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day preserved mulberry leaves 

Fig. 106: OHR-LCMS spectra of differentially expressed SDS band obtained from protein 

of 7 day post harvest mulberry leaves preserved in nanosilver solution 

Fig. 107: STRING analysis representing protein-protein interaction of differentially 

expressed mulberry leaves proteins obtained from OHR-LCMS analysis 

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    

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: 
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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  

 

 

 

 

 

 

 



 

xxxii 
 

List of Appendices 
10. A. Appendix-1:   Chemicals 

10. B. Appendix-2:   Abbreviations & Symbols 

10. C. Appendix-3:  Index 

10. D. Appendix-4:  List of Publications 

10. E. Appendix-5:  Reprints 

 

 


