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3. Materials and Methods 
3.1. Collection of plant samples from north-east Indian plains 

Extensive survey was conducted in the crop fields of different locations 

scattered in the six districts of North Bengal viz. Jalpaiguri, Coochbehar, 

North Dinajpur, South Dinajpur, Malda and Darjeeling (plains comprising 

of the Siliguri subdivision) (Fig. 3.1). Similar survey was also conducted in 

Tripura near Agartala (Fig. 3.2) and different regions of Assam (Fig. 3.3). 

During the survey, occurrences of well known symptoms of viral diseases 

in plants, if any, were noted. A rough estimate of the disease prevalence 

was made based on approximately 100 plants and percent disease 

incidence was calculated. Symptoms such as yellowing, stunted growth, 

vein clearing, leaf mosaic, leaf curling and leaf deformation were observed. 

Altogether, fifty two leaf samples were collected from 21 different locations 

of the north-east Indian plains (Table 3.1). Leaves of the infected plants 

were cut with sterile blade to avoid contamination. Cut leaves were placed 

in fresh zip packs and marked according to the area and date and 

transported to the laboratory under cold aseptic conditions. The infected 

plants were papaya (14 samples), bottle gourd (9 samples), ash gourd (3 

samples), cucumber (3 samples), common bean (7 samples), potato (3 

samples), field bean (2 samples), coriander (3 samples), chili (3 samples), 

garden rose (2 samples) and tomato (3 samples) (Table 3.2). Healthy leaves 

were also collected from each area and each plant for comparison.   

Table 3.1. Different places of sample collection and their GIS locations.  

Place of collection GIS Location 
Siliguri, West Bengal 26°35'N / 88°21'E 
Balurghat, West Bengal 25°14'N / 88°49'E 
Islampur, West Bengal 26°14'N / 88°09'E 
Jalpaiguri, West Bengal 26°31'N / 88°39'E 
Cooch behar, West Bengal 26°22'N / 89°27'E 
Malda, West Bengal 25°04'N / 88°10'E 
Guwahati, Assam 26°09'N / 91°36'E 
North Salmara, Assam 26°22'N / 90°36'E 
Sapotgram, Assam 26°19'N / 90°07'E 
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Place of collection GIS Location 
Nayagaon, Assam 26°25'N / 90°30'E 
Goalpara, Assam 26°09'N / 90°37'E 
Anthaibari, Assam 26°26'N / 90°01'E 
Dibrugarh, Assam 27°26'N / 94°53'E 
Dhaligaon, Assam 26°29'N / 90°31'E 
Bilasipara, Assam 26°13'N / 90°14'E 
Srirampur, Assam 26°25'N / 89°54'E 
Talguri, Assam 26°19'N / 90°29'E 
Jagdoi, Assam 26°21'N / 90°31'E 
Sonitpur, Assam 26°46'N / 93°21'E 
Silchar, Assam 24°49'N / 92°46'E 
Agartala, Tripura 23°51'N / 91°15'E 

 

 

 

 

Fig. 3.1: (a) Map of northern West Bengal and (b-g) regions of collection of 

infected plant samples from different districts of North Bengal: (b) Siliguri, 

(c) Jalpaiguri, (d) Islampur, (e) Malda, (f) Cooch behar and (g) Balurghat. 

The red pins showing the collection spots. 

Table 3.1  
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Fig. 3.2: (a) Map of Tripura and (b) region of collection of infected plant 

samples from Agartala, Tripura. The red pin is showing the collection spot. 

 

 

Fig. 3.3: (a) Map of northern Assam and (b-o) regions of collection of 

infected plant samples from different districts of Assam: (b) Silchar, (c) 

Sapotgram, (d) North Salmara, (e) Nayagaon, (f) Bilasipara (g) Talguri, (h) 

Jagdoi, (i) Anthaibari, (j) Dhaligaon, (k) Dibrugarh, (l) Silchar, (m) Goalpara, 

(n) Guwahati and (o) Sonitpur. The red pins showing the collection spots. 



41 

Table 3.2. Plant samples collected from north-east Indian plains with their 
respective codes and place of collection.  

Host Plant (Scientific Name) 
Code name 

assigned 
Place of collection 

Papaya (Carica papaya L.) Pa/Fsd Siliguri, West Bengal 

Pa/Blg Balurghat, West Bengal 

Pa/Guw Guwahati, Assam 

Pa/Ran Siliguri, West Bengal 

Pa/Isl Islampur, West Bengal 

Pa/Jpg Jalpaiguri, West Bengal 

Pa/Lnp Siliguri, West Bengal 

Pa/Cob Cooch behar, West Bengal 

Pa/Mld Malda, West Bengal 

Pa/NS North Salmara, Assam 

Pa/Sa Sapotgram, Assam 

Pa/Ng Nayagaon, Assam 

Pa/Gp Goalpara, Assam 

Pa/An Anthaibari, Assam 

Common bean (Phaseolus vulgaris 

L.) 

