 47 441 1663 27413 1.757 

thylakoid lumen 7 441 70 27413 6.216 

photosystem I 5 441 39 27413 7.969 

chloroplast membrane 12 441 250 27413 2.984 

nucleus 91 441 4229 27413 1.338 

mitochondrion 32 441 1163 27413 1.710 

stromule 4 441 35 27413 7.104 

organelle subcompartment 34 441 1306 27413 1.618 

membrane protein complex 16 441 469 27413 2.121 

organelle membrane 47 441 1985 27413 1.472 

mitochondrial matrix 6 441 102 27413 3.657 

organellar ribosome 3 441 23 27413 8.108 

 

Table 48: STRING mediated GO identified up-regulated molecular function (MF), gene 

count under MF and determination of MF scoring 

Molecular Function term description 

Observed 

gene 

count 

Up 

regulated 

gene 

count 

Background 

gene count 

Total 

background 

gene count 

MF 

score 

binding 242 441 8611 27413 1.747 

catalytic activity 208 441 7239 27413 1.786 

ion binding 162 441 5070 27413 1.986 

anion binding 106 441 2629 27413 2.506 

organic cyclic compound binding 173 441 5841 27413 1.841 

heterocyclic compound binding 173 441 5835 27413 1.843 

small molecule binding 97 441 2633 27413 2.290 

nucleotide binding 91 441 2461 27413 2.299 

carbohydrate derivative binding 83 441 2233 27413 2.311 

ribonucleotide binding 82 441 2204 27413 2.313 

oxidoreductase activity 56 441 1201 27413 2.898 

purine ribonucleotide binding 80 441 2179 27413 2.282 

purine ribonucleoside triphosphate 

binding 
79 441 2147 27413 2.287 

drug binding 77 441 2074 27413 2.308 

adenyl ribonucleotide binding 73 441 1971 27413 2.302 

ATP binding 72 441 1939 27413 2.308 

carbohydrate binding 23 441 306 27413 4.672 
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Molecular Function term description 

Observed 

gene 

count 

Up 

regulated 

gene 

count 

Background 

gene count 

Total 

background 

gene count 

MF 

score 

protein serine/threonine kinase activity 36 441 712 27413 3.143 

chlorophyll binding 9 441 30 27413 18.648 

kinase activity 43 441 986 27413 2.711 

protein kinase activity 37 441 782 27413 2.941 

transferase activity 86 441 2850 27413 1.876 

phosphotransferase activity, alcohol group 

as acceptor 
39 441 910 27413 2.664 

transferase activity, transferring 

phosphorus-containing groups 
44 441 1112 27413 2.460 

cofactor binding 36 441 860 27413 2.602 

cation binding 83 441 2949 27413 1.750 

catalytic activity, acting on a protein 63 441 2016 27413 1.943 

metal ion binding 82 441 2940 27413 1.734 

ADP binding 10 441 89 27413 6.984 

transferase activity, transferring glycosyl 

groups 
23 441 491 27413 2.912 

transferase activity, transferring hexosyl 

groups 
19 441 353 27413 3.346 

calmodulin binding 14 441 207 27413 4.204 

DNA-binding transcription factor activity 42 441 1333 27413 1.959 

electron transporter, transferring electrons 

within the cyclic electron transport 

pathway of photosynthesis activity 

4 441 9 27413 27.627 

UDP-glycosyltransferase activity 14 441 244 27413 3.567 

protein binding 55 441 1988 27413 1.720 

coenzyme binding 18 441 386 27413 2.899 

sequence-specific DNA binding 26 441 730 27413 2.214 

glucosyltransferase activity 12 441 209 27413 3.569 

peptidyl-prolyl cis-trans isomerase 

activity 
6 441 54 27413 6.907 

electron transfer activity 8 441 105 27413 4.736 

tetrapyrrole binding 14 441 299 27413 2.911 

quercetin 7-O-glucosyltransferase activity 8 441 108 27413 4.605 

quercetin 3-O-glucosyltransferase activity 8 441 109 27413 4.562 

translation elongation factor activity 4 441 23 27413 10.811 

oxidoreductase activity, acting on the CH-

CH group of donors, oxygen as acceptor 
3 441 11 27413 16.953 

maltodextrin water dikinase 2 441 2 27413 62.161 

starch, H2O dikinase activity 2 441 2 27413 62.161 

phospholipid binding 7 441 101 27413 4.308 

rRNA binding 7 441 105 27413 4.144 

UDP-glucosyltransferase activity 9 441 173 27413 3.234 

malate dehydrogenase activity 3 441 15 27413 12.432 

serine-type exopeptidase activity 4 441 34 27413 7.313 

FAD binding 3 441 16 27413 11.655 

DNA binding 48 441 1983 27413 1.505 

oxidoreductase activity, acting on the CH-

CH group of donors 
5 441 61 27413 5.095 
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Molecular Function term description 

Observed 

gene 

count 

Up 

regulated 

gene 

count 

Background 

gene count 

Total 

background 

gene count 

MF 

score 

GTPase activity 8 441 153 27413 3.250 

oxidoreductase activity, acting on the 

aldehyde or oxo group of donors, NAD or 

NADP as acceptor 

4 441 39 27413 6.375 

pigment binding 3 441 19 27413 9.815 

NAD binding 5 441 67 27413 4.639 

 

Table 49: STRING mediated GO identified down-regulated biological process (BP), gene 

count under BP and determination of BP scoring 

Biological Process term description 
Observed 

gene count 

Down 

regulated 

gene 

count 

Background 

gene count 

Total 

background 

gene count 

BP1 

score 

metabolic process 315 572 9671 27413 1.561 

organic substance metabolic process 264 572 8632 27413 1.466 

primary metabolic process 249 572 8114 27413 1.471 

response to stimulus 176 572 5064 27413 1.666 

cellular metabolic process 253 572 8432 27413 1.438 

cellular process 296 572 10581 27413 1.341 

localization 92 572 2244 27413 1.965 

transmembrane transport 58 572 1142 27413 2.434 

response to chemical 102 572 2654 27413 1.842 

phosphorus metabolic process 73 572 1677 27413 2.086 

establishment of localization 87 572 2170 27413 1.921 

cellular protein modification process 87 572 2187 27413 1.906 

small molecule metabolic process 67 572 1503 27413 2.136 

organonitrogen compound metabolic process 138 572 4116 27413 1.607 

transport 85 572 2140 27413 1.904 

response to oxygen-containing compound 63 572 1398 27413 2.160 

phosphate-containing compound metabolic 

process 
70 572 1636 27413 2.051 

phosphorylation 52 572 1077 27413 2.314 

ion transmembrane transport 38 572 656 27413 2.776 

protein phosphorylation 42 572 798 27413 2.522 

anion transmembrane transport 21 572 247 27413 4.075 

oxidation-reduction process 59 572 1357 27413 2.084 

oxoacid metabolic process 47 572 973 27413 2.315 

carbohydrate metabolic process 43 572 856 27413 2.407 

cellular macromolecule metabolic process 160 572 5262 27413 1.457 

ion transport 43 572 869 27413 2.371 

response to organic substance 69 572 1786 27413 1.852 

cellular protein metabolic process 97 572 2826 27413 1.645 

anion transport 23 572 335 27413 3.290 

response to acid chemical 47 572 1058 27413 2.129 

nitrogen compound metabolic process 199 572 7152 27413 1.333 
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Biological Process term description 
Observed 

gene count 

Down 

regulated 

gene 

count 

Background 

gene count 

Total 

background 

gene count 

BP1 

score 

protein metabolic process 102 572 3107 27413 1.573 

inorganic anion transport 13 572 126 27413 4.945 

response to stress 96 572 2932 27413 1.569 

response to hormone 58 572 1502 27413 1.851 

response to alcohol 28 572 517 27413 2.596 

carboxylic acid metabolic process 39 572 863 27413 2.166 

small molecule biosynthetic process 32 572 647 27413 2.370 

response to drug 28 572 533 27413 2.518 

carboxylic acid biosynthetic process 27 572 506 27413 2.557 

response to abscisic acid 27 572 511 27413 2.532 

biological regulation 150 572 5235 27413 1.373 

regulation of biological process 135 572 4623 27413 1.399 

response to lipid 32 572 691 27413 2.219 

biosynthetic process 125 572 4258 27413 1.407 

response to nutrient levels 14 572 183 27413 3.666 

macromolecule modification 88 572 2763 27413 1.526 

inorganic ion transmembrane transport 22 572 398 27413 2.649 

organic substance catabolic process 51 572 1377 27413 1.775 

cell communication 61 572 1749 27413 1.671 

regulation of cellular process 121 572 4167 27413 1.392 

catabolic process 56 572 1587 27413 1.691 

response to external stimulus 53 572 1488 27413 1.707 

protein modification by small protein 

conjugation 
31 572 723 27413 2.055 

secondary metabolite biosynthetic process 14 572 208 27413 3.226 

response to abiotic stimulus 58 572 1699 27413 1.636 

response to inorganic substance 33 572 795 27413 1.989 

protein ubiquitination 30 572 696 27413 2.066 

cellular response to stimulus 76 572 2428 27413 1.500 

monosaccharide metabolic process 11 572 144 27413 3.661 

inorganic anion transmembrane transport 6 572 41 27413 7.013 

cellular biosynthetic process 114 572 4013 27413 1.361 

signal transduction 51 572 1487 27413 1.644 

cellular catabolic process 47 572 1348 27413 1.671 

cellular carbohydrate metabolic process 19 572 386 27413 2.359 

alpha-amino acid metabolic process 15 572 268 27413 2.682 

amino acid transmembrane transport 7 572 68 27413 4.933 

hexose metabolic process 9 572 113 27413 3.817 

secondary metabolic process 18 572 365 27413 2.363 

organic substance biosynthetic process 113 572 4083 27413 1.326 

macromolecule metabolic process 168 572 6502 27413 1.238 

response to ethylene 15 572 282 27413 2.549 

organic substance transport 39 572 1101 27413 1.698 

organonitrogen compound catabolic process 30 572 785 27413 1.832 



374 
 

Biological Process term description 
Observed 

gene count 

Down 

regulated 

gene 

count 

Background 

gene count 

Total 

background 

gene count 

BP1 

score 

alpha-amino acid biosynthetic process 11 572 175 27413 3.012 

response to starvation 10 572 149 27413 3.216 

glutamate metabolic process 4 572 22 27413 8.714 

cellular response to nutrient levels 10 572 152 27413 3.153 

response to nitrogen compound 15 572 294 27413 2.445 

nitrate assimilation 5 572 39 27413 6.144 

galactose metabolic process 4 572 24 27413 7.987 

positive regulation of defense response to 

bacterium, incompatible interaction 
2 572 2 27413 47.925 

carbohydrate derivative catabolic process 6 572 61 27413 4.714 

cellular response to sulfate starvation 3 572 11 27413 13.070 

 

Table 50: STRING mediated GO identified down-regulated cellular component (CC), gene 

count under CC and determination of CC scoring 

Cellular Component term description 
Observed 

gene count 

Down 

regulated 

gene 

count 

Background 

gene count 

Total 

background 

gene count 

CC1 

score 

cell 373 572 12120 27413 1.475 

cell part 373 572 12106 27413 1.477 

integral component of membrane 140 572 3460 27413 1.939 

intrinsic component of membrane 141 572 3602 27413 1.876 

membrane part 150 572 3934 27413 1.827 

membrane 192 572 5592 27413 1.645 

intracellular 303 572 10570 27413 1.374 

intracellular part 300 572 10448 27413 1.376 

cytoplasm 227 572 7481 27413 1.454 

cell periphery 114 572 2954 27413 1.850 

cytoplasmic part 187 572 6244 27413 1.435 

plasma membrane 90 572 2406 27413 1.793 

intracellular membrane-bounded organelle 246 572 8914 27413 1.323 

membrane-bounded organelle 248 572 9036 27413 1.315 

intracellular organelle 255 572 9362 27413 1.305 

integral component of plasma membrane 15 572 178 27413 4.039 

intrinsic component of plasma membrane 17 572 266 27413 3.063 

endomembrane system 61 572 1753 27413 1.668 

Golgi apparatus part 26 572 534 27413 2.333 

Golgi apparatus 36 572 868 27413 1.988 

Golgi subcompartment 25 572 520 27413 2.304 

plasma membrane part 18 572 339 27413 2.545 

cell wall 27 572 668 27413 1.937 

organelle membrane 62 572 1985 27413 1.497 

Golgi membrane 19 572 426 27413 2.137 

organelle subcompartment 43 572 1306 27413 1.578 

chloroplast 61 572 2026 27413 1.443 
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Cellular Component term description 
Observed 

gene count 

Down 

regulated 

gene 

count 

Background 

gene count 

Total 

background 

gene count 

CC1 

score 

vacuolar lumen 2 572 3 27413 31.950 

bounding membrane of organelle 39 572 1178 27413 1.587 

extracellular region 47 572 1502 27413 1.500 

pyruvate dehydrogenase complex 2 572 4 27413 23.962 

chloroplast stroma 24 572 649 27413 1.772 

 

Table 51: STRING mediated GO identified down-regulated molecular function (MF), gene 

count under MF and determination of MF scoring 

Molecular Function term description 
Observed 

gene count 

Down 

regulated 

gene 

count 

Background 

gene count 

Total 

background 

gene count 

MF1 

score 

catalytic activity 277 572 7239 27413 1.834 

ion binding 205 572 5070 27413 1.938 

binding 282 572 8611 27413 1.569 

transferase activity 126 572 2850 27413 2.119 

small molecule binding 117 572 2633 27413 2.130 

anion binding 117 572 2629 27413 2.133 

drug binding 93 572 2074 27413 2.149 

nucleotide binding 102 572 2461 27413 1.986 

transmembrane transporter activity 57 572 1047 27413 2.609 

organic cyclic compound binding 187 572 5841 27413 1.534 

heterocyclic compound binding 187 572 5835 27413 1.536 

metal ion binding 112 572 2940 27413 1.826 

coenzyme binding 31 572 386 27413 3.849 

transporter activity 58 572 1138 27413 2.443 

catalytic activity, acting on a protein 84 572 2016 27413 1.997 

cofactor binding 47 572 860 27413 2.619 

ATP binding 79 572 1939 27413 1.953 

adenyl ribonucleotide binding 80 572 1971 27413 1.945 

carbohydrate derivative binding 87 572 2233 27413 1.867 

purine ribonucleotide binding 85 572 2179 27413 1.869 

purine ribonucleoside triphosphate binding 84 572 2147 27413 1.875 

oxidoreductase activity 56 572 1201 27413 2.235 

protein kinase activity 42 572 782 27413 2.574 

phosphotransferase activity, alcohol group as 

acceptor 
46 572 910 27413 2.423 

protein serine/threonine kinase activity 39 572 712 27413 2.625 

inorganic molecular entity transmembrane 

transporter activity 
35 572 597 27413 2.810 

kinase activity 48 572 986 27413 2.333 

anion transmembrane transporter activity 20 572 238 27413 4.027 

ion transmembrane transporter activity 34 572 609 27413 2.676 

transferase activity, transferring phosphorus-
containing groups 

50 572 1112 27413 2.155 

active transmembrane transporter activity 30 572 508 27413 2.830 
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Molecular Function term description 
Observed 

gene count 

Down 

regulated 

gene 

count 

Background 

gene count 

Total 

background 

gene count 

MF1 

score 

flavin adenine dinucleotide binding 14 572 130 27413 5.161 

hydrolase activity, acting on glycosyl bonds 19 572 279 27413 3.264 

hydrolase activity, hydrolyzing O-glycosyl 

compounds 
18 572 258 27413 3.344 

inorganic anion transmembrane transporter 

activity 
10 572 84 27413 5.705 

pyridoxal phosphate binding 10 572 85 27413 5.638 

vitamin binding 12 572 127 27413 4.528 

beta-fructofuranosidase activity 5 572 15 27413 15.975 

transition metal ion binding 39 572 933 27413 2.003 

secondary active transmembrane transporter 
activity 

18 572 304 27413 2.838 

carbohydrate binding 18 572 306 27413 2.819 

calmodulin binding 14 572 207 27413 3.241 

transcription regulator activity 50 572 1399 27413 1.713 

ubiquitin-like protein transferase activity 23 572 470 27413 2.345 

sequence-specific DNA binding 31 572 730 27413 2.035 

DNA-binding transcription factor activity 48 572 1333 27413 1.726 

carbon-carbon lyase activity 9 572 96 27413 4.493 

transferase activity, transferring glycosyl 

groups 
23 572 491 27413 2.245 

monooxygenase activity 13 572 199 27413 3.131 

ubiquitin-protein transferase activity 22 572 462 27413 2.282 

oxidoreductase activity, acting on paired 

donors, with incorporation or reduction of 

molecular oxygen 

15 572 264 27413 2.723 

lyase activity 16 572 296 27413 2.591 

amino acid transmembrane transporter activity 7 572 67 27413 5.007 

sucrose alpha-glucosidase activity 3 572 7 27413 20.539 

iron ion binding 13 572 218 27413 2.858 

oxidoreductase activity, acting on paired 

donors, with incorporation or reduction of 

molecular oxygen, NAD(P)H as one donor, 
and incorporation of one atom of oxygen 

10 572 143 27413 3.351 

symporter activity 9 572 121 27413 3.565 

P-P-bond-hydrolysis-driven transmembrane 

transporter activity 
12 572 207 27413 2.778 

heme binding 14 572 267 27413 2.513 

tetrapyrrole binding 15 572 299 27413 2.404 

carboxy-lyase activity 6 572 60 27413 4.792 

oxidoreductase activity, acting on CH-OH 

group of donors 
11 572 184 27413 2.865 

racemase and epimerase activity 4 572 24 27413 7.987 

ATPase activity, coupled to transmembrane 
movement of substances 

11 572 187 27413 2.819 

ethylene receptor activity 2 572 3 27413 31.950 

ATPase activity, coupled to movement of 
substances 

11 572 199 27413 2.649 

potassium ion transmembrane transporter 

activity 
6 572 69 27413 4.167 

carboxylic acid transmembrane transporter 

activity 
8 572 120 27413 3.195 
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Table 52: GO based gene scoring of STRING selected up-regulated genes 

Sl.  

No. 

Up Regulated 

Genes 

BP1 Gene 

Score 

CC1 Gene 

Score 

MF1 Gene 

Score 

Total Gene 

 Score 

1 psbA 108.028 62.824 74.615 245.467 

2 psbB 110.828 62.824 71.132 244.784 

3 CRY1 157.982 12.428 69.362 239.771 

4 psbC 98.396 62.824 74.615 235.835 

5 psbD 98.396 62.824 74.615 235.835 

6 LHCA6 69.487 73.010 47.383 189.879 

7 DOX1 155.338 6.306 21.098 182.741 

8 PAD4 161.005 12.428 3.662 177.094 

9 CPK30 88.547 18.290 59.553 166.390 

10 RPP8 116.360 7.509 37.607 161.476 

11 psaA 46.037 73.010 42.252 161.299 

12 psaB 46.037 73.010 42.252 161.299 

13 SERK2 99.281 9.297 51.866 160.444 

14 WAK1 78.742 18.740 58.301 155.784 

15 CSD1 126.077 14.184 11.901 152.163 

16 MYB96 123.508 10.774 12.828 147.110 

17 WRKY53 116.696 15.888 11.108 143.692 

18 ACX1 71.561 11.090 58.401 141.052 

19 PBS1 81.000 7.509 50.146 138.655 

20 SBE2.1 95.161 19.357 15.402 129.920 

21 HY5 104.831 10.774 11.108 126.713 

22 CRK6 64.946 10.943 50.146 126.035 

23 EDR2 91.224 23.477 10.548 125.249 

24 At1g11330 51.851 10.943 60.742 123.536 

25 At1g11410 51.851 10.943 60.742 123.536 

26 At1g61610 51.851 10.943 60.742 123.536 

27 ADH1 89.047 12.466 21.893 123.407 

28 PSBO2 46.673 65.606 10.116 122.395 

29 RDUF1 93.449 14.184 12.821 120.454 

30 At4g27290 51.851 7.509 60.742 120.102 

31 NAD-ME1 39.018 17.907 63.082 120.007 

32 SPY 90.353 12.538 15.429 118.320 

33 ALATS 62.148 19.664 35.892 117.704 

34 WRKY18 95.054 9.128 12.828 117.009 

35 WRKY60 95.054 9.128 11.108 115.290 

36 NIK2 53.778 10.943 50.146 114.867 

37 WAKL5 47.118 9.297 58.301 114.716 

38 MYB16 90.344 10.774 12.828 113.946 

39 CRK10 52.018 10.943 50.146 113.107 

40 HERK1 51.512 10.943 50.146 112.601 

41 EGY1 70.973 35.065 3.729 109.767 

42 FBA1 52.355 55.523 1.786 109.664 

43 WRKY50 89.420 9.128 11.108 109.656 
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Sl.  

No. 

Up Regulated 

Genes 

BP1 Gene 

Score 

CC1 Gene 

Score 

MF1 Gene 

Score 

Total Gene 

 Score 

44 PR5K 53.551 5.179 50.146 108.876 

45 ABCG40 64.120 10.943 32.409 107.473 

46 LOX1 81.483 13.650 11.901 107.034 

47 HLL 71.918 24.565 9.575 106.058 

48 ABF4 86.129 10.774 8.894 105.797 

49 IAA7 90.799 10.774 1.959 103.532 

50 At5g35370 31.090 10.943 60.742 102.775 

51 ERF15 75.097 17.534 8.894 101.525 

52 NADP-ME3 39.636 17.953 42.745 100.335 

53 CYP38 50.838 38.690 10.635 100.164 

54 LOX6 65.639 22.059 11.901 99.599 

55 NEK5 49.386 0.000 50.146 99.532 

56 ANX1 36.503 10.943 50.146 97.592 

57 TPL 81.255 12.538 3.467 97.260 

58 PHS2 48.880 17.953 29.942 96.775 

59 WRKY54 76.176 9.128 11.108 96.412 

60 HSP21 71.708 19.357 3.467 94.532 

61 CRF2 68.976 12.428 12.828 94.232 

62 HAB2 82.816 0.000 10.945 93.761 

63 PUB12 61.995 15.895 15.179 93.069 

64 At1g53430 31.090 10.943 50.146 92.179 

65 At1g56130 31.090 10.943 50.146 92.179 

66 At5g63930 31.090 10.943 50.146 92.179 

67 CRK42 31.090 10.943 50.146 92.179 

68 CRLK2 31.090 10.943 50.146 92.179 

69 At3g28580 43.286 16.269 32.409 91.964 

70 MFDX1 54.412 16.457 19.239 90.108 

71 RPL15 53.399 36.699 0.000 90.098 

72 At5g08650 42.143 16.196 30.461 88.800 

73 AGL24 62.642 12.428 12.828 87.898 

74 ATR1 36.875 21.116 29.321 87.312 

75 At1g35710 31.090 5.179 50.146 86.415 

76 At1g67720 31.090 5.179 50.146 86.415 

77 At5g38990 31.090 5.179 50.146 86.415 

78 RPP13 36.833 10.709 37.607 85.150 

79 Hrd1B 46.926 25.597 12.598 85.121 

80 OPR2 45.533 4.847 34.416 84.796 

81 PNSB3 33.417 31.434 19.239 84.089 

82 At5g47190 42.143 30.337 9.575 82.055 

83 HPT1 43.318 35.065 3.662 82.045 

84 ACC2 38.276 6.603 35.892 80.772 

85 ALDH2B4 16.848 21.563 41.683 80.094 

86 At1g67280 27.437 42.087 9.003 78.527 

87 BAP1 64.532 3.392 10.548 78.471 
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Sl.  

No. 

Up Regulated 

Genes 

BP1 Gene 

Score 

CC1 Gene 

Score 

MF1 Gene 

Score 

Total Gene 

 Score 

88 GLU2 35.190 28.591 14.503 78.284 

89 DGK3 27.454 7.509 42.119 77.083 

90 At1g12010 50.009 0.000 26.870 76.879 

91 RPS7 42.143 24.565 9.575 76.283 

92 ALDH10A8 43.486 19.952 11.060 74.498 

93 UVR8 58.383 12.538 3.467 74.388 

94 AOR 16.965 39.170 16.996 73.131 

95 AOC3 47.718 23.531 1.786 73.035 

96 EDA30 44.733 21.376 6.574 72.682 

97 AGL30 45.729 10.774 12.828 69.330 

98 NRPD2b 33.216 12.519 23.127 68.862 

99 GPX6 35.875 25.526 4.685 66.086 

100 HSFA1D 42.458 12.428 11.108 65.994 

101 GAUT14 32.759 19.359 13.486 65.604 

102 SLD1 35.387 17.713 11.901 65.000 

103 GPT1 25.878 35.065 3.467 64.409 

104 OASA2 35.772 4.847 23.684 64.303 

105 GAD4 22.304 14.184 27.732 64.221 

106 ABCG39 20.820 10.943 32.409 64.172 

107 ABCC2 8.007 17.741 38.333 64.081 

108 At1g58390 18.937 7.509 37.607 64.053 

109 At1g58400 18.937 7.509 37.607 64.053 

110 At3g14460 18.937 7.509 37.607 64.053 

111 At4g27220 18.937 7.509 37.607 64.053 

112 PRB1 60.714 0.000 0.000 60.714 

113 PYD2 40.439 11.090 9.003 60.532 

114 SBH1 29.126 19.359 11.901 60.386 

115 RLT2 38.026 10.774 11.108 59.908 

116 ABCC11 8.007 17.741 32.409 58.157 

117 TSB2 29.190 26.945 1.786 57.921 

118 NAC035 38.026 10.774 8.894 57.694 

119 WCRKC2 34.069 17.711 4.685 56.464 

120 DES1 27.791 4.847 23.684 56.322 

121 IND 34.759 10.774 10.614 56.147 

122 TCP4 38.026 9.128 8.894 56.048 

123 LUT2 15.859 35.065 4.685 55.608 

124 GLR2.8 42.870 12.490 0.000 55.360 

125 ATHB-21 33.216 10.774 11.108 55.098 

126 BZIP61 33.216 10.774 11.108 55.098 

127 At3g26720 24.948 16.306 13.675 54.929 

128 BLH4 34.759 10.774 8.894 54.427 

129 RBP47A 34.772 14.184 5.431 54.388 

130 SCL21 33.216 9.128 11.108 53.451 

131 WRKY41 33.216 9.128 11.108 53.451 
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Sl.  

No. 

Up Regulated 

Genes 

BP1 Gene 

Score 

CC1 Gene 

Score 

MF1 Gene 

Score 

Total Gene 

 Score 

132 WRKY65 33.216 9.128 11.108 53.451 

133 AL3 33.216 10.774 8.936 52.926 

134 DRP5A 14.048 7.959 30.461 52.468 

135 UGT73B5 14.700 7.790 29.456 51.945 

136 SLP1 25.360 14.550 10.945 50.855 

137 At5g02240 21.974 28.449 0.000 50.422 

138 SDN3 33.216 9.128 7.217 49.560 

139 DRP4A 14.048 4.847 30.461 49.355 

140 AARE 20.576 17.534 11.042 49.152 

141 At1g15480 14.772 27.141 7.217 49.130 

142 SRO1 32.450 9.128 6.574 48.152 

143 NMAT1 34.877 11.154 1.786 47.817 

144 GATL4 14.693 19.359 13.486 47.538 

145 CYP82C4 21.205 5.179 21.098 47.482 

146 GSTU24 26.363 6.603 12.503 45.470 

147 At5g66910 6.564 0.000 37.607 44.171 

148 At1g34750 25.360 7.509 10.945 43.814 

149 CNGC13 3.159 10.943 29.644 43.746 

150 CHY1 30.167 11.090 1.786 43.043 

151 DRG1 0.000 9.528 33.049 42.577 

152 NPY3 38.753 3.645 0.000 42.398 

153 PGL2 23.607 16.064 1.786 41.457 

154 UGT72B3 1.703 9.444 29.456 40.603 

155 RRP45A 20.790 12.428 7.217 40.435 

156 ANNAT7 25.742 0.000 14.031 39.773 

157 UGT85A2 1.703 7.790 29.456 38.949 

158 YUC11 12.502 1.745 24.697 38.944 

159 APT3 25.524 6.603 6.574 38.701 

160 PAP12 20.827 8.602 9.003 38.431 

161 RER1 1.543 36.776 0.000 38.319 

162 XTH28 22.675 1.999 13.488 38.162 

163 SCPL48 17.565 9.444 11.042 38.050 

164 NRPB8B 27.242 10.774 0.000 38.016 

165 PP2AB1 31.333 6.603 0.000 37.937 

166 At1g75280 22.270 10.709 4.685 37.664 

167 ABCG27 0.000 5.179 32.409 37.588 

168 HIPP20 23.722 6.592 7.216 37.531 

169 GSTU2 26.363 6.603 3.662 36.628 

170 GSTU4 26.363 6.603 3.662 36.628 

171 At1g07160 25.360 0.000 10.945 36.305 

172 MORF3 16.258 12.800 7.216 36.275 

173 NDB3 4.498 18.625 11.901 35.024 

174 At4g02820 14.772 12.800 7.217 34.790 

175 NUDT10 0.000 6.603 27.415 34.018 
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Sl.  

No. 

Up Regulated 

Genes 

BP1 Gene 

Score 

CC1 Gene 

Score 

MF1 Gene 

Score 

Total Gene 

 Score 

176 NRP2 20.957 12.428 0.000 33.385 

177 XTH5 17.865 1.999 13.488 33.352 

178 XTH7 17.865 1.999 13.488 33.352 

179 NDA2 4.498 23.973 4.685 33.155 

180 At5g44410 4.498 3.645 24.697 32.840 

181 GOLS7 6.964 4.847 20.702 32.513 

182 CYP71A21 6.074 5.179 21.098 32.351 

183 PLP5 23.907 6.592 1.786 32.284 

184 SCPL42 19.180 1.999 11.042 32.221 

185 SCPL46 19.180 1.999 11.042 32.221 

186 FDM3 21.082 10.774 0.000 31.856 

187 YSL3 22.311 9.297 0.000 31.608 

188 At3g12130 5.974 10.774 14.364 31.111 

189 HMGB2 7.589 14.184 8.894 30.668 

190 SWEET1 8.522 21.830 0.000 30.353 

191 PMD1 1.616 24.619 3.467 29.702 

192 GGP3 19.218 6.603 3.729 29.550 

193 At3g24760 23.004 0.000 5.604 28.608 

194 SCPL21 12.054 9.444 5.604 27.102 

195 NUDT24 0.000 16.196 9.003 25.199 

196 CML38 8.490 7.509 7.216 23.216 

197 At2g48020 0.000 22.847 0.000 22.847 

198 At1g32410 3.036 17.741 0.000 20.777 

199 CHAT 16.610 0.000 3.662 20.272 

200 WIT1 0.000 18.387 0.000 18.387 

201 GDPD2 14.168 1.646 1.786 17.600 

202 At4g12770 0.000 15.594 0.000 15.594 

203 IQD31 0.000 15.579 0.000 15.579 

204 NET1B 0.000 10.774 3.467 14.241 

205 At5g38100 1.703 0.000 10.878 12.582 

206 NRAMP1 1.544 10.943 0.000 12.487 

207 FLA18 0.000 11.090 0.000 11.090 

208 At5g41800 0.000 10.943 0.000 10.943 

209 OPT2 0.000 10.943 0.000 10.943 

210 PIP1B 0.000 10.943 0.000 10.943 

211 RLP34 0.000 10.943 0.000 10.943 

212 At2g29340 4.498 0.000 4.685 9.182 

213 At2g38180 5.021 0.000 1.786 6.807 

214 BAG3 0.000 0.000 3.467 3.467 

215 NET4B 0.000 0.000 3.467 3.467 

 

 

BP, CC and MP stands for Biological Process, Cellular Component and Molecular Function. The numerical 1 

denotes round one STRING analysis.  
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Table 53: Average percentile rank of GO based gene scoring of STRING selected up-regulated genes 

Sl. 

No. 

Up Regulated 

Genes  

BP1 Percentile 

Rank 

CC1 Percentile 

Rank 

MF1 Percentile 

Rank 

Average 

Percentile Rank 

1 psbB 0.984 0.984 0.993 0.987 

2 psbA 0.981 0.984 0.995 0.987 

3 psbC 0.972 0.984 0.995 0.984 

4 psbD 0.972 0.984 0.995 0.984 

5 LHCA6 0.918 0.995 0.927 0.947 

6 CPK30 0.947 0.890 0.975 0.937 

7 WAK1 0.934 0.897 0.968 0.933 

8 CRY1 0.997 0.795 0.990 0.927 

9 psaA 0.847 0.995 0.920 0.921 

10 psaB 0.847 0.995 0.920 0.921 

11 ALATS 0.902 0.911 0.893 0.902 

12 NAD-ME1 0.815 0.884 0.988 0.896 

13 SBE2.1 0.970 0.900 0.815 0.895 

14 ACX1 0.922 0.784 0.972 0.893 

15 NADP-ME3 0.818 0.886 0.925 0.876 

16 SERK2 0.977 0.675 0.965 0.872 

17 PHS2 0.861 0.886 0.868 0.872 

18 ADH1 0.950 0.811 0.836 0.866 

19 LOX6 0.913 0.925 0.759 0.866 

20 SPY 0.956 0.818 0.818 0.864 

21 EDR2 0.961 0.929 0.700 0.863 

22 CSD1 0.993 0.831 0.759 0.861 

23 At1g11330 0.872 0.734 0.977 0.861 

24 At1g11410 0.872 0.734 0.977 0.861 

25 At1g61610 0.872 0.734 0.977 0.861 

26 MFDX1 0.893 0.865 0.822 0.860 

27 CRK6 0.911 0.734 0.929 0.858 

28 Hrd1B 0.854 0.945 0.775 0.858 

29 ATR1 0.802 0.915 0.856 0.858 

30 At3g28580 0.834 0.861 0.877 0.857 

31 RDUF1 0.963 0.831 0.777 0.857 

32 WRKY53 0.988 0.850 0.731 0.856 

33 PUB12 0.900 0.852 0.813 0.855 

34 PNSB3 0.775 0.959 0.822 0.852 

35 NIK2 0.890 0.734 0.929 0.851 

36 HLL 0.927 0.936 0.690 0.851 

37 GLU2 0.788 0.954 0.811 0.851 

38 CYP38 0.868 0.975 0.706 0.850 

39 At5g08650 0.822 0.856 0.870 0.849 

40 CRK10 0.881 0.734 0.929 0.848 

41 PSBO2 0.852 0.993 0.697 0.847 

42 HERK1 0.870 0.734 0.929 0.844 

43 LOX1 0.940 0.829 0.759 0.843 
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44 ABCG40 0.906 0.734 0.877 0.839 

45 RPP8 0.986 0.620 0.897 0.834 

46 WAKL5 0.856 0.675 0.968 0.833 

47 EGY1 0.920 0.961 0.618 0.833 

48 CRF2 0.915 0.795 0.779 0.830 

49 PBS1 0.936 0.620 0.929 0.828 

50 ALDH10A8 0.838 0.913 0.729 0.827 

51 AGL24 0.904 0.795 0.779 0.826 

52 At4g27290 0.872 0.620 0.977 0.823 

53 At5g47190 0.822 0.956 0.690 0.823 

54 MYB96 0.990 0.695 0.779 0.821 

55 ERF15 0.929 0.868 0.665 0.821 

56 ALDH2B4 0.627 0.920 0.915 0.821 

57 ANX1 0.797 0.734 0.929 0.820 

58 GAUT14 0.754 0.904 0.793 0.817 

59 RPS7 0.822 0.936 0.690 0.816 

60 At5g35370 0.729 0.734 0.977 0.813 

61 FBA1 0.884 0.981 0.565 0.810 

62 MYB16 0.954 0.695 0.779 0.809 

63 AOR 0.629 0.977 0.820 0.809 

64 SLD1 0.790 0.875 0.759 0.808 

65 DOX1 0.995 0.595 0.829 0.806 

66 HSP21 0.925 0.900 0.588 0.804 

67 NRPD2b 0.756 0.815 0.838 0.803 

68 HY5 0.979 0.695 0.731 0.802 

69 HPT1 0.836 0.961 0.606 0.801 

70 PAD4 1.000 0.795 0.606 0.800 

71 EDA30 0.840 0.918 0.643 0.800 

72 WRKY18 0.965 0.652 0.779 0.799 

73 PR5K 0.888 0.579 0.929 0.799 

74 At1g53430 0.729 0.734 0.929 0.797 

75 At1g56130 0.729 0.734 0.929 0.797 

76 At5g63930 0.729 0.734 0.929 0.797 

77 CRK42 0.729 0.734 0.929 0.797 

78 CRLK2 0.729 0.734 0.929 0.797 

79 RPP13 0.800 0.690 0.897 0.796 

80 SBH1 0.722 0.904 0.759 0.795 

81 ABCC2 0.590 0.877 0.913 0.793 

82 At1g67280 0.715 0.979 0.681 0.792 

83 GPX6 0.795 0.943 0.622 0.787 

84 GAD4 0.675 0.831 0.854 0.787 

85 At3g26720 0.690 0.863 0.804 0.786 

86 AOC3 0.859 0.931 0.565 0.785 

87 HSFA1D 0.829 0.795 0.731 0.785 

88 WRKY60 0.965 0.652 0.731 0.783 
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89 ABCC11 0.590 0.877 0.877 0.781 

90 TPL 0.938 0.818 0.588 0.781 

91 WRKY50 0.952 0.652 0.731 0.778 

92 AGL30 0.845 0.695 0.779 0.773 

93 WRKY54 0.931 0.652 0.731 0.771 

94 GATL4 0.611 0.904 0.793 0.769 

95 ACC2 0.811 0.602 0.893 0.769 

96 ABF4 0.945 0.695 0.665 0.768 

97 OPR2 0.843 0.568 0.890 0.767 

98 UVR8 0.895 0.818 0.588 0.767 

99 PYD2 0.820 0.784 0.681 0.762 

100 WCRKC2 0.777 0.872 0.622 0.757 

101 ABCG39 0.659 0.734 0.877 0.757 

102 DGK3 0.718 0.620 0.918 0.752 

103 GPT1 0.704 0.961 0.588 0.751 

104 RBP47A 0.784 0.831 0.636 0.750 

105 SLP1 0.693 0.843 0.711 0.749 

106 AARE 0.654 0.868 0.720 0.747 

107 IAA7 0.959 0.695 0.586 0.747 

108 At1g35710 0.729 0.579 0.929 0.746 

109 At1g67720 0.729 0.579 0.929 0.746 

110 At5g38990 0.729 0.579 0.929 0.746 

111 TSB2 0.725 0.947 0.565 0.746 

112 RLT2 0.804 0.695 0.731 0.743 

113 NDB3 0.568 0.895 0.759 0.741 

114 At1g15480 0.615 0.950 0.656 0.740 

115 LUT2 0.620 0.961 0.622 0.734 

116 OASA2 0.793 0.568 0.840 0.734 

117 ATHB-21 0.756 0.695 0.731 0.727 

118 BZIP61 0.756 0.695 0.731 0.727 

119 IND 0.779 0.695 0.704 0.726 

120 BAP1 0.909 0.561 0.700 0.723 

121 NAC035 0.804 0.695 0.665 0.721 

122 CNGC13 0.565 0.734 0.865 0.721 

123 At1g58390 0.638 0.620 0.897 0.718 

124 At1g58400 0.638 0.620 0.897 0.718 

125 At3g14460 0.638 0.620 0.897 0.718 

126 At4g27220 0.638 0.620 0.897 0.718 

127 NMAT1 0.786 0.793 0.565 0.715 

128 BLH4 0.779 0.695 0.665 0.713 

129 SCL21 0.756 0.652 0.731 0.713 

130 WRKY41 0.756 0.652 0.731 0.713 

131 WRKY65 0.756 0.652 0.731 0.713 

132 AL3 0.756 0.695 0.679 0.710 

133 DES1 0.720 0.568 0.840 0.709 
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134 NDA2 0.568 0.934 0.622 0.708 

135 TCP4 0.804 0.652 0.665 0.707 

136 DRP5A 0.604 0.647 0.870 0.707 

137 UGT73B5 0.613 0.643 0.859 0.705 

138 RRP45A 0.656 0.795 0.656 0.702 

139 PGL2 0.684 0.854 0.565 0.701 

140 MORF3 0.622 0.825 0.650 0.699 

141 UGT72B3 0.556 0.681 0.859 0.699 

142 At4g02820 0.615 0.825 0.656 0.699 

143 HMGB2 0.588 0.831 0.665 0.695 

144 At3g12130 0.579 0.695 0.809 0.694 

145 PMD1 0.554 0.940 0.588 0.694 

146 GSTU24 0.706 0.602 0.772 0.693 

147 CHY1 0.727 0.784 0.565 0.692 

148 CYP82C4 0.668 0.579 0.829 0.692 

149 SDN3 0.756 0.652 0.656 0.688 

150 UGT85A2 0.556 0.643 0.859 0.686 

151 SRO1 0.752 0.652 0.643 0.682 

152 DRP4A 0.604 0.568 0.870 0.681 

153 SCPL48 0.631 0.681 0.720 0.677 

154 XTH28 0.679 0.550 0.797 0.675 

155 At1g34750 0.693 0.620 0.711 0.675 

156 YUC11 0.602 0.547 0.845 0.665 

157 PAP12 0.661 0.650 0.681 0.664 

158 CYP71A21 0.581 0.579 0.829 0.663 

159 At1g75280 0.672 0.690 0.622 0.661 

160 XTH5 0.634 0.550 0.797 0.660 

161 XTH7 0.634 0.550 0.797 0.660 

162 GOLS7 0.586 0.568 0.827 0.660 

163 At5g44410 0.568 0.563 0.845 0.659 

164 APT3 0.700 0.602 0.643 0.648 

165 HIPP20 0.686 0.597 0.650 0.644 

166 SCPL21 0.600 0.681 0.638 0.640 

167 SCPL42 0.647 0.550 0.720 0.639 

168 SCPL46 0.647 0.550 0.720 0.639 

169 GSTU2 0.706 0.602 0.606 0.638 

170 GSTU4 0.706 0.602 0.606 0.638 

171 GGP3 0.652 0.602 0.618 0.624 

172 CML38 0.595 0.620 0.650 0.622 

173 RPL15 0.886 0.970 0.000 0.619 

174 PLP5 0.688 0.597 0.565 0.617 

175 NEK5 0.863 0.000 0.929 0.597 

176 GDPD2 0.609 0.545 0.565 0.573 

177 At1g12010 0.865 0.000 0.850 0.572 

178 HAB2 0.943 0.000 0.711 0.551 
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179 GLR2.8 0.831 0.813 0.000 0.548 

180 At5g02240 0.670 0.952 0.000 0.541 

181 DRG1 0.000 0.688 0.888 0.525 

182 NUDT24 0.000 0.856 0.681 0.512 

183 RER1 0.550 0.972 0.000 0.507 

184 SWEET1 0.597 0.922 0.000 0.506 

185 ANNAT7 0.702 0.000 0.806 0.503 

186 At5g66910 0.584 0.000 0.897 0.494 

187 NRP2 0.663 0.795 0.000 0.486 

188 ABCG27 0.000 0.579 0.877 0.485 

189 NUDT10 0.000 0.602 0.852 0.485 

190 At1g32410 0.563 0.877 0.000 0.480 

191 NRPB8B 0.713 0.695 0.000 0.469 

192 At1g07160 0.693 0.000 0.711 0.468 

193 NPY3 0.813 0.563 0.000 0.459 

194 FDM3 0.665 0.695 0.000 0.453 

195 YSL3 0.677 0.675 0.000 0.451 

196 PP2AB1 0.750 0.602 0.000 0.451 

197 At3g24760 0.681 0.000 0.638 0.440 

198 NRAMP1 0.552 0.734 0.000 0.429 

199 NET1B 0.000 0.695 0.588 0.428 

200 At5g38100 0.556 0.000 0.709 0.422 

201 CHAT 0.625 0.000 0.606 0.410 

202 At2g29340 0.568 0.000 0.622 0.397 

203 At2g38180 0.577 0.000 0.565 0.381 

204 At2g48020 0.000 0.927 0.000 0.309 

205 PRB1 0.897 0.000 0.000 0.299 

206 WIT1 0.000 0.893 0.000 0.298 

207 At4g12770 0.000 0.847 0.000 0.282 

208 IQD31 0.000 0.845 0.000 0.282 

209 FLA18 0.000 0.784 0.000 0.261 

210 At5g41800 0.000 0.734 0.000 0.245 

211 OPT2 0.000 0.734 0.000 0.245 

212 PIP1B 0.000 0.734 0.000 0.245 

213 RLP34 0.000 0.734 0.000 0.245 

214 BAG3 0.000 0.000 0.588 0.196 

215 NET4B 0.000 0.000 0.588 0.196 

 
BP, CC and MP stands for Biological Process, Cellular Component and Molecular Function. The numerical 1 

denotes round one STRING analysis. Red mark values of average percentile rank are the genes selected for round 2 

STRING analyses. 
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  Table 54: GO based gene scoring of STRING selected down-regulated genes 

Sl.  

No.  

Down Regulated 

Genes  

BP1 Gene 

Score 

CC1 Gene 

Score 

MF1 Gene 

Score 

Total Gene 

Score 

1 ETR1 70.545 24.565 73.694 168.804 

2 BFRUCT4 41.575 70.650 44.955 157.180 

3 EIN4 47.275 24.565 76.319 148.159 

4 PHO1 75.738 38.556 30.188 144.483 

5 KEG 67.841 22.405 48.997 139.243 

6 CTR1 70.268 20.750 42.544 133.561 

7 PPCK2 67.541 8.147 45.785 121.473 

8 RAN1 36.100 26.741 51.761 114.602 

9 ACO3 53.373 24.265 35.357 112.995 

10 BSK5 59.566 8.239 42.544 110.349 

11 D6PK 44.725 20.759 42.544 108.028 

12 HMA5 23.086 30.221 51.761 105.069 

13 APS3 50.367 15.749 35.348 101.465 

14 EFR 42.457 15.549 42.544 100.551 

15 SULTR3;2 35.343 31.602 29.502 96.447 

16 WAKL2 36.280 12.867 47.189 96.336 

17 FBA2 68.164 18.895 8.917 95.976 

18 MPK15 39.181 11.099 42.544 92.824 

19 AT1G34300 30.208 13.882 48.604 92.693 

20 CLC-B 38.116 22.906 29.502 90.524 

21 ASP2 29.636 22.843 37.405 89.884 

22 GORK 44.174 30.221 14.704 89.099 

23 BAM3 31.309 13.882 42.544 87.734 

24 STY17 39.181 5.639 42.544 87.364 

25 GAD4 28.229 12.534 46.575 87.338 

26 CLPC1 32.885 26.084 28.315 87.284 

27 AT4G27290 30.208 8.239 48.604 87.051 

28 RMA1 49.013 21.613 15.910 86.536 

29 CIPK2 39.181 4.325 42.544 86.050 

30 SULTR3;4 35.343 20.576 29.502 85.422 

31 CNGC4 25.176 23.528 36.454 85.158 

32 AT1G11050 28.536 13.882 42.544 84.962 

33 AT1G53430 28.536 13.882 42.544 84.962 

34 AT1G56130 28.536 13.882 42.544 84.962 

35 VIP1 67.558 6.833 10.113 84.504 

36 AT1G71810 28.536 15.749 39.919 84.204 

37 BT5 56.472 11.099 16.243 83.814 

38 WNK5 37.916 2.889 42.544 83.349 

39 AAP3 27.367 23.739 31.999 83.106 

40 AT1G54220 39.851 36.497 5.949 82.297 

41 WNK3 36.280 2.889 42.544 81.713 

42 NFXL1 51.907 9.645 19.833 81.385 
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MF1 Gene 
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Total Gene 

Score 

43 WIN1 33.591 10.048 37.405 81.044 

44 GRH1 49.968 9.645 20.496 80.109 

45 ABCC8 14.249 22.906 42.447 79.602 

46 OMR1 31.551 13.977 34.048 79.576 

47 AT1G06020 34.898 8.591 35.348 78.836 

48 AT1G35710 28.536 7.288 42.544 78.368 

49 AT4G31250 28.536 7.288 42.544 78.368 

50 IKU2 28.536 7.288 42.544 78.368 

51 AT3G28580 30.295 21.490 26.319 78.103 

52 BOR5 28.395 23.528 25.937 77.860 

53 CYP98A3 17.573 25.132 34.074 76.779 

54 UXS4 14.025 29.213 33.004 76.242 

55 FAB1B 19.517 18.931 37.174 75.621 

56 AFC1 32.700 0.000 42.544 75.244 

57 GPT1 27.147 22.762 24.997 74.906 

58 NHX2 26.396 26.548 20.372 73.316 

59 ARA1 18.493 15.879 38.167 72.539 

60 BGLU15 41.536 21.476 8.441 71.453 

61 NEK3 28.536 0.000 42.544 71.080 

62 HMG2 22.668 26.151 22.157 70.976 

63 NIR1 32.049 18.895 20.008 70.951 

64 ABCG33 14.249 13.882 42.447 70.578 

65 UBC5 29.091 5.639 35.062 69.792 

66 NIP2 30.652 22.843 15.910 69.405 

67 PRS2 22.898 11.026 34.751 68.675 

68 CSLD2 23.704 38.556 6.198 68.457 

69 LACS7 29.402 12.534 26.319 68.254 

70 ABCG15 11.525 13.882 42.447 67.854 

71 GOLS2 48.547 7.156 11.531 67.233 

72 AIM1 31.509 17.764 17.512 66.785 

73 MDAR1 24.817 12.534 28.524 65.875 

74 MYB108 45.871 9.645 10.113 65.629 

75 AT3G07620 23.658 34.914 6.198 64.769 

76 AT5G20260 23.658 34.914 6.198 64.769 

77 KEA1 21.525 22.762 20.372 64.660 

78 ABCB7 8.224 13.882 42.447 64.552 

79 ABCG21 8.224 13.882 42.447 64.552 

80 ATE2 51.426 7.156 5.949 64.531 

81 ERF2 46.666 9.645 8.078 64.389 

82 IMPL1 41.206 15.749 7.167 64.122 

83 RIN3 37.094 10.930 15.910 63.934 

84 CSLG2 18.833 38.556 6.198 63.586 

85 ATHB-7 43.604 9.645 10.113 63.362 

86 NLP7 45.596 9.645 8.078 63.318 
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MF1 Gene 
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87 HPT1 36.477 22.762 3.953 63.192 

88 JMJ18 33.207 9.645 19.942 62.794 

89 ACX3 21.114 12.534 28.524 62.172 

90 UKL4 23.707 2.889 35.170 61.767 

91 LACS4 13.893 21.477 26.319 61.689 

92 GA3OX2 49.333 0.000 12.124 61.457 

93 RVE2 46.682 6.693 8.078 61.453 

94 SQE2 3.645 20.035 37.729 61.409 

95 MYB78 41.615 9.645 10.113 61.373 

96 ARF10 43.225 9.645 8.078 60.948 

97 HAB2 51.525 0.000 9.164 60.689 

98 REF6 41.494 6.693 12.472 60.659 

99 MYB33 40.646 9.645 10.113 60.404 

100 PPC1 34.126 12.525 13.710 60.361 

101 MIOX2 38.564 7.156 14.263 59.982 

102 MIOX4 38.564 7.156 14.263 59.982 

103 AT3G07690 29.026 8.591 22.157 59.774 

104 FAD3 28.301 24.565 6.791 59.657 

105 ATG18D 34.507 19.091 5.640 59.238 

106 ARF3 12.984 27.693 18.438 59.115 

107 CYP84A4 17.573 7.288 34.074 58.935 

108 CYP71B11 10.641 13.882 34.074 58.597 

109 ABCB2 8.224 7.288 42.447 57.959 

110 XDH2 18.503 2.889 36.506 57.899 

111 WRKY8 44.791 3.943 8.544 57.278 

112 NAC102 32.856 13.977 10.113 56.947 

113 AT2G38920 30.652 9.645 15.910 56.207 

114 RHF2A 34.817 5.288 15.910 56.014 

115 AT1G12010 28.293 0.000 27.479 55.773 

116 CYP78A6 13.413 7.288 34.074 54.776 

117 RABH1D 7.487 26.320 20.272 54.079 

118 CHX18 17.394 20.167 16.205 53.766 

119 THA2 38.331 5.639 8.917 52.888 

120 DRIP2 36.674 0.000 15.910 52.584 

121 AT1G21400 30.624 12.534 9.401 52.559 

122 CYP71A22 10.641 7.288 34.074 52.003 

123 CYP71B35 10.641 7.288 34.074 52.003 

124 CYP71B7 10.641 7.288 34.074 52.003 

125 CYP76C1 10.641 7.288 34.074 52.003 

126 HSFB2A 32.046 9.645 10.113 51.804 

127 ADT6 31.551 15.749 4.424 51.724 

128 ALDH2B4 9.142 13.977 28.553 51.672 

129 GAE3 6.905 34.914 9.821 51.640 

130 DOX2 31.576 0.000 20.008 51.584 



390 
 

Sl.  

No.  

Down Regulated 

Genes  

BP1 Gene 

Score 

CC1 Gene 

Score 

MF1 Gene 

Score 

Total Gene 

Score 

131 LOX5 27.772 13.977 9.401 51.150 

132 AGT3 4.340 12.534 33.576 50.450 

133 STP7 17.718 12.598 19.769 50.085 

134 AT1G74770 23.684 16.933 9.170 49.786 

135 RPP13 15.262 9.492 24.485 49.239 

136 CEF 10.722 31.099 7.336 49.157 

137 AT5G44440 8.516 8.238 31.389 48.142 

138 UGE3 38.293 0.000 9.821 48.114 

139 GOLS3 29.377 7.156 11.531 48.064 

140 PUB17 28.625 8.147 10.577 47.350 

141 TOE2 32.577 6.693 8.078 47.349 

142 CYP710A2 9.314 7.288 30.723 47.325 

143 INVH 6.905 13.977 26.413 47.295 

144 COPT6 16.020 19.822 10.537 46.380 

145 RABC2A 7.487 18.526 20.272 46.285 

146 AT3G14460 13.555 8.239 24.485 46.279 

147 BPC1 29.323 9.645 6.675 45.643 

148 RD21B 27.970 12.750 3.831 44.550 

149 ATG18G 27.014 17.263 0.000 44.277 

150 AT2G43590 30.237 0.000 14.027 44.263 

151 AT4G18030 1.561 38.701 3.953 44.214 

152 AGL19 24.435 9.645 10.113 44.193 

153 AT1G30710 3.645 8.238 31.389 43.271 

154 AT1G30760 3.645 8.238 31.389 43.271 

155 AT5G44360 3.645 8.238 31.389 43.271 

156 SCL14 23.072 9.583 10.113 42.768 

157 VSR5 7.487 29.213 5.333 42.033 

158 BG1 10.140 19.050 12.830 42.019 

159 PIP1B 13.371 23.528 5.052 41.951 

160 WAVH1 25.791 0.000 15.910 41.701 

161 CYP72A15 3.645 7.288 30.723 41.656 

162 GLYR2 3.645 15.749 22.157 41.551 

163 ACLA-1 4.497 8.591 28.437 41.526 

164 AT1G63340 3.645 0.000 37.729 41.374 

165 GGH1 19.645 17.820 3.831 41.296 

166 AT4G22390 30.652 0.000 10.577 41.229 

167 AT5G15710 30.652 0.000 10.577 41.229 

168 AKR2B 11.652 27.991 1.569 41.212 

169 AT3G06270 23.700 8.239 9.164 41.103 

170 AT3G23300 1.561 34.914 3.953 40.428 

171 AT5G04060 1.561 34.914 3.953 40.428 

172 UVR8 31.990 6.833 1.569 40.393 

173 UBQ10 32.018 8.147 0.000 40.165 

174 UGE2 24.286 5.639 9.821 39.747 
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175 LUL3 23.684 0.000 15.910 39.593 

176 CWINV2 6.905 8.238 24.416 39.559 

177 UPL2 22.123 6.833 10.577 39.532 

178 AP1 19.564 9.645 10.113 39.322 

179 CAL 19.564 9.645 10.113 39.322 

180 LRL2 19.564 9.645 10.113 39.322 

181 MYB23 19.564 9.645 10.113 39.322 

182 NAC073 19.564 9.645 10.113 39.322 

183 AT2G18620 15.508 13.977 9.286 38.770 

184 AT1G52360 7.487 31.099 0.000 38.586 

185 OPT6 9.921 23.528 5.052 38.501 

186 SPS2 15.877 12.798 9.286 37.961 

187 AFR 37.672 0.000 0.000 37.672 

188 OBP3 19.564 9.645 8.403 37.612 

189 BGAL3 6.905 17.820 12.830 37.555 

190 NAC025 19.564 9.645 8.078 37.287 

191 NAC041 19.564 9.645 8.078 37.287 

192 NAC046 19.564 9.645 8.078 37.287 

193 AT5G11230 7.487 29.693 0.000 37.180 

194 SWEET11 11.262 20.576 5.052 36.890 

195 THY-2 30.515 0.000 6.187 36.702 

196 SCL1 19.564 6.693 10.113 36.371 

197 PAB3 20.606 11.099 4.640 36.345 

198 FRS8 15.329 9.645 10.775 35.749 

199 SWEET3 9.921 20.576 5.052 35.549 

200 NHL2 4.942 30.515 0.000 35.457 

201 PCS2 23.926 0.000 11.282 35.209 

202 URH2 22.474 2.889 9.461 34.825 

203 ERF1-3 22.998 7.156 4.640 34.793 

204 4CL2 8.169 0.000 26.319 34.487 

205 ACS1 2.968 0.000 31.457 34.425 

206 UPL4 22.123 1.454 10.577 34.154 

207 HIPP22 17.941 8.801 7.336 34.079 

208 TPS8 23.448 4.204 6.198 33.850 

209 TPS9 23.448 4.204 6.198 33.850 

210 PLDBETA2 17.819 8.801 7.167 33.787 

211 AT1G67340 23.684 9.645 0.000 33.328 

212 CBL3 6.870 20.905 5.333 33.108 

213 AT1G60070 7.487 25.079 0.000 32.567 

214 HIRA 19.564 9.645 3.282 32.491 

215 LPAT5 20.584 7.288 3.953 31.825 

216 ACR11 12.575 18.973 0.000 31.547 

217 UBQ14 21.538 9.583 0.000 31.120 

218 BGLU40 6.905 15.477 8.441 30.823 
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Sl.  

No.  

Down Regulated 

Genes  

BP1 Gene 

Score 

CC1 Gene 

Score 

MF1 Gene 

Score 

Total Gene 

Score 

219 AMY2 6.905 10.091 13.774 30.770 

220 WRKY12 16.662 3.943 10.113 30.719 

221 WRKY42 16.662 3.943 10.113 30.719 

222 SCPL47 20.197 8.332 1.997 30.526 

223 SCPL48 20.197 8.332 1.997 30.526 

224 AT2G45750 1.561 24.565 3.953 30.078 

225 XTH29 11.836 5.286 12.805 29.927 

226 UBQ4 21.538 8.147 0.000 29.685 

227 PAP3 8.476 14.034 7.167 29.677 

228 AT1G55270 23.684 5.701 0.000 29.385 

229 BZIP44 16.662 3.943 8.544 29.150 

230 WRKY61 16.662 3.943 8.544 29.150 

231 DHNAT2 14.407 12.534 1.834 28.775 

232 PPA1 11.814 9.583 7.167 28.564 

233 TDP1 14.479 6.693 6.474 27.646 

234 ACA5 0.000 15.749 11.761 27.510 

235 RLP52 15.758 10.930 0.000 26.688 

236 U2AF35B 11.589 6.693 8.403 26.685 

237 ENDO4 16.442 0.000 10.237 26.679 

238 SLK1 19.564 6.693 0.000 26.257 

239 OHP2 3.302 22.843 0.000 26.145 

240 TBL18 1.341 20.526 3.953 25.819 

241 SUS5 14.007 5.286 6.198 25.491 

242 COL9 4.164 9.645 10.775 24.584 

243 CCT1 18.448 0.000 6.108 24.555 

244 PGIP1 1.373 23.121 0.000 24.494 

245 BCA6 0.000 12.534 11.761 24.295 

246 YSL5 8.224 10.930 5.052 24.206 

247 CHUP1 5.227 18.706 0.000 23.933 

248 DAD1 7.964 13.977 1.834 23.775 

249 SCPL39 20.197 1.500 1.997 23.694 

250 MLO12 4.942 13.882 4.811 23.634 

251 BXL2 6.905 8.238 8.441 23.584 

252 AT1G77060 1.561 15.749 6.108 23.418 

253 LSD1 11.947 11.099 0.000 23.046 

254 AT4G39670 8.828 11.099 2.443 22.370 

255 AZG2 9.921 7.288 5.052 22.261 

256 PRR2 17.573 0.000 4.068 21.641 

257 PRB1 19.841 1.500 0.000 21.341 

258 NAKR3 8.161 7.156 5.333 20.650 

259 ANNAT7 12.991 0.000 7.466 20.457 

260 NUDT18 0.000 12.534 7.167 19.701 

261 AT3G10130 0.000 18.973 0.000 18.973 

262 FXG1 1.561 8.238 8.441 18.240 
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Sl.  

No.  

Down Regulated 

Genes  

BP1 Gene 

Score 

CC1 Gene 

Score 

MF1 Gene 

Score 

Total Gene 

Score 

263 AT5G51140 11.374 0.000 6.474 17.848 

264 UGT73B3 4.942 6.693 6.198 17.833 

265 PAP22 8.476 1.500 7.167 17.143 

266 PAP28 8.476 1.500 7.167 17.143 

267 PAP8 8.476 1.500 7.167 17.143 

268 YLMG1-1 0.000 17.142 0.000 17.142 

269 PMI2 8.529 8.591 0.000 17.120 

270 WPP1 0.000 17.044 0.000 17.044 

271 ACR3 0.000 8.591 7.770 16.361 

272 RNS3 9.848 0.000 6.474 16.321 

273 STR16 0.000 11.026 3.953 14.978 

274 AKRP 0.000 13.977 0.000 13.977 

275 AT3G62590 4.497 7.288 1.834 13.619 

276 RFS1 6.905 0.000 6.198 13.102 

277 AT3G61400 3.645 0.000 9.401 13.046 

278 AT1G78820 0.000 8.238 4.389 12.626 

279 LBD1 0.000 12.534 0.000 12.534 

280 UGT74F1 0.000 5.319 6.198 11.517 

281 UGT85A1 0.000 5.319 6.198 11.517 

282 UGT85A3 0.000 5.319 6.198 11.517 

283 AT3G26430 7.964 1.500 1.834 11.297 

284 GLIP3 7.964 1.500 1.834 11.297 

285 RLP6 0.000 10.930 0.000 10.930 

286 TET9 0.000 10.930 0.000 10.930 

287 AT5G38100 1.561 0.000 9.286 10.847 

288 ORP1A 7.487 0.000 1.569 9.057 

289 ORP4A 7.487 0.000 1.569 9.057 

290 AT1G64890 0.000 7.288 0.000 7.288 

291 ARPC2B 4.164 2.760 0.000 6.924 

292 AT1G03960 0.000 0.000 5.333 5.333 

293 AT3G20280 0.000 0.000 5.333 5.333 

294 CAMS1 0.000 0.000 1.834 1.834 

295 EXLA2 0.000 1.500 0.000 1.500 

 

 

BP, CC and MP stands for Biological Process, Cellular Component and Molecular Function. The numerical 1 

denotes round one STRING analysis.  
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Table 55: Average percentile rank of GO based gene scoring of STRING selected down-regulated 

genes 

Sl. No.  
Down Regulated 

Genes  

BP1 Percentile 

Rank 

CC1 

Percentile 

Rank 

MF1 

Percentile 

Rank 

Average 

Percentile Rank 

1 ETR1 0.998 0.943 0.998 0.980 

2 BFRUCT4 0.947 1.000 0.982 0.976 

3 EIN4 0.968 0.943 1.000 0.970 

4 KEG 0.992 0.915 0.992 0.966 

5 PHO1 1.000 0.992 0.879 0.957 

6 RAN1 0.910 0.961 0.994 0.955 

7 CTR1 0.996 0.903 0.950 0.950 

8 ACO3 0.984 0.942 0.922 0.949 

9 D6PK 0.957 0.905 0.950 0.937 

10 SULTR3;2 0.907 0.980 0.873 0.920 

11 EFR 0.950 0.847 0.950 0.916 

12 HMA5 0.781 0.971 0.994 0.915 

13 APS3 0.977 0.849 0.919 0.915 

14 GORK 0.956 0.971 0.800 0.909 

15 CLC-B 0.924 0.928 0.873 0.908 

16 CLPC1 0.894 0.954 0.865 0.904 

17 WAKL2 0.912 0.809 0.987 0.903 

18 ASP2 0.854 0.922 0.929 0.902 

19 RMA1 0.971 0.914 0.802 0.896 

20 SULTR3;4 0.907 0.898 0.873 0.893 

21 CNGC4 0.809 0.933 0.924 0.889 

22 MPK15 0.933 0.775 0.950 0.886 

23 AT1G34300 0.856 0.810 0.989 0.885 

24 AAP3 0.817 0.940 0.893 0.883 

25 PPCK2 0.989 0.661 0.984 0.878 

26 BAM3 0.873 0.810 0.950 0.878 

27 AT3G28580 0.861 0.912 0.854 0.876 

28 BSK5 0.987 0.683 0.950 0.873 

29 AT1G71810 0.830 0.849 0.938 0.872 

30 BOR5 0.828 0.933 0.852 0.871 

31 NHX2 0.812 0.959 0.835 0.869 

32 OMR1 0.877 0.830 0.898 0.868 

33 GAD4 0.823 0.786 0.985 0.865 

34 NIR1 0.887 0.879 0.828 0.865 

35 NIP2 0.866 0.924 0.802 0.864 

36 AT1G11050 0.830 0.810 0.950 0.863 

37 AT1G53430 0.830 0.810 0.950 0.863 

38 AT1G56130 0.830 0.810 0.950 0.863 

39 WIN1 0.898 0.760 0.929 0.862 

40 GPT1 0.816 0.917 0.851 0.861 

41 BT5 0.985 0.775 0.817 0.859 
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Sl. No.  
Down Regulated 

Genes  

BP1 Percentile 

Rank 

CC1 

Percentile 

Rank 

MF1 

Percentile 

Rank 

Average 

Percentile Rank 

42 FBA2 0.994 0.879 0.702 0.858 

43 HMG2 0.774 0.956 0.840 0.857 

44 AIM1 0.875 0.870 0.819 0.855 

45 CYP98A3 0.709 0.952 0.900 0.854 

46 ABCC8 0.681 0.928 0.940 0.850 

47 BGLU15 0.945 0.908 0.690 0.848 

48 AT1G54220 0.938 0.991 0.612 0.847 

49 UXS4 0.679 0.966 0.894 0.846 

50 FAB1B 0.726 0.882 0.928 0.845 

51 AT4G27290 0.856 0.683 0.989 0.843 

52 GRH1 0.975 0.712 0.838 0.842 

53 NFXL1 0.982 0.712 0.824 0.839 

54 ARA1 0.721 0.861 0.936 0.839 

55 AT1G06020 0.905 0.693 0.919 0.839 

56 KEA1 0.763 0.917 0.835 0.838 

57 LACS7 0.852 0.786 0.854 0.831 

58 RIN3 0.919 0.763 0.802 0.828 

59 STY17 0.933 0.593 0.950 0.825 

60 PPC1 0.900 0.784 0.791 0.825 

61 CIPK2 0.933 0.581 0.950 0.821 

62 PRS2 0.775 0.772 0.914 0.820 

63 MDAR1 0.807 0.786 0.868 0.820 

64 ARF3 0.667 0.963 0.821 0.817 

65 NAC102 0.893 0.830 0.728 0.817 

66 IMPL1 0.942 0.849 0.651 0.814 

67 LACS4 0.676 0.910 0.854 0.813 

68 JMJ18 0.896 0.712 0.826 0.811 

69 WNK5 0.922 0.560 0.950 0.811 

70 ABCG33 0.681 0.810 0.940 0.810 

71 WNK3 0.912 0.560 0.950 0.807 

72 FAD3 0.826 0.943 0.649 0.806 

73 CHX18 0.707 0.894 0.816 0.806 

74 ACX3 0.761 0.786 0.868 0.805 

75 AT1G35710 0.830 0.633 0.950 0.804 

76 AT4G31250 0.830 0.633 0.950 0.804 

77 IKU2 0.830 0.633 0.950 0.804 

78 CSLD2 0.798 0.992 0.621 0.804 

79 ABCG15 0.654 0.810 0.940 0.801 

80 MYB108 0.963 0.712 0.728 0.801 

81 ATG18D 0.901 0.889 0.611 0.800 

82 HPT1 0.915 0.917 0.567 0.800 

83 ATHB-7 0.954 0.712 0.728 0.798 

84 AT3G07620 0.786 0.982 0.621 0.796 

85 AT5G20260 0.786 0.982 0.621 0.796 
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Sl. No.  
Down Regulated 

Genes  

BP1 Percentile 

Rank 

CC1 

Percentile 

Rank 

MF1 

Percentile 

Rank 

Average 

Percentile Rank 

86 MYB78 0.949 0.712 0.728 0.796 

87 MYB33 0.940 0.712 0.728 0.793 

88 AT2G38920 0.866 0.712 0.802 0.793 

89 AT3G07690 0.845 0.693 0.840 0.793 

90 RABH1D 0.586 0.957 0.831 0.791 

91 SQE2 0.541 0.893 0.933 0.789 

92 AT1G21400 0.865 0.786 0.716 0.789 

93 GOLS2 0.970 0.621 0.775 0.789 

94 LOX5 0.819 0.830 0.716 0.788 

95 AT1G74770 0.789 0.863 0.709 0.787 

96 ABCB7 0.609 0.810 0.940 0.786 

97 ABCG21 0.609 0.810 0.940 0.786 

98 UBC5 0.847 0.593 0.915 0.785 

99 CYP71B11 0.640 0.810 0.900 0.783 

100 ERF2 0.964 0.712 0.672 0.783 

101 COPT6 0.697 0.891 0.760 0.783 

102 MIOX2 0.929 0.621 0.796 0.782 

103 MIOX4 0.929 0.621 0.796 0.782 

104 NLP7 0.961 0.712 0.672 0.782 

105 STP7 0.714 0.803 0.823 0.780 

106 CSLG2 0.725 0.992 0.621 0.779 

107 ARF10 0.952 0.712 0.672 0.779 

108 VIP1 0.991 0.616 0.728 0.778 

109 ALDH2B4 0.628 0.830 0.872 0.777 

110 REF6 0.943 0.602 0.784 0.776 

111 HSFB2A 0.886 0.712 0.728 0.775 

112 BG1 0.639 0.887 0.788 0.771 

113 ADT6 0.877 0.849 0.584 0.770 

114 RABC2A 0.586 0.875 0.831 0.764 

115 RHF2A 0.903 0.586 0.802 0.764 

116 CEF 0.649 0.977 0.665 0.764 

117 UKL4 0.800 0.560 0.917 0.759 

118 GAE3 0.572 0.982 0.723 0.759 

119 PUB17 0.844 0.661 0.761 0.755 

120 INVH 0.572 0.830 0.861 0.754 

121 GOLS3 0.851 0.621 0.775 0.749 

122 AGL19 0.805 0.712 0.728 0.748 

123 CYP84A4 0.709 0.633 0.900 0.747 

124 RVE2 0.966 0.602 0.672 0.747 

125 AGT3 0.558 0.786 0.896 0.747 

126 RPP13 0.688 0.705 0.847 0.747 

127 BGAL3 0.572 0.872 0.788 0.744 

128 AT2G18620 0.691 0.830 0.711 0.744 

129 GLYR2 0.541 0.849 0.840 0.743 
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Sl. No.  
Down Regulated 

Genes  

BP1 Percentile 

Rank 

CC1 

Percentile 

Rank 

MF1 

Percentile 

Rank 

Average 

Percentile Rank 

130 WRKY8 0.959 0.569 0.697 0.742 

131 THA2 0.928 0.593 0.702 0.741 

132 SCL14 0.779 0.707 0.728 0.738 

133 SPS2 0.695 0.807 0.711 0.738 

134 ATE2 0.978 0.621 0.612 0.737 

135 XDH2 0.723 0.560 0.926 0.736 

136 BPC1 0.849 0.712 0.647 0.736 

137 CYP78A6 0.672 0.633 0.900 0.735 

138 AT3G14460 0.674 0.683 0.847 0.735 

139 PIP1B 0.670 0.933 0.591 0.731 

140 RD21B 0.821 0.805 0.563 0.730 

141 GGH1 0.749 0.872 0.563 0.728 

142 AT3G06270 0.796 0.683 0.705 0.728 

143 ABCB2 0.609 0.633 0.940 0.727 

144 AT5G44440 0.623 0.669 0.884 0.725 

145 CYP71A22 0.640 0.633 0.900 0.724 

146 CYP71B35 0.640 0.633 0.900 0.724 

147 CYP71B7 0.640 0.633 0.900 0.724 

148 CYP76C1 0.640 0.633 0.900 0.724 

149 FRS8 0.690 0.712 0.770 0.724 

150 AP1 0.728 0.712 0.728 0.723 

151 CAL 0.728 0.712 0.728 0.723 

152 LRL2 0.728 0.712 0.728 0.723 

153 MYB23 0.728 0.712 0.728 0.723 

154 NAC073 0.728 0.712 0.728 0.723 

155 TOE2 0.889 0.602 0.672 0.721 

156 AKR2B 0.658 0.964 0.537 0.720 

157 OPT6 0.633 0.933 0.591 0.719 

158 VSR5 0.586 0.966 0.602 0.718 

159 UPL2 0.768 0.616 0.761 0.715 

160 CYP710A2 0.630 0.633 0.880 0.714 

161 SWEET11 0.651 0.898 0.591 0.713 

162 OBP3 0.728 0.712 0.686 0.709 

163 AMY2 0.572 0.761 0.793 0.709 

164 SWEET3 0.633 0.898 0.591 0.707 

165 PAB3 0.760 0.775 0.586 0.707 

166 ACLA-1 0.560 0.693 0.866 0.706 

167 UGE2 0.803 0.593 0.723 0.706 

168 NAC025 0.728 0.712 0.672 0.704 

169 NAC041 0.728 0.712 0.672 0.704 

170 NAC046 0.728 0.712 0.672 0.704 

171 PAP3 0.616 0.844 0.651 0.704 

172 BGLU40 0.572 0.845 0.690 0.702 

173 AT1G30710 0.541 0.669 0.884 0.698 
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Sl. No.  
Down Regulated 

Genes  

BP1 Percentile 

Rank 

CC1 

Percentile 

Rank 

MF1 

Percentile 

Rank 

Average 

Percentile Rank 

174 AT1G30760 0.541 0.669 0.884 0.698 

175 AT5G44360 0.541 0.669 0.884 0.698 

176 AT4G18030 0.525 0.998 0.567 0.697 

177 CWINV2 0.572 0.669 0.845 0.695 

178 HIPP22 0.718 0.702 0.665 0.695 

179 CBL3 0.570 0.907 0.602 0.693 

180 AT3G23300 0.525 0.982 0.567 0.691 

181 AT5G04060 0.525 0.982 0.567 0.691 

182 UPL4 0.768 0.542 0.761 0.690 

183 PLDBETA2 0.716 0.702 0.651 0.690 

184 SCL1 0.728 0.602 0.728 0.686 

185 CYP72A15 0.541 0.633 0.880 0.685 

186 URH2 0.772 0.560 0.721 0.684 

187 COL9 0.555 0.712 0.770 0.679 

188 UVR8 0.882 0.616 0.537 0.678 

189 AT2G45750 0.525 0.943 0.567 0.678 

190 XTH29 0.661 0.583 0.786 0.677 

191 PPA1 0.660 0.707 0.651 0.673 

192 DHNAT2 0.684 0.786 0.544 0.671 

193 HIRA 0.728 0.712 0.562 0.667 

194 SCPL47 0.753 0.690 0.555 0.666 

195 SCPL48 0.753 0.690 0.555 0.666 

196 WRKY12 0.700 0.569 0.728 0.666 

197 WRKY42 0.700 0.569 0.728 0.666 

198 AT1G77060 0.525 0.849 0.616 0.663 

199 ERF1-3 0.777 0.621 0.586 0.661 

200 TBL18 0.521 0.896 0.567 0.661 

201 TPS8 0.782 0.577 0.621 0.660 

202 TPS9 0.782 0.577 0.621 0.660 

203 DAD1 0.600 0.830 0.544 0.658 

204 BZIP44 0.700 0.569 0.697 0.655 

205 WRKY61 0.700 0.569 0.697 0.655 

206 YSL5 0.609 0.763 0.591 0.654 

207 MLO12 0.563 0.810 0.590 0.654 

208 AT4G39670 0.626 0.775 0.560 0.654 

209 LPAT5 0.758 0.633 0.567 0.653 

210 U2AF35B 0.656 0.602 0.686 0.648 

211 BXL2 0.572 0.669 0.690 0.644 

212 TDP1 0.686 0.602 0.642 0.643 

213 FXG1 0.525 0.669 0.690 0.628 

214 SUS5 0.677 0.583 0.621 0.627 

215 AZG2 0.633 0.633 0.591 0.619 

216 SCPL39 0.753 0.544 0.555 0.617 

217 AFC1 0.891 0.000 0.950 0.614 
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Sl. No.  
Down Regulated 

Genes  

BP1 Percentile 

Rank 

CC1 

Percentile 

Rank 

MF1 

Percentile 

Rank 

Average 

Percentile Rank 

218 NAKR3 0.605 0.621 0.602 0.609 

219 PAP22 0.616 0.544 0.651 0.604 

220 PAP28 0.616 0.544 0.651 0.604 

221 PAP8 0.616 0.544 0.651 0.604 

222 UGT73B3 0.563 0.602 0.621 0.595 

223 NEK3 0.830 0.000 0.950 0.593 

224 GA3OX2 0.973 0.000 0.782 0.585 

225 AT3G62590 0.560 0.633 0.544 0.579 

226 DRIP2 0.917 0.000 0.802 0.573 

227 DOX2 0.880 0.000 0.828 0.569 

228 AT3G26430 0.600 0.544 0.544 0.563 

229 GLIP3 0.600 0.544 0.544 0.563 

230 AT1G12010 0.824 0.000 0.863 0.562 

231 HAB2 0.980 0.000 0.705 0.562 

232 ATG18G 0.814 0.868 0.000 0.561 

233 AT2G43590 0.859 0.000 0.795 0.551 

234 UGE3 0.926 0.000 0.723 0.550 

235 ACA5 0.000 0.849 0.779 0.543 

236 AT4G22390 0.866 0.000 0.761 0.542 

237 AT5G15710 0.866 0.000 0.761 0.542 

238 WAVH1 0.810 0.000 0.802 0.537 

239 LUL3 0.789 0.000 0.802 0.530 

240 PCS2 0.802 0.000 0.774 0.525 

241 BCA6 0.000 0.786 0.779 0.522 

242 AT1G52360 0.586 0.977 0.000 0.521 

243 AT5G11230 0.586 0.970 0.000 0.519 

244 ACR11 0.665 0.884 0.000 0.516 

245 UBQ10 0.884 0.661 0.000 0.515 

246 NHL2 0.563 0.975 0.000 0.513 

247 AT1G60070 0.586 0.950 0.000 0.512 

248 AT1G67340 0.789 0.712 0.000 0.500 

249 THY-2 0.863 0.000 0.619 0.494 

250 AT1G63340 0.541 0.000 0.933 0.491 

251 UBQ14 0.765 0.707 0.000 0.491 

252 OHP2 0.539 0.924 0.000 0.488 

253 4CL2 0.607 0.000 0.854 0.487 

254 RLP52 0.693 0.763 0.000 0.485 

255 ENDO4 0.698 0.000 0.758 0.485 

256 PGIP1 0.523 0.931 0.000 0.485 

257 CHUP1 0.569 0.877 0.000 0.482 

258 LSD1 0.663 0.775 0.000 0.479 

259 NUDT18 0.000 0.786 0.651 0.479 

260 ACS1 0.537 0.000 0.891 0.476 

261 UBQ4 0.765 0.661 0.000 0.475 
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Sl. No.  
Down Regulated 

Genes  

BP1 Percentile 

Rank 

CC1 

Percentile 

Rank 

MF1 

Percentile 

Rank 

Average 

Percentile Rank 

262 AT1G55270 0.789 0.600 0.000 0.463 

263 ACR3 0.000 0.693 0.670 0.454 

264 STR16 0.000 0.772 0.567 0.446 

265 ANNAT7 0.669 0.000 0.669 0.446 

266 CCT1 0.719 0.000 0.616 0.445 

267 SLK1 0.728 0.602 0.000 0.443 

268 PMI2 0.625 0.693 0.000 0.439 

269 PRB1 0.751 0.544 0.000 0.432 

270 AT5G51140 0.653 0.000 0.642 0.432 

271 PRR2 0.709 0.000 0.581 0.430 

272 RNS3 0.632 0.000 0.642 0.425 

273 AT3G61400 0.541 0.000 0.716 0.419 

274 AT1G78820 0.000 0.669 0.583 0.417 

275 AT5G38100 0.525 0.000 0.711 0.412 

276 UGT74F1 0.000 0.588 0.621 0.403 

277 UGT85A1 0.000 0.588 0.621 0.403 

278 UGT85A3 0.000 0.588 0.621 0.403 

279 RFS1 0.572 0.000 0.621 0.398 

280 ORP1A 0.586 0.000 0.537 0.374 

281 ORP4A 0.586 0.000 0.537 0.374 

282 ARPC2B 0.555 0.558 0.000 0.371 

283 AFR 0.921 0.000 0.000 0.307 

284 AT3G10130 0.000 0.884 0.000 0.295 

285 YLMG1-1 0.000 0.866 0.000 0.289 

286 WPP1 0.000 0.865 0.000 0.288 

287 AKRP 0.000 0.830 0.000 0.277 

288 LBD1 0.000 0.786 0.000 0.262 

289 RLP6 0.000 0.763 0.000 0.254 

290 TET9 0.000 0.763 0.000 0.254 

291 AT1G64890 0.000 0.633 0.000 0.211 

292 AT1G03960 0.000 0.000 0.602 0.201 

293 AT3G20280 0.000 0.000 0.602 0.201 

294 CAMS1 0.000 0.000 0.544 0.181 

295 EXLA2 0.000 0.544 0.000 0.181 

 

 

BP, CC and MP stands for Biological Process, Cellular Component and Molecular Function. The numerical 1 

denotes round one STRING analysis. Red mark values of average percentile rank are the genes selected for 

round 2 STRING analyses. 



