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1.  Project report No.1st/2nd/3rd /Final Final Technical Report 

2.  UGC Reference No. MRP-MAJOR-AGRI-2013-7744 dated 28.09.2015 

F.No. 43-3/2014(SR) dated 28.09.2015 

3.  Period of report:  

4.  Title of research project Molecular Characterization of Pepper mild 

mottle virus (PMMoV) and its management 

through host resistance 

5.  a. Name of the Principal 

Investigator 

Dr. P.N. Sharma  

Office: Dept. of Plant Pathology, CSK, HP Agricultural 
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project has Progressed 
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the project 
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7a 

Grant approved and 
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the period of the report: 
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Total Grant Received 

 

 

 

(Rs.): 13, 85, 000 

 

1st instalment (Rs.): 7,50,000 

7b. Final Expenditure Rs. 9,43,731 

7c. Report of the work done:   

i. Brief objective of the 

project 

I. Molecular characterization of PMMoV 

infecting pepper 

II. Development of ELISA and RT-PCR based 

diagnostic kit  
III. Identification of sources of resistance in 

capsicum 

ii. Work done so far and results achieved and publications, if any, resulting from 

the work (Give details of the papers and names of the journals in which it has 

been published or accepted for publication 

 Annexure VIII(a) 

iii. Has the progress been 

according to original plan of 

work and towards achieving 

the objective? if not, state 

reasons 

Yes the progress of work has been according to the 

original plan of work. The progress Reports for the 

first two years have already been submitted to the 

Commission. 

iv. Please indicate the 

difficulties, if any, 

The project could not be accomplished properly due to 

non-receipt of the funds in time. The non-availability of 

mailto:pns1960@gmail.com


experienced in implementing 

the project 

the funds created problem to purchase chemicals and 

other input particularly after the second quarter of the 

second year of project execution, as the chemical 

required to fulfill the objectives are very costly. 

v. If project has not been 

completed, please indicate 

the approximate time by 

which it is likely to be 

completed. A summary of 

the work done for the 

period (Annual basis) may 

please be sent to the 

Commission on a separate 

sheet 

1. The first installment of the funds was received on 

31st March 2016 (approximately 6 months after the 

sanction of the project) and afterward no funds were 

released.  

2. It was not possible to execute the work merely based 

on receipt of the sanction letter from the funding 

agency and without release of funds afterword. 

3. The project work plant was distributed over a period 

of three years (given in the proposal submitted To 

UGC (Copy attached). Hence the project was 

implemented effectively w.e.f. 01.04 2016.  

4. Due to delayed implementation of the project 

(document attached) and non-receipt of the funds, 

the project could not be accomplished in time  

5. It will take at least 6-8 months to complete the 

targeted objectives so extension is needed to 

accomplish the objectives as per the planned 

technical work).  

6. We are at the stage of product development, hence 

the extension of the project upto 31st March 2019 is 

must along with release of remaining funds. 

7. The summary of the work done for the 

1st, 2nd and 3rd year is attached as 

Annexure-VIII(b) 

vi. If the project has been 

completed, please enclose a 

summary of the findings of 

the study. Two bound copies 

of the final report of work 

done may also be sent to 

the Commission 

 

 

The project is not yet complete. 

 

Summary of the work done Annexure-VIII(c) 

 

  

vii. Any other information which 

would help in evaluation of 

work done on the project. At 

the completion of the 

project, the first report 
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such as  

NA 

a (a)Manpower trained   

 (b) PhD. awarded  One 

 (c) Publication of results  Under process 

 (d) other impact, if any Useful information has been generated on the prevalence 

of the virus and its strains in Himachal Pradesh. 

 



Annexure- VIII (a) 

ii. Work done so far and results achieved and publications, if any, resulting from the work 

(Give details of the papers and names of the journals in which it has been published or 

accepted for publication   

Protected cultivation of ornamental and vegetable crops under Rashtriya Krishi Vikas 

Yojana (RKVY), a venture of Govt. of Himachal Pradesh, is becoming popular among 

the marginal farmers of the state taking advantage of diverse climate and off season. 