Be/Dbg Dibrugarh, Assam 

Be/Slg Siliguri, West Bengal 

Be/Cob Cooch behar, West Bengal  

Be/Dg Dhaligaon, Assam 

Be/Bs Bilasipara, Assam 

Be/Sr Srirampur, Assam 

Be/Ng Nayagaon, Assam 

Potato (Solanum tuberosum L.) Po/Slg Siliguri, West Bengal 

Po/Dg Dhaligaon, Assam 

Po/An Anthaibari, Assam 

Ash gourd (Benincasa hispida 

Thunb.) 

Ag/Slg Siliguri, West Bengal 

Ag/Guw Guwahati, Assam 

Ag/Mld Malda, West Bengal 

Field bean (Dolicos lablab L.) Fb/Guw Guwahati, Assam 

Fb/Dg Dhaligaon, Assam 

Tomato (Lycopersicon esculentum 

L.) 

To/Guw Guwahati, Assam 

To/An Anthaibari, Assam 

To/Slg Siliguri, West Bengal 
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Host Plant (Scientific Name) 
Code name 

assigned 
Place of collection 

Coriander (Coriandrum sativum L.) Co/Ng Nayagaon, Assam 

Co/Gp Goalpara, Assam 

Co/Cob Cooch behar, West Bengal 

Bottle gourd (Lagenaria siceraria 

(Mol.) Standl.) 

L/Cob Coochbehar, West Bengal 

L/Phn Siliguri, West Bengal  

L/An Anthaibari, Assam 

L/Ng Nayagaon, Assam 

L/Tg Talguri, Assam 

L/Jd Jagdoi, Assam 

L/Slc Silchar, Assam 

L/Agt Agartala, Tripura 

L/Slg Siliguri, West Bengal 

Cucumber (Cucumis sativus L.) Cu/Slc Silchar, Assam 

Cu/Agt Agartala, Tripura 

Cu/Slg Siliguri, West Bengal 

Garden rose (Rosa sp. L.) Ro/Slg Siliguri, West Bengal 

Ro/Slg2 Siliguri, West Bengal 

Chili (Capsicum annuum L.) Ch/Snt Sonitpur, Assam 

Ch/Sa Sapotgram, Assam 

Ch/Blg Balurghat, West Bengal 

 

 

3.2. Preparation of sample for experiments 

The leaf samples collected from fields were unpacked and washed 

thoroughly with sterile distilled water to remove any trace of dust. Washed 

leaves were dried with blotting paper. Dried leaves were either used directly 

for experiments or repacked in a fresh air tight plastic packet and stored in 

-  

3.3. Extraction of total RNA from plant samples 

Total RNA was extracted from both infected and healthy plants following 

the method of Ghawana et al. (2011). Firstly, 100 mg of tissue was ground 

Table 3.2  
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to fine powder in liquid nitrogen using mortar and pestle. Then, 1 ml of 

RNA extraction solution (Tris saturated phenol : 0.1% SDS : 0.5M EDTA  

pH 8.0 : 1.6M sodium acetate :: 2:1:1:1) was added and ground further 

that would help in instantaneous denaturation of protein. Next, 400 µl of 

DEPC treated and autoclaved RNase free distilled water was added and 

mixed by grinding. The mixture was transferred to 2 ml microcentrifuge 

tubes and left for 5 minutes at room temperature. Next, 200 µl of 

chloroform was added to each tube, vortexed briefly (<10 seconds) and left 

for 10 minutes at room temperature. Finally, the tubes were centrifuged at 

13,000 rpm for 10 minutes at 4°C and the upper aqueous phase was 

transferred into fresh tubes. An aliquot of 0.6 volumes of isopropanol was 

added to each tube, vortexed briefly (<10 seconds) and left for 10 minutes 

at room temperature. The tubes were again centrifuged at 13,000 rpm for 

10 minutes at 4°C and the supernatants were discarded.  Finally, the RNA 

pellet was washed with 70% ethanol, air dried, dissolved in 20 to 50 µl of 

DEPC treated RNase free sterile distilled water and stored at -70°C. 