Fig. 149: Gene Ontology classification of top differentially expressed up-regulated 

genes with respect to biological process (BP1), cellular component (CC1) and 

molecular function (MF1) obtained from STRING analysis 
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Fig. 150: Enzyme Class classification of differentially expressed up-regulated genes  
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Fig. 151: Gene Ontology classification of top differentially expressed down-regulated 

genes with respect to biological process (BP1), cellular component (CC1) and 

molecular function (MF1) obtained from STRING analysis 

 
403 



Fig. 152: Enzyme Class classification of differentially expressed down-regulated genes  
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Fig. 153: STRING second round 

analysis of selected up-regulated 

unigenes those are found to be 

significantly enriched from round one 

GO analysis. STRING network contains 

71 node connected by 298 edges having 

PPI enrichment of p< 1.0e-16 
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Fig. 154: STRING second round 

analysis of selected down-regulated 

unigenes those are found to be 

significantly enriched from round one 

GO analysis. STRING network 

contains 82 node connected by 216 

edges having PPI enrichment of p< 

1.0e-16 
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Fig. 155: Topological networking of 

STRING (second round) generated 

up-regulated gene interaction data 

using cytoscape platform. Cytoscape 

connected 65 nodes with network 

density and homogeneity of 0.143 and 

0.613 respectively, with characteristic 

path length of 2.480 and average 

number of neighbours of 9.169 
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Fig. 156: Topological networking of STRING 

(second round) generated down-regulated gene 

interaction data using cytoscape platform. 

Cytoscape connected 74 nodes with network 

density and homogeneity of 0.080 and 0.690 

respectively, with characteristic path length of 

2.785 and average number of neighbours of 

5.835  

408 
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 Table 56: Cytoscape mediated topological scoring of up-regulated genes 

SUID 
Up Regulated 

Genes 

Betweenness 

Centrality 

Closeness 

Centrality 
Degree Radiality Stress 

Eigen 

Value 

72 ABCG40 0.012 0.416 4.000 0.765 250.000 0.023 

75 ACX1 0.037 0.467 14.000 0.809 678.000 0.089 

106 ADH1 0.017 0.416 8.000 0.765 406.000 0.049 

117 AGL24 0.006 0.368 2.000 0.713 78.000 0.006 

121 ALATS 0.068 0.478 13.000 0.817 1132.000 0.112 

89 ALDH10A8 0.023 0.444 11.000 0.791 382.000 0.070 

98 ALDH2B4 0.008 0.441 10.000 0.789 240.000 0.069 

161 ANX1 0.000 0.312 1.000 0.632 0.000 0.002 

83 AOR 0.051 0.504 19.000 0.835 1162.000 0.210 

183 AT1G11330 0.000 0.366 3.000 0.710 0.000 0.006 

188 AT1G61610 0.068 0.381 5.000 0.729 1178.000 0.007 

79 AT3G28580 0.019 0.435 6.000 0.783 454.000 0.023 

201 AT4G27290 0.000 0.219 1.000 0.40 0.000 0.000 

141 AT5G08650 0.018 0.478 17.000 0.817 530.000 0.226 

194 AT5G35370 0.031 0.279 2.000 0.570 530.000 0.000 

102 AT5G47190 0.015 0.457 16.000 0.802 386.000 0.228 

149 ATR1 0.038 0.460 13.000 0.804 838.000 0.120 

147 CPK30 0.001 0.354 2.000 0.695 12.000 0.008 

249 CRF2 0.000 0.260 1.000 0.526 0.000 0.000 

252 CRK10 0.004 0.379 5.000 0.726 76.000 0.008 

184 CRK6 0.005 0.383 7.000 0.731 134.000 0.009 

119 CRY1 0.039 0.427 7.000 0.776 600.000 0.053 

81 CSD1 0.022 0.448 10.000 0.794 450.000 0.056 

178 CYP38 0.017 0.464 17.000 0.807 476.000 0.242 

94 DOX1 0.035 0.471 9.000 0.812 586.000 0.041 

143 EDR2 0.000 0.366 2.000 0.710 0.000 0.011 

125 EGY1 0.009 0.444 14.000 0.791 302.000 0.198 

308 ERF15 0.000 0.282 1.000 0.575 0.000 0.001 

73 FBA1 0.044 0.474 17.000 0.815 970.000 0.189 

172 GLU2 0.030 0.457 13.000 0.802 732.000 0.138 

250 HERK1 0.035 0.350 3.000 0.690 524.000 0.003 

122 HLL 0.001 0.410 7.000 0.760 36.000 0.092 

205 HPT1 0.016 0.398 9.000 0.747 326.000 0.094 

295 HSP21 0.002 0.418 4.000 0.768 50.000 0.036 

113 HY5 0.029 0.386 5.000 0.734 492.000 0.014 

163 Lhca6 0.007 0.457 16.000 0.802 276.000 0.239 

85 LOX1 0.067 0.460 10.000 0.804 1262.000 0.051 

87 LOX6 0.011 0.381 5.000 0.729 170.000 0.019 

242 MFDX1 0.000 0.342 3.000 0.679 0.000 0.025 

130 MYB16 0.014 0.454 13.000 0.799 282.000 0.171 

127 MYB96 0.004 0.374 4.000 0.721 80.000 0.039 

91 NAD-ME1 0.027 0.451 12.000 0.796 684.000 0.106 

104 NADP-ME3 0.002 0.430 8.000 0.778 68.000 0.074 
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SUID 
Up Regulated 

Genes 

Betweenness 

Centrality 

Closeness 

Centrality 
Degree Radiality Stress 

Eigen 

Value 

134 NRPD2B 0.035 0.457 16.000 0.802 644.000 0.194 

139 PAD4 0.107 0.512 12.000 0.841 1554.000 0.047 

244 PBS1 0.028 0.457 5.000 0.802 436.000 0.037 

96 PHS2 0.035 0.474 13.000 0.815 746.000 0.081 

175 PnsB3 0.016 0.474 19.000 0.815 570.000 0.263 

232 PSAA 0.007 0.444 15.000 0.791 226.000 0.216 

230 PSAB 0.003 0.427 14.000 0.776 112.000 0.208 

265 PSBA 0.008 0.427 14.000 0.776 206.000 0.202 

272 PSBB 0.009 0.444 13.000 0.791 240.000 0.189 

287 PSBC 0.001 0.408 12.000 0.757 40.000 0.185 

267 PSBD 0.012 0.451 14.000 0.796 308.000 0.196 

180 PSBO2 0.014 0.471 18.000 0.812 498.000 0.253 

137 PUB12 0.134 0.533 22.000 0.854 2412.000 0.213 

254 RDUF1 0.017 0.379 4.000 0.726 246.000 0.018 

167 RPP8 0.069 0.500 12.000 0.833 1328.000 0.152 

217 RPS7 0.003 0.413 12.000 0.763 70.000 0.164 

111 SBE2.1 0.000 0.339 3.000 0.674 20.000 0.017 

100 SLD1 0.001 0.364 3.000 0.708 42.000 0.027 

132 SPY 0.001 0.348 2.000 0.687 26.000 0.012 

77 WAK1 0.147 0.451 14.000 0.796 2180.000 0.024 

343 WAKL5 0.003 0.344 2.000 0.682 38.000 0.003 

191 WRKY53 0.045 0.390 8.000 0.739 612.000 0.010 

 

Table 57: Cytoscape mediated topological scoring of down-regulated genes 

SUID 
Down Regulated 

Gene 

Betweenness 

Centrality 

Closeness 

Centrality 
Degree Radiality Stress 

Eigen 

Value 

72 AAP3 0.000 0.311 2.000 0.630 0.000 0.045 

77 ABCC8 0.036 0.374 5.000 0.721 428.000 0.034 

82 ABCG15 0.000 0.294 2.000 0.600 0.000 0.007 

80 ABCG33 0.016 0.358 4.000 0.701 266.000 0.035 

93 ACO3 0.145 0.521 18.000 0.847 2834.000 0.375 

94 ACX3 0.020 0.395 9.000 0.744 548.000 0.187 

118 AIM1 0.024 0.403 8.000 0.753 566.000 0.161 

106 APS3 0.006 0.384 6.000 0.733 158.000 0.145 

148 ARA1 0.002 0.330 4.000 0.662 52.000 0.049 

155 ARF3 0.007 0.395 5.000 0.744 182.000 0.070 

124 ASP2 0.022 0.403 9.000 0.753 504.000 0.195 

150 AT1G06020 0.028 0.327 4.000 0.658 398.000 0.035 

176 AT1G11050 0.020 0.378 5.000 0.726 258.000 0.038 

127 AT1G34300 0.010 0.378 4.000 0.726 244.000 0.051 

190 AT1G35710 0.002 0.356 3.000 0.699 48.000 0.031 

178 AT1G53430 0.011 0.365 5.000 0.710 192.000 0.035 

102 AT1G54220 0.044 0.453 13.000 0.799 1098.000 0.269 

194 AT1G56130 0.011 0.376 5.000 0.724 204.000 0.051 
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SUID 
Down Regulated 

Gene 

Betweenness 

Centrality 

Closeness 

Centrality 
Degree Radiality Stress 

Eigen 

Value 

219 AT1G71810 0.007 0.360 5.000 0.703 158.000 0.078 

186 AT4G27290 0.000 0.348 2.000 0.687 0.000 0.024 

198 AT4G31250 0.002 0.319 3.000 0.644 54.000 0.015 

229 ATG18D 0.000 0.246 1.000 0.489 0.000 0.002 

200 BAM3 0.007 0.363 4.000 0.708 120.000 0.033 

152 BFRUCT4 0.030 0.361 6.000 0.705 472.000 0.050 

183 BGLU15 0.003 0.312 2.000 0.632 40.000 0.010 

78 BOR5 0.004 0.323 2.000 0.651 44.000 0.015 

239 BT5 0.044 0.351 6.000 0.692 756.000 0.033 

249 CHX18 0.007 0.333 4.000 0.667 108.000 0.041 

255 CIPK2 0.002 0.365 4.000 0.710 74.000 0.040 

261 CLC-B 0.001 0.341 4.000 0.678 22.000 0.091 

86 CLPC1 0.009 0.374 4.000 0.721 190.000 0.077 

227 CNGC4 0.021 0.369 5.000 0.715 358.000 0.047 

122 CTR1 0.026 0.424 7.000 0.774 510.000 0.124 

192 EFR 0.041 0.392 7.000 0.742 730.000 0.064 

120 EIN4 0.084 0.471 11.000 0.813 1492.000 0.197 

89 ETR1 0.095 0.490 14.000 0.826 1970.000 0.217 

230 FAB1B 0.027 0.324 2.000 0.653 304.000 0.022 

295 FAD3 0.001 0.340 5.000 0.676 46.000 0.111 

116 FBA2 0.045 0.420 9.000 0.769 910.000 0.155 

165 GAD4 0.000 0.302 2.000 0.614 0.000 0.043 

304 GORK 0.000 0.304 2.000 0.619 0.000 0.024 

307 GPT1 0.002 0.330 2.000 0.662 42.000 0.028 

244 GRH1 0.000 0.261 1.000 0.527 0.000 0.004 

251 HMA5 0.004 0.360 5.000 0.703 140.000 0.072 

138 HMG2 0.024 0.369 6.000 0.715 348.000 0.065 

111 HPT1 0.063 0.432 12.000 0.781 1048.000 0.189 

323 IKU2 0.000 0.336 1.000 0.671 0.000 0.019 

205 IMPL1 0.027 0.390 8.000 0.740 550.000 0.122 

96 JMJ18 0.014 0.388 5.000 0.737 250.000 0.103 

202 KEA1 0.023 0.378 8.000 0.726 510.000 0.116 

84 KEG 0.288 0.503 21.000 0.836 4314.000 0.173 

132 LACS4 0.001 0.346 5.000 0.685 30.000 0.077 

134 LACS7 0.006 0.356 7.000 0.699 132.000 0.107 

113 MDAR1 0.023 0.406 12.000 0.756 604.000 0.248 

158 MPK15 0.041 0.432 8.000 0.781 694.000 0.098 

242 MYB108 0.019 0.371 4.000 0.717 370.000 0.031 

281 NAC102 0.000 0.304 2.000 0.619 0.000 0.010 

224 NHX2 0.065 0.410 10.000 0.760 964.000 0.108 

344 NIP2 0.000 0.267 1.000 0.543 0.000 0.003 

75 NIR1 0.033 0.417 11.000 0.767 630.000 0.209 

108 OMR1 0.036 0.422 13.000 0.772 872.000 0.269 

91 PHO1 0.022 0.365 6.000 0.710 320.000 0.064 

100 PPC1 0.042 0.427 10.000 0.776 806.000 0.179 
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SUID 
Down Regulated 

Gene 

Betweenness 

Centrality 

Closeness 

Centrality 
Degree Radiality Stress 

Eigen 

Value 

160 PPCK2 0.016 0.367 6.000 0.712 326.000 0.054 

98 PRS2 0.089 0.448 11.000 0.795 1638.000 0.217 

188 RAN1 0.017 0.376 7.000 0.724 416.000 0.084 

314 RIN3 0.034 0.363 3.000 0.708 404.000 0.026 

246 RMA1 0.005 0.353 2.000 0.694 144.000 0.022 

258 STY17 0.037 0.369 6.000 0.715 566.000 0.042 

173 UXS4 0.000 0.247 1.000 0.493 0.000 0.004 

181 WAKL2 0.007 0.360 3.000 0.703 166.000 0.027 

73 WIN1 0.033 0.408 10.000 0.758 646.000 0.200 

359 WNK3 0.000 0.270 1.000 0.550 0.000 0.005 

274 WNK5 0.001 0.312 2.000 0.632 14.000 0.018 

 

 

 



413 
 

             Table 58: Average percentile ranking of Cytoscape mediated topologically selected genes and scoring parameters of up-regulated genes 

SUID 
Up Regulated 

Genes 

Betweenness 

Centrality 

Closeness 

Centrality 
Degree Radiality Stress 

Eigen 

Value 

Average Percentile 

Rank 

137 PUB12 0.984 1.000 1.000 1.000 1.000 0.890 0.979 

83 AOR 0.890 0.968 0.968 0.968 0.906 0.875 0.929 

73 FBA1 0.859 0.875 0.906 0.875 0.875 0.781 0.862 

167 RPP8 0.953 0.953 0.578 0.953 0.953 0.703 0.849 

175 PnsB3 0.546 0.875 0.968 0.875 0.718 1.000 0.830 

141 AT5G08650 0.609 0.921 0.906 0.921 0.687 0.921 0.828 

121 ALATS 0.921 0.921 0.656 0.921 0.89 0.656 0.828 

139 PAD4 0.968 0.984 0.578 0.984 0.968 0.453 0.823 

180 PSBO2 0.484 0.843 0.953 0.843 0.656 0.984 0.794 

178 CYP38 0.562 0.812 0.906 0.812 0.625 0.968 0.781 

75 ACX1 0.812 0.828 0.750 0.828 0.796 0.593 0.768 

134 NRPD2B 0.765 0.703 0.859 0.703 0.781 0.796 0.768 

96 PHS2 0.750 0.875 0.656 0.875 0.843 0.578 0.763 

149 ATR1 0.828 0.781 0.656 0.781 0.859 0.671 0.763 

85 LOX1 0.906 0.781 0.515 0.781 0.937 0.484 0.734 

77 WAK1 1.000 0.640 0.750 0.640 0.984 0.343 0.726 

172 GLU2 0.718 0.703 0.656 0.703 0.828 0.687 0.716 

102 AT5G47190 0.515 0.703 0.859 0.703 0.546 0.937 0.711 

94 DOX1 0.781 0.843 0.484 0.843 0.734 0.437 0.687 

163 Lhca6 0.359 0.703 0.859 0.703 0.453 0.953 0.672 

91 NAD-ME1 0.671 0.640 0.578 0.640 0.812 0.640 0.664 

267 PSBD 0.453 0.640 0.750 0.640 0.500 0.812 0.633 

130 MYB16 0.500 0.687 0.656 0.687 0.468 0.734 0.622 

125 EGY1 0.421 0.562 0.750 0.562 0.484 0.828 0.601 
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SUID 
Up Regulated 

Genes 

Betweenness 

Centrality 

Closeness 

Centrality 
Degree Radiality Stress 

Eigen 

Value 

Average Percentile 

Rank 

232 PSAA 0.343 0.562 0.843 0.562 0.375 0.906 0.599 

81 CSD1 0.640 0.625 0.515 0.625 0.593 0.515 0.586 

89 ALDH10A8 0.656 0.562 0.562 0.562 0.531 0.546 0.570 

119 CRY1 0.843 0.468 0.390 0.468 0.750 0.500 0.570 

244 PBS1 0.687 0.703 0.296 0.703 0.578 0.406 0.562 

272 PSBB 0.406 0.562 0.656 0.562 0.390 0.765 0.557 

265 PSBA 0.390 0.468 0.750 0.468 0.359 0.843 0.546 

230 PSAB 0.250 0.468 0.750 0.468 0.312 0.859 0.518 

79 AT3G28580 0.625 0.531 0.375 0.531 0.609 0.328 0.500 

191 WRKY53 0.875 0.343 0.437 0.343 0.765 0.203 0.494 

98 ALDH2B4 0.375 0.546 0.515 0.546 0.390 0.531 0.484 

106 ADH1 0.578 0.421 0.437 0.421 0.562 0.468 0.481 

205 HPT1 0.531 0.359 0.484 0.359 0.515 0.625 0.479 

188 AT1G61610 0.937 0.281 0.296 0.281 0.921 0.140 0.476 

217 RPS7 0.234 0.406 0.578 0.406 0.250 0.718 0.432 

113 HY5 0.703 0.328 0.296 0.328 0.640 0.250 0.424 

104 NADP-ME3 0.203 0.515 0.437 0.515 0.234 0.562 0.411 

287 PSBC 0.140 0.375 0.578 0.375 0.187 0.750 0.401 

72 ABCG40 0.468 0.421 0.234 0.421 0.437 0.312 0.382 

122 HLL 0.156 0.390 0.390 0.390 0.156 0.609 0.349 

254 RDUF1 0.593 0.250 0.234 0.250 0.421 0.281 0.338 

250 HERK1 0.796 0.140 0.156 0.140 0.671 0.078 0.330 

295 HSP21 0.218 0.453 0.234 0.453 0.218 0.390 0.328 

87 LOX6 0.437 0.281 0.296 0.281 0.343 0.296 0.322 

184 CRK6 0.312 0.312 0.390 0.312 0.328 0.187 0.307 
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SUID 
Up Regulated 

Genes 

Betweenness 

Centrality 

Closeness 

Centrality 
Degree Radiality Stress 

Eigen 

Value 

Average Percentile 

Rank 

127 MYB96 0.281 0.234 0.234 0.234 0.296 0.421 0.283 

194 AT5G35370 0.734 0.031 0.062 0.031 0.687 0.031 0.263 

252 CRK10 0.296 0.250 0.296 0.250 0.265 0.171 0.255 

100 SLD1 0.187 0.171 0.156 0.171 0.203 0.375 0.211 

117 AGL24 0.328 0.218 0.062 0.218 0.281 0.109 0.203 

132 SPY 0.171 0.125 0.062 0.125 0.140 0.234 0.143 

111 SBE2.1 0.109 0.078 0.156 0.078 0.125 0.265 0.135 

343 WAKL5 0.265 0.109 0.062 0.109 0.171 0.093 0.135 

147 CPK30 0.125 0.156 0.062 0.156 0.109 0.156 0.127 

242 MFDX1 0.000 0.093 0.156 0.093 0.000 0.359 0.117 

183 AT1G11330 0.000 0.187 0.156 0.187 0.000 0.125 0.109 

143 EDR2 0.000 0.187 0.062 0.187 0.000 0.218 0.109 

161 ANX1 0.000 0.062 0.000 0.062 0.000 0.062 0.031 

308 ERF15 0.000 0.046 0.000 0.046 0.000 0.046 0.023 

249 CRF2 0.000 0.015 0.000 0.015 0.000 0.015 0.008 
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              Table 59: Average percentile ranking of Cytoscape mediated topologically selected genes and scoring parameters of down-regulated genes 

SUID 
Down Regulated 

Gene 

Betweenness 

Centrality 

Closeness 

Centrality 
Degree Radiality Stress 

Eigen 

Value 

Average Percentile 

Rank 

93 ACO3 0.986 1.000 0.986 1.000 0.986 1.000 0.993 

89 ETR1 0.972 0.972 0.972 0.972 0.972 0.945 0.968 

84 KEG 1.000 0.986 1.000 0.986 1.000 0.821 0.966 

102 AT1G54220 0.890 0.945 0.945 0.945 0.931 0.972 0.938 

98 PRS2 0.958 0.931 0.876 0.931 0.958 0.931 0.931 

120 EIN4 0.945 0.958 0.876 0.958 0.945 0.890 0.929 

111 HPT1 0.917 0.904 0.917 0.904 0.917 0.863 0.904 

108 OMR1 0.794 0.863 0.945 0.863 0.876 0.986 0.888 

100 PPC1 0.863 0.890 0.835 0.890 0.863 0.835 0.863 

116 FBA2 0.904 0.849 0.794 0.849 0.890 0.794 0.847 

224 NHX2 0.931 0.821 0.835 0.821 0.904 0.712 0.837 

75 NIR1 0.767 0.835 0.876 0.835 0.794 0.917 0.837 

73 WIN1 0.753 0.808 0.835 0.808 0.808 0.904 0.819 

158 MPK15 0.849 0.904 0.739 0.904 0.821 0.671 0.815 

113 MDAR1 0.630 0.794 0.917 0.794 0.780 0.958 0.812 

122 CTR1 0.684 0.876 0.684 0.876 0.698 0.767 0.764 

118 AIM1 0.657 0.767 0.739 0.767 0.753 0.808 0.749 

124 ASP2 0.602 0.767 0.794 0.767 0.684 0.876 0.748 

94 ACX3 0.575 0.739 0.794 0.739 0.726 0.849 0.737 

192 EFR 0.835 0.726 0.684 0.726 0.835 0.547 0.726 

205 IMPL1 0.698 0.712 0.739 0.712 0.739 0.753 0.726 

202 KEA1 0.643 0.643 0.739 0.643 0.698 0.739 0.684 

188 RAN1 0.534 0.616 0.684 0.616 0.643 0.643 0.623 

258 STY17 0.821 0.534 0.589 0.534 0.753 0.410 0.607 

96 JMJ18 0.493 0.698 0.438 0.698 0.493 0.684 0.584 

106 APS3 0.356 0.684 0.589 0.684 0.383 0.780 0.579 
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SUID 
Down Regulated 

Gene 

Betweenness 

Centrality 

Closeness 

Centrality 
Degree Radiality Stress 

Eigen 

Value 

Average Percentile 

Rank 

138 HMG2 0.671 0.534 0.589 0.534 0.575 0.561 0.577 

77 ABCC8 0.808 0.589 0.438 0.589 0.657 0.315 0.566 

152 BFRUCT4 0.739 0.438 0.589 0.438 0.671 0.479 0.559 

155 ARF3 0.383 0.739 0.438 0.739 0.424 0.575 0.550 

239 BT5 0.876 0.328 0.589 0.328 0.849 0.287 0.543 

91 PHO1 0.616 0.479 0.589 0.479 0.547 0.534 0.541 

160 PPCK2 0.520 0.520 0.589 0.520 0.561 0.520 0.538 

176 AT1G11050 0.561 0.643 0.438 0.643 0.506 0.369 0.527 

227 CNGC4 0.589 0.534 0.438 0.534 0.589 0.452 0.523 

194 AT1G56130 0.465 0.616 0.438 0.616 0.465 0.506 0.518 

127 AT1G34300 0.452 0.643 0.301 0.643 0.479 0.493 0.502 

86 CLPC1 0.438 0.589 0.301 0.589 0.438 0.602 0.493 

242 MYB108 0.547 0.575 0.301 0.575 0.602 0.260 0.477 

314 RIN3 0.780 0.452 0.246 0.452 0.630 0.219 0.463 

134 LACS7 0.342 0.356 0.684 0.356 0.342 0.698 0.463 

178 AT1G53430 0.479 0.479 0.438 0.479 0.452 0.356 0.447 

219 AT1G71810 0.424 0.397 0.438 0.397 0.383 0.630 0.445 

251 HMA5 0.315 0.397 0.438 0.397 0.356 0.589 0.415 

80 ABCG33 0.506 0.383 0.301 0.383 0.520 0.342 0.406 

150 AT1G06020 0.726 0.205 0.301 0.205 0.616 0.328 0.397 

200 BAM3 0.397 0.452 0.301 0.452 0.328 0.301 0.372 

255 CIPK2 0.232 0.479 0.301 0.479 0.301 0.383 0.363 

295 FAD3 0.205 0.273 0.438 0.273 0.246 0.726 0.360 

181 WAKL2 0.410 0.397 0.246 0.397 0.410 0.232 0.349 

132 LACS4 0.191 0.301 0.438 0.301 0.191 0.616 0.340 

249 CHX18 0.369 0.246 0.301 0.246 0.315 0.397 0.312 

261 CLC-B 0.164 0.287 0.301 0.287 0.178 0.657 0.312 

230 FAB1B 0.712 0.191 0.082 0.191 0.534 0.164 0.312 
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SUID 
Down Regulated 

Gene 

Betweenness 

Centrality 

Closeness 

Centrality 
Degree Radiality Stress 

Eigen 

Value 

Average Percentile 

Rank 

148 ARA1 0.273 0.219 0.301 0.219 0.273 0.465 0.292 

190 AT1G35710 0.219 0.356 0.246 0.356 0.260 0.273 0.285 

246 RMA1 0.328 0.342 0.082 0.342 0.369 0.178 0.274 

307 GPT1 0.260 0.219 0.082 0.219 0.219 0.246 0.208 

198 AT4G31250 0.246 0.164 0.246 0.164 0.287 0.109 0.203 

78 BOR5 0.301 0.178 0.082 0.178 0.232 0.123 0.182 

183 BGLU15 0.287 0.136 0.082 0.136 0.205 0.082 0.155 

186 AT4G27290 0.000 0.315 0.082 0.315 0.000 0.191 0.151 

274 WNK5 0.178 0.136 0.082 0.136 0.164 0.136 0.139 

72 AAP3 0.000 0.123 0.082 0.123 0.000 0.438 0.128 

323 IKU2 0.000 0.260 0.000 0.260 0.000 0.150 0.112 

165 GAD4 0.000 0.082 0.082 0.082 0.000 0.424 0.112 

304 GORK 0.000 0.095 0.082 0.095 0.000 0.205 0.080 

281 NAC102 0.000 0.095 0.082 0.095 0.000 0.095 0.061 

82 ABCG15 0.000 0.068 0.082 0.068 0.000 0.068 0.048 

359 WNK3 0.000 0.054 0.000 0.054 0.000 0.054 0.027 

344 NIP2 0.000 0.041 0.000 0.041 0.000 0.013 0.016 

244 GRH1 0.000 0.027 0.000 0.027 0.000 0.027 0.014 

173 UXS4 0.000 0.013 0.000 0.013 0.000 0.041 0.011 

229 ATG18D 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

 



Fig. 157: Expression profile of topologically selected top up-regulated genes   
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Fig. 158: Functional sub-networking of highly interconnected nodes (up-regulated genes) using MCODE. Networks were 

built considering note density and node score cut-off value of 0.1, 0.2 respectively, with kappa-core value of 2    

420 



Fig. 159: Expression profile of topologically selected top down-regulated genes   

421 



Fig. 160: Functional sub-networking of highly interconnected nodes (down-regulated genes) using MCODE. Networks were 

built considering note density and node score cut-off value of 0.1, 0.2 respectively, with kappa-core value of 2   

422 
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connected with 8 edges, associated with cellular metabolism, while cluster 2 and 3 

contains 3 nodes (HMA5, CTR1, and RAN1; ABCG15, ABCC8, ABCG33) 

connected with 3 edges each, associated with ethylene signalling and ABC transport 

system respectively. 

5.19.7. BiNGO and KEGG based functional categorization of differentially 

expressed transcripts 

BiNGO (version 3.0.4) enrichment analysis was performed for topologically 

selected differentially expressed transcript those have crossed 50% average 

percentile mark for understanding the involvement of various biological processes 

participating in extending shelf life of post-harvest preserved mulberry leaves. GO 

based BiNGO study identified 157 and 182 processes under up-regulated and down-

regulated differentially expressed transcripts, out of which 43 processes were found 

to be similar (Table 60, 61). Processes like cellular ketone metabolic process, 

defence response, defence response to bacterium, fatty acid beta-oxidation, immune 

response, monocarboxylic acid metabolic process, organic acid metabolic process, 

oxoacid metabolic process, primary metabolic process, programmed cell death, 

response to chemical stimulus, response to stress, small molecule metabolic process 

were found to be common among the differentially expressed up-regulated and 

down-regulated genes. Anthocyanin metabolic process, blue light signalling 

pathway, cellular response to blue light, cellular response to oxidative stress, cellular 

response to salicylic acid stimulus, cellular response to superoxide, photosynthesis 

(light reaction), photosystem (I and II assembly), photosystem II stabilization, 

regulation of hydrogen peroxide (metabolic process), regulation of oxygen and 

reactive oxygen species (metabolic process), regulation of photosynthesis, removal 

of superoxide radicals, response to blue light, response to light stimulus, response to 

oxidative stress, response to oxygen levels, response to oxygen radical, response to 

red or far red light, response to superoxide, superoxide metabolic process, thylakoid 

membrane organization were specifically found to be among the up-regulated 

processes (Fig. 161, Table 62). While notable specific down-regulated processes 

were cellular response to ethylene stimulus, cellular response to nutrient levels, 

cellular response to starvation, cellular response to stress, detection of ethylene 

stimulus, fat-soluble vitamin metabolic process, gibberellin metabolic process, 

hormone-mediated signalling pathway, hydrogen peroxide metabolic process, 
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phloem loading, plant-type hypersensitive response, regulation of defense response, 

regulation of anion channel activity, regulation of ethylene mediated signalling 

pathway, regulation of pH, vitamin E biosynthetic process, vitamin E metabolic 

process (Fig. 162, Table 63). 

For determining greatly enriched pathways in the two tissues (NS7 and CO7) of 

mulberry mapping of two rounds screened unigenes was conducted using KEGG. A 

total of 10 up-regulated KEGG pathways were identified containing 53 annotated 

sequences (Fig. 163). The identified KEGG pathways included photosynthesis 

(ath00195), metabolic pathways (ath01100), alpha-Linolenic acid metabolism 

(ath00592), fatty acid degradation (ath00071), linoleic acid metabolism (ath00591), 

carbon fixation in photosynthetic organisms (ath00710), pyruvate metabolism 

(ath00620), glycolysis/gluconeogenesis (ath00010), circadian rhythm-plant 

(ath04712), and biosynthesis of secondary metabolites (ath01110). KEGG identified 

19 down-regulated pathways containing 94 annotated sequences (Fig. 164). The 

pathways includes metabolic pathways (ath01100), biosynthesis of secondary 

metabolites (ath01110), fatty acid degradation (ath00071), carbon metabolism 

(ath01200), MAPK signalling pathway (ath04016), fatty acid metabolism 

(ath01212), biosynthesis of amino acids (ath01230), carbon fixation in 

photosynthetic organisms (ath00710), 2-oxocarboxylic acid metabolism (ath01210), 

peroxisome (ath04146), arginine biosynthesis (ath00220), fatty acid biosynthesis 

(ath00061), amino sugar and nucleotide sugar metabolism (ath00520), alpha-

linolenic acid metabolism (ath00592), alanine, aspartate and glutamate metabolism 

(ath00250), starch and sucrose metabolism (ath00500), pentose phosphate pathway 

(ath00030), TCA cycle (ath00020), and fructose and mannose metabolism 

(ath00051). 

5.20. Validation of differentially expressed genes by quantitative real-time PCR 

Considering topology, expression profile, and KEGG a sub-set of 8 differentially 

expressed (4 up- and 4 down-regulated) genes were selected for quantitative real-

time PCR analysis using SYBR Green Chemistry. Different genes for real-time PCR 

were selected from different functional categories. Selected up-regulated genes were 

PABB, PSII reaction centre protein (CP47); CSD1, superoxide dismutase an 

oxidative stress inhibiting protein; PSBO2, oxygen-evolving enhancer protein in  
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Table 60: GO based BiNGO mediated study of up-regulated differentially expressed transcripts 

Sl. 

No. 
GO ID GO Description p-value 

Corrected 

p-value 

Cluster 

Frequency 
Total Frequency Gene 

1 51707 response to other organism 7.59E-12 1.83E-09 10/20 50.0% 528/22303 2.3% RPP8 CSD1 PAD4 DOX1 PBS1 ACX1 CYP38 WAK1 ATR1 LOX1 

2 9607 response to biotic stimulus 1.14E-11 1.83E-09 10/20 50.0% 550/22303 2.4% RPP8 CSD1 PAD4 DOX1 PBS1 ACX1 CYP38 WAK1 ATR1 LOX1 

3 50896 response to stimulus 8.75E-11 8.96E-09 16/20 80.0% 3206/22303 14.3% 
RPP8 ALATS CSD1 PAD4 DOX1 ACX1 CYP38 ATR1 LHCA6 PSBO2 PHS2 
PBS1 WAK1 CRY1 EGY1 LOX1 

4 51704 multi-organism process 1.11E-10 8.96E-09 10/20 50.0% 694/22303 3.1% RPP8 CSD1 PAD4 DOX1 PBS1 ACX1 CYP38 WAK1 ATR1 LOX1 

5 6952 defense response 3.94E-08 2.37E-06 8/20 40.0% 637/22303 2.8% RPP8 CSD1 PAD4 PBS1 ACX1 CYP38 ATR1 LOX1 

6 42221 response to chemical stimulus 4.55E-08 2.37E-06 11/20 55.0% 1709/22303 7.6% ALATS CSD1 PHS2 PAD4 DOX1 ACX1 WAK1 CRY1 EGY1 ATR1 LOX1 

7 2213 defense response to insect 5.16E-08 2.37E-06 3/20 15.0% 9/22303 0.0% PAD4 ACX1 ATR1 

8 6950 response to stress 1.04E-07 4.20E-06 11/20 55.0% 1852/22303 8.3% RPP8 CSD1 PHS2 PAD4 DOX1 PBS1 ACX1 CYP38 CRY1 ATR1 LOX1 

9 9625 response to insect 4.16E-07 1.49E-05 3/20 15.0% 17/22303 0.0% PAD4 ACX1 ATR1 

10 42742 defense response to bacterium 6.43E-07 2.07E-05 5/20 25.0% 193/22303 0.8% CSD1 PAD4 PBS1 CYP38 LOX1 

11 8152 metabolic process 7.48E-07 2.19E-05 17/20 85.0% 6833/22303 30.6% 
ALATS CSD1 GLU2 PAD4 DOX1 ACX1 CYP38 NRPD2B AT5G47190 ATR1 

LHCA6 PSBO2 PBS1 ALDH10A8 CRY1 EGY1 LOX1 

12 9816 
defense response to bacterium, 

incompatible interaction 
1.78E-06 4.75E-05 3/20 15.0% 27/22303 0.1% PAD4 PBS1 LOX1 

13 9617 response to bacterium 1.92E-06 4.75E-05 5/20 25.0% 241/22303 1.0% CSD1 PAD4 PBS1 CYP38 LOX1 

14 44237 cellular metabolic process 2.48E-06 5.53E-05 15/20 75.0% 5406/22303 24.2% 
ALATS CSD1 GLU2 DOX1 ACX1 CYP38 NRPD2B AT5G47190 ATR1 LHCA6 

PSBO2 PBS1 CRY1 EGY1 LOX1 

15 9987 cellular process 2.58E-06 5.53E-05 17/20 85.0% 7392/22303 33.1% 
RPP8 ALATS CSD1 GLU2 PAD4 DOX1 ACX1 CYP38 NRPD2B AT5G47190 

ATR1 LHCA6 PSBO2 PBS1 CRY1 EGY1 LOX1 

16 19752 
carboxylic acid metabolic 
process 

1.25E-05 2.26E-04 6/20 30.0% 620/22303 2.7% ALATS GLU2 DOX1 ACX1 ATR1 LOX1 

17 43436 oxoacid metabolic process 1.25E-05 2.26E-04 6/20 30.0% 620/22303 2.7% ALATS GLU2 DOX1 ACX1 ATR1 LOX1 

18 6082 organic acid metabolic process 1.26E-05 2.26E-04 6/20 30.0% 621/22303 2.7% ALATS GLU2 DOX1 ACX1 ATR1 LOX1 

19 42180 cellular ketone metabolic process 1.37E-05 2.32E-04 6/20 30.0% 630/22303 2.8% ALATS GLU2 DOX1 ACX1 ATR1 LOX1 

20 10207 photosystem II assembly 3.42E-05 5.51E-04 2/20 10.0% 10/22303 0.0% EGY1 PSBO2 

21 9416 response to light stimulus 4.16E-05 6.38E-04 5/20 25.0% 455/22303 2.0% RPP8 CRY1 EGY1 LHCA6 PSBO2 
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Sl. 

No. 
GO ID GO Description p-value 

Corrected 

p-value 

Cluster 

Frequency 
Total Frequency Gene 

22 9628 response to abiotic stimulus 4.50E-05 6.59E-04 7/20 35.0% 1168/22303 5.2% RPP8 CSD1 PHS2 CRY1 EGY1 LHCA6 PSBO2 

23 9314 response to radiation 4.90E-05 6.87E-04 5/20 25.0% 471/22303 2.1% RPP8 CRY1 EGY1 LHCA6 PSBO2 

24 44281 
small molecule metabolic 

process 
6.84E-05 9.17E-04 7/20 35.0% 1247/22303 5.5% ALATS GLU2 DOX1 ACX1 CRY1 ATR1 LOX1 

25 45087 innate immune response 7.22E-05 9.29E-04 4/20 20.0% 257/22303 1.1% RPP8 PAD4 PBS1 LOX1 

26 6955 immune response 8.99E-05 1.11E-03 4/20 20.0% 272/22303 1.2% RPP8 PAD4 PBS1 LOX1 

27 2376 immune system process 1.05E-04 1.25E-03 4/20 20.0% 283/22303 1.2% RPP8 PAD4 PBS1 LOX1 

28 9814 
defense response, incompatible 
interaction 

1.09E-04 1.25E-03 3/20 15.0% 105/22303 0.4% PAD4 PBS1 LOX1 

29 15979 photosynthesis 1.36E-04 1.45E-03 3/20 15.0% 113/22303 0.5% EGY1 LHCA6 PSBO2 

30 16053 organic acid biosynthetic process 1.43E-04 1.45E-03 4/20 20.0% 307/22303 1.3% GLU2 ACX1 ATR1 LOX1 

31 46394 
carboxylic acid biosynthetic 

process 
1.43E-04 1.45E-03 4/20 20.0% 307/22303 1.3% GLU2 ACX1 ATR1 LOX1 

32 9695 
jasmonic acid biosynthetic 

process 
1.44E-04 1.45E-03 2/20 10.0% 20/22303 0.0% ACX1 LOX1 

33 46777 
protein amino acid 
autophosphorylation 

1.75E-04 1.70E-03 2/20 10.0% 22/22303 0.0% PBS1 CRY1 

34 9694 jasmonic acid metabolic process 1.91E-04 1.81E-03 2/20 10.0% 23/22303 0.1% ACX1 LOX1 

35 31408 oxylipin biosynthetic process 2.08E-04 1.92E-03 2/20 10.0% 24/22303 0.1% ACX1 LOX1 

36 10033 response to organic substance 2.20E-04 1.97E-03 6/20 30.0% 1037/22303 4.6% PAD4 DOX1 WAK1 EGY1 ATR1 LOX1 

37 9751 
response to salicylic acid 
stimulus 

2.29E-04 2.00E-03 3/20 15.0% 135/22303 0.6% PAD4 DOX1 WAK1 

38 10038 response to metal ion 2.37E-04 2.01E-03 4/20 20.0% 350/22303 1.5% ALATS CSD1 PHS2 ACX1 

39 34440 lipid oxidation 2.65E-04 2.13E-03 2/20 10.0% 27/22303 0.1% DOX1 ACX1 

40 19395 fatty acid oxidation 2.65E-04 2.13E-03 2/20 10.0% 27/22303 0.1% DOX1 ACX1 

41 31407 oxylipin metabolic process 3.06E-04 2.40E-03 2/20 10.0% 29/22303 0.1% ACX1 LOX1 

42 9062 fatty acid catabolic process 3.27E-04 2.51E-03 2/20 10.0% 30/22303 0.1% DOX1 ACX1 

43 30258 lipid modification 3.50E-04 2.62E-03 2/20 10.0% 31/22303 0.1% DOX1 ACX1 

44 51716 cellular response to stimulus 3.79E-04 2.77E-03 5/20 25.0% 729/22303 3.2% RPP8 CSD1 PAD4 CRY1 ATR1 

45 6631 fatty acid metabolic process 4.59E-04 3.28E-03 3/20 15.0% 171/22303 0.7% DOX1 ACX1 LOX1 
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Sl. 

No. 
GO ID GO Description p-value 

Corrected 

p-value 

Cluster 

Frequency 
Total Frequency Gene 

46 10035 response to inorganic substance 5.35E-04 3.75E-03 4/20 20.0% 434/22303 1.9% ALATS CSD1 PHS2 ACX1 

47 9615 response to virus 6.75E-04 4.62E-03 2/20 10.0% 43/22303 0.1% RPP8 WAK1 

48 6519 
cellular amino acid and 

derivative metabolic process 
7.93E-04 5.29E-03 4/20 20.0% 482/22303 2.1% ALATS GLU2 CRY1 ATR1 

49 8219 cell death 8.22E-04 5.29E-03 3/20 15.0% 209/22303 0.9% RPP8 DOX1 CRY1 

50 16265 death 8.22E-04 5.29E-03 3/20 15.0% 209/22303 0.9% RPP8 DOX1 CRY1 

51 1561 fatty acid alpha-oxidation 8.97E-04 5.44E-03 1/20 5.0% 1/22303 0.0% DOX1 

52 10343 
singlet oxygen-mediated 
programmed cell death 

8.97E-04 5.44E-03 1/20 5.0% 1/22303 0.0% CRY1 

53 30397 membrane disassembly 8.97E-04 5.44E-03 1/20 5.0% 1/22303 0.0% LOX1 

54 9637 response to blue light 9.12E-04 5.44E-03 2/20 10.0% 50/22303 0.2% CRY1 LHCA6 

55 44242 cellular lipid catabolic process 1.06E-03 6.22E-03 2/20 10.0% 54/22303 0.2% DOX1 ACX1 

56 44238 primary metabolic process 1.19E-03 6.82E-03 12/20 60.0% 5718/22303 25.6% 
ALATS GLU2 PAD4 DOX1 PBS1 ACX1 CYP38 CRY1 NRPD2B AT5G47190 

ATR1 LOX1 

57 16042 lipid catabolic process 1.31E-03 7.39E-03 2/20 10.0% 60/22303 0.2% DOX1 ACX1 

58 6979 response to oxidative stress 1.33E-03 7.39E-03 3/20 15.0% 247/22303 1.1% CSD1 DOX1 ATR1 

59 19684 photosynthesis, light reaction 1.44E-03 7.88E-03 2/20 10.0% 63/22303 0.2% EGY1 PSBO2 

60 6629 lipid metabolic process 1.55E-03 8.34E-03 4/20 20.0% 578/22303 2.5% PAD4 DOX1 ACX1 LOX1 

61 16054 organic acid catabolic process 1.78E-03 9.02E-03 2/20 10.0% 70/22303 0.3% DOX1 ACX1 

62 46395 carboxylic acid catabolic process 1.78E-03 9.02E-03 2/20 10.0% 70/22303 0.3% DOX1 ACX1 

63 6419 alanyl-tRNA aminoacylation 1.79E-03 9.02E-03 1/20 5.0% 2/22303 0.0% ALATS 

64 35304 
regulation of protein amino acid 

dephosphorylation 
1.79E-03 9.02E-03 1/20 5.0% 2/22303 0.0% PSBO2 

65 46686 response to cadmium ion 1.89E-03 9.34E-03 3/20 15.0% 279/22303 1.2% ALATS PHS2 ACX1 

66 44283 
small molecule biosynthetic 
process 

2.03E-03 9.92E-03 4/20 20.0% 622/22303 2.7% GLU2 ACX1 ATR1 LOX1 

67 32787 
monocarboxylic acid metabolic 
process 

2.11E-03 1.00E-02 3/20 15.0% 290/22303 1.3% DOX1 ACX1 LOX1 

68 61024 membrane organization 2.15E-03 1.00E-02 2/20 10.0% 77/22303 0.3% EGY1 LOX1 

69 16044 cellular membrane organization 2.15E-03 1.00E-02 2/20 10.0% 77/22303 0.3% EGY1 LOX1 
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Sl. 

No. 
GO ID GO Description p-value 

Corrected 

p-value 

Cluster 

Frequency 
Total Frequency Gene 

70 6520 
cellular amino acid metabolic 

process 
2.32E-03 1.07E-02 3/20 15.0% 300/22303 1.3% ALATS GLU2 ATR1 

71 43623 
cellular protein complex 
assembly 

2.43E-03 1.10E-02 2/20 10.0% 82/22303 0.3% EGY1 PSBO2 

72 10617 
circadian regulation of calcium 

ion oscillation 
2.69E-03 1.15E-02 1/20 5.0% 3/22303 0.0% CRY1 

73 10618 aerenchyma formation 2.69E-03 1.15E-02 1/20 5.0% 3/22303 0.0% PAD4 

74 48564 photosystem I assembly 2.69E-03 1.15E-02 1/20 5.0% 3/22303 0.0% EGY1 

75 35303 regulation of dephosphorylation 2.69E-03 1.15E-02 1/20 5.0% 3/22303 0.0% PSBO2 

76 44106 cellular amine metabolic process 2.96E-03 1.25E-02 3/20 15.0% 327/22303 1.4% ALATS GLU2 ATR1 

77 9759 
indole glucosinolate biosynthetic 

process 
3.58E-03 1.44E-02 1/20 5.0% 4/22303 0.0% ATR1 

78 42549 photosystem II stabilization 3.58E-03 1.44E-02 1/20 5.0% 4/22303 0.0% PSBO2 

79 51480 
cytosolic calcium ion 
homeostasis 

3.58E-03 1.44E-02 1/20 5.0% 4/22303 0.0% CRY1 

80 6537 glutamate biosynthetic process 3.58E-03 1.44E-02 1/20 5.0% 4/22303 0.0% GLU2 

81 6633 fatty acid biosynthetic process 3.95E-03 1.56E-02 2/20 10.0% 105/22303 0.4% ACX1 LOX1 

82 33554 cellular response to stress 4.00E-03 1.56E-02 3/20 15.0% 364/22303 1.6% RPP8 CSD1 ATR1 

83 44249 cellular biosynthetic process 4.01E-03 1.56E-02 7/20 35.0% 2444/22303 10.9% ALATS GLU2 ACX1 NRPD2B AT5G47190 ATR1 LOX1 

84 9308 amine metabolic process 4.06E-03 1.56E-02 3/20 15.0% 366/22303 1.6% ALATS GLU2 ATR1 

85 1676 
long-chain fatty acid metabolic 
process 

4.48E-03 1.70E-02 1/20 5.0% 5/22303 0.0% ACX1 

86 44255 cellular lipid metabolic process 5.35E-03 2.00E-02 3/20 15.0% 404/22303 1.8% DOX1 ACX1 LOX1 

87 9058 biosynthetic process 5.80E-03 2.02E-02 7/20 35.0% 2610/22303 11.7% ALATS GLU2 ACX1 NRPD2B AT5G47190 ATR1 LOX1 

88 9611 response to wounding 6.25E-03 2.02E-02 2/20 10.0% 133/22303 0.5% ACX1 LOX1 

89 9698 
phenylpropanoid metabolic 

process 
6.25E-03 2.02E-02 2/20 10.0% 133/22303 0.5% CRY1 ATR1 

90 9785 blue light signaling pathway 6.26E-03 2.02E-02 1/20 5.0% 7/22303 0.0% CRY1 

91 10310 
regulation of hydrogen peroxide 

metabolic process 
6.26E-03 2.02E-02 1/20 5.0% 7/22303 0.0% PAD4 

92 10438 
cellular response to sulfur 
starvation 

6.26E-03 2.02E-02 1/20 5.0% 7/22303 0.0% ATR1 



429 
 

Sl. 

No. 
GO ID GO Description p-value 

Corrected 

p-value 

Cluster 

Frequency 
Total Frequency Gene 

93 9959 negative gravitropism 6.26E-03 2.02E-02 1/20 5.0% 7/22303 0.0% EGY1 

94 71451 cellular response to superoxide 6.26E-03 2.02E-02 1/20 5.0% 7/22303 0.0% CSD1 

95 71450 
cellular response to oxygen 

radical 
6.26E-03 2.02E-02 1/20 5.0% 7/22303 0.0% CSD1 

96 71483 cellular response to blue light 6.26E-03 2.02E-02 1/20 5.0% 7/22303 0.0% CRY1 

97 30522 
intracellular receptor mediated 
signaling pathway 

6.26E-03 2.02E-02 1/20 5.0% 7/22303 0.0% CRY1 

98 42343 
indole glucosinolate metabolic 

process 
6.26E-03 2.02E-02 1/20 5.0% 7/22303 0.0% ATR1 

99 19430 removal of superoxide radicals 6.26E-03 2.02E-02 1/20 5.0% 7/22303 0.0% CSD1 

100 70271 protein complex biogenesis 6.34E-03 2.02E-02 2/20 10.0% 134/22303 0.6% EGY1 PSBO2 

101 6461 protein complex assembly 6.34E-03 2.02E-02 2/20 10.0% 134/22303 0.6% EGY1 PSBO2 

102 8652 
cellular amino acid biosynthetic 

process 
7.09E-03 2.24E-02 2/20 10.0% 142/22303 0.6% GLU2 ATR1 

103 31399 
regulation of protein 
modification process 

7.15E-03 2.24E-02 1/20 5.0% 8/22303 0.0% PSBO2 

104 9753 
response to jasmonic acid 
stimulus 

7.68E-03 2.35E-02 2/20 10.0% 148/22303 0.6% ATR1 LOX1 

105 34622 
cellular macromolecular 

complex assembly 
7.78E-03 2.35E-02 2/20 10.0% 149/22303 0.6% EGY1 PSBO2 

106 6801 superoxide metabolic process 8.04E-03 2.35E-02 1/20 5.0% 9/22303 0.0% CSD1 

107 43155 
negative regulation of 

photosynthesis, light reaction 
8.04E-03 2.35E-02 1/20 5.0% 9/22303 0.0% PSBO2 

108 303 response to superoxide 8.04E-03 2.35E-02 1/20 5.0% 9/22303 0.0% CSD1 

109 305 response to oxygen radical 8.04E-03 2.35E-02 1/20 5.0% 9/22303 0.0% CSD1 

110 10205 photoinhibition 8.04E-03 2.35E-02 1/20 5.0% 9/22303 0.0% PSBO2 

111 9309 amine biosynthetic process 8.82E-03 2.54E-02 2/20 10.0% 159/22303 0.7% GLU2 ATR1 

112 9639 response to red or far red light 8.82E-03 2.54E-02 2/20 10.0% 159/22303 0.7% CRY1 LHCA6 

113 44282 small molecule catabolic process 9.25E-03 2.61E-02 2/20 10.0% 163/22303 0.7% DOX1 ACX1 

114 34621 
cellular macromolecular 
complex subunit organization 

9.25E-03 2.61E-02 2/20 10.0% 163/22303 0.7% EGY1 PSBO2 

115 10039 response to iron ion 9.82E-03 2.75E-02 1/20 5.0% 11/22303 0.0% CSD1 
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Sl. 

No. 
GO ID GO Description p-value 

Corrected 

p-value 

Cluster 

Frequency 
Total Frequency Gene 

116 9862 

systemic acquired resistance, 

salicylic acid mediated signaling 

pathway 

1.07E-02 2.95E-02 1/20 5.0% 12/22303 0.0% PAD4 

117 12501 programmed cell death 1.07E-02 2.95E-02 2/20 10.0% 176/22303 0.7% RPP8 CRY1 

118 9414 response to water deprivation 1.22E-02 3.32E-02 2/20 10.0% 188/22303 0.8% PHS2 CRY1 

119 42548 
regulation of photosynthesis, 

light reaction 
1.25E-02 3.35E-02 1/20 5.0% 14/22303 0.0% PSBO2 

120 6536 glutamate metabolic process 1.25E-02 3.35E-02 1/20 5.0% 14/22303 0.0% GLU2 

121 9415 response to water 1.32E-02 3.47E-02 2/20 10.0% 196/22303 0.8% PHS2 CRY1 

122 46283 anthocyanin metabolic process 1.34E-02 3.47E-02 1/20 5.0% 15/22303 0.0% CRY1 

123 34614 
cellular response to reactive 
oxygen species 

1.34E-02 3.47E-02 1/20 5.0% 15/22303 0.0% CSD1 

124 43467 
regulation of generation of 

precursor metabolites and energy 
1.34E-02 3.47E-02 1/20 5.0% 15/22303 0.0% PSBO2 

125 6091 
generation of precursor 

metabolites and energy 
1.35E-02 3.49E-02 2/20 10.0% 199/22303 0.8% EGY1 PSBO2 

126 65003 
macromolecular complex 
assembly 

1.38E-02 3.53E-02 2/20 10.0% 201/22303 0.9% EGY1 PSBO2 

127 80010 
regulation of oxygen and 
reactive oxygen species 

metabolic process 

1.43E-02 3.61E-02 1/20 5.0% 16/22303 0.0% PAD4 

128 34599 
cellular response to oxidative 
stress 

1.51E-02 3.78E-02 1/20 5.0% 17/22303 0.0% CSD1 

129 22411 cellular component disassembly 1.51E-02 3.78E-02 1/20 5.0% 17/22303 0.0% LOX1 

130 43933 
macromolecular complex subunit 

organization 
1.58E-02 3.92E-02 2/20 10.0% 216/22303 0.9% EGY1 PSBO2 

131 31348 
negative regulation of defense 

response 
1.60E-02 3.94E-02 1/20 5.0% 18/22303 0.0% PAD4 

132 32501 multicellular organismal process 1.63E-02 3.95E-02 5/20 25.0% 1732/22303 7.7% PAD4 ACX1 CRY1 EGY1 LOX1 

133 1666 response to hypoxia 1.69E-02 3.95E-02 1/20 5.0% 19/22303 0.0% PAD4 

134 10027 
thylakoid membrane 
organization 

1.69E-02 3.95E-02 1/20 5.0% 19/22303 0.0% EGY1 

135 9084 
glutamine family amino acid 

biosynthetic process 
1.69E-02 3.95E-02 1/20 5.0% 19/22303 0.0% GLU2 

136 10109 regulation of photosynthesis 1.69E-02 3.95E-02 1/20 5.0% 19/22303 0.0% PSBO2 
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137 51607 defense response to virus 1.69E-02 3.95E-02 1/20 5.0% 19/22303 0.0% RPP8 

138 9668 plastid membrane organization 1.69E-02 3.95E-02 1/20 5.0% 19/22303 0.0% EGY1 

139 23033 signaling pathway 1.74E-02 3.98E-02 3/20 15.0% 623/22303 2.7% PAD4 WAK1 CRY1 

140 9605 response to external stimulus 1.77E-02 3.98E-02 2/20 10.0% 229/22303 1.0% EGY1 ATR1 

141 46688 response to copper ion 1.78E-02 3.98E-02 1/20 5.0% 20/22303 0.0% CSD1 

142 46219 
indolalkylamine biosynthetic 

process 
1.78E-02 3.98E-02 1/20 5.0% 20/22303 0.0% ATR1 

143 162 tryptophan biosynthetic process 1.78E-02 3.98E-02 1/20 5.0% 20/22303 0.0% ATR1 

144 6575 
cellular amino acid derivative 
metabolic process 

1.78E-02 3.98E-02 2/20 10.0% 230/22303 1.0% CRY1 ATR1 

145 70482 response to oxygen levels 1.87E-02 4.12E-02 1/20 5.0% 21/22303 0.0% PAD4 

146 10118 stomatal movement 1.87E-02 4.12E-02 1/20 5.0% 21/22303 0.0% CRY1 

147 6568 tryptophan metabolic process 1.96E-02 4.25E-02 1/20 5.0% 22/22303 0.0% ATR1 

148 6586 
indolalkylamine metabolic 

process 
1.96E-02 4.25E-02 1/20 5.0% 22/22303 0.0% ATR1 

149 2252 immune effector process 2.04E-02 4.36E-02 1/20 5.0% 23/22303 0.1% RPP8 

150 10075 regulation of meristem growth 2.04E-02 4.36E-02 1/20 5.0% 23/22303 0.1% CRY1 

151 10193 response to ozone 2.04E-02 4.36E-02 1/20 5.0% 23/22303 0.1% CSD1 

152 22607 cellular component assembly 2.21E-02 4.67E-02 2/20 10.0% 258/22303 1.1% EGY1 PSBO2 

153 6635 fatty acid beta-oxidation 2.22E-02 4.67E-02 1/20 5.0% 25/22303 0.1% ACX1 

154 6874 cellular calcium ion homeostasis 2.31E-02 4.79E-02 1/20 5.0% 26/22303 0.1% CRY1 

155 55074 calcium ion homeostasis 2.31E-02 4.79E-02 1/20 5.0% 26/22303 0.1% CRY1 

156 9863 
salicylic acid mediated signaling 

pathway 
2.39E-02 4.91E-02 1/20 5.0% 27/22303 0.1% PAD4 

157 71446 
cellular response to salicylic acid 
stimulus 

2.39E-02 4.91E-02 1/20 5.0% 27/22303 0.1% PAD4 
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Table 61: GO based BiNGO mediated study of down-regulated differentially expressed transcripts 

Sl. 

No. 
GO ID GO Description p-value 

Corrected p-

value 

Cluster 

Frequency 
Total Frequency Gene 

1 51716 cellular response to stimulus 1.12E-07 2.08E-05 9/27 33.3% 729/22301 3.2% EFR RAN1 PPCK2 CNGC4 KEG WIN1 ETR1 CTR1 PHO1 

2 70298 

negative regulation of two-

component signal transduction 
system (phosphorelay) 

2.59E-07 2.08E-05 3/27 11.1% 11/22301 0.0% EIN4 ETR1 CTR1 

3 10105 
negative regulation of ethylene 

mediated signaling pathway 
2.59E-07 2.08E-05 3/27 11.1% 11/22301 0.0% EIN4 ETR1 CTR1 

4 23057 
negative regulation of signaling 

process 
4.49E-07 2.08E-05 3/27 11.1% 13/22301 0.0% EIN4 ETR1 CTR1 

5 70297 
regulation of two-component 
signal transduction system 

(phosphorelay) 

4.49E-07 2.08E-05 3/27 11.1% 13/22301 0.0% EIN4 ETR1 CTR1 

6 9968 
negative regulation of signal 
transduction 

4.49E-07 2.08E-05 3/27 11.1% 13/22301 0.0% EIN4 ETR1 CTR1 

7 10104 
regulation of ethylene mediated 

signaling pathway 
4.49E-07 2.08E-05 3/27 11.1% 13/22301 0.0% EIN4 ETR1 CTR1 

8 32787 
monocarboxylic acid metabolic 

process 
1.08E-06 4.16E-05 6/27 22.2% 290/22301 1.3% AIM1 ACX3 HPT1 AT1G54220 WIN1 CTR1 

9 48583 regulation of response to stimulus 1.16E-06 4.16E-05 5/27 18.5% 157/22301 0.7% EFR HPT1 EIN4 ETR1 CTR1 

10 9987 cellular process 2.55E-06 8.26E-05 21/27 77.7% 7392/22301 33.1% 
ARF3 ACX3 HPT1 AT1G56130 PPCK2 AT1G11050 AT1G34300 KEG ETR1 
CTR1 EFR APS3 HMG2 AIM1 RAN1 AT1G54220 OMR1 CNGC4 IMPL1 WIN1 

PHO1 

11 44237 cellular metabolic process 3.73E-06 1.10E-04 18/27 66.6% 5407/22301 24.2% 
ARF3 ACX3 HPT1 AT1G56130 PPCK2 AT1G11050 AT1G34300 KEG ETR1 

CTR1 EFR APS3 HMG2 AIM1 AT1G54220 OMR1 IMPL1 WIN1 

12 8152 metabolic process 4.21E-06 1.14E-04 20/27 74.0% 6834/22301 30.6% 
ARF3 ACX3 HPT1 AT1G56130 PPCK2 AT1G11050 KEA1 ASP2 AT1G34300 

KEG ETR1 CTR1 EFR APS3 HMG2 AIM1 AT1G54220 OMR1 IMPL1 WIN1 

13 19752 carboxylic acid metabolic process 6.79E-06 1.44E-04 7/27 25.9% 620/22301 2.7% AIM1 ACX3 HPT1 AT1G54220 OMR1 WIN1 CTR1 

14 43436 oxoacid metabolic process 6.79E-06 1.44E-04 7/27 25.9% 620/22301 2.7% AIM1 ACX3 HPT1 AT1G54220 OMR1 WIN1 CTR1 

15 6082 organic acid metabolic process 6.86E-06 1.44E-04 7/27 25.9% 621/22301 2.7% AIM1 ACX3 HPT1 AT1G54220 OMR1 WIN1 CTR1 

16 44255 cellular lipid metabolic process 7.30E-06 1.44E-04 6/27 22.2% 404/22301 1.8% HMG2 AIM1 ACX3 HPT1 WIN1 CTR1 

17 42180 cellular ketone metabolic process 7.54E-06 1.44E-04 7/27 25.9% 630/22301 2.8% AIM1 ACX3 HPT1 AT1G54220 OMR1 WIN1 CTR1 
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18 35467 
negative regulation of signaling 
pathway 

1.20E-05 2.15E-04 3/27 11.1% 37/22301 0.1% EIN4 ETR1 CTR1 

19 10648 
negative regulation of cell 

communication 
1.30E-05 2.21E-04 3/27 11.1% 38/22301 0.1% EIN4 ETR1 CTR1 

20 9723 response to ethylene stimulus 1.49E-05 2.42E-04 4/27 14.8% 125/22301 0.5% RAN1 WIN1 ETR1 CTR1 

21 9873 
ethylene mediated signaling 

pathway 
2.32E-05 3.58E-04 3/27 11.1% 46/22301 0.2% RAN1 WIN1 ETR1 

22 71369 
cellular response to ethylene 
stimulus 

2.48E-05 3.65E-04 3/27 11.1% 47/22301 0.2% RAN1 WIN1 ETR1 

23 9725 response to hormone stimulus 2.69E-05 3.79E-04 7/27 25.9% 767/22301 3.4% ARF3 BT5 RAN1 KEG WIN1 ETR1 CTR1 

24 50896 response to stimulus 3.00E-05 4.04E-04 13/27 48.1% 3204/22301 14.3% 
ARF3 BT5 HPT1 PPCK2 KEG ETR1 CTR1 EFR RAN1 CNGC4 WIN1 NIR1 

PHO1 

25 23051 regulation of signaling process 3.36E-05 4.19E-04 3/27 11.1% 52/22301 0.2% EIN4 ETR1 CTR1 

26 9966 regulation of signal transduction 3.36E-05 4.19E-04 3/27 11.1% 52/22301 0.2% EIN4 ETR1 CTR1 

27 71310 
cellular response to organic 

substance 
3.84E-05 4.61E-04 5/27 18.5% 323/22301 1.4% RAN1 KEG WIN1 ETR1 CTR1 

28 9719 response to endogenous stimulus 4.63E-05 5.36E-04 7/27 25.9% 835/22301 3.7% ARF3 BT5 RAN1 KEG WIN1 ETR1 CTR1 

29 6631 fatty acid metabolic process 5.10E-05 5.70E-04 4/27 14.8% 171/22301 0.7% AIM1 ACX3 HPT1 WIN1 

30 6629 lipid metabolic process 5.50E-05 5.94E-04 6/27 22.2% 578/22301 2.5% HMG2 AIM1 ACX3 HPT1 WIN1 CTR1 

31 160 

two-component signal 

transduction system 
(phosphorelay) 

6.28E-05 6.56E-04 3/27 11.1% 64/22301 0.2% RAN1 WIN1 ETR1 

32 70887 
cellular response to chemical 

stimulus 
6.51E-05 6.56E-04 5/27 18.5% 361/22301 1.6% RAN1 KEG WIN1 ETR1 CTR1 

33 33554 cellular response to stress 6.77E-05 6.56E-04 5/27 18.5% 364/22301 1.6% EFR PPCK2 CNGC4 ETR1 PHO1 

34 48585 
negative regulation of response to 

stimulus 
6.88E-05 6.56E-04 3/27 11.1% 66/22301 0.2% EIN4 ETR1 CTR1 

35 44281 small molecule metabolic process 8.02E-05 7.43E-04 8/27 29.6% 1248/22301 5.5% HMG2 AIM1 ACX3 HPT1 AT1G54220 OMR1 WIN1 CTR1 

36 23033 signaling pathway 8.32E-05 7.49E-04 6/27 22.2% 623/22301 2.7% EFR RAN1 KEG WIN1 ETR1 CTR1 

37 9755 
hormone-mediated signaling 
pathway 

1.45E-04 1.27E-03 4/27 14.8% 224/22301 1.0% RAN1 KEG WIN1 ETR1 

38 32870 
cellular response to hormone 

stimulus 
1.53E-04 1.30E-03 4/27 14.8% 227/22301 1.0% RAN1 KEG WIN1 ETR1 
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39 10033 response to organic substance 1.80E-04 1.50E-03 7/27 25.9% 1037/22301 4.6% ARF3 BT5 RAN1 KEG WIN1 ETR1 CTR1 

40 35466 regulation of signaling pathway 1.91E-04 1.55E-03 3/27 11.1% 93/22301 0.4% EIN4 ETR1 CTR1 

41 10646 regulation of cell communication 2.23E-04 1.76E-03 3/27 11.1% 98/22301 0.4% EIN4 ETR1 CTR1 

42 71495 
cellular response to endogenous 

stimulus 
2.35E-04 1.81E-03 4/27 14.8% 254/22301 1.1% RAN1 KEG WIN1 ETR1 

43 6635 fatty acid beta-oxidation 4.16E-04 3.14E-03 2/27 7.4% 25/22301 0.1% AIM1 ACX3 

44 16053 organic acid biosynthetic process 4.81E-04 3.35E-03 4/27 14.8% 307/22301 1.3% HPT1 OMR1 WIN1 CTR1 

45 46394 
carboxylic acid biosynthetic 

process 
4.81E-04 3.35E-03 4/27 14.8% 307/22301 1.3% HPT1 OMR1 WIN1 CTR1 

46 34440 lipid oxidation 4.86E-04 3.35E-03 2/27 7.4% 27/22301 0.1% AIM1 ACX3 

47 19395 fatty acid oxidation 4.86E-04 3.35E-03 2/27 7.4% 27/22301 0.1% AIM1 ACX3 

48 9756 carbohydrate mediated signaling 5.62E-04 3.55E-03 2/27 7.4% 29/22301 0.1% ETR1 CTR1 

49 71322 
cellular response to carbohydrate 

stimulus 
5.62E-04 3.55E-03 2/27 7.4% 29/22301 0.1% ETR1 CTR1 

50 10119 regulation of stomatal movement 5.62E-04 3.55E-03 2/27 7.4% 29/22301 0.1% RAN1 ETR1 

51 10182 sugar mediated signaling pathway 5.62E-04 3.55E-03 2/27 7.4% 29/22301 0.1% ETR1 CTR1 

52 8610 lipid biosynthetic process 5.69E-04 3.55E-03 4/27 14.8% 321/22301 1.4% HMG2 HPT1 WIN1 CTR1 

53 9062 fatty acid catabolic process 6.01E-04 3.68E-03 2/27 7.4% 30/22301 0.1% AIM1 ACX3 

54 30258 lipid modification 6.42E-04 3.85E-03 2/27 7.4% 31/22301 0.1% AIM1 ACX3 

55 9626 
plant-type hypersensitive 
response 

6.85E-04 3.99E-03 2/27 7.4% 32/22301 0.1% EFR CNGC4 

56 42221 response to chemical stimulus 6.90E-04 3.99E-03 8/27 29.6% 1708/22301 7.6% ARF3 BT5 RAN1 KEG WIN1 ETR1 NIR1 CTR1 

57 34050 
host programmed cell death 

induced by symbiont 
7.28E-04 4.14E-03 2/27 7.4% 33/22301 0.1% EFR CNGC4 

58 6952 defense response 8.97E-04 5.01E-03 5/27 18.5% 637/22301 2.8% EFR CNGC4 KEG WIN1 ETR1 

59 51606 detection of stimulus 9.66E-04 5.30E-03 2/27 7.4% 38/22301 0.1% EFR ETR1 

60 6950 response to stress 1.18E-03 6.13E-03 8/27 29.6% 1852/22301 8.3% EFR RAN1 PPCK2 CNGC4 KEG WIN1 ETR1 PHO1 

61 23052 signaling 1.19E-03 6.13E-03 6/27 22.2% 1023/22301 4.5% EFR RAN1 KEG WIN1 ETR1 CTR1 

62 2764 
immune response-regulating 

signaling pathway 
1.21E-03 6.13E-03 1/27 3.7% 1/22301 0.0% EFR 
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63 9097 isoleucine biosynthetic process 1.21E-03 6.13E-03 1/27 3.7% 1/22301 0.0% OMR1 

64 6549 isoleucine metabolic process 1.21E-03 6.13E-03 1/27 3.7% 1/22301 0.0% OMR1 

65 9743 response to carbohydrate stimulus 1.25E-03 6.23E-03 3/27 11.1% 177/22301 0.7% BT5 ETR1 CTR1 

66 48523 
negative regulation of cellular 

process 
1.55E-03 7.63E-03 3/27 11.1% 191/22301 0.8% EIN4 ETR1 CTR1 

67 43687 
post-translational protein 

modification 
1.67E-03 8.06E-03 6/27 22.2% 1093/22301 4.9% EFR AT1G56130 PPCK2 AT1G11050 AT1G34300 KEG 

68 44242 cellular lipid catabolic process 1.94E-03 9.26E-03 2/27 7.4% 54/22301 0.2% AIM1 ACX3 

69 16042 lipid catabolic process 2.39E-03 1.12E-02 2/27 7.4% 60/22301 0.2% AIM1 ACX3 

70 51791 
medium-chain fatty acid 

metabolic process 
2.42E-03 1.12E-02 1/27 3.7% 2/22301 0.0% ACX3 

71 9605 response to external stimulus 2.61E-03 1.19E-02 3/27 11.1% 229/22301 1.0% EFR PPCK2 PHO1 

72 31347 regulation of defense response 2.80E-03 1.26E-02 2/27 7.4% 65/22301 0.2% EFR HPT1 

73 9617 response to bacterium 3.01E-03 1.34E-02 3/27 11.1% 241/22301 1.0% EFR WIN1 ETR1 

74 6468 
protein amino acid 
phosphorylation 

3.06E-03 1.34E-02 5/27 18.5% 842/22301 3.7% EFR AT1G56130 PPCK2 AT1G11050 AT1G34300 

75 6464 protein modification process 3.16E-03 1.35E-02 6/27 22.2% 1241/22301 5.5% EFR AT1G56130 PPCK2 AT1G11050 AT1G34300 KEG 

76 16054 organic acid catabolic process 3.24E-03 1.35E-02 2/27 7.4% 70/22301 0.3% AIM1 ACX3 

77 16114 terpenoid biosynthetic process 3.24E-03 1.35E-02 2/27 7.4% 70/22301 0.3% HMG2 CTR1 

78 46395 carboxylic acid catabolic process 3.24E-03 1.35E-02 2/27 7.4% 70/22301 0.3% AIM1 ACX3 

79 42445 hormone metabolic process 3.52E-03 1.40E-02 2/27 7.4% 73/22301 0.3% ARF3 ETR1 

80 45087 innate immune response 3.61E-03 1.40E-02 3/27 11.1% 257/22301 1.1% EFR CNGC4 ETR1 

81 9871 

jasmonic acid and ethylene-

dependent systemic resistance, 
ethylene mediated signaling 

pathway 

3.63E-03 1.40E-02 1/27 3.7% 3/22301 0.0% ETR1 

82 9915 phloem loading 3.63E-03 1.40E-02 1/27 3.7% 3/22301 0.0% HPT1 

83 50665 
hydrogen peroxide biosynthetic 

process 
3.63E-03 1.40E-02 1/27 3.7% 3/22301 0.0% ETR1 

84 9727 detection of ethylene stimulus 3.63E-03 1.40E-02 1/27 3.7% 3/22301 0.0% ETR1 

85 80134 regulation of response to stress 4.01E-03 1.53E-02 2/27 7.4% 78/22301 0.3% EFR HPT1 
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86 16036 
cellular response to phosphate 
starvation 

4.21E-03 1.57E-02 2/27 7.4% 80/22301 0.3% PPCK2 PHO1 

87 6955 immune response 4.23E-03 1.57E-02 3/27 11.1% 272/22301 1.2% EFR CNGC4 ETR1 

88 16310 phosphorylation 4.27E-03 1.57E-02 5/27 18.5% 910/22301 4.0% EFR AT1G56130 PPCK2 AT1G11050 AT1G34300 

89 9733 response to auxin stimulus 4.67E-03 1.70E-02 3/27 11.1% 282/22301 1.2% ARF3 BT5 ETR1 

90 2376 immune system process 4.72E-03 1.70E-02 3/27 11.1% 283/22301 1.2% EFR CNGC4 ETR1 

91 16045 detection of bacterium 4.83E-03 1.72E-02 1/27 3.7% 4/22301 0.0% EFR 

92 43412 macromolecule modification 5.30E-03 1.87E-02 6/27 22.2% 1378/22301 6.1% EFR AT1G56130 PPCK2 AT1G11050 AT1G34300 KEG 

93 6721 terpenoid metabolic process 5.41E-03 1.88E-02 2/27 7.4% 91/22301 0.4% HMG2 CTR1 

94 6796 phosphate metabolic process 5.82E-03 1.99E-02 5/27 18.5% 979/22301 4.3% EFR AT1G56130 PPCK2 AT1G11050 AT1G34300 

95 6793 phosphorus metabolic process 5.85E-03 1.99E-02 5/27 18.5% 980/22301 4.3% EFR AT1G56130 PPCK2 AT1G11050 AT1G34300 

96 6885 regulation of pH 6.04E-03 2.04E-02 1/27 3.7% 5/22301 0.0% NHX2 

97 44283 
small molecule biosynthetic 

process 
6.32E-03 2.10E-02 4/27 14.8% 622/22301 2.7% HPT1 OMR1 WIN1 CTR1 

98 9267 cellular response to starvation 6.50E-03 2.10E-02 2/27 7.4% 100/22301 0.4% PPCK2 PHO1 

99 8299 isoprenoid biosynthetic process 7.01E-03 2.10E-02 2/27 7.4% 104/22301 0.4% HMG2 CTR1 

100 15672 
monovalent inorganic cation 

transport 
7.14E-03 2.10E-02 2/27 7.4% 105/22301 0.4% NHX2 KEA1 

101 6633 fatty acid biosynthetic process 7.14E-03 2.10E-02 2/27 7.4% 105/22301 0.4% HPT1 WIN1 

102 44070 regulation of anion transport 7.24E-03 2.10E-02 1/27 3.7% 6/22301 0.0% EFR 

103 10359 
regulation of anion channel 
activity 

7.24E-03 2.10E-02 1/27 3.7% 6/22301 0.0% EFR 

104 32409 regulation of transporter activity 7.24E-03 2.10E-02 1/27 3.7% 6/22301 0.0% EFR 

105 32412 
regulation of ion transmembrane 

transporter activity 
7.24E-03 2.10E-02 1/27 3.7% 6/22301 0.0% EFR 

106 22898 
regulation of transmembrane 

transporter activity 
7.24E-03 2.10E-02 1/27 3.7% 6/22301 0.0% EFR 

107 9595 detection of biotic stimulus 7.24E-03 2.10E-02 1/27 3.7% 6/22301 0.0% EFR 

108 34762 
regulation of transmembrane 

transport 
7.24E-03 2.10E-02 1/27 3.7% 6/22301 0.0% EFR 

109 34765 regulation of ion transmembrane 7.24E-03 2.10E-02 1/27 3.7% 6/22301 0.0% EFR 
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transport 

110 9720 detection of hormone stimulus 7.24E-03 2.10E-02 1/27 3.7% 6/22301 0.0% ETR1 

111 9726 detection of endogenous stimulus 7.24E-03 2.10E-02 1/27 3.7% 6/22301 0.0% ETR1 

112 42594 response to starvation 7.27E-03 2.10E-02 2/27 7.4% 106/22301 0.4% PPCK2 PHO1 

113 6811 ion transport 8.15E-03 2.30E-02 3/27 11.1% 345/22301 1.5% NHX2 KEA1 PHO1 

114 31669 
cellular response to nutrient 
levels 

8.36E-03 2.30E-02 2/27 7.4% 114/22301 0.5% PPCK2 PHO1 

115 10050 vegetative phase change 8.45E-03 2.30E-02 1/27 3.7% 7/22301 0.0% ARF3 

116 42360 vitamin E metabolic process 8.45E-03 2.30E-02 1/27 3.7% 7/22301 0.0% HPT1 

117 6566 threonine metabolic process 8.45E-03 2.30E-02 1/27 3.7% 7/22301 0.0% OMR1 

118 10158 abaxial cell fate specification 8.45E-03 2.30E-02 1/27 3.7% 7/22301 0.0% ARF3 

119 10189 vitamin E biosynthetic process 8.45E-03 2.30E-02 1/27 3.7% 7/22301 0.0% HPT1 

120 48519 
negative regulation of biological 

process 
9.30E-03 2.51E-02 3/27 11.1% 362/22301 1.6% EIN4 ETR1 CTR1 

121 7047 cellular cell wall organization 9.65E-03 2.53E-02 1/27 3.7% 8/22301 0.0% HPT1 

122 10143 cutin biosynthetic process 9.65E-03 2.53E-02 1/27 3.7% 8/22301 0.0% WIN1 

123 6636 
unsaturated fatty acid 

biosynthetic process 
9.65E-03 2.53E-02 1/27 3.7% 8/22301 0.0% HPT1 

124 44238 primary metabolic process 9.70E-03 2.53E-02 13/27 48.1% 5719/22301 25.6% 
ACX3 HPT1 AT1G56130 PPCK2 AT1G11050 AT1G34300 KEG CTR1 EFR 

HMG2 AIM1 OMR1 WIN1 

125 51179 localization 9.78E-03 2.53E-02 6/27 22.2% 1566/22301 7.0% NHX2 HPT1 RAN1 KEA1 ETR1 PHO1 

126 10817 regulation of hormone levels 9.83E-03 2.53E-02 2/27 7.4% 124/22301 0.5% ARF3 ETR1 

127 6720 isoprenoid metabolic process 1.01E-02 2.57E-02 2/27 7.4% 126/22301 0.5% HMG2 CTR1 

128 31667 response to nutrient levels 1.01E-02 2.57E-02 2/27 7.4% 126/22301 0.5% PPCK2 PHO1 

129 71496 
cellular response to external 
stimulus 

1.04E-02 2.60E-02 2/27 7.4% 128/22301 0.5% PPCK2 PHO1 

130 31668 
cellular response to extracellular 

stimulus 
1.04E-02 2.60E-02 2/27 7.4% 128/22301 0.5% PPCK2 PHO1 

131 42743 
hydrogen peroxide metabolic 

process 
1.08E-02 2.68E-02 1/27 3.7% 9/22301 0.0% ETR1 
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Sl. 