About 500 hectares of area have been brought under polyhouse cultivation of vegetable 

crops like capsicum, tomato and cucumber in Himachal Pradesh. Out of these, capsicum 

is one of the most preferred vegetable after tomato (Anon. 2011). Pepper (Capsicum) is 

one of the most diverse vegetable species and is considered to be a high value crop. 

Among the five domesticated species of this genus Capsicum annuum is the most widely 

cultivated all over the world for its pungent (Chili syn. hot pepper) and non-pungent 

(sweet pepper) fruits (Bosland and Votava, 2000). In India, chili/ bell pepper is an 

important commercial crop cultivated for vegetable, spice and industrial (oleoresin and 

capsaicin extraction) purposes (Kumar and Rai, 2005). In Himachal Pradesh, its 

cultivation is spread over an area of about 2136 hectares with an annual production of 

about 32092 metric tones under open cultivated conditions (Anon. 2011). Chili 

cultivation is mainly confined to Kullu, Mandi and Sirmaur districts of the state.   

 Surveys of polyhouses constructed in different districts of Himachal Pradesh have shown 

a high incidence of fungal, viral and bacterial diseases particularly on capsicum and 

tomato that affects both yield and quality of the produce. However, the capsicum was 

more severely affected than tomato (Sharma et al., 2011). The virus diseases have no 

direct management except their timely detection in the crop, use of pathogen free planting 

material, control of vectors and use of resistant genotypes. Once these pathogens enter the 

polyhouse environment then it becomes very difficult to manage them as polyhouse 

conditions provide most congenial and permanent environment resulting in regular failure 

of crop.  

ELISA based assay of the disease samples collected from various polyhouses of the state 

revealed wide prevalence of Pepper mild mottle virus (PMMoV), which has not so far 

been reported from India yet. This virus is one of the major viral pathogens of Capsicum 

spp. (Genda et al., 2005) and frequently results in significant crop losses in field and 

greenhouse plantings particularly during fruit formation. The PMMoV has been 

intercepted for the first time in HP on the bell pepper hybrids in polyhouses needs urgent 

attention as this virus is very serious problem both in different parts of the world (Wetter, 



1984; Green, 2003). Like other tobamoviruses (Ikegashira et al., 2004), PMMoV is 

transmitted through the seed and infects the emerging radicle as it comes into contact with 

the infected seed coat, or subsequently through wounds on plant roots, stems or leaves as 

a result of abrasions during (Demski, 1981) or after transplanting. The virus can retain its 

infectivity when seed have been stored for prolonged periods (Genda et al., 2005). 

Disease management in the field is difficult and virus (plant material) remains (infectious) 

for long periods of time in the soil (Ikegashira et al., 2004) and can readily reinfect 

subsequent crops (Lambet al., 2001).  

The proposed studies will help in the full genome characterization of virus PMMoV and 

development of diagnostic kits. In states like HP where this is one of the prime and 

economical polyhouse crops of marginal farmers will help the detection and 

characterization of virus and providing the farmers resistant plant material based on 

transgenic approaches. Also, the identification of sources of resistance among the 

commercial varieties/ hybrids and other germplasm will facilitate their deployment and 

use in resistance breeding programs. 

Methodology Adopted 

To accomplish the objectives following methodology was followed: 

I. Molecular characterization of PMMoV infecting pepper 

a. Surveys and collection of virus isolates 

 In order to assess the prevalence of Pepper mild mottle disease and collect the virus 

isolates, surveys of capsicum/ chili crop cultivated under polyhouse and open field conditions  

were conducted in different districts of Himachal Pradesh (HP) during 2016 and 2017. The 

districts surveyed for the presence of PMMoV were Kangra, Hamirpur, Bilaspur, Mandi, 

Kullu, Shimla and Solan. The plants were observed for the presence of virus like symptoms 

and insect vectors. The observations were recorded on disease incidence, the disease 

incidence was recorded by counting the number of diseased plants and per cent incidence was 

calculated as: 

                                                    Number of diseased plants 

Disease Incidence (D.I.) = ––––––––––––––––––––––––––––– X 100 

                                             Total number of plants observed 

  

The infected/ diseased plants were brought to the Molecular Plant Pathology Laboratory for 

maintaining the original virus cultures. The leaf samples were properly wrapped in 

aluminium foil and packed in plastic bag with proper labeling for further storage at -20oC for 

future use. 