3.4. Agarose gel electrophoresis of RNA 

The quality and quantity of isolated total RNA was checked on agarose gel 

by agarose gel electrophoresis conducted in a submarine gel 

electrophoresis system (Bangalore GeNei (India) Pvt. Ltd., India). Agarose 

(1%) was suspended in 1X TAE buffer and allowed to melt in water bath to 

obtained a clear solution. Ethidium bromide (1 µg/ml) was added to the 

solution after cooling (600C), mixed properly, poured carefully into the gel 

casting tray and allowed to solidify. The gel with tray was then completely 

submerged in tank containing 1X TAE running buffer. RNA sample (5 µl) 

was mixed with 0.8 µl gel loading dye and loaded onto wells. 

Electrophoresis was done at 5 V/cm for 60 minutes and viewed under 

under UV-transilluminator (Bangalore GeNei (India) Pvt. Ltd., India).  

3.5. Reverse Transcription Polymerase Chain Reaction (RT-PCR)  

One step RT-PCR was done from the extracted total RNA as template using 

AMV RT-PCR kit (Promega, USA) with several sets of primers (Table 3.3) 
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The reaction mixture was 

constituted by adding the reagents given below: 

AMV-RT buffer (5X):  5.0 µl  

  MgSO4 (25mM):   1.0 µl  

  dNTP mix (10mM):   0.5 µl  

  Forward primer:    1.0 µl  

  Reverse primer:    1.0 µl  

  AMV-reverse transcriptase: 0.5 µl 

  Tfl DNA polymerase:  0.5 µl 

  Sample RNA:   2.0 µl  

  Sterile water:    13.5 µl 

, RT-PCR condition was initial incubation at 

50ºC for 30 minutes for first strand cDNA synthesis and denaturation at 

95ºC for 5 minutes followed by 35 cycles of denatiration at 95ºC for 1 

minute, annealing at 54ºC for 1 minute, polymerization at 72ºC for 1 

minute and a final extension at 72ºC for 10 minutes. For the primer set 

, RT-PCR condition was initial incubation for 30 minutes 

at 50ºC and denaturation for 5 minutes at 95ºC followed by 35 cycles of 

95ºC for 1 minute, 51.5ºC for 1 minute, 72ºC for 1 minute and a final 

extension at 72ºC for -PCR 

condition was 50ºC for 30 minutes and 94ºC for 2 minutes that was 

followed by 30 cycles of 94°C for 30 seconds, 53°C for 10 seconds and 72°C 

for 30 seconds, followed by an extension at 72ºC for 10 minutes. In all the 

above three cases final RT-PCR products were stored at 4ºC. All PCR 

products were electrophoresed through 1% (w/v) agarose gels in 1X TAE 

electrophoresis buffer and visualized under UV-transilluminator following 

ethidium bromide staining of the gel as described above. 
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Table 3.3. Primers used for detection of RNA virus infected samples. 

Primer 

Name 
-  

Specific 

for virus 

References 

CPuP TGAGGATCCTGGTGYATHGARAAYGG Potyvirus van der Vlugt et al. 

(1999) P9502 GCGGATCCTTTTTTTTTTTTTTTTT  

RRV For CAGAATGAACCATAGATGTC RRV  Laney et al. 

(2011) RRV Rev AATGGTCTGCTCGAGATT  

Potex5 CAYCARCARGCMAARGAYGA Potexvirus van der Vlugt and 

Berendsen (2002) Potex2RC AGCATRGCNSCRTCYTG  

*N=T+C+A+G; Y=T+C; H=T+C+A; R=A+G; M=A+C; S=C+G 

  
3.6. Purification of RT-PCR product 

Purification of the RT-PCR product was done using GeneiPureTM Quick PCR 

binding buffer was added to 1 volume of RT-PCR product and mixed well. 

Then the GeneiPureTM column was placed into a 2 ml collection tube and 

the sample was loaded and centrifuged at 11,000 rpm for 1 minute. The 

flow through was discarded and the GeneiPureTM column was placed back 

in the collection tube. The GeneiPureTM column was then washed with 500 

µl of wash buffer I and centrifuged at 11,000 rpm for 1 minute. Then the 

flow through was discarded and the GeneiPureTM column was placed back 

to the collection tube. After that, one volume of wash buffer II was diluted 

with four volume of absolute ethanol just before use. Again the 

GeneiPureTM column was washed with 700 µl of diluted wash buffer II and 

centrifuged at 11,000 rpm for 1 minute. Then the flow through was 

discarded and the GeneiPureTM column was placed back to the collection 

tube. Again it was centrifuged at 11,000 rpm for additional 2 minutes to 

remove the traces of wash buffer and the collection tube was discarded. 