No. 
GO ID GO Description p-value 

Corrected p-

value 

Cluster 

Frequency 
Total Frequency Gene 

132 65007 biological regulation 1.13E-02 2.77E-02 9/27 33.3% 3243/22301 14.5% ARF3 EFR NHX2 HPT1 RAN1 EIN4 WIN1 ETR1 CTR1 

133 33559 
unsaturated fatty acid metabolic 
process 

1.20E-02 2.89E-02 1/27 3.7% 10/22301 0.0% HPT1 

134 55067 
monovalent inorganic cation 

homeostasis 
1.20E-02 2.89E-02 1/27 3.7% 10/22301 0.0% NHX2 

135 10204 

defense response signaling 

pathway, resistance gene-

independent 

1.20E-02 2.89E-02 1/27 3.7% 10/22301 0.0% EFR 

136 9991 response to extracellular stimulus 1.24E-02 2.95E-02 2/27 7.4% 140/22301 0.6% PPCK2 PHO1 

137 9861 
jasmonic acid and ethylene-

dependent systemic resistance 
1.32E-02 3.13E-02 1/27 3.7% 11/22301 0.0% ETR1 

138 16104 triterpenoid biosynthetic process 1.44E-02 3.35E-02 1/27 3.7% 12/22301 0.0% HMG2 

139 43269 regulation of ion transport 1.44E-02 3.35E-02 1/27 3.7% 12/22301 0.0% EFR 

140 50789 regulation of biological process 1.45E-02 3.35E-02 8/27 29.6% 2783/22301 12.4% ARF3 EFR HPT1 RAN1 EIN4 WIN1 ETR1 CTR1 

141 10035 response to inorganic substance 1.51E-02 3.48E-02 3/27 11.1% 434/22301 1.9% ARF3 RAN1 NIR1 

142 6775 
fat-soluble vitamin metabolic 
process 

1.56E-02 3.52E-02 1/27 3.7% 13/22301 0.0% HPT1 

143 42362 
fat-soluble vitamin biosynthetic 
process 

1.56E-02 3.52E-02 1/27 3.7% 13/22301 0.0% HPT1 

144 9082 
branched chain family amino acid 

biosynthetic process 
1.56E-02 3.52E-02 1/27 3.7% 13/22301 0.0% OMR1 

145 44282 small molecule catabolic process 1.65E-02 3.65E-02 2/27 7.4% 163/22301 0.7% AIM1 ACX3 

146 30001 metal ion transport 1.65E-02 3.65E-02 2/27 7.4% 163/22301 0.7% NHX2 KEA1 

147 6722 triterpenoid metabolic process 1.68E-02 3.65E-02 1/27 3.7% 14/22301 0.0% HMG2 

148 103 sulfate assimilation 1.68E-02 3.65E-02 1/27 3.7% 14/22301 0.0% APS3 

149 6817 phosphate transport 1.68E-02 3.65E-02 1/27 3.7% 14/22301 0.0% PHO1 

150 71555 cell wall organization 1.69E-02 3.65E-02 2/27 7.4% 165/22301 0.7% HPT1 ETR1 

151 6790 sulfur metabolic process 1.71E-02 3.67E-02 2/27 7.4% 166/22301 0.7% APS3 IMPL1 

152 9593 detection of chemical stimulus 1.80E-02 3.81E-02 1/27 3.7% 15/22301 0.0% ETR1 
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Sl. 
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GO ID GO Description p-value 

Corrected p-

value 

Cluster 

Frequency 
Total Frequency Gene 

153 6090 pyruvate metabolic process 1.80E-02 3.81E-02 1/27 3.7% 15/22301 0.0% AT1G54220 

154 12501 programmed cell death 1.91E-02 3.96E-02 2/27 7.4% 176/22301 0.7% EFR CNGC4 

155 52482 
defense response by cell wall 
thickening 

1.92E-02 3.96E-02 1/27 3.7% 16/22301 0.0% ETR1 

156 52544 
defense response by callose 

deposition in cell wall 
1.92E-02 3.96E-02 1/27 3.7% 16/22301 0.0% ETR1 

157 10166 wax metabolic process 1.92E-02 3.96E-02 1/27 3.7% 16/22301 0.0% WIN1 

158 9625 response to insect 2.04E-02 4.16E-02 1/27 3.7% 17/22301 0.0% ETR1 

159 9686 gibberellin biosynthetic process 2.04E-02 4.16E-02 1/27 3.7% 17/22301 0.0% CTR1 

160 16102 diterpenoid biosynthetic process 2.16E-02 4.32E-02 1/27 3.7% 18/22301 0.0% CTR1 

161 52542 
defense response by callose 

deposition 
2.16E-02 4.32E-02 1/27 3.7% 18/22301 0.0% ETR1 

162 52543 callose deposition in cell wall 2.16E-02 4.32E-02 1/27 3.7% 18/22301 0.0% ETR1 

163 42742 defense response to bacterium 2.27E-02 4.50E-02 2/27 7.4% 193/22301 0.8% WIN1 ETR1 

164 52386 cell wall thickening 2.28E-02 4.50E-02 1/27 3.7% 19/22301 0.0% ETR1 

165 50794 regulation of cellular process 2.34E-02 4.60E-02 7/27 25.9% 2448/22301 10.9% ARF3 EFR RAN1 EIN4 WIN1 ETR1 CTR1 

166 52545 callose localization 2.39E-02 4.65E-02 1/27 3.7% 20/22301 0.0% ETR1 

167 10167 response to nitrate 2.39E-02 4.65E-02 1/27 3.7% 20/22301 0.0% NIR1 

168 6814 sodium ion transport 2.51E-02 4.76E-02 1/27 3.7% 21/22301 0.0% NHX2 

169 33037 polysaccharide localization 2.51E-02 4.76E-02 1/27 3.7% 21/22301 0.0% ETR1 

170 48506 
regulation of timing of 
meristematic phase transition 

2.51E-02 4.76E-02 1/27 3.7% 21/22301 0.0% CTR1 

171 48510 

regulation of timing of transition 

from vegetative to reproductive 
phase 

2.51E-02 4.76E-02 1/27 3.7% 21/22301 0.0% CTR1 

172 51707 response to other organism 2.53E-02 4.77E-02 3/27 11.1% 528/22301 2.3% EFR WIN1 ETR1 

173 7154 cell communication 2.56E-02 4.80E-02 2/27 7.4% 206/22301 0.9% PPCK2 PHO1 

174 8219 cell death 2.63E-02 4.84E-02 2/27 7.4% 209/22301 0.9% EFR CNGC4 
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No. 
GO ID GO Description p-value 

Corrected p-

value 

Cluster 

Frequency 
Total Frequency Gene 

175 16265 death 2.63E-02 4.84E-02 2/27 7.4% 209/22301 0.9% EFR CNGC4 

176 1708 cell fate specification 2.63E-02 4.84E-02 1/27 3.7% 22/22301 0.0% ARF3 

177 23046 signaling process 2.70E-02 4.89E-02 3/27 11.1% 541/22301 2.4% RAN1 WIN1 ETR1 

178 23060 signal transmission 2.70E-02 4.89E-02 3/27 11.1% 541/22301 2.4% RAN1 WIN1 ETR1 

179 16126 sterol biosynthetic process 2.75E-02 4.89E-02 1/27 3.7% 23/22301 0.1% HMG2 

180 9581 detection of external stimulus 2.75E-02 4.89E-02 1/27 3.7% 23/22301 0.1% EFR 

181 9685 gibberellin metabolic process 2.75E-02 4.89E-02 1/27 3.7% 23/22301 0.1% CTR1 

182 9690 cytokinin metabolic process 2.75E-02 4.89E-02 1/27 3.7% 23/22301 0.1% ETR1 

 

 



F
ig

. 1
6

1
: G

en
e o

n
to

lo
g
ic

al e
n
ric

h
m

e
n
t an

aly
sis o

f to
p

o
lo

g
ically

 sele
cted

 u
p

-reg
u
lated

 

g
e
n
e
s b

ased
 o

n
 b

io
lo

g
ical p

ro
cess 

u
sin

g
 B

iN
G

O
 
co

n
sid

erin
g
 A

ra
b

id
o

p
sis as 

m
o

d
el 

o
rg

a
n
ism

. H
y
p

erg
eo

m
etric te

st w
a
s co

n
d

u
cted

, co
n
sid

erin
g
 p

-v
alu

e c
u
t o

ff ≤
 0

.0
5
. S

ize 

o
f 

th
e 

n
o

d
e 

w
as 

p
ro

p
o

rtio
n
a
l 

to
 
th

e 
n
u

m
b

er 
o

f 
g

e
n
e 

(tran
scrip

ts) 
p

resen
t 

u
n
d

e
r 

a 

p
articu

lar n
o

d
al cate

g
o

ry
. N

o
d

e co
lo

u
r sh

ad
es w

e
re a

cco
rd

in
g

 to
 th

e sig
n
ific

an
ce le

v
el 

w
h

e
re 

w
h
ite 

rep
resen

ts 
n
o

 
sig

n
ifica

n
t 

d
iffere

n
c
es, 

y
ello

w
 

a
n
d

 
g
ree

n
 

co
lo

u
r 

sh
ad

e
 

rep
resen

ts sig
n
ific

an
ce lev

el at p
 =

 0
.0

5
 an

d
 <

0
.0

0
0
0

0
0
5

 resp
ectiv

ely
. (D

esc
rip

tio
n

 o
f 

n
o

d
e ag

ain
st n

o
d

e n
u
m

b
er w

as g
iv

en
 in

 T
ab

le 6
2

) 

 
4
4
1

 



 

442 
 

Table 62: Description of BiNGO networking nodal terms for up-regulated genes 

Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

6520 
Cellular amino acid 

metabolic process 
51716 

Cellular response to 

stimulus 
9892 

Negative regulation of 

metabolic process 
50801 Ion homeostasis 

9072 
Aromatic amino acid family 

metabolic process 
33554 Cellular response to stress 31324 

Negative regulation of 

cellular metabolic 

process 

55080 Cation homeostasis 

43933 
Macromolecular complex 

subunit organization 
31323 

Regulation of cellular 

metabolic process 
71482 

Cellular response to light 

stimulus 
22607 Cellular component assembly 

65003 
Macromolecular complex 

assembly 
10109 

Regulation of 

photosynthesis 
6801 

Superoxide metabolic 

process 
44238 Primary metabolic process 

303 Response to superoxide 9615 Response to virus 305 
Response to oxygen 

radical 
6139 

Nucleobase, nucleoside, 

nucleotide and nucleic acid 

metabolic process 

71451 
Cellular response to 

superoxide 
51607 Defense response to virus 71450 

Cellular response to 

oxygen radical 
44260 

Cellular macromolecule 

metabolic process 

65008 
Regulation of biological 

quality 
16143 

S-glycoside metabolic 

process 
51707 

Response to other 

organism 
48878 Chemical homeostasis 

42592 Homeostatic process 16144 
S-glycoside biosynthetic 

process 
34622 

Cellular macromolecular 

complex assembly 
34599 

Cellular response to oxidative 

stress 

65007 Biological regulation 55082 
Cellular chemical 

homeostasis 
34660 

ncRNA metabolic 

process 
6586 

Indolalkylamine metabolic 

process 

50789 
Regulation of biological 

process 
6873 Cellular ion homeostasis 6399 tRNA metabolic process 9605 Response to external stimulus 

9625 Response to insect 9719 
Response to endogenous 

stimulus 
32268 

Regulation of cellular 

protein metabolic 

process 

9991 
Response to extracellular 

stimulus 

2213 Defense response to insect 9753 
Response to jasmonic acid 

stimulus 
9668 

Plastid membrane 

organization 
8219 Cell death 

6468 
Protein amino acid 

phosphorylation 
9959 Negative gravitropism 19725 Cellular homeostasis 80134 Regulation of response to stress 

46777 
Protein amino acid 

autophosphorylation 
71496 

Cellular response to 

external stimulus 
6633 

Fatty acid biosynthetic 

process 
71446 

Cellular response to salicylic 

acid stimulus 

6950 Response to stress 31668 
Cellular response to 

extracellular stimulus 
19395 Fatty acid oxidation 30005 

Cellular di-, tri-valent inorganic 

cation homeostasis 

42594 Response to starvation 55065 Metal ion homeostasis 1561 Fatty acid alpha- 9639 Response to red or far red light 
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Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

oxidation 

44237 Cellular metabolic process 6979 
Response to oxidative 

stress 
42548 

Regulation of 

photosynthesis, light 

reaction 

45087 Innate immune response 

34641 
Cellular nitrogen compound 

metabolic process 
302 

Response to reactive 

oxygen species 
42549 

Photosystem II 

stabilization 
9814 

Defense response, incompatible 

interaction 

19222 
Regulation of metabolic 

process 
60255 

Regulation of 

macromolecule metabolic 

process 

71214 
Cellular response to 

abiotic stimulus 
43038 Amino acid activation 

8150 Biological_process 6082 
Organic acid metabolic 

process 
42434 

Indole derivative 

metabolic process 
70887 

Cellular response to chemical 

stimulus 

23052 Signaling 16043 
Cellular component 

organization 
46688 Response to copper ion 43039 tRNA aminoacylation 

44281 
Small molecule metabolic 

process 
19757 

Glycosinolate metabolic 

process 
16265 Death 43648 

Dicarboxylic acid metabolic 

process 

6519 
Cellular amino acid and 

derivative metabolic process 
19760 

Glucosinolate metabolic 

process 
32787 

Monocarboxylic acid 

metabolic process 
46417 Chorismate metabolic process 

9267 
Cellular response to 

starvation 
6952 Defense response 46219 

Indolalkylamine 

biosynthetic process 
10205 Photoinhibition 

10438 
Cellular response to sulfur 

starvation 
8652 

Cellular amino acid 

biosynthetic process 
162 

Tryptophan biosynthetic 

process 
90304 Nucleic acid metabolic process 

44271 
Cellular nitrogen compound 

biosynthetic process 
40008 Regulation of growth 9084 

Glutamine family amino 

acid biosynthetic process 
55066 

di-, tri-valent inorganic cation 

homeostasis 

9309 Amine biosynthetic process 48638 
Regulation of 

developmental growth 
19752 

Carboxylic acid 

metabolic process 
9059 

Macromolecule biosynthetic 

process 

6536 
Glutamate metabolic 

process 
44242 

Cellular lipid catabolic 

process 
19430 

Removal of superoxide 

radicals 
34645 

Cellular macromolecule 

biosynthetic process 

6537 
Glutamate biosynthetic 

process 
9062 

Fatty acid catabolic 

process 
16070 RNA metabolic process 80090 

Regulation of primary metabolic 

process 

50896 Response to stimulus 18130 
Heterocycle biosynthetic 

process 
10027 

Thylakoid membrane 

organization 
31399 

Regulation of protein 

modification process 

6955 Immune response 51246 
Regulation of protein 

metabolic process 
51704 Multi-organism process 7623 Circadian rhythm 

44262 
Cellular carbohydrate 

metabolic process 
16138 

Glycoside biosynthetic 

process 
42180 

Cellular ketone 

metabolic process 
10617 

Circadian regulation of calcium 

ion oscillation 

16137 Glycoside metabolic 9415 Response to water 43436 Oxoacid metabolic 16051 Carbohydrate biosynthetic 
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Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

process process process 

44249 
Cellular biosynthetic 

process 
9414 

Response to water 

deprivation 
30258 Lipid modification 19538 Protein metabolic process 

42398 

Cellular amino acid 

derivative biosynthetic 

process 

6996 Organelle organization 34440 Lipid oxidation 43687 
Post-translational protein 

modification 

42221 
Response to chemical 

stimulus 
9657 Plastid organization 44255 

Cellular lipid metabolic 

process 
42343 

Indole glucosinolate metabolic 

process 

70482 Response to oxygen levels 23033 Signaling pathway 34621 

Cellular macromolecular 

complex subunit 

organization 

44248 Cellular catabolic process 

6576 
Cellular biogenic amine 

metabolic process 
23034 

Intracellular signaling 

pathway 
7275 

Multicellular organismal 

development 
80010 

Regulation of oxygen and 

reactive oxygen species 

metabolic process 

42401 
Cellular biogenic amine 

biosynthetic process 
32502 Developmental process 48731 System development 10310 

Regulation of hydrogen peroxide 

metabolic process 

6800 

Oxygen and reactive 

oxygen species metabolic 

process 

48856 
Anatomical structure 

development 
44272 

Sulfur compound 

biosynthetic process 
19758 

Glycosinolate biosynthetic 

process 

55074 Calcium ion homeostasis 48507 Meristem development 10075 
Regulation of meristem 

growth 
9606 Tropism 

6874 
Cellular calcium ion 

homeostasis 
10073 Meristem maintenance 43412 

Macromolecule 

modification 
31407 Oxylipin metabolic process 

9629 Response to gravity 46394 
Carboxylic acid 

biosynthetic process 
6464 

Protein modification 

process 
22411 Cellular component disassembly 

9630 Gravitropism 9064 
Glutamine family amino 

acid metabolic process 
6091 

Generation of precursor 

metabolites and energy 
9863 

Salicylic acid mediated signaling 

pathway 

44267 
Cellular protein metabolic 

process 
19761 

Glucosinolate biosynthetic 

process 
42742 

Defense response to 

bacterium 
9862 

Systemic acquired resistance, 

salicylic acid mediated signaling 

pathway 

6412 Translation 9759 
Indole glucosinolate 

biosynthetic process 
9816 

Defense response to 

bacterium, incompatible 

interaction 

35304 
Regulation of protein amino acid 

dephosphorylation 

46483 
Heterocycle metabolic 

process 
6631 

Fatty acid metabolic 

process 
50794 

Regulation of cellular 

process 
43467 

Regulation of generation of 

precursor metabolites and energy 

42430 Indole and derivative 1676 Long-chain fatty acid 19438 Aromatic compound 9644 Response to high light intensity 
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Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

metabolic process metabolic process biosynthetic process 

9694 
Jasmonic acid metabolic 

process 
51174 

Regulation of phosphorus 

metabolic process 
9073 

Aromatic amino acid 

family biosynthetic 

process 

44106 
Cellular amine metabolic 

process 

9695 
Jasmonic acid biosynthetic 

process 
48519 

Negative regulation of 

biological process 
9812 

Flavonoid metabolic 

process 
31408 Oxylipin biosynthetic process 

6629 Lipid metabolic process 48523 
Negative regulation of 

cellular process 
46283 

Anthocyanin metabolic 

process 
51480 

Cytosolic calcium ion 

homeostasis 

16042 Lipid catabolic process 31667 
Response to nutrient 

levels 
43155 

Negative regulation of 

photosynthesis, light 

reaction 

30003 Cellular cation homeostasis 

9058 Biosynthetic process 31669 
Cellular response to 

nutrient levels 
6568 

Tryptophan metabolic 

process 
50793 

Regulation of developmental 

process 

8610 Lipid biosynthetic process 6418 
tRNA aminoacylation for 

protein translation 
42435 

Indole derivative 

biosynthetic process 
9308 Amine metabolic process 

16054 
Organic acid catabolic 

process 
6419 

Alanyl-tRNA 

aminoacylation 
6725 

Cellular aromatic 

compound metabolic 

process 

7154 Cell communication 

46395 
Carboxylic acid catabolic 

process 
31347 

Regulation of defense 

response 
6793 

Phosphorus metabolic 

process 
61024 Membrane organization 

44283 
Small molecule biosynthetic 

process 
31348 

Negative regulation of 

defense response 
46686 

Response to cadmium 

ion 
19748 Secondary metabolic process 

6575 
Cellular amino acid 

derivative metabolic process 
8152 Metabolic process 34614 

Cellular response to 

reactive oxygen species 
35303 Regulation of dephosphorylation 

9698 
Phenylpropanoid metabolic 

process 
6807 

Nitrogen compound 

metabolic process 
9314 Response to radiation 12501 Programmed cell death 

16053 
Organic acid biosynthetic 

process 
44085 

Cellular component 

biogenesis 
16044 

Cellular membrane 

organization 
10343 

Singlet oxygen-mediated 

programmed cell death 

2376 Immune system process 70271 
Protein complex 

biogenesis 
30397 Membrane disassembly 9627 Systemic acquired resistance 

2252 Immune effector process 9653 
Anatomical structure 

morphogenesis 
10033 

Response to organic 

substance 
10118 Stomatal movement 

30522 
Intracellular receptor 

mediated signaling pathway 
48646 

Anatomical structure 

formation involved in 

morphogenesis 

9751 
Response to salicylic 

acid stimulus 
71478 Cellular response to radiation 

9785 Blue light signaling 10035 Response to inorganic 10039 Response to iron ion 9607 Response to biotic stimulus 
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Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

pathway substance 

48583 
Regulation of response to 

stimulus 
10038 Response to metal ion 9637 Response to blue light 32501 Multicellular organismal process 

48585 
Negative regulation of 

response to stimulus 
1666 Response to hypoxia 43170 

Macromolecule 

metabolic process 
6875 Cellular metal ion homeostasis 

9611 Response to wounding 9416 Response to light stimulus 10193 Response to ozone 48511 Rhythmic process 

43623 
Cellular protein complex 

assembly 
9642 Response to light intensity 71483 

Cellular response to blue 

light 
6635 Fatty acid beta-oxidation 

10207 Photosystem II assembly 9628 
Response to abiotic 

stimulus 
71310 

Cellular response to 

organic substance 
9617 Response to bacterium 

10467 Gene expression 6796 
Phosphate metabolic 

process 
6790 Sulfur metabolic process 5975 Carbohydrate metabolic process 

9056 Catabolic process 16310 Phosphorylation 48513 Organ development 10618 Aerenchyma formation 

44282 
Small molecule catabolic 

process 
9987 Cellular process 9888 Tissue development 19220 

Regulation of phosphate 

metabolic process 

15979 Photosynthesis 48564 Photosystem I assembly 51239 

Regulation of 

multicellular organismal 

process 

34637 
Cellular carbohydrate 

biosynthetic process 

19684 
Photosynthesis, light 

reaction 
6461 Protein complex assembly 48509 

Regulation of meristem 

development 
42440 Pigment metabolic process 
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  Table 63: Description of BiNGO networking nodal terms for down-regulated genes  

Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

65008 
Regulation of biological 

quality 
32502 Developmental process 71554 

Cell wall organization or 

biogenesis 
9605 

Response to external 

stimulus 

10817 Regulation of hormone levels 48869 Cellular developmental process 71555 Cell wall organization 9991 
Response to extracellular 

stimulus 

42592 Homeostatic process 9987 Cellular process 32787 
Monocarboxylic acid metabolic 

process 
8219 Cell death 

65007 Biological regulation 70882 
Cellular cell wall organization or 

biogenesis 
19752 

Carboxylic acid metabolic 

process 
9685 

Gibberellin metabolic 

process 

50789 
Regulation of biological 

process 
6082 Organic acid metabolic process 23033 Signaling pathway 9686 

Gibberellin biosynthetic 

process 

6950 Response to stress 16043 Cellular component organization 10204 

Defense response signaling 

pathway, resistance gene-

independent 

9082 

Branched chain family 

amino acid biosynthetic 

process 

42594 Response to starvation 9871 

Jasmonic acid and ethylene-

dependent systemic resistance, 

ethylene mediated signaling 

pathway 

51704 Multi-organism process 35467 
Negative regulation of 

signaling pathway 

44237 Cellular metabolic process 6520 
Cellular amino acid metabolic 

process 
42180 

Cellular ketone metabolic 

process 
70727 

Cellular macromolecule 

localization 
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Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

34641 
Cellular nitrogen compound 

metabolic process 
9081 

Branched chain family amino 

acid metabolic process 
43436 Oxoacid metabolic process 80134 

Regulation of response to 

stress 

8150 Biological_process 6766 Vitamin metabolic process 45229 
External encapsulating structure 

organization 
71369 

Cellular response to ethylene 

stimulus 

23052 Signaling 6775 
Fat-soluble vitamin metabolic 

process 
7047 Cellular cell wall organization 9581 

Detection of external 

stimulus 

15698 Inorganic anion transport 8652 
Cellular amino acid biosynthetic 

process 
31347 Regulation of defense response 9593 

Detection of chemical 

stimulus 

6817 Phosphate transport 44242 Cellular lipid catabolic process 6720 Isoprenoid metabolic process 9814 
Defense response, 

incompatible interaction 

44281 
Small molecule metabolic 

process 
9062 Fatty acid catabolic process 8299 Isoprenoid biosynthetic process 16114 

Terpenoid biosynthetic 

process 

6519 
Cellular amino acid and 

derivative metabolic process 
45089 

Positive regulation of innate 

immune response 
6725 

Cellular aromatic compound 

metabolic process 
32412 

Regulation of ion 

transmembrane transporter 

activity 

44271 
Cellular nitrogen compound 

biosynthetic process 
2218 

Activation of innate immune 

response 
30258 Lipid modification 10359 

Regulation of anion channel 

activity 

9309 Amine biosynthetic process 10033 Response to organic substance 34440 Lipid oxidation 12501 Programmed cell death 
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Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

50896 Response to stimulus 9725 Response to hormone stimulus 44255 Cellular lipid metabolic process 34050 
Host programmed cell death 

induced by symbiont 

6955 Immune response 1708 Cell fate specification 43412 Macromolecule modification 70887 
Cellular response to 

chemical stimulus 

6800 
Oxygen and reactive oxygen 

species metabolic process 
10158 Abaxial cell fate specification 6464 Protein modification process 55067 

Monovalent inorganic cation 

homeostasis 

48583 
Regulation of response to 

stimulus 
46394 

Carboxylic acid biosynthetic 

process 
50794 Regulation of cellular process 6885 Regulation of ph 

10104 
Regulation of ethylene 

mediated signaling pathway 
48519 

Negative regulation of biological 

process 
9308 Amine metabolic process 52543 

Callose deposition in cell 

wall 

6629 Lipid metabolic process 48523 
Negative regulation of cellular 

process 
33037 Polysaccharide localization 32409 

Regulation of transporter 

activity 

16042 Lipid catabolic process 34754 
Cellular hormone metabolic 

process 
52545 Callose localization 43269 Regulation of ion transport 

70297 

Regulation of two-component 

signal transduction system 

(phosphorelay) 

31667 Response to nutrient levels 52482 
Defense response by cell wall 

thickening 
9861 

Jasmonic acid and ethylene-

dependent systemic 

resistance 

9058 Biosynthetic process 31669 
Cellular response to nutrient 

levels 
6810 Transport 9743 

Response to carbohydrate 

stimulus 
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Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

8610 Lipid biosynthetic process 65009 Regulation of molecular function 9968 
Negative regulation of signal 

transduction 
6952 Defense response 

9595 Detection of biotic stimulus 9723 Response to ethylene stimulus 19748 Secondary metabolic process 42742 
Defense response to 

bacterium 

16045 Detection of bacterium 6694 Steroid biosynthetic process 6721 Terpenoid metabolic process 7275 
Multicellular organismal 

development 

42545 Cell wall modification 6807 
Nitrogen compound metabolic 

process 
44267 

Cellular protein metabolic 

process 
9791 

Post-embryonic 

development 

52386 Cell wall thickening 51234 Establishment of localization 6793 Phosphorus metabolic process 2253 
Activation of immune 

response 

44283 
Small molecule biosynthetic 

process 
6631 Fatty acid metabolic process 48510 

Regulation of timing of transition 

from vegetative to reproductive 

phase 

71495 
Cellular response to 

endogenous stimulus 

16054 Organic acid catabolic process 42362 
Fat-soluble vitamin biosynthetic 

process 
10035 Response to inorganic substance 16101 

Diterpenoid metabolic 

process 

46395 
Carboxylic acid catabolic 

process 
6796 Phosphate metabolic process 10167 Response to nitrate 2682 

Regulation of immune 

system process 

9726 
Detection of endogenous 

stimulus 
16310 Phosphorylation 6812 Cation transport 10050 Vegetative phase change 
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Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

9720 Detection of hormone stimulus 48509 
Regulation of meristem 

development 
30001 Metal ion transport 10119 

Regulation of stomatal 

movement 

16053 
Organic acid biosynthetic 

process 
48506 

Regulation of timing of 

meristematic phase transition 
8643 Carbohydrate transport 71322 

Cellular response to 

carbohydrate stimulus 

9755 
Hormone-mediated signaling 

pathway 
2764 

Immune response-regulating 

signaling pathway 
9915 Phloem loading 9756 

Carbohydrate mediated 

signaling 

9873 
Ethylene mediated signaling 

pathway 
23051 Regulation of signaling process 9966 Regulation of signal transduction 51641 Cellular localization 

9611 Response to wounding 23057 
Negative regulation of signaling 

process 
10646 

Regulation of cell 

communication 
42221 

Response to chemical 

stimulus 

48585 
Negative regulation of 

response to stimulus 
16126 Sterol biosynthetic process 10189 Vitamin E biosynthetic process 44238 Primary metabolic process 

8152 Metabolic process 6722 Triterpenoid metabolic process 9267 Cellular response to starvation 19538 Protein metabolic process 

42445 Hormone metabolic process 16104 
Triterpenoid biosynthetic 

process 
16036 

Cellular response to phosphate 

starvation 
45088 

Regulation of innate immune 

response 

50776 
Regulation of immune 

response 
51707 Response to other organism 43170 

Macromolecule metabolic 

process 
43687 

Post-translational protein 

modification 
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Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

9727 Detection of ethylene stimulus 9625 Response to insect 32879 Regulation of localization 6468 
Protein amino acid 

phosphorylation 

160 

Two-component signal 

transduction system 

(phosphorelay) 

6549 Isoleucine metabolic process 51049 Regulation of transport 44248 Cellular catabolic process 

9056 Catabolic process 6633 Fatty acid biosynthetic process 10105 
Negative regulation of ethylene 

mediated signaling pathway 
22898 

Regulation of 

transmembrane transporter 

activity 

44282 
Small molecule catabolic 

process 
35466 Regulation of signaling pathway 71310 

Cellular response to organic 

substance 
48518 

Positive regulation of 

biological process 

70298 

Negative regulation of two-

component signal transduction 

system (phosphorelay) 

9733 Response to auxin stimulus 42743 
Hydrogen peroxide metabolic 

process 
6811 Ion transport 

51716 Cellular response to stimulus 2684 
Positive regulation of immune 

system process 
50665 

Hydrogen peroxide biosynthetic 

process 
23060 Signal transmission 

33554 Cellular response to stress 50778 
Positive regulation of immune 

response 
23046 Signaling process 16102 

Diterpenoid biosynthetic 

process 

51606 Detection of stimulus 44249 Cellular biosynthetic process 51179 Localization 44070 
Regulation of anion 

transport 

2376 Immune system process 46483 Heterocycle metabolic process 33036 Macromolecule localization 6066 Alcohol metabolic process 
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Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

34762 
Regulation of transmembrane 

transport 
9690 Cytokinin metabolic process 32870 

Cellular response to hormone 

stimulus 
44106 

Cellular amine metabolic 

process 

34765 
Regulation of ion 

transmembrane transport 
45165 Cell fate commitment 51239 

Regulation of multicellular 

organismal process 
9617 Response to bacterium 

8202 Steroid metabolic process 52542 
Defense response by callose 

deposition 
9719 Response to endogenous stimulus 10143 Cutin biosynthetic process 

45087 Innate immune response 52544 
Defense response by callose 

deposition in cell wall 
10648 

Negative regulation of cell 

communication 
50793 

Regulation of developmental 

process 

9626 
Plant-type hypersensitive 

response 
31349 

Positive regulation of defense 

response 
50801 Ion homeostasis 7154 Cell communication 

71496 
Cellular response to external 

stimulus 
30154 Cell differentiation 55080 Cation homeostasis 9607 Response to biotic stimulus 

31668 
Cellular response to 

extracellular stimulus 
6636 

Unsaturated fatty acid 

biosynthetic process 
33559 

Unsaturated fatty acid metabolic 

process 
51791 

Medium-chain fatty acid 

metabolic process 

16125 Sterol metabolic process 9110 Vitamin biosynthetic process 44260 
Cellular macromolecule 

metabolic process 
40034 

Regulation of development, 

heterochronic 

9066 
Aspartate family amino acid 

metabolic process 
9097 Isoleucine biosynthetic process 6814 Sodium ion transport 32501 

Multicellular organismal 

process 
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Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

Node 

Number 
Description 

6566 Threonine metabolic process 16265 Death 6820 Anion transport 19395 Fatty acid oxidation 

48584 
Positive regulation of response 

to stimulus 
42360 Vitamin e metabolic process 48878 Chemical homeostasis 10166 Wax metabolic process 

15672 
Monovalent inorganic cation 

transport 
6090 Pyruvate metabolic process 103 Sulfate assimilation 

  

6635 Fatty acid beta-oxidation 6790 Sulfur metabolic process 10182 
Sugar mediated signaling 

pathway   

 

 



Fig. 163: Kyoto Encyclopedia of Genes and Genomes (KEGG) classification of top differentially expressed (up-regulated) genes. The genes 

were enlisted at the top and the colour pattern (green shades) indicates the involvement of a particular gene in a particular KEGG pathway 
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Fig. 164: Kyoto Encyclopedia of Genes and Genomes (KEGG) classification of top differentially expressed (down-regulated) genes. The genes 

were enlisted at the top and the colour pattern (blue shades) indicates the involvement of a particular gene in a particular KEGG pathway 
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chloroplast involves in abiotic stress management; AOR, NADPH-dependent 

oxidoreductase involves in eliminating generated ROS. While selected down-

regulated genes were RAN1, copper-transporting ATPase involves in copper 

mediated ethylene response; ABCC8, C family of ABC transporter involves in 

regulation of toxic substances generated during yellowing of leaves; BFRUCT4, 

acid beta-fructofuranosidase 4 involving in mobilization of sucrose to sink organs; 

CNGC4, cyclic nucleotide-gated ion channel 4 involves in hypersensitive response 

against pathogen mediated defence. The primer used during RT-PCR amplification 

was listed in Table 64. The real-time PCR results of the differentially expressed 

genes were in good agreement with the expression profile of transcriptome analysis, 

suggesting the transcriptome data used in the present study were reliable and 

accurate (Fig. 165, 166). 

Table 64: Primer sequences for RT-PCR amplification  

Genes Primer type Sequence  Tm 

PSBB 

Fw TCCTTTTTCAAACCCTGCTG 55.25 

Rv TCTTTAAATTCTGTGGGTGGC 55.92 

CSD1 

Fw ACCAAAAGCCAGCAGAAAAC 60.25 

Rv GAGGAGAGTGAGAGAAGAAGAG 61.12 

PSBO2 

Fw ACACTCTCAAACACACCAATC 55.92 

Rv AGTTTTTAGTCCCGTCCTACC 57.87 

AOR 

Fw CCAACCTCTACAACCTCTCC 59.35 

Rv TCGAAGCAACGAGTATAAATCC 56.53 

RAN1 

Fw ATGCATTCGGAACGAGAGCC 59.35 

Rv GCGAATAGCGCCTTTTTCTCAG 60.25 

ABCC8 

Fw TGTCTGTGTTCTGTCTTTGTTC 56.53 

Rv TCCGTATTCTCATCACCAGTC 57.87 

BFRUCT4 

Fw ACCCTCTCTCTCTCTCTCTC 59.35 

Rv TGTGCTTCATCAATGTCGTC 55.25 

CNGC4 

Fw ACGCCTTCGTCATACTTCC 56.67 

Rv CAAGAACATACCAACAACCCC 57.87 

 



Fig. 165: Validation of key differentially expressed up-regulated genes using qRT-PCR analysis. The y-axis 

indicates relative quantification of the genes and the studied genes were indicated in the x-axis. Error bar 

indicates the value of standard deviation (±SD)  
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Fig. 166: Validation of key differentially expressed down-regulated genes using qRT-PCR analysis. The y-axis 

indicates relative quantification of the genes and the studied genes were indicated in the x-axis. Error bar 

indicates the value of standard deviation (±SD)  
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5.21. Analysis of feeding performance of silkworm larvae on supplementing 

with preserved mulberry leaves  

The feeding performance of silkworm larvae was evaluated in terms of rearing 

parameters after feeding with leaves preserved in distilled water, silver nitrate and 

nanosilver solution. The effect of feeding on silkworm larvae was evaluated in terms 

of both bi-voltine and multi-voltine larvae. Bi-voltine larvae was reared twice a year 

for the period of 2017-2019 and multi-voltine larvae were reared 4 – 5 times a year 

for the same period and the average resultant of all the rearing practice was used for 

evaluating the effect of feeding silkworm larvae with preserved mulberry leaves. 

Figure 167 represents a pictorial view of silkworm rearing practice and its 

experimental outcome.  

5.21.1. Rearing practice of bi-voltine silkworm larvae  

Silkworm larvae fed with nanosilver preserved leaves showed growth pattern almost 

similar to the larvae fed with fresh leaves. While larvae fed with distilled water 

preserved leaves showed decreasing trend of growth rate with increase in days of 

feeding. Larvae fed with silver nitrate preserved leaves showed enhanced growth 

rate, but the degree of enhancement was less in comparison to larvae fed with 

nanosilver preserve leaves (Fig. 168). The obtained result clearly indicates the 

effectiveness of nanosilver solution in preserving mulberry leaves by retaining its 

fresh greenish and nutritive texture for 7 days post preservation. Beside these the 

obtained result also indicates non-toxic nature of mulberry leaves preserved in 

nanosilver solution. 

Table 65 displays the obtained resultant of rearing parameters on feeding silkworm 

larvae with preserved and fresh S1 cultivar of mulberry leaves. Reduced size cocoon 

was observed after spinning in larvae fed with distilled water preserved leaves, while 

larvae fed with nanosilver preserved leaves displayed almost equivalent size cocoon 

that was obtained from larvae fed with fresh leaves (Fig. 169). Single cocoon weight 

(SCW) of larvae fed with nanosilver preserved leaves decreases by 1.07% compared 

to the larvae fed with fresh leaves. While the larvae fed with silver nitrate and 

distilled water preserved leaves showed 4.36% and 34.73% decrease in SCW 

respectively. Single shell weight (SSW) of the larvae fed with nanosilver preserved 

leaves decreased by 1.23% compared to the larvae fed with fresh leaves, whereas the  



Fig. 167: Rearing pattern of silkworm larvae   
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Fig. 168:  Average growth rate of larvae fed with fresh and  preserved mulberry leaves 

a b c d 

Fig. 169: Cocoon spinned by larvae after feeding with fresh mulberry 

leaves (a) and leaves preserved in distilled water (b), silvernitrate (c) and 

nanosilver (d) solution 
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larvae fed with distilled water and silver nitrate preserved leaves showed decreased 

in SSW by 54.32% and 9.05% respectively. Shell ratio (SR) of cocoon produced 

from larvae fed with nanosilver, silver nitrate and distilled water decreased by 0.19, 

4.63 and 16.56% respectively.  

Table 65: Rearing parameters of silkworm larvae fed with preserved mulberry 

leaves 

 

 

 

 

 

 

Effective rate of rearing (ERR) for larvae fed with distilled water preserved leaves 

decreased by 53.85% indicating the incapability of larvae in spinning cocoon. ERR 

of larvae fed with nanosilver and silver nitrate was reported to be 94.87% and 

84.62% which were 2.65% and 13.17% lesser in comparison to larvae fed with fresh 

leaves. On assessing the mortality rate (MR) it was observed that larvae fed with 

distilled water preserved leaves showed maximum mortality of 46.15% indicating 

accumulation of toxic metabolic components inside leaves leading to larval death on 

feeding. Nanosilver and silver nitrate preserved leaves on feeding showed 5.13% 

and 15.39% mortality rate while fresh leaves fed larvae showed 2.56% mortality 

rate. 

5.21.2. Rearing practice of multi-voltine silkworm larvae  

A significant decrease in growth index (GI) was noted when fifth instar larvae was 

supplemented with leaves preserved in distilled water (Fig. 170A). Reduction in GI 

reached up to ~71% when fed with 7 days distilled water preserved leaves. On 

feeding leaves preserved with nanosilver and silver nitrate solution decrease in GI 

was insignificant in comparison with fresh leaves, with maximum decrease was 

noted on feeding 7 days preserved leaves which was ~2% and ~6% respectively. 

Preservation 

Solution 

Cocoon Parameters 

SCW SSW  SR ERR MR 

Fresh 1.215 0.243 19.965 97.436 2.564 

Distilled water 0.793 0.132 16.660 53.846 46.154 

Silver Nitrate 1.162 0.221 19.041 84.615 15.385 

Nanosilver 1.202 0.240 19.927 94.872 5.128 
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Significant (p≤0.05) difference in GI value was noted when compared between 

larvae fed with leaves preserved in nanosilver solution and distilled water (Table 

66). It was revealed from correlation analysis (Fig. 93) that more the retention of 

primary metabolite (p≤0.01) in leaves and lesser the accumulation of free radicals 

(p≤0.01) better was the GI.    

At the end of spinning period, a significant decrease in SCW and SSW was noted 

from the cocoon of the larvae fed with 4, 6 and 7 days distilled water preserved 

leaves, with maximum depletion on feeding 7 days distilled water preserved leaves 

which was ~78% and ~88% respectively (Fig. 170B, 171A). Larvae fed with leaves 

preserved in nanosilver and silver nitrate solution showed significant (p≤0.05) 

withholding of SCW and SSW. Moreover, larvae supplemented with leaves 

preserved in nanosilver solution displayed higher withdrawal of SCW and SSW than 

larvae fed with leaves preserved in silver nitrate solution. Significant (p≤0.01) 

positive co-relationship was noted among the concentration of chlorophyll, protein, 

and sugar that remained confined in the leaves with cocoon produced by the larvae. 

Shell ratio of produced cocoon obtained from larvae supplemented with leaves 

preserved in nanosilver solution was noted to be more elevated than larvae fed with 

leaves preserved in distilled water and silver nitrate solution (Fig. 171B). 

The ERR depends upon the degree of stress imposed on leaves with increase in days 

of preservation in different preservative solutions. It was revealed that reduction in 

ERR was lesser in larvae fed with leaves preserved in nanosilver solution for 

different duration up to the period of 7 days, with maximum reduction of ~7%. 

Consequently, larvae supplemented with leaves preserved in distilled water and 

silver nitrate solution displayed maximum reduction of ~92% and ~24% in ERR 

respectively (Fig. 172A).  

A gradual increase in mortality rate was noted on supplementing larvae with leaves 

preserved with distilled water, with highest mortality of ~93% on feeding with 7 

days preserved leaves (Fig. 172B). Consequently, larvae fed with leaves preserved 

in nanosilver and silver nitrate solution displayed high survival rate, with highest 

mortality of ~13% and ~30% respectively on feeding 7 days preserved leaves. 

 



Fig. 170: Effect of feeding S1 genotype of mulberry leaves, preserved 

with distilled water, nanosilver and silver nitrate on (A) growth index 

and (B) single cocoon weight. Silkworm larvae were fed with leaves 

preserved for 0D, 1D, 4D, 6D and 7D. The results were expressed as 

Mean ± SDEV, n= 3  

A 

B 
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A 

B 

Fig. 171: Effect of feeding S1 genotype of mulberry leaves, preserved 

with distilled water, nanosilver and silver nitrate on (A) single shell 

weight and (B) shell ratio. Silkworm larvae were fed with leaves 

preserved for 0D, 1D, 4D, 6D and 7D. The results were expressed as 

Mean ± SDEV, n= 3  

467 



A 

B 

Fig. 172: Effect of feeding S1 genotype of mulberry leaves, 

preserved with distilled water, nanosilver and silver nitrate on (A) 

effective rearing rate and (B) mortality rate. Silkworm larvae were 

fed with leaves preserved for 0D, 1D, 4D, 6D and 7D. The results 

were expressed as Mean ± SDEV, n= 3 
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Dependent Variable 

Mean 

Difference 

(I-J) 

Std. 

Error 
Sig.b 

95% Confidence 

Interval for 

Differenceb 

Lower 

Bound 

Upper 

Bound 

Growth Index 

Distilled 

water 

Nano silver -0.700* 0.200 0.039 -1.359 -0.042 

Silver nitrate -0.674* 0.200 0.045 -1.333 -0.016 

Nano silver 
Distilled water 0.700* 0.200 0.039 0.042 1.359 

Silver nitrate 0.026 0.200 1.000 -0.633 0.685 

Silver 
nitrate 

Distilled water 0.674* 0.200 0.045 0.016 1.333 

Nano silver -0.026 0.200 1.000 -0.685 0.633 

Single Cocoon weight 

Distilled 

water 

Nano silver -0.768* 0.214 0.035 -1.473 -0.063 

Silver nitrate -0.731* 0.214 0.043 -1.436 -0.026 

Nano silver 
Distilled water 0.768* 0.214 0.035 0.063 1.473 

Silver nitrate 0.037 0.214 1.000 -0.668 0.742 

Silver 
nitrate 

Distilled water 0.731* 0.214 0.043 0.026 1.436 

Nano silver -0.037 0.214 1.000 -0.742 0.668 

Single Shell weight 

Distilled 

water 

Nano silver -0.178* 0.047 0.027 -0.332 -0.024 

Silver nitrate -0.162* 0.047 0.040 -0.316 -0.008 

Nano silver 
Distilled water 0.178* 0.047 0.027 0.024 0.332 

Silver nitrate 0.016 0.047 1.000 -0.138 0.170 

Silver 
nitrate 

Distilled water 0.162* 0.047 0.040 0.008 0.316 

Nano silver -0.016 0.047 1.000 -0.170 0.138 

Shell Ratio 

Distilled 

water 

Nano silver -5.648* 1.491 0.027 -10.548 -0.747 

Silver nitrate -5.083* 1.491 0.043 -9.983 -0.182 

Nano silver 
Distilled water 5.648* 1.491 0.027 0.747 10.548 

Silver nitrate 0.565 1.491 1.000 -4.335 5.465 

Silver 
nitrate 

Distilled water 5.083* 1.491 0.043 0.182 9.983 

Nano silver -0.565 1.491 1.000 -5.465 4.335 

Effective Rate of 

Rearing 

Distilled 

water 

Nano silver -45.834 14.169 0.053 -92.415 0.748 

Silver nitrate -38.334 14.169 0.106 -84.915 8.248 

Nano silver 
Distilled water 45.834 14.169 0.053 -0.748 92.415 

Silver nitrate 7.500 14.169 1.000 -39.081 54.081 

Silver 
nitrate 

Distilled water 38.334 14.169 0.106 -8.248 84.915 

Nano silver -7.500 14.169 1.000 -54.081 39.081 

Mortality Rate 

Distilled 

water 

Nano silver 45.834 14.169 0.053 -0.748 92.415 

Silver nitrate 38.334 14.169 0.106 -8.248 84.915 

Nano silver 
Distilled water -45.834 14.169 0.053 -92.415 0.748 

Silver nitrate -7.500 14.169 1.000 -54.081 39.081 

Silver 
nitrate 

Distilled water -38.334 14.169 0.106 -84.915 8.248 

Nano silver 7.500 14.169 1.000 -39.081 54.081 

Table 66: General Linear Model representing significance level among preservative solutions 

with respect to rearing parameters obtained by feeding larvae with preserved leaves (Based on 

estimated marginal means, “*”denotes mean difference is significant at  0.05 level and “b” stands 

for adjustment for multiple comparisons according to Bonferroni) 
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5.22. Post cocoon analysis  

Cocoon obtained from silkworm larvae fed with fresh mulberry leaves (Sample A) 

and mulberry leaves preserved in nanosilver (Sample B and C), silver nitrate 

solution (Sample D) and distilled water (Sample E) were analysed for post cocoon 

parameters (Table 67) from RSTRS Central Silk Board. Results were obtained for 

Sample A, B and D; Sample E was inadequate in quantity as very least number of 

larvae could form cocoon after feeding with distilled water preserved leaves. Sample 

C was pierced at one end, as the white moth formed inside the cocoon comes out by 

making hole on the surface of the cocoon, and according to the analysis report 

characterization of pierced sample cannot be performed.  

Obtained report clearly indicates that larvae fed with nanosilver and silver nitrate 

preserved leaves produced quality cocoon and the obtained silk was more or less 

similar to that of silk obtained after feeding larvae with fresh leaves. On comparing 

nanosilver and silver nitrate set, it was noted that cocoons of nanosilver set 

generated significantly greater amount of non-broken filament that silver nitrate set. 

Beside this out of 1.258 kg of cocoon reeled 0.802 kg silk was obtained in 

nanosilver set which was relatively more than silver nitrate set which produces 

0.895 kg silk from 1.484 kg reeled cocoon. Percentage of raw silk was also found to 

be more in nanosilver set (6.37%) than silver nitrate set (6.02%). On an overall 

scale, larvae fed with leaves preserved in nanosilver solution produced relatively 

better quality cocoon than larvae fed with leaves preserved in silver nitrate solution.        

5.23. Investigation of protein profile of internal organs of silkworm larvae after 

feeding with preserved mulberry leaves through gel electrophoresis 

On analysing the silk gland protein band patterns through SDS gel sixteen major 

bands were observed (Fig. 173). Differences in relative density of obtained protein 

bands were observed after analysing and comparing the graphical representation 

(Fig. 174a-c). From graphical representation it was noted that most of the protein 

bands in silver nitrate and nanosilver set appeared almost similar to the protein 

bands displayed by the silk gland protein of larvae fed with fresh leaves, while low 

magnitude of expression of protein bands were noted for negative control indicating 

their inability in appropriate development of silk gland on feeding senescence 

induced leaves. Protein band number 2 of silk gland obtained from larvae  
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Table 67: Post cocoon parameters analysis of cocoon produced from larvae fed with fresh 

(A), nanosilver (B) and silver nitrate (D) preserved leaves 

 



Fig. 173:  (a) SDS gel portrait and (b) scanned image of silk gland protein obtained from larvae fed 

with (1) fresh leaves, (2-4) distilled water, nanosilver and silver nitrate preserved leaves respectively 
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Fig. 174: (a-c) Graphical representation depicting relative density of silk 

gland proteins obtained from SDS PAGE analysis. Numerical (1, 2, 3,...) 

at the top of graphical bars denotes band numbers  
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supplemented with leaves preserved in nanosilver solution was the most 

differentiated band among all other treatments.  

Haemolymph protein banding pattern showed the presence of eight visible bands on 

gel plate (Fig. 175). It was noted that the larvae supplemented with silver nitrate and 

nanosilver preserved leaves displayed retention of protein band pattern almost same 

to that displayed by larvae fed with fresh leaves, while less magnitude of expression 

of protein bands were noted when larvae fed with distilled water preserved leaves. 

On observing the graphical representation of protein bands with respect to the 

relative density it was found that protein band number 2, 3 and 6 showed better 

magnitude of expression in the larvae fed with leaves preserved in silver nitrate and 

nanosilver solution than larvae supplemented with distilled water preserved leaves 

(Fig. 176a-c).  

On observing the SDS band pattern of silkworm stomach protein ten distinct protein 

bands were detected (Fig. 177). From SDS gel pattern analysis it was noted that 

larvae fed with silver nitrate and nanosilver preserved leaves showed greater 

intensified gel bands than larvae supplemented with distilled water preserved leaves. 

On visualizing the graphical presentation with respect to the relative density, similar 

trend was noted as stated above, where band number 3, 8, 9 and 10 showed higher 

magnitude of expression in larvae supplemented with nanosilver preserved leaves 

(Fig. 178a-b).  

On analysing the band pattern of fat body associated protein through SDS gel, eight 

protein bands were noted (Fig. 179). It was noted that the larvae supplemented with 

silver nitrate and nanosilver preserved leaves displayed greater level of fat protein 

expression than the larvae supplemented with fresh leaves. From graphical 

representation it was observed that the SDS gel protein band number 1, 2 and 5 of 

nanosilver set displayed greater magnitude of expressions than fresh and distilled 

water set (Fig. 180a-b).  

 



Fig. 175:  (a) SDS gel portrait and (b) scanned image of haemolymph protein 

obtained from larvae fed with (1) fresh leaves, (2-4) distilled water, nanosilver and 

silver nitrate preserved leaves respectively 
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Fig. 176: (a-c) Graphical representation depicting relative density of 

haemolymph proteins obtained from SDS PAGE analysis. Numerical (1, 

2, 3,...) at the top of graphical bars denotes band numbers 
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Fig. 177: (a) SDS gel portrait and (b) scanned image of stomach protein obtained from larvae 

fed with (1) fresh leaves, (2-4) distilled water, nanosilver and silver nitrate preserved leaves 

respectively 
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Fig. 178: (a-b) Graphical representation depicting relative density of 

stomach proteins obtained from SDS PAGE analysis. Numerical (1, 2, 

3,...) at the top of graphical bars denotes band numbers 
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Fig. 179: (a) SDS gel portrait and (b) scanned image of fat body associated protein obtained 

from larvae fed with (1) fresh leaves, (2-4) distilled water, nanosilver and silver nitrate 

preserved leaves 
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Fig. 180: (a-b) Graphical representation depicting relative density 

of fat body associated proteins obtained from SDS PAGE analysis. 

Numerical (1, 2, 3,...) at the top of graphical bars denotes band 

numbers   
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5.24. Analysis of differentially expressed SDS protein band of silkworm larvae 

supplemented with nanosilver preserved leaves through orbitrap high 

resolution liquid chromatography mass spectrometry (OHR-LCMS) 

The differentially expressed silk gland proteins obtained from SDS gel analysis were 

passed through OHR-LCMS analysis (Fig. 181) and the identified proteins were 

enlisted in Table 68. Protein identification was conducted by matching the obtained 

proteins with Bombyx mori database using Thermo Proteome Discoverer 2.2 

software. Among the identified proteins maximum coverage of 26%, 14% and 12% 

was occupied by actin, arylphorin and sex-specific storage-protein 2 respectively. 

On passing the identified proteins through STRING (Fig. 182) using Bombyx mori 

database, 18 nodes having 21 edges were recognized with average node degree of 

2.33. STRING analysis was carried out to identify the obtained proteins with respect 

to their functional properties. STRING mediated functionally identified actin-related 

protein 2/3 complex subunit (Sop2) participates in the process of actin 

polymerization. It was mostly involved in the development of branched actin 

networks. Another identified functional protein was alpha chain of tubulin 

(BGIBMGA002103), component of microtubule. Identified protein 

BGIBMGA000970-TA encodes mediator of subunit 7 of RNA polymerase II. 

LOC692991 codes for Glycine t-RNA ligase that plays role in catalytic attachment 

of glycine to glycine specific t-RNA, promoting the event of translation. Tf stands 

for transferrin protein which binds in Fe
3+

 state and transfer iron at various cellular 

and sub-cellular level. Another important identified protein was pyridoxal phosphate 

homeostasis protein coded by LOC693086, which was active form of vitamin B6. 

Identified protein Sp1 and Sp2 are sex specific storage protein of larvae and are 

found to be synthesized inside fat body of larvae.  

5.25. Isozyme analysis of silk gland proteins  

On analysing obtained isoforms of NOX in silkworm larvae it was found that NOX 

enzyme was well expressed in silk gland protein of silkworm larvae supplemented 

with preserved as well as fresh mulberry leaves (Fig. 183). On comparing among 

different preservative sets it was noted that larvae fed with distilled water preserved 

leaves displayed greater magnitude of NOX isoforms except band number 1 and 3 

which showed greater expression in larvae supplemented with nanosilver and silver  



Fig. 181: OHR-LCMS spectra of differentially expressed SDS band obtained from silk gland of larvae 

fed with nanosilver preserved leaves 
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Accession Description 
Coverage 

[%] 

# 

Peptides 

# 

PSMs 

# 

Unique 

Peptides 

# 

Protein 

Groups 

# 

AAs 

MW 

[kDa] 

calc. 

pI 

P04829 Actin, cytoplasmic A3 OS=Bombyx mori OX=7091 PE=3 SV=3 26 6 7 6 1 376 41.9 5.59 

Q1HPP4 Arylphorin OS=Bombyx mori OX=7091 GN=733005 PE=1 SV=1 14 6 7 1 1 703 83.4 6.01 

P20613 

Sex-specific storage-protein 2 OS=Bombyx mori OX=7091 GN=SP2 

PE=2 SV=2 
12 6 6 1 1 704 83.4 6.46 

F8UN44 Heat shock protein 70-3 OS=Bombyx mori OX=7091 PE=2 SV=1 9 4 4 3 1 655 72.7 5.26 

G9I6Y1 Arylphorin OS=Bombyx mori OX=7091 PE=2 SV=1 6 3 3 3 1 696 82.8 6.27 

Q2F645 Transketolase OS=Bombyx mori OX=7091 PE=2 SV=1 7 2 2 2 1 622 67.3 6.87 

A0A1Q0AL85 

Homeostasis protein OS=Bombyx mori OX=7091 GN=IHoP PE=2 

SV=1 
5 1 2 1 1 693 77.5 5.3 

Q8N0P2 

Heat shock cognate protein; Heat shock protein 70 OS=Bombyx mori 

OX=7091 GN=BmHSC70-4 PE=2 SV=1 
5 2 2 1 1 649 71.1 5.47 

H9JP12 

Sex-specific storage-protein 1 OS=Bombyx mori OX=7091 PE=4 

SV=1 
4 2 2 2 1 747 87.2 7.14 

H9JV50 Tubulin alpha chain OS=Bombyx mori OX=7091 PE=3 SV=1 9 2 2 2 1 450 49.9 5.14 

G1UIS8 Apolipophorin protein OS=Bombyx mori OX=7091 GN=I PE=2 SV=1 2 3 3 3 1 3317 369 7.81 

Q2F5I5 Glycyl-tRNA synthetase OS=Bombyx mori OX=7091 PE=2 SV=1 4 1 1 1 1 732 83 7.37 

A1E9B3 

Vacuolar ATP synthase catalytic subunit A OS=Bombyx mori 

OX=7091 PE=2 SV=1 
3 1 1 1 1 617 68.3 5.39 

H9JTA1 Phenoloxidase subunit 1 OS=Bombyx mori OX=7091 PE=4 SV=1 4 1 1 1 1 685 78.7 6.71 

H9JQN8 Protein disulfide-isomerase OS=Bombyx mori OX=7091 PE=3 SV=1 3 1 1 1 1 494 55.6 4.7 

O97158 Transferrin OS=Bombyx mori OX=7091 PE=2 SV=2 2 1 1 1 1 681 75.7 7.2 

Q9XXZ6 Polyubiquitin OS=Bombyx mori OX=7091 GN=UBI3 PE=2 SV=1 2 1 1 1 1 913 102.4 7.99 

 

Table 68: Differentially expressed silk gland protein of larvae supplemented with nanosilver preserved mulberry leaves identified by OHR-LCMS 

analysis 



Fig. 182: STRING analysis representing protein-protein interaction of 

differentially expressed silk gland proteins obtained from OHR-LCMS 

analysis 
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nitrate preserved leaves (Fig. 184a-b). From magnitude of NOX expression in silk 

gland, it may be stated that greater generation of ROS was occurred inside silk gland 

of larvae supplemented with distilled water preserved leaves and thus more was the 

deterioration in cocoon quality. On analysing SOD banding pattern of silk gland 

protein, it was observed that larvae supplemented with nanosilver preserved leaves 

displayed banding pattern almost equivalent to that of larvae fed with fresh leaves 

(Fig. 185). While larvae supplemented with distilled water preserved leaves 

displayed low amplitude of SOD activity (Fig. 186) indicating lesser potentiality to 

overcome generated stress on feeding preserved leaves. SOD activity inside larvae 

fed with leaves preserved in nanosilver solution appeared more or less equivalent to 

that of larvae fed with fresh mulberry leaves, reflecting the existence of equivalent 

defensive activity even after 7 days of preservation.  

Two isoforms of catalase enzyme were detected on characterizing the silk gland 

protein of silkworm larvae supplemented with nanosilver, silver nitrate and distilled 

water preserved leaves (Fig. 187). The activity of CAT isozyme was more in the 

larvae supplemented with preserved mulberry leaves than larvae supplemented with 

fresh leaves. Greater enhancement of CAT activity in treated sets was also indicated 

from graphical representation of the obtained result (Fig. 188). Through graphical 

representation it was revealed that one of the isoforms of CAT enzyme in nanosilver 

treated set expressed more than other sets indicating greater activation of defensive 

strategy to nullify the stress caused by generation of H2O2.  

 



Fig. 183: On-gel (a) image and (b) scanned photograph showcasing  NADPH oxidase activity 

inside silk gland of silkworm larvae fed with (1) fresh leaves, (2-4) leaves preserved in distilled 

water, nanosilver and silver nitrate solution respectively for 7 days 
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Fig. 184: (a-b) Graphical representation depicting relative density of NADPH 

oxidase activity inside silk gland of silkworm larvae fed with fresh leaves and 7 

day preserved leaves in distilled water, nanosilver and silver nitrate solution 

respectively.  Numerical (1, 2, 3,...) at the top of graphical bars denotes band 

numbers    
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Fig. 185: On-gel (a) image and (b) scanned photograph 

showcasing superoxide dismutase activity inside silk gland 

of silkworm larvae fed with (1) fresh leaves, (2-4) leaves 

preserved in distilled water, nanosilver and silver nitrate 

solution respectively for 7days 
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Fig. 186: Graphical representation depicting relative density of  superoxide dismutase activity 

inside silk gland of silkworm larvae fed with fresh leaves and 7 day preserved leaves in 

distilled water, nanosilver and silver nitrate solution.  Numerical (1, 2, 3,...) at the top of 

graphical bars denotes band numbers    
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Fig.. 187: On-gel (a) image and (b) scanned photograph 

showcasing catalase activity inside silk gland of silkworm 

larvae fed with (1) fresh leaves, (2-4) leaves preserved in 

distilled water, nanosilver and silver nitrate solution 

respectively for 7days 
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Fig. 188: Graphical representation depicting relative density of catalase activity inside 

silk gland of silkworm larvae fed with fresh leaves and 7 day preserved leaves in distilled 

water, nanosilver and silver nitrate solution. respectively.  Numerical (1, 2, 3,...) at the 

top of graphical bars denotes band  numbers    
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6. DISCUSSION 

Mulberry belongs to the genus Morus which was positioned under the family 

Moraceae as placed by Bentham and Hooker. Worldwide the genus Morus has more 

than 150 different species (Srivastava et al. 2006), among them in India reported 

wild genus were M. alba L., M. indica L., M. serrata Roxb. and M. laevigata Wall. 

ex Brandis. Among different reported species of Morus, Morus alba (white 

mulberry) gains special attention as it was solely used for feeding silkworm larvae. 

Besides being used as fodder, leaves of white mulberry holds multi-dimensional 

uses. Kumar and Chauhan (2008) reported that the use of different parts of white 

mulberry viz. fruit, leaf, bark, stem and root has been well documented in Chinese 

medicine. Łochyńska and Oleszak (2011) observed that leaves of mulberry act as an 

effective phyto-medicine to fight against Type-II Diabetes, due to the presence of 

quercetin and 1-deoxynojirimycin. Different flavonoids based compounds like rutin, 

isoquercitrin, albanol B, astragalin, quercetin, and morusin present within the leaves 

of mulberry helps to reduce generated oxidative stress inside tissue system (Yen et 

al. 1996). Zafar et al. (2013) reported that leaf extract of white mulberry was highly 

effective against hypertensive, hyperglycaemic and hyperlipidemic activities. In 

some part of the world, leaves of mulberry were also reported to be used in the 

preparation of tea and juice (Wilson and Islam 2015).  

In all the above stated multipurpose use of white mulberry, leaves can be stored for 

long time after drying to prevent any contamination mediated by pathogens, except 

for feeding silkworm larvae which requires freshly collected healthy leaves (Dong et 

al. 2017). The nutritional quality of the mulberry leaves greatly determines the 

quality and quantity of silk produced by the larvae (Manjula and Kumari 2015). 

Miyashita (1986) stated that leaf quality of white mulberry act as an independent 

factor contributing more than 30% cocoon production success rate. Depending on 

this property in the last three decades huge emphasis has been given for developing 

mulberry genotype bearing high yielding and high nutritional quality. AR11, AR12, 

BC259, C776, G2, G4, K2, RC1, RC2, RF5135, RF5175, S1, S13, S34, S36, S1635, 

S146, Sahana, Tr4, Tr10 and V1 are the high yielding cultivars of  white mulberry 

that are mostly used for propagation and silkworm feeding.  
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Preservation of these high quality leaves of white mulberry becomes necessary 

during rainy season, as supplementation with wet leaves was not productive as it 

increases mortality rate of silkworm. Conventionally the traditional practisers during 

rainy season preserve the collected leaves by rapping in a moist cotton cloth. 

Preservation by this traditional mode results in decrease of moisture and nutrient 

content of leaves, leading to the production of inferior quality cocoons. Dong et al. 

(2017) reported that mulberry leaves maintain the water and nutritional balance 

inside the body of silkworm. So drop off in nutritional quality of leaves during 

preservation will hold back normal growth and development rate of larvae. An 

alternative method for improving productivity during rainy season was a pressing 

demand to overcome the above stated problem. Preservation of mulberry leaves by 

the application of efficient preservative solutions may assist to retain the nutritional 

quality of leaves at post-harvest stage. 

The major obstacle that arises during preservation of mulberry leaves using 

preservative solution was proliferation of microbes within preservative solution that 

enters into the lumen of xylem through conducting pathway. Increase in count of 

bacteria inside xylem vessels causes blockage, besides these polymeric compounds 

like lignin, suberin and many others also gets accumulated inside lumen and there by 

blocking the normal conducting pathway (Jedrzejuk et al. 2012), accelerating the 

process of senescence and thereby inhibiting the process of post-harvest shelf life 

extension.  

Present study deals with an attempt to identify an effective preservative solution 

bearing efficient antimicrobial property that will prevent occlusion of xylem vessel 

at post-harvest stage of preservation. The preservative solution must be biologically 

active which will directly or indirectly accelerate enzymatic function that will 

participate in ROS mitigation, retention of primary metabolites and thereby 

involving in postharvest shelf-life extension of mulberry leaves. The entire 

background process from selection of suitable cultivar of mulberry to the selection 

of suitable preservative solution was described underneath.  

6.1. Screening of mulberry cultivars  

Locally and commercially available six cultivars of white mulberry were evaluated 

in terms of macro- and micro-morphological attributes for predicting suitable 
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cultivar for carrying out the post-harvest preservation experiments. Significant 

difference was noted among the six cultivars on comparing macro-morphological 

parameters. Among all the cultivars maximum and minimum lamina length and 

breadth was recorded in Guangdong (195.04 and 177.80 mm) and TR10 (138 and 

88.40 mm) respectively. On comparing petiole length, it was observed that 

Guangdong displayed smallest petiole length (32.10 mm), while S1635 showed 

highest length of 47.70 mm. Thus, Guangdong represents advance morphological 

form as it bears large lamina with small petiole size. The decreasing order of leaf 

surface area among the cultivars can be represented as Guangdong > S1635 > 

BC259 > TR10 > V1 > S1. Menon and Srivastava (1984) stated that assimilation of 

carbon dioxide by plant through the mechanism of photosynthesis and gain in 

biomass of lamina are directly associated. As Guangdong cultivar of white mulberry 

bears large surface area, so it is more probable to gain greater biomass through 

photosynthesis which might favour its yield. 

For proper adaptation of different cultivars at different geographic location aperture 

of stroma, size dimension of stomata and its adjoining cells plays important role. 

Susheelamma and Datta (1993) reported that those cultivars of mulberry that are 

having small opening and size dimension of stomata could retain moisture content of 

leaves more efficiently than the cultivars having large stomatal openings. Beside this 

it has been reported that photosynthetic efficiency depends to some extent over 

stomatal frequency and dimension of stomata present on surface of the lamina 

(Maghsoudi and Moud 2008).  Among the six cultivars under present study, it was 

observed that S1 bears smallest average stroma length (9.48 μm) and breadth (1.40 

µm). On comparing the cumulative length and breadth of stroma and guard cell it 

was observed that S1 lowers the ranking. Beside this S1 also displayed lowest 

stomatal frequency. Thus, it may be stated that as S1 represents least stomatal 

dimension along with minimum stomatal frequency, so it bears greater possibility to 

retain the internal moisture content in a better way as compared to other cultivars 

helping and thus showcasing greater adaptability in tropical and sub-tropical areas. 

Present observation was strongly supported by PCA analysis which reveals that 

length and breadth of lamina positively correlates while stomatal parameters viz. 

stoma length and breadth, frequency and index both individually or in association 

with guard cell and subsidiary cell. This finding points to the fact that with increase 
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in lamina dimension, stomatal attributes will simultaneously increase. From this it 

might be concluded that mulberry cultivar with smaller leaves is more preferable at 

post-harvest stage because with increase in lamina size, frequency of stomata also 

increases which might play negative role by reducing the moisture level of leaves, 

thereby decreasing leaf quality. 

Present study also reported extensive variation in length and breadth of trichome in 

all the studied cultivars. Presence of both glandular and non-glandular trichomes 

was reported from all cultivars. BC259 had the shortest trichomes (89.40 µm) while 

S1 showed longest trichomes (253 µm) in terms of length. Trichome exhibits 

mechanical barrier against the activity of herbivory caused by insects (Baur et al. 

1991). On comparing idioblast and trichome density it was observed that the 

Guangdong and BC259 cultivar had the maximum number of idioblast (45.29) and 

trichome (55.08) per millimetre square of microscopic field respectively, while 

TR10 and S1 displayed the least number of idioblast (18.55) and trichomes (28.36) 

density respectively. The type and density trichomes present puts significant impact 

on the overall acceptability of leaves by the larvae. Kesavacharyulu et al. (2004) 

reported that with increase in trichome density, acceptability of leaves by larvae 

decreases considerably. In sericulture industry acceptability of particular cultivar of 

mulberry by silkworm larvae as supplement was considered as most important as 

any other parameters (Singhal et al. 2010). As S1 cultivar displayed least trichome 

density, it may be predicted that it will be more acceptable by silkworm larvae and 

thus by silk industry than any other cultivars of white mulberry.  

Thus, from the above outcome and from the study of correlation matrix it may be 

stated that most significant attributes were positively correlated among each other. 

Lamina length showed direct correlation with lamina breadth; similarly attributes of 

stomata and trichome were also positively correlated among each other. The positive 

correlation between lengths of internode and petiole is very significant which 

proposes that developing leaves obtain sufficient space for proper growth; besides 

this the upper whorled leaves were not overlapping the lower leaves due to which 

efficiency of photosynthesis might get enhanced leading to accumulation of more 

photo-assimilates. Vein islet functions in proper and uniform distribution of 

photosynthetic products and it showed positive correlation with length and breadth 

of lamina, which reveals that greater the size of lamina more is the number of vein 
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islet and thereby greater the distribution of photo-assimilates leads to the 

development of healthy leaves on maturity which may accomplish the industrial 

requirement. Thus, present findings were highly significant as it may help to 

categorize suitable cultivar for proper purpose. 

6.2. Selection of suitable preservative solution for post-harvest shelf life 

extension 

Screening of ideal preservative solution was the basic pre-requisite for post-harvest 

shelf life extension. Different class of chemicals were used during screening, out of 

which one class comprises group of hormones viz. indole acetic acid, kinetin, benzyl 

adenine and gibberellic acid. Yu et al. (2009) while working on blue mold rot of 

apple stated that IAA greatly enhances natural resistance power of plants during 

post-harvest stage which extends shelf life by inhibiting proliferation of microbes. 

Cytokinins like kinetin besides maintaining normal growth process of plants 

maintains vigor and delays the process of leaf yellowing (Seema et al. 2011), while  

benzyl adenine delays senescence by slowing the process of chlorophyll 

degradation, thereby maintaining chloroplast activity, thus promoting expression of 

chloroplast genome maintaining photosynthetic process (Kumari and Solankey 

2018). Further it was reported that degradation of chlorophyll and photosynthetic 

apparatus that take place during senescence were accelerated by the action of 

abscisic acid and ethylene which gets inhibited or delayed by the exogenous 

application of cytokinins (Richmond and Lang 1957) and in some systems by the 

application of auxins and gibberellins (Smart 1994). Jordi et al. (1995) proposed that 

bioactive gibberellins delays chlorophyll loss thereby slows down the process of 

senescence. Current study displayed inefficiency of hormonal solutions in extending 

post-harvest shelf life of mulberry leaves. Senescence of leaf at post-harvest stage 

involves degradation of macromolecules like chlorophyll, protein, nucleic acid and 

components of plasma membrane, and thereby subsequent mobilization of a number 

of degradation products to other parts of the plant. Breakdown of chlorophyll 

molecule causes yellowing of the leaves, the most noticeable visible symptom of 

senescence (Fang et al. 1998). Beside appearance of yellow patches over leaves, 

leaves preserved in higher concentration of indole acetic acid, kinetin and benzyl 

adenine displayed tissue browning indicating loss of internal moisture content with 

increase in storage time. Cellular loss of water causing internal dehydration was the 
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major cause of tissue browning (Landrigan et al. 1996). Cellular dehydration causes 

loss of turgor pressure (Alzamora et al. 2000) which causes drastic change in 

qualitative attributes such as colour, texture and many more that ultimately leads to 

post-harvest enzymatic browning of tissues (Agüero et al. 2008).  

Beside hormones, phenolic phyto-hormone viz. salicylic acid an endogenous 

regulator of physiological processes that mostly involves in defence mechanism of 

disease resistance (Luo et al. 2011) and polyamine viz. putrescine that protects plant 

cells against various environmental stress (Davarynejad et al. 2015), also fails to 

extend the shelf life of mulberry at post-harvest stage. Sodium nitroprusside, a nitric 

oxide generator, that was reported to extend vase life by inhibiting ethylene 

production (Naing et al. 2017) and by enhancing or maintaining antioxidant 

enzymatic and non-enzymatic activity (Shi et al. 2016) when used to prolong shelf 

life of mulberry leaves failed to produce effective result.  

The major challenges faced during preservation of leaves are wilting and yellowing 

of leaves, as well as xylem blockage due to microbial proliferation. Silver nitrate and 

silver thiosulphate are the most commonly used silver ion as preservatives acting as 

an ethylene blocker, thus delaying senescence (Subhashini et al. 2011). By acting as 

ethylene blocker both silver nitrate and silver thiosulphate delays the process of 

senescence in flowering plants and thus preventing abscission (Kofranek 1985; Knee 

1992). Salts of silver ions help in extending the shelf life by maintaining the 

continuity of water column, as it prevents colonization of microbial organisms 

within the xylem lumen (Ohkawa et al. 1999). Butt (2005) reported that silver nitrate 

solution at 150 ppm concentration extends the vase life of Rosa hybrida by 4 days. 

Similarly, application of silver thiosulphate prolongs the vase life of cut rose flower 

stem up to 10 days (Reid et al. 1980). Ten minute pulsing of silver thiosulphate 

increases the post-harvest vase life of cut carnation flowers (Dimalla and Staden 

1980). Liao (2000) observed that ethylene production within cut rose decreases by 

the application of silver thiosulphate at post-harvest stage.  Although plenty of work 

has already been done on evaluating the effect of silver nitrate and silver 

thiosulphate as ACC synthase blocker, but most of the work remains confined in 

preservation of economically important flowering plants/ twigs and almost no work 

was carried out for evaluating the effect of silver ions in preservation of 

economically important leaves at post-harvest stage along with predicting the 
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mechanism of senescence retardation. Present study showed that among the used 

two salts of silver, silver nitrate at low concentration showed potentiality to extend 

the shelf life of mulberry leaves at post-harvest stage which the other silver salts viz. 

silver thiosulphate fails to extend. Silver nitrate solution (more precisely at 10 ppm 

concentration) showed potentiality to retain their physical and chemical property of 

preserved mulberry leaves as that of fresh leaves for a period of at least 7 days, 

signifying that as an anti-senescence mediator, silver nitrate acts as a effective 

preservative for mulberry leaves. 

On preserving mulberry leaves with silver nitrate solution, characteristic colour 

transformation from transparent to brown that was recorded with time indicated the 

formation of nanosilver solution, as the solution displayed SPR peak of ~459 nm. 

Literature survey proposes that appearance of SPR peak in the wavelength range of 

400 – 500 nm indicates nanosilver formation (Sastry et al. 1997). Thus, it was 

actually the nanosilver which was formed during the course of preservation of 

mulberry leaves helping in extending post-harvest shelf life by 7 days and thereby 

maintaining fresh texture of leaves as that of fresh leaves. Obtaining such striking 

observation, present work was directed in the track of determining ideal nanosilver 

solution suitable for extending shelf life of mulberry leaves at post-harvest stage and 

the entire results were compared with respect to silver nitrate, performing as positive 

control and distilled water acting as negative control.    

6.3. Phytosynthesis and characterization of silver nanoparticles  

Biogenic synthesis of silver nanoparticles was initially confirmed by colour 

transformation of silver nitrate solution. Annamalai et al. (2014) stated that the 

organic constituents and the dielectric medium of the bio-extract was mainly 

responsible for colour transformation during nano formation. Further validation was 

carried out using more specific technique, UV-Vis spectrophotometer. Sastry et al. 

(1997) reported that appearance of spectral peak in the wavelength range of 400 – 

500 nm confirms nanosilver formation. In the present study the characteristic UV-

Visible spectra displayed SPR band at ~441 nm conforming phytosynthesis of silver 

nanoparticles.   

FTIR spectral peak of phytosynthesized nanosilver and plant extract appeared 

almost at the same position with minor deviation due to reduction process (Bhakya 
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et al. 2016). FTIR spectra strongly support the participation of different components 

of plant extract in bioreduction process of metallic salts into silver nanoparticles. 

Ganesh Babu and Gunasekaran (2009) stated that during nanoparticle formation 

interaction between metal salts and biomolecules takes place through the association 

of functional groups. Bands shifting from 3675.839 cm
-1

 of plant extract to 3633.411 

cm
-1

 in nanosilver was due to –OH stretching vibration, while positional shifting 

from 3425.126 cm
-1

 to 3430.912 cm
-1

 corresponds to N–H mode of vibration which 

overlapped with –OH vibrational stretching of phenolic and alcoholic compounds 

(Loo et al. 2012; Ahmed et al. 2016).  The peaks at 2919.843 cm
-1

 and 2854.272 cm
-

1
 corresponds functional vibrations of –CH2 and –CH3 groups. These peaks were not 

detected in plant extract possibly due to nosiness of –OH vibration stretching. 

Strong intense peak at 1627.706 cm
-1

 corresponds vibration of 1˚ and 2˚ amines 

(Khalil et al. 2014; Sivakumar et al. 2012) and 1386.636 cm
-1

 represents C–N 

vibration stretch, most likely representing amide I protein bands of leaf extract 

(Gurunathan et al. 2015). The band at 1066.495, 1020.209 cm
-1

 of leaf extract and 

1033.709 cm
-1

 of nanosilver depicts strong C–O– and C–OH vibrational stretching 

of alcohol, carboxylic acid, ester and ether bond of proteins and carbohydrates 

present in the isolated leaf extract (Yuen et al. 2005; Shankar et al. 2004). Obtained 

peak at 761.782 cm
-1

 of extract showed positional displacement in the direction of 

higher wave number at 796.4961 cm
-1

 in phytosynthesized nanosilver indicates N–H 

vibration of 1˚ aliphatic amines. Absorption band at 572.7829 and 518.7832 cm
-1

 

correspond vibration of C–C skeleton of branch alkanes. Thus, FTIR spectra, clearly 

indicates the presence of carbohydrate, proteins and probably different group of 

secondary metabolites in the mulberry leaf extract that are involved in the bio-

reduction of silver ion and also acting as bio-stabilizing agents. 

SEM micrograph displayed spherical nanoparticles that were clumped at some 

regions. These clumping of particles were probably due to cross linking (Shankar et 

al. 2017) or may be due to solvent evaporation during preparation of sample (Jagtap 

and Bapat 2013). Elemental profiling through EDX analysis displayed most 

intensified peak at 3 KeV representing abundant presence of silver. Due to SPR, 

silver present in nanoparticles showed powerful peak at 3 KeV confirming the 

formation of silver nanoparticles (Magudapathy et al. 2001; Das et al. 2013). EDX 

spectra also showed the presence of carbon and oxygen indicating the presence of 
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alkyl chain as stabilizing agent during the phytoreduction of metallic silver 

(Puchalski et al. 2007), supporting the observation of FTIR analysis. TEM and HR-

TEM analysis showed synthesized nanoparticles have size dimension <10 nm and 

>40 nm. The variation in particle size distribution was primarily due to clustering of 

particles at some places (Jagtap and Bapat 2013). TEM micrograph displayed that 

the periphery of the synthesized nanoparticles were thinner than centre, indicating 

the participation of protein molecules as capping agent (Ahmad et al. 2010). The 

polydispersity was obtained to be 11.35% indicating that most of the nanoparticles 

remained in monodispersed phase; similar observation was also been reported by 

Ibharim (2015) and Banala et al. (2015) while synthesizing nanosilver using banana 

peel and papaya leaf extract respectively. Bio-application of nanoparticles largely 

depends on shape, size and polydispersity index of the synthesized particles (Bansal 

et al. 2010). Agnihotri et al. (2014) reported that bioactivity of nanosilver mostly 

antimicrobial activity was inversely related to the size of the nanoparticles. Current 

study showed synthesis of smaller size nanoparticles, supporting their bioactive 

nature.    

XRD pattern of dried nanosilver generated four prominent diffraction peaks at 

38.14˚, 44.26˚, 64.46˚, 77.41˚ corresponding to (hkl) values of (111), (200), (220), 

(311) Bragg’s reflections plane that matches with JCPDS library file no: 04-0783 

confirming the formation of face centered cubic silver. Premasudha et al. (2015) and 

Awwad et al. (2013) while synthesizing nanosilver using extract of Eclipta and 

Carob leaf respectively reported almost similar orientation pattern of XRD spectra. 

Besides normal peaks of silver stated above, three extra peaks at 27.86˚, 32.26˚ and 

46.11˚ were noted and these peaks probably represents the organic constituents of 

extracts that were responsible for bioreduction of silver ion (Roopan et al. 2013). 

SAED pattern showed four prominent circles of bright diffraction spots and these 

spots were corresponds to (111), (200), (220) and (311) Bragg reflection planes 

(Amin et al. 2012). Beside these the lattice constant value of most intense peak (111) 

which was obtained to be 4.084 Å matches exactly with the reported standard value 

of silver in JCPDS file no: 04-0783. Similar observation on biogenic silver 

nanoparticles was also proposed by Anandalakshmi et al. (2016) and Mehta et al. 

(2017).  
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The size of the particles obtained from DLS analysis viz. 29.68 nm is greater than 

that determined through TEM and XRD analysis, this may be due to the fact that 

DLS takes into consideration the associated capping and reducing agents during size 

measurement (Singhal et al. 2011). Besides size dimension for biological activity of 

nanoparticles, stability plays a significant role (Aiad et al. 2013). Nano stability was 

measured in terms of zeta potential by measuring the surface charge of the 

synthesized nanoparticles. Nanoparticles displaying greater positive or negative 

value of zeta potential will repulse each other, which will prevent nanoparticles for 

agglomeration and there by increases particle stability (Haider and Mehdi 2014). 

Nanoparticles having zeta potential greater than +30 mV or less than -30 mV are 

considered to remain stable without agglomeration for longer period (Zhang et al. 

2008). Current study reports zeta potential of +37.4 mV, indicating highly stable 

nanoparticles synthesized using mulberry leaf extract. Positive value of zeta 

potential was probably due to development of attraction between positively charged 

capping agents by electrostatic force with the synthesized nanoparticles (Hedberg et 

al. 2012). Thus, above study clearly indicates that mulberry leaf extract bears 

complete potentiality to synthesize stable and bioactive silver nanoparticles that can 

be used to extend the shelf life of mulberry leaves at post-harvest stage.  

6.4. Bioactivity assessment of phytosynthesized silver nanoparticles 

Biosynthesized silver nanoparticles exhibit significant scavenging activity against 

oxidative molecules. The functional groups present in leaf extract which are mostly 

involved in reduction of silver ion are principally responsible for antioxidant activity 

(Patil et al. 2015). The lipophilic radical DPPH was usually used as model test for 

determining the scavenging activity of free radicals against synthesized 

nanoparticles and natural compounds due to its high stability (Bhakya et al. 2015). 

DPPH in its radical state displayed maximum absorbance at 517 nm, which steadily 

decreases by reduction caused by antioxidants (Blois 1958). In present study 

scavenging activity of DPPH increases with rise in concentration of synthesized 

nanoparticles. DPPH scavenging activity was also displayed by plant extract but 

extend of activity was considerably less than synthesized nanosilver. Findings of the 

current study was supported by earlier workers who also reported more or less 

similar outcome while working with silver nanoparticles synthesized using extract of 

Iresine herbstii (Dipankar and Murugan 2012) and Alpinia katsumadai (He et al. 
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2017). Potassium persulfate oxidizes ABTS to generate ABTS
+
, a blue chromophore 

causing oxidative damage (Moteriya et al. 2017). Assessment of ABTS
+
 scavenging 

activity was mostly conducted to access the potentiality of hydrogen donors and 

antioxidant agents that remained in the biological samples (Ajayi and Afolayan 

2017). Silver nanoparticles synthesized with mulberry leaf extract displayed strong 

ABTS
+ 

activity. Strong ABTS
+
 scavenging activity of phytosynthesized nanosilver 

was also reported by Shanmugam et al. (2016). Silver nanoparticles also displayed 

considerably strong nitric oxide scavenging activity and this potentiality was 

generated due to the presence of electronegative property of nitric oxide radical 

which silver nanoparticles utilizes for reduction by donating electron (Rodriguez-

Gattorno et al. 2002). Patil et al. (2015) proposed that nitric oxide plays vital role in 

different processes of bio-regulation, but its excessive production or accumulation 

may cause several disorders. Superoxide, a weak anionic radical bear the potentiality 

to generate two harmful radicals viz. hydroxyl radical and singlet oxygen that 

generates oxidative stress (Elmastas et al. 2006). Reddy et al. (2014) stated that 

inside living system, accumulated superoxide directly reacts and damages nucleic 

acids and proteins, besides this superoxide mediated generated hydroxyl radical 

causes cellular damage by reacting with fatty acid in polyunsaturated state that were 

associated with phospholipids (Halliwell and Gutteridge 1990). In present study 

phytosynthesized silver nanoparticles displayed elevated superoxide scavenging 

activity which was supported by the work of Reddy at al. (2014) that showed 60% 

superoxide scavenging potentiality of nanosilver synthesized using fruit extract of 

Piper longum. Metal chelating activity is the ability of the antioxidant molecules to 

destabilize the formation of Ferrozine-Fe
2+

 complex (Inbathamizh et al. 2013). 

Current study indicated high metal chelating potentiality of phytosynthesized silver 

nanoparticles with respect to standard.     

Biosynthesized silver nanoparticles also displayed significant antimicrobial activity 

against both gram positive and gram negative bacteria. It was observed that for 

inhibiting the growth of gram-positive bacteria, higher concentration of nanosilver 

was required while efficiency against gram negative bacteria was determined to be 

effective at comparatively lower concentrations of nanosilver.  

Such striking observation was possibly due to the fact that metallic ions at higher 

concentration can smoothly bind to the surface of gram positive bacteria (Beveridge 
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and Fyfe 1985), while at lower concentration the rigid composition of cell wall of 

gram positive bacteria creates difficulty for nanosilver to penetrate the bacterial cell 

wall (Ibrahim 2015). Earlier workers reported the phytosynthesis silver 

nanoparticles by using extracts of Artocarpus heterophyllus (Jagtap and Bapat 

2013), Lycopersicon esculentum (Maiti 2014), Capparis spinosa (Benakashani et al. 

2016), Sida acuta (Nisha et al. 2017), Aloe vera (Abalkhila et al. 2017) and 

Eriobotrya japonica (Rao and Tang 2017) depicting strong bactericidal activity 

against different strains of microorganisms. 

Silver nanoparticles showed minimum inhibitory concentration against gram 

negative bacteria. Low MIC against gram negative bacteria was probably due to the 

presence of thin peptidoglycan layer in the cell wall that can be easily penetrated by 

nanoparticles (Shrivastava et al. 2007). Silver nanoparticles inhibit bacterial growth 

by releasing silver cations that internally damages cellular organization (Paszek et 

al. 2012). Stoimenov et al. (2002) reported that the driving force that causes 

attraction between negatively charged microbial membranes with positively charged 

nanoparticles leading to bactericidal activity was electrostatic force. Silver 

nanoparticles inhibit microbial growth by interacting with negatively charged 

sulphur and phosphorous containing cellular constituents like nucleic acids (DNA/ 

RNA) and proteins (Nel et al. 2009; Jung et al. 2008). Although in recent years 

different workers have proposed different mode of action of nanosilver against 

microorganisms but exact mode of action requires to be analysed further. 

6.5. Time Kinetics, Process variation, stability and bioactivity assessment of 

phytosynthesized silver nanoparticles 

Hamouda et al. (2019) stated that phytosynthesis of nanosilver was a time dependent 

process. Current study reports requirement of more than 10 hrs for the entire 

bioreduction process to complete. Kumar and Yadav (2008) reported that prolong is 

the reaction time greater is the probability for production of large size dimension of 

biosynthesized silver nanoparticles with greater degree of polydispersity. Current 

study reports completion of mainstream reaction within first hour of initiation. 

Kumari et al. (2016) reported that appearance of single spectral peak was the 

indicator of formation of spherical shaped metallic nanoparticles, while appearance 

of two or more SPR peaks indicated anisotropic particles. Present study also reports 

appearance of single SPR peak, indicating generation of spherical shaped particles. 
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During the first hour of reaction, SPR peak appeared at 429 nm which gradually got 

positional displacement to 432 nm and finally got stabilized at and around 441 nm 

indicating red shift with time. Red shift of spectral peak indicates large size 

nanoparticles (Prathnaa et al. 2011). Lina et al. (2010) stated that positional shifting 

of spectral peak with time depends on number of factors, including size and surface 

morphology of the synthesized nanoparticles, its dielectric medium, coupling of 

colloids and absorbed solutes. Hasan et al. (2018) reported that prolong reaction 

time significantly effects distribution of nanoparticles along with development of 

large size particles. Large size particles are biologically less dynamic (Kaya et al. 

2016), thus execution of process variation will assist to demarcate ideal condition 

for the phytosynthesis of silver nanoparticles using extract of mulberry leaf that will 

produce biologically more efficient nanoparticles. 

On synthesizing silver nanoparticles with silver nitrate at five different 

concentrations, it was noted that 10
-4

 and 10
-5

 M concentrations of silver nitrate 

solution remained transparent at the end of the bioreduction process signifying the 

inability of such low concentrations to produce bioactive nanoparticles. UV-Vis 

spectra also displayed no absorption peak for silver nanoparticles phytosynthesized 

with 10
-4

 and 10
-5

 M silver nitrate solution. Nanoparticles formed with 10
-1

 M silver 

nitrate solution showed aggregation and precipitation within 24 hour of 

phytosynthesis, displaying nanoparticles instability. Similar experimental outcome 

was reported by Mohapatra et al. (2015) while synthesizing nanosilver using lemon 

extract. Instability of synthesized nanoparticles with 10
-1

 M silver nitrate was 

supported by zeta potential which displayed no zeta value on analysis representing 

highly unstable nature. Synthesized 10
-2

 M nanosilver also showed zeta instability 

value of -2.11 mV, as zeta potential showing more positive than +30 mV or more 

negative than -30 mV are accounted to remain in stable condition for longer duration 

without coalescence (Kadu et al. 2011). Further indication of coalescence nature of 

10
-2

 M nanosilver was evident from long term validity assessment which showed 

steady increase in absorbance value with increase in preservation period. Izak-Nau 

et al. (2015) reported that during storage, agglomeration of nanosilver was the 

probable reason for increase in spectral absorbance value. Among the five 

concentrations of silver nitrate used for silver nanoparticle biosynthesis, 10
-3

 M 

concentration was identified to be the most suitable concentration having zeta 
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stability of +74.7 mV and its SPR peak pattern remained almost uniform during 

storage period, indicating long term stability. On assessing bioactivity by preserving 

S1 genotype of mulberry leaves with synthesized silver nanoparticles for 7 days, it 

was observed that silver nanoparticles biosynthesized with 10
-1

 M and 10
-2

 M silver 

nitrate solution was not suitable for preservation, as yellowing of the leaves and 

thereby consequent drop off in chlorophyll content was noted from 4
th

 day onward 

of preservation. While 10
-3

 M silver nanoparticles due to its stable nature were 

capable to keep holding of its bioactive form during post-harvest preservation and 

thereby maintaining the fresh texture and shelf life till the last day of preservation. 

Biogenic silver nanoparticles synthesized using solution silver nitrate at a 

concentration of 10
-3

 M was also reported to extend the post-harvest shelf life of 

horticultural crops including Chrysanthemum (Carrillo-López et al. 2016), Gerbera 

(Mohammadiju et al. 2014), Carnation flower (Koohkan et al. 2014) and Tuberose 

(Bahrehmand et al. 2014). 

On monitoring nanoparticle synthesis at different volume (2.5, 5, 10, 15, 20 ml) of 

mulberry leaf extract maintaining the concentrations of silver nitrate constant at10
-3

 

M, it was noted that with increase in volume of extract decrease in SPR spectra (blue 

shift) was taken place. Shankar et al. (2017) reported that red or blue shift of SPR 

spectra depends on shape, size and nature of organic constituents present in 

contiguous medium. Bar et al. (2009) stated that presence of excess biomolecules 

beyond a certain limit ceases nanoparticle formation and was the probable reason for 

decrease in SPR spectra at high concentration of mulberry leaf extract. Thus, 

proportion analysis between leaf extract to silver nitrate clearly indicated that 1:10 

ratio was the ideal combination for nanosilver phytosynthesis. Similar proportion 

was reported by Yu et al. (2019) while studying nanosilver green synthesis using 

leaf extract of Eriobotrya japonica. TEM mediated size distributional analysis 

showed direct relationship with extract volume. It was observed that nanosilver 

synthesized with 5 ml mulberry leaf extract amalgamated with 45 ml 10
-3

 M silver 

nitrate produced small size particles with polydispersity of 10.14%. It was proposed 

that biological activity of silver nanoparticles was dependent on number of factors 

including size, shape, surface chemistry, type of reducing agents and 

coating/capping agents, reactivity of particles in solution, agglomeration, and 

dissolution rate (Carlson et al. 2008). Among them size and morphological 
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uniformity are the key requisite for bio-functionality (Zhang et al. 2016). The 

kinetics of nanoparticle uptake by cellular system indicates that size of nanoparticle 

puts impact over bio-energetic properties viz. enthalpy and entropy that administer 

the communication between nanoparticles and living system (Li et al. 2010). 

Maximum cellular uptake and cellular functionality was performed by nanoparticles 

bearing smaller dimension (Hoshyar et al. 2016). In the current study small 

dimension and uniform particle size distribution was provided by nanoparticles 

synthesized with 5 ml plant extract, beside this it also displayed long term storage 

stability. Thus, nanosilver synthesized with 5 ml leaf extract was the most suitable 

extract volume for nanosilver biosynthesis.  

In sericulture for improving yield of rearing, many cultivars of mulberry have been 

developed overtime. The phytochemical constituent and nutritional value of one 

cultivar differs from the other. So, to forecast which cultivar is most appropriate for 

nanosilver synthesis, UV-visible spectral reading of synthesized nanosilver with all 

the cultivars under study was taken and the obtained spectral reading suggested S1 

and S1635 as suitable cultivar for silver nanoparticle biosynthesis, as they portrayed 

SPR peak in the region of low wavelength than others signifying small size particles. 

Shaik et al. (2018) proposed that the appearance of spectral peaks at lower 

wavelength was an indicative signal of small sized nanoparticles. Kaya et al. (2016) 

observed that smaller the size of synthesized nanoparticles superior was the 

bioactivity, indicating superior effectiveness of nanosilver synthesized from extracts 

of S1 and S1635. Further it was noted that peak intensity and sharpness of S1 was 

more acute and prominent than S1635 where the nature of the SPR peak was slightly 

blunt. Velgosová and Mražíková (2017) stated that more the peak broadening 

greater was the possibility of forming nanoparticles with different size and shape, 

thus rejecting nanosilver formed with leaf extract of S1635 as it bore likelihood of 

forming nanoparticles of uneven size and shape. Considering the entire observable 

facts, it might be stated that S1 was the most appropriate cultivar for nanosilver 

formation.    

On analysing impact of light over nanosilver formation it was observed that rate of 

nanosilver formation under sunlight was enhanced by more than 10 times in 

comparison with diffuse light, while it took nearly 3 days under dark for colour 

transformation to take place. In the report of Srikar et al. (2016), where light 
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mediated green synthesis of nanosilver was performed using aqueous extract of 

Prunus amygdalus, it was stated that no nanoparticle formation was taken place 

under dark condition, while formation rate of nanoparticles got enhanced by 60 

times under direct sunlight than normal dispersed light. Madhu et al. (2019) on 

synthesizing honey-mediated nanosilver observed that under sun light rate of nano 

formation got induced in contrast to dark and dispersed light. The driving force that 

leads to rapid bioreduction of silver nitrate under direct sunlight is the presence of 

greater number of photons leading to the biosynthesis of silver nanoparticles (Srikar 

et al. 2016). UV-Vis spectral analysis showed SPR at 459 nm, 441 nm and 447 nm 

respectively for nanosilver produced under sunlight, diffuse light and dark. 

Appearance of SPR peak at diverse wavelengths was a general sign of dissimilarity 

in particle size, indicative of large size particles with progressive shifting in UV-Vis 

peak towards right (Siriwardane and Cook 1985). Appearance of high wavelength 

plasmon peak in nanosilver synthesized under dark was probably because it has 

taken long time period for bioreduction to take place, as distribution of particle size 

was inversely proportional to time of reduction (Hasan et al. 2018). Z-average 

nanoparticles size determined through DLS analysis showed more than 2.5 fold 

particle size of nanosilver under sunlight than diffuse light. Mankad et al. (2020) 

reported that it was nature of light exposure during nanoparticle biosynthesis upon 

which DLS mediated particle size was largely dependent on. Obtained numerical 

value of zeta potential in the present study clearly indicates that nanosilver 

biosynthesized under diffuse light displayed greater stability than the remaining 

conditions. The stability of the silver nanoparticle synthesized under diffuse light 

was probably due to the presence of large quantity of positive charge particles in the 

outer surface which repulsed each other, preventing particle agglomeration (Mankad 

et al. 2020). The trend of particle size distribution observed from TEM analysis 

appeared similar to DLS analysis showing large size particle under the condition of 

sunlight followed by diffuse light and dark. The only variation appeared in the size 

dimension i.e., average particle size obtained from TEM analysis was much less in 

dimension than that obtained from DLS analysis, this was probably because of DLS 

while analysing particle size, not actually taking consideration of only metallic core 

but also measured the dimension of the biomolecules present on the surface as 

capping or stabilizing agent (Aziz et al. 2014). Present study showed nanosilver 

biosynthesized under diffuse light depicted minimum particle size dimension with 
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greater monodispersed nature which was in agreement with the report of Bansal et 

al. (2010) which proposed that biological activity of the nanoparticles was mostly 

dependent on particle size and monodispersed nature. 

On analyzing pH adjusted nanosilver bio-formation it was noted that at acidic pH, 

nanosilver formation was ceased while with increase in alkalinity range, rate of 

biosynthesis was enhanced. Literature study reported that addition of bases like 

NaOH enhanced the rate of bio-reduction thereby promoting synthesis of silver 

nanoparticles (Wang et al. 2005), supporting the above observations. SPR analysis 

displayed no spectral peak at lower pH while SPR peak amplitude increased with 

raise in alkaline range. At acidic pH SPR peak does not appear due to repression of 

nano formation (Samari et al. 2018), while intense SPR peak at neutral and alkaline 

pH was probably due to ionization of phenolic group present in the leaf extract 

(Gavade et al. 2015). Similar observation has been reported when silver 

nanoparticles was synthesized using cyanobacterium Oscillatoria limnetica, 

displaying transparent solution without any SPR peak at low pH and generated 

gradient of brown colouration with acute peak with increasing pH level (Hamouda et 

al. 2019). Birla et al. (2013) reported that at acidic pH, due to aggregation of 

nanoparticles, plasmon peak became broader presenting low value absorbance. 

Anigol et al. (2017) reported that alkaline pH was most appropriate for nanoparticle 

formation with finest plasmon peak formed at pH 9; current reporting was in 

agreement with the present spectral observation which also displayed least 

wavenumber of 420 nm at pH 9. Stability analysis through zeta potential in alkaline 

range displayed multiple peaks revealing polydispersive and instable nature, not 

fruitful for bioactivity. Lack of stability of nanoparticles under alkaline range was 

probably due to lack of stabilizing agent consequence to agglomeration (Vanaja et 

al. 2013).  Stable nano formation occurred in the neutral zone around pH 7 was 

producing zeta potential of +36.4 mV. Silver nanoparticle synthesized with extract 

of Aegle marmelos and Psidium guajava at pH 7 showed optimum particle size with 

maximum bioactivity (Christopher et al. 2015; Sarsar et al. 2014), supporting current 

observation. Similarly, nanosilver biosynthesised with leaf extract of mango 

displayed optimum pH of 7 for biosynthesis (Samari et al. 2018). Maximum stability 

of nanoparticles at and around pH 7 was probably due to the prevailing surface 

charge on the particles which maximized the repulsive force among particles 
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enhancing nano stability (Elemike et al. 2017). TEM mediated size distributional 

analysis displayed elevation in particle size dimension with increase in alkalinity, 

with smallest particle size in neutral pH. Hasan et al. (2018) stated that the size and 

shape of the synthesizing nanoparticles was greatly influenced by the pH of the 

reaction medium as it alterd the nature of photochemical present in the prepared 

plant extract, and thereby affecting the binding potential with the metallic ions. 

Firdhouse and Lalitha (2013) while performing green synthesis of nanosilver using 

extract of Amaranthus polygonoides observed that with increase in temperature 

rapid phytosynthesis takes place. This observation was in supporting with the 

current experimental outcome which showed accelerated rate of nano formation with 

increase in reaction temperature. Absorbance of SPR increased with increase in 

temperature and was probably due to the fact that the rate of synthesis of 

nanoparticles got elevated with increase in reaction temperature (Tahir et al. 2015). 

Current study reports constant value of λmax at all temperature range, indicating 

uniformity in particle size distribution as positioning of plasmon band largely 

depends on size and shape of synthesized nanoparticles (Roy et al. 2017). DLS 

mediated hydrodynamic diameter analysis of synthesized nanoparticles reveals that 

at high temperature, particle size increases, similar observation was reported from 

TEM analysis. This is because particles that are in Brownian motion, their degree of 

momentum increases with increase in temperature resulting in higher degree of 

collisions between adjoining particles causing aggregation, thus forming larger size 

dimension (Chiad et al. 2013). Beside this, increase in Van der Waals force of 

attraction between nanoparticles in the solution was the probable reason behind raise 

in particle size (Banerjee and Nath 2015). On analyzing zeta potential mediated 

electrostatic stabilization, it was noted that except nanosilver formed at 25˚C all 

other failed to attain stable range. Particles having zeta potential outside range of 

stability fails to generate necessary repulsive force resulting in aggregation forming 

large size particles, explaining the possible cause for increase in nanoparticle size at 

low and high temperature (Ahmad et al. 2018). Thus, nanosilver biosynthesized 

under optimum condition of 25°C carries an additional advantage over high 

temperature ranges, as it will prevent denaturation of protein molecules present in 

the mulberry leaf extract (acting as capping and reducing agent) (Cicek et al. 2015).   



 

510 
 

Singh et al. (2018) proposed UV-Vis spectroscopy was an ideal tool for studying 

formation and stability of synthesized metallic nanoparticles. On assessing long term 

stability through UV-Visible spectral reading for nanoparticles synthesized at 

different pH and temperature range it was observed that bioreduction that took place 

at pH 7 under 25˚C produced most stable nanoparticle that could be stored for longer 

period. With increase in storage duration, gradual red shift in SPR peak was 

observed for nanosilver biosynthesized at alkaline pH indicating aggregation of 

nanoparticles resulting in large size with highly instable nature, as red shift in the 

wavenumber of spectral peak indicates instability (Tripathi et al. 2009). Nanosilver 

synthesized by the process of chemical reduction displayed no characteristics change 

in the plasmon peak position in the reaction mixture till the period 30
 
day (Udapudi 

et al. 2012). Present study reports better performance of nanosilver synthesized by 

green technology presenting additional stability under defined physical condition of 

pH 7 and 50˚C. Long term storage stability of biogenic colloidal nanosilver has also 

been reported by Velgosová and Mražíková (2017). Chartarrayawadee et al. (2020) 

proposed that for long durability and stability of biogenic silver nanoparticles, nature 

of associated stabilizing and capping agents are of key importance. Thus it may be 

stated that due to the presence of sufficient potentiality in phyto-constituents of 

mulberry leaves extract, long time stability of synthesized nanosilver at pH 7 and 

25˚C was ensured.  

Application of mulberry leaves was well documented in sericulture industry, as they 

are used as feeding material for lepidopteron insect Bombyx mori (Prabu et al. 2012). 

During rainy season silk farmers store these leaves at post-harvest stage, as feeding 

wet leaves increase larval mortality rate. During storage, normal conducting 

pathway gets blocked by microbial proliferation resulting in early senescence. Use 

of preservative solution having potent antimicrobial property like nanosilver may 

solve the sticky situation. On preserving mulberry leaves at post-harvest stage for 7 

days with nanosilver solution biosynthesized at different temperature range with leaf 

extract of mulberry adjusted to different pH it was observed that best quality of leaf 

preservation was attained on preserving leaves to nanosilver solution prepared at 

room temperature adjusted to neutral pH. Thus, nanosilver biosynthesized under 

room temperature and at neutral pH range was the most bioactive. Bioactive 

nanosilver was reported to bear significant antimicrobial property as they have the 
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potentiality to alter structure of microbial membrane, as well as causing damage to 

DNA backbone and inter cellular proteins content (Nabikhan et al. 2010).  

Post-harvest leaf quality was also assessed through chlorophyll content, as alteration 

in chlorophyll content serve as potential marker for detecting postharvest stress level 

that causes changes in composition of cellular membrane (DeEll et al. 1999). 

According to Toivonen (1992), chloroplasts and mitochondria are considered as one 

of the most sensitive membrane systems in postharvest physiology. On analyzing 

retention pattern of chlorophyll in the present study, it is clear that silver 

nanoparticles phytosynthesized with mulberry leaf extract maintaining pH 7 and 

25˚C produces best bioactive nanoparticles effective in post-harvest shelf life 

extension of mulberry leaves. Decrease in chlorophyll content during vase life, as 

revealed by preserving mulberry leaves in other condition of process variation was 

mainly due to accelerated senescence of harvested leaves resulting in loss of 

metabolic protein and chlorophyll content and there by accelerating the process of 

ageing (Perera et al. 2009).  

6.6. Determination of least effective concentration of screened nanosilver 

solution 

Estimation of least effective concentration of phytosynthesized silver nanoparticles 

will be helpful in applied field as literature reports proposes that at significantly 

higher concentration there was even likelihood of generation of abiotic stress 

hampering normal cellular physiology, leading to the stimulation of oxidative stress 

(Courtois et al. 2019; Jaskulak et al. 2019). Thus, preservation of mulberry leaves 

using diluted solution of bioactive silver nanoparticles was more cost-effective and 

less toxic than directly using raw solution. On preserving leaves of mulberry with 

bioactive nanosilver (10
-3

 M) at three different dilutions viz. 10x, 20x and 40x, it 

was noted that efficient preservation was obtained till the last day by the application 

of nanosilver up to 20x dilution as apparent by greenish physical texture of the 

leaves and withholding of uniform content of chlorophyll. Dilution beyond 20x was 

found to be unproductive as yellowing of leaves was noted along the mid vein. Thus 

10
-3 

M nanosilver, diluted 20 times was determined to be the least effective 

concentration at which preservation was achieved, and its concentration was 

estimated to be 6 ppm. Thus, in the downstream experiments attempts were made to 
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evaluate the effect of preserving mulberry leaves with 6 ppm nanosilver solution, by 

comparing with 6 ppm silver nitrate that served as positive control and distilled 

water was serving as negative control.  

6.7. Assessment of preservative potential of phytosynthesized silver 

nanoparticles at least effective concentration 

Major hurdle which was faced during preserving mulberry leaves was the gradual 

manifestation of senescence with raise in days of preservation. Senescence is 

primarily categorized by breakdown of photosynthetic pigments consequence of 

which is gradual decrease in photosynthetic rate and photosynthesis to respiration 

ratio (Souri et al. 2018). Beside this differences that were noted on supplementing 

senescence leaves to silkworm larvae includes poor growth index, decline in cocoon 

and shell weight, and enhanced larval mortality rate. At the onset of stress plant or 

plant part like leaves adopts several senescence retardation cellular mechanisms and 

its up- and down-regulation in presence of preservative solution viz. nanosilver and 

silver nitrate was predicted for determining their efficacy. In presence of nanosilver 

and silver nitrate solution as preservative, enhanced activity of different enzymatic 

and non-enzymatic antioxidant activity and declining ROS content was noted which 

ultimately resulted in prolonging of post-harvest shelf life of mulberry leaves. 

Result of present study indicated significant reduction of total chlorophyll content in 

leaves preserved in distilled water with increase in days of preservation. Decrease in 

content of chlorophyll with onset of stress is directly associated with the activation 

of enzyme chlorophyllase leading to the degradation of chlorophyll (Santos 2004). 

Current study displayed significant negative correlation (p≤0.01) between generation 

of ROS and chlorophyll degradation. With rise in days of preservation, excessive 

accumulation of O2
•- 

and H2O2 inside cellular system leads to the generation of 

oxidative stress. Ishida et al. (2014) stated that the major site for ROS production 

inside leaves was chloroplast lumen. With the onset of senescence, photosynthetic 

competence decreases, as a consequence CO2 fixation reduces and generation of 

ROS increases by using the unutilized energy of the chloroplast (Xie et al. 2015). It 

was reported that senescence causes isolation of chloroplast and generation of O2
•-
 

through reduction of cellular O2 by means of photosynthetic electron transport chain 

(Allen and Hall 1973). The generated O2
•-
 by the action of the enzyme superoxide 
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dismutase gets transformed into H2O2 (Asada 2006). Generated ROS is proficient in 

causing oxidative injury to carbohydrates, lipids, proteins, and nucleic acids, while 

excessive generation and accumulation of ROS leads to programmed cell death 

(Ismail et al. 2015; Anjum et al. 2015). Generated O2
•- 

, H2O2 in the present study 

showed direct correlation with the increasing content of MDA. MDA is considered 

as stress indicator associated with cell and organelle damage (Wang et al. 2010). 

Multiple regression analysis of positively and negatively correlated parameters 

associated with chlorophyll content indicated major involvement of MDA during 

stress in degradation of leaf chlorophyll content (Table 69).  

Table 69: Statistics summary of multiple regression analysis keeping chlorophyll constant                  

Model R R Square 
Adjusted R 

Square 

Std. Error of 

the Estimate 

Durbin-

Watson 

1 0.988
a
 0.976 0.974 0.032820 

 
2 0.996

b
 0.991 0.989 0.021129 

 
3 0.999

c
 0.998 0.997 0.011702 2.524 

 
a
Predictors: (Constant), MDA 

b
Predictors: (Constant), MDA, SOD 

c
Predictors: (Constant), MDA, SOD, FLAVANOL 

d
Dependent Variable: TOTAL CHLOROPHYLL 

 

The outcome of the present observation was supported by the earlier works, 

indicating that the enhancement in lipid peroxidation causes degradation of 

chlorophyll (Orthoefer and Dugan 1973; Imamura and Shimizu 1974). Rajinder et 

al. (1980) reported that it was lipid peroxidation of chloroplast membrane that 

causes reduction in chlorophyll content during leaf senescence. Pearson correlation 

study stated that leaves preserved in solution of nanosilver showed significant 

(p≤0.05) enduring of chlorophyll content than dH2O set. Present result suggests that 

nanosilver and silver nitrate both acts as an effective preservative as they help to 

prevent ROS generation and lipid peroxidation which causes retention of 

chlorophyll content. In comparison with distilled water, silver nitrate displayed high 

efficacy in nullifying generated H2O2 (p≤0.05), while nanosilver proved to establish 

itself as improved preservative solution as it holds the potentiality to check 
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generation of O2
•-
 and H2O2 and preventing lipid peroxidation (p≤0.05). Thus, 

prevention of excessive ROS generation and its subsequent cellular accumulation 

helps in averting peroxidation of plastid and other internal sub-cellular membranes 

and thus maintaining chlorophyll content, extending post-harvest shelf life (Fig. 

189). 

By enhancing antioxidant enzymological activity leaves preserved in nanosilver and 

silver nitrate solution displayed appropriate stress management policy. SOD 

transforms O2
•- 

into H2O2 (Ighodaro and Akinloye 2018), current study demonstrates 

gradual uplifting of SOD content in leaves preserved with nanosilver solution, while 

reversed trend was noted for distilled water set.  Apel and Hirt (2004) reported that 

enzymes like CAT, APX and GPOX are principally synthesized by the plant for 

scavenging excess generated H2O2 produced during induction of stress by the 

activity of SOD. Present study displayed a mounting trend of CAT, APX and GPOX 

activity with increase in days of preservation in nanosilver and silver nitrate sets. 

While CAT activity increases in leaves preserved in nanosilver and silver nitrate 

solution up to 6 days, in distilled water set CAT activity fails to boost during 

preservation, representing its incapability to nullify the toxic effect of H2O2. 

Moreover, CAT activity displayed direct correlation with content of chlorophyll 

(p≤0.05), demonstrating H2O2 detoxification by CAT helps in retention of 

chlorophyll with increase in days of preservation. APX and GPOX activity also 

showed growing trend till the last day of preservation in leaves preserved with 

nanosilver and silver nitrate solution. In negative control (distilled water set), 

activity of ascorbate peroxidase increased up to 4 days after which rapid decline in 

activity was recorded, while GPOX mediated defensive activity was to a great extent 

higher in dH2O set than leaves preserved in nanosilver and silver nitrate solution till 

the final day of preservation. Apel and Hirt (2004) reported that if during severe 

stress CAT alone fails to nullify generated H2O2, as a compensatory mechanism, 

activity of APX and GPOX increases. In the present study as distilled water set 

failed to raise CAT activity during preservation, so probably by increasing APX and 

GPOX activity, leaves tried to detoxify generated and accumulated H2O2. Obtained 

result showed that in distilled water set APX failed to detoxify generated H2O2 from 

four days onwards after which the role was played by GPOX as single protecting 

agent. A rapid rise in GSR and GST activity till 4 days was occurred in distilled  



Fig. 189: Probable mechanism of action leading to post-harvest shelf life extension in nanosilver preserved  mulberry leaves 
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water set failed to raise CAT activity during preservation, so probably by increasing 

APX and GPOX activity, leaves tried to detoxify generated and accumulated H2O2. 

Obtained result showed that in distilled water set APX failed to detoxify generated 

H2O2 from four days onwards after which the role was played by GPOX as single 

protecting agent. A rapid rise in GSR and GST activity till 4 days was occurred in 

distilled water set, signifying high stress accumulation in which the biological 

tissues tried to nullify by activating their protective measures. GST was reported to 

neutralize different abiotic damage caused during stress enforcement (Ding et al. 

2017) and also protects tissues against oxygen toxicity (Mannervik and Danielson 

1988). On the contrary GSR is a flavo-protein oxidoreductase playing vital role in 

plummeting biotic stress by maintaining pool of ascorbate and glutathione in 

reduced state inside the chloroplast (Edwards et al. 1990). Gradual increase in GSR 

and GST activity was noted in leaves preserved with nanosilver solution till the last 

day indicating the potentiality of nanosilver solution in strengthening the biological 

tissue system for tolerating both abiotic and biotic stresses.   

A lofty increase in total glutathione concentration was observed in leaves preserved 

with nanosilver solution from 4 to 6 days after which drop off in concentration was 

noted while no such sharp increase was taken place for leaves preserved in silver 

nitrate solution, but a gradual escalating trend was maintained till last day, reflecting 

an attempt to minimize oxidative stress. Leaves in distilled water set failed to 

increase the threshold content of glutathione and thus led to early senescence due to 

build-up of oxidative stress. According to Noctor et al. (2012) glutathione is a low 

molecular weight thiol which is non-protein in nature that performs multiple 

functions in biosynthetic pathways, including antioxidant activities and 

detoxification of toxins which the other thiols cannot perform. The non-enzymatic 

antioxidant activity of glutathione lies in its capability to generate another non-

enzymatic antioxidant, ascorbic acid by taking part in ascorbate-glutathione cycle 

(Blokhina et al. 2003). Ascorbic acid, one of the most important non-enzymatic 

antioxidants was reported by Sminnoff (2000) to subsist mostly in reduced from 

inside chloroplast lumen and can directly takes part in scavenging O2
•- 

and H2O2 via 

APX activity (Noctor and Foyer 1998). Current study reported increased content of 

ascorbic acid in leaves preserved in nanosilver and silver nitrate solution indicating 

their ability to detoxify generated free radicals by involving APX, reported earlier 
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and thereby prolonging postharvest shelf life. In addition to ascorbate and 

glutathione pool, leaves in nanosilver solution also maintained more or less steady 

pool of carotenoids which bears significant dissimilarity with diminishing pool of 

distilled water set (p≤0.05). Carotenoids belong to the class of lipophilic 

antioxidants, synthesize inside plastids, and thus probably play role in preventing 

accumulation of ROS inside chloroplast (Rachhi 2013).  

Besides glutathione, ascorbic acid and carotenoids, phenolics (total phenol, 

orthodihydric phenol and flavonoid) is another cluster of non-enzymatic antioxidant 

actively taking part in stress defending mechanism. The most important defensive 

function of polyphenols resides in their ability to perform scavenging of lipid free 

radicals (Blokhina et al. 2003). According to Rice-Evans et al. (1997) free radical 

scavenging activity of phenolic compounds lies in their capability to donate electron 

and in chelating metal ions in their transitional state. Polyphenols by acting as 

chelator for metal ions block metal ion mediated conversion of O2
•- 

and H2O2 in to 

highly reactive hydroxyl radical (•OH) and thereby preventing nucleic acid damage 

(Perron and Brumaghin 2009) and thus providing path for continuous synthesis of 

defensive compounds through enzymatic mechanism, involving in enhancing shelf 

life. Present study reflects almost similar trend as mentioned above, with increase in 

days of preservation content of phenol and orthodihydric phenol increases in leaves 

preserved in preservative solution displaying activation of their potentiality to 

overcome generated stress. Result of distilled water set also presents an increasing 

trend but the extent of boost in comparison to nanosilver and silver nitrate was much 

less. Flavonoid content does not display any significant change with increase in 

preservation period, however in distilled water set from 4 days onward a decreasing 

drift was noted signifying inability to overcome generated stress.    

Scavenging activity of free radicals and metal chelating activity was measured for 

evaluating the potentiality of secondary metabolites in preventing stress mediated by 

free radicals and metal ions, mentioned above. It was noted that with increase in 

preservation period ABTS
+
, DPPH, SO and NO scavenging activity increased in 

mulberry leaves preserved with nanosilver solution, in contradictory, in silver nitrate 

and distilled water set ABTS
+
, DPPH and NO activity decreased while SO activity 

remained almost stationary. Literature survey also reports significant free radicals 

scavenging activity (Sundararajan et al. 2016; Phull et al. 2016) and metal ions 
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chelating activity (Madhanraj et al. 2017) of phytosynthesized nanosilver. It 

revealed that the scavenging potential of 6 ppm nanosilver solution protects cellular 

and sub-cellular tissue system from the toxic effect of free radicals.  

During the entire course of preservation significant (p≤0.05) retention of cellular 

protein content was recorded for leaves preserved in nanosilver and silver nitrate 

solution. Retention of total and reducing sugar in nanosilver set was also observed to 

be significant (p≤0.05). In extending post-harvest longevity, water relationship and 

balance plays a key role (Jowkar et al. 2013). Due to the microbial proliferation, 

water relation gets interrupted, blocking the cut end and thereby preventing water 

conducting pathways (van Doorn 1997; Liu et al. 2009). Mazumdar (2014) reported 

that solution of nanosilver by lowering microbial load can prolong post-harvest vase 

life of commercially important flowering twigs at low concentrations. It has also 

been reported that as an preservative both nanosilver and silver nitrate solution was 

effective, but the rate of water conduction was much higher when nanosilver was 

used as preservative (Hatami et al. 2013), thereby helping in prolonging shelf life by 

retaining the content of primary metabolite to optimum level, allowing the cellular 

synthesis of defensive enzymes needed to overcome generated stress. Current study 

reports elevated trend of proline content in all the preservative sets signifying 

activation of ROS scavenging mechanism (Hayat et al. 2012) and in doing so 

stabilizing cellular proteins and membrane integrity (Matysik et al. 2002). Thus, 

through biochemical analysis it might be stated that biogenic silver nanoparticles at 

6 ppm concentration bears the potentiality to extent the shelf life of mulberry leaves. 

6.8. Protein and isozyme profiling of preserved mulberry leaves through gel 

electrophoresis and prediction of differential expression through OHR-LCMS 

analysis 

Maintenance of proper balance between water uptake and rate of transpiration plays 

key role in prolonging post-harvest shelf life (Jowkar et al. 2013). Interruption in 

water uptake pathway at post-harvest takes place primarily due to microbial 

proliferation and cut end blockage (Liu et al. 2009; Van Doorn 1997). Microbial 

blockage enhances ROS production and accumulation resulting in inter- and intra- 

cellular damages leading to acceleration in senescence process (Das and 

Roychoudhury 2014; Merzlyak and Hendry 1994). Byczyńska (2017) reported that 
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nanosilver solution can extend the post-harvest vase life of many flowering twigs by 

plummeting microbial count. Hatami et al. (2013) reported that both nanosilver and 

silver nitrate solution carried the potentiality of extending shelf life at post-harvest 

stage through activation of defensive enzyme and by maintaining the content of 

primary metabolites, but the water conduction capacity was found to be 

comparatively more when nanosilver was used as preservative. Current study 

reflects retention of post-harvest shelf life of mulberry leaves by 7 and 5 days 

respectively when nanosilver and silver nitrate was used as preservatives as 

manifested from gel banding pattern. Uniformity in the nature of gel banding pattern 

of leaf proteins preserved in nanosilver solution almost till the final day of 

preservation clearly indicates the existence of strong antimicrobial activity in 

biogenic silver nanoparticles which by dipping microbial load maintains the 

continuity of xylem column. Maintenance of xylem integrity prevents ROS 

accumulation through consistent distribution of antioxidants and defensive enzymes 

and thus preventing degradation of macromolecules like pigments, proteins, and 

nucleic acids delaying senescence. 

The nutritional quality of mulberry leaves significantly influenced growth and 

development of larvae and subsequent formation of cocoon (Krishnaswami 1978).  

The principal components of mulberry leaves are water, carbohydrate, protein, 

minerals and crude fibre, disproportion of which causes alteration in metabolic 

activity inside larval body, hampering growth and other metabolic activities 

(Srivastava and Elangovan 2011). Sengupta et al. (1972) proposed that silkworm 

larvae for their normal growth and development requires amino acids, proteins, 

sugars, and vitamins. Leaf protein of mulberry was the primary requisite during all 

stages of larval development, particularly during fifth instar, causing development of 

silk gland that produces silk cocoon during spinning (Sekar et al. 2016). Current 

study displayed significant potentiality of silver nanoparticles as preservative in 

prolonging post-harvest shelf life of mulberry leaves, as evident from gel banding of 

SDS-PAGE displaying retention of uniform protein content till the last day of 

preservation.  

NADPH oxidase is one of the specialized enzyme complexes responsible for the 

generation of ROS inside tissue system (Marschall et al. 2016). Across membrane, 

NOX complex from NADPH donates electron to molecular oxygen leading to 
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generation of ROS (Lambeth 2004). Superoxide was the most frequent and common 

ROS, produced by NADPH oxidase on transferring electron to molecular oxygen 

(Bedard and Krause 2007). Produced superoxide further reacts to form other ROS 

viz. hydrogen peroxide, peroxide anion and hydroxyl radical (Soneja et al. 2005). In 

present study two isoforms of NOX enzyme were observed in preserved and fresh 

leaves and the relative density of NOX in distilled water preserved leaves appeared 

greater in amplitude than leaves preserved in other preservative solutions. Beckman 

and Ames (1998) stated that during the process of ageing, the major contributor 

causing cellular damage was ROS generation and accumulation. The obtained gel 

pattern clearly indicates that leaves preserved in distilled water showed greater 

accumulation of ROS, leading to cellular damage, thus promoting senescence. The 

stress which was generated during leaf preservation results in the generation of 

excessive volume of superoxide (O2
-
) either by the activation of NOX enzyme or 

through electron transport chain (Alscher 2002). To overcome the damage caused by 

accumulated superoxide, plant system produces an intercellular enzyme namely 

superoxide dismutase (SOD) which converts generated O2
- 

to H2O2 and O2 (Fukai 

and Ushio-Fukai 2011). SOD banding pattern displayed two isoforms in the current 

study. The relative density of isoform 1 in nanosilver and silver nitrate appeared 

equivalent to fresh leaf while isoform 2 showed maximum intensity in nanosilver 

set, indicating the greater potentiality of nanosilver set to overcome generated stress. 

The hydrogen peroxide which gets accumulated inside tissue system by the action of 

the enzyme SOD is toxic to living tissue system, as it is considered as an active 

reactive oxygen species. To overcome the accumulated ROS i.e., H2O2, an 

antioxidant enzyme namely catalase (CAT) acts which nullifies H2O2 in two steps 

leading to the production of one molecule of O2 and two molecule of H2O (Nandi et 

al. 2019). On-gel analysis revealed that CAT activity was higher in nanosilver and 

silver nitrate sets, while it failed to uplift in distilled water set. Probably during post-

harvest preservation, the stress which was accumulated in the form of H2O2 to 

nullify that leaves preserved in preservative solution gains potentiality to synthesize 

adequate CAT enzyme which the leaves preserved in distilled water fails to do, 

resulting to ROS mediated tissue damage. Another vital antioxidant enzyme, 

protecting cellular damage along with catalase is peroxidase (POD). Defensive 

activity of POD lies in its ability to convert produced H2O2 and ROOH into H2O and 

R-OH (Liu et al. 2010). POD banding pattern in the current study displayed the 
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presence of one isoform which was elevated in preserved leaves in comparison to 

fresh leaves. Among preservative solutions, nanosilver manifested better POD 

activity, indicating its defensive potentiality to nullify stress and there by retaining 

healthy texture of leaves which when supplemented to larvae might produce good 

cocoon quality.    

The differentially expressed SDS band on analysing through OHR-LCMS identified 

34 protein types which were categorized into seven KEGG pathways as revealed 

through STRING analysis. Five identified proteins support photosynthesis among 

them PSAB, PSAA and PSAJ are the component of PS I while PSBB and PSBC are 

the component of PSII. PSBB and PSBC are 47 and 44 KDa protein respectively of 

PS II and remains associated with 15 chlorophyll a and 2 – 3 β-carotenes molecules. 

Beside this, they showed remarkable structural homology with six N-terminal 

helices of PSAA and PSAB of PS I, as they crossed the membrane six times. Both 

PSBB and PSBC cultivate photons and thereby generate electrons required to run 

the process of photosynthesis, as they participate in dual function of light harvesting 

and water oxidation process (Barber et al. 2000). PSAA, PSAB and PSAJ are the 

three out of fifteen core subunits associated with Photosystem I (PS I). Jensen et al. 

(2007) stated that PSAA (82.5 KDa) and PSAB (83.2 KDa) participates directly 

with electron transport cofactors viz. P700, A0, A1, Fx, FA, FB and 4Fe–4S. PSAJ is 

a protein of molecular mass 5 KDa, having 2 molecules of Chl a as cofactor 

principally involved in stabilization of core antenna molecules (Fromme et al. 2001). 

Lu and Zhang (1998) stated that decrease in activity of PS I and II takes place during 

loss of function of chloroplast, and among the two Photosystems, PS II was more 

affected than PS I.  Kotakis et. al. (2014) stated that during chlorophyll degradation, 

gradual decrease in PS II activity takes place leads to senescence. Detection of five 

differentially expressed photosynthetic proteins clearly indicates the ongoing 

process of photosynthesis inside tissue system of postharvest mulberry leaves 

preserved in nanosilver solution, thereby representing healthy and working status of 

different chlorophyll molecules that eventually delays the process senescence. 

Identified CAT 1 participates in MAPK signalling pathway, encodes catalase 

enzyme; participates in mitigation of oxidative stress by nullifying generated H2O2 

to H2O and O2 (Nandi et al. 2019). Differential expression of CAT enzyme clearly 

indicates the activation of stress management activity inside mulberry leaves during 
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preservation. CAT on gel assay for nanosilver preserved leaves also detected up-

regulated catalase activity, was in strong agreement with the present observation. 

CAM 5, another MAPK signalling protein, participates in the activation of serine 

threonine protein kinase that helps to maintain homeostasis of ROS during stress 

(Virdi et al. 2015). Thus, expression of CAM 5 in elevated quantity inside tissue 

system prevents accretion of excessive reactive oxygen species, and prolonging shelf 

life. Among proteins involved in oxidative phosphorylation, current study identified 

subunit C of V-type ATPase which in plant are primary-active proton pump that 

works at sub-cellular level functioning as housekeeping enzyme during  

management of stress (Ratajczak 2000).  Subunit α of F-type ATPase is a regulatory 

subunit, belonging to component F1 which uses electrochemical proton gradient for 

synthesis of energy rich ATP from ADP and Pi. The generated energy rich 

phosphate bonds help to operate different metabolic processes prolonging shelf life 

during preservation (Okamoto and Futai 2018). Okumuraa et al. (2016) proposed 

that H
+
 ATPase plays diversified role and maintains the processes like membrane 

potential, secondary transport, stomatal opening, phloem loading and nutrient 

transport through root. Besides these, H
+
 ATPase also participates in maintaining 

alkaline condition of stroma during daytime, thereby activating dark reaction of 

photosynthesis i.e., Calvin cycle (Peters and Berkowitz 1998). Thus, identified 

ATPase on one hand maintains light and dark processes of photosynthesis and on 

other hand promoting cellular processes, indirectly delaying the upcoming of 

senescence during preservation. Identified NAD(P)H-quinone oxidoreductase 

protects cellular membrane against oxidative damage by activating superoxide 

scavenging process at tissue level (Atia et al. 2014). This property of NAD(P)H-

quinone oxidoreductase was noteworthy as it will ensure nullification of generated 

oxidative stress during preservation. Identified methylerythritol-4-phosphate 

pathway provides precursor molecules for biosynthesis of chlorophylls, carotenoids 

and gibberellins (Yang et al. 2012). Thus, enzymes identified through terpenoid 

backbone biosynthesis pathway indirectly promote biosynthesis of chlorophyll, 

maintaining greenish texture of leaves at post-harvest stage in nanosilver solution. 

The proteins detected under metabolic pathway viz. carbon fixation and carbon 

metabolism pathway comprises all the above identified proteins. Thus, metabolic 

pathway was a broad summery of all the pathways identified through KEGG. 
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6.9. Evaluation of preservative potential of preservative solutions by assessing 

microbial count  

Potentiality of nanosilver solution as strong antimicrobial agent can be established 

from the observation of the present study where no CFU count was recorded after 

incubation of nanosilver solution used as preservative. Antibacterial activity of 

biogenic nanosilver solution was also reported when bioreduction took place using 

extract of Pelargonium sidoides (Kgatshe et al. 2019), Tectona grandis (Rautela et 

al. 2019) and Melissa officinalis (Ruíz-Baltazar et al. 2017). Silver nitrate also 

displayed preservative potentiality, but it showed abortive response to prolong shelf 

life of mulberry leaves to the level that was exhibited by nanosilver solution; this is 

most likely due to the fact that silver nanoparticles showed superior antimicrobial 

property than silver nitrate (Salman 2017). Yin et al. (2020) reported that wide 

spectrum of antibacterial activity of nanosilver was probably due to its ability to 

penetrate bacterial cell wall, causing alteration in structure of cell membrane and 

eventually causing cell death. The antimicrobial property of nanosilver was due to 

high surface-area-to-volume ratio (Loo et al. 2018), and with decrease in particles 

size, this ratio increases. Synthesized silver nanoparticle in the size range of 10 – 

100 nm was reported to exhibit bactericidal activity against both Gram positive and 

negative bacteria (Morones et al. 2005). Silver nanoparticles with small dimension 

can effortlessly adhere to the bacterial cell wall and penetrate membrane easily 

causing more toxicity to the bacteria resulting in quick bactericidal consequence, 

stopping microbial proliferation (Zhang et al. 2016). Present study reports average 

nanoparticle size dimension ~14 nm (estimated through TEM particle size 

distribution) which was in good agreement with above explanation, indicating strong 

antimicrobial property of phytosynthesized silver nanoparticle, there by inhibiting 

microbial mediated xylem blockage.  

6.10. Determination of preservative aspect of nanosilver solution against 

different cultivars of mulberry  

Among four out of five studied cultivars of mulberry selected in the present study 

viz. S1, S1635, TR10 and BC259 were recommended for cultivation in hilly and foot 

hill regions of North and North-East India (Sastry 1984; Ravindran et al. 1997). The 

geographic location of present study area urged the requirement of evaluating the 
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effect of post-harvest preservation over these cultivars. Foliage of mulberry serve as 

only food source of silkworm (Vanitha and Narayanaswamy 2019) and thus the 

nutritional quality of mulberry leaves has a direct bearing on cocoon harvest 

(Abedian et al. 2020).  Amino acids and protein content of mulberry leaves influence 

the post cocoon parameters (Machii and Katagiri 1991). Physical texture and 

chemical attributes of mulberry leaves directly influences the leaf consumption and 

digestive property of silkworm larvae (Das and Vijayaraghavan 1990). Thus, 

assessment of leaf quality of different cultivars of mulberry post preservation 

becomes essential to evaluate consequence of preservation over physical and 

chemical properties of leaves. Among the studied cultivars S1 displayed maximum 

response to preservative solutions, thus presented its physical and chemical 

properties almost equivalent to that of fresh leaves, till the last day of preservation. 

Superiority of S1 cultivar of mulberry over other was also reported by Kumar et al. 

(2013) and Ghosh et al. (2000) while studying effect of mulberry varieties over post 

rearing attributes. Among the preservative solution, 6 ppm nanosilver showed 

maximum potentiality to extend post-harvest shelf life of all the studied cultivars of 

mulberry with best performance was displayed for S1 cultivar. Thus, present study 

clearly demonstrates that S1 cultivar of mulberry was the superior cultivar in terms 

of extending post-harvest shelf life by the application of nanosilver as preservative 

solution.  

6.11. Histochemical detection of stress and xylem blockage 

Microscopic observation of transverse section of fresh petioles showed traces of 

vascular blockage in all the five cultivars under study indicating presence of natural 

blockage. Leaves preserved in distilled water when examined at the end of 

preservation period, showed large number of partially and completely blocked 

lumens, consequence to leaf senescence. Hassan (2005) and Ieperen et al. (2001) 

reported that during extending post-harvest shelf life, major obstacle that occurs was 

xylem blockage inhibiting normal conducting pathway, thereby promoting tissue 

damage in early stage of preservation. One of the most important causes behind 

tissue damage was the accumulation of hydrogen peroxide at the wounded site. 

Current study reports accumulation of H2O2 and thereby disintegration of plasma 

membrane in leaves preserved in distilled water for 7 days. Sharma and Dubey 

(2005) reported that disintegration of plasma membrane was indicated by dark 
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deposition of stain caused due to the presence free radicals. Jedrzejuk and 

Zakrzewski (2009) reported that proliferation of microbial organisms, accumulation 

of toxic materials inside xylem vessels and creation of air bubble inside vascular 

tissue are the foremost reasons preventing post-harvest shelf life. Meeteren et al. 

(2006) stated that post-harvest tissue longevity depends on size of the xylem vessels, 

as large diametric vessels can transport more sap and are not completely clogged-up 

under stress. Present microscopic observation displayed similar anatomical 

architecture of leaf petioles in all the five cultivars under study. The only variation 

lied in the size and number of xylem vessels, which played significant role in 

prolonging post-harvest shelf-life by maintaining uninterrupted water column from 

bottom (cut end) to the top (leaf apex). Present study displayed no significant 

correlation between diameter of xylem vessels with proportion of partial and 

complete blocked vessels. Among the five cultivars under study, Guangdung and S1 

displayed highest and lowest diameter of xylem lumen respectively, but maximum 

blocked vessels were observed for BC259, which ranks after Guangdung in terms of 

lumen diameter. Jedrzejuk at al. (2012) while studying post-harvest shelf life of cut 

Clematis stem reported similar observation. 

Nanosilver and silver nitrate solution extends postharvest shelf life as they prevent 

formation of xylem obstacles and thus maintaining continuous water column. 

Microbial proliferation was another major cause of vascular blockage that inhibits 

normal conducting pathway (Durkin and Kuc 1966). Beside microbes, pith pores 

might get blocked by the macromolecules secreted by bacteria, putting a cutback in 

normal conducting rate (De Stigter and Broekhuysen 1986). Silver nanoparticles 

acts as an effective antimicrobial agent in inhibiting bacterial proliferation as 

revealed by no CFU count in the preservative solutions. Marousky (1976) reported 

that presence of bactericidal agent in the preservative solution reduces the bacterial 

count and thereby prolongs shelf life. Nabikhan et al. (2010) reported that microbial 

inhibition property of nanosilver was due to their capability to cause structural 

change within microbial membrane, penetrating the cellular membrane and 

interacting with DNA through phosphate backbone and protein through sulphur 

containing amino acids and there by inhibiting growth and proliferation of microbes. 

Solgi (2014) stated that due to large surface area, nanosilver showed better 

antibacterial activity in comparison to other silver salts. Present study reported 
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similar observations, where both silver nanoparticles and silver nitrate displayed 

potentiality to extend postharvest shelf life of mulberry leaves, but the extent of 

prolongation was more in nanosilver than silver nitrate. Nanosilver solution also 

displayed better bactericidal activity than silver nitrate as revealed from CFU count. 

Due to the proven incidence of active potentiality of silver nitrate and nanosilver as 

preservative, mulberry leaves preserved in them represents better retention of plasma 

membrane integrity and less accumulation of H2O2 at cut end. Current observation 

was also supported by principal component analysis, which presented more 

proximity of silver nanoparticle preserved leaves towards freshly collected leaves, 

than leaves preserved in solution of silver nitrate. The clustering of principal 

compounds in the direction of negative axis of PC1 displayed the aggregation of the 

principal compounds (nanosilver and silver nitrate) with freshly cultivated leaves. 

Such aggregation was due to the fact that blockage number of preserved leaves 

appeared almost similar to the number of blockages naturally observed under 

microscope in fresh leaves. The physical positional distribution displayed that leaves 

preserved in nanosilver and silver nitrate were positioned 2.4146 and 4.0519 units 

apart from fresh leaves which clearly showed more proximity of leaves preserved in 

nanosilver solution with the blockage number of fresh leaves than silver nitrate 

preserved leaves. 

Neumann et al. (2010) stated that in addition microbial mediated blockage of 

vascular transport, occlusion of xylem lumen can occur by the deposition of 

different types of polymeric colloidal compounds that are commonly present in 

xylem sap of plants. Current study reports protein mediated vascular lumen blockage 

by Bradford staining in foliage during postharvest preservation with maximum 

number of blocked lumens were recorded in distilled water preserved leaves. 

Proteomic records of xylem sap revealed the presence of different types of portable 

proteins including glycine-rich proteins, proteases, protease inhibitors, chitinase like 

proteins, lipid transfer proteins, peroxidase like proteins, wall metabolic enzymes 

and many others (Bhutz et al. 2004). The transport of these protein molecules along 

with xylem sap mostly depends on rate of vascular transport, which when gets 

reduced causes aggregation and agglutination, thereby clumping of xylem lumen 

takes place (Neumann et al. 2010). Van Doorn (1997) reported that during post-

harvest stage, blockage developed at the cut end or at the wound site was the major 
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cause behind developing imbalance between uptake of water and rate of 

transpiration, thereby decreasing the pulling efficiency of water, hampering normal 

flow rate. Phytosynthesized nanosilver probably acts by preventing the formation of 

plugging at the cut end, maintaining normal rate of conduction and thus prolongs the 

post-harvest shelf life by seven days. Silver nanoparticles inhibiting microbial 

aggregation was also reported by Biswas et al. (2020) and Tavakoli et al. (2017) 

while studying extension shelf life of coconut endosperm and nuts respectively.   

Another reason of vascular lumen blockage was unwarranted deposition of 

impermeable layer like lignin and suberin. Rhodes and Wooltorton (1978) reported 

that rate of bio-production of lignin and suberin are usually gets enhanced at cut end, 

while their polymerization from monomer to polymer leads to the creation of 

occlusion that takes place by the action of different oxidative enzymes. Present 

study depicts the presence of lignin and suberin as blockage material inside xylem 

lumen inhibiting the normal conducting pathways. Among the studied cultivars, 

BC259 and TR10 represents highest number of lignin deposition, while BC259 and 

Guangdung represents highest number of suberin deposition, signifying greater 

activation of polymerizing enzymes in these cultivars leading to development of big 

sized depository plugs blocking vessels. Presence of suberin plug at cut end was also 

reported by Cline and Neely (1983) while studying the process of wound healing in 

Geranium stems. Among the used preservative solutions, it was observed that 

mulberry leaves preserved in distilled water showed maximum deposition of lignin 

and suberin inside xylem lumen causing obstruction in normal conduction pathway 

and thereby promoting the rate of senescence as revealed by yellow texture of the 

leaves. Lignin and suberin mediated occlusion of xylem lumen was also reported in 

leaves preserved in silver nitrate and nanosilver solution but the count of blockage 

was negligible in comparison to the blockage number showed by leaves preserved in 

distilled water. Agglomerative hierarchical clustering also presented similar 

interpretation as mentioned above. Dendrogram have placed leaves preserved in 

distilled water as an out-group due to its dissimilarity with remaining preservative 

solutions in terms of blockage number. Whereas leaves preserved in silver nitrate 

and nanosilver solution forms a solitary cluster along with fresh leaves 

demonstrating their resemblance with one another in terms of blockage number.  

The preservative potentiality of nanosilver solution was further evidenced from 
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SEM imaging, which displayed the presence of adequate number of complete and 

partial blockage inside xylem lumen of leaves preserved in distilled water set for 

seven days while leaves preserved in nanosilver solution displayed almost negligible 

number of vascular blockages. The current interpretation clearly indicates the 

potentiality of silver nanoparticles in inhibiting microbial proliferation inside xylem 

vessels and thus maintaining intact conducting pathway by preventing aggregation 

of biomolecules. Heat map colour matrix demonstrates that along the horizontal 

axis, in right part, the colour matrix appeared mostly dark, while the opposite side 

appeared lighter, indicating formation a greater number of partial blockages than 

complete blockage. In the vertical axis, yellow coloured matrix that appeared in the 

petiole section of freshly collected leaves displayed insignificant number of blocked 

vessels, as yellow colour represents lower value. The colour matrix of silver nitrate 

and nanosilver preserved leaves appeared in the intermediate position i.e. in the 

yellowish green zone, however the intensity of green colour is more towards silver 

nitrate preserved leaves than nanosilver preserved leaves representing more number 

of vascular blockage in silver nitrate set. While leaves preserved in distilled water 

displayed reddish green colour matrix indicating large number blockages, with 

intensity of red colour being more towards right side signifying a greater number of 

partial blockage than complete blockage. Heat map examination clearly suggests 

that in comparison to distilled water and silver nitrate, nanosilver acts as an efficient 

preservative for preserving leaves at post-harvest stage.     

Thus, it may be stated that during preservation at post-harvest stage, clustering of 

macromolecules inside xylem lumen and microbial proliferation causes obstacle in 

usual conducting pathway (Fig.190), leading to excessive accumulation of ROS, 

causing membrane breakdown resulting in senescence, as apparent from yellowing 

of the leaves that were preserved with distilled water. Nanosilver showed 

effectiveness in preventing microbial propagation and ROS generation, thus 

prolonging shelf life. Further it was observed that 6 ppm silver nitrate solution 

showed more effectiveness than equivalent concentration of silver nitrate as 

indicated by a smaller amount number of partial and complete blockage and more 

prolonged shelf life. Thus, at post-harvest stage preserving mulberry leaves, with 6 

ppm nanosilver solution will assist to overcome the problem of supplementing  

 



Fig. 190: Diagrammatic model of post-harvest vascular blockage and its inhibition through nanosilver application  
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larvae during rainy season, as the above mentioned module will help to maintain 

fresh texture of leaves.  

6.12. Transcriptome profiling of preserved mulberry leaves using Illumina 

platform 

Effective preservation of mulberry leaves at post-harvest stage will put significant 

impact in the global growth of silk industry in two aspects; firstly, it will promote 

the engagement of landless farmers and secondly it will increase the rearing 

productivity during rainy season. Above described study in this aspect identified 

phytosynthesized silver nanoparticle at 6 ppm concentration significantly retains 

physical texture of leaves till day 7 post-harvest. Earlier observation signifies that 

nanosilver delays the process of senescence by preventing accumulation of 

molecules capable of causing oxidative damage through upregulation of defensive 

processes and thereby preventing deterioration of primary metabolites. In the current 

study attempt was made for identifying novel genes responsible for extending post-

harvest shelf life of mulberry leaves upon nanosilver application with respect to 

leaves preserved in distilled water for same duration.   

Transcriptome analysis using Illumima platform serves as a handy and economical 

tool for generating information on gene and associated sequences. Illumina based 

transcriptome assembly although based on shorter read archive technology but 

generates a wide range of transcriptome coverage helpful in identification of genes 

involved in different processes (Xu et al. 2013). Current study using Illumina 

platform (Hiseq 4000) generated ~191 million raw reads among the studies 

treatments of mulberry (NS7 and CO7), out of which ~71% high quality reads (base 

score ≥30) were used for downstream analysis. The quantity of obtained high quality 

reads remained within the bracket area of reads required for analysing differential 

expression (Liu et al. 2014). Obtained N50 value of the assembled transcripts 

(>2000) with median contig length >500 indicates good QC report of the sequencing 

data for downstream analysis (Karako-Lampert et al. 2014). N50 value reported in 

the current study was almost similar with the N50 value reported for Morus 

laevigata (2,086) and Morus serrata (2,140) (Saeed et al. 2016). On vetting out 

transcripts ≤200 bp, Trinity identified 1, 57,982 assembled transcripts and 81,952 

unigenes, which was in good agreement with earlier studied mulberry transcripts 
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(Wang et al. 2018; Du et al. 2016). The assembled transcripts showed ~55% BLAST 

hit with plant NR database, which was significantly greater with previous transcript 

studies on mulberry (Morus alba) that showed 41.08% hit (Guan et al. 2018). NR 

database hit was supported by PMN hit which detected ~56% unigenes. Previously 

studied other Morus spp. showed 52% (Morus laevigata), 53% (Morus serrata) and 

59% (Morus indica) and 67% (Morus atropurpurea) NR BLAST hit (Saeed et al. 

2016; Rukmangada et al. 2019; Dai et al. 2015). Transcriptome analysis within the 

members of the family Moraceae showed 76% (Artocarpus heterophyllus), 74% 

(Ficus carica), 47% (Ficus hirta), NR BLAST hit (Hu et al. 2016; Li et al. 2020; Yu 

et al. 2015). Members of the order Rosales depict 71% (Pyrus communis, Rosaceae), 

76% (Humulus lupulus, Cannabaceae), 54% (Ziziphus jujube, Rhamnaceae), 46% 

(Boehmeria nivea, Urticaceae), and 41% (Rubus idaeus, Rosaceae) NR BLAST hit 

(Ou et al. 2015; Mishra et. al. 2018; Li et al. 2014; Liu et al. 2014; Travisanya et al. 

2019). Analysis of distributional similarity of the assembled transcripts to other 

plant species with respect to Nr database showed maximum homology with Morus 

notabilis (~62%), indicating mapping of most of the transcript with Morus notabilis 

draft genome. Comparable observation was reported by Wang et al. (2018) and Dai 

et al. (2015) while studying De novo assembly in Morus alba and Morus 

atropurpurea respectively. Besides Morus notabilis which belongs to the family 

Moraceae, Morus alba transcripts in the current study also showed sequence 

similarity with Quercus suber (Fagaceae), Vitis vinifera (Vitaceae), Trema orientalis 

(Cannabaceae). Moraceae and Cannabinaceae come under the order Rosales where 

Fagaceae and Vitaceae come under the order Fagales, and Vitales respectively. 

Evolutionary the order Rosales, Fagales, and Vitales are considered as sister clade 

(Ravi et al. 2006; Zeng et al. 2017), thus transcriptome data correlates significantly 

with evolutionary relationship among the sequence identical species, with Morus 

notabilis being the closest relative of Morus alba. Sequence similarity index 

indicates ~60% of the assembled unigenes mapped more than 80% of their length, 

~31% mapped within the range of 80 – 50% of their length, while remaining ~8% 

had mapped similarity less than 50%. Similar observation was prescribed by Zhou et 

al. (2019) while studying De novo assembly of Taxus sp.  

Present study also deals with the identification of SSR markers that are most 

frequently utilized for the development of cost-effective marker system helpful for 
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studying genetic diversity, genetic structuring, demography, relatedness, and 

development of linkage maps. The number of SSR obtained in the current study was 

much higher than that was reported earlier for Morus alba (31,799) (Du et al. 2016). 

SSR count was also found to be on greater scale than other species of the family 

Moraceae viz., Morus multicaulis (33,285), Morus laevigata (12,206), Morus 

serrata (11,843) (Wanga et al. 2014; Saeed et al. 2016). Presence of at least 1 SSR 

was documented in most of the studied transcripts. Most abundantly found transcript 

types were tri-nucleotide followed by di-nucleotide which was in accordance with 

the observation of Victoria et al. (2011), stated that tri-nucleotide repeats were most 

frequent in higher plant groups (angiosperms) whereas in lower group of plants di-

nucleotide repeats were predominant. The high percentage of mono-nucleotide 

repeats was probably due to the mechanical errors in NGS sequencing technology 

(Sarika et al. 2013). SSRs with A/T motif (~98%) were the most abundant mono-

nucleotide repeat, while in di-nucleotide AG/CT (~31%) leads the ranking, similar 

to the report of Park et al. (2019) on Lychnis kiusiana. AAAT/ATTT (~25%) and 

AAAAT/ATTTT (~12%) was the most frequent tetra- and penta- nucleotide repeat, 

similar observation was displayed by Tulsani et al. (2019) and Li et al. (2014) while 

performing SSR analysis of Coriandrum sativum and Ziziphus jujuba. SSRs with 

long repeats are considered to be highly polymorphic (Tóth et al., 2000), present 

study showed SSRs with length range between 11 – 20, 21 – 30, and 31 – 40 bp 

chronologically displayed greater number of SSRs. The variation in length among 

the repetitive units was probably because different repetitive sequences may have 

appeared in different generation during the course of evolution (Gao et. al. 2013). 

The frequency of occurrence of repetitive units decreased as the number of 

nucleotide increased. Cho et al. (2000) stated that appearance of repetitive motifs 

within plant gnome and its length distribution was the consequence of applied 

selection pressure during the course of evolution.  

Preservative potentiality of effective preservative solution depends on its ability to 

retain primary metabolites and to prevent accumulation of compounds responsible 

for elevating the process of senescence. Among the primary metabolites, chlorophyll 

and photosynthetic apparatus acts as an effective marker system for assisting 

effectiveness of preservative solution. Change in chlorophyll content below 

optimum level was an indicating symbol of plant stress (Lichtenhaler 1996). Leaf 
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chlorophyll content was a monitoring marker of overall plant health, particularly in 

applied field where plant health puts direct impact over productivity (Shah et al. 