The GeneiPureTM column was opened and placed in fresh and sterile 1.5 ml 

microcentrifuge tube  minutes to ensure 

complete removal of ethanol. For elution of DNA, 20-50 µl of pre-warmed 

 minutes) of elution buffer was added to the centre 

of the column and incubated at room temperature for 1-2 minutes to 
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increase the yield of DNA. At last, it was centrifuged at 11,000 rpm for 1 

minute and the eluted DNA was stored at -  

3.7. Cloning and nucleotide sequencing of purified PCR product 

The purified products of expected size were cloned into the pGEM-T vector 

(Promega, Madison, USA) following the method of Sambrook and Russel 

(2001).  

3.7.1. Preparation of competent cell 

Escherichia coli strain JM109 was added to 10 ml Luria-Berteni broth (LB) 

and incubated for 12-14 hours at . Hundred microlitre overnight 

grown broth culture was inoculated into fresh LB (5 ml) and incubated at 

in a shaking incubator (150 rpm) for 2 to 4 hours (until OD reached 

0.4 to 0.6 at 600 nm). The bacterial cells were harvested by centrifugation 

in 1.5 ml microcentrifuge tube at 6,000 rpm for 7 minutes. The 

supernatant was discarded and to that 750 µl solution- I (80mM MgCl2, 

20mM CaCl2) was added and gently mixed. The cell suspension was 

centrifuged at 3,000-4,000 rpm for 5-7 minutes. The supernatant was 

again discarded and 750 µl solution - II (100mM CaCl2) was added to the 

pellet and gently mixed. The mixture was incubated at 4°C for 45 minutes 

and centrifuged at 3,000-4,000 rpm for 5-7 minutes. The supernatant was 

discarded again and to that 500 µl solution  II was added and stored at     

-70°C for future use. 

3.7.2. Transformation  

Competent E. coli JM109 cells, stored overnight at 4oC were used for 

transformation of insert ligated vector DNA. Two to ten microlitre ligation 

mixture was added to 100 µl of competent cell taken in 1.5 ml 

microcentrifuge tube and kept on ice at 4°C for 45 minutes. The ligation 

mixture consisted of the reagents listed below:  

Ligation buffer:   5.0 µl 
pGEM-T vector:  0.5 µl 
T4 DNA ligase:   1.0 µl 
Purified RT-PCR product: 1.5 µl 
Sterile distilled water: 2.0 µl 
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The mixture was then in preheated water bath for 

exactly 90 seconds for heat shock and again transferred to ice. After 10 

minutes, 300 µl LB was added to the mixture and i

hours in shaker incubator (Remi, India). The transformed bacterial cells 

were harvested by centrifugation at 6,000 rpm for 5 minutes and the 

supernatant was discarded.  

3.7.3. Screening of transformed cells 

The pellet of transformed cells was resuspended in 100 µl fresh LB and 

plated in IXA containing 4 µl IPTG (20%), 20 µl X-Gal (4%) and 20 µl 

ampicillin (50 mg/ml) in 20 ml LB agar. The plates were incubated 

overnight at 370C and subsequently observed for formation of blue and/or 

white colonies. The white colony in the IXA plate was picked up as 

recombinants and put into 200 µl sterile distilled water. The mixture was 

 minutes and cooled and centrifuged at 7,000 

rpm for 5 minutes at 4°C. The supernatant was transferred to a fresh 1.5 

ml microcentrifuge tube and 2 µl supernatant was used in PCR reaction. 

The reaction mixture for PCR was prepared using the reagents (Promega, 

USA) listed below:  

  Taq buffer (5X):   5.0 µl  
  MgCl2 (25mM):   1.5 µl  
  dNTP mix (10mM):   1.0 µl  
  Forward primer:    1.0 µl  
  Reverse primer:    1.0 µl  
  Sample DNA:   2.0 µl  
  Taq DNA Polymerase (5u/µl): 0.125 µl 
  Sterile water:    13.375 µl 

The PCR products were electrophoresed on a 1% agarose gel with ethidium 

bromide staining as described earlier and viewed under UV-

transilluminator to confirm the presence of the target genes. The clones 

yielding appropriate sized PCR products were chosen for sequencing. 

3.7.4. Sequencing of the cloned insert 

The cloned RT-PCR products were sent to Eurofins Genomics India Pvt. 

Ltd., Xcelris Genomics Ltd. and Chromous Biotech Pvt. Ltd. for 
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sequencing. The nucleotide and deduced amino acid sequences were 

compared with the corresponding sequences of other virus isolates 

deposited in the GenBank database (http://www.ncbi.nlm.nih.gov) using 

the BLASTn programme (Altschul et al., 1997). 