2017). Leaf quality was affected by number of factors including chlorophyll 

distribution (its decomposition and synthesis), nutrient content (its distribution), and 

genetic expression (Pavlović et al. 2014). The content (Chl a + Chl b) and ratio of 

chlorophyll (Chl a: Chl b) varies from species to species, but within a species it 

should be specifically maintained for proper growth and long-time survival (Li et al. 

2018). Maintenance of nutrient level was essential for proper functioning of 

photosynthetic machinery (Schertz 1928). Any deficiency in pigment level will put 

significant impact over plant growth resulting in decrease in net primary 

productivity (Hosseinzadeh et al. 2016). Earlier stated observations showed post-

harvest retention of chlorophyll content in NS7 in comparison to FR0 (fresh 

harvested leaves), while CO7 fails to do so. Quantitative data was supported by 

qualitative observation (morphological) showing presence of yellowish patches in 

leaves preserved in distilled water, indicating senescence. Leaves preserved in 

nanosilver solution morphologically displayed retention of greenish texture almost 

similar to that of fresh leaves. Qualitative and quantitative observation was 

supported by expression analysis using NGS technology showing proteins 

assembled under photosynthetic processes (Light reaction: Photosystem I and 

Photosystem II; Dark reaction: Calvin cycle), chloroplast and chlorophyll 

development and assembly are mostly up-regulated in NS7. Less expression of the 

photosynthetic and chloroplast associated proteins in CO7 was the foremost cause 

for the activation of senescence related processes. Decrease in water transport 

significantly promotes decomposition of chlorophyll, accelerating leaf yellowing (Li 

et al. 2018). In the study prescribed above it was reported that during post-harvest 

preservation, blockage of xylem lumen by microbial proliferation and by 

accumulation of secondary polymerized molecules interferes with water conducting 

pathway in CO7, promoting senescence and wilting. Down-regulation of 

photosynthetic associated processes in CO7 was probably due to alterations in the 

structural and functional capability of the chloroplasts and associated proteins. 

Senescence mediated cutback in photosynthesis was mainly due to breakdown of 

protein functioning, pigment content and membrane lipids degradation (Panda et al. 

2013). STRING round 2 qualified, Cytoscape topological score based selected major 

chloroplast associated up-regulated (NS7 vs CO7) genes were AOR, PnsB3, 
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PSBO2, CYP38, GLU2, EGY1, PSAA, PSAB, PSBA, PSBB, PSBD, and Lhca6. Of 

them PSAA, PSAB, PSBA, PSBB, PSBC, and PSBD was identified by KEGG to be 

directly associated with photosynthetic process. PSAA and PSAB which showed 

>20 fold expression level was encoded by chloroplast genome and shows greater 

level of sequence homology (Rochaix et al. 2000). PS I mediated electron transport 

system comprises PSAA and PSAB, remains associated with P700 in heterodimeric 

forms and with cascade components A0 (CHLa), A1 (phylloquinone) and Fx (4Fe-4S 

protein) (Hoj et al. 1987). It was reported that genomic expression of PSAA depends 

upon expression, synthesis, and thylakoid membrane integration of PSAB (Vallon et 

al. 1993). Current study showed greater expression profile of PSAB than PSAA, 

supporting the above observation. PSBD participates in PS II as reaction centre D2 

protein which promotes assembly of PSBA, reaction centre subunit D1. PSBB and 

PSBC encodes core antenna subunits CP47 and CP43 respectively binding Chl a, 

and thereby promotes binding of upstream oxygen evolving enhancer (OEE) 

proteins (Minai et al. 2006 and Barber et al. 2000). It was noted that synthesis of one 

chloroplast-encoded protein associated with photosynthesis process was promoted 

by the expression of another protein from the same protein complex. Current 

observation was in accordance with the earlier reports of Choquet and Vallon (2000) 

and Choquet and Wollman (2002). Reduction in expression of PSBD reduces the 

expression of both PSBA and PSBB (Bennoun et al. 1986), similarly expression of 

PSBA and PSBB are also directly correlated (de Vitry et al. 1989). As expression 

profile of most of photosynthetic genes are interrelated thus obtained differentially 

expressed among treatments (NS7 vs CO7). MCODE mediated sub-networking 

analysis also supports the above observation showing two independent strong 

network co-ordinations of chloroplast and photosynthetic proteins, and 

photosynthetic light reaction proteins. OHR-LCMS mediated analysis of 

differentially expressed electrophoresis generated gel protein band of mulberry 

leaves preserved in nanosilver solution in earlier reported was in good agreement 

with the transcriptome profile, as both the expression profile identified up-regulation 

of some common photosynthesis associated proteins (gene product). Carotenoids 

which remain associated as light harvesting molecule with PSBB and PSBC (Barber 

et al. 2000) was found to retain its content in NS7 till the last day of preservation. 

Carotenoids participate in non-photochemical quenching, thus act as a vital 

antioxidant for eliminating generated singlet oxygen (McElroy and Kopsell 2009). 
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Another important photosynthetic protein differentially expressed in NS7 was 

PSBO2 (an extrinsic subunit of PS II associated with water oxidizing complex) and 

it has been reported to play key role in stabilizing catalytic manganese cluster 

(Mn4Ca-cluster) (Enami et al. 2008) and in electron transport of PSII (Takahashi et 

al. 2017). BiNGO identified involvement of PSBO2 and Lhca6 in response to light 

stimulus (abiotic stress management). The defensive role of PSBO2 resides in their 

ability to dephosphorylate damaged D1 protein for degradation and thereby 

maintaining its turnover number (Lundin et al. 2007). Plant nanobionics has 

identified integration of biogenic nanoparticles into the chloroplast of the plant cell 

thereby playing potential role in extending shelf life of crop plants (Sridhar et al. 

2020). Maintenance of photosynthetic and chloroplast processes was also carried out 

by an oxidoreductase, AOR representative of zinc binding dehydrogenase protein 

family by detoxifying reactive carbonyls species formed during lipid peroxidation 

(Takagi et al. 2016). 

Maintenance of cellular redox homeostasis was foremost pre-requisite for extension 

of shelf life at postharvest stage. In postharvest stage generation of oxidative stress 

can rarely be avoided, thus extension of shelf life can only be done through 

mitigation of generated ROS. Increase in concentration of cellular oxygen molecule 

beyond optimum level results in the generation of ROS either in the form of 
1
O2 

(singlet oxygen) or in the form of   
  (superoxide), H2O2 (hydrogen peroxide), and 

•OH (hydroxyl radical) by accepting electron (Adiletta et al. 2018). Nucleus, 

chloroplasts, mitochondria, glyoxysomes, and peroxisomes are the key ROS 

generating sites, damaging various cellular components (Hodges et al. 2004). 

Carbohydrates, proteins, lipids, nucleic acids along with other cellular macro and 

micro molecules are the target site of ROS action (Roy et al. 2017). Current study 

showed decrease in protein, and carbohydrate (total and reducing sugar) content in 

CO7 by more than 60% with respect to FR0, while NS7 able to maintain the primary 

metabolite content almost similar to that of FR0. Whereas the content of stress 

markers viz. hydrogen peroxide, MDA, superoxide, and proline were found to be 

significantly enhanced in CO7 with respect to FR0. The content of stress markers 

also increases in NS7, but the extent of enhancement was insignificant with respect 

to FR0. For nullifying cellular and sub-cellular damage caused by imbalance of 

ROS, tissue system requires efficient antioxidative (enzymatic and non-enzymatic) 
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repair system that can detoxify generated ROS (Toivonen et al. 2003). 

Transcriptome analysis has identified significant number of proteins involved in 

scavenging activity in NS7 including CSD1, LOX1, LOX6 and DOX1. CSD1 

(superoxide dismutase) catalyses the dismutation of superoxide generated by 

photosynthetic electron transport reactions to hydrogen peroxide (Asada et al. 1987). 

KEGG identified participation of LOX1, and LOX6 in linoleic acid metabolism, 

which thereby participates in jasmonic acid biosynthesis and metabolic process as 

identified by BiNGO. LOX1, and LOX6 (lipoxygenase), and DOX1 (α-

dioxygenases) through the production of oxylipins, involves in stress (biotic and 

abiotic) responses (Bell and Mullet 1993) by delaying senescence through controlled 

chloroplast destruction (Springer et al. 2016). It has been reported that LOX1 mutant 

causes enhanced hydrogen peroxide and MDA accumulation and thereby promoting 

cellular damage causing senescence (López et al. 2011). It has been stated that the 

activity of DOX1 increases in tomato and in Arabidopsis leaves under oxidative 

stress generated due to bacterial proliferation (Bannenberg et al. 2009). In plants 

DOX1 was reported to perform tissue-protective role and the degree of tissue 

damage was inversely proportional to the cellular level of α-dioxygenases (Ponce de 

León et al. 2002). Silver nanoparticle was reported to promote plant growth by 

preventing microbial and other pathogenic proliferation (Ndlovu et al. 2020). 

Implementation of nanosilver has identified more than 20 disease resistance protein 

types among them significantly expressed defensive proteins were RPP8, PBS1, 

PAD4 and WAK1 in NS7.  BiNGO identified involvement of RPP8, PBS1, and 

PAD4 in innate immune response, which restricts pathogen growth through 

hypersensitive response (Parker et al. 1997). PBS1 comes under R-gene family and 

participating in effector-triggered immunity response (Ade et al. 2007). WAK1 was 

reported to be a transmembrane serine/threonine-protein kinase performing diverse 

role in cell expansion, morphogenesis and development (Saintenac et al. 2018). 

WAK protein through cell wall integrity-sensing mechanism provides defensive 

response against wounding, pathogen attack and oxidative stress (Kohorn and 

Kohorn 2012). WAK1, and PAD4 was found to be involved in MCODE generated 

sub-network clustering involving in stress associated defence response along with 

WRKY53, CRK10, CRK6, and AT3G28580. Another MCODE generated defensive 

line that were identified were NAD-ME1, ALDH2B4, ALDH10A8, NADP-ME3, 

and PHS2. KEGG analysis recognized the involvement of NAD-ME1, and NADP-
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ME3 in carbon fixation process of photosynthetic organisms as they participate in 

oxidation of malic acid to pyruvic acid and CO2 (Tronconi et al. 2008). Besides 

performing metabolic role in photosynthetic process NAD-ME1, and NADP-ME3 

are also reported to provide defensive role by participating in lignin biosynthesis 

process and by maintaining cytoplasmic pH level (Martinoia et al. 1994). 

ALDH2B4, and ALDH10A8 (aldehyde dehydrogenase) maintains aldehyde 

homeostasis within the cell and provides defence by scavenging toxic aldehydes 

(Rodriguesn et al. 2006). In support with present study, it was reported that ALDH 

genes over expression provides defence against abiotic stress (Kotchoni et al. 2006). 

ATR1 another defensive protein identified by MCODE and BiNGO involves in 

stress management by inducing hypersensitive response (HR) there by providing 

resistance to bacterial pathogens (Sohn et al. 2007).  

Dismantled chloroplast was associated with degradation of internal macromolecules 

causing lack of nutrient accumulation, promoting senescence. Degradation of 

polymeric-molecules to monomeric form causes their transport through phloem, 

altering sink-source relationship (Buchanan-Wollaston et al. 2003). In post-harvest 

stage, these molecules may get released through the cut end, accelerating senescence 

as in CO7. One such molecule was sucrose whose internal concentration decreases 

upon senescence activation by the action of the enzyme invertase. Matsushita and 

Uritani (1974) reported an increased level of acid invertase in sweet potato tuber 

upon ageing. Current study identified BFRUCT4 (acid beta-fructofuranosidase 4), 

an acid invertase differentially expressed in CO7 (>50 fold) probably causing 

continued mobilization of sucrose products through cut end, decreasing internal 

sugar concentration, decreasing shelf life. BFRUCT4 involves in sucrose catabolism 

and transport was also reported by Aluru et al. (2009), play vital role in sink 

metabolism, in support with present observation.    

Leaf senescence is the summative response of multiple factorial operations working 

together in a step wise manner. Senescence is a process of cell degeneration and 

death operated in a systematic manner under tight genetic control with an attempt to 

enhance the survival of the plant. The regulation and execution of senescence at 

cellular and sub-cellular level was controlled by mode of action of different 

hormones, receptors, and transcription factors (Ahmad and Guo 2019). Most of the 

phyto-hormones viz. ethylene, abscisic acid, cytokinin, auxin, gibberellic acid, 
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brassinosteroids, jasmonic acid, and salicylic acid regulate both stress induced and 

maturity dependent leaf senescence (Jibran et al. 2013). Ethylene besides promoting 

senescence, involves in stress related gene regulation involve in plant survival and 

growth response (Achard et al. 2006). Cao et al. (2007) reported that CTR1 

(constitutive triple response 1) mutant plants displays higher longevity than wild 

type plants due to continuous ethylene signalling. Current study also reports 

differentially expressed CTR1, down regulated in NS7, indicating the ability of 

nanosilver solution to extend shelf life at post-harvest stage. In contrary, plants 

bearing over expressed form of EIN4 become less tolerant to stress thereby 

promoting senescence as observed for CO7 (Shi et al. 2012; Jibran et al. 2013). 

MCODE identified strong network interaction between RAN1, CTR1, and HMA5 

involving in copper mediated ethylene response. RAN1 and HMA5 was reported to 

work upstream of ETR1 (ethylene receptor 1), delivering copper to the receptor, 

promoting ethylene binding (Binder et al. 2010). In ETR1 mutant binding of copper 

ion was inhibited and thus binding of ethylene was also ceased (Rodriguez et al. 

1999). Similarly, in NS7 down regulation of ETR1 was due to down regulation of 

differential expression of RAN1 and HMA5, inhibiting the process of senescence. 

ARF1 (auxin response factor 1) regulates senescence by regulating the expression of 

some senescence-associated genes (Noh et al. 1999). It was reported that in ARF1 

mutant plant expression of SAG12 (senescence associated gene 12) gets suppressed, 

consequently senescence gets suspended (Kong et al. 2013). Down regulation of 

ARF1 in NS7 was the probable reason for long post-harvest shelf life. 

Among different cellular and sub-cellular transporters, the expression profile of 

ABC class transporters gets uplifted during stress as they plays key role in 

detoxification of xenobiotics and transport toxic substances (Lee et al. 2005). 

Literature survey reveals that ABC transporters participate in abiotic stress response 

by excluding cellular harmful compounds including heavy metals (Martin et al. 

2000). Current study identified 3 differentially expressed ABC transporters in CO7 

viz. ABCC8, ABCG15, and ABCG33 forming MCODE generated separate sub-

network. Class G-ABC transporters are mainly involved in regulating plant-

pathogen defence by excluding microbial toxins out of plant body (Hwang et al. 

2016). Probably accumulation of excessive toxic compounds inside CO7 causes 

enhanced expression of ABC class transporters with an attempt to mitigate 
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generated stress. It was reported that expression ABCC8 gets highly enhanced 

during fruit ripening, and the process was related with chlorophyll degradation and 

anthocyanin accumulation in the fruit (Shi et al. 2020). Similarly, enhanced 

expression of ABCC8 in CO7 was probably associated with the process of 

senescence mediated leaf yellowing. Another transporter differentially expressed in 

CO7 was CNGC4 (cyclic nucleotide-gated ion channel 4), non-selective cation 

channel involves in defensive responses (Moedera et al. 2011). CNGC4 through 

enhancing cellular Ca
+
 level participates in expression of pathogenesis related genes 

(PR-gene) and in hypersensitive response (Dietrich et al. 2020).  

Phyto-immune system gets hyperactivated during stress and senescence 

management which leads to the identification of another MCODE generated 

defensive line in CO7 viz. APS2, APS3, NIR1, WIN1, and PPC1. KEGG identified 

involvement of APS2 (ATP-sulfurylase 2), and APS3 (ATP-sulfurylase 3) in 

metabolic pathways including biosynthesis of amino acids and 2-oxocarboxylic acid 

metabolism. ATP-sulfurylase catalysed the synthesis of adenosine-5-phosphosulfate 

which gets incorporated in to cysteine. Cysteine through redox-reactions participates 

in various abiotic stress managements through the synthesis of antioxidant 

molecules viz. glutathione, homo-glutathione, and phytochelatins (Anjum et al. 

2015). Akbudak et al. (2019) stated that ATP sulfurylase activity was up-regulated 

under stress probably for maintaining the pool of sulphur containing amino acids viz. 

methionine and cysteine which will counterbalance generated ROS through the 

synthesis of antioxidant molecules. Probably for mitigating generated toxic 

substances, CO7 has up-regulated the expression of APS2/3 inside tissue system for 

protecting rapid degradation of cell and cellular components. Similarly, NIR1 

encodes nitrite reductase 1, one of the two enzymes along with glutamine-dependent 

asparagine synthase 1 involves in nitrogen assimilation during stress management 

(Egea et al. 2018). PPC1 (Phosphoenolpyruvate carboxylase 1) was an indicator of 

dehydration stress, and in leaves its upregulation indicates excessive water loss due 

to interruption in stomatal closure process (Taybi et al. 1999). In leaves PPC1 

generally participates in carbon and nitrogen metabolism (Shi et al. 2015) but over 

expression was an indicator of osmotic stress condition (Zhao et al. 2019). Over 

expression of PPC1 in CO7 might be due to internal water deficit which may occur 

due to the generated inability to conduct water as a consequence of xylem blockage 
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as reported earlier.  

Thus, transcriptome analysis identified significant retention of photosynthetic and 

chloroplast proteins in NS7 responsible for green texture and maintaining shelf life 

through proper regulation of photosynthetic machineries. Shelf life extension in NS7 

was achieved probably through enhanced expression of proteins involved in 

providing defence by scavenging toxic substances including ROS. Probably 

blockage of xylem vessels inhibiting conducting pathways and leakage of storage 

carbohydrates through cut end caused rapid wilting associated senescence through 

accumulation of ROS in CO7. However enhanced expression of different 

transporters and immune-modulators were observed in CO7 but their collective 

summation failed to prolong the shelf life by more than 3 days. 

6.13. Performance assessment of silkworm larvae on supplementing with 

preserved mulberry leaves in terms of feeding, rearing and protein profiling 

Bothikar et al. (2014) reported the significance of leaf quality on larval rearing and 

formation of cocoon. Deviation from leaf nutritional content puts noteworthy impact 

over cocoon production (Gawade and Medhe 2010; Quader et al. 1992). On rearing 

bi-voltine silkworm larvae with preserved mulberry leaves it was observed that 

larvae supplemented with nanosilver preserved leaves showed equivalent rearing 

performance and cocoon parameters as that of larvae supplemented with fresh 

leaves. The obtained result clearly indicates sufficient retention of essential 

metabolite inside nanosilver preserved mulberry leaves at post preservation stage. 

Nguku et al. (2007) reported that supplement of high protein diet efficiently 

increases the quality of cocoon shell. Current study also reflects alike observation, as 

maximum drop off in leaf quality was observed for distilled water preserved leaves, 

so supplementing these leaves resulted in decreased of both cocoon quality and 

quantity. 

The two most vital parameters influencing cocoon-related parameters were rearing 

seasons and mulberry leaf quality (Rahmathulla 2012). Mulberry leaves serve as 

exclusive nutrition source viz. carbohydrates, protein, vitamins and minerals 

depending on which good quality cocoon crops are produced by larvae (Tang et al. 

2005; Ravikumar 1988). The silk gland of Silkworm larvae bears a unique ability for 

transforming ingested leaf protein into fibre of silk protein. It was studied that the 
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amino acids obtained from metabolism of mulberry leaf protein, are utilized by the 

larvae for proper growth and development and cocoon formation (Borah and Boro 

2020). Silkworm feeding nutrient deficient leaves will puts significant impact on 

growth and cocoon production both qualitatively and quantitatively (Cristina and 

Marghitas 2011). Carbohydrate and protein are the two most essential constituents 

of mulberry leaves playing decisive role in silkworm rearing (Ito and Mukaiyama 

1970). While leaf protein is crucial for growth of larvae, development of silk gland, 

silk production and cocoon characters, carbohydrate provides major energy source 

during accretion and secretion of silk fibre from silk gland (Sajgotra et al. 2017). 

Rearing records of multi-voltine silkworm larvae suggests that GI of larvae 

supplemented with leaves preserved in nanosilver and silver nitrate solution remains 

almost same as that of larvae supplemented with freshly cultivated leaves. At the 

same time significant (p≤0.05) drop off in GI was noted when fed with leaves of 

distilled water set. Larval development depends mainly on leaf protein content, and 

retention of GI signifies retention of protein in leaves preserved in preservative 

solution. Multiple regression analysis (Table 70) of significantly correlated 

parameters related with protein content in preserved leaves indicates that larger the 

superoxide scavenging potentiality in preserved leaves less is the ROS mediated 

oxidation of proteins and thus more is the native protein content of the leaves.  

Table 70: Statistics summary of multiple regression analysis keeping protein 

constant                  

Model R R Square 

Adjusted 

R 

Square 

Std. 

Error of 

the 

Estimate 

Durbin-

Watson 

1 0.995
a
 0.991 0.990 1.212853 

 2 0.997
b
 0.994 0.993 1.020261 1.843 

a
 Predictors: (Constant), SUPEROXIDE 

b
Predictors: (Constant), SUPEROXIDE, MDA 

c
Dependent Variable: TOTAL PROTEIN 

 

Impact of feeding on larval productivity can be estimated in terms of effective rate 

of rearing (Giridhar and Sivarami Reddy 1991). Current studies displayed best ERR 

in larvae fed with nanosilver preserved leaves. Low effective rate of rearing in 
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larvae fed with distilled water preserved leaves reflects the inability of larvae to 

produce quality cocoon, as the mortality rate of the larvae is high. Productivity in 

sericulture can be described in terms of three most significant commercial 

parameters namely cocoon and shell weight and shell ratio (Sajgotra et al. 2017). 

Larvae supplemented with nanosilver preserved leaves displayed best cocoon and 

shell weight and shell ratio than larvae supplemented with leaves preserved in silver 

nitrate and distilled water. Penkov et al. (1988) and Periaswamy and Radhakrishnan 

(1985) reported that cocoon yield and thereby cocoon and shell ratio depends on the 

nutritional content of the leaves. Rorie et al. (1983) proposed that protein content of 

leaves directly influences rearing performance in terms of effective rate of rearing, 

cocoon and shell weight and shell ratio. Thus probably due to high retention of 

nutrient content, nanosilver preserved leaves displayed cocoon parameters 

sericulture can be described in terms of three most significant commercial 

parameters namely cocoon and shell weight and shell ratio (Sajgotra et al. 2017). 

Larvae supplemented with nanosilver preserved leaves displayed best cocoon and 

shell weight and shell ratio than larvae supplemented with leaves preserved in silver 

nitrate and distilled water. Penkov et al. (1988) and Periaswamy and Radhakrishnan 

(1985) reported that cocoon yield and thereby cocoon and shell ratio depends on the 

nutritional content of the leaves. Rorie et al. (1983) proposed that protein content of 

leaves directly influences rearing performance in terms of effective rate of rearing, 

cocoon and shell weight and shell ratio. Thus probably due to high retention of 

nutrient content, nanosilver preserved leaves displayed cocoon parameters 

equivalent to that of fresh leaves. It has also been reported that physical and internal 

biochemical property of mulberry leaves directly influences larval consumption and 

digestion efficiency (Zannoon et al. 2012; Das and Vijayaraghavan 1990). Thus 

probably due to more ingestion, digestion and conversion ratio of larvae 

supplemented with nanosilver preserved leaves displayed better rearing performance 

than others, demonstrating the ability of green synthesized silver nanoparticles as an 

effective preservative.   

The post cocoon characters i.e., quality of silk filament obtained, mostly depends on 

quality of supplement provided during rearing (Hassanein and EL Shaarawy 1962). 

It has been reported that greater the length of silk filament and lesser the length of 

non-breakable filament, more superior is the obtained silk (Kamimura and Kiuchi 
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1998). Estimated average filament length and non-broken filament length was more 

in nanosilver set than silver nitrate set, in comparison to silk produced by larvae 

supplemented with fresh leaves, indicating better preservative potentiality of green 

synthesized nanosilver solution. Silk obtained from nanosilver set displayed greater 

value of rendita (quantity of green cocoons required to fabricate 1 kg raw silk) than 

silk produced from larvae fed with fresh leaves, indicating high effectiveness of 

nanosilver solution over cocoon parameters. Kumararaj (1972) stated that greater the 

occurrence of filament break, inferior will be the reelability of fiber causing increase 

in rendita value. Thus, probably due to greater frequency of filament break in silver 

nitrate set displayed less rendita value than others, indicating superiority of 

nanosilver solution to produce better quality of silk.  

In the current era of plant and animal science, activity-based protein profiling is an 

important and powerful functional proteomics tool used to identify the actual 

involvement of proteins or pathways in performing a particular function (Morimoto 

and van der Hoorn 2016). The electrophoresis-based banding pattern of silk gland 

proteins displayed sixteen distinct bands. Raman et al. (2007) reported the presence 

of 10 – 15 gel bands in 5
th

 instar male larvae of silkworm supplemented with 

hydrolysed soy protein viz. P-soyatase, supporting current observation. Relative 

density based graphical representation displayed band density of nanosilver and 

silver nitrate lane almost similar to that of fresh lane, supporting the shelf life 

prolonging capacity of preservative solutions. The protein content was the most 

significant nutritive component of mulberry leaves, serving in the growth form of 

silkworm larvae, as well as in the maturity of silk gland (Mahmoud 2017). Decline 

in band intensity of distilled water set evidently indicates depletion in protein 

content in silk gland, which may be due to the drop off in leaf quality with increase 

in days of preservation as apparent from physical state of leaves. The obtained result 

of distilled water set was furthermore supported by the result of SSW and SCW 

which also displayed declining trend in comparison to other treatments. Hou et al. 

(2010) mentioned that haemolymph surrounds the tissue system of insects and acts 

as essential depository for energy and nutrition. Electrophoresis of proteins present 

in haemolymph showed the incidence of eight visible bands and the banding pattern 

among treatments appeared almost like that obtained for silk proteins. Haemolymph 

present in the open circulatory system of insects helps in delivering nutrient and 
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energy content throughout the body of silkworm (Arrese and Soulages 2010). 

Haemolymph also plays vital role in innate immune response by protecting the body 

of silkworm against fungal and bacterial attack (Mullen and Goldsworthy 2003). 

Banding pattern of haemolymph protein in the current study clearly indicates that 

the energy content and nutrient efficiency was lesser in the larvae supplemented 

with distilled water preserved leaves. This decline in energy content may be the 

primary reason for larvae in distilled water set, failing to spin during cocoon 

formation and rise in their mortality rate. Thus, it might be concluded that larvae 

reared in fresh leaves and leaves of nanosilver and silver nitrate set showed better 

immune response than the larvae of distilled water set. The guts of the larvae hold 

diverse types of digestive enzymes that bear the efficiency to convert the organic 

molecules obtained from leaves ingestion into useful bio-products (Lokesh et al. 

2012). It was reported that in larvae the mid-gut protein plays role in growth and 

metamorphosis (Zhang et al. 2011). Result obtained from electrophoresis of larval 

stomach proteins clearly indicated that larvae supplemented with nanosilver treated 

leaves produces high amount of digestive enzymes for leaf digestion leading to 

maintenance of nutrient efficiency. On analysing the electrophoresis pattern of fat 

body associated protein, eight protein bands were identified. Through comparative 

analysis it was found that the larvae supplemented with nanosilver and silver nitrate 

preserved leaves displayed high level of fat protein expression than the larvae 

supplemented with fresh leaves. Meng et al. (2017) stated that the function of fat 

body in insects is equivalent to that of mammalian liver. The fat body plays 

significant role as nutrient luggage compartment, beside this it also acts in immune 

system, homeostasis, and metabolic detoxification (Arrese and Soulages 2010). High 

level of expressed protein in nanosilver set signifies elevated nutrient contents and 

better homeostatic regulation. 

Further evaluation of effect of feeding preserved leaves was conducted through 

isozyme profiling. NOX is a stress indicator as it is responsible for generating 

superoxide molecules by transforming metabolic electron from NADPH to 

molecular oxygen (Shen et al. 2019). In silk gland protein, elevated NOX activity 

was noted for larvae fed with distilled water preserved leaves, indicating generation 

of excessive ROS molecules inside silk gland, inhibiting proper development of the 

gland. The obtained result further indicated increase in mortality rate in larvae fed 
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with distilled water preserved leaves, which also showed formation of low quality 

cocoons. One of the most important defensive enzymes present in the body of 

silkworm throughout their life cycle is superoxide dismutase (Kobayashi et al. 

2019). Superoxide dismutase plays important roles in immune responses inside silk 

gland by inhibiting any generated superoxide during spinning (Guo et al. 2016). 

Segal et al. (2000) also reported the occurrence of different antioxidant defensive 

enzymes like thioredoxin, peroxidase and superoxide dismutase in the silk protein 

that give defensive response against generated ROS during spinning. SOD activity 

in larvae fed with nanosilver preserved leaves appeared almost comparable to that of 

larvae fed with fresh leaves, reflecting the existence of equivalent quantity of 

defensive activity even after 7 days of preservation. Besides superoxide, another 

pro-oxidant, capable of causing oxidative damage to important biomolecules on 

crossing physiological limit was hydrogen peroxide (Sahoo et al. 2015). Hydrogen 

peroxide is capable of causing lipid peroxidation within the cell of insects thereby 

inhibiting lipid mediated developmental activities (Downer 1985). Antioxidant 

enzyme catalase acts to overcome the stress caused by hydrogen peroxide (Keilin 

and Hartree 1943). CAT destroys cellular hydrogen peroxide to produce water and 

oxygen (Nandi et al. 2019). The activity of CAT isozyme was found more in the 

larvae supplemented with preserved leaves than larvae fed with fresh leaves. The 

elevated catalase activity was probably due to greater production of H2O2 on feeding 

preserved leaves inside silk gland which was nullified by the detected two CAT 

isozymes. Thus, on an overall aspect it can be stated that among the supplemented 

preserved leaves, leaves preserved in nanosilver solution displayed better 

antioxidant activity thus helping silkworm larvae to develop proper silk gland, 

thereby producing economically effective cocoons. 

OHR-LCMS analysis of differentially expressed silk gland proteins identified 

different functionally active cellular and metabolic proteins. Among the identified 

proteins, actin-related protein 2/3 complex subunit involved in the development of 

branched actin networks. Couble et al. (1984) reported that the posterior cells of silk 

gland contain abundant microfilament of 50 – 70 Å diameter situated towards 

cellular apex. Besides actin, tubulin alpha chain was also identified and was also 

reported to be concentrated in the cells of posterior silk gland, which was also 

identified to be the key site for production of fibroin protein (Tashiro et al. 1968). It 
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was reported that inside silk gland of fifth instar larvae microtubule and 

microfilament plays dynamic role in protein secretion leading to the development of 

cocoon (Sasaki and Tashiro 1976). Identified mediator (RNA polymerase II subunit 

7) was involved in regulation of transcriptional system (Blazek et al. 2005). 

Identified mediator molecule remains associated with RNA polymerase II and 

directly take part in the regulation of RNA polymerase II specific genes, which 

might be helpful in the development of silk gland of larvae. Identified Glycine-

tRNA ligase promotes the process of translation by catalysing the attachment of 

glycine to glycine specific tRNA. Transferrin protein which was identified binds and 

transfer iron at cellular and sub-cellular level in ferric state. Geiser and Winzerling, 

(2012) reported that alongside transporting iron, transferrin plays active role in 

towards developmental process, reproduction and antioxidant defence response.  

Thus, through activation of antioxidant defence mechanism, transferrin protects 

metallic compounds mediated cellular damage, promoting growth. Another 

important identified protein was pyridoxal phosphate homeostasis protein, an active 

form of vitamin B6. Chen et al. (2019) reported that pyridoxal phosphate act as 

cofactor for more than hundred types of vitamin B6 dependent enzymes that take 

part in various metabolic activities viz. glucose metabolism, amino acid metabolism 

and in lipid syntheses. Thus, presence of pyridoxal phosphate in activated form 

inside silk gland protein leads to the genomic expression of large number of proteins 

which might play active role in development of silk gland. Identified protein, 

phenoloxidase (subunit-1) was reported to be responsible for the intercellular 

production of a variety of polyphenolic compounds that directly or in-directly 

participate in variety of defensive responses (Ankola and Puttaraju 2017). It was 

also reported that phenoloxidase also protects larvae from infection against various 

microorganisms (Eleftherianos and Revenis 2011). Beside these, two sex specific 

larval storage protein namely Sp1 and Sp2 were identified which were probably 

synthesized inside larval fat body and their synthesis relates directly to the 

nutritional condition inside larval body (Sumio Tojo and Kobayashi 1980). 

Detection of sex specific larval storage protein indicates that leaves preserved in 

nanosilver solution contains sufficient retention of nutritional content that might be 

useful for larval development and moulting.  
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7. CONCLUSION 

On compiling the entire sets of study, it may be concluded that during post-harvest 

preservation, aggregation of macromolecules inside xylem lumen and proliferation 

of microbes causes obstacle in normal conducting pathway, resulting in 

accumulation of ROS causing disintegration of membrane consequence to 

senescence, as manifested by yellowing of the leaves preserved with distilled water. 

Beside this, at post-harvest stage mulberry leaves exhibited gradual decrease in 

chlorophyll, protein, carbohydrate, and other primary essential metabolite content. 

Accumulated free radicals resulted in oxidative damage including lipid peroxidation 

and thus imposing changes in rearing parameters in the current study. Nanosilver 

and silver nitrate solution as preservative showed efficiency in inhibiting microbial 

proliferation and ROS generation, thus extending post-harvest shelf life. Leaves 

preserved in nanosilver and silver nitrate solution showed two line of defensive 

strategy; first the activation and up-regulation of enzymatic antioxidants (SOD, 

CAT, GPOX, GSR, APX, GST) and non-enzymatic antioxidant (glutathione, 

ascorbic acid and carotenoids) activities; and secondly enrichment in the production 

of secondary metabolites involved in scavenging activity of free radicals. These 

metabolic alterations allow the leaves to withstand and extend shelf life at post-

harvest stage. Leaves preserved in nanosilver solution exhibits greater retention of 

photosynthetic pigments and other essential primary metabolites, probably due to 

greater capability to scavenge generated ROS both by enzymatic and non-enzymatic 

pathways. Further experimental analysis evident that 6 ppm nanosilver solution was 

more effective than equivalent silver nitrate concentration as indicated by less 

number of partial and complete vascular blockages and comparatively better shelf 

life. The metabolic defensive activities were also found to be more in leaves 

preserved in nanosilver solution than silver nitrate solution. Transcriptome analysis 

identified significant retention of photosynthetic and chloroplast proteins in 

nanosilver preserved leaves responsible for green texture and maintaining shelf life 

through proper regulation of photosynthetic machineries. Shelf life extension in 

nanosilver preserved leaves was achieved probably through enhanced expression of 

proteins involved in providing defence by scavenging toxic substances including 

ROS. Probably blockage of xylem vessels inhibits the conducting pathways and 

leakage of storage carbohydrates through cut end caused rapid wilting associated 
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senescence through accumulation of ROS in distilled water preserved leaves. 

However enhanced expression of different transporters and immune-modulators 

were observed in distilled water preserved leaves but their collective summation also 

failed to prolong shelf life by 7 days.  

Moreover, feeding leaves to silkworm larvae preserved in nanosilver solution 

showed better growth and cocoon parameters than that observed after feeding silver 

nitrate preserved leaves, indicating the absence of any adverse toxic effects. Thus, at 

post-harvest stage, preserving mulberry leaves using 6 ppm nanosilver solution will 

help to overcome the problem of larval feeding during rainy season. Thus it may be 

concluded that green synthesized (phytosynthesized) silver nanoparticles that was 

characterized as crystalline and spherical in nature with average particle size of 14 

nm, bears the potentiality to extent the shelf life of harvested mulberry leaves at a 

least effective concentration of 6 ppm. Present findings may regain the interest of 

landless farmers towards this broad field of application as they can go through the 

process of larval rearing for a period of 7 days by purchasing or collecting the leaves 

once in seven days. 
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8. SUMMARY 

 

Silk fibers obtained from cocoons that are spinned by Bombyx mori are considered as 

best quality silk. India ranks 2
nd

 in silk production, with an average annual production 

of ~28,000 metric tons after China. The silk industry in India is mostly agro-based, 

depending upon traditional practitioners for fulfilling the national and global demand 

of raw silk. Superior quality silk production depends upon quality of mulberry leaves 

larvae fed upon. The three most significant leaf parameters upon which entire raring 

practice and thereby production of good quality cocoons depends are moisture, 

protein and carbohydrate content. Moisture helps to maintain proper leaf texture 

(suitable for larval chewing), while carbohydrate provides energy for larval growth 

and molting, as well as during spinning of cocoons. The mulberry leaf protein that 

gets assimilated inside the body of the larvae helps in the development of silk gland 

which ultimately leads to the development of good quality cocoons. 

The practice of silk industry consist of two segments viz. cultivation of mulberry 

(outdoor segment) and raring of larvae (indoor segment). Cultivation of mulberry 

requires open land, restricting sericulture practice to those farmers bearing large to 

small scale agricultural lands. Landless farmers either work on others’ farm in daily 

wedge system or if they are willing to run their own practice they purchase leaves 

from other’s garden, increasing the cost of production. With increase in demand of 

labours in urban cities, landless farmers often migrate to large cities leaving their 

traditional practice.  

Another problem that was faced by silk producing farmers across the country was 

feeding of larvae during monsoon season. During monsoon, feeding wet leaves led to 

the development of larval disease, increase the rate of mortality and thereby 

production of raw silk decreases.  

Leaf preservation by retaining the natural physical and chemical nature of leaves 

using suitable preservative may help to solve the above stated problems; as on one 

side landless farmers may carry out raring practice by collecting leaves once in a 

while and on the other side during monsoon season harvesting and preserving leaves 

on a non-rainy day may sort the problem of increasing larval mortality. The 

challenges which are faced during leaf preservation, putting a limit over prolongation 
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of shelf life are wilting, discoloration, senescence, enhanced rate of respiration, tissue 

browning, decay and microbial proliferation.  

Out of the nine chemicals initially selected as preservative, silver nitrate showed 

potentiality to enhance the shelf life of cultivated mulberry leaves by seven days. 

During the course of experiment it was observed that silver nitrate solution gradually 

gets transformed to nanosilver with increase in days of preservation, which ultimately 

prolongs the shelf life. Thus current study was designed to observe the preservative 

effect of green synthesized (phytosynthesized) nanosilver by comparing its 

preservative potentiality with silver nitrate, serving as positive control and distilled 

water serving as negative control. Nanosilver preserved leaves showed significant 

retention of primary metabolites viz. total chlorophyll, protein, carbohydrate and 

many others till the last day of preservation. Retention of primary metabolites during 

the course of preservation was also displayed by leaves preserved in silver nitrate 

solution but the degree of retention was comparatively lesser than that displayed by 

nanosilver preserved leaves. Leaves preserved in distilled water showed high 

accumulation of free radicals causing oxidative damage along with significantly lesser 

content of primary and essential secondary metabolites and defensive proteins. 

Upliftment of stress content was also noted in nanosilver and silver nitrate sets but 

extent of enhancement was significantly lesser due to the presence of enhanced 

enzymatic (CAT, SOD, APX, GSR, GST, GPOX) and non enzymatic (glutathione, 

ascorbate and carotenoids) defensive activities. Nanosilver solution showed almost 

equivalent potentiality to extend the shelf life of all studied cultivars of mulberry viz. 

S1, S1635, BC259, TR10 and Guangdong, with S1 displaying best post-harvest 

retention of essential metabolites after preservation.   

Macro-molecule (protein, lignin and suberin) mediated xylem blockage inhibiting 

normal conducting pathway was found to be one of the principal delimitations 

inhibiting post-harvest shelf life extensions. Another obstacle inhibiting post-harvest 

shelf life was proliferation of microorganisms within the preservative solution, which 

ultimately causes obstacle inside xylem vessels, accelerating the process of 

senescence. Nanosilver solution showed strong antimicrobial activity and thus no 

CFU count was noted within the nanosilver solution used for prolonging shelf life of 

mulberry during the entire course of preservation. Histochemical based microscopic 

observation revealed insignificant number of blocked vessels in the transverse section 
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of petiole preserved in nanosilver solution. PCA and AHC based statistical analysis 

showed close proximity of nanosilver preserved leaves with freshly collected leaves, 

signifying preservative potentiality of nanosilver solution. Phytosynthesized 

nanosilver also displayed strong antioxidant activity, probably playing an indirect role 

in mitigating generated biotic stress. It was observed that nanosilver solution at 6 ppm 

concentration was the least effective concentration suitable for prolonging shelf life of 

mulberry leaves by 7 days. 

Silkworm larvae on feeding nanosilver preserved leaves showed almost equivalent 

feeding profile to that of larvae supplemented with fresh leaves. Depletion in feeding 

profile was noted for larvae supplemented with silver nitrate and distilled water 

preserved leaves in comparison to larvae supplemented with fresh leaves, but the 

degree of depletion was found to be insignificant for silver nitrate set, while that for 

distilled water set it was found to be highly significant. Larvae fed with leaves 

preserved in nanosilver solution showed comparatively less mortality rate and high 

cocoon and cell weight than other preservative sets, indicating the non-toxic nature of 

biosynthesized nanosilver solution. 

Electrophoresis based  protein banding pattern displayed uniform retention of protein 

bands till the last day of preservation in nanosilver preserved leaves, while depletion 

in band intensity was noted in silver nitrate and distilled water preserved leaves from 

5
th

  and 3
rd

 day onwards respectively. Uniform protein banding pattern was also noted 

during electrophoretic separation of silk gland, haemolymph, stomach and fat body 

proteins in larvae of nanosilver set, indicating normal body physiology of larvae 

supplemented with nanosilver preserved leaves. Preservative potentiality of 

nanosilver and silver nitrate solution was also revealed through isozyme profiling 

which showed enhanced activity of stress mitigating isozymes like CAT and SOD in 

both preserved leaves and silk gland of larvae fed with preserved leaves. 

Transcriptome based Illumina next generation sequencing put a limelight over 

probable mechanism of shelf life extension of mulberry leaves by the application of 

phytosynthesized nanosilver solution. It was detected that genes associated with 

chloroplast and photosynthetic metabolism, detoxification of reactive oxygen and 

carbonyls species and innate immune response are mainly up-regulated in nanosilver 

preserved leaves. While loss of storage sucrose (sink metabolism), enhanced activity 

of senescence related hormonal mechanism, accumulation of xenobiotic compounds, 
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and development of osmotic stress inside tissue system was the probable reason for 

tissue deterioration in distilled water preserved leaves. 

The outcome of the current dissertation work strongly recommends the use of green 

synthesized silver nanoparticle as an effective preservative solution in prolonging 

shelf life of mulberry leaves at post-harvest stage. Thus it becomes crucial to know 

the exact specification of synthesized nanosilver solution for its future application in 

the field of sericulture. The phytosynthesized nanosilver showed spectral band at 

~441 nm, with high zeta stability and monodispersed particle distribution pattern. The 

biogenic nanosilver appeared crystalline in nature and spherical in shape with average 

particle size of ~14 nm and size distribution ranges from 12 – 40 nm. Thus current 

findings may help sericulture industry to regain the interest of landless farmers 

towards this wide field of application and may also help to overcome the long 

standing problem of farmers during monsoon season. 
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10. A. Appendix 1 

List of Chemicals  

A F 

ABTS Fast green 

Acetic acid Ferrous chloride 

Acetone Ferric chloride 

Acetonitrile Ferrozine 

Acid ninhydrin Folin-ciocalteu reagent 

Acrylamide Formic acid 

Ammonia G 

Ammonium bicarbonate Gallic acid 

Ammonium persulphate Gibberellic acid 

Arnow’s reagent Glacial acetic acid 

Ascorbic acid Glutathione 

Azure B Glutathione reductase 

B Glycine 

Benzyl adenine H 

Bovine serum albumin HCL 

Bradford reagent Hydrogen peroxide 

Bromophenol Blue Hydroxylamine hydrochloride 

BHT I 

C Indole Acetic Acid 

1-chloro-2,4-dinitrobenzene Iodine 

Calcium Chloride K 

Catechol Kinetin 

Chloroform KOH 

Coomassie Brilliant Blue L 

D Lactic acid 

Diethyl pyrocarbonate M 

Dinitrosalicyclic acid Methanol 

Dithiotreitol (DTT) N 

DPPH N’N’-bis-methylene-acrylamide 

E Nicotinamide adenine dinucleotide  

EDTA Nitroblue tetrazolium chloride 

Ethanol Nutrient agar 

Evan's blue Nutrient broth 
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P 

Phenazine methosulfate 

Phloroglucinol-HCL 

potassium hydroxide 

Potassium iodide 

Potassium phosphate 

Putrescine 

Q 

Quercetin 

S 

Safranin 

Salicylic acid 

Silver nitrate 

Silver thiosulphate 

Sodium azide 

Sodium carbonate 

Sodium dodecyl sulphate 

Sodium hydroxide 

Sodium molybdate 

Sodium nitrite 

Sodium nitroprusside 

Sodium phosphate 

Sodium potassium tartrate 

Sucrose 

Sudan III 

Sulphanilamide 

Sulphuric acid 

Superoxide 

T 

Thiobarbituric acid 

Thiourea 

Tocopherol 

Toluene 

Tri-chloroacetic acid 

Trisol 

Trypsin 

U 

Urea 
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10. B. Appendix 2 

Abbreviations & Symbols 

A   

ABTS
+
 2, 2-azino-bis 3-ethylbenzthiazoline-6-sulphonic acid 

Ag
+
 Silver ion 

AHC Agglomerative Hierarchical Clustering 

ANOVA Analysis of variance 

APX Ascorbate Peroxidase 

ATCC American Type Culture Collection 

B   

bp Base Pair 

BP Biological Process 

BSA Bovine Serum Albumin 

C   

C Carbon 

CAT Catalase 

CC Cellular Component 

CFU Colony Forming Unit 

Cl Chlorine  

cm Centimetre 

CPM Counts Per Million 

D   

ddH2O Double distilled water 

dH2O Distilled Water 

DPPH 2, 2-diphenyl-1-picrylhydrazyl 

E   

ERR Effective Rearing Rate 

F   

FC Fold Change 

FDR False Discovery Rate 

G   

g Gravity 

GI Growth Index 

gm Gram 

GO Gene Ontology 

GPOX Glutathione Peroxidase 

H   

H2O2 Hydrogen Peroxide 
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hr Hour 

hrs Hours 

I   

IC50 Half maximal inhibitory concentration 

J   

JCPDS Joint Committee on Powder Diffraction Standards 

K   

kV Kilovolt 

L   

lux Unit of Illumination 

M   

M Molar 

MC Metal chelating 

MF Molecular Function 

MIC Minimum Inhibitory Concentration 

min Minute 

ml Millilitre 

mM Millimolar 

MR Mortality Rate 

N   

N Normal 

NCBI National Centre for Biotechnology Information 

NO Nitric oxide 

O   

O Oxygen 

O2
•−

 Superoxide  

OHR-LCMS 
Orbitrap High Resolution Liquid Chromatography Mass 

Spectrometry 

P   

PAGE Polyacrylamide Gel Electrophoresis 

PC1 Principal Component 1 

PC2 Principal Component 2  

PCA Principle Component Analysis 

PDI Polydispersity Index 

POD Peroxidase 

ppm Parts Per Million 

PS I Photosystem I 

PS II Photosystem II 

R   

RNA Ribonucleic acid 

ROS Reactive oxygen species 

RT-PCR Real Time Polymerase Chain Reaction 
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S   

S Sulphur 

SCW Single Cocoon Weight 

SDS  Sodium Dodecyl Sulphate 

SO Superoxide 

SOD Superoxide Dismutase 

SR Shell Ratio 

SRA Sequenced Read Archive 

SSRs Single Sequence Repeats 

SSW Single Shell Weight 

    

Symbols   

% Percent 

~ Approximation 

˚C Degree Celsius  

Å Angstrom 

v/v Volume by Volume Ratio 

μl Microliter 

μm Micrometer 

μM Micromolar 
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10. C. Appendix 3 

Index  

A  

ABTS+ 55, 84, 85, 92, 93, 159, 162, 219, 502, 517 

ANOVA 76, 96, 111, 133 

APX 3, 63, 95, 219, 514, 516, 547, 550 

Ascorbic acid  3, 6, 31, 58, 84, 86, 95, 159, 224, 516, 517, 547 

Azure B 104, 105, 261, 267 

B  

Benzyl adenine  77, 137, 497 

Bradford reagent 104, 105, 261 

C  

Carotenoids 3, 95, 224, 517, 522, 524, 547, 550 

Catalase 3, 60, 62, 93, 103, 112, 238, 246, 247, 485, 520, 521, 522, 

545 

Chlorophyll  3, 22, 39, 57, 59, 60, 61, 64, 75, 89, 90, 137, 202, 206, 209, 

213, 254, 361, 465, 496, 505, 511, 512, 513, 514, 521, 522, 

532, 533, 550 

Correlation matrix 133, 219, 229, 495 

Cytoscape 108, 109, 359, 360, 533 

D  

DLS 44, 52, 83, 87, 88, 154, 169, 170, 182, 186, 195, 501, 507, 

509 

DPPH 55, 84, 92, 93, 159, 162, 219, 501, 517 

E  

EDX 52, 82, 149, 499 

ERR 111, 464, 465, 541 

FESEM 82, 149 

F  

Flavonoid  96, 224, 492, 517 

FT-IR  45, 80 

G  

Gel electrophoresis  8, 62, 63, 97, 98, 99, 107, 112, 229, 247, 470, 518 

Gibberellic acid  77, 437, 496 

GPOX 3, 94, 219, 514, 516, 547, 550 

Growth index 110, 464, 512 

GSR 94, 219, 514, 516, 547, 550 

GST 94, 219, 514, 516, 547, 550 

H  

Heat map 106, 274, 294, 528 
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HR-TEM 82, 149 

Hydrogen peroxide  3, 45, 60, 91, 94, 95, 106, 137, 213, 238, 173, 295, 423, 520, 

524, 535, 536,545 

I  

Illumina sequencing 64, 107, 280 

Indole acetic acid  77, 137, 496 

Isozymes 102, 103, 112, 246, 551 

K  

Kinetin 77, 137, 497 

L  

Lipid peroxidation 61, 62, 91, 92, 513, 514, 535, 545, 547 

M  

MCODE 108, 361, 362, 534, 536, 537, 538, 539 

Metal chelating  84, 85, 86, 92, 159, 219, 502, 517 

Mortality rate 2, 110, 111, 464, 465, 493, 510, 512, 542, 544, 545, 551 

N  

NADPH oxidase  63, 103, 112, 246, 519, 520 

NCBI 108, 180, 282, 294 

Nitric oxide  84, 85, 92, 93, 159, 497, 502 

O  

OHR-LCMS  100, 102, 112, 238, 481, 518, 521, 534, 545 

Orthodihydric phenol  96, 517 

Oxidative stress  55, 60, 61, 106, 246, 361, 362, 423, 424, 492, 502, 511, 512, 

516, 521, 522, 535, 536 

P  

Phloroglucinol-HCl  104, 105, 267 

Plant Metabolic Network 108, 283 

Plant NR database  108, 282, 531 

Proline 59, 91, 96, 213, 518, 535,  

Putrescine 77, 79, 497 

R  

Reducing sugar  91, 137, 213, 518, 536 

RT-PCR 109, 110, 458 

S  

Salicylic acid  77, 79, 423, 497, 538 

SCW 110, 461, 465, 543 

SDS PAGE 16, 62, 63, 97, 102, 112, 229, 519 

SEM 44, 52, 53, 81, 149, 270, 428, 499 

Shell ratio 110, 464, 465, 542 

Silk gland 1, 15, 16, 19, 62, 63, 112, 470, 481, 485, 519, 540, 541, 543, 

544, 545, 546, 549, 551 

Silver thiosulphate  4, 77, 79, 137, 497, 498 
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Sodium nitroprusside  77, 79, 85, 93, 497 

SSW 110, 461, 464, 465, 543 

STRING 102, 108, 238, 359, 360, 481, 521, 533 

Sudan IV 104, 105, 267 

Superoxide 3, 60, 84, 85, 91, 92, 93, 159, 502, 520, 522, 535, 541, 544 

Superoxide dismutase  3, 60, 62, 93, 103, 247, 361, 424, 520, 536, 545 

T  

TEM 44, 82, 53, 88, 149 

Total glutathione  95, 224, 516 

Total phenol  96, 224, 517 

Total soluble sugar  91, 137, 213, 518, 535 

Transcriptome 8, 64, 107, 108, 280, 282, 283, 258, 430, 431, 434, 436, 440, 

447, 451 

U  

UV-Vis spectrophotometer 80, 84, 86, 88, 89, 90, 91, 94, 109, 145, 156, 169, 170, 179, 

182, 186, 191, 498, 504, 506, 507, 510 

X  

XRD 44, 52, 53, 154, 500, 501 

Xylem blockage 57, 104, 260, 261, 270, 273, 274, 497, 523, 524, 539, 550 

Z  

Zeta potential  52, 54, 84, 87, 88, 154, 169, 170, 182, 186, 191, 501, 504, 

508, 509 
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Use of biogenic silver nanoparticles 
in enhancing shelf life of Morus alba 
L. at post harvest stage
Dipayan Das1 & palash Mandal2 ✉

Morus alba is one of the most important cultivated crop in indian sub-continent contributing towards 
production of silk fibre that carries economic importance worldwide. Post harvest preservation of M. 
alba leaves is a challenging factor as decrease in concentration of essential metabolites that needed 
for silk gland development takes place. Decrease in chlorophyll, protein, sugar concentration and 
increase in accumulation of free radicals and RoS takes place at post harvest stage of preservation, 
putting negative impact on larval development indicated by high mortality rate. Silver nitrate and 
nanosilver solution acts as an effective preservative, enhances the activity of enzymatic and non-
enzymatic antioxidants thereby reducing the harmful effect of accumulated free radicals and ROS. The 
effectiveness of nanosilver solution was found to be on the upper site without any significant difference 
than silver nitrate, as higher retention of primary metabolites like pigments, proteins, and sugar takes 
place. the impact of feeding nanosilver preserved leaves on silkworm was found on the positive trend as 
larval growth rate, cocoon weight, shell weight, effective rate of rearing was observed almost same to 
the larvae fed with fresh leaves.

Morus alba an economically important crop, placed by Bentham and Hooker under the family Moraceae. M. alba 
leaves are used for feeding monophagous insect silkworm, which produces raw silk contributing towards world 
economy. Development of silk gland and production of quality silk depends upon leaf protein content. Indeed 
larvae act as an intermediate agent converting leaf protein into silk fibre1. Deviation in leaves nutrient quality puts 
significant impact over larval growth and cocoon formation2.

Silk industry was an agro-based labour intensive industry which generates high employment among rural 
peoples3. Practice of silkworm rearing consists of two important activities: (1) cultivation of M. alba, for fresh 
leaves and (2) rearing of silkworm. Rearing is an indoor practice while cultivation of M. alba leaves is an outdoor 
practice, requiring an open land. Thus rearing practice remains restricted to those farmers those bears marginal 
to small scale lands4. Landless farmers generally migrate from one garden to another or move to urban areas in 
search of work leaving the traditional practice. Some farmers even purchase leaves from others gardens4 but reg-
ular purchasing of leaves and its carrying cost increases the overall cost of production. Preservation by retaining 
the leaf quality on purchasing the leaves once in a while may serve as a solution to this problem.

Wilting, discolouration, senescence, high respiration rate, decay and microbial growth are the main cause 
which limits postharvest extension of shelf life. Fresh leaves are live and are subjected to environmental and 
physiological variables leading to changes in preharvest and postharvest quality5,6. Microbial proliferation causes 
rapid senescence and degradation of macromolecules by rising ROS and free radical percentage7. Decolouration 
by chlorophyll degradation resulting in yellowing of leaves is the most conspicuous indicative phenomenon of leaf 
senescence7. It has been reported that many internal and external factors are generally involved in leaf chlorophyll 
preservation8,9. In presence of light, leaf chloroplast was the major site for ROS generation and during senescence 
disassembly of photosynthetic apparatus causes disturbance of reducing equivalents of electron chain resulting 
enhancement in ROS accumulation10. Excessive ROS accumulation causes cellular damage, evident by degrada-
tion of pigment, proteins, lipids, carbohydrates and even nucleic acid11. To overcome oxidative injury, plant causes 
detoxification of excess generated ROS by activating enzymatic and non-enzymatic enzymological activities12. 
ROS scavenging activity was triggered by the activity of the enzymes like superoxide dismutase (SOD), catalase 
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(CAT), glutathione peroxidase (GPOX), ascorbate peroxidase (APX) which works in a coordinated fashion con-
verting superoxide (O2

•−) to hydrogen peroxide (H2O2) and finally to H2O13,14. Glutathione, ascorbic acid, carote-
noids are mainly involved in non-enzymatic antioxidant activities. Glutathione helps in the generation of ascorbic 
acid which detoxify O2

•− inside chloroplast15, whereas carotenoids protects photosynthetic apparatus from stress 
mediated damages16. Phenolics are also classified as non-enzymatic antioxidants which nullifies the toxic effect 
of free radicals17.

With implementation of stress, auto-activation of defensive enzymatic and non-enzymatic molecules takes 
place. But at post harvest stage with increase in days of preservation these defensive activities decreases. Presence 
of elicitor or preservative may prolong the shelf life by up-regulating the defensive pathways. Silver nitrate (SN) 
was the most applied silver salt as preservative in the field of horticultural crop, as they inhibit microbial prolif-
eration, preventing vascular occlusion18. The impact of SN in prolonging vase life of rose19, tuberose20 has been 
well documented. It has been reported that there might be the possibility of SN causing toxicity to living organ-
ism21, putting a backward thrust towards its application. Nanosilver (NS) may serve as an alternate option as it 
has lowest toxic effect than any other silver forms22. In comparison to ionic form of silver, nanosilver have highly 
developed surface area making it more reactive, besides this its physico-chemical property allows to interact with 
living cell differentially23. Nanosilver at low concentration may act as an effective preservative which not only pre-
vents microbial growth24,25, maintaining xylem integrity but also activates protective enzymological activities26. 
Implementation of NS as preservatives has been reported to extend the shelf life of Dianthus27, Chrysanthemum28, 
tulip29,  Gerbera30. However most of the preservative aspects of SN and NS have been reported to extend shelf life 
of economically important flowering twigs, almost no report was obtained that describes their ability to preserve 
postharvest leaf samples.

Current study was conducted assuming the hypothesis that biosynthesized silver nanoparticles will bear the 
ability to extend the shelf life of S1 cultivar of M. alba leaves at postharvest stage. In the current study three 
attempts were made, first to investigate the effect of NS as preservative solution, in extending shelf life of M. alba 
leaves by retaining valuable metabolite concentration; secondly a comparative aspect of two preservative solu-
tions, NS and SN; and lastly whether there is any adverse effect of feeding preserved leaves on silkworm rearing 
system.

Results
Synthesis of silver nanoparticles and its characterization. Initial confirmation of nanosilver 
formation was obtained by observing the colour change of the solution from transparent to blackish brown. 
Confirmatory validation was done through UV–Visible spectrophotometer which showed plasmon peak at 
~441 nm. Synthesized nanoparticles were spherical in shape with size distribution range from 12–39 nm, as 
revealed by TEM analysis. FT-IR spectra showed almost similar peak positions of biosynthesized nanosilver and 
plant extract used for biosynthesis. The FT-IR absorption peak at 3422.98, 2929.71, 1625.90, 1382.88, 1053.07 
and 921.92 cm−1 corresponds to –OH stress of phenols and alcohols and N–H vibrational stretching, –CH2 and 
–CH3 vibration, C–N vibration of amide I band, C-N vibrational stress, C–O– and C–OH vibration of protein 
and carbohydrate, and C–C bond of branch alkanes respectively. Four major 2θ peaks at 38.312°, 44.402°, 64.579°, 
77.547° were obtained from X-ray diffraction pattern which corresponds to (hkl) values of (111), (200), (220), 
(311) of Bragg’s reflection plane. Electron diffraction (SAED) pattern showed bright diffraction spots of hkl value 
corresponds to (111), (200), (220), and (311) (Fig. 1).

changes in primary metabolites and proline content. With increase in days of preservation, the con-
centration of total chlorophyll, total soluble protein, total and reducing sugar decreases and that of free proline 
content increases (Fig. 2). In distilled water set a greater increase in proline content and greater decrease in con-
tent of total soluble protein and other primary metabolites was observed. Leaves preserved in SN and NS solution 
showed a lower magnitude of increase in free proline content and less depletion in soluble protein and other 
primary metabolites. Leaves preserved in NS solution exhibited greater retention of primary metabolites than 
distilled water set (p ≤ 0.05).

Changes in reactive oxygen species and MDA content. The contents of H2O2, O2
•−, and MDA 

increased rapidly in distilled water set than in leaves preserved in NS and SN solution (Fig. 3). The magnitude of 
increase of these substances in leaves preserved in NS solution showed significant negative difference in compar-
ison to distilled water set (p ≤ 0.05). Overall increase in ROS and MDA content was higher in leaves preserved in 
SN solution than NS solution but lesser than distilled water without any significant difference (p ≤ 0.05) except for 
H2O2, which exhibited large significant (p ≤ 0.05) increase in distilled water set. Increase in ROS and MDA con-
tent with increase in days of preservation bears negative correlation with primary metabolite content (p ≤ 0.01) 
and positive correlation with proline and antioxidant activity (p ≤ 0.01 and 0.05) (Fig. 4).

changes in free radical scavenging activities, and metal chelating activity. With increase in days 
of preservation free radical scavenging activity increased in leaves preserved with NS and SN solution as revealed 
by decreased in IC50 values, while reverse trend was observed in distilled water set (Fig. 5). In distilled water set 
high magnitude of decrease in DPPH and SO scavenging activity was observed from 4DS onwards. Changes in 
DPPH scavenging activity with increase in days of preservation in NS and SN solution differs significantly with 
the observed changes in distilled water set (p ≤ 0.05). Significant difference was also observed for ABTS scaveng-
ing activity between leaves preserved in NS solution as compared to distilled water preservation (p ≤ 0.05). The 
correlation matrix showed negative significant correlation (p ≤ 0.01 and 0.05) between free radical scavenging 
activity and primary metabolite content, but the correlation was actually positive because free radical scavenging 
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activity was expressed in terms of IC50. Leaves preserved in distilled water showed greater metal chelating activity 
than leaves preserved in NS and SN solution without any significant difference.

Changes in enzymatic antioxidant activities. As days of preservation increases, an escalating trend 
in enzymatic antioxidant activity was observed (Fig. 6). A rapid increase in GSR, GST, and APX activity was 
observed in distilled water set up to 4DS, after which gradual decrease in activity takes place, except for GPOX 
which maintained a linear increasing trend till last day. While SOD activity showed declining trend from day one 
of preservation. Antioxidant enzymatic activity of leaves preserved in NS and SN solution increases gradually, 
reaching a maximum at 6DS, after which drop in activity in CAT, and GST was observed for SN. Broadly, antioxi-
dant enzymatic activity in leaves preserved in NS and SN solution increases with days of preservation without any 
significant difference (p ≤ 0.05) between the two preservatives. Correlation matrix reveals that with increase in 
concentration of secondary metabolites, increase in enzymatic antioxidant activity takes place (p ≤ 0.01 and 0.05).

Changes in non-enzymatic antioxidant activities. An increase in content of total glutathione was 
observed from early days, in leaves preserved in NS, reaching a maximum on 6DS, after which rapid decline 
takes place (Fig. 7). In distilled water set decrease in content of total glutathione was observed after 4DS. Leaves 
in NS and SN solution showed significant (p ≤ 0.05) higher ascorbic acid content than distilled water set, where 

Figure 1. Characterization of phyto-synthesized silver nanoparticles through (A) UV-Visible 
spectrophotometer, (B) fourier transform infrared spectroscopy, (C, D) transmission electron microscopy and 
size distribution, (E) X-ray diffraction analysis, and (F) selected area electron diffraction.
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decrease content takes place from 1DS of preservation. Decrease in carotenoids content was observed from 4DS 
onwards in all the preservative solutions, with maximum magnitude of decrease in distilled water followed by SN. 
Leaves preserved in NS showed significant (p ≤ 0.05) retention of carotenoids with increase in days of preserva-
tion in relation to distilled water preservation. Increase in ascorbic acid activity in preserved leaves plays a signif-
icant (p ≤ 0.01) role in retention of chlorophyll, protein, and sugar content as revealed from correlation matrix.

Figure 2. Effect of preservation of S1 genotype of M. alba leaves with distilled water, nanosilver and silver 
nitrate on (A) total chlorophyll, (B) total protein, (C,D) total and reducing sugar, and (E) proline content. Effect 
of preservative solutions on M. alba leaves was observed at regular interval of 0D, 1D, 4D, 6D and 7D. The 
results were expressed as Mean ± SDEV, n = 3.
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changes in polyphenol contents. The concentration of polyphenol increases with increase in days of 
preservation (Fig. 8). Significant difference (p ≤ 0.05) in phenol content was observed between initial and final 
day of preservation. In NS and SN set increase in phenol content was observed till last day, with greater increase 
in NS than SN, while in distilled water set decrease in content was observed on the last day. Almost similar trend 
of changes was noticed for ortho-dihydric phenol content without any significant difference (p ≤ 0.05) between 
preservative solutions. In distilled water set a greater increase in flavonoid content takes place till 4DS, after which 
a greater decrease was noted, while in NS and SN set increasing trend was observed till last day without any sig-
nificant difference (p ≤ 0.05).

changes in rearing data collection. A significant decrease in growth index was observed when fifth instar 
larvae was fed with leaves preserved in distilled water (Fig. 9). Decrease in GI reaches up to ~71% when fed with 
7DS preserved leaves. On feeding leaves preserved with NS and SN decrease in GI was negligible in comparison 
with fresh leaves, with maximum decrease takes place on feeding 7DS preserved leaves which was ~2% and ~6% 
respectively. Significant (p ≤ 0.05) difference was observed on comparing GI of larvae fed with leaves preserved in 
NS and distilled water. It was observed from correlation analysis that greater the retention of primary metabolite 
(p ≤ 0.01) along with lesser the accumulation of free radicals (p ≤ 0.01) in leaves better was the GI.

After the larvae stops spinning, a significant decrease in SCW and SSW was observed from the larvae fed 
with 4DS, 6DS and 7DS distilled water preserved leaves, with maximum decrease on feeding 7DS preserved 
leaves ~78% and ~88% respectively. Larvae fed with leaves preserved in NS and SN showed significant (p ≤ 0.05) 
retention of SCW and SSW. More over larvae fed with leaves preserved in NS solution showed higher retention 
of SCW and SSW than larvae fed with leaves preserved in SN solution. Significant (p ≤ 0.01) positive relationship 
was observed between the concentration of chlorophyll, protein, sugar present in the leaves and cocoon produced 
by the larvae. Shell ratio of larvae fed with leaves preserved in NS solution was observed to be more elevated than 
larvae fed with leaves preserved in SN and distilled water solution.

Figure 3. Effect of preservation of S1 genotype of M. alba leaves with distilled water, nanosilver and silver 
nitrate on (A) hydrogen peroxide, (B) superoxide, and (C) malondialdehyde content. Effect of preservative 
solutions on stress content of M. alba leaves was observed at regular interval of 0D, 1D, 4D, 6D and 7D. The 
results were expressed as Mean ± SDEV, n = 3.
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The ERR of larvae depends on the amount of stress imposed on leaves with increase in days of preservation in 
different preservative solutions. It was observed that reduction in ERR was less in larvae fed with leaves preserved 
in NS solution, with maximum reduction of ~7%. Consequently larvae fed with leaves preserved in distilled water 
and SN solution showed maximum reduction of 92% and 24% respectively.

A gradual increase in mortality rate was observed on feeding larvae with leaves preserved with distilled water, 
with maximum mortality of ~93% on feeding with 7DS leaves. Consequently larvae fed with leaves preserved 
in NS and SN solution showed high survival rate, with maximum mortality of ~13% and ~30% respectively on 
feeding 7DS preserved leaves.

Discussion
The prime challenge faced during leaf preservation was the gradual appearance of senescence with increase in 
days of preservation. Senescence was primarily characterized by breakdown of photosynthetic pigments resulting 
in gradual reduction in photosynthetic rate and photosynthesis: respiration ratio31. Beside this, differences which 
were observed on feeding senescence leaves include low growth index, decrease in cocoon and shell weight, and 
high larval mortality. Several senescence retardation mechanisms were adopted by the leaves and it’s up and down 
regulation in presence of silver nitrate and nanosilver was evaluated for determining their efficacy. In presence of 
silver nitrate and nanosilver up-regulation of enzymatic and non-enzymatic antioxidant activity and decreasing 
ROS content was observed which eventually resulted in extension of post harvest shelf life.

Our result indicated significant decrease in chlorophyll content in distilled water preserved leaves with 
increase in days of preservation. Decrease in chlorophyll content directly links with less chlorophyll biosynthesis8 
due to the activation of the enzyme chlorophyllase32. We observed significant negative correlation (p ≤ 0.01) 
between chlorophyll degradation and generation of ROS. With increase in days of preservation, excessive accu-
mulation of O2

•− and H2O2, generates oxidative stress. The major site for ROS generation in leaves was chloro-
plast33. During senescence photosynthetic efficiency decreases, as a consequence CO2 fixation reduces and ROS 
generation increases using the unutilized energy of the chloroplast34. It was reported that senescence causes chlo-
roplast isolation and generation of O2

•− through reduction of O2 via photosynthetic electron transport chain35 
and consequently by the action of the enzyme superoxide dismutase, the generated O2

•− get converted into 
H2O2

36. Generated ROS was capable of causing oxidative damage to proteins, carbohydrates, lipids, and nucleic 
acids, while excessive ROS accumulation leads to programme cell death37,38. O2

•−, H2O2 generation in our study 
showed direct correlation with the increase in content of MDA. MDA is considered as an indicator of stress39 
associated with cell and organelle damage40. Multiple regression analysis of positive and negative correlated 
parameters associated with chlorophyll (Table 1) content indicated the major involvement of MDA during stress 

Figure 4. Two tailed Pearson correlation representing interrelationship among the post-preservative quality 
detecting parameters and rearing parameters. Significance level was indicated by “**” and “*” indicating 
correlation was significant at the 0.01 and 0.05 level (2-tailed) respectively. The abbreviation used means 
the following: TC= total chlorophyll, TP=total protein, PRL= proline, TS= total sugar, RS= reducing 
sugar, H2O2= hydrogen peroxide, SOC= superoxide content, MDA= malondialdehyde, SOS= superoxide 
scavenging, NO= nitricoxide, MC= metal chelating, CAT= catalase, GSR= glutathione disulfide reductase, 
GPOX= glutathione peroxidase, GST= glutathione S-transferase, APX= ascorbate peroxidase, SOD= 
superoxide dismutase, CAR= carotenoids, AA= ascorbic acid, TG= total glutathione content, PHNO= phenol, 
OP= ortho-phenol, FLV= flavonoid, GI= growth index, SCW= single cocoon weight, SSW= single shell 
weight, SR= shell ratio, ERR= effective rate of rearing, MR= mortality rate.
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in chlorophyll degradation. Our outcome was supported by the earlier works, indicating increase in lipid peroxi-
dation causes degradation of chlorophyll41,42. Rajinder et al.43 reported that decrease in chlorophyll content during 
leaf senescence was due to the lipid peroxidation of chloroplast membrane. However leaves preserved in NS solu-
tion showed significant (p ≤ 0.05) retention of chlorophyll content than distilled water set. Our result suggest that 
NS and SN both acts as an effective preservative by preventing ROS generation, lipid peroxidation and retention 
of chlorophyll content. In comparison to distilled water, SN showed high efficacy in nullifying generation H2O2 

Figure 5. Effect of preservation of S1 genotype of M. alba leaves with distilled water, nanosilver and silver 
nitrate on (A) diphenyl-1-picrylhydrazyl, (B) 2,2-azino-bis 3-ethylbenzthiazoline-6-sulphonic acid, (C) 
superoxide, (D) nitric oxide, and (E) metal chelating activity. Effect of preservative solutions on antioxidant 
activity of M. alba leaves was observed at regular interval of 0D, 1D, 4D, 6D and 7D. Smaller the IC50 value 
more was the antioxidant activity. The results were expressed as Mean ± SDEV, n = 3.
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(p ≤ 0.05), while NS was proven to be more effective preservative showing its potential in checking O2
•−, and 

H2O2 generation, and lipid peroxidation (p ≤ 0.05). Prevention of ROS generation helps in preventing plastid 
membrane peroxidation and thus maintaining chlorophyll content, extending the shelf life.

Leaves preserved in NS and SN displays appropriate oxidative stress tolerance strategy by enhancing anti-
oxidant enzymological activity. SOD converts O2

•− into H2O2
13, present study demonstrated gradual increase 

in SOD in leaves preserved with NS solution, while reversed trend was observed in distilled water preserved 
leaves. CAT, APX and GPOX are primarily synthesized by the plant for scavenging excess H2O2 produced by the 

Figure 6. Effect of preservation of S1 genotype of M. alba leaves with distilled water, nanosilver and silver 
nitrate on (A) superoxide dismutase, (B) catalase, (C) ascorbate peroxidase, (D) glutathione S-transferase, 
(E) glutathione peroxidase, and (F) glutathione disulfide reductase content. Effect of preservative solutions 
on antioxidant enzymatic activity of M. alba leaves was observed at regular interval of 0D, 1D, 4D, 6D and 
7D. Larger the content, greater was the defensive activity, less was the stress accumulation. The results were 
expressed as Mean ± SDEV, n = 3.
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activity of SOD14. Current study showed an increasing trend of CAT, APX and GPOX activity with increase in 
days of preservation in NS and SN set. While CAT activity increases in leaves preserved in NS and SN up to 6DS, 
in distilled water preserved leaves CAT activity fails to enhance during preservation, indicating its inability to 
nullify the toxic effect of H2O2. Similar results were obtained by application of nitrogenous compound on rose 
and Chrysanthemum cut flower9,31. Moreover CAT activity showed direct correlation with chlorophyll content 
(p ≤ 0.05), indicating H2O2 detoxification by CAT activity helps in chlorophyll retention with increase in days of 
preservation. APX and GPOX activity also showed increasing trend till the last day of preservation in NS and SN 
set. In distilled water set APX activity increases up to 4DS after which rapid decrease in activity was noted, while 
GPOX activity was much higher than leaves preserved in NS and SN solution till the last day. It has been reported 
that if CAT fails to nullify H2O2, APX and GPOX activity increases as a compensatory mechanism14. In distilled 
water set as CAT activity fails to rise during preservation so probably by increasing APX and GPOX activity leaves 
tried to detoxify generated H2O2. Obtained result suggest that in distilled water preserved leaves APX fails to 
detoxify H2O2 from 4DS onwards after which only GPOX plays the role as a single protecting agent against H2O2. 
GSR and GST activity shoot up in distilled water set till 4DS indicating high stress accumulation which the leaves 
tries to nullify by activating its protective measures. GST was reported to counteract the different abiotic damage 
caused during stress44 and also protects cells against oxygen toxicity45. On the contrary GSR was a flavo-protein 
oxidoreductase which plays crucial role in reducing biotic stress by maintaining ascorbate and glutathione pool in 
reduced state inside the chloroplast46. GSR and GST activity gradually increases in leaves preserved with NS solu-
tion till the last day indicating the potential of NS solution in strengthening the biological tissue for withstanding 
both abiotic and biotic stress.

A high increase in glutathione concentration in leaves preserved with NS solution was observed from 4DS till 
6DS after which decrease in concentration takes place while no such high increase takes place for leaves preserved 
in SN solution but a gradual increasing trend was maintained till last day, reflecting an attempt in minimizing 

Figure 7. Effect of preservation of S1 genotype of M. alba leaves with distilled water, nanosilver and silver 
nitrate on (A) carotenoids, (B) ascorbic acid, and (C) total glutathione content. Effect of preservative solutions 
on non-enzymatic antioxidant activity of M. alba leaves was observed at regular interval of 0D, 1D, 4D, 6D and 
7D. The results were expressed as Mean ± SDEV, n = 3.
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oxidative stress. Leaves in distilled water set fails to increase the concentration of glutathione and thus faces 
early senescence due to accumulation of oxidative stress. Glutathione was a low molecular weight non-protein 
thiol that performs multiple functions in biosynthetic pathways, detoxification and antioxidant activities which 
the other thiols cannot perform47. The non-enzymatic antioxidant activity of glutathione resides in its ability to 
generate another non-enzymatic antioxidant ascorbic acid, by participating in ascorbate – glutathione cycle48. 
Ascorbic acid, was reported to exist mostly in reduced state inside chloroplast49 and can directly participate in 
scavenging O2

•− and H2O2 via APX activity15. Our study reports increased concentration of ascorbic acid in leaves 
preserved in NS and SN solution indicating their ability to detoxify free radicals by involving APX, reported ear-
lier and thereby enhancing postharvest shelf life. In addition to the pool of ascorbate and glutathione, leaves in 
NS solution also maintained almost steady pool of carotenoids which bears significant difference with decreasing 
content in distilled water set (p ≤ 0.05). Carotenoids belong to the class of lipophilic antioxidants, synthesized in 
plastids and thus might play role in preventing ROS accumulation in chloroplast16.

Besides ascorbic acid, glutathione and carotenoids, phenolics (total phenol, orthodihydric phenol and fla-
vonoid) are another group of non-enzymatic antioxidant actively participates in stress shielding mechanism. 
The prime defensive function of polyphenols resides in lipid free radical scavenging activity48. Polyphenols by 
complexing metal ions prevents metal ion mediated conversion of O2

•− and H2O2 in to highly reactive hydroxyl 
radical and thereby preventing DNA damage50 and thus allowing continuous synthesis of compounds through 
enzymatic mechanism that are involved in enhancing shelf life. Our study reflects almost similar trend as describe 
above, with increase in days of preservation phenol and orthodihydric phenol content increases in leaves present 
in preservative solution reflecting there potentiality to overcome stress. Result of distilled water preserved leaves 
also reflects an increasing trend but the extent of increase in comparison to NS and SN was much less. Flavonoid 
content does not show any significant change with increasing days, however in distilled water set from 4DS 
onward a decreasing trend was observed explaining inability to overcome generated stress.

Free radical scavenging and metal chelating activity was measured for determining the potential of secondary 
metabolites in preventing stress caused by free radicals and metal ions, described above. It was observed that with 

Figure 8. Effect of preservation of S1 genotype of M. alba leaves with distilled water, nanosilver and silver 
nitrate on (A) total phenol, (B) ortho-dihydric phenol, and (C) flavonoid content. Effect of preservative 
solutions on secondary metabolite content of M. alba leaves was observed at regular interval of 0D, 1D, 4D, 6D 
and 7D. The results were expressed as Mean ± SDEV, n = 3.
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increase in days of preservation ABTS+, DPPH, SO and NO scavenging activity increases in leaves preserved in 
NS and SN solution, on contradictory in distilled water set their activity decreases. Biogenic silver nanoparticles 
were reported to show high activity towards scavenging free radicals51,52 and chelating metal ions53. It seems 
that the scavenging potential of NS, as well as SN protects leaf tissue from the intracellular harmful effect of free 
radicals. Because of gradual deterioration at tissue level, secreted secondary metabolites oozes out from leaves 
preserved in distilled water showing high metal chelating activity than leaves preserved in NS and SN solution.

Figure 9. Effect of feeding S1 genotype of M. alba leaves, preserved with distilled water, nanosilver and silver 
nitrate on (A) growth index, (B) single cocoon weight, (C) single shell weight, (D) shell ratio, (E) effective 
rearing rate, and (F) mortality rate. Silkworm larvae were fed with leaves preserved for 0D, 1D, 4D, 6D and 7D. 
The results were expressed as Mean ± SDEV, n = 3.
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At post harvest stage, significant (p ≤ 0.05) retention of total protein content was recorded in leaves pre-
served in NS and SN solution. Retention of total and reducing sugar in NS set was also recorded to be significant 
(p ≤ 0.05). Post harvest shelf life was effected by number of factors and among them water relationship and bal-
ance plays a key role54. Water relation was interrupted mainly due to microbial proliferation, blocking the cut end 
and thereby preventing water channel55,56. NS was reported to enhance post harvest shelf life of flowering twigs 
at low concentration by decreasing microbial load29,57. It has also been reported that both SN and NS acts as an 
effective preservatives, but water conduction rate was high when NS was used as preservative58. Thus NS and SN 
by retaining the concentration of primary metabolite in preserved leaves to optimum level, allowing the synthesis 
of defensive enzymes needed to overcome the generated stress. We observed increased level of proline in all the 
preservative sets indicating activation of ROS scavenging mechanism59 and thereby stabilizing cellular proteins 
and membrane integrity60.

The production of good quality cocoon crop directly depends on quality of M. alba leaves provided during 
rearing phase61. Silkworm bears a special ability of converting ingested leaf protein into silk protein. Variation 
on leaf nutritional level puts significant impact on cocoon production both qualitatively and quantitatively62. 
Protein and carbohydrate are the two most important constituents of M. alba leaves playing crucial role in silk-
worm rearing. While leaf protein was essential for larval growth, silk gland development, and cocoon characters, 
carbohydrate serves as major energy source during accumulation and secretion of silk fibre from silk gland63. Our 
rearing records suggests that GI of larvae fed with leaves preserved in NS and SN solution remains almost same 
as that of larvae fed with fresh leaves. While significant (p ≤ 0.05) decrease in GI was observed when fed with 
leaves of distilled water set. Larval growth depends on protein content of the leaves, and retention of GI indicates 
retention of protein in leaves preserved in preservative solution. Multiple regression analysis of significantly cor-
related parameters associated with protein content (Table 2) in preserved leaves indicates greater the superoxide 
scavenging activity less was the ROS mediated protein oxidation and thus more was the native protein content in 
the leaves. ERR (%) was best observed in NS preserved leaves and thus indicating high viability and low mortality. 
Low ERR in larvae fed with distilled water preserved leaves describes their inability for cocoon production and 
thus high mortality rate. Productivity can be described in terms of three most important commercial parameters 
viz. cocoon weight, shell weight and shell ratio63. Larvae fed with NS preserved leaves showed best cocoon weight, 
shell weight and shell ration than larvae fed with leaves preserved with SN and distilled water. Such result was 
displayed might be due to more ingestion, digestion and conversion ratio of larvae fed with NS preserved leaves, 
demonstrating the ability of nanosilver solution as an effective preservative.

The above experiments and explanations suggest that silver nanoparticles synthesized using M. alba leaf 
extract acts as an effective preservative in extending the shelf life of M. alba leaves at postharvest stage. Thus 
the specification of formed NS becomes an important criterion for leaf preservation. Synthesized NS showed 
SPR band at ~441 nm confirming the presence of nanosilver, as SPR spectra of silver nanoparticles appears in 
the wavelength range of 400–500 nm64. The synthesized nanoparticles are spherical in shape with more than 
50% particles are in monodispersed phase and average particle size of ~14 nm representing high bioactivity, as 
bioactivity was inversely proportional to the size of nanoparticles65–67. Probably because of these bioactive nature 
biosynthesized silver nanoparticles able to retain the shelf life of M. alba leaves at postharvest stage. FT–IR spectra 
showed the involvement of proteins, amino acid, short peptides, carbohydrates and secondary metabolites like 
phenol as capping, stabilizing and bio-reducing agents68. The deviation in peak position between plant extract 
and nanosilver was the indication of bioreduction and was another confirming module of nanosilver formation69. 
From XRD peak at 38.312° corresponds to (111) Bragg’s reflection plane found to be most intensified peak, cor-
responding to this peak 10.071 nm crystalline size was obtained according to Debye-Scherrer’s equation and inter 
planar spacing from Bragg’s law was obtained to be 2.347 Å. XRD result also matches with standard JCPDS library 

Model R R Square
Adjusted R 
Square

Std. Error 
of the 
Estimate

Durbin-
Watson

1 0.988a 0.976 0.974 0.032820

2 0.996b 0.991 0.989 0.021129

3 0.999c 0.998 0.997 0.011702 2.524

Table 1. Statistics summary of multiple regression analysis keeping chlorophyll constant. aPredictors: 
(Constant), MDA. bPredictors: (Constant), MDA, SOD. cPredictors: (Constant), MDA, SOD, FLAVANOL. 
dDependent Variable: TOTAL CHLOROPHYLL.

Model R R Square
Adjusted R 
Square

Std. Error 
of the 
Estimate

Durbin-
Watson

1 0.995a 0.991 0.990 1.212853

2 0.997b 0.994 0.993 1.020261 1.843

Table 2. Statistics summary of multiple regression analysis keeping protein constant. aPredictors: (Constant), 
SUPEROXIDE. bPredictors: (Constant), SUPEROXIDE, MDA. cDependent Variable: TOTAL PROTEIN.
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file no: 04-0783 confirming face centered cubic structure of NS. Crystalline nature was further validated by SAED 
pattern, confirming orientation of nanocrystals around (111) plane.

conclusions
At postharvest stage of preservation, M. alba leaves exhibited decrease in chlorophyll, protein and carbohy-
drate concentration, accumulation of free radicals including ROS causing oxidative damage, lipid peroxidation 
and thus imposing changes in rearing parameters in the present study. Leaves preserved in NS and SN solution 
showed two line of defensive strategy; first the activation and upregulation of antioxidant enzymatic (SOD, CAT, 
APX, GPOX, GSR, GST) and non-enzymatic antioxidant (ascorbic acid, glutathione and carotenoids) activities; 
and secondly enhancement in production of secondary metabolites involved in free radical scavenging activ-
ity. These metabolic alterations allow the leaves at postharvest stage to withstand and extend shelf life. Leaves 
preserved in NS solution exhibits greater retention of photosynthetic pigments and other primary metabolites, 
probably due to greater ability to scavenge ROS both by enzymatic and non-enzymatic pathways. Moreover, 
feeding leaves preserved in NS solution showed better growth and cocoon parameters, indicating the absence of 
any adverse toxic effects. Thus it may be concluded that phytosynthesized silver nanoparticles at 6 ppm concen-
tration bears the potentiality to extent the shelf life of Morus alba L. leaves. Our finding may regain the interest of 
landless farmers towards this wide field of application as they can undergo the process of rearing for some days 
by purchasing the leaves once.

Materials and Methods
Plant sample and experimental system. The experiment was carried out at Department of Botany, 
University of North Bengal, India (26°42′44.11″ N and 88°29′40.09″ E) during April – September of 2017–2018 
and 2018–2019. The most widely grown and used cultivar of Morus alba in this region, namely S1 cultivar was 
used as experimental material and were collected from Matigara Sericulture Complex, Siliguri, India (26°70′40″ 
N and 88°35′37″ E) during daytime between 6 and 7 am, for maintaining fresh texture of leaves. Immature, 
unhealthy and diseased leaves were screened out for maintaining uniform experimental condition. Leaves were 
preserved up to 7 days in preservative solutions and during preservation perforated zipper bags were used for 
retaining moisture content. During experimental process three solutions were used as preservatives viz. phy-
to-synthesized silver nanoparticles (NS) containing 6 ppm colloidal silver, silver nitrate (SN) solution bearing 6 
ppm silver ion which serves as positive control and distilled water serving as negative control; all the solutions 
were maintained at neutral pH (pH 7). Prior to preservation fine oblique section under water was made to the 
petiole of the leaves for maintaining intact water column. The experimental setup was kept at 25 °C maintaining 
light intensity of 260–270 lux and 40% humidity. Preserved leaves were collected at an interval of 1, 4, 6 and 7DS 
for evaluating the potentiality of preservative solutions in extending shelf life through chemical parameters with 
respect to fresh leaves.

Phyto-synthesis of silver nanoparticles and its characterization. For phyto-synthesis 5 ml distilled 
water refluxed M. alba leaf extract (10 g leaf in 100 ml distilled water) was added to 45 ml 10−3 M silver nitrate 
solution (Sigma Aldrich) with continuous stirring in magnetic stirrer for 10 min. The colour of the solution grad-
ually turns yellowish and finally to blackish brown within 20 min span, indicating nano formation70.

Silver nanoparticles formation was recorded in UV – Vis Spectrophotometer (Systronics 2201) as a function 
of wavelength ranges between 300–800 nm. The size and shape of nanoparticles was studied through TEM micro-
graphic (Philips CM 200) operating at an accelerating voltage of 120 kV. The possible involvement of functional 
groups in nano formation was predicted through FT – IR analysis at a wavelength range of 500–4000 nm using 
potassium bromide pellet technique. The crystallinity of nanoparticles was determined through X-ray diffraction 
study (Burker ASX D8). The sample was Cu Kα radiated at an operational speed of 5° sec−1, keeping current, 
voltage, and wavelength constant at 35 mA, 40 kV, and 1.5 Å respectively.

Determination of total chlorophyll, total soluble protein, free proline, total soluble sugar, and 
reducing sugar concentrations. Total chlorophyll content in preserved leaves was determined by Arnon 
method71. For extraction, 1 g leaf sample was homogenized with 20 ml of 80% (v/v) acetone and was centrifuged 
at 10,000 × g for 5 min at 25 °C. Obtained residue was re-extracted twice for complete extraction of pigments. 
The UV-Vis spectrophotometer (Systronics 2201) reading of the supernatants was taken at 663, and 645 nm for 
estimating chlorophyll content.

Total protein content was estimated following the method of Lowry et al.72. For extraction 0.5 g frozen leaf 
samples were crushed using sodium phosphate buffer and centrifuged at 5,000 × g at −10 °C for 5 min. To the 
supernatant 5 ml alkaline copper solution and 0.5 ml Folin-Ciocalteu reagent was added leading to the develop-
ment of blue colour complex. The absorbance was measured at 660 nm after 30 min of incubation and was stand-
ardized using bovine serum albumin for determining the protein content. Free proline content was estimated 
according to the method described by Bares et al.73. For extraction 0.5 g leaf sample was homogenized in 10 ml 
3% sulfosalicylic acid and estimation was done at 520 nm of the upper toluene layer isolated from the reaction 
mixture containing 1 ml extract, 2 ml acid ninhydrin, 2 ml glacial acetic acid, and 4 ml toluene.

Total soluble sugar and reducing sugar content was determined spectrophotometrically following the methods 
of Sadasivam and Manickam74. Using mortar and pestle 0.1 g of leaf samples were extracted twice with 80% hot 
ethanol, 5 ml each time. The ethanol present in the supernatant was heat evaporated and the final volume was 
made up to 10 ml by distilled water. Total soluble sugar was determined using anthrone reagent at 620 nm by 
incubating in a boiling water bath for 8 min. Reducing sugar was estimated at 510 nm using dinitrosalicyclic acid 
and 40% Rochelle salt solution.
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Determination of reactive oxygen species and lipid peroxidation accumulation. Accumulation 
of reactive oxygen species was evaluated by estimating hydrogen peroxide (H2O2) and superoxide (O2

•−) content 
following the method prescribed by Loreto and Velikova75 and Elstner and Heupel76 respectively. H2O2 was esti-
mated by homogenizing 0.5 g leaf sample in 1% (w/v) tri-chloroacetic acid (TCA) and centrifuging at 10,000 × g for 
10 min at 4 °C. The obtained supernatant was spectrophotometrically measured at 390 nm after reacting with 10 mM 
phosphate buffer (pH 7.0) and 1 M potassium iodide. Superoxide content was estimated by homogenizing 1 g leaf 
samples in 65 mM potassium phosphate buffer (pH 7.8) and centrifuging at 5,000 × g for 10 min. The supernatant 
was reacted with 65 mM potassium phosphate buffer (pH 7.8) and 10 mM hydroxylamine hydrochloride, and incu-
bated for 15 min at 25 °C. Then 17 mM sulfanilamide and 7 mM α-anaphthylamine were added and absorbance 
was recorded at 530 nm. Extend of lipid peroxidation was determined by measuring MDA contents following the 
method of Davenport et al.77. Leaf samples (0.2 g) were homogenized in 2 ml 0.5% (w/v) TCA and centrifuged at 
10,000 × g for 10 min at 4 °C. The reaction mixture containing 2 ml supernatant and 2 ml 0.67% thiobarbituric acid 
(TBA) was incubated for 30 min at 95 °C, followed by ice water treatment to stop the reaction. The absorbance of the 
supernatant was recorded at 450, 532, 600 nm and MDA content was calculated using the following formula, MDA 
(µmol g−1) = [6.45 (A532 – A600) − 0.56 A450] × Vt/W, where Vt = 0.0021 and W = 0.2 g.

Determination of free radical scavenging activities, and metal chelating activity. 2,2-diphenyl- 
1-picrylhydrazyl (DPPH), 2,2-azino-bis 3-ethylbenzthiazoline-6-sulphonic acid (ABTS), superoxide (SO), nitric 
oxide (NO) scavenging activity, and metal chelating (MC) activity were determined following the method of 
Sidduraju et al.78, Li et al.79, Fu et al.80, Marcocci et al.81, and Dinis et al.82 respectively. Preserved leaf samples (1 g) 
were homogenized with 10 ml methanol and centrifuged at 10,000 × g for 10 min at 4 °C. The obtained superna-
tants were used as crude extract for the above cited assays.

DPPH scavenging activity was measured at 517 nm by using 0.2 ml methanolic extract against 2 ml DPPH. 
ABTS activity was determined by adding 2 ml ABTS to 1 ml extract and measuring the absorbance at 734 nm 
after 10 min incubation. For measuring superoxide activity absorbance was measured at 560 nm after 30 min 
illuminated light (4000 flux) incubation of the reaction mixture containing 1 ml nitroblue tetrazolium chloride, 
1 ml nicotinamide adenine dinucleotide and 10 μl phenazine methosulphate. To measure nitric oxide scavenging 
activity 20 mM sodium nitroprusside, 0.5 ml phosphate buffer, and 3 ml Griess reagent was mixed with 0.5 ml 
extract and absorbance was measured at 540 nm after 30 min incubation. Metal chelating activity was measured at 
562 nm by reacting methanolic extract with 2 mM FeCl3 and 5 mM Ferrozine. Scavenging activity was measured 
as percent inhibition using the following equation: % inhibition = [(A0 − A1)/A0] 100%, Where A0 and A1 are the 
absorbance of control and sample respectively. Antioxidant activity was expressed as concentration where 50% 
reduction in free radical takes place referred to as IC50 value.

Determination of enzymatic, and non-enzymatic antioxidant activities. Enzymatic antioxidant 
activities were measured in terms of superoxide dismutase (SOD), catalase (CAT), glutathione disulfide reduc-
tase (GSR), glutathione peroxidase (GPOX), glutathione S-transferase (GST), and ascorbate peroxidase (APX) 
activity by following the methods given by Esfandiari et al.83, Hasanuzzaman et al.84, Chen and Asada85. SOD (EC: 
1.15.1.1) activity was estimated by adding 0.05 ml enzyme extract to reaction mixture containing 200 mM methio-
nine, 2.25 mM nitro-blue tetrazolium and 3 mM EDTA. Reaction was initiated by adding 60 µM riboflavin, incu-
bated under light for 10 min, and absorbance was taken at 560 nm. Enzyme activity was expressed as quantity of 
enzyme reducing the absorbance of NBT by 50%. CAT (EC: 1.11.1.6) activity was determined by adding enzyme 
extract to a mixture containing 50 mM potassium phosphate buffer (pH 7.0), and 15 mM H2O2. The reaction was 
monitored at 240 nm for 1 min and the enzyme activity was expressed as unit (1unit = mmole of H2O2 reduced 
min−1 mg protein−1) using extinction coefficient of 39.4 M−1 cm−1. GSR (EC: 1.6.4.2) activity was recorded at 
340 nm for 1 min by adding 1 mM glutathione disulfide to the reaction mixture containing 0.1 M potassium phos-
phate buffer (pH 7.8), 1 mM EDTA, 0.2 mM NADPH, and enzyme solution; the enzyme activity was expressed 
as unit (1unit = µmol (NADPH) min−1 mg protein−1) using extinction coefficient of 6.2 mM−1 cm−1. For meas-
uring GPOX (EC: 1.11.1.9) activity reaction mixture contains 100 mM sodium phosphate buffer (pH 7.5), 1 mM 
EDTA, 1 mM sodium azide, 0.2 mM NADPH, 2 mM glutathione, 1 unit glutathione reductase, 0.6 mM H2O2, 
and 20 µl crude enzyme. Enzyme activity (unit) was recorded through oxidation of NADPH at 340 nm for 1 min 
and was calculated as µmol (NADPH) min−1 mg protein−1 using extinction coefficient of 6.62 mM−1 cm−1. GST 
(EC: 2.5.1.18) activity was expressed using extinction coefficient of 9.6 mM−1 cm−1 at 340 nm for 1 min from 
the reaction mixture containing enzyme solution in 100 mM tris-HCl (pH 6.5), 1.5 mM glutathione, and 1 mM 
1-chloro-2,4-dinitrobenzene (CDNB). APX (EC: 1.11.1.11) activity was determined at 290 nm for 2 min by add-
ing enzyme extract to 3 ml reaction mixture containing 50 mM potassium phosphate buffer (pH 7.0), 0.5 mM 
ascorbate, and 0.1 mM H2O2. One unit of APX was defined as amount of enzyme required to consume 1µmol of 
ascorbate min−1 mg protein−1.

Carotenoids content was determined by homogenizing 1 g samples in 80% acetone and centrifuging at 10,000 
× g for 5 min at 25 °C. The absorbance of the supernatant was determined spectrophotometrically at 470, 645, 
and 663 nm86. For ascorbic acid determination, 0.5 g leaf samples were homogenized in 10% (w/v) trichloroacetic 
acid and centrifuged at 10,000 × g for 20 min at 25 °C. The obtained supernatant (0.5 ml) was incubated at 37 °C 
for 3 h after reacting with 2% 2, 4-dinitrophenyl hydrazine in 0.5 N H2SO4, and 10% thiourea. After incubation 
spectral reading was recorded at 520 nm87. Total glutathione content was determined by reacting 100 µl extract 
with 0.3 mM NADPH in 20 mM potassium phosphate buffer (pH 7.5) and 6 mM 5′-dithio-bis(2-nitrobenzoic 
acid). The reaction mixture was incubated at 25 °C for 3 min, and then 10 µl reduced glutathione was added, after 
the colour was developed absorbance was recorded at 412 nm88.
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Determination of polyphenol contents. For total phenol, ortho-dihydric phenol, and flavonoid esti-
mation, 1 g leaf sample was ground with 80% ethanol and centrifuged at 10,000 × g for 20 min. The residue was 
re-extracted twice using 80% ethanol. The obtained supernatant was evaporated to dryness and the residue was 
dissolved with distilled water. Total phenol content was determined at 650 nm by adding 50% folin-ciocalteu 
reagent and 20% sodium carbonate to the extract following the method of Malick and Singh89, using gallic acid 
as standard. Orthodihydric phenol content was determined at 515 nm by adding 0.05 (N) HCl, Arnow’s reagent 
and 1 (N) NaOH to the aqueous extract following the method of Mahadevan and Sridhar90 using catechol as 
standards. Flavonoid content was determined at 510 nm following the method of Atanassova et al.91 by adding 5% 
NaNO2, 10% AlCl3 and 1 (M) NaOH to the aqueous extract and using quercetin as standard.

Feeding experiment and rearing data collection. The overall rearing process was conducted under 
laboratory condition following the standard process of Krishnaswami et al.92. For rearing purpose healthy and 
disease free 5th instar larvae (Nistari) were collected from Matigara Sericulture Complex. The larvae were dis-
tributed uniformly and randomly in bamboo made trays, each tray bearing 10 larvae. Larvae were supplemented 
with S1 genotype M. alba leaves. In one set freshly collected S1 leaves were given for feeding, while in other sets 
1, 4, 6, and 7DS preserved leaves in distilled water, silver nitrate and nanosilver solution were given for feeding. 
During rearing process larval weight and mortality rate was recorded at regular interval. When the larvae started 
spinning they were left undisturbed. At the end of the trial, larval and cocoon parameters were calculated using 
following formulas:

=
−Growth index GI( ) Final weight of larvae (gm) Initial weight of larvae (gm)

Initial weight of larvae (gm)

=
+Single cocoon weight SCW( ) Weight of 10 male cocoon (gm) Weight of 10 female cocoon (gm)

Total number of cocoon (20)

=
+Single shell weight SSW( ) Weight of 10 male shell (gm) Weight of 10 female shell (gm)

Total number of shell (20)

= ×Shell ratio SR( )% Single shell weight (gm)
Single cocoon weight (gm)

100

= ×Effective rearing rate ERR( )% Total number of cocoon harvested
Total number of larvae brushed

100

= ×Mortality rate MR( )% Number of death larvae
Total number of larvae

100

Data analysis. Using General Linear Model, two-way analysis of variance (ANOVA) was performed to cal-
culate the effect of preservative solutions on preservation of M. alba leaves and on silk worm rearing (P ≤ 0.05) 
using SPSS statistical package (IBM SPSS Advanced Statistics 20.0). Bivariate correlations study using Pearson 
correlation coefficient was done to study interrelationship between different leaf metabolic parameters with rear-
ing parameters (p ≤ 0.01 and 0.05) using SPSS. Multiple regression analysis was conducted using SPSS for deter-
mining the stress parameters that are involved in degradation of major primary metabolites. Figures were plotted 
using OriginPro 2018b software (b9.5.5.409).
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Abstract
The purpose of the current study was to determine the appropriate genotype and concentration of biosynthesized silver nano-
particles effectual in preserving mulberry leaves at the postharvest stage. The preservative effect of silver nanoparticles was
determined by their potentiality to prevent xylem blockage, chlorophyll content retention and inhibition of microbial proliferation
within a preservative solution. For synthesizing silver nanoparticles, a blend of 10−3 M silver nitrate and S1 genotype of the
mulberry leaf was found to be most effective. Silver nanoparticles at 6 ppm were observed to be the least effective concentration
for preserving mulberry leaves for at least 7 days at the postharvest stage, as evident from physical texture and retention of
chlorophyll content. Biosynthesized silver nanoparticles showed negative microbial count during the course of preservation as
evident from no colony-forming unit (CFU) until the last day of preservation, while conventional preservative silver nitrate
showed traces of CFU on a nutrient agar plate. Besides, these leaves preserved in nanosilver solution showed an almost negligible
number of xylem blockage in the petiole, almost equivalent to the blockage nature of fresh leaves caused by the deposition of
macromolecules like protein, lignin and suberin. Nanosilver- and silver nitrate–preserved leaves also displayed insignificant
accumulation of reactive oxygen species (ROS) and greater retention of membrane integrity than leaves preserved in normal
distilled water. Nanosilver solution showed greater durability of preserving mulberry leaves than conventional floral preservative
silver nitrate, useful for feeding silkworm larvae during the rainy season.

Keywords Mulberry . Nanosilver . Postharvest . Xylem blockage .Microbial proliferation .Membrane integrity

Introduction

Mulberry belongs to the genus Morus under the family
Moraceae. The genus Morus was represented by more than
150 different species worldwide (Srivastava et al. 2006),
among them M. alba L., M. indica L., M. serrata Roxb. and
M. laevigata Wall. ex Brandis were reported to grow wild in
India. Among different species ofMorus,M. alba (white mul-
berry) gains special attention as it was exclusively used for
feeding silkworm larvae. Besides being used as fodder, white
mulberry leaves have multidimensional uses. The use of dif-
ferent parts of the white mulberry viz. root, stem, bark, leaf
and fruit has been well documented in Chinese medicine
(Kumar and Chauhan 2008). Mulberry leaves are used to fight
against II diabetes (Łochyńska and Oleszak 2011), due to the
presence of quercetin and 1-deoxynojirimycin. The flavonoids
like quercetin, rutin, isoquercitrin, astragalin, albanol B and
morusin present inside mulberry leaves help to reduce gener-
ated oxidative stress inside the body (Yen et al. 1996). White
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mulberry leaf extract was reported to be effective against
hyperglycaemic, hypertensive, hyperlipidemic activities
(Zafar et al. 2013). Mulberry leaves were also used in the
preparation of tea and juice in some parts of the world
(Wilson and Islam 2015).

In all the multipurpose uses of white mulberry, leaves can
be dried and stored for a long time to prevent any pathogenic
contamination, except for feeding silkworm larvae which re-
quires freshly collected leaves (Dong et al. 2017). The quality
and quantity of silk production greatly depend on the nutri-
tional quality of the mulberry leaves (Manjula and Kumari
2015). Miyashita (1986) reported that mulberry leaf quality
as an independent factor contributes more than 30% cocoon
production success rate. Depending on this property, a large
number of works were done for developing high-yielding
mulberry genotype bearing high nutritional quality. S1,
S1635, S-146, C-776, BC259, Tr-4, Tr-10, K2, S-36,
RF5135, RF5175, V1, S-13, S-34, AR-11, AR-12, Sahana,
RC-1, RC-2, G-2 and G-4 are the high-yielding cultivars of
mulberry that are mostly used for propagation and larval feed-
ing (Vijayan et al. 2012; Tikader and Kamble 2008).

Preservation of these high-quality mulberry leaves was es-
sential during the rainy season, as feeding wet leaves was not
productive as it increases the larval mortality rate (Das et al.
2020). Conventionally during the rainy season, collected
leaves were preserved by rapping in a moist cotton cloth.
Preservation by this mode causes decreases in moisture and
nutrient content of leaves, leading to the production of low-
quality cocoons. Dong et al. (2017) stated that mulberry leaves
supplement the water and nutritional necessity of silkworm
larvae. So a decrease in leaf natural quality during preserva-
tion will impede the normal growth rate of larvae. An alterna-
tive method bearing the potentiality to overcome the above-
said problem was a pressing demand for improving produc-
tivity during the rainy season. Preservation by the application
of effective preservative solutions may help to keep hold of
the nutritional quality of leaves at the postharvest stage.

The major obstacle faced during preservation was microbi-
al proliferation within the preservative solution which enters
xylem vessels through conducting pathways (Van Doorn
1997). An increase in the number of bacteria inside vessels
causes blockage, alongside microbe’s polymeric compounds
like lignin, suberin and many others also get deposited inside
the lumen blocking the conducting pathways (Jedrzejuk et al.
2012). Nanosilver and silver nitrate were reported to have a
strong antimicrobial property against both gram-positive and
gram-negative microbes (Loo et al. 2018; Tang and Zheng
2018; Pazos-Ortiz et al. 2017). Nanosilver was also reported
to exhibit better antimicrobial activity than silver nitrate
(Mosselhy et al. 2015). Besides, this application of nanosilver
and silver nitrate was also reported to extend the vase life of
many horticultural cut twigs (Malakar et al. 2019; Abdel-
Kader et al. 2017; Park et al. 2017; Ahmad et al. 2016).

The present study deals with the assumption that nanosilver
and silver nitrate will act as effective antimicrobial agents and
will bear the potentiality in preventing xylem vessel occlusion
at the postharvest stage of preservation.

The current study deals with the identification of a suitable
concentration of biosynthesized silver nanoparticles effective
in preserving mulberry leaves at the postharvest stage.
Besides, this comparative analysis of the preservative aspect
of nanosilver and silver nitrate will be evaluated in terms of
blockage number of protein, lignin and suberin deposition,
along with an assessment of membrane integrity and accumu-
lation of hydrogen peroxide.

Materials and methods

Plant sample collection

Five genotypes ofmulberry viz. S1, S1635, TR10, BC259 and
Guangdong were collected from the Matigara sericulture farm
((26° 72′ 40″ N and 88° 35′ 37″ E) Siliguri, West Bengal,
India, and from the mulberry germplasm garden (26° 42′
34″ N and 88° 21′ 06″ E), Department of Botany, University
of North Bengal, Siliguri, West Bengal, India. The area of
sample collection was recorded to maintain an average tem-
perature range between 25 and 38 °Cwith an annual rainfall of
2600–4000 mm, maintaining approximate humidity around
65%. The experimental samples were collected early morning
in between 6:00 and 7:00 am during April–September of
2017–2018 and 2018–2019, for maintaining the fresh texture
of the samples.

Biogenic synthesis of silver nanoparticles

For biosynthesis of silver nanoparticle, 5-ml pale yellow col-
our plant extract obtained by refluxing 10 g finely chopped
leaves in 100-ml distilled water for 60 min at 100 °C was
added in a continuous dropwise manner to 45-ml aqueous
silver nitrate solution (Kuppurangan et al. 2016). The reduc-
tion of silver was confirmed from the gradual change of trans-
parent solution to reddish-brown colour.

Determination of suitable genotype for the
biosynthesis of silver nanoparticles

For predicting the most suitable genotype for nanoformation,
nanosilver was synthesized with five high-yielding and com-
mercially accepted genotypes viz. S1635, TR10, S1, BC259
and Guangdung followed by UV-visible spectrophotometric
analysis (Systronics-2201).
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Determination, validation and stability assessment of
the effective concentration of silver nitrate for the
biosynthesis of silver nanoparticles suitable for
mulberry leaf preservation

The effective concentration of silver nitrate for nanosilver bio-
synthesis was determined by the method proposed by Das
et al. (2019) in which silver nanoparticles were prepared with
five different concentrations of silver nitrate viz. 10−1, 10−2,
10−3, 10−4 and 10−5 M.

Validation of nanosilver formation was indicated through
colour change and UV-visible spectrophotometer in the spec-
tral range of 300–800 nm. By measuring the surface charge of
nanoparticles, nanostability was measured in terms of zeta
potential (Zetasizer Nano-ZS90 ZEN3690). For assisting
long-term stability, UV-visible spectrophotometric reading
was taken at 20 days interval for the period of 60 days and
peak deformation was analysed.

Bioactivity assessment of biosynthesized silver nanoparti-
cles was done by preserving S1 genotype of mulberry leaves
for 7 days in nanosilver solution prepared with 10−1, 10−2,
10−3 M silver nitrate solution, followed by observing physical
changes. Before preservation, the petioles of the leaves were
cut obliquely under water to maintain a continuous water con-
duction column. Further verification of leaf quality was done
through the determination of chlorophyll content (Arnon
1949).

Determination of least effective concentration of
screened silver nanoparticle

The screened silver nanoparticle from the above process was
used for preserving the S1 genotype of mulberry leaves for
7 days at three different dilutions viz. 10x, 20x and 40x for
determining the least effective concentration suitable for
preservation.

Preservative solutions

Three kinds of preservatives were used for postharvest pres-
ervation of mulberry leaf. After determining the least effective
concentration of nanosilver with S1 genotype, the leaves of all
the five genotypes viz. S1, S1635, TR10, BC259 and
Guangdong were preserved in the same, along with the same
concentration of silver nitrate and distilled water serving as the
control.

Determination of microbial load in preservative
solution

For detecting microbial load in preservative solution, nutrient
agar media was used. Different day (day 1 to day 7) preserva-
tive solutions (distilled water, nanosilver and silver nitrate)

were added to sterilized nutrient agar medium and incubated
for 24 h at 37 °C for detecting presence/absence of microbial
colonies.

Histochemical detection of xylem blockage

At the end of the preservation period, the transverse section of
preserved leaf petioles was done and stained with different
histochemical reagents for detecting the blockage and non-
blockage nature of xylem. Histochemical detection of xylem
blockage was conducted with Bradford reagent, azure B,
phloroglucinol-HCL and Sudan III stains. A general account
of the stains used, the process of preparation and bio-
component detected by the stain was enlisted below:

Preparation of Bradford reagent

Coomassie brilliant blue (Himedia-RM344) was used for the
preparation of Bradford reagent following the standard proce-
dure as prescribed by Bradford (1976). The sections of the
petiole were stained for 1–2 min and observed under a micro-
scope for detecting protein accumulation.

Preparation of azure B

Azure B stain was prepared using azure B (Sigma-Aldrich
A4043-5G) following the standard procedure as stated by
Marshall and Lewis (1975). The prepared azure B solution
was diluted to a 1:20 ratio before use. The sections were
stained for 3–4 min and observed under a light microscope
(Olympus CX21iLED) for detecting lignin deposition.

Preparation of phloroglucinol-HCl

Phloroglucinol-HCl stain was prepared by dissolving 0.125 g
phloroglucinol (Sigma-Aldrich 79330-25G) in 5 ml 20% eth-
anol and to it 1.25 ml HCl was added and mixed uniformly
(Liljegren 2010). The sections of the petiole were stained for
2 min and observed under a microscope for detecting lignin
deposition.

Preparation of Sudan IV

For preparing the stain solution, 0.005 g Sudan IV (Sigma-
Aldrich 198102-25G) was dissolved in 10-ml 96% ethanol.
The solution was filtered and to it, 10-ml glycerol was added
before use (Soukup 2013). The petiole sections were first
rinsed in Sudan IV solution for 5 min followed by heating
for a few seconds. The solution was cooled at room tempera-
ture and mounted with glycerol before observing under a mi-
croscope for detecting suberin deposition.
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Scanning electron microscopy

SEM analysis (Jeol JSM-IT 100) was performed for detecting
the xylem blockage within the petioles of all the five geno-
types of mulberry leaves under study after preservation in all
preservative solution and was compared with respect to fresh
leaf petiole. For analysis, the petiole section was dried on a
carbon-coated copper grid and then micrographs were taken
for analysis.

Histochemical detection of oxidative stress

At the end of preservation, the petioles of the leaves were cut
into fine transverse section and stained with an appropriate
solution for studying the accumulation of hydrogen peroxide
(H2O2) and membrane integrity.

Detection of H2O2 localization

For detection of hydrogen peroxide localization in the pre-
served leaves, the petiole sections were kept submerged for
about 45 min in potassium iodide (0.1 M) and starch (4% W/
V) reagent as reported by Olson and Varner (1993). At the end
of the incubation period, the sections were observed under a
microscope.

Detection of plasma membrane integrity

The integrity of the plasma membrane was detected by the
method reported by Yamamoto et al. (2001). Firstly, the pet-
iole section was stained using Evan’s blue (Sigma-Aldrich
E2129-10G) solution (0.025% w/v in 100 mM CaCl2) for
30 min and then was rinsed thrice with double distilled water
to remove the extra stain and observed under a microscope.

Statistical analysis

For determining the relationship among different preservative
solutions with respect to their potentiality to prevent vascular
blockage by group clustering, principal component analysis
(PCA) was conducted using XLSTAT 2017. Agglomerative
hierarchical clustering (AHC) was performed following
Ward’s method of dissimilarity matrix using XLSTAT 2017
to understand the interrelationship among different preserva-
tive solutions suitable for enhancing postharvest shelf life.
Heat map study using R software (version 3.4.0) was conduct-
ed for detecting the nature of colour matrix between the ge-
notypes under study with respect to staining pattern detecting
xylem blockage.

Result

Biogenic synthesis of silver nanoparticles

Bioreduction of silver nitrate to nanosilver was indicated by
the gradual transformation of the transparent solution to
brownish colour product and this colour transformation was
noted after 10 min of initiation of the reaction.

Determination of suitable genotype for the
biosynthesis of silver nanoparticles

UV-visible spectral analysis of biosynthesized silver nanopar-
ticles with five genotypes (S1, S1635, TR10, BC259 and
Guangdong) of mulberry showed two peak values of surface
plasmon resonance (SPR): 438 nm SPR was displayed by S1
and S1635 while 444 nm was displayed by the remaining
genotypes. Furthermore, it was noted that the S1 genotype
showed the highest amplitude of peak (Fig. 1).

Identification, confirmation and stability assessment
of the effective concentration of silver nitrate for the
biosynthesis of silver nanoparticles suitable for
mulberry leaf preservation

On adding plant extract to five different concentrations of
silver nitrate viz. 10−1, 10−2, 10−3, 10−4 and 10−5 M, it was
observed that 10−4 and 10−5 M silver nitrate solutions remain
transparent even after the addition of plant extract while all
other concentrations turn brownish. The intensity of brown
colour increases with an increase in the concentration of silver
nitrate, i.e. 10−1M appeared darkest of all. Furthermore, it was
noted that within 24 h of formation, precipitation appears in
nanosilver solution prepared from 10−1 M silver nitrate solu-
tion. UV-visible spectral analysis showed appearances ofmost
sharpen and intense band from silver nanoparticles synthe-
sized with 10−3 M silver nitrate which gives λmax of 432 nm
(Fig. 2). From the spectral analysis, no absorption spectra

Fig. 1 UV-visible spectral analysis of biosynthesized silver nanoparticles
using leaf extract of S1, S1635, TR10, BC259 and Guangdung genotypes
of mulberry
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were observed for nanosilver prepared with 10−4 and 10−5 M
silver nitrate concentration. No value of zeta potential was
obtained for nanosilver synthesized with 10−1, 10−4 and
10−5 M silver nitrate solution. Zeta potential result was obtain-
ed for the only nanosilver prepared with 10−2 and 10−3 M
silver nitrate solution showing zeta potential value of − 4.67
and + 74.7 mV respectively (Fig. 3).

From long-term stability assessment of biosynthesized sil-
ver nanoparticles (Fig. 4), it was observed that the peak of
nanosilver prepared from 10−1 M silver nitrate gradually got
deformed as revealed by the bluntness of peak with an in-
crease in days of storage. The striking phenomenon notedwith
an increase in days of storage was nanosilver formed with

10−2 M silver nitrate showed high absorption value and its
peak intensity crossed the peak intensity of 10−3 M.

On preserving S1 genotype of mulberry leaves for 7 days in
three different concentrations of nanosilver viz. 10−1, 10−2 and
10−3 M, it was observed that with an increase in days of pres-
ervation, gradual depletion of leaf quality (i.e. yellowing of
the leaves) takes place in leaves preserved with 10−1 and
10−2 M nanosilver solution. The visual appearance of deple-
tion was noted from 4 days onward (Fig. 5), while no visual
change in physical texture was noted in leaves preserved with
10−3 M nanosilver solution.

Further verification of leaf quality was done through the
determination of total chlorophyll content. In leaves preserved
with 10−1 and 10−2 M nanosilver solution, drastic depletion of
chlorophyll content was noted from the 4th day onward
(Fig. 6); however, the extent of depletion in 10−1 M was more
when compared with the other solutions. Leaves preserved
with 10−3 M nanosilver solution showed retention of chloro-
phyll content uniformly until the last day of preservation.

Determination of least effective preservative
concentration of screened silver nanoparticles
(10−3 M)

On preserving S1 genotype of mulberry leaves with 10−3 M
nanosilver at three different dilutions viz. 10x, 20x and 40x, it
was observed that leaves preserved in 10x and 20x dilutions
showed no visual change until the last day of preservation (i.e.
up to 7 days), while traces of yellowish patches along the
midvein toward the lateral veins were observed in leaves pre-
served in 40x dilution from day 4 onward (Fig. 7).

After assessing chlorophyll content, almost no depletion
was noted in leaves preserved with 10x and 20x dilution of
nanosilver, while a drastic decreasing trend was observed in
leaves preserved with 40x diluted nanosilver from day 3 on-
ward (Fig. 8).

Determination of preservative aspect of leaves
preserved in nanosilver, silver nitrate and distilled
water

On preserving the leaves of S1, S1635, TR10, BC259 and
Guangdong genotypes at the postharvest stage in distilled wa-
ter, nanosilver and silver nitrate for 7 days, it was observed
that in comparison with the initial day, leaves of all genotypes
preserved in nanosilver solution retain its natural greenish
physical texture almost similar until the last day of preserva-
tion. While leaves preserved in distilled water showed com-
plete deterioration of chlorophyll content as revealed by the
yellowish texture of last day–preserved leaves. Leaves pre-
served in silver nitrate solution showed a slight deterioration
in physical texture as indicated by the presence of yellowish
patches within the leaves (Fig. 9).

Fig. 2 UV-visible spectral analysis of biosynthesized silver nanoparticles
with five different concentrations of silver nitrate (10−1 to 10−5 M) using
leaf extract of S1 genotype of mulberry

Fig. 3 Stability assessment of biosynthesized silver nanoparticles
through zeta potential. (A–B) Silver nanoparticles synthesized with
10−2 and 10−3 M silver nitrate respectively using leaf extract of S1
genotype of mulberry
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Evaluation of microbial count in preservative
solutions after leaf preservation

Distilled water, silver nitrate and nanosilver solutions were
used as preservatives from day 1 to day 7 when added to
nutrient agar plates (Fig. 10), and after incubation, it was noted
that no microbial growth was present in agar plates incubated

with post preservative solution of nanosilver. Postpreservative
distilled water showed microbial count and the amplitude of
colony count increased with increase in days of preservation,
reaching a maximum value of 169 CFU on the final day, while
silver nitrate solution showed traces of microbial count from
the third day of preservation which increased proportionately
with the increase in days of preservation.

Fig. 4 Long-term stability
assessment by UV-visible spec-
trophotometer of biosynthesized
silver nanoparticles with five dif-
ferent concentrations (10−1 to
10−5 M) of silver nitrate using leaf
extract of S1 genotype of mul-
berry. (A–D) Spectral reading at 0
D, 20 D, 40 D and 60 D interval
respectively
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Anatomical organization of mulberry leaf petiole

Transverse section of the petioles of the mulberry leaf under a
light and electron (Fig. 11) microscope showed the presence
of single-layer epidermis, consisting of rectangular cells.
Epidermis remained covered with a smooth cuticular layer
on the outer side, while the inner side consisted of 4–6 layers

of collenchymatous cells. Vascular bundles were positioned in
the parenchymatous tissue and this tissue occupied the maxi-
mum area of the petiole. The petiole consisted of more or less
8–10 vascular bundles. The vascular bundles were differenti-
ated into protoxylem and metaxylem. At the inner side, the
primary xylem consisted of small vessels of protoxylem and
on the outer side, a wide region of metaxylem with large
diametric vessels was observed. The vascular bundles were
mostly arc shaped and the diameter of xylem vessels ranges
from 8.18 to 48.74 μm. Pith region was wide and parenchy-
matous in nature.

Glandular and eglandular hairs were evident on both the
abaxial and adaxial surfaces of the epidermis. Eglandular hairs
were unicellular, long, slender with a blunt end, while glan-
dular hairs consisted of 1–2 stalk cells and 1–3 head cells. The
specialized foliar idioblast cells were present in between the
parenchymatous cells.

Histochemical study of the transverse section of
petioles at post preservation stage

Staining with Bradford reagent

On staining with the Bradford reagent, the appearance of blue
colour deposition was noted indicating blockage on xylem
pores by protein particles (Fig. 12). Freshly cultivated leaves

Fig. 5 Pictorial view representing physical condition of S1 genotype mulberry leaves preserved for 7 days in three different concentrations of silver
nanoparticles viz. 10−1 (A), 10−2 (B) and 10−3 (C) M

Fig. 6 Graphical representation showing total chlorophyll content of S1
genotype mulberry leaves preserved for 7 days in three different
concentrations of silver nanoparticles viz. 10−1, 10−2 and 10−3 M
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showed blue colour deposition below the epidermis in collen-
chymas, surrounding xylem in the parenchyma and in the
phloem. Traces of protein deposition were also recorded from
xylem pores. It was observed that at the end of preservation,
leaves preserved in distilled water displayed the highest num-
ber of blockage followed by silver nitrate and nanosilver. In
comparison to distilled water–preserved leaves, leaves

preserved in nanosilver and silver nitrate solutions depicted
~ 24 and 36% blocked vessels. It was also noted that leaves
preserved in nanosilver solution displayed ~ 34% less block-
age than silver nitrate solution. It was found that leaves pre-
served in distilled water, nanosilver and silver nitrate solutions
showed ~ 13-, 3- and 4-fold more blocked vessels respectively
than the blockage pattern displayed by freshly collected
leaves. Among the studied genotypes, BC259 depicted the
highest number of blockage, while S1 showed the least num-
ber of blockages. The blockage number of S1 was ~ 41% less
than the average blockage number executed by BC259 under
all preservative conditions. The order of blockage pattern
among the genotypes in decreasing order can be demarcated
as BC259˃TR10˃Guangdung˃S1635˃S1.

Staining with azure B

Azure B staining showed blue colour deposition of lignin par-
ticles on xylem pores indicating the involvement of lignin in
xylem occlusion (Fig. 13). It was observed that among all the
genotypes under study, the highest and least number of lignin
deposition in xylem pore was recorded in BC259 and S1 re-
spectively. S1, S1635, TR10 and Guangdung exhibited ~ 43,
25, 16 and 30% respectively less lignin-mediated xylem block-
age than that exhibited by BC259 under all preservative condi-
tions. In comparison to xylem blockage recorded in distilled

Fig. 7 Pictorial view representing physical condition of S1 genotype mulberry leaves preserved for 7 days in three different dilutions of 10−3 M silver
nanoparticles viz. 10x (A), 20x (B) and 40x (C)

Fig. 8 Graphical representation showing total chlorophyll content of S1
genotype mulberry leaves preserved for 7 days in three different dilutions
of 10−3 M silver nanoparticles viz. 10x, 20x and 40x
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water–preserved leaves, approximately 17 and 25% lignin de-
position was recorded in the lumen of the vessels when
nanosilver and silver nitrate were used as preservatives. While
in relation to freshly collected leaves, leaves preserved in dis-
tilled water, nanosilver and silver nitrate showed ~ 18-, 3- and
3-fold more blockage respectively. On analysing the blockage
pattern among nanosilver and silver nitrate solutions, it was

found that the nanosilver solution exhibited ~ 32% less number
of blockages than the silver nitrate solution.

Staining with phloroglucinol-HCl

Phloroglucinol staining under the microscope showed red col-
our appearances detecting lignin deposition. Phloroglucinol

Fig. 9 Pictorial view representing
physical condition of S1, S1635,
TR10, BC259 and Guangdung
genotypes of mulberry leaves
preserved for 7 days in
preservative solutions in
comparison to initial day. I
represents fresh leaves. II, III and
IV represent 7-day preserved
leaves in nanosilver, silver nitrate
and distilled water respectively
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Fig. 10 Nutrient agar plates representing antimicrobial activity of
preservative solutions at different days of preservation. (IA–IG) CFU
count of distilled water used as preservative from day 1 to day 7. (IIA–

IIG) CFU count of silver nitrate solution used as preservative from day 1
to day 7. (IIIA–IIIG) CFU count of nanosilver solution used as
preservative from day 1 to day 7
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staining also showed similar nature of blockage pattern obtained
while studying azure B–mediated lignin vascular deposition. The
maximum number of blockage was observed in distilled water–
preserved leaves in all studied genotypes. The order of xylem
occlusion in decreasing order under all preservative condition
can be demarcated as BC259˃TR10˃S1635˃Guangdung˃S1
(Fig. 14). The number of partial blockage was found to be higher
than the number of complete blockage in all the cultivars. In
contrast to xylem occlusion under distilled water preservation,
leaves preserved in nanosilver and silver nitrate solutions
depicted ~ 82 and 75% less vascular blockage. The number of
vascular blockage increased by ~ 18-, 3- and 4-fold respectively

in distilledwater–, nanosilver- and silver nitrate–preserved leaves
than the blockage pattern displayed by freshly collected leaves.

Staining with Sudan IV

Sudan IV staining was done for detecting the suberin deposi-
tion within xylem vessels. Transverse section of freshly culti-
vated leaf petiole showed almost negligible number of suberin
deposition in xylem vessels. It was noted that, leaves pre-
served in nanosilver and silver nitrate solutions showed ~ 3-
and 8-fold increase in blocked vessel numbers than fresh
leaves. While leaves preserved in distilled water displayed ~

Fig. 11 Transverse section of the
petioles of mulberry leaf under
light (A) and electron (B) micro-
scope indicating different layers
from outside to inside as follows:
star, trichome; CU, cuticle; EP,
epidermis; CO, collenchyma; P,
parenchyma; ID, idioblast; PH,
phloem; MX, metaxylem; PX,
protoxylem; PI, pith
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Fig. 12 Histochemical identification of protein components in xylem
occlusions by Bradford reagent in the petiole of mulberry leaves. (A)
Fresh leaves. (B) 7-day distilled water–preserved leaves. (C) 7-day

nanosilver-preserved leaves. (D) 7-day silver nitrate–preserved leaves.
I–V represent S1, S1635, TR10, BC259 and Guangdung genotypes of
mulberry leaves used for preservation respectively
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Fig. 13 Histochemical identification of lignins in xylem occlusions by
azure B in the petiole of mulberry leaves. (A) Fresh leaves. (B) 7-day
distilled water–preserved leaves. (C) 7-day nanosilver-preserved leaves.

(D) 7-day silver nitrate–preserved leaves. I–V represent S1, S1635,
TR10, BC259 and Guangdung genotypes of mulberry leaves used for
preservation respectively
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Fig. 14 Histochemical identification of lignins in xylem occlusions by
phloroglucinol-HCl in the petiole of mulberry leaves. (A) Fresh leaves.
(B) 7-day distilled water–preserved leaves. (C) 7-day nanosilver-

preserved leaves. (D) 7-day silver nitrate–preserved leaves. I–V represent
S1, S1635, TR10, BC259 and Guangdung genotypes of mulberry leaves
used for preservation respectively

Environ Sci Pollut Res



33-, 5- and 2-fold increase in blockage number than fresh
leaves and leaves preserved in nanosilver and silver nitrate
solutions. Among all the genotypes, the nanosilver solution
was found to be most effective against the S1 genotype as
indicated by a lesser number of blocked xylem pores while
BC259 showed the highest number of blockage (Fig. 15). The
order of xylem blockage in decreasing order among the stud-
i ed geno t ype s c an be dema r c a t ed a s BC259˃
Guangdung˃TR10˃S1635˃S1. Traces of blockages were al-
so noted in the petioles of fresh leaves.

Scanning electron micrograph

SEM micrograph of the transverse section of the petiole of all
the five studied mulberry genotypes under all preservative
conditions revealed that a maximum number of blockages
were present in the petioles of leaves preserved in distilled
water. The occasional blockage was also noted in leaves pre-
served in silver nitrate solution while leaves preserved in
nanosilver solution showed almost negligible number of
blockage which was equivalent to the nature of blockage
reflected by the petioles of fresh leaves (Fig. 16).

Histochemical study of stress assessment of
transverse section of petioles at post preservation
stage

Hydrogen peroxide localization

Potassium iodide and starch solution were used for detecting
the localization of hydrogen peroxide molecules within pre-
served tissue. The current study revealed that in all the geno-
types, leaves preserved in the distilled water showed dark
colour stain, with BC259 representing the maximum ampli-
tude of stain accumulation. Leaves preserved in nanosilver
and silver nitrate solutions depicted low intense colour stain
which resembled with the colour intensity of fresh petiole
(Fig. 17).

Plasma membrane integrity

Evan’s blue staining pattern depicted dark blue colour depo-
sition in leaves preserved in distilled water. On comparing
with distilled water sets, leaves preserved in nanosilver and
silver nitrate solutions showed lighter stain indicating reten-
tion of membrane integrity (Fig. 18).

Statistical analysis

PCA projects studied parameters into different geometrical
dimensions and separated correlated attributes from uncorre-
lated ones. Principal component 1 (PC1) and principal com-
ponent 2 (PC2) accounts for 98.97% and 0.77% of the total

score respectively (Fig. 19). PC1 is dominated by all the pre-
servative conditions viz. distilled water, nanosilver and silver
nitrate. Leaves preserved in nanosilver and silver nitrate
formed one cluster toward the negative axis of PC1 along with
fresh leaf, while distilled water–preserved leaves formed iso-
lated node toward the positive end of PC1. The positional
distribution of fresh leaves and leaves preserved in distilled
water, nanosilver and silver nitrate was noted to be − 5.4998,
+ 10.0329, − 3.0852, and − 1.4479 respectively. Squared co-
sine observation also reports an accumulation of preservative
conditions around PC1.

All the xylem blockage parameters under different staining
conditions were further taken together to analysed dissimilar-
ity agglomerative hierarchical clustering (AHC). The dendro-
gram (Fig. 20) showed one major cluster consisting of three
preservative conditions viz. fresh, nanosilver and silver nitrate
and an out-group was represented by distilled water–
preserved leaves.

A heat map is a correlated study of graphical illustration
and hierarchical clustering of constant and variable parameters
represented separately by vertical and horizontal axes of the
rectangular plot. The graphical matrix of the current study was
prepared by taking preservative solutions (constant factors) in
the vertical axis while blockage detecting the staining param-
eters (variable factors) was taken alone on the horizontal axis
(Fig. 21). The matrix consists of three colour amalgamations
viz. yellow, green and red denoting low, medium and high
blockage values respectively. In the vertical axis, the constant
factors formed one major group containing three preservative
solutions viz. fresh, nanosilver and silver nitrate and an out-
group of distilled water. In the horizontal axis, the variable
factors formed two major groups “A” and “B”. Group “A”
mostly contains complete blockage staining parameters while
group “B” was the aggregation of partial blockage staining
parameters.

Discussion

Biogenic synthesis of silver nanoparticles and
determination of suitable genotype for nanosilver
biosynthesis

The appearance of the brown colour solution during the re-
duction of silver ion by mulberry leaf extract was the physical
confirmation of silver nanoparticle formation. Development
of brown colour nanosilver solution was also reported when
nanosilver was prepared using Tragia involucrate (Prabu and
Johnson 2015), Azadirachta indica (Ahmed et al. 2016),
Catharanthus roseus (Ponarulselvam et al. 2012), Moringa
oblifera (Moodley et al. 2018) and Memecylon edule
(Elavazhagan and Arunachalam 2011) leaf extract.
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Fig. 15 Histochemical identification of suberins in xylem occlusions by
Sudan IV in the petiole of mulberry leaves. (A) Fresh leaves. (B) 7-day
distilled water–preserved leaves. (C) 7-day nanosilver-preserved leaves.

(D) 7-day silver nitrate–preserved leaves. I–V represent S1, S1635,
TR10, BC259 and Guangdung genotypes of mulberry leaves used for
preservation respectively
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Fig. 16 Scanning electron micrograph showing xylem occlusions in the
petiole of mulberry leaves. (A) Fresh leaves. (B) 7-day distilled water–
preserved leaves. (C) 7-day nanosilver-preserved leaves. (D) 7-day silver

nitrate–preserved leaves. I–V represent S1, S1635, TR10, BC259 and
Guangdung genotypes of mulberry leaves used for preservation
respectively
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Fig. 17 Histochemical detection of hydrogen peroxide localization by
potassium iodide and starch solution in the petiole of mulberry leaves.
(A) Fresh leaves. (B) 7-day distilled water–preserved leaves. (C) 7-day

nanosilver-preserved leaves. (D) 7-day silver nitrate–preserved leaves. I–
V represent S1, S1635, TR10, BC259 and Guangdung genotypes of
mulberry leaves used for preservation respectively
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Fig. 18 Histochemical detection of plasmamembrane integrity by Evan’s
blue in the petiole ofmulberry leaves. (A) Fresh leaves. (B) 7-day distilled
water–preserved leaves. (C) 7-day nanosilver-preserved leaves. (D) 7-day

silver nitrate–preserved leaves. I–V represent S1, S1635, TR10, BC259
and Guangdung genotypes of mulberry leaves used for preservation
respectively
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In sericulture for improving yield, many genotypes of mul-
berry have been developed. The nutritional values and phyto-
chemical constituents of one genotype differ from the other.
So to predict which genotype was most suitable for nanosilver
formation, UV-visible spectral reading of synthesized
nanosilver with all the genotypes under study was taken and
the obtained result suggests S1 and S1635 as suitable
genotypes for nanosilver formation, as they depict low
wavelength SPR peak than others indicating small size
particles. Shaik et al. (2018) stated that the appearance of
SPR peaks at lower wavelength indicates the formation of
nanoparticles with a smaller dimension. Kaya et al. (2016)
stated that the smaller the size of nanoparticles, the better

was the bioactivity, indicating superior efficacy of nanosilver
prepared from S1 and S1635. Furthermore, the peak intensity
and sharpness of S1 were more prominent than S1635 where
the nature of the peak was slightly blunt. Velgosováa and
Mražíkováb (2017) stated that the greater the peak broaden-
ing, the more possibility of forming different sizes and shapes
of nanoparticles, thus rejecting nanosilver formed with leaf
extract of S1635 as it bears probability of forming nanoparti-
cles of variable size and shape. Considering the entire phe-
nomenon, it was found that S1 was the most suitable genotype
for nanosilver formation.

Determination, validation, stability assessment and
bioactivity of the effective concentration of silver
nitrate for the biosynthesis of silver nanoparticles

The appearance of the brown colour product was the primary
indicator for nanosilver formation, denoting completion of the
bioreduction process (Balavijayalakshm and Ramalakshmi
2017). On preparing nanosilver with five different concentra-
tions of silver nitrate, it was observed that 10−4 and 10−5 M
silver nitrate solutions remain transparent at the end of the
reaction indicating the incapability of such low concentrations
to take part in the bioreduction process. UV-Vis spectra also
showed no absorption peak for nanosilver synthesized with
10−4 and 10−5 M silver nitrate solutions. Aggregation of nano-
particles formed with 10−1 M silver nitrate was noted within
24 h of biosynthesis, resulting in nanoparticle instability. A
similar type of observation was also reported by Mohapatra
et al. (2015) while synthesizing silver nanoparticles using a
lemon extract. Instability of nanoparticles synthesized with
10−1 M silver nitrate was supported by zeta potential which
showed no value on analysis indicating highly unstable na-
ture. Zeta instability was also reported with 10−2 M nanosilver
which showed a zeta potential value of − 4.67 mV, as the
values of zeta potential more positive than + 30 mV or more
negative than − 30 mV are considered to remain in stable
condition without coalescence for a longer duration (Kadu
et al. 2011). Further evidence of coalescence nature of
10−2 M nanosilver was obtained from long-term validity as-
sessment which reflects a gradual increase in absorbance val-
ue with increases in days of preservation. Izak-Nau et al.
(2015) reported that agglomeration of silver nanoparticles dur-
ing storage was responsible for an increase in spectral absor-
bance value. Among all the concentrations of silver nitrate
used for nanosilver biosynthesis, 10−3 M concentration was
found to be the most suitable concentration which showed
stable zeta potential of + 74.7 mV and the peak intensity al-
most remains constant during storage, indicating long-term
stability.

Bioactivity assessment by preserving leaves of S1 geno-
type with synthesized silver nanoparticles for 7 days followed
by chlorophyll content assessment revealed that nanosilver

Fig. 19 Score plot analysis of principal components demonstrating
vascular blockage preventing nature of distilled water, nanosilver and
silver nitrate solutions as preservative, in preserving S1, S1635, TR10,
BC259 and Guangdung genotypes of mulberry leaves with respect to
fresh leaves of each genotype

Fig. 20 Agglomerative hierarchical clustering representing vascular
blockage preventing nature of distilled water, nanosilver and silver
nitrate solutions as preservative, in preserving S1, S1635, TR10, BC259
and Guangdung genotypes of mulberry leaves with respect to fresh leaves
of each genotype
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prepared with 10−1 M and 10−2 M silver nitrate was not suit-
able for preservation, as yellowing of the leaves and conse-
quent decrease in chlorophyll content were noted during pres-
ervation from 4th day onward.While nanosilver preparedwith
10−3 M silver nitrate due to its stable nature was able to retain
its bioactive form during preservation and thereby retaining
the fresh texture and maintaining the postharvest shelf life
until the last day of preservation. 10−3 M silver nanoparticles
were also reported to enhance the shelf life of Carnation flow-
er (Koohkan et al. 2014), Chrysanthemum (Carrillo-López
et al. 2016), Gerbera (Mohammadiju et al. 2014) and
Tuberose (Bahrehmand et al. 2014).

Determination of least effective concentration of
nanosilver for postharvest preservation

Assessment of least effective concentration of biosynthesized
silver nanoparticles will be helpful in the applied field as lit-
erature reports suggest that at significant high concentration,
there was even possibility of generation of abiotic stress ham-
pering normal physiology, leading to the induction of oxida-
tive stress (Courtois et al. 2019; Jaskulak et al. 2019). Thus,
preservation using a diluted solution of bioactive silver nano-
particles was more economical and less toxic than using raw
concentrations directly. On preserving mulberry leaves with

bioactive silver nanoparticles (10−3 M) at three different dilu-
tions (10x, 20x and 40x), it was observed that effective pres-
ervation was achieved until the last day of preservation up to
20x dilution as evident by the greenish physical nature of the
leaves and retention of uniform chlorophyll content. Dilution
beyond 20x was found to be ineffective as yellowing of leaves
takes place along the midvein. Thus, 20 times diluted 10−3 M
nanosilver was found to be the least effective concentration at
which preservation was achieved, whose concentration was
found to be 6 ppm.

Evaluation of the preservative potential of
preservative solutions and assessment of microbial
count in nanosilver solution with respect to silver
nitrate and distilled water

On preserving mulberry leaves with 6-ppm nanosilver, 6-ppm
silver nitrate and distilled water for 7 days, it was observed
that nanosilver solution acts as an effective preservative in
extending the shelf life of mulberry leaves, as no characteristic
physical change was noted even at the 7th day of preservation.
The potentiality of nanosilver solution in extending posthar-
vest shelf life was probably due to its strong antimicrobial
activity, as no CFU count was recorded from nanosilver solu-
tion used for preservation. Antimicrobial activity of

Fig. 21 Heat map colour matrix representing inter-relationship between
preservative solutions (vertical axis) with the nature of blockage pattern
detected by staining five genotypes of mulberry (S1, S1635, TR10,

BC259 and Guangdung) with histochemical stains (horizontal axis) after
7 days of preservation
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biosynthesized nanosilver solution was also reported when
bioreduction takes place using the extract of Tectona grandis
(Rautela et al. 2019), Pelargonium sidoides (Kgatshe et al.
2019), Murraya koenigii (Abul Qais et al. 2019) and Melissa
officinalis (de Ruíz-Baltazar et al. 2017). Silver nitrate also
showed preservative potential but it failed to prolong the shelf
life of mulberry leaves to the extent that was exhibited by
nanosilver; this is probably due to the fact that nanosilver
showed better antimicrobial activity than silver nitrate
(Halah 2017).

Anatomical organization and histochemical detection
of stress and xylem blockage

The freshly collected mulberry leaves showed traces of vas-
cular blockage indicating the presence of natural blockage in
all the five cultivars. At the end of the preservation period,
leaves preserved in distilled water showed a large number of
completely and partially blocked lumens, resulting in leaf
senescence. Ieperen et al. (2001) and Hassan (2005) reported
that a major obstacle which was faced during extending post-
harvest shelf life was xylem blockage preventing normal
conducting pathway, thereby causing tissue damage in early
days of preservation. One of the prime reasons of tissue dam-
age was the accumulation of H2O2 at the wounded site. The
current study reports accumulation of H2O2 was followed by
disintegration of the plasma membrane in leaves preserved for
7 days in distilled water. Sharma and Dubey (2005) reported
that the plasma membrane was disintegrated by the presence
of free radicals indicated by the dark deposition of stain.
Jedrzejuk and Zakrzewski (2009) stated that microbial prolif-
eration, accumulation of materials inside xylem vessels and
the formation of an air bubble inside vascular tissue are the
major reasons preventing postharvest shelf life. Meeteren Van
et al. (2006) reported that postharvest shelf life depends on the
size of the xylem vessels, as wider vessels can transport more
fluid and are not completely blocked under stress. The present
study showed a similar anatomical architecture of petioles in
all the five genotypes under study. The only variation lied in
the number and size of xylem vessels, which played a signif-
icant role in extending postharvest shelf life by maintaining a
continuous water column from the bottom (cut end) to the top
(leaf apex). The current study did not display any correlation
between the diameter of xylem vessels with the proportion of
complete and partial blocked vessels. Among the five
genotypes under study, S1 and Guangdung showed the
lowest and highest diameters of xylem lumen respectively,
but maximum blocked vessels were reported for BC259,
which was documented after Guangdung in terms of lumen
diameter. A similar observation was also reported by
Jedrzejuk et al. (2012) while studying the postharvest shelf
life of cut Clematis stem.

Nanosilver and silver nitrate solutions prevented the forma-
tion of xylem obstacles by maintaining a continuous water
column and thereby extending postharvest shelf life.
Another major cause of vascular blockage inhibiting normal
conducting pathway was microbial proliferation (Durkin and
Kuc 1966). Besides microbes, the macromolecules secreted
by bacteria might block pith pores, putting a reduction in
normal conducting rate (De Stigter and Broekhuysen 1986).
Nanosilver solution acts as an effective antimicrobial agent in
preventing bacterial proliferation as revealed by noCFU count
in the preservative solutions. The presence of the antimicrobi-
al agent in the preservative solution reduces the bacterial count
and extends shelf life (Marousky 1976). The microbial inhi-
bition property of silver nanoparticles was due to their avail-
ability to cause structural change within the bacterial mem-
brane, penetrating the cell membrane and interacting with the
phosphate backbone of DNA and sulphur containing amino
acids of protein and there by inhibiting growth and prolifera-
tion of microbes (Nabikhan et al. 2010). Salman (2017)
and Solgi (2014) reported that because of the large surface
area, silver nanoparticles showed better antimicrobial activity
in comparison to other silver salts. The current study reported
similar observations, both nanosilver and silver nitrate showed
potential in extending the postharvest shelf life of mulberry
leaves but the duration of prolongation was more in nanosilver
than silver nitrate. Nanosilver also displayed better antimicro-
bial activity than silver nitrate as revealed from CFU count.
Due to the presence of active potentiality of nanosilver and
silver nitrate as a preservative, leaves preserved in them
showed retention of plasma membrane integrity and less de-
position of H2O2 at the cut end. The current observation was
also supported by PCA analysis, which showed more close
proximity of nanosilver-preserved leaves to fresh cultivated
leaves, than leaves preserved in silver nitrate solution. The
clustering of principal compounds toward the negative axis
of PC1 showed the aggregation of the principal compounds
(nanosilver and silver nitrate) with freshly cultivated leaves.
Such aggregation reflects the blockage number of preserved
leaves almost similar to the number of blockage naturally
observed in fresh leaves. The physical positional distribution
reflects that nanosilver- and silver nitrate–preserved leaves
were situated 2.4146 and 4.0519 units apart from fresh leaves
which clearly reflects more proximity of nanosilver-preserved
leaves toward the blockage number of fresh leaves than leaves
preserved in silver nitrate solution.

Besides microbial-mediated inhibition of xylem transport,
occlusion of lumen takes place by the deposition of different
types of polymeric colloids that are generally present in xylem
sap of plants (Neumann et al. 2010). The current study report-
ed protein-mediated blockage of xylem vessels by Bradford
staining in leaves during postharvest preservation with the
highest number of blockage recorded in distilled water–
preserved leaves. Proteomics study of xylem sap reveals the
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presence of different types of transportable proteins including
proteases, protease inhibitors, glycine-rich proteins, chitinase-
like proteins, peroxidase-like proteins, lipid transfer proteins,
enzymes for wall metabolism and many others (Bhutz et al.
2004). The movement of these proteins through xylem sap
depends upon the rate of flow which when gets reduced leads
to aggregation causing clumping of xylem vessels (Neumann
et al. 2010). Van Doorn (1997) reported that at the postharvest
stage, blockage developed at the cut end was the major reason
creating an imbalance between water uptake and transpiration
rate, thereby decreasing the water pulling efficiency,
hampering flow rate. Biosynthesized nanosilver probably
prevents the formation of plugging at the cut end,
maintaining normal conduction rate and thus able to extend
the postharvest shelf life by 7 days. Nanosilver inhibiting
microbial accumulation at the cut end was also reported by
Liu et al. (2009) while studying postharvest vas life of cut
Gerbera.

Another reason of xylem blockage was the excessive de-
position of an impermeable layer such as lignin and suberin.
Rhodes and Wooltorton (1978) stated that the rate of biosyn-
thesis of lignin and suberin is generally enhanced at the cut
end, while their polymerization from monomer to polymer
leading to the formation of occlusion takes place by the action
of oxidative enzymes. The current study showed the presence
of lignin and suberin as blockage materials in xylem pores
preventing the normal conducting pathways. Among the stud-
ied genotypes, BC259 and TR10 showed the highest number

of lignin deposition, while BC259 and Guangdung showed
the highest number of suberin deposition, indicating greater
activation of polymerizing enzymes in these genotypes lead-
ing to the development of large-sized depository plugs
blocking vessels. The presence of suberin plug in the cut
end was also reported by Cline and Neely (1983) while study-
ing the wound healing process of Geranium stems. Among
the preservative solutions, it was observed that leaves pre-
served in distilled water showed deposition of lignin and su-
berin inside the lumen causing obstacles in the conduction
pathway and thereby enhancing the rate of senescence as re-
vealed by yellowing of the leaves. Lignin- and suberin-
mediated xylem occlusion was also reported in leaves pre-
served in nanosilver and silver nitrate solutions but the num-
ber of blockage was negligible in comparison to the blockage
showed by leaves preserved in distilled water. Agglomerative
hierarchical clustering (AHC) also established a similar inter-
pretation as revealed above. AHC has placed distilled water–
preserved leaves as an out-group due to its dissimilarity with
other preservative solutions in terms of blockage number.
Whereas nanosilver- and silver nitrate–preserved leaves
formed a single cluster along with fresh leaves indicating their
resemblance with one another in terms of blockage number.
The preservative potentiality of nanosilver was further evi-
denced from scanning electron micrograph, which showed
the presence of a sufficient number of complete and partial
blockage inside the lumen of leaves preserved in distilled wa-
ter for 7 days while leaves preserved in nanosilver showed the

Fig. 22 Diagrammatic model of
postharvest vascular blockage (A)
and its inhibition through
nanosilver application (B)
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almost negligible number of blockage. The current observa-
tion clearly indicates the potency of nanosilver in preventing
microbial proliferation inside xylem vessels and thus helps in
maintaining an intact conducting pathway by preventing ag-
gregation of macromolecules. Heat map analysis demonstrat-
ed that along the horizontal axis toward the right side, the
colour matrix was mostly dark, while on the opposite side, it
was lighter, indicating more number of partial blockages than
a complete blockage. Along the vertical axis, the appearance
of the yellow-coloured matrix in the petiole section of freshly
collected leaves revealed very less number of xylem blockage,
as the yellow colour represents a lower value. The colour
matrix of nanosilver- and silver nitrate–preserved leaves ap-
peared in the yellowish-green zone; however, the intensity of
the green colour is more in silver nitrate–preserved leaves than
nanosilver-preserved leaves indicating more number of vas-
cular blockage in the silver nitrate set. While leaves preserved
in distilled water showed a reddish-green matrix indicating
high blockage number, with the intensity of the red colour is
more toward the right side representing more number of par-
tial blockage than a complete blockage. Heat map analysis
clearly indicates that in comparison to distilled water and sil-
ver nitrate, nanosilver acts as a better preservative for preserv-
ing mulberry leaves at the postharvest stage.

Conclusion

Thus, it may be stated that during postharvest preservation,
aggregation of macromolecules inside lumen and bacterial
proliferation cause obstacle in the normal conducting path-
way, leading to accumulation of ROS causing membrane dis-
integration resulting in senescence, as evident by yellowing of
the leaves preserved with distilled water (Fig. 22). Nanosilver
and silver nitrate showed efficiency in preventing microbial
proliferation and ROS generation, thus extending postharvest
shelf life. Furthermore, it was noted that a 6-ppm nanosilver
solution was more effective than an equivalent concentration
of silver nitrate as indicated by less number of partial and
complete blockage and more extension of postharvest shelf
life. Thus, preserving mulberry leaves at the postharvest stage
using a 6-ppm nanosilver solution will help to overcome the
problem of feeding larvae during the rainy season, as the
abovementioned technique will help to maintain the fresh tex-
ture of leaves.
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Abstract
Application of green chemistry towards phytosynthesis of nanoparticles has gained attention of environment friendly world 
due to its simple, rapid, stable, eco-friendly and cost-effective property. But there are limitations to this growing interest, 
as the dimension and geometry of nanoparticles produced through phytosynthesis often varies greatly. To overcome the 
problem, current study deals with the assessment of reducing effect of the plant extract at different light intensity, pH and 
temperatures. Current study reports that the optimal condition for phytosynthesis of silver nanoparticles was neutral pH (pH 
7), 25 °C and diffuse light (230 lx). It was observed that rapid synthesis of silver nanoparticles takes place with increase in 
light intensity, alkalinity and temperature, as revealed by quick appearance of dark brown colouration on addition of extract. 
But rapid synthesis leads to the formation of large size particles with increase in polydispersity as revealed from TEM 
analysis and were found to be instable through zeta potential analysis. It was observed that at acidic pH nanosilver formation 
does not takes place, while at low temperature it takes more time for nanosilver formation, but both conditions were found 
to be unstable. Nanosilver formed at neutral pH and 25 °C under diffuse light gives the size dimension of 18.11 ± 2.55 and 
18.94 ± 5.30 nm with zeta potential of + 36.4 and + 37.4 mV respectively indicating stability, besides that they were found to 
be stable under long storage condition as revealed by UV–Visible spectrophotometric analysis. Silver nanoparticles formed 
under optimized condition of pH 7 and at 25 °C were found to be bioactive as it showed potentiality to extend the shelf life 
of post harvest mulberry leaves by 7 days.

Keywords Silver nanoparticles · Mulberry leaf (Morus alba) · Phytosynthesis · Process variation · Stability · Preservative 
potentiality

1 Introduction

Advancement of technical and engineering deeds has opened 
up a new branch of interdisciplinary science, mounting 
explosively worldwide, compiling nano-science and tech-
nology giving rise to nanotechnology. Global impact of 
nanotechnology has influenced mankind in all aspect in the 
last few years [1]. Nanotechnology produces nanoscale par-
ticles [2], that bear efficiency in the field of drug delivery, 
diagnostics, sensing, imaging, gene delivery, biomarkers, 

cell labelling, artificial implants and tissue engineering [3]. 
Nanotechnology provides an exploring platform to the sci-
entific world for using unexploited properties of different 
metals in the form of nanoparticles [4].

Nanoparticles are basically a compact composition of 
three layers viz. surface layer, shell layer and the core [5]. 
Due to high surface area to volume ratio nanoparticles pos-
sess optical, electronic, magnetic, and catalytic properties 
[6]. In the applied field different metallic nanoparticles viz. 
gold, silver, copper, zinc, iron, aluminium, lead, carbon, 
cadmium and cobalt have gained many important applica-
tions due to their inimitable properties [7]. Metallic nano-
particles and their various composites are gaining practical 
importance due to their day-to-day application in the field of 
biomedical [8, 9], enhanced photocatalysis [10], photodeg-
radation of chemical pollutants [11], inhibiting antifungal 
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activity [12], removal of malachite green dye [13], photo-
degradation of organic dyes [14].

Silver was one of the most universally used metal nano-
particles due to its nontoxic influence on humans and bioac-
tivity at low concentrations [15]. Historical records suggest 
more payback of silver than the hazardous impact, due to 
its medical and therapeutic benefits [16]. Silver nanoparti-
cles have wide application as antimicrobial agents in wound 
dressings, as surface creams to prevent wound infections 
and as anticancer agents [17]. Due to its antimicrobial activ-
ity, extended application of nanosilver was recorded in the 
field of dental practice [18], as coating material in surgi-
cal devices [19], in cosmetic industries [20] and in water 
purification plant [21]. Beside this nanosilver bears wide 
application in the fields of catalysis, electronics, photonics, 
and optics [22]. Due to the ability of silver nanoparticles to 
generate high amount of free-radicals it was considered as 
one of the best metallic nanoparticles suitable for biologi-
cal applications as antimicrobial, antibacterial, antiviral and 
antifungal agents [23].

Different techniques has been proposed by different work-
ers concerning with synthesis of metal nanoparticles viz. 
chemical reduction, photochemical reduction, gamma-ray 
irradiation, microwave irradiation, micro-emulsion, laser 
ablation, electrochemical reduction, and many others [24, 
25]. Application of these traditional methods have many 
drawbacks and often bears hazardous impact over environ-
ment which includes application of flammable organic sol-
vents and harmful chemicals, huge amounts of waste genera-
tion, high toxicity, capital intensive as required expensive 
instruments, energy wastefulness and difficult to purify [26, 
27]. Beside this silver nanoparticles synthesized by chemical 
methods was not suitable for medical application as there 
resides the probability of toxic effect of the chemicals used 
as reducing and capping agent [28]. So in relation to global 
safety, need for development of novel alternative methods 
with controlled shapes and sizes having energy-efficient, 
eco-friendly and non-toxic approach was a general alarm. 
Use of biological materials under the kingdom Plantae may 
serve a valuable weapon for the development of eco-friendly, 
simple, rapid, stable, cost-effective and hygienic nanoparti-
cles, thus opening a new avenue in the form of green chemis-
try often called as biogenic synthesis or green synthesis [29].