3.8. Plant material  

Plastic pots (16 cm in diameter and 12 cm in height) were filled with sand, 

soil and compost in 2:2:1 ratio (w/w). Three different plant species, viz. 

papaya, bottle gourd and garden rose were grown under natural conditions 

of daylight and temperature and maintained in the green house. Seeds of 

papaya and bottle gourd were sown in soil 1 inch below the surface. 

Temperature was maintained in between 25º-30ºC and soil moisture was 

maintained by periodic spraying of water and the soil was not allowed to 

dry out during the period of germination. After germination, the plants 

were watered regularly with ordinary tap water to avoid drying of soil. 

Garden rose plants were raised from stem cuttings in the pots and 

maintained as described above. All plants in the experimental garden, 

developed in pots were supplemented with 25 mg of nitrogen, 10 mg of 

phosphorus and 10 mg of potash. The plants were used for virus 

transmission experiments and also for disease management studies. 

3.9. Mechanical sap inoculation and RT-PCR 

Mechanical sap inoculation technique as proposed by Reddy et al. (2007) 

was followed. Young tender symptomatic leaves from the infected plants 

collected from different field locations were used for extraction of sap. The 

leaf samples were ground in a pre-sterilized mortar and pestle. One 

milliliter chilled potassium phosphate buffer (0.1M, pH 7.0) per gram of leaf 

tissue was used for grinding. After thorough maceration, the pulp was 

squeezed through sterile absorbent cotton. The resultant extract was used 

as standard  for mechanical sap inoculation. For sap inoculation 

young healthy, vigorously growing test plants (9 to 12 inches in height) 

were selected. A pinch of celite (600 mesh) was added to the standard 

inoculum before inoculation as an abrasive. A small piece of sterilized 

absorbent cotton wool soaked in the standard inoculum was rubbed (gently 
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and unidirectionally) on the upper surface of the leaves. The plants were 

labeled and kept under observation for symptom development up to 60 

days. For each treatment five plants were taken. Five other plants 

inoculated with sterile potassium phosphate buffer instead of extracted sap 

served as control. All the inoculated plants showing characteristic 

symptoms in leaves were subjected to confirmatory RT-PCR following 

methods described earlier. 

3.10. Preparation of sample and Transmission Electron microscopy 

Sample for electron microscopy was prepared 

(Brandes et al., 1964) with certain modifications as proposed by 

Sampson and Taylor (1968). One gram infected leaves were ground in 

buffer (0.1M phosphate buffer pH 7.2) with a mortar and pestle. One drop 

of the homogenate was mixed with a drop of 2% phosphotungstenic acid 

(PTA) pH 7.0.  Twenty microliter mixture was placed on a copper coated 

carbon grid for 30 seconds. The drop was socked with a filter paper strip 

and the grid was allowed to air dry. The prepared grid was examined under 

JEM-1011 electron microscope at Indian Agricultural Research Institute, 

New Delhi and photographs were taken at suitable magnification. 

3.11. Phylogenetic analysis 

The nucleotide sequences were aligned using Clustal W (Thompson et al., 

1994) to obtain the correct alignment, sequence identity matrix was 

generated using SDT version 1.2 (Muhire et al., 2014) and phylogenetic 

trees were generated by neighbour-joining method and Kimura-2 

parameter or by maximum likelihood method using MEGA version 6.0 

(Tamura et al., 2013).  

3.12. Codon usage analysis 

For analysis of codon usage pattern, five different viruses were categorized 

according to their hosts.  A3, T3, G3, C3, %GC contents, ENC, CBI, Fop, 

L_sym, Gravy and Aromo values along with the contribution of major axis 

were calculated using Codon W version 1.4.2 (Peden, 1999). AT1, AT2, AT3, 
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GC1, GC2, GC3 and RSCU contents were calculated using MEGA version 

6.0 (Tamura et al., 2013). 

3.12.1. Nucleotide composition 

Nucleotide composition (A3, T3, G3, C3, %GC, ENC, AT1, AT2, AT3, GC1, 

GC2 and GC3) of the CP genes of potyviruses and the RdRP genes of 

potexviruses and emaraviruses were calculated. Percent GC (%GC) content 

is the total frequency of guanine (G) and cytosine (C) in a coding gene. 

GC1, GC2 and GC3 content is the frequency of guanine (G) and cytosine 

(C) of a codon at the first, second and third position respectively. Whereas, 

A3, C3, T3 and G3 are the frequencies of adenine (A), cytosine (C), thymine 

(T) and guanine (G) at the third position of a codon in a coding gene (Xu et 

al., 2008). AT1, AT2 and AT3 content is the frequency of adenine (A) and 

thymine (T) of a codon at the first, second and third position respectively 

(Wei et al., 2014). 

3.12.2. Amino acid composition 

Amino acid composition (CBI, Fop, L_sym, Gravy and Aromo) of the CP 

genes of potyviruses and the RdRP genes of potexviruses and emaraviruses 

were calculated. Codon bias index (CBI) and frequency of optimal codon 

(Fop) indicate the limit to which a gene uses optimal codons and the ratio 

of optimal codons to total number of synonymous codons respectively. 

Length of synonymous codon (L_sym) indicates number of synonymous 

codons. Gravy is the general average hydropathicity and Aromo is the 

frequency of aromatic amino acids in hypothetically translated gene 

product (Wei et al., 2014). 

3.12.3. ENC plot 

A ENC plot (i.e., a plot of ENC vs GC3 content) was used for four viruses 

viz. PRSV, PVY, LaMMoV and RRV to investigate the codon usage 

variations among different isolates (Xu et al., 2008). SMV was not included 

in the study because only one sequence of L. siceraria infecting SMV was 

available.  

 



51 

3.12.4. Analysis of neutral evolution 

To calculate the major factors influencing codon usage of the CP genes of 

potyviruses and the RdRP genes of potexviruses and emaraviruses, a 

neutrality plot was drawn where average of GC1 and GC2 (GC1/2) contents 

were plotted against GC3 contents (Xu et al., 2008).  

3.12.5. Correspondence analysis (CA) 

Correspondence analysis based on relative synonymous codon usage 

(RSCU) values of the CP genes of PRSV, PVY and RdRP genes of LaMMoV 

and RRV was done to investigate the distribution of the viral genes within 

different axes. CA is an important and commonly used multivariate 

statistical analysis, where the genes were plotted in a 59-dimensional 

hyperspace corresponding to the usage of the 59 sense codons (except for 

the codons code for Met, Trp and 3 termination codons) (Greenacre, 1984).  

3.12.6. Correlation analysis 

Correlation analysis was done, where the effective number of codons (ENC) 

were compared with different factors such as nucleotide composition at the 

1st, 2nd and 3rd position of the synonymous codons (A3, T3, G3, C3, AT1, 

AT2, AT3, GC1, GC2 and GC3); %GC content in a coding gene; L_sym; 

Gravy; Aromo; CBI and Fop. The significant correlation at p<0.01 level were 

counted. Analysis was done using SPSS 20.0. 

3.12.7. Comparison of codon usage between viruses and their hosts  

The RSCU pattern of C. papaya, L. siceraria, B. hispida, C. maxima, C. 

pepo, C. sativus, L. esculentum, S. tuberosum and Rosa sp. were 

(http://www.kazusa.or.jp/codon, Website reference 3). Codon usage data 

(RSCU) of CP genes of potyviruses and the RdRP genes of potexviruses and 

emaraviruses and were compared with their hosts. 

 All the CP genes of PRSV isolates of the present study along with 

some other PRSV-CP genes (downloaded from NCBI) were further divided 

into 6 groups such as, Bh-PRSV (B. hispida infecting PRSV), Cp-PRSV (C. 

papaya infecting PRSV), Cs-PRSV (C. sativus infecting PRSV), Cm-PRSV (C. 
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maxima infecting PRSV), Cup-PRSV (C. pepo infecting PRSV), Ls-PRSV (L. 

siceraria infecting PRSV). 

 All the CP genes of PVY isolates of the present study along with some 

other PVY-CP genes (downloaded from NCBI) were further divided into 4 

groups such as, Cs-PVY (C. sativus infecting PVY), Ls-PVY (L. siceraria 

infecting PVY), Le-PVY (L. esculentum infecting PVY) and St-PVY (S. 

tuberosum infecting PVY). 

 However, CP genes of SMV and RdRP genes of LaMMoV and RRV 

were divided into L. siceraria infecting SMV (Ls-SMV), L. siceraria infecting 

LaMMoV (Ls-LaMMoV) and Rosa sp. infecting RRV (Ro-RRV) respectively. 

preferred 

codons (Sharp and Li, 1986a; Zhao et al., 2016). 

3.13. Collection and maintenance of insect vector 

Occurrence of major insect vectors associated with the transmission of 

RNA viruses was investigated throughout the study area during disease 

survey. Myzus persicae (Sulzer) (Family: Aphididae, Class: Insecta), a major 

aphid vector, also known as green peach aphid was found to be associated 

with several diseases in the present study area. The vector was collected in 

improvised insect traps from the bottle gourd fields following the method of 

Saha (2013). The collected aphids were released in bottle gourd plants in 

the experimental garden that was dedicated for maintenance of these 

vectors.  