Green chemistry utilizes bacteria, fungi, algae, and plants 
which includes bryophyta, pteridophyta, gymnosperm and 
angiosperm [25, 30] for biosynthesis of metallic nanopar-
ticles. Among the various groups of biological organisms, 
green plants gain additional advantage over others as they 
significantly reduce the reaction time from several days to 
few minutes that was required by microbes; besides this they 
are cost effective as they do not require high pressure, high 
energy and toxic chemicals and can be easily scaled up for 
large-scale synthesis at industrial level [31, 32]. Besides 

these plant diversity was a rich source of various phyto-
chemicals like ketones, aldehydes, flavones, amides, terpe-
noids, carboxylic acids, phenols, and ascorbic acids that can 
bear the capable of reducing metal salts into metal nanopar-
ticles [33]. Phytosynthesis of silver nanoparticles has been 
reported using the extract of Flemingia wightiana [34], 
Salvia hispanica [35], Priva cordifolia [36], Abutilon indi-
cum [37], Ziziphora tenuior [38], Tephrosia purpurea [39], 
Withania somnifera [40] and Wrightia tinctoria [41]. Some 
study also reports the application of naturally biodegrad-
able components of plant products including polysaccha-
rides, biopolymers, vitamins, latex, vitamins and enzymes 
for generation of nanosilver [42, 43]. Current study reports 
phytosynthesis of silver nanoparticles using Morus alba leaf 
extract due to its pre-established medicinal and nutraceutical 
importance making it non-toxic to mankind [44].

The major disadvantage of green synthesis resides with 
uncontrolled hold over size and shape of synthesized nano-
particles. As in green chemistry phytochemical constituents 
of plant extract are used which directly acts as reducing and 
capping agent, so it was very difficult to predict their struc-
ture, mode of interaction and nature of association at the 
time of reaction, often leading to the formation of large size 
particle with diverse morphology putting a hold on their uti-
lization at commercial level [45]. As nucleation and growth 
of crystals occur at the same point in time, so it was very dif-
ficult to control size distribution of particles [46]. Thus from 
bioactivity point of view size of phytosynthesized silver 
nanoparticles was very essential, there by putting a demand 
for controlled synthesis leading to the development of novel 
particles of nanosilver. It has been reported that control over 
size and shape of nanoparticles can be achieved by adjust-
ing pH and temperature that brings changes to the nature 
of the reducing agent [47]. Beside this in order to increase 
stability and yield of silver nanoparticles optimization of 
physical parameters viz. light intensity, pH, and temperature 
was fundamental requirement [48]. It has been reported that 
variation in size of nanoparticles can be achieved by vary-
ing the condition viz. time, pH, temperature, and reactants 
concentration of the standard process [49]. Gardea-Torres-
dey et al. [50] reported control over shape and size of the 
nanoparticles by varying the pH that was synthesized using 
alfalfa sprouts. Fayaz et al. [51] reported change in size of 
nanoparticles with increase and decrease in temperature dur-
ing synthesis. Increase in temperature enhances the rate of 
reaction, as well as reduction rate and thereby putting impact 
over particle size distribution [52].

Current study deals with the hypothesis that variation in 
light intensity, pH and temperature during phytosynthesis of 
silver nanoparticles will assist to identify the ideal condition 
for synthesis, give rise to stable bioactive nanoparticles.

Present approach deals with phytosynthesis of silver 
nanoparticles using fresh mulberry leaf extract that acted as 
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capping and reducing agent. The synthesis of nanoparticles 
was conducted by varying parameters like light intensity, 
pH and temperature. Process variation was done for pre-
dicting ideal condition suitable for synthesizing bioactive 
silver nanoparticles. Nanoparticles synthesized by process 
variation were characterized for determining nature, type, 
morphology, shape and stability. Beside these, long term 
storage stability was assessed along with determination of 
preservative potentiality.

2  Materials and Methods

2.1  Phytosynthesis of Silver Nanoparticles

Phytosynthesis of silver nanoparticles was done using 
0.001 M silver nitrate and mulberry leaf extract. For phy-
tosynthesis, 5 ml filtered mulberry leaf extract obtained by 
refluxing 10 g finely chopped leaves in 100 ml distilled water 
for 60 min at 100 °C was added drop wise to 45 ml 0.001 M 
silver nitrate solution with continuous starring (Remi Equip-
ments) for 5–10 min. The phytoconstituents present in leaf 
extract (i.e. the reducing and capping agents) reduced trans-
parent silver nitrate to brownish colour product indicating 
the synthesis of silver nanoparticles.

2.2  Time Kinetics of Nanosilver Formation

Phytosynthesized silver nanoparticles were scanned under 
UV–Vis Spectrophotometer (Systronics-2201) in the wave-
length range of 300–800 nm at an interval of 1 h for deter-
mining actual time period required to complete reduction of 
silver ion  (Ag+) to nanosilver by plant extract.

2.3  Process Variation of Nanosilver Formation

2.3.1  Impact of Light on Nanosilver Synthesis

Phytosynthesis of silver nanoparticles was done at three dif-
ferent luminosity states of affairs. Phytosynthesis was done 
under direct sunlight, diffuse light and dark having light 
intensity of 67,000 lx, 230 lx and 0 lx (LX-101 lx Meter) 
respectively.

2.3.2  Impact of pH on Nanosilver Synthesis

Phytosynthesis of silver nanoparticles was done by modi-
fying the pH of mulberry leaf extract with 0.1 N HCl and 
0.1 N NaOH. Five different pH of leaf extract viz. pH 2, 5, 
7, 9 and 12 was prepared, keeping one at neutral range (pH 
7), two in acidic range (one high acidic pH 2 and one moder-
ate acidic pH 5) and two in alkaline range (one high basic 
pH 12 and one moderate basic pH 9). Initially the pH of 

the prepared leaf extract was measured by using digital pH 
meter (Zesco make) and the exact pH was adjusted by add-
ing HCl or NaOH in drop-wise manner. With the adjusted 
pH of the extract, silver nanoparticles was prepared in the 
ratio of 1:10.

2.3.3  Impact of Temperature on Nanosilver Synthesis

Phytosynthesis of silver nanoparticles was done at different 
temperature range viz. 0 °C, 10 °C, 25 °C, 50 °C and 80 °C. 
At first the temperature of the prepared silver nitrate solu-
tion was adjusted either by cold chilled water or hot water 
and the temperature consistency was maintained by using 
thermometer. To the adjusted temperature of silver nitrate 
solution, plant extract was added leading to the synthesis of 
silver nanoparticles.

2.4  Characterization of Phytosynthesized Silver 
Nanoparticles

2.4.1  Colour Development

Initial confirmation of nanosilver formation was done by 
observing gradual colour change from transparent to brown-
ish with increase in time.

2.4.2  UV–Visible Spectrophotometric Analysis

Synthesis of silver nanoparticles was validated by plotting 
the absorbance spectra of the nano solution against wave-
length range of 300–800 nm using PC-based double beam 
UV–Vis Spectrophotometer (Systronics-2201).

2.4.3  Dynamic Light Scattering

Dynamic light scattering (DLS) gives the graphical repre-
sentation of particle size distribution with respect to inten-
sity in terms of percentage. Size distribution was performed 
through DLS analyzer (Zetasizer Nano ZS90 ZEN3690) 
operated at 25 °C having viscosity of 0.8872 cP and count 
rate of 343.7 Kcps, where water was used as dispersion 
medium having dispersion and material refractive index of 
1.332 and 1.330 respectively.

2.4.4  Zeta Potential

Stability of the synthesized nanoparticles was determined 
through zeta potential analyzer (Zetasizer Nano ZS90 
ZEN3690). Zeta potential analysis was conducted at 25 °C 
having count rate of 4.5 Kcps, measurement position of 
2.00 mm and dispersant dielectric constant of 78.5.
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2.4.5  Transmission Electron Microscopy

Transmission electron microscopic (TEM) analysis was 
done for determining size, shape of phytosynthesized sil-
ver nanoparticles along with their polydispersity index. 
TEM micrograph was obtained at an operational voltage 
of 120 kV (Philips-CM 200). The size distribution pattern 
was analysed through Image J (version 1.50b) and graphi-
cal presentation was made using Origin statistical software 
(Origin Pro 2020). Polydispersity was calculated using the 
following formulation:

α and β stands for standard deviation of particle size distri-
bution and average nanoparticles size respectively.

2.5  Long Term Stability Assessment 
of Phytosynthesized Silver Nanoparticles

For determining long term stability, UV–Vis spectral (Sys-
tronics-2201) analysis of phytosynthesized silver nano-
particles was taken at an interval of 10 days for a period 
of 60 days for evaluating changes in terms of graphical 
observation.

2.6  Bioactivity Assessment of Phytosynthesized 
Silver Nanoparticles

Bioactivity assessment was conducted by preserving post 
harvest mulberry leaves with phytosynthesized silver nano-
particles. Fresh and healthy mulberry leaves were collected 
and were allowed to preserve in the solution of phytosynthe-
sized silver nanoparticles. Prior to preservation fine oblique 
cut of the leaf petiole was done for maintaining integrity of 
the conducting column. During preservation regular assess-
ment of physical texture and chlorophyll content was done 
for evaluating the bio-potentiality of phytosynthesized silver 
nanoparticles.

Chlorophyll content was measured following the method 
prescribed by Arnon [53]. For detection, preserved mulberry 
leaves were first homogenized in 80% acetone and the green 
filtrate was collected and the absorbance was measured at 
663 nm and 645 nm for calculating the amount of chloro-
phyll present in the extract. Total chlorophyll content was 
calculated using the following standard formulation:

Percent polydispersity =
{(

�∕�

)

× 100
}

Total chlorophyll
(

�g ml−1
)

= {(20.20 × A645) + (8.02 × A663)}

A645 and A663 are the absorbance value at 645 and 
663 nm respectively

3  Results and Discussion

3.1  Phytosynthesis of Silver Nanoparticles and Time 
Kinetics of Reduction Process

On adding mulberry leaf extract to silver nitrate solution 
appearance of brown colouration takes place within 20 min 
of initiation. First the solution turns pale yellow than it grad-
ually converts into light brown to dark brown with time. This 
gradient of colour change was also reported when nanosil-
ver was biosynthesized using extract of Solanum trilobatum 
[54], Sargassum muticum [55].

Total chlorophyll content
(

mg g−1FW
)

= {(Total chlorophyll × Final volume)∕(Initial weight of tissue × 1000)}

Fig. 1  UV–Visible spectra demonstrating time kinetics of nanosilver 
formation as a function of absorbance and wavelength in the range of 
300–800 nm
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Although brown colouration appeared within 20 min of 
reaction but it does not indicates end of reduction process, 
as UV–Vis spectral observation showed gradual upliftment 
of plasmon peak with time (Fig. 1). It was observed that it 
takes ~ 10–11 h for the entire reduction process to complete. 
It has been stated that biosynthesis of silver nanoparticles 
was a time dependent process [56]. It has been reported 
that longer the reaction time greater is the size dimension 
of biosynthesized silver nanoparticles with large degree 
of polydispersity [57]. It was noted that with increase in 
reaction time, the colour of the solution remained almost 
same that appeared initially, indicating completion of main-
stream reaction during first half hour of initiation. Similar 
observation was also reported by Hasan et al. [58]. While 
studying biological entities responsible for nanomaterials 
synthesis. During the entire reduction process appearance 
of single plasmon peak was noted, indicating formation of 
spherical shape particles, as manifestation of single plasmon 
peak was the indicator of spherical metallic nanoparticles 
while two or more peaks indicate anisotropic particles [59]. 
During the first hour of reaction, plasmon peak appeared at 
429 nm which gradually got shifted to 432 nm as the reac-
tion progressed and finally stabilized at 441 nm indicating 
red shift with time. Red shift of plasmon peak indicated 
large size particles [60]. Shifting of plasmon peak depends 
on number of factors which includes dielectric medium, 
coupling of colloids and absorbed solutes, size and surface 
morphology of the synthesized nanoparticles [61]. Hasan 
et al. [58] reported that extended reaction time greatly affects 
distribution of nanoparticles along with formation of large 
size particles. Large size nanoparticles are biologically less 
active [62], thus implementation of process variation will 
help to demarcate ideal condition for the biosynthesis of 
silver nanoparticles using mulberry leaf extract that will give 
biologically more active nanoparticles.

3.2  Effect of Light Intensity on Nanosilver 
Phytosynthesis

On synthesizing silver nanoparticles at different light inten-
sity viz. 67,000 lx, 230 lx and 0 lx corresponds to sunlight, 
diffuse light and dark respectively, it was observed that rapid 
reduction of silver ion takes place leading to the formation 
of dark brown colour nanoparticles (Fig. 2) within 2 min 
of initiation when nanosilver was synthesized under direct 
sunlight. The rate of formation of nanosilver under sunlight 
was found to enhance by 10 times in comparison with diffuse 
light which took ~ 20 min for colour change to take place. 
While reduction rate of silver ion by phytochemical of the 
extract was very slow under dark state and it took more than 
72 h for nanoparticles to be formed. In the report of light 
mediated green synthesis of silver nanoparticles using aque-
ous extract of Prunus amygdalus, it was stated that no nano 

formation took place under dark condition, while nano for-
mation was enhanced by 60 times under direct sunlight than 
dispersed light [25]. Madhu et al. [63] while synthesizing 
honey-mediated silver nanoparticles reported that induction 
rate of nano formation was to a great extent more under sun 
light than in comparison with dark and dispersed light. Prob-
ably presence of greater number of photons in direct sunlight 
was the driving force for rapid bioreduction of silver nitrate 
leading to the synthesis of silver nanoparticles [25].

UV–Vis spectral analysis showed the appearance of plas-
mon peak at 459 nm, 441 nm and 447 nm (Fig. 3) of silver 
nanoparticles synthesized under sunlight, diffuse light and 
dark respectively. Appearance of spectral peak at different 
wavelengths was a general indication of variation in particle 
size, signifying large particles size with progressive shifting 
in spectral peak towards right [64]. Red shift of plasmon 
peak from 441 to 459 nm as a function of variation in photon 
number indicates large size particles. Appearance of high 
wavelength spectral peak in silver nanoparticles prepared 
under dark was probably because it took long time duration 

Fig. 2  Impact of sunlight (67,000 lx), diffuse light (230 lx) and dark 
(0  lx) on phyto-synthesis of silver nanoparticles mediated by fresh 
extract of mulberry leaves

Fig. 3  UV–Visible spectra depleting plasmon peaks of phytosynthe-
sized silver nanoparticles at different light intensity viz. 67,000, 230 
and 0 lx
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for bioreduction to occur, as particle size distribution was 
inversely proportional to reduction time [59].

Intensity based particle size distribution through DLS 
analysis of phytosynthesized silver nanoparticles under sun-
light, diffuse light and dark showed Z-average nanoparticles 
size of 111.90, 40.03 and 41.52 nm respectively (Fig. 4). 
The increase in DLS mediated particle size largely depends 
on nature of light exposure during biosynthesis [65]. Result 
obtained through DLS analysis was in good agreement with 
the red shift effect detected through UV–Vis spectral analy-
sis. It was observed that greater the wavelength of spectral 
peak more was the Z-average particle size. Zeta potential 
of most intensified peak of phytosynthesized silver nano-
particles under sunlight, diffuse light and dark appeared to 
be + 36.5, + 46.2 and + 25.6 mV covering 19.2, 77.3, and 
41.7% of the total distributional area respectively (Fig. 5). It 
has been reported that on the positive scale of zeta potential, 
particle having potential value of greater than + 30 mV are 
considered as stable [66]. Obtained zeta potential of current 
study clearly indicates that nanosilver prepared under diffuse 
light bears greater stability than the remaining conditions. 
The stability of the nanoparticles prepared under diffuse 
light was mainly due to the presence of large number of 

positive charge particles of the outer surface which repulses 
each other, preventing agglomeration [65].

Transmission electron micrograph showed that the syn-
thesized nanoparticles were spherical in shape with varia-
tion in their size distribution pattern (Fig. 6). The average 
particle size of phytosynthesized silver nanoparticles were 
found to be 27.68 ± 19.91, 21.58 ± 8.72, 21.59 ± 14.36 nm 
under sunlight, diffuse light and dark respectively. Silver 
nanoparticles synthesized under direct sunlight showed 
particle size distribution ranges from 12.41 to 74.24 nm, 
with polydispersity of 71.91%. While nanoparticles syn-
thesized under diffuse light and dark showed size distri-
bution range of 12.44 to 44.22 nm and 12.63 to 36.42 nm 
with polydispersity of 40.40 and 66.48% respectively. 
The particle size obtained from TEM analysis was much 
smaller than that obtained from DLS analysis, this was 
because DLS analysis not only measured metallic core 
but also took into account the biomolecules present on 
the surface [67]. However the trend of particle size distri-
bution appeared same in both the analysis showing large 
size particle under the condition of sunlight followed by 
diffuse light and dark. It has been reported that bioactivity 
of the nanoparticles largely depends on particle size and 

Fig. 4  Dynamic light scatter-
ing (DLS) representing particle 
size distribution as a function of 
percent intensity of phytosyn-
thesized silver nanoparticles at 
different light intensity viz. sun-
light a 67,000 lx, diffuse light b 
230 lx and dark c 0 lx
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monodispersed nature [68]. Present study showed silver 
nanoparticle synthesized under diffuse light represents 
small size particles and greater monodispersed nature 
than other conditions, supporting its selection over other. 
Thus while studying influence of pH and temperature on 
nanosilver formation, nano synthesis was conducted under 
diffuse light.

3.3  Effect of pH Variation of Phyto‑Extract 
on Synthesis of Silver Nanoparticles

On synthesizing silver nanoparticles with mulberry leaf 
extract adjusted to different pH gradient it was observed that 
acidic pH was not suitable for nanosilver synthesis while 
with increase in alkalinity, rate of synthesis was enhanced. 
In case of pH 12 within 2 min of addition of plant extract, 
appearance of dark brown colour was taken place while that 
of pH 7 and 9 it took ~ 20 min and 8 min respectively for col-
ouration to develop. On observing colour development pat-
tern it was noted that a colour scale of pale brown–brown-
dark brown was formed as the pH scale progressed from 
acidic to neutral and towards alkaline zone (Fig. 7). The pale 
brownish solution that was formed in acidic range turned 

transparent within 24 h of synthesis, indicating acidic pH 
range was not suitable for nanosilver synthesis. It has been 
reported that addition of NaOH enhanced the rate of reduc-
tion thereby promoting nanosilver synthesis [69], supporting 
the current observation.

UV–Vis spectrophotometric analysis showed no spec-
tral peak when nanosilver was prepared using mulberry 
leaf extract adjusted to pH 2 and 5 while peak amplitude 
enhanced with increase in alkaline condition (Fig. 8). Simi-
lar observation has been reported when nanosilver was pre-
pared using cyanobacterium Oscillatoria limnetica, showing 
colourless solution without any spectral peak at low pH and 
gradient of brown colouration with acute peak was observed 
as the pH increased [56]. Plasmon peak of 438, 420 and 
426 nm was observed when nanoparticles were synthesized 
using mulberry leaf extract having pH 7, 9 and 12 respec-
tively. At acidic pH, spectral band formation didn’t take 
place due to suppression of nano formation, while intense 
spectral band at neutral and alkaline pH was due to phenolic 
group ionization of leaf extract [70]. Spectral peak at pH 9 
showed blue shift in comparison to spectral peak at pH 7, 
while spectral peak at pH 12 showed red shift in comparison 
to spectral peak at pH 9. So a phenomenon of red-blue-red 

Fig. 5  Zeta potential showcas-
ing stability of phytosynthesized 
silver nanoparticles at different 
light intensity viz. sunlight a 
67,000 lx, diffuse light b 230 lx 
and dark c 0 lx
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Fig. 6  Transmission electron micrograph (i) and size distribution pattern (ii) of phytosynthesized silver nanoparticles at different light intensity 
viz. sunlight a 67,000 lx, diffuse light b 230 lx and dark c 0 lx

Fig. 7  Impact of pH variation of plant extract on phyto-synthesis of 
silver nanoparticles

Fig. 8  UV–Visible spectra depleting plasmon peaks of silver nano-
particles phytosynthesized by varying pH of plant extract
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shift was observed as the pH of the extract progresses from 
neutral-low alkaline-high alkaline stage. Minimal red-blue 
shift in the absorbance peak was mainly due to difference 
in particle size and shape. It has also been reported that 
at acidic pH due to aggregation of particles spectral peak 
became broader showing low absorbance value while maxi-
mum synthesis of nanoparticles took place at alkaline pH 
[48]. Anigol et al. [71] stated that alkaline pH was most 
suitable for nanoparticle synthesis with finest spectral peak 
noted at pH 9, supporting our spectral observation which 
also showed least wavenumber of 420 nm at pH 9.

The hydrodynamic size of phytosynthesized silver nano-
particles at different pH range by DLS analysis was found to 
be 39.13, 45.04, 29.13, 77.12 and 111.80 nm corresponds to 
pH 2, 5, 7, 9 and 12 respectively (Fig. 9). From DLS Z-aver-
age size it was observed that synthesized silver nanoparticles 
were in nanoscale with particle size increased at both acidic 
and basic pH, while least size dimension was observed at 
neutral pH. The DLS technique while measuring the particle 
size takes into consideration the solvent layer and capping at 
the interface [72]. The large particle size at alkaline pH was 
probably due to the presence of large number of reducing 
and capping agents surrounding the nanoparticles.

Obtained zeta potential of most intensified peak at pH 
2 and 5 was reported to be + 14.2 and + 19.5 mV covering 
67.4 and 56.6% of the total distribution respectively, indicat-
ing high instability because the zeta potential value was not 
greater than + 30 mV which was considered as the stable 
zone of silver nanoparticles. Beside this zeta potential at pH 
9 and 12 showed appearance of multiple peaks revealing its 
polydispersity and instability nature which was not fruitful 
from bioactivity point of view. Lack of stability of silver 
nanoparticles under alkaline condition was probably due 
to lack of stabilizing agent resulting in agglomeration [73]. 
The zeta potential of pH 7 was found to be + 36.4 mV and it 
was within the zone of stability, indicating that nanosilver 
prepared with mulberry leaf extract of pH 7, gave best and 
stable nano formation (Fig. 10). It has been reported that 
leaf extract of Aegle marmelos and Psidium guajava medi-
ated biosynthesis of silver nanoparticle showed optimum 
particle size with maximum nanoparticle synthesis at pH 7 
[74, 75], supporting our observation. Similarly silver nano-
particles synthesised with mango leaf extract demonstrated 
optimum pH of 7 for biosynthesis [28]. Maximum stability 
at pH 7 was probably due to surface charge on the nanopar-
ticles which maximizing the repulsive force among particles 
enhancing the stability [29].

TEM imaging of nanoparticles synthesized at pH 7, 9 and 
12 was conducted; rejecting pH 2 and 5 as the particles does 
not remain in suspension after synthesis. From TEM micro-
graph it was observed that synthesized particles were mostly 
spherical in nature (Fig. 11). Further it was observed that 
with increase in alkaline condition dimension of particle size 

increased. It was observed that silver nanoparticle synthe-
sized at pH 7 bears average particle size of 18.11 ± 2.55 nm 
with polydispersity of 8.78%, indicating monodispersed 
nature of most of the particles. Nanoparticles synthesized at 
pH 9 and 12 displayed average particle size of 25.48 ± 12.41 
and 29.04 ± 9.61 nm and polydispersity of 48.70 and 53.90% 
respectively. Obtained result clearly indicated that larger the 
pH more was the particle size and greater was the polydis-
persity. The pH of the reaction medium strongly influenced 
the size and shape of the synthesizing nanoparticles as it 
changed the nature of phytochemical present in the extract, 
affecting their binding potential with the metallic ions [59].

3.4  Effect of Temperature Variation on Synthesis 
of Silver Nanoparticles

With increase in temperature rapid nano formation took 
place. In case of 80 °C within 5 min of addition of plant 
extract appearance of dark brown colour took place, indicat-
ing nano formation. Time duration of nanosilver formation 
at 50 and 25 °C was 15 min and 30 min respectively. While 
at lower temperature range nano formation does occurs but 
takes more time than normal. The intensity of the colour var-
ied greatly, giving a colour gradient with temperature fluc-
tuation i.e. at higher temperature appearance of dark brown 
colour nano solution was observed while at lower tempera-
ture, appearance of pale brown colour nano was observed 
(Fig. 12). Firdhouse and Lalitha [76] while studying green 
synthesis of silver nanoparticles using extract of Amaranthus 
polygonoides noted that with increase in temperature rapid 
biosynthesis took place, supporting our observation.

On plotting UV–Vis spectral observation in the wave-
length range of 300–800 nm against absorbance it was 
noted that with gradual increase in temperature from 0 to 
80 °C, intensity of plasmon peak also increased (Fig. 13). 
The rate of synthesis of silver nanoparticles got elevated 
with increase in temperature as indicated from high absorb-
ance values [48]. It was reported that increase in amplitude 
of spectral peak with increase in temperature was due to 
increase in rate of reaction [77]. On analysing spectral peak 
as a function of wavenumber it was observed that nanopar-
ticles synthesized at all temperature grade gave same λmax 
of 432, indicating uniformity in particle shape as position-
ing of spectral band largely depended on particle size and 
shape [78].

On determining hydrodynamic diameter as a correlation 
function of the scattered intensity of the synthesized nano-
particles through DLS analysis, it was observed that at 25 °C 
lowest Z-average diameter of 29.57 nm was recorded which 
increases in both low and high temperature range (Fig. 14). 
It was observed that in comparison to Z-average diameter 
of 37.54 nm at 50 °C, silver nanoparticle formed at 10 °C 
and 0 °C gave greater dimension of 42.66 and 38.81 nm 
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particle sizes respectively. However highest hydrodynamic 
size of 57.68 nm was recorded at 80 °C, indicating at high 
temperature particle size increased. For particles in Brown-
ian motion increase in temperature increases the degree of 
momentum resulting in higher degree of collisions between 

nanoparticles causing aggregation and forming of larger 
sized nano particles [79]. Increase in van der Waals force 
of attraction between particles in the nano solution was the 
possible reason behind increase in particle size [80].

Fig. 9  Dynamic light scatter-
ing (DLS) representing particle 
size distribution as a function of 
percent intensity of silver nano-
particles phytosynthesized by 
varying pH of plant extract, a-e 
pH 2, 5, 7, 9 and 12 respectively
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On determining electrostatic stabilization of the nano-
particles through zeta potential, it was observed that at 
temperature 0, 10, 50, 80 °C zeta potential was obtained 
to be + 22.1, + 24.9, + 22.0 and + 7.36 mV (Fig. 15), cover-
ing a proportion of 77.6, 40.2, 65.0 and 48.3% of the total 
distribution respectively, indicating high instability because 

the zeta value was neither greater than + 30 mV nor less 
than − 30 mV which was considered as the stable zone for 
silver nanoparticles [81]. The zeta potential of nanoparticles 
synthesized at 25 °C was found to be + 37.4 mV and it was 
within the zone of stability, indicating that nanosilver pre-
pared at 25 °C was suitable for bioactivity. Particles having 

Fig. 10  Zeta potential demon-
strating stability of silver nano-
particles phytosynthesized by 
varying pH of plant extract, a-e 
pH 2, 5, 7, 9 and 12 respectively
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Fig. 11  Transmission electron micrograph (i) and size distribution pattern (ii) of silver nanoparticles phytosynthesized by varying pH of plant 
extract, a-c pH 7, 9 and 12 respectively

Fig. 12  Impact of temperature variation on phyto-synthesis of silver 
nanoparticles

Fig. 13  UV–Visible spectra depleting plasmon peaks of silver nano-
particles phytosynthesized at different temperature range viz, 0, 10, 
25, 50 and 80 °C
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zeta potential value outside stable range fails to generate 
required repulsive force resulting in aggregation forming 
large size dimension, explaining the possible reason for 
enhanced DLS particle size at low and high temperature 
[82].

TEM micrograph of synthesized silver nanoparticles 
showed the presence of spherical shape particles under 
all conditions (Fig. 16). Image J analysis of TEM micro-
graph displayed minimal variation in average particle size 
of 21.45 ± 8.44, 20.67 ± 6.44, 18.94 ± 5.30, 22.45 ± 7.93 
and 23.55 ± 5.92 nm for nanoparticles synthesized at 0, 

Fig. 14  Dynamic light scatter-
ing (DLS) representing particle 
size distribution as a function 
of percent intensity of silver 
nanoparticles phytosynthesized 
at different temperature range, 
a-e 0, 10, 25, 50 and 80˚C 
respectively
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10, 25, 50, 80 °C respectively. The obtained TEM result 
was in good agreement with the result of DLS analysis, 
showing least particle size at 25 °C. The increase in par-
ticle size with temperature elevation was probably due 

to aggregation of particles resulting from loss of affinity 
between capping molecules and phytosynthesized silver 
nanoparticles [15]. On analyzing variation in particle 
size with respect to polydispersity it was observed that 
from 0 to 80 °C polydispersity ranged between 25.14 and 

Fig. 15  Zeta potential indicating 
stability of silver nanoparticles 
phytosynthesized at different 
temperature range, a-e 0, 10, 25, 
50 and 80 °C respectively



Journal of Inorganic and Organometallic Polymers and Materials 

1 3

Fig. 16  Transmission electron micrograph (i) and size distribution pattern (ii) of phytosynthesized silver nanoparticles at different temperature 
range, a-e 0, 10, 25, 50 and 80 °C respectively
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39.33%, indicating least variation among treatments and 
monodispersity of particles by at least 60%. Thus silver 
nanoparticles synthesize under normal environmental tem-
perature range gives the best optimum result which bears 
an additional advantage as it will prevent loss of extra heat 
energy, as well as it will prevent the protein molecules 
present in the extract acting as capping and reducing agent 
from denaturation at high temperature [83].

3.5  Long Term Stability Assessment 
of Phytosynthesized Silver Nanoparticles

For assisting long term stability, UV–Visible spectral read-
ings were taken at 10 days interval for the period of 60 days 
and the nature of peak deformation and stability were stud-
ied, as UV–Vis spectroscopy was considered as valuable 
technique for asserting formation and stability of synthesized 
metal nanoparticles [15]. It was observed that nanosilver 
prepared at pH 12 and 9 are gradually getting deformed with 
storage duration, as revealed by appearance of peak plateau 

with increase in days of storage (Fig. 17), supporting the 
observation of zeta potential described above. Peak deforma-
tion was more prominent for nanosilver prepared at pH 12 
showing gradual bluntness from 20 days onward while that 
for pH 9, visible changes was noticed after 40 days of stor-
age. Nanosilver prepared at pH 7 able to maintain its normal 
peak sharpness almost till the last day of storage, indicat-
ing its high stable nature. With increase in days of storage 
gradual red shift in spectral peak was noticed for nanosilver 
synthesized at alkaline pH indicating aggregation of parti-
cles resulting in large size with instable nature, as red shift 
in the wavelength of plasmon peak indicates instability [84].
On analyzing graphical spectral peaks of nanosilver prepared 
at different temperature, no striking change was noted dur-
ing long term stability assessment, indicating that nanosilver 
prepared at any temperature range able to retain its natural 
texture for a longer period of time (Fig. 18). However slight 
increase in absorbance value with increase in days of storage 
was probably due to precipitation of large size particles over 
time. Silver nanoparticles synthesized by chemical reduction 

Fig. 17  Long term stability assessment as a function of plasmon peak deformation through UV–Vis spectrophotometer of silver nanoparticles 
phytosynthesized by varying pH of plant extract, a-f spectral reading at an interval of 10, 20, 30, 40, 50, 60 days
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process had displayed no significant change in the peak posi-
tion in the reaction mixture till 30 days [85]. Current study 
reports better performance of silver nanoparticles synthe-
sized by green technology showing additional stability under 
defined condition of pH 7 and 50 °C. Long term stability 
of green synthesised colloidal silver nanoparticles has been 
reported by Velgosová and Mražíková [86]. Long term sta-
bility of silver nanoparticles greatly depends on nature of 
associated stabilizing and capping agents [87]. Thus it may 
be stated that the presence of sufficient potentiality in phy-
toconstituents of mulberry leaves was the ensuring factor 
for the long time stability to synthesized silver nanoparticles 
prepared at pH 7 and 25 °C.

3.6  Bioactivity Assessment of Prepared Nanosilver 
Solution

Application of mulberry leaves was well documented in silk 
industry, as they serve as feeding material for lepidopteron 
insect Bombyx mori [88]. Silk farmers stores these leaves 
during rainy season, as feeding wet leaves increases Bombyx 
mori mortality rate. During storage microbial proliferation 

blocks the normal conducting pathway resulting in early 
senescence. Use of preservative solution bearing potent 
antimicrobial agent like nanosilver may solve the quandary. 
On preserving mulberry leaves for 7 days with nanosil-
ver solution phytosynthesized with mulberry leaf extract 
adjusted to pH 2, 5, 7, 9 and 12, it was observed that with 
increase in days of preservation gradual depletion of leaf 
quality (i.e. yellowing of the leaves) takes place in leaves 
preserved in nanosilver solution of pH 2, 5, 9 and 12 respec-
tively. Maximum yellowish texture was noticed in leaves 
preserved in pH 12 followed by pH 2 (Fig. 19), indicating 
that high acidic and alkaline nature was not suitable for post-
harvest leaf preservation. The best quality of leaf preserva-
tion (complete greenish nature was maintained till the last 
day of preservation) was observed in nanosilver solution 
synthesized at pH 7. On preserving mulberry leaves with 
nanosilver solution prepared at different temperature viz. 0, 
10, 25, 50 and 80 °C it was noted that nanosilver synthesized 
at low temperature and at higher temperature was not suit-
able for leaf preservation because in both the cases, decol-
ouration of leaves was observed after 4 days onwards. The 
ideal temperature for nano formation at which best quality of 

Fig. 18  Long term stability assessment as a function of plasmon peak deformation through UV–Vis spectrophotometer of phytosynthesized sil-
ver nanoparticles at different temperature range, a-f spectral reading at an interval of 10, 20, 30, 40, 50, 60 days
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leaf preservation can be achieved was 25 °C (Fig. 20). Leaf 
preserved with nanosilver prepared at 25 °C able to retain 
its natural condition till the last day of preservation, indicat-
ing its bioactive nature. Bioactive silver nanoparticles are 
reported to have significant antimicrobial property as they 
bears the potentiality to alter microbial membrane struc-
ture, as well as causes damage to DNA backbone and inter 
cellular proteins [89]. This antimicrobial property was the 
probable cause for prolonging shelf life of mulberry leaves, 
as this property of silver nanoparticles has previously been 
reported for extending shelf life of post harvest flowering 

twigs like Chrysanthemum [90], Gerbera [91], Polianthus 
tuberosa [92].

Further verification of leaf quality was done through 
determination of chlorophyll content, as changes in chloro-
phyll content can serve as a potential tool for detecting post-
harvest stress that causes membrane changes in plant cells 
[93]. In postharvest physiology, chloroplasts are considered 
as one of the most sensitive membrane systems, equivalent 
to mitochondrial membranes [94]. Chlorophyll estimation 
of preserved leaves in nanosilver solution prepared under 
different pH showed depletion of chlorophyll content from 

Fig. 19  Physical condition of mulberry leaves preserved in nanosilver solution phytosynthesized with mulberry leaf extract adjusted to pH 2, 5, 
7, 9 and 12
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4 day onwards (Table 1). Leaves preserved in nano solu-
tion of pH 12 showed maximum depletion in chlorophyll 
content followed by pH 2, while pH 5 and 9 showed almost 
similar depletion pattern. Leaves preserved in nanosilver of 
pH 7 showed retention of chlorophyll content till the last 
day of preservation. Chlorophyll content decreases sharply 
from 4 day onwards in leaf preserved in nanosilver pre-
pared at 0 °C. Leaves preserved in nano solution prepared 
at 10 °C also showed depletion in chlorophyll content but 
the amount of depletion was less than 0 °C. A little depletion 
in chlorophyll content was also noted in leaves preserved in 

nanosilver solution prepared at 50 and 80 °C. The highest 
retention of chlorophyll content was noted in leaves pre-
served in nanosilver solution prepared at 25 °C. Decrease 
in chlorophyll content during vase life was mainly due to 
accelerated senescence of harvested leaves causing loss 
of metabolic protein and chlorophyll content and thereby 
promoting the process of ageing [95]. Thus by analyzing 
chlorophyll retention pattern in the current study, it is clear 
that nanosilver prepared with plant extract maintaining pH 
7 and 25 °C gives best bioactive nanoparticles effective in 
post harvest preservation of mulberry leaves.

Fig. 20  Physical condition of mulberry leaves preserved in nanosilver solution phytosynthesized at different temperature range viz. 0, 10, 25, 50 
and 80 °C
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4  Conclusion

Current study indicated successful phytosynthesis of silver 
nanoparticles via simple biological protocol at different 
pH and temperature gradient using aqueous leaf extract of 
Morus alba that supplied both reducing and stabilizing agent 
during bioreduction. It was observed that best nanosilver for-
mation takes place under diffuse light giving a size dimen-
sion of 21.58 nm having stable zeta value of + 46.2 mV. It 
can also be concluded that acidic pH was not suitable for 
nanosilver biosynthesis while rapid synthesis of nanosilver 
takes place as the pH progresses towards alkalinity. Minor 
variation in particle size was noted on synthesizing silver 
nanoparticles at different temperature range with least size 
dimension of 18.94 nm at 25 °C. Initial stability assessment 
through zeta potential and long term stability assessment 
through UV–Visible spectrophotometer clearly indicate that 
most stable and durable nanosilver was synthesized under 
diffuse light maintaining pH 7 and temperature of 25 °C. 
Biosynthesized silver nanoparticles at pH 7 and 25  °C 
showed potent bioactivity as they are effective in extending 
post harvest shelf life of mulberry leaves by 7 days.
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Abstract
The present study deals with a current arising problem of landless farmers and a challenge in solving an age-long difficulty 
of silk farmers: feeding of larvae during rainy season. On feeding wet mulberry leaves, the mortality rate of larvae increases, 
as a result of which productivity decreases. Biogenic synthesized silver nanoparticles were found to be effective in preserv-
ing mulberry leaves at the post-harvest stage. A major threat during preservation is the decline in the protein content of 
leaves, putting a negative impact over productivity, as leaf protein content is a major contributor towards silk gland develop-
ment. Another threat resides with the generation of excessive reactive oxygen species (ROS), causing cellular damage and 
thereby enhancing senescence. SDS (sodium dodecyl sulphate) gel analysis of mulberry leaf protein reflects the preservative 
potential of nanosilver solution. Leaves preserved in nanosilver solution showed gel banding pattern almost constant till the 
entire duration of preservation, i.e. for 7 days, and the banding pattern was more prominent and invariable than the banding 
pattern showed by leaf protein preserved in silver nitrate and distilled water. SDS banding pattern of silkworm larvae fed 
with nanosilver-preserved leaves appeared almost similar to that of larvae fed with fresh leaves, which also reflects a high 
preservative potential of nanosilver solution. Through isozyme profiling, superoxide dismutase (SOD) and catalase (CAT) 
activity was found to be active in both nanosilver-preserved mulberry leaves and silk gland of larvae fed with the same 
preserved leaves;also, this up-regulated peroxidase activity was observed in preserved leaves. Isozyme profiling reflects 
the presence of sufficient defensive activity to protect against damage caused by ROS accumulation. OHR-LCMS profiled 
proteins through string analysis detected involvement of photosynthesis-associated proteins and stress-inhibiting proteins, 
helping to prevent senescence and thus enhancing shelf life.

Keywords Nanosilver · Mulberry leaf preservation · Silkworm · SDS PAGE · Native PAGE · OHR-LCMS

Introduction

Silkworm, a lepidopteron group of insect, is often consid-
ered as “Queen of textiles” for producing economically 
important silk fibre (Soumya et al. 2017). Production of 
high-quality cocoon depends on larval internal metabolism 
and nutritional quality of mulberry leaves (Nagaraju 2002). 
The food habit of silkworm larvae is very sensitive, as it 
requires proper balance of carbohydrate, proteins, amino 
acids, fatty acids, vitamins and various micronutrients for 
normal growth and development of the silk gland (Wani 

et al. 2018). Alebiosu et al. (2013) reported that mulberry 
leaves directly contributes 70% of the total proteins present 
in silk fibre. The ability of silkworm larvae in converting 
mulberry leaf protein to silk protein depends on their dietary 
efficiency, which in turn depends on the quality of mulberry 
leaves they feed upon, their tenderness, thickness and tight-
ness (Sharma et al. 2018). Low-quality feeding results in 
inferior quality small size cocoon and less number of eggs; 
besides these, it also affects larval growth rate, body weight, 
survival rate, longevity, movement and competitive ability 
(Hossain et al. 2016).

The agro-based silk industry is considered as a rural 
lifeline of India, as it generates employment to millions of 
rural and sub-rural people, improving their economic status 
(Bukhari and Kour 2019). The silk industry was divided 
into different sub-categories according to division of labour, 
viz. mulberry cultivation, silkworm rearing, egg production, 
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reeling and weaving and lastly marketing (Bhat and Choure 
2014). In comparison to men, more women participants are 
involved in sericulture practice. Women are actively involved 
in silkworm rearing and management practices. It has been 
reported that in mulberry cultivation and silkworm rearing, 
50% and 60% women participation was involved, respec-
tively (Kasi 2013). The number of people participating in 
this practice has been decreasing regularly due to urbaniza-
tion and increase in cost of articles required for carrying 
out rearing practices. Besides these regular purchasing of 
leaves by the landless farmers, their transportation charges 
also increase the cost of overall rearing, as a result farmers 
leave their ancestral practice and move to urban cities in 
search of employment.

Another major challenge faced by the silk industry is in 
silkworm rearing during rainy season. During rainy season, 
feeding of larvae with wet leaves leads to the development of 
larval disease, resulting in a high mortality rate and decreas-
ing productivity. Traditional practitioners have overcome 
this problem for a long time by adopting the strategy of leaf 
storage. The hurdle that is faced during storage is nutritional 
depletion and dryness of leaves, resulting in inferior-qual-
ity cocoons. Post-harvest leaf preservation in preservative 
solution by retaining the natural conditions of leaves may 
help to overcome this problem. The disadvantage of using 
preservative solution is microbial proliferation resulting in 
blockage of xylem elements, inhibiting normal physiological 
processes and resulting in senescence. Merzlyak and Hen-
dry (1994) reported that microbial proliferation increases 
reactive oxygen species (ROS), and free radical percentage 
inside the tissue causes rapid senescence and degradation of 
macromolecules. Das and Roychoudhury (2014) stated that 
ROS cause damage at cellular level by degrading pigment, 
proteins and nucleic acid.

Nanosilver solution acts as an effective antimicrobial 
agent, as it damages bacterial cellular organization by releas-
ing silver cations (Paszek et al. 2012). The bactericidal activ-
ity of silver nanoparticles was due to the electrostatic force 
of attraction between positively charged nanoparticles and 
negatively charged microbial membrane (Stoimenov et al. 
2000). Due to the presence of antimicrobial property, sil-
ver nanoparticles were used to extend the vase life of horti-
cultural crops such as carnation flower (Naing et al. 2017), 
Chrysanthemum (Carrillo-López et al. 2016), rose (Hashe-
mabadi et al. 2014), Gerbera (Mohammadiju et al. 2014) and 
tuberose (Bahrehmand et al. 2014).

Literature survey reports the application of laser ablation, 
electron irradiation, gamma irradiation, thermal decomposi-
tion, chemical reduction, phytochemical reduction, micro-
wave processing and green technology for silver nanoparti-
cles synthesis (Iravani et al. 2014; Nadagouda et al. 2011; 
Akhbari et al. 2010). Among the different methods of nano-
synthesis, green technology, often called biogenic method 

or biological methods, gains additional advantage over other 
methods as it is environment friendly, nontoxic, economical 
and less time consuming (Parveen et al. 2016). Biosynthesis 
of nanoparticles has been reported using algae, fungi, yeasts, 
bacteria and different plant parts (Shaik et al. 2018; Raja-
gopal et al. 2015; Rauwel et al. 2015). In the present study, 
mulberry leaf extract was used for nanosilver biosynthesis. 
There are two reasons behind selecting mulberry leaf extract 
as a bioreducing agent in the current study. First, the phyto-
constituents present in mulberry leaves extract act as reduc-
ing and capping agent during bioreduction of silver nitrate 
to nanosilver. When this biosynthesized nanosilver is used 
as preservative solution, it will not have any harmful toxic 
effect because the phytoconstituents present in the preserva-
tive solution are the same constituents that are present inside 
the leaves that were preserved. Secondly, the phytochemi-
cal constituents present inside mulberry leaves bear strong 
antimicrobial, antioxidant activity (Wattanapitayakul et al. 
2005; Sohn et al. 2004; Oh et al. 2002), and this property 
will be useful for extending the post-harvest shelf life of 
mulberry leaves using nanosilver solution synthesized by 
mulberry leaf extract.

Application of metallic nanoparticles has been well 
documented at various industrial levels because of their 
environmental-friendly approach, which is crucial under 
the scenario of increasing environmental hazards. Imple-
mentation of nonmaterial for the development of novel 
chemical mechanical polishing (CMP) slurry such as nickel 
alloy (used in semiconductor and microelectronics indus-
try), titanium alloy (used in automobile, aerospace, medi-
cine equipment and phytochemical industry), and copper 
alloy (used in battery and electronic product manufacturing 
industry) has greatly reduced the environmental contami-
nation level caused by traditional industries (Zhang et al. 
2018, 2019,2020). Nanotechnology has been successfully 
implemented for the development of environment-friendly 
nanometer chips of silicon wafers (Yu et al. 2013) and soft-
brittle HgCdTe films (Zhang et al. 2012) by the induction 
of ultrafine diamond grid that significantly reduces the 
surface roughness on the work specimens. Due to the non-
toxic nature and abundance of silicon in the Earth’s crust, 
the nanostructure in silicon is used to manufacture ultrathin 
flexible integrated circuits, solar cell, transistors, electrodes 
and other microelectronics by the application of high-speed 
diamond scratching on silicon wafers at nanoscale depth 
(Wang et al. 2018; Zhang et al. 2015). Industrial application 
of silicon carbide nanowires in high-performance nanowire-
based devices is reported to be highly environment friendly, 
as it helps to avoid catastrophic failure when working in 
extreme environmental condition (Cui et al. 2019a, b). In 
the construction field, bio-friendly carbon nanotubes are 
used in concrete for maintaining the mechanical durability. 
Copper oxide nanoparticles are used in steel for developing 
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corrosion-resistant property and silver nanoparticles are 
used for manufacturing paints due to their biocidal activity 
(Lee et al. 2010). Apart from conventional industrial appli-
cation of metallic nanoparticles, eco-friendly fabrication 
of green biosynthetic metallic nanoparticles has drawn the 
attention of modern day industries. Green synthesized metal-
lic and metallic oxide nanoparticles of gold, silver, lead, 
iron, zinc oxide and titanium oxide hold diverse applica-
tions in the field of biomedical science (viz. wound dressing, 
bone cementing, cancer therapy, medical diagnostic and sen-
sor, antimicrobial activity, antifungal activity and antiviral 
activity), environmental remediation (viz. metal absorption 
and biorecovery), catalytic degradation of organic pollut-
ant (viz. catalytic dehalogenation, catalytic 4-nitrophenol 
degradation, dye removal, catalytic Cr(VI) reduction) and 
wastewater treatment (Madkour 2018; Schröfel et al. 2014). 
Among different biosynthesized metallic nanoparticles, 
silver nanoparticles gain special importance due to their 
diverse sector application. Application of biogenic silver 
nanoparticles was reported in the field of biomedical science 
(viz. antibacterial, antifungal, antiviral, anti-inflammatory, 
antiangiogenic, wound healing, drug delivery and anticancer 
activity), environmental purification activity (viz. ground-
water and biological wastewater disinfection, drinking water 
disinfection and air disinfection), textiles application (viz. 
medicinal textiles—devices and UV rays blocking textile) 
and in food processing and packaging industry (Verma and 
Maheshwari 2019). Due to the presence of antimicrobial 
activity of biosynthesized silver nanoparticles against a wide 
range of microorganisms, it is actively used in the food pack-
aging industry and cosmetic industry as preservative (Sim-
bine et al. 2019; Kokura et al. 2010). Due to the presence of 
bactericidal activity, silver nanoparticles are used as coating 
material or in vase solution to enhance the shelf life of post-
harvest edible fruits, vegetables and flowering twigs (Xing 
et al. 2019; Gao et al. 2017; Carrillo-López et al. 2016; Bah-
rehmand et al. 2014).

The current study was conducted with a hypothesis that 
biogenic silver nanoparticles will act as an effective preserv-
ative in preserving mulberry leaves at post-harvest stage of 
preservation. The preserved leaf will retain normal physical 
and physiological texture as that of fresh leaves, especially 
protein content which is required for silk gland development 
and cocoon formation.

The present approach deals with the evaluation of the pro-
tein profile of preserved mulberry leaves, as well as assess-
ment of larval growth and cocoon parameters on feeding 
with the same preserved leaves. The preservative potential of 
nanosilver was evaluated with respect to silver nitrate (posi-
tive control) from which it was prepared with distilled water 
serving as negative control. The evaluation of the protein 
profile of preserved leaves was conducted through sodium 
dodecyl sulphate–polyacrylamide gel electrophoresis (SDS 

PAGE) with respect to fresh leaves to assess whether there 
is any protein depletion during preservation. SDS PAGE 
analysis of silk gland, fat body, haemolymph and stomach 
protein of silkworm larvae was also conducted to assess 
the changes in protein content on feeding preserved leaves. 
Besides this, OHR-LCMS analysis was conducted to iden-
tify proteins present in differentially expressed SDS bands. 
Isozyme pattern of mulberry leaves and silk gland protein 
was also conducted to assess antioxidant defensive activity 
present inside preserved leaves and silkworm larvae fed with 
the same preserved leaves.

Materials and methods

Leaf sample collection

S1 genotype of mulberry leaves were collected from mul-
berry germplasm garden (26°50′58.3′′N 88°26′26.9′′E), 
Department of Botany, University of North Bengal, Siliguri, 
West Bengal, India.

Biogenic synthesis of silver nanoparticles

Plant extract preparation

For preparing extract, 10 g leaf sample was measured (Sarto-
rious Lab Instruments GmbH & Co. KG, Model No. QUIN-
TIX224–10IN), washed well with distilled water, and then 
finely chopped into small pieces. Chopped leaves were trans-
ferred to a conical flask (Borosil Make) containing 100 ml 
double distilled water and was allowed to reflux for 1 h at 
100 °C. At the end of refluxing, pale yellowish coloured 
plant extracts were collected.

Preparation of silver nitrate  (AgNO3) solution

For biogenic synthesis of silver nanoparticles preparation, 
 10–3 M silver nitrate (v800358-25G, Batch # 0,000,003,756, 
VETEC) solution was prepared.

Nanoformation and validation

To the prepared silver nitrate solution, mulberry leaf extract 
was added dropwise in the ratio of 10:1. For uniform mix-
ing, a magnetic stirrer (REMI Equipments) was used. The 
appearance of a brown colour solution indicates silver nano-
particles formation.

The obtained nanosolution was further evaluated using 
UV–visible spectrophotometer (SYSTRONICS-2201) in a 
wavelength range of 300–800 nm.
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Leaf preservation

Fresh, healthy and disease-free leaves were collected from 
mulberry germplasm garden during daytime between 6 and 
7 am. Collected leaves were preserved in 6 ppm nanosilver 
solution and, for assisting the nature of preservation, 6 ppm 
silver nitrate was taken as positive control and double dis-
tilled water as negative control. Before leaf preservation, a 
fine oblique cut of petiole under water was made for main-
taining an intact water column. Leaves were preserved in 
superior-quality plastic glasses containing 20 ml preserva-
tive solutions. For retaining moisture content, glasses con-
taining the leaves were inserted into a perforated zipper bag, 
through which gaseous exchange can also be maintained.

The preserved mulberry leaves were used for SDS gel 
electrophoresis and isozyme analysis. Preserved leaves were 
also used for larval rearing for studying the impact of feed-
ing preserved leaves through larval parameters. Preserved 
leaves fed larvae were also used for analysing SDS PAGE 
and native PAGE.

Larval rearing and cocoon parameters

Fifth instar larvae were collected from Matigara Sericulture 
farm (26˚70′40″N and 88°35′37″E), Matigara, Siliguri, West 
Bengal. The rearing process was done in laboratory condi-
tion following the standard procedure of Krishnaswami et al. 
(1978). The larvae were distributed in different bamboo trays 
for different treatments and each tray contained 13 larvae. 
Three replica plates for each treatment were used. In one set, 
freshly collected (S1 variety) mulberry leaves were provided 
for feeding, while in other sets distilled water, silver nitrate 
and nanosilver-treated preserved leaves were provided. At 
the end of the rearing process, single shell weight (SSW), 
shell ratio (SR) (%), single cocoon weight (SCW), effective 
rate of rearing (ERR) (%), and mortality rate (MR) (%) were 
calculated using the following formulae:

SCW=
weight of the cocoons (gm)

total number of cocoons
,

SSW =
weight of the shells (gm)

total number of shells
,

SR (%) =
single shell weight (gm)

single cocoon weight (gm)
× 100,

ERR (%) =
total number of cocoon harvested

total number of larvae brushed
× 100,

MR (%) =
number of death larvae

total number of larvae
× 100.

SDS gel electrophoresis

Extraction of leaf protein

Liquid nitrogen treatment of the preserved and fresh leaves 
was done in a mortar and pestle. To the fine powder of the 
sample which was obtained through cryocrushing, lysis 
buffer was added containing trichloroacetic acid, dithi-
otreitol and acetone and mixed thoroughly. The lysate was 
added to fresh Eppendorf tube with some more lysis buffer 
for proper lysis of the cells. The Eppendorf tube was vor-
texed for uniform mixing of the content. After vortexing, 
the tube was incubated at – 20 °C for 40 min, so that the 
proteins were precipitated in the buffer solution. At the end 
of incubation, the tube was centrifuged at 14,000 rpm for 
30 min, maintaining temperature at 4 °C. The supernatant 
obtained from centrifugation was carefully discarded with-
out disturbing the pellet. To the pellet, 1 ml wash buffer con-
taining dithiotreitol and acetone was added and incubated 
at − 20 °C for 30 min. Following incubation, centrifugation 
at 14,000 rpm for 15 min was done and the supernatant was 
carefully removed. The pellet was air dried and added to the 
rehydration buffer containing CHAPS and urea to solubilize 
and denature the protein, respectively.

Extraction of larval protein

On the final day of the fifth instar, i.e. before the larvae 
starts spinning, some larvae were selected for dissection. 
After anatomical dissection, different body parts of larvae 
were isolated, viz. silk gland, haemolymph, stomach and fat 
body. Dissected body parts were crushed with phosphate 
buffer (pH = 7.5) to extract the proteins and stored at -20 ̊ C.

Sodium dodecyl sulphate–polyacrylamide gel 
electrophoresis (SDS PAGE)

SDS PAGE was done in Bio Rad Mini PROTEAN Tetra Cell 
following the standard protocol of He (2011).

Preparation of acrylamide and bisacrylamide

For SDS gel electrophoresis, 29.2% (w/v) acrylamide and 
0.8% (w/v) N′N′-bis-methylene-acrylamide were dissolved 
in 100 ml double distilled water. The prepared stock solution 
was filtered and stored in a dark glass bottle at 4˚C.

Sodium dodecyl sulphate (SDS) preparation

For resolving gel and stacking gel 0.4% (w/v) 0.8% 
(w/v),respectively, SDS solution was prepared and stored 
at room temperature.
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Tris–HCl (pH = 8.8) preparation for resolving gel

1.5 M Tris–HCl was prepared by adding Tris free base into 
15 ml of double distilled water and the pH was adjusted to 
8.8 using 1(N) HCl. The final volume was made up to 25 ml 
and stored in 4 ˚C.

Tris–HCl (pH = 6.8) preparation for stacking gel

1 M Tris–HCl was prepared by adding Tris–hydrochloride 
into 15 ml of double distilled water and the pH was adjusted 
to 6.8 by using 1(N) HCl. The final volume was made up to 
25 ml and stored at 4 ˚C.

Sample loading buffer preparation

For loading buffer preparation, 24 mg Tris free base, 5 mg 
EDTA, 200 mg SDS and 1 g sucrose were dissolved in 19 ml 
of double distilled water and adjusted to pH 8. Then 20 mg 
Bromophenol blue was added and the solution filtered by 
filter paper. Finally, 1 ml β-mercaptoethanol was added and 
stored in a dark bottle at 4˚C.

Electrophoresis running buffer (pH = 8.3) preparation

A running buffer was prepared by dissolving 3.03 g Tris 
base, 14.4 g glycine and 1 g SDS into 800 ml double distilled 
water and the pH adjusted to 8.3. The final volume was made 
up to 1000 ml and stored at 4˚C.

Ammonium persulphate preparation

10% APS was freshly prepared.

Sample preparation

Sample loading buffer and sample was mixed in the ratio of 
1:2 and heated at 95 ˚C for 1 min and was gently loaded into 
the wells of stacking gel.

Gel formulations

Stacking and resolving gels were prepared using distilled 
water, 30% acrylamide-bisacrylamide, gel buffer and SDS 
in the ratio of 5% and 10%, respectively.

Electrophoresis setup

At the onset of running, the electrode containing the gel was 
transferred into the electrophoresis tank (Bio Rad, model 
no. Mini PROTEAN Tetra Cell, serial no. 552BR 0 2 8 2 
4 7) and running buffer was added. Then the protein sam-
ples were loaded to their respective lanes, after which the 

entire setup was eletrophoresed at 50–60 V using electro-
phoresis power (GeNei, Model no: SLM-LVP-300, Sl no. 
20091011185).

Stain preparation

For staining the gel after electrophoresis, a solution consist-
ing of methanol, acetic acid and double distilled water in 
the ratio of 5:1:4 was prepared and to it 0.25% Commassie 
brilliant blue R-250 was added, dissolved and filtered. The 
gel was transferred into the stain and was incubated for 6 h 
at room temperature.

Destain preparation

The gel was transferred to the destaining solution consisting 
of methanol, acetic acid and double distilled water, leading 
to the appearance of protein bands.

The protein banding pattern obtained through gel elec-
trophoresis was scanned under GS-800 calibrated densitom-
eter (Model no. Powerlock 2100XL-USB) and was analysed 
using Image Lab Software var. 5.1.

Native PAGE

Preparation of plant extract and larval extract

For analysing isozyme pattern, preserved leaves were first 
cryocrushed and then mixed with phosphate buffer specific 
for different isozymes. The buffer containing the sample 
was incubated for 30 min at – 20 °C and then cold centri-
fuged to collect the supernatant. The collected superna-
tant was stored at – 20 °C and was used for detecting the 
presence of specific isozyme through gel electrophoresis. 
As silk gland is responsible for silk production, isozyme 
analysis (Catalase, NADPH Oxidase and Superoxide 
dismutase) of only silk gland protein was done. The silk 
glands were crushed with phosphate buffer (pH = 7.5) to 
extract the proteins and stored at -20 ̊C.

Electrophoresis setup

Isozyme patterning was conducted under freezer condi-
tion for protecting protein present in the collected super-
natant from denaturation following the standard protocol 
of Williams and Reisfeld (1964). Native PAGE was almost 
similar to SDS PAGE mentioned above, but with slight 
differences which are as follows: no SDS was used, sample 
was not heat destabilized prior to use and the entire setup 
was maintained at cold condition (4 °C).
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At the end of electrophoresis, specific staining of the 
obtained gel was done according to the nature of the isozyme 
to be detected.

Staining of isozymes

NADPH oxidase (NOX)

Isozyme pattern analysis of NADPH oxidase was performed 
under ice-cold condition as described by Frahry and Schop-
fer (2001). The gel was stained in a solution mixture consist-
ing of 10 mM Tris buffer (pH = 7.4), 0.05 gm nitroblue tetra-
zolium (NBT) and 134 μM NADPH. The gel was soaked 
in this staining solution in ice cold condition until the band 
was developed.

All the isozyme gel banding patterns were scanned under 
GS-800 calibrated densitometer (Model no. Powerlock 
2100XL-USB) and analysed using Image Lab Software var. 
5.1.

Superoxide dismutase (SOD)

According to the method prescribed by Pereira et al. (2002), 
the isozyme pattern of superoxide dismutase was detected. 
After completing the electrophoresis process, the gel was 
transferred to the staining solution containing a mixture of 
0.05 M potassium phosphate buffer (pH = 7.0), 1 mM EDTA, 
0.05 mM riboflavin, 0.1 mM NBT, and 300 µl TEMED (N, 
N, N, N-tetramethylenediamine) and incubated in dark at 
room temperature for 30 min. After incubation, the gel was 
rinsed with double distilled water and kept in a light box 
until the bands became visible.

Catalase (CAT)

The staining of catalase isozyme was done by following the 
procedure of Woodbery et al. (1971). The gel was soaked in 
5 mM  H2O2 (hydrogen peroxide) and incubated for 10 min. 
After incubation, the gel was washed with double distilled 
water and then incubated in a solution containing equal vol-
ume of 2% pottasium ferricyanide (w/v) and 2% ferric chlo-
ride in dark at room temperature until bands were developed.

Peroxidase (POD)

Peroxidase activity was detected following the procedure 
prescribed by Janda et al. (1999). The gel was soaked in a 
solution of 0.05 M borate buffer containing 5 mM benzidine. 
To this solution mixture, 5 mM  H2O2 was added and incu-
bated in dark ice-cold condition until the bands were visible.

Orbitrap liquid chromatography mass spectrometry

The most prominent differentially expressed SDS band 
of mulberry leaf preserved in nanosilver solution and 
differentially expressed silk gland protein of larvae fed 
with nanosilver-preserved leaves were selected for liq-
uid chromatography mass spectroscopy (Q-Exactive Plus 
Biopharma-High Resolution Orbitrap, Thermo Fisher Sci-
entific Pte. Ltd.).

Column details

Analytical column

Ultrahigh-resolution separation was done on PepMap RSLC 
 C18 2um column, 100A × 50 cm. Pre-column: Acclaim Pep-
Map 100, 100um × 2 cm nanoviper.

Mobile phase

Solvent ‘A’: 0.1% formic acid (FA) in MilliQ water and sol-
vent ‘B’: 80:20 (ACN:MilliQ water) + 0.1% FA was used.

Run time

The sample was run for 1 h.

Data analysis software

Thermo Proteome Discoverer 2.2 was used for analysing the 
obtained peptide sequences.

Databases used

Morus alba database and Bombyx mori database were used 
for identifying the leaf peptides and silk gland peptides 
sequences obtained from OHR-LCMS analysis, respectively.

STRING analysis

The obtained proteins were grouped and their possible rela-
tions were analysed using STRING (Version 11.0) under 
multiple protein category to obtain the network of pro-
tein–protein interaction, which helped to identify the pro-
teins involved in extending the shelf life of mulberry leaves 
and preventing larval mortality on feeding leaves preserved 
with nanosilver solution.

In‑gel digestion of differentially expressed SDS 
band

First, the differentially expressed gel pieces were rinsed 
with 100  µl 25  mM ammonium bicarbonate (ABC) 
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solution. The gel was then dehydrated with 100 µl mixed 
solution of acetonitrile (ACN): 50 mM ABC for 5 min in 
the ratio of 2:1 (Solution ‘A’). On removing supernatant, 
100 µl 25 mM ABC was added and incubated for 5 min, 
followed by dehydration in solution ‘A’. This process was 
repeated two times before proceeding towards reduction 
steps for possible breakage of disulphide bonds. Dur-
ing rehydration, the gel slices were rehydrated in 50 µl 
10 mM dithiothreitol (DTT) and incubated at 56˚C for 
1 h. Then, DTT was removed, and gel slices were rinsed 
with 100 µl 25 mM ABC. The gel slices were incubated 
in dark for 30 min with 100 mM IAA. After 30 min, IAA 
was removed, and the gel slices were rinsed with 100 µl 
ABC. After reduction, the gel slices were again dehydrated 
in the same manner described above. Then the gel slices 
were rehydrated with trypsin (Promega sequencing Grade 
trypsin) at 0˚C, mixed with 25 mM ABC and incubated 
for 30 min, until trypsin was absorbed. The gel slices were 
transferred in a tube and incubated at 37˚C for 16 h with 
25 mM ABC. At the end of incubation, extraction was 
done by removing the supernatant and the gel slices were 
vortexed with 100 µl extraction buffer having 50% ACN 
and 0.1% TFA for 10 min and pooled into a single tube. 
Again, 100 µl extraction solution was added having 60% 
ACN and 0.1% TFA and was allowed to sonicate for 1 min 
(2 s pulse, 1 s gap, 25% amplitude), followed by vortexing 
for 10 min and finally the supernatant was added to the 
previously pooled sample. Extraction was repeated with 
80% ACN and 0.1% TFA and vortexed for 10 min and the 
supernatant was collected. The vacuum concentration of 
supernatant was done to 20 ul.

Zip Tip C18 for MS Analysis

The supernatant obtained from in-gel digestion was used 
for Zip Tip analysis. 10 µl 100% HPLC-grade acetonitrile 
was aspirated into the tip to get rid of waste, followed by 
addition of washing solution (0.1% TFA in MilliQ water) 
into the tip and dispensed to waste. The bound peptides 
with Zip Tip pipette tip were aspirated and dispensed up 
to ten cycles. After that, the washing solution was added 
to dispense the waste. The process was repeated five times. 
Finally, 3–5 μl of elution solution (50% acetonitrile in 
0.1% TFA) was added into a clean Eppendorf tube. The 
eluent present in the Zip Tip was aspirated and dispensed 
eight times without introduction of air.

Results and discussion

Formation of silver nanoparticles

Reduction of silver ion by the addition of plant extract was 
primarily characterized by observing the colour changes 
from transparent to dark brown, which was the basic indi-
cation of silver nanoparticles formation (Annamalai et al. 
2014).

The formed silver nanoparticles were further validated 
by using UV–visible spectrophotometer. The scan was done 
in the range of 300–800 nm and the appearance of peak at 
435 nm (Fig. 1) confirmed nanosilver formation, as appear-
ance of surface plasmon resonance in the wavelength range 
of 400 – 500 nm indicates silver nanosynthesis (Sastry et al. 
1997). Similar absorbance peak was also reported by Das 
et al. (2012) and Shaik et al. (2018) using Sesbania gran-
diflora and Origanum vulgare leaf extract, showing absorb-
ance at 422 nm and 430 nm, respectively.

Assessment of physical condition of preserved 
mulberry leaves

At the end of the preservation period, it was noted that 
nanosilver-treated mulberry leaves showed better preserva-
tive aspect for 7 days as compared to distilled water and 
silver nitrate-treated leaves. Leaves preserved in nanosilver 
solution were able to retain their fresh texture up to 7 days, 
whereas silver nitrate-treated leaves start displaying signs 
of deterioration after 5 days, while leaves preserved in dis-
tilled water showed yellowish patches from the fourth day 
onwards, indicating senescence (Fig. 2). Nanosilver-treated 
flowers showed better post-harvest shelf life because of 
their antibacterial activity (Liu et al. 2009a, b). As a potent 
antimicrobial agent, silver nanoparticles were reported to 
extend the shelf life of cut Gerbera (Liu et al. 2009a, b) 

Fig. 1  UV–Vis spectra of biogenic synthesized silver nanoparticles 
synthesized from extract of mulberry leaf
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and Chrysanthemum (Carrillo-López et al. 2016). The cur-
rent study reports the absence of microbial proliferation 
in nanosilver solution that was used during preservation, 
indicating the presence of strong antimicrobial property in 
biosynthesized silver nanoparticles, while distilled water 
used for leaf preservation turns turbid and emits pungent 
smell with increase in the days of preservation, indicating 
microbial proliferation leading to inhibition of post-harvest 
retention of fresh texture.

Larval rearing parameters

Silkworm larvae fed with nanosilver-preserved leaves 
showed growth pattern almost similar to the larvae fed with 
fresh leaves, while larvae fed with distilled water-preserved 
leaves showed decreasing trend of growth rate with increase 
in days of feeding. Larvae fed with silver nitrate-preserved 
leaves showed enhanced growth rate, but the degree of 
enhancement was less in comparison to larvae fed with 
nanosilver-preserved leaves (Fig. 3). The obtained result 
clearly indicated the effectiveness of nanosilver solution in 
preserving mulberry leaves by retaining their fresh greenish 
and nutritive texture for 7 days post-preservation. Besides 
these, the obtained result also indicates the non-toxic nature 
of mulberry leaves preserved in nanosilver solution.

Table 1 represents the rearing parameters of silkworm 
larvae fed with preserved and fresh mulberry leaves. 
Bothikar et al. (2014) stated the importance of leaf qual-
ity on larval rearing and cocoon formation. Variation of 
leaf nutritional content has significant impact on cocoon 
production (Gawade and Medhe 2010). Single cocoon 
weight (SCW) of larvae fed with nanosilver-preserved 

Fig. 2  Morphological change pattern of mulberry leaves preserved 
for seven days at post harvest stage in a distilled water, b nanosilver 
and c silver nitrate solution. Image plates in each horizontal axis (a, b 

and c) denotes day wise (day 1 to day 7: left to right) change in physi-
cal texture of the leaves

Fig. 3  Average growth rate of larvae fed with preserved mulberry 
leaves
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leaves decreased 1.07%, respectively, compared to the 
larvae fed with fresh leaves, while the larvae fed with 
silver nitrate and distilled water-preserved leaves showed 
4.36% and 34.73% decrease in SCW. Single shell weight 
(SSW) of the larvae fed with nanosilver-preserved leaves 
decreased by 1.23% compared to the larvae fed with fresh 
leaves, whereas the larvae fed with distilled water and 
silver nitrate-preserved leaves showed decreased SSW by 
54.32% and 9.05%, respectively. Shell ratio (SR) of lar-
vae fed with nanosilver, silver nitrate and distilled water 
decreased by 0.19%, 4.63% and 16.557%, respectively. Use 
of high protein diet effectively increases the quality of the 
cocoon shell (Nguku et al. 2007). The present study also 
reflects a similar observation, as maximum decrease in leaf 
quality was observed in distilled water-preserved leaves; 
so on feeding these leaves to larvae, both cocoon quality 
and quantity decreased.

The effective rate of rearing (ERR) in negative control set 
decreased to 53.85%, indicating the incapability of larvae 
in forming cocoon. ERR of larvae fed with nanosilver and 
silver nitrate was reported to be 94.87% and 84.62%, which 
were 2.65% and 13.17% lesser in comparison to larvae fed 
with fresh leaves. On assessing the mortality rate (MR), it 
was observed that larvae fed with distilled water-preserved 
leaves showed maximum mortality of 46.15%, indicating 
accumulation of toxic metabolic components inside leaves 
leading to larval death on feeding. Nanosilver and silver 
nitrate-preserved leaves on feeding show 5.13% and 15.39% 
mortality rate, while fresh leaves-fed larvae showed 2.56% 
death rate.

SDS PAGE of larval protein

On analysing the SDS band pattern of silk gland proteins, 
16 major bands were observed (Fig. 4). Raman et al. (2007) 
reported that, following protein gel electrophoresis, 10–15 
gel bands were detected in the fifth instar male larvae of 
silkworm supplemented by hydrolysed soy protein, P-soy-
atase, which supports our observation. Differences in rela-
tive density of protein bands were observed after analysing 
the graphical representation (Fig. 5a–c). From the graphi-
cal representation, it was observed that most of the protein 
bands in nanosilver and silver nitrate set appeared almost 
similar to that of larvae fed with fresh leaves, while a low 
expression of protein bands was observed in the negative 
control, indicating failure in the proper development of silk 
gland on feeding senescent leaves. Silk gland protein band 
number 2 in larvae fed with nanosilver-preserved leaves 

Table 1  Rearing parameters of silkworm larvae fed with preserved 
mulberry leaves

SCW single cocoon weight; SSW single shell weight; SR shell ratio; 
ERR effective rate of rearing; MR mortality rate

Preservation Solution Cocoon parameters

SCW SSW SR ERR MR

Fresh 1.215 0.243 19.965 97.436 2.564
Distilled water 0.793 0.132 16.660 53.846 46.154
Silver nitrate 1.162 0.221 19.041 84.615 15.385
Nanosilver 1.202 0.240 19.927 94.872 5.128

Fig. 4  a SDS gel portrait and 
b scanned image of silk gland 
protein obtained from larvae 
fed with (1) fresh leaves, (2–4) 
distilled water, nanosilver and 
silver nitrate preserved leaves
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was the most differentiated band among all the treatments. 
The protein content was the most important nutritive com-
ponent of mulberry leaves, helping in the growth form of 

silkworm larvae, as well as in the development of silk gland 
(Mahmoud 2017). Decrease in band intensity in distilled 
water set clearly indicates depletion in protein content in 

Fig. 5  a–c Graphical represen-
tation depicting relative density 
of silk gland proteins obtained 
from SDS PAGE analysis. 
Numerical (1, 2, 3,…) at the top 
of graphical bars denotes band 
numbers
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silk gland,m which may be due to the decrease in leaf quality 
with increase in the days of preservation, as evident from the 
physical condition of leaves. The obtained result was also 
supported by the result of SSW and SCW, which also shows 
decreasing trend in comparison to other treatments.

Haemolymph band pattern showed the presence of eight 
visible bands (Fig. 6). It was observed that the larvae fed 
with nanosilver and silver nitrate-preserved leaves showed 
retention of protein band pattern almost similar to that of the 
larvae fed with fresh leaves, while the larvae fed with dis-
tilled water-preserved leaves showed less expression of the 
protein band. On analysing the graphical representation with 
respect to the relative density, it was noted that band number 
2, 3 and 6 showed better expression in the larvae fed with 
silver nitrate and nanosilver-preserved leaves than larvae 
fed with distilled water-preserved leaves (Fig. 7a–c). Hou 
et al. (2010) reported that haemolymph surrounds the tissue 
system and acts as a vital depository for energy and nutri-
tion. This open circulatory system helps by delivering nutri-
ent and energy content to silkworm body. Hemolymph also 
plays a crucial role in innate immune response by protecting 
silkworm body from fungal and bacterial attack. The current 
study reveals that the energy content and nutrient efficiency 
of haemolymph was lesser in the larvae fed with distilled 
water-preserved leaves. This decrease in energy content 
may be the prime reason for larvae fed with distilled water-
preserved leaf failing to spin during cocoon formation and 
increase in their mortality rate. Thus, it may be stated that 
larvae fed with fresh, nanosilver and silver nitrate-preserved 

mulberry leaves showed better innate immune response than 
the larvae fed with distilled water-preserved leaves.

On analysing the SDS band pattern of silkworm stomach, 
ten protein bands were detected (Fig. 8). From gel analysis, 
it was observed that larvae fed with nanosilver and silver 
nitrate-preserved leaves showed greater intensified bands 
than larvae fed with distilled water-preserved leaves. On ana-
lysing the graphical representation with respect to the rela-
tive density, a similar trend was noted where band numbers 
3, 8, 9 and 10 showed higher level of expression in larvae 
fed with nanosilver-preserved leaves (Fig. 9a, b). The guts 
of the larvae contain different types of digestive enzymes, 
which bear the efficiency to convert the organic molecules of 
the mulberry leaves into useful biomolecules (Lokesh et al. 
2012). Zhang et al. (2011) reported that the midgut protein 
plays role in growth and metamorphosis. The obtained result 
indicates that the larvae fed with nanosilver-treated leaves 
might produce high amount of digestive enzymes for food 
digestion, leading to maintenance of nutrient efficiency.

On analysing the SDS band pattern of fat body-associ-
ated protein, eight protein bands were observed (Fig. 10). 
It was found that the larvae fed with nanosilver and silver 
nitrate-preserved leaves showed high level of fat protein 
expression than the larvae fed with fresh leaves. From 
graphical representation, it was noted that the protein band 
number 1, 2 and 5 of nanosilver set showed greater level 
of expressions than fresh and distilled water set (Fig. 11a, 
b). Meng et al. (2017) stated that the function of fat body 
is similar to that of mammalian liver. The fat body plays an 

Fig. 6  a SDS gel portrait and b 
scanned image of haemolymph 
protein obtained from larvae 
fed with (1) fresh leaves, (2–4) 
distilled water, nanosilver and 
silver nitrate preserved leaves
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important role in nutrient storage, immune system, homeo-
stasis and metabolic detoxification (Arrese and Soulages 
2010). High amplitude of expressed protein in nanosilver 

set indicates high level of nutrient contents and better 
homeostatic regulation.

Fig. 7  a–c Graphical repre-
sentation depicting relative 
density of haemolymph proteins 
obtained from SDS PAGE 
analysis. Numerical (1, 2, 3,…) 
at the top of graphical bars 
denotes band numbers
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Fig. 8  a SDS gel portrait and 
b scanned image of stomach 
protein obtained from larvae 
fed with (1) fresh leaves, (2–4) 
distilled water, nanosilver and 
silver nitrate preserved leaves

Fig. 9  a, b Graphical represen-
tation depicting relative density 
of stomach proteins obtained 
from SDS PAGE analysis. 
Numerical (1, 2, 3,…) at the top 
of graphical bars denotes band 
numbers
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Fig. 10  a SDS gel portrait and 
b scanned image of fat body 
associated protein obtained 
from larvae fed with (1) fresh 
leaves, (2–4) distilled water, 
nanosilver and silver nitrate 
preserved leaves

Fig. 11  a, b Graphical represen-
tation depicting relative density 
of fat body associated proteins 
obtained from SDS PAGE 
analysis. Numerical (1, 2, 3,…) 
at the top of graphical bars 
denotes band numbers



Applied Nanoscience 

1 3

SDS PAGE of leaf protein

On analysing the SDS band pattern of silkworm larvae, it 
was observed that biosynthesized silver nanoparticles act 
as a potential preservative solution in preserving mulberry 
leaves at the post-harvest stage. Feeding nanosilver-treated 
leaves to silkworm larvae, protein banding pattern appeared 
almost similar to that of larvae fed with fresh leaves. Observ-
ing the above trend, SDS PAGE analysis of preserved leaves 
in nanosilver solution was done along with distilled water 
and silver nitrate-preserved leaves, which served as the nega-
tive and positive control, respectively. The entire banding 
pattern was compared with the banding pattern of fresh 
leaves to demarcate notable changes in the preserved leaves.

On analysing the SDS band pattern (Fig. 12) of nanosil-
ver-preserved leaves from the first day till the seventh day 
and through graphical representation (Fig. 13a, b), it was 
noticed that the band intensity remains almost constant till 
the last day of preservation. Band numbers 5, 6, 7, 8 and 9 
in graphical representation showed relative density almost 
constant from day 1 to day 7 of preservation. On comparing 
the obtained result with the negative control, i.e. distilled 
water-preserved leaves, it was noted that there was a gradual 
decrease in band intensity with increase in the days of pres-
ervation (Fig. 14). Graphical representation also visualizes a 
similar observation, i.e. gradual depletion in relative density 
with increase in days of preservation (Fig. 15a, b), whereas 
in case of positive control, i.e. silver nitrate-preserved leaves, 
it was observed that the intensity of bands remains almost 
constant till the fifth day of preservation (Fig. 16), after 
which gradual deformation in protein content was observed. 
On analysing the banding pattern with respect to the rela-
tive density, it was observed that the maximum density was 
exhibited by band numbers 6 and 7 (Fig. 17a, b), which also 
showed decreasing trend from the fifth day onwards, sup-
porting the observation made through gel analysis.