3.14. Acquisition of virus by insect vector: 

The insect vectors were collected from the maintenance plants and allowed 

to feed on Potyvirus infected bottle gourd in a batch of 10 insects for 30 

minutes. Procedure for feeding was carried out in cages as described by 

Saha (2013). After the acquisition access period, the viruliferous insects 

were again collected and immediately used for extraction of RNA. 

Additionally such aphids were used for inoculation purpose in 

experimental insect proof green houses. 
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3.15. Isolation of total RNA from insect vectors 

Total RNA was extracted from insects following the method of Chomczynski 

and Mackey (1995). Firstly, 10 insects were ground in liquid nitrogen using 

mortar and pestle. Then 1 ml of Trizol-S reagent was added and grinding 

was continued. The resultant mixture was transferred to 2 ml 

microcentrifuge tubes and allowed to stand for 5 minutes at room 

temperature. Chloroform (200 µl) was added to each tube and vortexed. 

After 10 minutes, the tubes were centrifuged (13,000 rpm for 10 minutes 

at 4°C) and the upper aqueous phase was transferred into fresh 

microcentrifuge tubes. The tubes were vortexed for 10 seconds after 

addition of 0.6 volumes of isopropanol and allowed to stand at room 

temperature for 10 minutes. The tubes were re-centrifuged under similar 

conditions and the supernatant was discarded.  The pelleted RNA was 

washed with ethanol (70%), dried in air and dissolved in 40 µl of sterile and 

DEPC treated RNase free distilled water. The RNA solution was finally 

stored at 70°C for further use. The RNA was visualized in agarose gels 

under UV transilluminator following electrophoresis as described earlier. 

3.16. RT-PCR detection of virus from total RNA of insect vectors 

RT-PCR was done using the total RNA extracted from aphids as template. 

The AMV RT-PCR kit (Promega, USA) was used with Potyvirus specific 

primer set (Table 3.3  The 

preparation of reaction mixture and conditions was as described earlier for 

Potyvirus CP gene amplification. The PCR products were viewed on agarose 

gels following electrophoresis. 

3.17. Vector inoculation 

M. persicae were freshly collected in insect traps from the bottle gourd 

plants and tested for virus infectivity. The aphids were first released in 

healthy plants. If the plants were found without symptoms even after 20 

days, then the aphids were considered virus-free.  These aphids were then 

allowed to feed on Potyvirus infected bottle gourd plants as described 

above. The viruliferous vectors were collected and transferred to healthy 
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bottle gourd plants in experimental green house duly covered by mosquito 

net (Saha, 2013). At least 10 insects were released on each plant and 10 

plants were taken in each experimental set. Virus free aphids were directly 

allowed to feed on control set. After 2 hours, the plants were shaken 

carefully to remove the aphids and the aphid-free plants were left for the 

development of symptoms. 

3.18. Preparation and application of chemicals for management 

Benzothiadiazole (BTH), -amino butyric acid (AABA) and -aminobutyric 

acid (GABA) were used to induce resistance in plants against PRSV. 

Healthy bottle gourd seedlings (15 day old) of Gadda-1 variety were used 

for induction. For treatment, each inducer chemical (10-3 M) was mixed 

with Tween-20 (0.05%) and sprayed on the plants until run off.  For virus 

inoculation, sap from PRSV infected bottle gourd plant was extracted and 

used as inoculum to induce disease in experimental plants following 

methods described earlier in section 3.9. The experimental plants were 

divided into eight sets with three plants in each set. The first set was 

untreated-uninoculated (control) and second set was untreated-PRSV 

inoculated (control). The other sets were BTH treated-uninoculated , AABA 

treated-uninoculated  GABA treated-uninoculated , BTH treated-PRSV 

inoculated , AABA treated-PRSV inoculated  and GABA treated-PRSV 

inoculated . Inoculation was done immediately after treatment in the 

with 

normal soil surface watering and under normal light and temperature 

conditions in the green house. Humidity was maintained by spraying with 

sterile distilled water at regular intervals.  

3.19. Extraction of botanicals and foliar spray 

Leaves of five different plants were collected from the present study area. 