It has been reported that the balance between water 
uptake and transpiration rate plays a key role in extending 
the post-harvest shelf life (Jowkar et al. 2013). Interruption 
in the post-harvest water uptake takes place mainly due to 
microbial proliferation and blockage caused at the cut end 
(Liu et al. 2009a, b; Van Doorn 1997). Microbial blockage 
enhances ROS accumulation, causing inter- and intracel-
lular damages leading to senescence (Das and Roychoud-
hury 2014; Merzlyak and Hendry 1994). Byczyńska (2017) 
reported the potentiality of nanosilver solution to extend 
the post-harvest shelf life of flowering twigs by reducing 
the microbial count. Hatami et al. (2013) reported that both 
nanosilver and silver nitrate solution bear the potentiality of 
extending vase life through activation of defensive enzyme 
and by retaining primary metabolite content, but the water 
conduction capacity was found to be more when nanosilver 
was used as preservative. The current study also reflects the 
retention of post-harvest shelf life of mulberry leaves by 
7 days and 5 days when nanosilver and silver nitrate were 
used as preservatives, respectively, as evident by gel band-
ing pattern. Uniformity in gel banding pattern of leaves 
preserved in nanosilver solution till the last day of preserva-
tion clearly indicates the presence of strong antimicrobial 
activity in biosynthesized nanoparticles, which by reducing 
microbial load maintains the continuity of the xylem col-
umn. Xylem integrity prevents ROS accumulation through 
uniform distribution of antioxidants and defensive enzymes 
and thus prevents degradation of macromolecules such as 
proteins, pigments and nucleic acid, delaying senescence.

On comparing SDS banding pattern of 7 day preserved 
mulberry leaves in nanosilver, silver nitrate and distilled 
water with fresh leaves, seven distinguishable bands were 
observed (Fig. 18). The protein bands in the negative control 
lane were much less prominent than those of other lanes, 
indicating depletion in protein content during preservation. 
Retention of protein content after preservation in nanosilver 

Fig. 12  a SDS gel portrait and b 
scanned image of protein bands 
obtained from mulberry leaves 
preserved in nanosilver solution. 
Lane 1–7 denotes SDS banding 
pattern of day 1 to day 7 pre-
served leaves respectively
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and in silver nitrate-preserved leaves was also evident from 
graphical representation (Fig. 19a, b), which showed relative 
density almost similar to that of fresh leaves.

The nutritional quality of mulberry leaves greatly influ-
enced larval growth and development and subsequent 
cocoon formation (Krishnaswami 1978). Mulberry leaves 
contain water, protein, carbohydrate, minerals and crude 

Fig. 13  a, b Graphical represen-
tation depicting relative density 
of protein bands in nanosilver 
preserved mulberry leaves from 
day 1 to day 7. Numerical (1, 
2, 3,…) at the top of graphical 
bars denotes band numbers

Fig. 14  a SDS gel portrait and b 
scanned image of protein bands 
obtained from mulberry leaves 
preserved in distilled water. 
Lane 1–7 denotes SDS banding 
pattern of day 1 to day 7 pre-
served leaves respectively
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Fig. 15  a, b Graphical represen-
tation depicting relative density 
of protein bands in distilled 
water preserved mulberry leaves 
from day 1 to day 7. Numerical 
(1, 2, 3,…) at the top of graphi-
cal bars denotes band numbers

Fig. 16  a SDS gel portrait and 
b scanned image of protein 
bands obtained from mulberry 
leaves preserved in silver nitrate 
solution. Lane 1–7 denotes SDS 
banding pattern of day 1 to day 
7 preserved leaves respectively
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Fig. 17  a, b Graphical represen-
tation depicting relative density 
of protein bands in silver nitrate 
preserved mulberry leaves from 
day 1 to day 7. Numerical (1, 
2, 3,…) at the top of graphical 
bars denotes band numbers

Fig. 18  a SDS gel portrait and b 
scanned image of protein bands 
in seven day preserved mulberry 
leaves. Lane 1 and 2 represents 
fresh leaves; 3 and 4 represents 
7 day distilled water preserved 
leaves; 5 and 6 represents 7 day 
nanosilver preserved leaves; 7 
and 8 represents 7 day silver 
nitrate preserved leaves
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fibre, imbalance of which brings changes in metabolic activ-
ity inside larval body, hampering growth and other meta-
bolic processes (Srivastava and Elangovan 2011). Silkworm 
requires sugars, amino acid, protein and vitamins for normal 
growth and development (Sengupta et al. 1972). Mulberry 
leaf protein acts as a primary requisite during all the stages 
of larval development, especially during the fifth instar 
which led to the development of silk gland that produces 
silk cocoon during spinning (Sekar et al. 2016). The cur-
rent study reveals the potentiality of nanosilver solution as 
preservative in extending post-harvest shelf life of mulberry 
leaves up to 7 days. Nanosilver solution as preservative helps 
to retain the protein content of the leaves as revealed by SDS 
PAGE analysis and which when used as larval fed showed 
larval and cocoon parameters almost similar to that of larvae 
fed with fresh leaves, as evident from rearing parameters. 
Besides this, SDS gel pattern of larvae fed with nanosilver-
preserved leaves showed banding pattern almost similar to 
larvae fed with fresh leaves, which also furnished strong 
evidence towards the preservative aspect of nanosilver solu-
tion at post-harvest stage.

Fig. 19  a, b Graphical represen-
tation depicting relative density 
of protein bands in seven day 
distilled water, nanosilver 
and silver nitrate preserved 
mulberry leaves in relation with 
fresh leaves

Fig. 20  On-gel a image and b scanned photograph showcas-
ing NADPH oxidase activity inside silk gland of silkworm larvae 
fed with (1) fresh leaves, (2–4) leaves preserved in distilled water, 
nanosilver and silver nitrate solution for 7 days
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Isozyme analysis of silkworm larvae and preserved 
mulberry leaves

One of the specialized enzyme complexes responsible for 
the generation of ROS inside tissue system is NADPH 
oxidase (Marschall et al. 2016). NOX complex donates 
electrons to molecular oxygen across membrane from 
NADPH, leading to the generation of ROS (Lambeth 
2004). One of the most common and frequent ROS which 
is produced by NADPH oxidase on transferring electron 
to molecular oxygen is superoxide (Bedard and Krause 

2007). The superoxide produced further reacts to form 
other ROS such as hydrogen peroxide  (H2O2), peroxide 
anion  (HO2−) and hydroxyl radical (•OH) (Soneja et al., 
2005). On analysing NOX isoforms in silkworm larvae, 
it was noted that NOX enzyme was well expressed in the 
silk gland protein of silkworm larvae fed with preserved 
as well as fresh leaves (Fig. 20). On comparing differ-
ent treatments, it was observed that larvae fed with dis-
tilled water-preserved leaves showed greater expression 
of NOX isoforms except band numbers 1 and 3, which 
showed greater expression in larvae fed with silver nitrate 

Fig. 21  a, b Graphical represen-
tation depicting relative density 
of NADPH oxidase activity 
inside silk gland of silkworm 
larvae fed with fresh leaves 
and 7 day preserved leaves in 
distilled water, nanosilver and 
silver nitrate solution. Numeri-
cal (1, 2, 3,…) at the top of 
graphical bars denotes band 
numbers

Fig. 22  On-gel a image and b scanned photograph showcasing NADPH oxidase activity of (1–2) fresh leaves and 7 days preserved mulberry 
leaves in (3–4) distilled water, (5–6) nanosilver and (7–8) silver nitrate solution



Applied Nanoscience 

1 3

and nanosilver-preserved leaves (Fig. 21a, b). From the 
degree of NOX expression in silk gland of silkworm lar-
vae, it may be stated that greater ROS generation takes 
place in the silk gland of larvae fed with distilled water-
preserved leaves, leading to decrease in cocoon quality. On 
studying the isozyme pattern of NOX enzyme in preserved 
and fresh leaves, two isoforms were observed (Fig. 22). 
From relative density analysis, it was observed that leaves 
preserved in distilled water showed greater amplitude of 
NOX activity than leaves preserved in other preservative 

solutions (Fig. 23). Beckman and Ames (1998) reported 
that during the ageing process, the major contributor to 
cell damage was ROS generation and accumulation. The 
obtained gel pattern clearly indicates that in distilled 
water-preserved leaves, greater accumulation of ROS takes 
place, leading to cellular damage, promoting senescence. 
The obtained result further indicates that on feeding dis-
tilled water-preserved leaves, accumulation of ROS takes 
place in silk gland leading to increase in mortality rate and 
low-quality cocoon formation.

Fig. 23  Graphical representa-
tion depicting relative density 
of NADPH oxidase activity 
of fresh mulberry leaves and 
7 days preserved mulberry 
leaves in distilled water, 
nanosilver and silver nitrate 
solution. Numerical (1, 2, 3,…) 
at the top of graphical bars 
denotes band numbers

Fig. 24  On-gel a image and b scanned photograph showcasing superoxide dismutase activity of (1–2) fresh leaves and 7 days preserved mul-
berry leaves in (3–4) distilled water, (5–6) nanosilver and (7–8) silver nitrate solution

Fig. 25  Graphical representa-
tion depicting relative density 
of superoxide dismutase activity 
of fresh mulberry leaves and 
7 days preserved mulberry 
leaves in distilled water, 
nanosilver and silver nitrate 
solution. Numerical (1, 2, 3,…) 
at the top of graphical bars 
denotes band numbers
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During leaf preservation, the stress generated results 
in the production of superoxide  (O2

−) either by the action 
of NOX enzyme or through the electron transport chain 
(Alscher 2002). To overcome the damage caused by  O2

−, 
the plant and animal system produces an enzyme, namely 
superoxide dismutase (SOD) which converts  O2

− to  H2O2 
and  O2 (Fukai and Ushio-Fukai 2011). On analysing the 
SOD banding pattern of preserved and fresh leaves through 
gel electrophoresis, two isoforms were detected (Fig. 24). 
The relative density of isoform 1 of nanosilver and silver 
nitrate-preserved leaves appeared almost similar to that of 
fresh leaves, while isoform 2 showed maximum intensity in 
nanosilver-preserved leaves indicating high potentiality in 
nullifying generated superoxide (Fig. 25). On analysing the 
SOD pattern of silk gland protein, it was noted that larvae 
fed with nanosilver-preserved leaves showed banding pat-
tern almost similar to that of larvae fed with fresh leaves 

(Fig. 26), while larvae fed with distilled water-preserved 
leaves showed low amplitude of SOD activity (Fig. 27), 
indicating low potentiality to overcome stress, generated on 
feeding preserved leaves. Segal et al. (2000) reported the 
presence of different antioxidant enzymes such as peroxi-
dase, thioredoxin, and superoxide dismutase in the silk pro-
tein that provide defensive response against ROS generated 
during spinning. Superoxide dismutase activity in larvae fed 
with leaves preserved in nanosilver solution appeared almost 
parallel to that of larvae fed with fresh leaves, reflecting the 
presence of equivalent amount of defensive activity even 
after 7 days of preservation.

The hydrogen peroxide which is produced by the 
enzymatic action of SOD is toxic for living tissue sys-
tem and is considered as an active reactive oxygen spe-
cies. To overcome the toxic effect of  H2O2, an antioxi-
dant enzyme namely catalase (CAT) acts to break  H2O2 

Fig. 26  On-gel a image and b 
scanned photograph showcasing 
superoxide dismutase activity 
inside silk gland of silkworm 
larvae fed with (1) fresh leaves, 
(2–4) leaves preserved in 
distilled water, nanosilver and 
silver nitrate solution for 7 days

Fig. 27  Graphical representa-
tion depicting relative density 
of superoxide dismutase activity 
inside silk gland of silkworm 
larvae fed with fresh leaves 
and 7 day preserved leaves in 
distilled water, nanosilver and 
silver nitrate solution. Numeri-
cal (1, 2, 3,…) at the top of 
graphical bars denotes band 
numbers

Fig. 28  On-gel a image and b 
scanned photograph showcas-
ing catalase activity inside silk 
gland of silkworm larvae fed 
with (1) fresh leaves, (2–4) 
leaves preserved in distilled 
water, nanosilver and silver 
nitrate solution for 7 days
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in two steps into two molecules of  H2O and one molecule 
of  O2 (Nandi et al. 2019).Two isoforms of CAT isozyme 
were detected in the silk gland protein of silkworm lar-
vae fed with nanosilver, silver nitrate and distilled water-
preserved leaves (Fig. 28). The activity of CAT isozyme 
was more in the larvae fed with preserved leaves than 
larvae fed with fresh leaves. The obtained result indi-
cates generated  H2O2 on feeding preserved leaves inside 
larval body was nullified by the upregulated activity of 

CAT enzyme. Graphical representation of the obtained 
result indicates greater enhancement of CAT activity in 
treated sets (Fig. 29). Through graphical representation, 
it was observed that one of the isoforms of CAT in the 
nanosilver set expressed more than other sets, indicating 
greater activation of defensive strategy to nullify the stress 
caused by generation of  H2O2. On analysing CAT activ-
ity of mulberry leaves, only one isoform was obtained 
(Fig. 30). CAT activity was found high in leaves preserved 

Fig. 29  Graphical representa-
tion depicting relative density 
of catalase activity inside silk 
gland of silkworm larvae fed 
with fresh leaves and 7 day 
preserved leaves in distilled 
water, nanosilver and silver 
nitrate solution. Numerical (1, 
2, 3,…) at the top of graphical 
bars denotes band numbers

Fig. 30  On-gel (a) image and (b) scanned photograph showcasing catalase activity of (1–2) fresh leaves and 7 days preserved mulberry leaves in 
(3–4) distilled water, (5–6) nanosilver and (7–8) silver nitrate solution

Fig. 31  Graphical representa-
tion depicting relative density 
of catalase activity of fresh 
mulberry leaves and 7 days 
preserved mulberry leaves in 
distilled water, nanosilver and 
silver nitrate solution. Numeri-
cal (1, 2, 3,…) at the top of 
graphical bars denotes band 
numbers



 Applied Nanoscience

1 3

in nanosilver and silver nitrate solution (Fig. 31), while it 
failed to increase in leaves preserved in distilled water. 
Probably during preservation the stress which was gener-
ated in the form of  H2O2 to overcome that leaves preserved 
in nanosilver and silver nitrate solution gains potential-
ity to synthesize adequate CAT enzyme which the leaves 
preserved in distilled water fails to do so, leading to ROS-
mediated tissue damage.

Another important antioxidant enzyme which protects 
cellular damage besides catalase is peroxidase (POD). 
POD shows its defensive activity by converting  H2O2 and 
ROOH into  H2O and R-OH (Liu et al. 2010). The activ-
ity of POD enzyme was not detected inside silk gland of 
larvae. but the activity was present inside leaf tissue. On 
analysing POD banding pattern, one isoform was detected 
to be more prominent in preserved leaves than fresh leaves 
(Fig. 32) Through graphical representation, it was noted that 
the defensive activity of POD was greater than that of CAT 
activity (Fig. 33). In comparison to fresh leaves, preserved 
leaves reflect greater POD activity, indicating their defen-
sive strategy to nullify ROS generated during preservation. 
Among preservative solutions, leaves preserved in nanosil-
ver and silver nitrate solution manifest better POD activ-
ity, indicating there defensive activity to quash stress and 
thereby maintaining healthy texture of leaves which when 
fed by larvae produces good-quality cocoon.

OHR‑LCMS and string analysis

Differentially expressed SDS band of nanosilver‑preserved 
mulberry leaves

The obtained OHR-LCMS (Fig. 34) result when run through 
software-based evaluation (Thermo Proteome Discoverer 
2.2) leads to the identification of peptides of the concerned 
proteins. Table 2 lists the identified proteins obtained from 
OHR-LCMS analysis. Through OHR-LCMS analysis, 34 
protein types were identified, among them important pro-
teins that might be involved in post-harvest preservation 
belong to photosystem I and II, subunits of Rubisco, subu-
nits of ATP synthase, actin, catalase, ribosomal protein and 
heat shock protein 70 kDa. The obtained proteins were fur-
ther analysed through string networking for understanding 
possible involvement of pathways and interaction among 
enzymes. String analysis of identified proteins was done 
with Arabidopsis thaliana database.

Through string (Fig. 35) enrichment analysis, seven 
KEGG pathways were identified, namely photosynthesis, 
metabolic pathways, MAPK signalling pathway in plant, 
oxidative phosphorylation, terpenoid backbone biosyn-
thesis, carbon fixation in photosynthetic organisms and 
carbon metabolism (Table 3). Five identified proteins pro-
mote photosynthesis, out of which PSBB and PSBC are 

Fig. 32  On-gel a image and b scanned photograph showcasing peroxidase activity of (1–2) fresh leaves and 7 days preserved mulberry leaves in 
(3–4) distilled water, (5–6) nanosilver and (7–8) silver nitrate solution

Fig. 33  Graphical representa-
tion depicting relative density 
of peroxidase activity of fresh 
mulberry leaves and 7 days 
preserved mulberry leaves in 
distilled water, nanosilver and 
silver nitrate solution. Numeri-
cal (1, 2, 3,…) at the top of 
graphical bars denotes band 
numbers
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the components of PSII, while PSAB, PSAA and PSAJ 
are the components of PS I. PSBB and PSBC are 47 and 
44 kDa protein of photosystem II, respectively, each of 
which remains associated with 15 chlorophyll a and 2–3 
β-carotene molecules and cross the membrane six times, 
showing remarkable structural homology with six N-ter-
minal helices of PsaA and PsaB of photosystem I. Both 
PSBB and PSBC participate in dual functioning of light 
harvesting and water oxidation process, thereby cultivating 
photons and generating electrons required to run the pro-
cess of photosynthesis (Barber et al. 2000). PSAB, PSAA 
and PSAJ are 3 of the 15 core subunits of photosystem I. 
PSAB and PSAA are 83.2 and 82.5 KDa proteins, respec-
tively, and are directly involved with electron transport 
cofactors, namely P700, chlorophyll dimer;  A0, modified 
chlorophyll a molecule; A1, phylloquinone;  Fx,  FA and 
 FB, 4Fe–4S molecule each (Jensen et al. 2007). PSAJ is a 
5 kDa protein, consisting of two chlorophyll a molecule as 
cofactor primarily involved in stabilization of core antenna 
system (Fromme et al. 2001). Lu and Zhang (1998) stated 
that during loss of function of chloroplast, decrease in 
activity of PS I and II takes place, and among the two 
photosystems, PS II was more affected than PS I. Kotakis 
et al. (2014) stated that gradual decrease in PS II activ-
ity takes place during chlorophyll degradation, leading to 
senescence. Identification of five differentially expressed 
photosynthetic proteins in the current study clearly indi-
cates the ongoing process of photosynthesis inside post-
harvest mulberry leaves preserved in nanosilver solution, 
thereby signifying healthy status of chlorophyll, delaying 
senescence.

In MAPK signalling pathway, three proteins were identi-
fied, out of which RAN 1 through ethylene response pathway 
activates defensin-like protein 16 that takes part in defence 
response. CAT 1 encodes catalase enzyme, which comes 
under the category of antioxidant enzymes that mitigates 
oxidative stress by nullifying the generated hydrogen perox-
ide to water and oxygen (Nandi et al. 2019). Upregulation of 
catalase enzyme clearly indicates the activation of stress tol-
erance activity inside mulberry leaves during preservation. 
Upregulated catalase activity was also detected in nanosil-
ver-preserved leaves during on-gel assay which was in strong 
agreement with the current observation. CAM 5 encodes 
calcium-dependent calmodulin protein, which participates 
in activation of various calmodulin-dependent proteins that 
take part in different stress-associated signal transduction 
pathways. It has been reported that CAM activates serine 
threonine protein kinase that helps to maintain homeostasis 
of reactive oxygen species, thereby preventing excess accu-
mulation of ROS during stress (Virdi et al. 2015). Thus pres-
ence of CAM 5 in elevated quantity prevents accumulation 
of excessive reactive oxygen species, prolonging shelf life.

Three subunits of proteins were identified from oxida-
tive phosphorylation, and AT5G08680 belongs to subunit 
C of V-type of ATPase. ATP1 represents subunit alpha of 
F-type ATPase and NDHH encodes subunit H of NAD(P)
H-quinone oxidoreductase. The subunit C of V-type of 
ATPase is a 37 to 52 KDa protein that is primarily involved 
in stabilizing  V1-stalk of the pump. In plant V-ATPase is the 
primary-active proton pump that works at sub-cellular level, 
functioning as housekeeping enzyme during stress (Ratajc-
zak, 2000). The alpha chain is a regulatory subunit of F-type 

Fig. 34  OHR-LCMS spectra 
of differentially expressed SDS 
band obtained from protein of 
7 day post harvest mulberry 
leaves preserved in nanosilver 
solution
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Table 2  Differentially expressed nanosilver-preserved mulberry leaf proteins identified by OHR-LCMS analysis

Accession Description Coverage [%] # Peptides # PSMs # Unique 
Peptides

# AAs MW [kDa] calc. pI

A0A165PKU7 ATP synthase subunit beta OS = Morus alba 
var. multicaulis OX = 170,012 GN = atpB 
PE = 3 SV = 1

77 25 56 25 498 53.7 5.59

W8SI98 Ribulose bisphosphate carboxylase large chain 
(Fragment) OS = Morus alba OX = 3498 
PE = 3 SV = 1

55 12 35 1 184 20.3 7.81

A0A165PKT8 ATP synthase subunit alpha OS = Morus alba 
var. multicaulis OX = 170,012 GN = atpA 
PE = 3 SV = 1

45 20 42 18 507 55.4 5.21

P28431 Ribulose bisphosphate carboxylase large chain 
(Fragment) OS = Morus alba OX = 3498 
GN = rbcL PE = 3 SV = 1

42 22 77 3 459 50.9 6.68

E5FR85 Actin OS = Morus alba OX = 3498 PE = 3 
SV = 2

34 9 15 3 377 41.6 5.71

Q8GUS0 Catalase (Fragment) OS = Morus alba 
OX = 3498 GN = CAT1 PE = 2 SV = 1

23 4 6 4 195 22.2 6.65

E5DKD5 ATP synthase subunit alpha (Fragment) 
OS = Morus alba OX = 3498 GN = atp1 
PE = 4 SV = 1

23 8 12 6 349 37.4 7.37

A0A068C8F5 Actin OS = Morus alba OX = 3498 GN = ACT 
PE = 2 SV = 1

21 7 12 1 377 41.7 5.49

A0A159YMW6 Photosystem II CP47 reaction center pro-
tein OS = Morus alba var. multicaulis 
OX = 170,012 GN = psbB PE = 3 SV = 1

20 11 14 11 508 56.1 6.89

A0A172R2U4 50S ribosomal protein L14, chloroplas-
tic OS = Morus alba var. atropurpurea 
OX = 1,453,101 GN = rpl14 PE = 3 SV = 1

19 1 2 1 122 13.6 9.91

A0A1S6PVK8 Glyceraldehyde 3-phosphate dehydrogenase 
(Fragment) OS = Morus alba OX = 3498 
GN = g3pdh PE = 4 SV = 1

12 1 1 1 127 13.4 7.25

A8QIH7 Chloroplast ribulose-1,5-bisphosphate 
carboxylase/oxygenase activase (Frag-
ment) OS = Morus alba var. multicaulis 
OX = 170,012 PE = 2 SV = 1

12 2 2 2 246 27.2 4.92

A0A159YMN6 Photosystem I P700 chlorophyll a apopro-
tein A1 OS = Morus alba var. multicaulis 
OX = 170,012 GN = psaA PE = 3 SV = 1

12 9 14 9 750 83.1 7.17

X2BZV1 Pre-mRNA-splicing factor (Fragment) 
OS = Morus alba OX = 3498 GN = SYF1 
PE = 2 SV = 1

11 1 1 1 274 31.4 7.05

A0A172R2U2 Photosystem II CP43 reaction center pro-
tein OS = Morus alba var. atropurpurea 
OX = 1,453,101 GN = psbC PE = 3 SV = 1

10 4 4 4 473 51.8 7.18

D3KE88 Photosystem I psaE OS = Morus alba var. 
multicaulis OX = 170,012 GN = psaE PE = 2 
SV = 1

9 1 1 1 145 15.4 9.94

A0A172R2R6 Photosystem I P700 chlorophyll a apoprotein 
A2 OS = Morus alba var. atropurpurea 
OX = 1,453,101 GN = psaB PE = 3 SV = 1

8 5 14 5 734 82.3 7.4

A0A172R2X2 30S ribosomal protein S18, chloroplas-
tic OS = Morus alba var. atropurpurea 
OX = 1,453,101 GN = rps18 PE = 3 SV = 1

7 1 1 1 101 12 11.8

A0A0M3SH25 1-deoxyxylulose-5-phosphate synthase 
OS = Morus alba OX = 3498 PE = 2 SV = 1

5 1 1 1 714 76.7 7.09
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ATPase belonging to component  F1. This ATPase uses elec-
trochemical proton gradient for the synthesis of ATP from 
ADP and Pi. The generated ATP provides energy-rich phos-
phate bonds for running of different metabolic processes that 
probably helps to extend the shelf life during preservation 
(Okamoto and Futai 2018).  H+ ATPase plays a diversified 
role, as it helps in nutrient transport through root, phloem 
loading, stomatal opening, maintenance of membrane poten-
tial and secondary transport (Okumuraa et al. 2016). Besides 
these,  H+ ATPase activates the Calvin cycle by maintaining 
the alkaline condition of stroma during daytime (Peters and 
Berkowitz 1998). Thus, the identified ATPase on one hand 
maintains photosynthetic processes and on other hand pro-
motes cellular processes, indirectly delaying senescence dur-
ing preservation. NAD(P)H-quinone oxidoreductase bears 
antioxidant activity, which, by catalysing the reduction of 
quinones, protects the cellular membrane against oxidative 

stress. Besides these, NAD(P)H-quinone oxidoreductase 
directly participates in superoxide scavenging process, 
ensuring additional protection at tissue level (Atia et al. 
2014). This property of NAD(P)H-quinone oxidoreductase 
was significant, as it will work equivalently with antioxidant 
defensive enzymes to ensure nullification of oxidative stress 
generated during preservation.

In terpenoid backbone biosynthesis first 1-deoxy-D-xylu-
lose-5-phosphate synthase and an intermediate 4-hydroxy-
3-methylbut-2-enyl-diphosphate synthase enzyme of methyler-
ythritol-4-phosphate pathway were identified. The precursors 
for biosynthesis of carotenoids, gibberellins and chlorophylls 
are provided through the methylerythritol-4-phosphate path-
way (Yang et al. 2012). Thus, the identified enzymes indirectly 
promote chlorophyll biosynthesis, retaining the greenish tex-
ture of leaves at post-harvest stage of preservation in nanosil-
ver solution.

Table 2  (continued)

Accession Description Coverage [%] # Peptides # PSMs # Unique 
Peptides

# AAs MW [kDa] calc. pI

A0A159YMY2 Photosystem II D2 protein OS = Morus alba 
var. multicaulis OX = 170,012 GN = psbD 
PE = 3 SV = 1

5 2 2 2 353 39.6 5.55

E2J9M1 Chitinase OS = Morus alba var. multicaulis 
OX = 170,012 PE = 2 SV = 1

5 2 2 2 358 38.5 4.77

C7EXG9 Calmodulin OS = Morus alba var. multicaulis 
OX = 170,012 PE = 2 SV = 1

5 1 1 1 149 16.8 4.27

A0A0A0QYC5 Auxin efflux carrier component OS = Morus 
alba var. multicaulis OX = 170,012 PE = 2 
SV = 1

4 1 1 1 624 67.7 9.04

A0A172R2S8 NAD(P)H-quinone oxidoreductase subunit 5, 
chloroplastic OS = Morus alba var. atropur-
purea OX = 1,453,101 GN = ndhF PE = 3 
SV = 1

4 2 2 2 757 86 9.1

A0A0G2SJA8 14–3-3e protein OS = Morus alba OX = 3498 
PE = 2 SV = 1

3 1 1 1 263 29.2 4.97

A0A059U3G8 Latex protein MLX56-6 OS = Morus alba var. 
alba OX = 229,046 PE = 2 SV = 1

3 1 1 1 415 45.1 6.99

A8DUA7 Chloroplast sedoheptulose-1,7-bisphos-
phatase OS = Morus alba var. multicaulis 
OX = 170,012 PE = 2 SV = 1

3 1 1 1 392 42.5 6.44

A0A0K1P7S8 Heat shock 70 kDa protein (Fragment) 
OS = Morus alba OX = 3498 GN = hsp70 
PE = 2 SV = 1

2 1 1 1 317 34.9 5.39

A0A455M543 HMA7 protein OS = Morus alba OX = 3498 
GN = HMA7 PE = 2 SV = 1

2 1 1 1 999 106.4 5.21

Q948V5 Mitochondrial processing peptidase alpha 
subunit OS = Morus alba OX = 3498 
GN = a-MPP PE = 2 SV = 1

2 1 1 1 506 54.7 8.25

A0A075WHK2 Transport inhibitor response 1 OS = Morus 
alba var. multicaulis OX = 170,012 
GN = TIR1 PE = 2 SV = 1

1 1 1 1 585 65.4 6.71

A0A0M5KAI5 4-hydroxy-3-methylbut-2-enyl diphosphate 
synthase OS = Morus alba OX = 3498 PE = 2 
SV = 1

1 1 1 1 740 81.8 6.24
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In carbon fixation and carbon metabolism pathway, impor-
tant enzymes besides catalase that were identified belong to 
Calvin cycle. GAPC2 encodes glyceraldehyde-3-phosphate 
dehydrogenase and catalyses the conversion of glyceralde-
hydes-3-phosphate to glycerate-1,3-bisphosphate and SBPASE 
encodes sedoheptulose-bisphosphatase which catalyses sedo-
heptylose-1,7-bisphosphate to sedoheptulose-7-phosphate. 
The identification of two intermediate enzymes of Calvin cycle 
through protein profiling clearly indicates the ongoing process 
of photosynthesis inside mulberry leaves preserved in nanosil-
ver solution. This potentiality of nanosilver solution helps to 
extend the shelf life of mulberry leaves by 7 days. The proteins 
detected under the metabolic pathway comprise all the identi-
fied proteins described above. Thus metabolic pathway was a 
broad summation of all the remaining six pathways identified 
through KEGG.

Differentially expressed SDS band of silk gland 
protein fed with leaves preserved in silver 
nanoparticles

Table 4 enlists the silk gland proteins identified from OHR-
LCMS analysis (Fig. 36). Protein identification was done 
from Bombyx mori database using Thermo Proteome Dis-
coverer 2.2 software. Among the identified proteins actin, 
arylphorin and sex-specific storage-protein 2 account for 
maximum coverage of 26%, 14% and 12%, respectively. On 
analysing the identified proteins through string (Fig. 37) 
using Bombyx mori database, 18 nodes and 21 edges were 
identified with average node degree of 2.33. Through string 
analysis, functional identification of the obtained proteins 
was done. The identified actin-related protein 2/3 complex 
subunit (Sop2) participates in actin polymerization. It was 
mainly involved in the formation of branched actin networks. 
Couble et al. (1984) stated that the posterior silk gland cells 
contain abundant microfilament of 50–70 Å diameter located 

Fig. 35  STRING analysis 
representing protein–protein 
interaction of differentially 
expressed mulberry leaves 
proteins obtained from OHR-
LCMS analysis
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Table 3  Enrichment analysis of string-identified mulberry leaf proteins through the KEGG pathway

KEGG ID Term descrip-
tion

Observed 
gene 
count

Back-
ground 
gene count

False discovery 
rate

Matching pro-
teins network 
(STRING Ids)

Matching 
proteins

UniProt ID Protein descrip-
tion

ath00195 Photosynthesis 5 76 4.44E-07 ATCG00280.1
ATCG00340.1
ATCG00350.1
ATCG00630.1
ATCG00680.1

PSAA
PSAB
PSAJ
PSBB
PSBC

P56766
P56767
P56769
P56777
P56778

Photosystem I 
P700 chloro-
phyll a apopro-
tein A1 Photo-
system I P700 
chlorophyll a 
apoprotein A2

Photosystem I 
subunit IX

Photosystem II 
47 kDa protein

Photosystem II 
44 kDa protein

ath01100 Metabolic 
Pathways

12 1899 2.13E-06 AT1G13440.1
AT3G55800.1
AT4G15560.1
AT5G08680.1
AT5G60600.1
ATCG00280.1
ATCG00340.1
ATCG00350.1
ATCG00630.1
ATCG00680.1
ATCG01110.1
ATMG01190.1

AT5G08680
ATP1
CLA1
GAPC2
HDS
NDHH
PSAA
PSAB
PSAJ
PSBB
PSBC
SBPASE

Q9C5A9
G1C2Z0
A0A1I9LTC7
Q9FX54
F4K0E8
P56753
P56766
P56767
P56769
P56777
P56778
P46283

ATP synthase 
subunit beta-3, 
mitochondrial

ATP synthase 
subunit alpha

1-deoxy-D-xylu-
lose-5-phos-
phate synthase

Glyceraldehyde-
3-phosphate 
dehydrogenase, 
cytosolic

4-hydroxy-3-
methylbut-2-
enyl diphos-
phate synthase 
NAD(P)
H-quinone 
oxidoreductase 
subunit H, 
chloroplastic

Photosystem I 
P700 chloro-
phyll a apopro-
tein A1

P700 chlorophyll 
a apoprotein A2

Photosystem I 
subunit IX

Photosystem II 
47 kDa protein

Photosystem II 
44 kDa protein

Sedoheptulose-
bisphosphatase

ath04016 MAPK Signal-
ing Path-
way—Plant

3 127 0.0023 AT1G20630.1
AT2G27030.3
AT5G44790.1

CAM5
CAT1
RAN1

P0DH96
Q42547
B5AXI8

Calmodulin
Catalase
Heavy metal 

atpase 5
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towards the cellular apex. Another identified protein was 
tubulin alpha chain (BGIBMGA002103), a component of 
microtubule. Microtubules are also reported to be concen-
trated in the cells of posterior silk gland, which was also 
reported to be the major site for production of fibroin protein 
(Tashiro et al. 1968). Both microtubule and microfilament 
inside the silk gland of mature fifth instar larvae play an 
active role in protein secretion, leading to the formation of 
cocoon (Sasaki and Tashiro 1976). BGIBMGA000970-TA 
encodes mediator of RNA polymerase II subunit 7. Media-
tors are present in all eukaryotic systems and are involved 
in the regulation of the transcriptional system (Blazek 
et al. 2005). The identified mediator remained associated 
with RNA polymerase II and involved in regulation of 
RNA polymerase II specific genes, which may be useful 
in silk gland development. LOC692991 encodes glycine-
tRNA ligase which catalyses the attachment of glycine to 
glycine-specific tRNA, promoting the process of transla-
tion. Tf stands for transferrin protein which binds and trans-
fers iron at cellular and sub-cellular level in the  Fe3+ state. 
Besides transferring iron, transferrin plays an important 
role in antioxidant defence, reproduction and development 
(Geiser and Winzerling 2012). Thus through the antioxidant 

defence mechanism, transferrin protects the damage caused 
by metallic compounds and thereby promotes development. 
Another important protein identified was pyridoxal phos-
phate homeostasis protein (LOC693086) which was active 
form of vitamin B6. Pyridoxal phosphate acts as cofactor 
for more than 100 types of vitamin B6-dependent enzymes 
that take part in various metabolic processes, viz. lipid syn-
theses, amino acid metabolism and glucose metabolism 
(Chen et al. 2019). Thus presence of pyridoxal phosphate in 
silk gland protein leads to the expression of a large number 
of proteins, which might play an active role in silk gland 
development. PPO1 encodes phenoloxidase subunit-1 which 
was responsible for the synthesis of various polyphenolic 
compounds involved in defensive response (Ankola and 
Puttaraju 2017). Phenoloxidase also protects larval body 
from infection against microorganisms (Eleftherianos and 
Revenis 2011). Sp1 and Sp2 are sex-specific larval storage 
protein, which was synthesized inside larval fat body and 
its synthesis relates directly to the nutritional condition of 
the body (Sumio Tojo and Kobayashi 1980). Detection of 
sex-specific larval storage protein indicates that nanosilver-
preserved leaves bear sufficient nutritional content that will 
be useful for larval development and moulting.

Table 3  (continued)

KEGG ID Term descrip-
tion

Observed 
gene 
count

Back-
ground 
gene count

False discovery 
rate

Matching pro-
teins network 
(STRING Ids)

Matching 
proteins

UniProt ID Protein descrip-
tion

ath00190 Oxidative Phos-
phorylation

3 149 0.0027 AT5G08680.1
ATCG01110.1
ATMG01190.1

AT5G08680
ATP1
NDHH

P83483
P92550
P56753

F-type H + -trans-
porting ATPase 
subunit beta

F-type H + -trans-
porting ATPase 
subunit alpha

NAD(P)
H-quinone 
oxidoreductase 
subunit H

ath00900 Terpenoid 
Backbone 
Biosynthesis

2 59 0.0076 AT4G15560.1
AT5G60600.1

CLA1
HDS

A0A1I9LTC7
F4K0E8

1-deoxy-D-xylu-
lose-5-phos-
phate synthase

4-hydroxy-3-
methylbut-2-
enyl diphos-
phate synthase

ath00710 Carbon Fixation 
in Photosyn-
thetic Organ-
isms

2 69 0.0085 AT1G13440.1
AT3G55800.1

GAPC2
SBPASE

Q9FX54
P46283

Glyceraldehyde 
3-phosphate 
dehydrogenase

Sedoheptulose-
bisphosphatase

ath01200 Carbon Metabo-
lism

3 261 0.0085 AT1G13440.1
AT1G20630.1
AT3G55800.1

CAT1
GAPC2
SBPASE

Q42547
Q9FX54
P46283

Catalase
Glyceraldehyde 

3-phosphate 
dehydrogenase

Sedoheptulose-
bisphosphatase
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Conclusion

SDS PAGE analyses lead to the evidence that nanosilver 
solution acts as an effective preservative for mulberry leaves 
at the post-harvest stage, as it is able to retain gel band inten-
sity till the last day of preservation. SDS PAGE analysis 
was supported by rearing and cocoon parameters, which also 
predicted minimal depletion in rearing and cocoon attributes 

in larvae fed with leaves preserved in nanosilver solution in 
comparison to larvae fed with fresh leaves. Isozyme analysis 
also indicates activation of antioxidant defensive activity in 
leaves, helping them to overcome stress during preserva-
tion. Activation of defensive enzymological activity was 
also observed in silk gland of larvae fed with nanosilver-
preserved leaves, indicating demolishing of any kind of 
stress generated inside the body. Thus from the above study, 

Table 4  Differentially expressed silk gland protein of larvae fed with nanosilver-preserved mulberry leaves identified by OHR-LCMS analysis

Accession Description Coverage [%] # Peptides # PSMs # Unique 
Peptides

# 
Protein 
Groups

# AAs MW [kDa] calc. pI

P04829 Actin, cytoplasmic A3 OS = Bombyx 
mori OX = 7091 PE = 3 SV = 3

26 6 7 6 1 376 41.9 5.59

Q1HPP4 Arylphorin OS = Bombyx mori 
OX = 7091 GN = 733,005 PE = 1 
SV = 1

14 6 7 1 1 703 83.4 6.01

P20613 Sex-specific storage-protein 2 
OS = Bombyx mori OX = 7091 
GN = SP2 PE = 2 SV = 2

12 6 6 1 1 704 83.4 6.46

F8UN44 Heat shock protein 70–3 OS = Bom-
byx mori OX = 7091 PE = 2 SV = 1

9 4 4 3 1 655 72.7 5.26

G9I6Y1 Arylphorin OS = Bombyx mori 
OX = 7091 PE = 2 SV = 1

6 3 3 3 1 696 82.8 6.27

Q2F645 Transketolase OS = Bombyx mori 
OX = 7091 PE = 2 SV = 1

7 2 2 2 1 622 67.3 6.87

A0A1Q0AL85 Homeostasis protein OS = Bombyx 
mori OX = 7091 GN = IHoP PE = 2 
SV = 1

5 1 2 1 1 693 77.5 5.3

Q8N0P2 Heat shock cognate protein; Heat 
shock protein 70 OS = Bombyx 
mori OX = 7091 GN = BmHSC70-4 
PE = 2 SV = 1

5 2 2 1 1 649 71.1 5.47

H9JP12 Sex-specific storage-protein 1 
OS = Bombyx mori OX = 7091 
PE = 4 SV = 1

4 2 2 2 1 747 87.2 7.14

H9JV50 Tubulin alpha chain OS = Bombyx 
mori OX = 7091 PE = 3 SV = 1

9 2 2 2 1 450 49.9 5.14

G1UIS8 Apolipophorin protein OS = Bombyx 
mori OX = 7091 GN = I PE = 2 
SV = 1

2 3 3 3 1 3317 369 7.81

Q2F5I5 Glycyl-tRNA synthetase OS = Bom-
byx mori OX = 7091 PE = 2 SV = 1

4 1 1 1 1 732 83 7.37

A1E9B3 Vacuolar ATP synthase catalytic 
subunit A OS = Bombyx mori 
OX = 7091 PE = 2 SV = 1

3 1 1 1 1 617 68.3 5.39

H9JTA1 Phenoloxidase subunit 1 OS = Bom-
byx mori OX = 7091 PE = 4 SV = 1

4 1 1 1 1 685 78.7 6.71

H9JQN8 Protein disulphide-isomerase 
OS = Bombyx mori OX = 7091 
PE = 3 SV = 1

3 1 1 1 1 494 55.6 4.7

O97158 Transferrin OS = Bombyx mori 
OX = 7091 PE = 2 SV = 2

2 1 1 1 1 681 75.7 7.2

Q9XXZ6 Polyubiquitin OS = Bombyx mori 
OX = 7091 GN = UBI3 PE = 2 
SV = 1

2 1 1 1 1 913 102.4 7.99
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it might be suggested that biosynthesized nanosilver solu-
tion acts as an effective preservative and this technique of 
preservation might be helpful for preserving mulberry leaves 
on long-term basis during rainy season. By implementing 
this technique, landless farmers will also be benefited as it 
will reduce the day to day transport cost, thus increasing the 
overall profit margin.
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Abstract
Present study deals with synthesis and assessment of antimicrobial and antioxidant activity of silver nanoparticles using 
aqueous extract of mulberry leaves. The optical study showed the appearance of SPR peak in the range of 423–450 nm 
affirming nanosilver formation. FTIR analysis indicates the possible involvement of proteins, carbohydrate and secondary 
metabolites as reducing and capping agents. SEM, TEM and HR-TEM analysis reveals that the synthesized nanoparticles 
were spherical in shape with particle size ranges between 12 and 39 nm. EDX spectra showed maximum intensity at 
3 keV, affirming silver crystal. XRD analysis showed silver nanoparticles were preferentially oriented along (111) reveal-
ing crystalline structure. DLS analysis confirms the stability of silver nanoparticles with zeta potential of + 37.4 mV. Silver 
nanoparticles showed effective antimicrobial activity against both gram positive and gram negative bacteria with highest 
activity against Salmonella typhimurium with MIC 40 µg/ml. Further silver nanoparticles also showed dose dependent 
antioxidant activity against free radicals like DPPH,  ABTS+, superoxide and nitric oxide; besides this nanosilver also per-
formed significant metal chelating activity.

Keywords Silver nanoparticles · Mulberry leaf extract · Characterization · Antimicrobial · Antioxidant

1 Introduction

Biogenic method of synthesis of metal nanoparticles are 
increasingly becoming popular in present day world due 
to their simplicity, less toxic, effortless and eco-friendly 
nature. Copper, zinc and silver are mostly used metals for 
synthesis of nanoparticles because of their biomedical 
properties [1]. Silver nanoparticles is increasingly becom-
ing popular and faces an annual demand of five hundred 
tons [2] due to its non-toxic, optical, catalytic, bio-sensing, 
drug delivery, antioxidant, cytotoxic and antimicrobial 
activities [3, 4]. Literature study reports several techniques 
including chemical reduction [5], thermal decomposition 
[6, 7], photochemical reduction [8], heat evaporation [9] 
and microwave irradiation [10] for the formation of silver 

nanoparticles. Most of these techniques are costly, toxic 
and requires chemical compounds which put harmful 
effect on living system, imposing an extra demand for 
finding alternative technique that utilizes nontoxic natural 
compounds for nanosilver production.

Biogenic method uses microorganism both living and 
dead [11, 12], fungi [13], leaf extract [14], root extract [15], 
fruit extract [16, 17], latex [18], enzymes [19–21] and many 
others for the preparation of bio-friendly silver nanoparti-
cles. Plant extract gain extra advantage over microorgan-
ism, as isolation and maintenance of microbial culture 
under aseptic condition was not cost effective [22]. Besides 
the rate of production of nanoparticles using microorgan-
isms was much slower than plant mediated synthesis [23]. 
Plant extracts that were reported recently in biosynthesis 
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of silver nanoparticles included Datura stramonium [24], 
Moringa stenopetala [25], Cymbopogon citratus [26], Cas-
sia roxburghii [27], Bergenia ciliata [28], Cardiospermum 
halicacabum [29], Carica papaya [30], Eclipta alba [31] and 
many others.

We have selected leaf extract of Morus alba (Mulberry), 
plant which bears not only economic importance but also 
having medicinal importance. Wild and cultivated species 
of mulberry are distributed throughout India [32], making 
their easy availability. Global importance of mulberry is the 
utilization of its leaves for the feeding of monophagous 
insect Bombyx mori. Mulberry is also used for its anti-dia-
betic [33], antimicrobial [34], antioxidant [35, 36], neuro-
protective [37], anticancerous [38] and hepatoprotective 
[39] activity. Because of its high medicinal importance, 
mulberry leaves along with its root and stem are con-
sumed directly as tea in different parts of world [40, 41].

Earlier workers have biosynthesizing silver nanoparti-
cles using dried mulberry leaf extract, which was either 
sun dried [42] or shade dried [43, 44]. Oxidative change 
in phytochemical constituents may occur during drying 
process, which may put significant impact in reduction 
process during nano formation. To avoid such possibility, 
we aimed in using aqueous decoction of fresh mulberry 
leaves through refluxing for nanosilver formation.

Current work is based on the hypothesis that synthe-
sized nanoparticles will bear effective antimicrobial and 
antioxidant activity. Present approach deals with biosyn-
thesis of silver nanoparticles using mulberry leaf extract 
that will act as reducing and stabilizing agent. The synthe-
sized nanoparticles will be characterized for determining 
nature, type, morphology, shape and functional groups 
involved in nanoparticles formation. The antimicrobial 
activity of synthesized nanoparticles will be screened by 
studying the zone of inhibition and MIC of both gram posi-
tive and gram negative bacteria and antioxidant scaveng-
ing potential will be screened through DPPH,  ABTS+, nitric 
oxide, superoxide and metal chelating activity.

2  Materials and methods

2.1  Preparation of plant extract

Fresh, mature and disease free S1 genotype of mulberry 
leaves were collected from Matigara Sericulture Complex, 
Siliguri, West Bengal, India (26°70′40″N and 88°35′37″E). 
The leaves were surface cleaned with double distilled 
water several time to remove the debris and organic con-
taminants and were then air dried for 45 min to remove 
the water content at room temperature. About 10 g leaves 
were finely chopped and refluxed with 100 ml double dis-
tilled water for 60 min. The yellowish aqueous extract was 

filtered out with Whatman No. 1 filter paper (GE Healthcare 
UK Ltd, China make) and then centrifuged at 2000 rpm for 
5 min to remove suspended impurities. The supernatant 
was used for biogenic synthesis of silver nanoparticles.

2.2  Synthesis of silver nanoparticles

For synthesizing silver nanoparticles, 10 ml plant extract 
was added drop wise to 90 ml aqueous solution of silver 
nitrate (SIGMA-ALDRICH Batch # 0000003756) with con-
tinuous uniform stirring for 10 min using magnetic stirrer 
(REMI EQUIPMENTS). The reducing and capping agents 
present in the extract changes the colour of the solution 
from transparent to reddish or blackish brown, indicating 
the formation of silver nanoparticles.

2.3  Characterization of silver nanoparticles

2.3.1  UV–visible spectra analysis

Initial characterization of reduction of  Ag+ ion was done 
after 12 h of reaction by diluting the nano solution in 1:4 
ratio and by plotting absorption spectra against wave-
length range of 300–800 nm using UV–Vis Spectropho-
tometer (SYSTRONICS-2201).

2.3.2  Fourier transformed infrared spectroscopy (FTIR)

Detection of functional groups for predicting the involve-
ment of organic molecules as reducing and capping 
agents for reduction of silver ion was done using Fourier 
Transformed Infrared Spectroscopy (THERMO NICOLET, 
AVATAR 370), with a wavelength range of 4000–500 cm−1 
and a resolution of 4 nm. Dried nanoparticles and plant 
extract were incorporated directly on potassium bromide 
crystals to obtain the spectra in transmittance mode.

2.3.3  Scanning electron microscopy (SEM) and field 
emission scanning electron microscope (FESEM)

SEM and FESEM analysis was conducted for studying the 
shape and surface morphology of synthesized nanoparti-
cles. SEM analysis was done using JEOL Model JSM-6390LV 
SEM machine. For analysis, drop of sample was dried on a 
carbon-coated copper grid and then images were taken 
at different magnification. FESEM was analyzed with JEOL 
Model JSM-7600F at an accelerating voltage of 10 kV and 
at 50,000× magnification.

2.3.4  Energy dispersive X‑ray spectroscopy (EDX)

EDX analysis was performed for determining the elements 
present in the synthesized nanoparticles. EDX analysis was 
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done on dry sample through Oxford-EDX system that uses 
80 mm2 SDD detector that detects element under high 
resolution.

2.3.5  High resolution transmission electron microscopy 
(HR‑TEM)

HR–TEM was analyzed was done using FEI TECNAI G2, 
F30 by operating at an accelerating voltage of 300 kV. 
HR–TEM analysis was done for determining the size, shape 
and morphology of silver nanoparticles. The size distribu-
tion range was obtained using Origin b9.5.5.409 software 
(Origen Lab Corporation, USA) by measuring the size of 
more than 350 particles. Percent polydispersity of synthe-
sized nanoparticles was determined using the following 
formula: Polydispersity (%) = (σ/xc) × 100, where σ = stand-
ard deviation of particle size distribution and xc = average 
nanoparticles size.

2.3.6  X‑ray diffraction analysis (XRD)

For determining X-ray diffraction pattern, centrifuged and 
dry crystals of silver nanoparticles were used. XRD analy-
sis was done using BRUKER AXS D8 ADVANCE (BRUKER 
KAPPA APEX II) machine, operated at 30 mA current and 
at 40 kV voltage. For generating 2θ data the sample was 
Cu Kα radiated, operated at a speed of 5°/min. The result 
obtained was compared with standard JCPDS library for 
determining the crystalline structure. The average crys-
talline size has been estimated using Debye–Scherrer’s 
formula, D = (0.9λ∕βCosθ) where λ is the wavelength of 
the X-ray source, β is the angular FWHM of the XRD diffrac-
tion peak and θ is the Bragg angle. FWHM was calculated 
from Gaussian function using Origin b9.5.5.409 software. 
Inter planar spacing (d) was calculated from Bragg’s Law, 
2dSinθ = nλ where n is the order of diffraction pattern. 
Lattice constant  (a0) has been derived from the following 
formula,  a0 = d × √  (h2 + K2 + l2), where d is inter planar spac-
ing and h, k, l are plane direction.

2.3.7  Dynamic light scattering (DLS)

DLS analysis of synthesized nanoparticles was done to cor-
relate relationship between particle size and number of 
particles. Through DLS study zeta potential and average 
particle size of synthesized nanoparticles was determined. 
Measurement was done through DLS analyzer (ZETASIZER 
NANO ZS90 ZEN3690) where water was used as dispersion 
medium with dispersion and material refractive index of 
1.332 and 1.330 respectively, viscosity of 0.8872 cP, count 
rate of 343.7 Kcps and temperature of 25 °C.

2.3.8  Antimicrobial activity

Disk diffusion method was followed for screening the 
antimicrobial activity of synthesized nanoparticles using 
mulberry leaf extract. Antimicrobial activity was tested at 
seven different concentrations of silver nanoparticles (25, 
50, 100, 200, 300, 400, 500 µg/ml). Gram positive (Bacil-
lus megaterium ATCC 14581, Staphylococcus aureus ATCC 
11632, Bacillus subtilis ATCC 11774) and gram negative 
(Escherichia coli ATCC 11229 and Salmonella typhimurium 
ATCC 25241) test organisms were grown for 6 h on nutrient 
broth prior to their application to obtain rapidly growing 
viable cells. 100 µl test organism from nutrient broth was 
mixed uniformly with nutrient agar plate and was allowed 
to solidify. After 30 min, paper disk soaked with appropri-
ate concentration of nanosilver was placed in the nutrient 
agar plate. The zone of inhibition was calculated in mil-
limetre scale after 24 h of incubation at 37 °C.

Antimicrobial activity of silver nanoparticles was also 
evaluated in terms of minimum inhibitory concentration 
(MIC). For estimation, different concentration of silver 
nanoparticles was added to 50 ml sterilized nutrient broth 
and to it 0.1 ml actively growing viable bacterial culture 
was added maintained at  106 CFU/ml. Microbial growth 
was measured using UV–visible spectrophotometer (SYS-
TRONICS-2201) at 600 nm after 24 h incubation at 37 °C 
and 120 rpm.

2.3.9  Antioxidant activity

Antioxidant activity of prepared nanosilver and plant 
extract was evaluated following standard protocol in 
terms of  ABTS+ [45], DPPH [46], superoxide [47], nitric 
oxide [48] scavenging and metal chelating [49] activ-
ity. Scavenging and chelating activity was measured as 
percent inhibition using the following equation: Percent 
inhibition = [(A0 − A1)/A0] 100%, Where  A0 is the absorb-
ance of the control and  A1 is the absorbance of the sam-
ple. Antioxidant activity was expressed as concentration 
where 50% reduction in free radical takes place referred 
to as  IC50 value.

3  Result and discussion

3.1  UV–visible spectra analysis

Biogenic synthesis of silver nanoparticles was confirmed 
by colour change of silver nitrate solution from trans-
parent to yellowish and finally to reddish or blackish 
brown (Fig. 1). The dielectric medium and the organic 
constituents of the plant extract are few of many factors 
responsible for change in colour during nano formation 
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[50]. Further validation of nanoparticles formation was 
done using UV–Vis spectrophotometer. Sastry et al. [51] 
reported that appearance of surface plasmon resonance 
(SPR) spectra in the wavelength range of 400–500 nm 
confirms the formation of silver nano particles. Figure 2 
shows SPR spectra of silver nanoparticles formed using 
different concentration (2.5, 5, 10, 15, 20  ml) of plant 
extract keeping the concentration of silver nitrate constant 
 (10−3 M). The characteristic UV–visible spectra shows SPR 
band of formed nanosilver at ~ 429 nm when synthesized 
using 2.5 ml plant extract. The obtained peak gets shifted 
towards red region when nano was prepared with 5 ml 
(~ 432 nm) and 10 ml (~ 432 nm) plant extract. However 
decrease in SPR spectra (blue shift) was noticed with 
increase in concentration of extract to 15 ml (~ 426 nm) 
and 20 ml (~ 423 nm). The red or blue shift of SPR spec-
tra mainly depends on size, shape and nature of organic 
constituents present in surrounding medium [52]. The 

decrease in SPR spectra at high concentration of plant 
extract takes place because excess biomolecules beyond 
a certain limit ceases nano formation [53].

Nano synthesis was also monitored at different con-
centration of silver nitrate  (10−1,  10−2,  10−3,  10−4,  10−5 M) 
keeping the concentration of plant extract constant in the 
ratio of 1: 9. The UV–visible spectrum (Fig. 3) shows SPR 
bands that range from 430 to 450 nm which confirms nano 
formation. It was observed that  10−4 M and  10−5 M concen-
tration of silver nitrate was insufficient for nano formation, 
while at high concentration  (10−1 M), formed nanoparti-
cles in solution became hazy due to the reaction between 
excess concentration of silver nitrate with biomolecules, 
resulting in low intensity and broad SPR spectra. The 
broad and low intensity SPR band at high concentration 
appeared because of sedimentation of particle with time. 
Similar result was also reported by Balavijayalakshmi and 
Ramalakshmi [54] using Carica papaya peel. Nanosilver 
formed with  10−2 M and  10−3 M silver nitrate showed maxi-
mum wavelength peak at ~ 450 nm and ~ 435 nm respec-
tively, indicating red shift with increase in concentration. 
SPR peak at high wavelength indicates large particle size 
[14]. Kaya et al. [55] reported that small size nanoparticles 
are biologically more active than large size nanoparticles. 
As nanosilver produced from  10−3 M silver nitrate shows 
SPR peak at lower wavelength than  10−2 M, so its particle 
size will be smaller than that produced by  10−2 M silver 
nitrate and thus is biologically more active.

3.2  Fourier transformed infrared (FTIR) 
spectroscopy

FTIR analysis was conducted to determine possible 
involvement of functional groups participating in reduc-
tion and stabilization of silver nanoparticles. FTIR spectra 
of dried aqueous plant extract showed absorption band 

Fig. 1  Biogenic synthesis of silver nanoparticles mediated by mul-
berry leaf extract at different concentration of silver nitrate

Fig. 2  UV–visible spectra of silver nanoparticles synthesized at dif-
ferent concentration of leaf extract

Fig. 3  UV–visible spectra of silver nanoparticles synthesized at dif-
ferent concentration of silver nitrate
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at 3425.1, 1627.7, 1386.6, 1066.4, 1020.2, 761.7, 572.7 
and 518.7 cm−1 (Fig. 4a). After reduction, certain spec-
tral peaks showed slight shift in wave number such as 
3430.9, 1033.7 and 796.4 cm−1; bands at 1627.7, 1386.6, 
572.7 and 518.7 cm−1 appeared at exact location, while 
two extra band appeared at 2919.8 and 2854.2  cm−1 
(Fig. 4b). The spectral similarity between plant extract and 
nano silver with minor deviation due to reduction pro-
cess [56] strongly supports the involvement of different 
components of plant extract in bioreduction of metallic 
salts into nanoparticles. Ganesh Babu and Gunasekaran 
[57] reported that interaction between metal salts and 
biomolecules for the production of nanoparticles takes 
place through the involvement of functional groups. The 
bands at 3425.1 cm−1 shifted to 3430.9 cm−1 corresponds 
to N–H vibration mode which was overlapped with –OH 
vibration stretching of alcoholic and phenolic compounds 
[22, 58]. The peaks at 2919.8 cm−1 and 2854.2 cm−1 repre-
sents vibrations of –CH2 and –CH3 functional groups. These 
peaks are not detected in plant extract probably due to 
interference of –OH vibration stretching. Strong intense 
peak at 1627.7 cm−1 corresponds vibration of primary and 
secondary amines [59, 60] and 1386.6 cm−1 corresponds to 
C–N vibration stretch, probably representing amide I band 
of proteins found in leaf extracts [61]. The intense band 
at 1066.4, 1020.2 cm−1 of plant extract and 1033.7 cm−1 
of nano silver represents strong C–O– and C–OH stretch-
ing vibration of carboxylic acid, alcohol, ester and ether 
bond of protein and carbohydrate present in the extract 
[62, 63]. Peak at 761.7 cm−1 of extract was shifted towards 
higher wave number at 796.4 cm−1 in prepared nanosil-
ver indicates N–H vibration of primary aliphatic amines. 
Absorption band at 572.7 and 518.7 cm−1 indicates C–Cl 
stretching vibration and C–C skeleton vibration of branch 

alkenes respectively. Butt et al. [64] reported the pres-
ence of protein, carbohydrate, glycoprotein, phenols, fla-
vonoids, aminoacids, carotene and anthocyanins in mul-
berry leaf extract. Liang et al. [65] through spectroscopic 
analysis detected the presence of glucose and sucrose as 
carbohydrate; alanine, asparagines, GABA and proline as 
amino acid; acetic acid and succinic acid as a mono and 
di-carboxylic acid respectively; trigonelline as alkaloid in 
mulberry leaf extract. Hunyadi et al. [66] reported the pres-
ence of secondary metabolites like chlorogenic acid, rutin, 
isoquercitrin in mulberry leaf extract. Thus the functional 
groups detected in IR spectra, defines the presence of car-
bohydrate, proteins and different secondary metabolites 
in the plant extract that are involved in reduction of silver 
ion and also acts as stabilizing agent.

3.3  Scanning electron microscopy (SEM) and Field 
emission scanning electron microscope (FESEM)

SEM micrograph of biosynthesized silver nanoparticles 
was given in Fig. 5a. From SEM imaging it was observed 
that most of the silver nano particles were spherical while 
some are irregular in shape. The micrograph obtained in 
FESEM (Fig. 5b) also shows spherical nanoparticles, sup-
porting the result obtained by SEM. Uniform alignment 
of silver nanoparticles was observed in FESEM with aver-
age particle size of 16.33 ± 5.14 nm. The particle size dis-
tribution ranges from 12 to 40 nm, some particles of size 
greater than 50 nm were also observed but are probably 
due to the overlapping of one particle with another. In 
some places particles were agglomerated due to cross 
linking [52] or may be due to evaporation of solvent dur-
ing preparation of sample [67].
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3.4  Energy dispersive X‑ray spectroscopy (EDX)

For identifying the elements involved in synthesis of sil-
ver nanoparticles, energy dispersive spectrum analysis 
was conducted. EDX analysis gives both qualitative and 
quantitative information regarding the participation of 
element in bioreduction. The elemental profile shows 
the presence of C, O, S, Cl and Ag (Fig. 6a), with strong 
intensity peak at 3 keV representing Ag. Due to surface 
plasmon resonance, silver shows intense peak at 3 keV 
confirming the formation of silver nanoparticles [68, 69]. 
The quantitative profile of elements in terms of percent 
weight indicated that silver accounting maximum por-
tion ~ 70% followed by carbon and oxygen (Fig. 6b). 
Presence of carbon and oxygen indicates the presence of 
alkyl chain as stabilizing agent during the bioreduction 

of metallic silver [70], supporting the result obtained 
through FTIR analysis.

3.5  High resolution transmission electron 
microscopy (HR‑TEM)

From HR-TEM images it was observed that formed silver 
nanoparticles were spherical in shape and they vary in 
their size distribution. HR-TEM image of prepared nanosil-
ver at 200 nm scale was represented in Fig. 7a. From HR-
TEM study average particle size was estimated to be 
14.95 ± 2.29 nm and size distribution ranges between 12 
and 38 nm (Fig. 7b). The variation in size distribution was 
mainly due to clustering of nanoparticles at some places 
[67]. TEM analysis reveals that the periphery of the nano-
particles is thinner than centre, indicating the involvement 

Fig. 5  a SEM and b FESEM micrograph of biosynthesized silver nanoparticles

Fig. 6  a EDX spectra and b 
elemental profile of biosynthe-
sized nanoparticles
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of protein molecules as capping agent [71]. The polydis-
persity was found to be 11.35% indicating that most of the 
particles remain in monodispersed phase; similar finding 
had been reported by Ibharim [72] and Banala et al. [30] 
using banana peel and papaya leaf extract respectively. 
Application of nanoparticles largely depends on size, 
shape and polydispersity index of particles [73]. Agnihotri 
et al. [74] reported that bioactivity of silver nanoparticles, 
mainly antimicrobial activity is inversely proportional to 
the size of the nanoparticles. Present study represents 
smaller size nanoparticles, supporting their bioactive 
nature.

3.6  X‑ray diffraction analysis (XRD)

For confirming the crystalline nature of biologically syn-
thesized nanoparticles, XRD pattern of dried nanosilver 
was studied and was represented in Fig. 8. Four prominent 
diffraction peak were obtained at 38.14°, 44.26°, 64.46°, 
77.41° corresponding to (hkl) values of (111), (200), (220), 
(311) Bragg’s reflections plane of face centered cubic sil-
ver. The obtained data was matched with standard JCPDS 
library file no: 04-0783 which also confirms face centered 
cubic structure of biosynthesized silver nanoparticles. The 
intensity of peak at (200), (220) and (311) are weak and are 
broad, while (111) represents sharp and intense peak indi-
cating that nanocrystals are (111) oriented. By determining 
Debye–Scherrer’s equation at (111) Bragg’s reflection, the 
average crystalline size was found to be 10.65 nm. Simi-
lar XRD orientation was earlier reported by Awwad et al. 
[3] and Premasudha et al. [31] while synthesizing silver 
nanoparticles using Carob and Eclipta leaf extract respec-
tively. Besides normal peaks of silver, three extra peaks at 
27.86°, 32.26° and 46.11° were observed and these peaks 

represents the organic constituents of extracts that are 
responsible for reduction of silver ion [75].

The crystalline nature of synthesized nanoparticles was 
further evaluated through selected area electron diffrac-
tion (SAED) pattern (Fig. 9). The bright diffraction spots 
corresponds to (111), (200), (220) and (311) Bragg reflec-
tion planes [76]. SEAD pattern reflects that the crystals are 
mostly oriented on (111) plane and due to which sharp 
and intense peak was generated at (111) XRD pattern.

The FWHM value, crystalline size (D), dislocation density 
(δ), inter planar spacing (d), lattice constant  (a0) and cell 
volume against Bragg’s reflections at (111), (200), (220) and 
(311) are represented at Table 1. The obtained lattice con-
stant value of most intense peak (111) was 4.084 Å which 
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almost matches exactly with the reported standard value 
of silver which is 4.086 Å (JCPDS file no: 04-0783). Similar 
finding on biogenic synthesis of silver nanoparticles was 
earlier reported by Anandalakshmi et al. [77] and Mehta 
et al. [78].

3.7  Dynamic light scattering

DLS analysis reveals that all the particles in the disper-
sion remain in nano-size with average zeta diameter of 
29.68 nm and polydispersity index (PDI) of 0.441 (Fig. 10). 
The particle size obtained from DLS analysis is greater than 
that obtained through TEM and XRD analysis, this may be 
due to the fact that DLS analysis takes into consideration 
associated capping and reducing agents during size meas-
urement [79]. Besides size for biological activity, stability 
of nanoparticles plays an important role [80]. Nano stabil-
ity is measured in terms of zeta potential which measures 
the surface charge of nanoparticles. Nanoparticles bearing 
greater positive or negative zeta potential will repulse each 
other, which will prevent nano agglomeration and there 
by increases stability [81]. Particles bearing zeta potential 
greater than + 30 mV or less than − 30 mV are considered 
to remain stable without agglomeration for longer dura-
tion [82]. The zeta potential value of biosynthesized silver 

nanoparticles was + 37.4 mV, indicating that the particles 
are present in highly stable state. Positive value of zeta 
potential was due to development of electrostatic force 
of attraction between positively charged capping agents 
with the nanoparticles [83].

3.8  Antimicrobial activity

Biosynthesized silver nanoparticles using mulberry leaf 
extract showed potent antimicrobial activity against both 
gram positive and gram negative bacteria as evident by 
measuring the diameter of inhibition zone (Fig. 11). The 
data tabulated in Table  2 indicates that at maximum 
concentration (500 µg/ml) silver nanoparticles showed 
highest activity against gram positive bacteria, Bacillus 
megaterium (22.03 ± 1.06 mm) while at lowest concentra-
tion (25 µg/ml) best activity was obtained against gram 
negative bacteria, S. typhimurium (10.51 ± 1.17 mm) than 
other tested microorganisms. This result was possibly due 
to the fact that metals at higher concentration can easily 
bind to the surface of gram positive bacteria [84], while at 
lower concentration thick peptidoglycan layer, consisting 
of linear polysaccharide chains cross linked by short pep-
tides makes the cell wall of gram positive bacteria a rigid 
structure which creates difficulty for silver nanoparticles 
to penetrate the bacterial cell wall [72]. In Gram nega-
tive bacteria the cell wall possesses thinner peptidogly-
can layer, due to which silver nanoparticles could easily 
release silver ion causing damage to membrane leading to 
bactericidal activity [85]. It has been reported earlier that 
silver nanoparticles prepared with extract of Aloe vera [86], 
Eriobotrya japonica [87], Sida acuta [88], Capparis spinosa 
[89], Lycopersicon esculentum [90], Artocarpus heterophyllus 
[67] showed strong antimicrobial activity against different 
strains of microorganisms.

On assessing MIC value of silver nanoparticles against 
different tested microorganisms (Fig. 12) it was found that 
silver nanoparticles showed highest bactericidal activity 
against gram negative bacteria, S. typhimurium followed 
by Escherichia coli with MIC value of 40 µg/ml and 60 µg/ml 
respectively. The MIC value of gram positive bacteria was 
found to be on higher site with maximum value of 160 µg/
ml in Bacillus megaterium. MIC value against gram negative 
bacteria appeared at low nanosilver concentration proba-
bly because the thin peptidoglycan layer of gram negative 

Fig. 9  SAED image of biosynthesized silver nanoparticles

Table 1  Variation in crystalline 
size, dislocation density, inter 
planar spacing, lattice constant 
and cell volume of synthesized 
nanoparticles

2θ Orientation Intensity FWHM (°) D (nm) δ  (nm−2) d (Å) a0 (Å) Cell volume (Å3)

38.14 111 393.44 0.7887 10.6567 0.0088 2.358 4.084 68.096
44.26 200 79.12 1.0685 8.0258 0.0155 2.045 4.090 68.399
64.46 220 116.06 0.6677 14.0642 0.0051 1.444 4.085 68.179
77.41 311 93.25 1.3229 7.6951 0.0169 1.232 4.086 68.199
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bacteria easily permits nanoparticles to penetrate the cell 
wall [91]. Silver nanoparticles by releasing silver cations 
inhibit bacterial growth by damaging cellular organiza-
tion [92]. Stoimenov et al. [93] reported that electrostatic 
force of attraction between positively charged nanoparti-
cles and negatively charged microbial membrane was the 
driving force for bactericidal activity. Silver nanoparticles 
by interacting with negatively charged phosphorous and 
sulphur containing cellular constituents like DNA and pro-
teins inhibit microbial growth [94, 95]. Although in recent 
years different mode of action of silver nanoparticles has 
been demonstrated by different workers but exact mode 
of action was not clear and requires further analysis.

3.9  Antioxidant activity

Biosynthesized silver nanoparticles exhibit significant dose 
dependent scavenging activity against all the free radicals 
as shown in Fig. 13. The functional groups of leaf extract 
that are involved in reduction of silver ion for nanosilver 
formation are mainly responsible for its antioxidant activ-
ity [96].

The lipophilic radical DPPH was considered as model 
test for determining the free radical scavenging activity 
of synthesized nanoparticles and natural compounds 
because of its high stability [97]. In its radical form, DPPH 
shows maximum absorbance at 517 nm which gradually 
decreases by reduction caused by antioxidants [98]. In 
present study DPPH scavenging activity increases with 
increase in concentration of synthesized nanoparticles 
with maximum activity of 47.81% at highest concentra-
tion (100 µg/ml) which is ~ 56% of the activity showed by 
standard ascorbic acid at the same concentration, while 
plant extract showed considerably less scavenging activity 
of 36.22%. Our finding in the present study was supported 
by earlier workers who also observed almost similar out-
come while working with silver nanoparticles prepared 
using extract of Iresine herbstii [99], Alpinia katsumadai 
[100].

ABTS scavenging activity of silver nanoparticles was 
evaluated using BTH as standard. Oxidation of ABTS with 
potassium persulfate generates  ABTS+ cation, a blue 
chromophore that causes oxidative damage [27].  ABTS+ 
scavenging activity is mostly used to access the potential 
of hydrogen donors and antioxidant agents present in 

Fig. 10  DLS size distribution pattern and zeta potential of biosynthesized silver nanoparticles using mulberry leaf extract



Vol:.(1234567890)

Research Article SN Applied Sciences           (2019) 1:498  | https://doi.org/10.1007/s42452-019-0527-z

the biological samples [26]. Silver nanoparticles displayed 
maximum  ABTS+ scavenging activity of 95.08% almost 
equivalent to that exhibited by BTH standard 95.51% at 
100 µg/ml, representing strong activity. Strong  ABTS+ 

scavenging activity of green synthesized silver nanoparti-
cles was also reported by Shanmugam et al. [101].

Silver nanoparticles showed 64.04% nitric oxide 
scavenging activity at 100 µg/ml in comparison with 

Fig. 11  Antimicrobial activ-
ity of silver nanoparticles at 
seven different concentrations 
(I—500, II—400, III—300, 
IV—200, V—100, VI—50, 
VII—25 µg/ml) against a, b 
Bacillus megaterium, c, d Staph-
ylococcus aureus, e, f Bacillus 
subtilis, g, h Escherichia coli, i, j 
Salmonella typhimurium 
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88.62% and 45.72% in gallic acid standard and plant 
extract respectively. Silver nanoparticles utilize electron-
egative property of nitric oxide radical for reducing by 
donating electron [102]. Nitric oxide plays vital role in 
bio-regulation, but excess production or accumulation 
of nitric oxide may cause several disorders [96]. Silver 

nanoparticles through its scavenging potential nullify 
the harmful effect of nitric oxide.

Superoxide scavenging activity was measured at 
560  nm and reduction in absorption value indicates 
consumption of superoxide ions by antioxidants. Sil-
ver nanoparticles at 100 µg/ml concentration exhibit 

Table 2  Antimicrobial activity of silver nanoparticles against tested microorganisms

Results are expressed as Mean ± SEM of triplicate determinations. Values with different letters (a, b, c, etc.) differ significantly (p ≤ 0.05) by 
Duncan’s Multiple Range Test

Microorganism Zone of inhibition (mm)

500 µg/ml 400 µg/ml 300 µg/ml 200 µg/ml 100 µg/ml 50 µg/ml 25 µg/ml

Bacillus megaterium 22.03 ± 1.06a 20.00 ± 0.78ab 18.31 ± 1.02bc 16.95 ± 1.55c 11.19 ± 1.02d 9.32 ± 1.28de 6.61 ± 1.53e

Staphylococcus aureus 16.61 ± 1.06a 15.08 ± 0.78ab 13.73 ± 0.88bc 12.71 ± 0.51 cd 11.36 ± 1.28de 10.17 ± 1.35e 7.10 ± 1.02f

Bacillus subtilis 21.86 ± 1.02a 17.97 ± 0.78b 15.93 ± 0.59c 11.86 ± 1.28d 11.36 ± 1.06d 9.15 ± 1.02e 7.29 ± 0.29e

Escherichia coli 20.51 ± 1.06a 19.49 ± 1.55a 15.93 ± 0.78b 11.53 ± 1.28c 10.17 ± 1.35 cd 8.64 ± 1.02de 7.12 ± 1.02e

Salmonella typhimurium 17.97 ± 1.28a 16.27 ± 0.51ab 15.42 ± 1.06bc 13.90 ± 0.78 cd 13.39 ± 1.06 cd 12.54 ± 0.78de 10.51 ± 1.17e

Fig. 12  Minimum inhibi-
tory concentration of silver 
nanoparticles against tested 
microorganisms
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significant superoxide scavenging activity of 81.92% in 
comparison with 85.35% in tocopherol standard. Super-
oxide is a weak anionic radical but bears the capacity to 
generate two harmful radicals, hydroxyl radical and sin-
glet oxygen that develops oxidative stress [103]. Inside 
living system superoxide directly reacts and damages 

DNA and protein [104], besides this hydroxyl radical gen-
erated by superoxide causes cellular damage by reacting 
with polyunsaturated fatty acid associated with phos-
pholipids [105]. In present study silver nanoparticles 
showed high superoxide scavenging activity which was 
supported by Reddy et al. [104] showing 60% superoxide 
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Fig. 13  DPPH, ABTS, nitric oxide, super oxide and metal chelating 
scavenging activity of biosynthesized silver nanoparticles in com-
parison with plant extract and respective standards (results are 

expressed as mean ± STDEV of triplicate determinations. Values 
with different letters (a, b, c, etc.) differ significantly (p ≤ 0.05) by 
Duncan’s multiple range test)
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scavenging with silver nanoparticles prepared using fruit 
extract of Piper longum.

Metal chelating is the ability of the antioxidant to desta-
bilize the formation of Ferrozine-Fe2+ complex [106]. Metal 
chelating activity was estimated at 562 nm and decrease 
in absorption in respect to control indicates the ability of 
antioxidant to bind with iron. Nanosilver at 100 µg/ml con-
centration exhibits 84.24% metal chelation, while at same 
concentration plant extract and ascorbic acid standard 
showed 68.62% and 90.81% scavenging activity respec-
tively, indicating high metal chelation potential of biosyn-
thesized nano particles with respect to standard.

IC50 value of synthesized silver nano particles, plant 
extract and respective standards against all the studied 
antioxidants are enlisted in Table 3. It was observed that 
silver nanoparticles showed maximum activity against 
 ABTS+ cation radical with  IC50 of 25.929 µg/ml, while least 
activity was against DPPH scavenging activity having  IC50 
of 97.27 µg/ml. In comparison with standard, it can be 
stated that  IC50 of synthesized nanoparticles increased 
significantly with respect to plant extract from which it 
was prepared.

4  Conclusion

Mulberry leaves as an agricultural product in the field of 
sericulture has been successfully utilized for quick, sim-
ple, stable, eco-friendly and cost-effective production of 
silver nanoparticles using biogenic process. UV–visible 
spectral analysis reveals that the optimum concentra-
tion for nanosilver formation is  10−3 M silver nitrate and 
5 ml plant extract. The synthesized nanoparticles were 
crystalline and spherical in nature with average parti-
cle size ranges from 10 to 16 nm as revealed through 
XRD, SEM and TEM analysis. FTIR analysis showed that 
the stability of silver nanoparticles was mainly due to 
the presence of proteins, carbohydrate and different 
secondary metabolites that acts as reducing and cap-
ping agents. Synthesized nanoparticles showed high 
potential to protect against damage caused by free 

radicals. The antimicrobial screening demonstrates that 
biosynthesized silver nanoparticles exhibit strong anti-
microbial activity against both gram positive and gram 
negative microorganisms. From our study it may be rec-
ommended that synthesized silver nanoparticles can be 
explored as an alternative option in the prevention of 
diseases related with generation of free radicals and also 
in reducing microbial count in biological systems.
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