The plants were selected on the basis of disease control efficacy shown by 

some previous workers and on the basis of easy availability in the crop 

growing areas of north-east Indian plains. The leaves of 

Azadirachta indica A. Juss. (NBU Harberium Acc. No.: 09887), 

Bougainvillea spectabilis Willd. (NBU Harberium Acc. No.: 09886), 
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Clerodendrum infortunatum L. (NBU Harberium Acc. No.: 09883), 

Lantana camara L. (NBU Harberium Acc. No.: 09884) and 

Camellia sinensis (L.) O. Kuntze (NBU Harberium Acc. No.: 09885) were 

used for extraction (Fig. 3.4). Fresh leaves (10 gm each) were collected and 

washed thoroughly in running tap water to remove any trace of dust 

particles. The leaves were then pulverized in a mortar and pestle and mixed 

with 10 ml of 50% ethanol. The mixture was squeezed through double 

layered muslin cloth and filtrates were mixed with 0.05% Tween-20 and 

used for testing disease reduction in the green house. To study the effect of 

these five botanicals, 10 day old bottle gourd (Variety: Gadda-1) seedlings 

were sprayed with the leaf extracts until runoff. Extracts were sprayed one 

hour before inoculation with PRSV. Virus inoculation was done by using 

sap from PRSV infected bottle gourd plant as inoculum following methods 

described earlier in section 3.9. The plants were divided into four sets. First 

set was untreated-uninoculated (control) and second was untreated-PRSV 

inoculated (control). Third set was plant extract treated-uninoculated and 

fourth set was plant extract treated-PRSV inoculated. For each set three 

replications were done. Plants were kept under humid conditions by 

spraying in the green house under normal light and temperature 

conditions.  
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Fig. 3.4: Leaves of the plants used for the management of Papaya ringspot virus 
disease in bottle gourd: (a) Azadirachta indica, (b) Bougainvillea spectabilis, (c) 
Clerodendrum infortunatum, (d) Lantana camara and (e) Camellia sinensis. 
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3.20. Disease assessment 

The number of leaves infected after 3, 6 and 9 days post treatment and/or 

inoculation were counted. Disease assessment of each set of the 

experiment was conducted by the following formula-  

 

Data from individual plants were computed and the mean disease index 

value was determined. 

3.21. Statistical analysis 

Graphs, standard error and critical difference (CD) values were calculated 

in Microsoft Excel 2007. 

3.22. Major chemicals used 

Sl. 

No. 

Chemicals Company 

1 Phenol Tris equilibrated SRL, Mumbai, India 

2 Sodium dodecyl sulphate (SDS) SRL, Mumbai, India 

3 Ethylene diamine tetra acetic acid 

(EDTA) 

SRL, Mumbai, India 

4 Sodium acetate SRL, Mumbai, India 

5 DEPC (Diethyl pyrocarbonate) treated 

RNase free water 

Chromous Biotech, Bangalore, 

India 

6 Chloroform SRL, Mumbai, India 

7 Isopropanol SRL, Mumbai, India 

8 Ethanol JHI Co. Ltd., China 

9 Tris (hydroxyl methyl) Aminomethane 

(Tris buffer) 

SRL, Mumbai, India 

10 Acetic acid glacial SRL, Mumbai, India 

11 50X TAE buffer GeNei, Bangalore 

12 LE Agarose SRL, Mumbai, India 

13 Ethidium bromide SRL, Mumbai, India 

14 Luria-Berteni broth SRL, Mumbai, India 

15 Magnesium chloride E. Merk (India), Mumbai, India 
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Sl. 

No. 

Chemicals Company 

16 Calcium chloride E. Merk (India), Mumbai, India 

17 -D-1-

thiogalactopyranoside) 

Himedia, Mumbai, India 

18 X-gal (5-bromo-4-chloro-3-indolyl- -D-

galactopyranoside) 

Himedia, Mumbai, India 

19 Ampicillin Himedia, Mumbai, India 

20 Potassium dihydrogen phosphate E. Merk (India), Mumbai, India 

21 Dipotassium hydrogen phosphate E. Merk (India), Mumbai, India 

22 Phosphotungstenic acid (PTA) Himedia, Mumbai, India 

23 Trizol-S reagent SRL, Mumbai, India 

24 Benzothiadiazole Sigma-Aldrich, USA 

25 -amino butyric acid Sigma-Aldrich, USA 

26 -aminobutyric acid Sigma-Aldrich, USA 

27 Tween 20 (Polysorbate 20) SRL, Mumbai, India 

28 AMV RT-PCR kit  Promega, USA 

29 GeneiPureTM Quick PCR Purification kit GeNei, Bangalore 

30 pGEM-T vector Promega, USA 

31 Taq buffer Promega, USA 

32 Taq DNA Polymerase (5u/µl) Promega, USA 

33 MgCl2 Promega, USA 

34 dNTP mix Promega, USA 

3.23. Major softwares used 

1. Clustal W version 1.6 

2. SDT version 1.2 

3. MEGA version 6.0 

4. Codon W version 1.4.2 

5. SPSS version 20.0 

6. Microsoft Excel 2007 

 