 



b. Virus identification through DAS-ELISA and RT-PCR 

 The presence of PMMoV in the diseased samples was determined through DAS-

ELISA using commercially available PMMoV specific antibodies (Bioreba). The virus 

presence was further confirmed through RT-PCR using CP specific primers (CPF: 5’ 

CCAATGGCTGACAGATTACG 3’, CPR: 5’ CAACGACAA CCCTTCGATTT 3’) that 

targets the CP gene of the virus.  

i. Double Antibody Sandwich- Enzyme linked Immunoassay (DAS-ELISA) 

The virus identity as PMMoV was established through DAS-ELISA. Sap extract prepared 

from the healthy and infected leaves was used for the blank and virus source, respectively. 

Positive and negative controls provided with the kits were used for comparison. The DAS-

ELISA protocol followed consisted of: 

1. Two hundred μl of purified PMMoV IgG (BIOREBA, Switzerland) diluted in coating 

buffer (1:200) was added to each well of microtitre plate. The plate was covered with wet 

blotting sheets and incubated at 37°C for 3 h in an incubator. 

2. After incubation, the plate was washed four times with wash buffer (PBS-T) in an 

automatic ELISA plate washer (Wellwash 4MK 2, Thermoelectron Corporation, Finland). 

Then 200 μl of the test sample ground in the tissue grinding buffer (PBS-T + PVP, dilution, 

1:20) was added to each well and incubated overnight at 4°C in refrigerator. Positive and 

negative controls provided in the kit diluted with distilled water (5:200) used as standards. 

3. Contents of the plate were decanted and washed with wash buffer four times similar 

as step 2 and 200 μl of enzyme labeled PMMoV IgG (BIOREBA, Switzerland) diluted in 

enzyme conjugate buffer (PBSDT-T + PVP + OA, 1:200) was added to each well and 

incubated at 37°C for 3 h. 

4. Plate was again washed with the wash buffer four times as per step 2 after incubation 

and 200 μl of p-nitrophenyl phosphate substrate (pNPP, 1 mg / ml of substrate buffer) was 

added to each well of the plate and incubated for 2 h at room temperature. 

5.  After 2 h, reaction was stopped with 50 μl of 3.0 M NaOH and absorbance was 

recorded using ELISA reader (MULTISKAN FC ELISA reader, Thermo Scientific) at 405 

nm wavelength. The samples showing two to three times higher absorbance values over 

negative control sample were rated as positive.  

ii. PCR based identification 

The CP gene was amplified using RT-PCR technique by following the standard protocol 

comprising of: 

Total RNA isolation 



 Total RNA was extracted from capsicum diseased samples collected from different 

capsicum growing areas using following protocol: 

1. One hundred mg of the leaf tissue was crushed in liquid nitrogen using sterilized 

chilled pestle mortar to fine powder. The powdered leaf tissue transferred to eppendorf tubes 

and 750 μl of Trizol LS reagent (Invitrogen) was added and vortexed. The homogenized 

sample was kept at room temperature for 5 min.  

2.  After incubation, 200 μl of chloroform was added to the homogenized sample and 

tubes were vigorously shaken for 10 to 15 sec in vortex and then centrifuged at 12,000 rpm 

for 15 min at 4°C in refrigerated centrifuge (ThermoScientific). 

3. The top aqueous phase was transferred to new eppendorf tubes and 500 μl of chilled 

isopropyl alcohol was added. The contents were gently mixed and incubated at room 

temperature for 10 min.  

4. Samples were again centrifuged at 12,000 rpm for 10 min at 4°C. The supernatant was 

discarded and the pellet thus obtained was washed with 1000 μl of chilled ethanol (75per 

cent). The pellet was dried by keeping the tubes inverted on the blotting sheet.  

5. After drying, the pellet was dissolved in 50 μl of nuclease free water and RNA thus 

obtained was stored in deep freeze at -80°C. 

cDNA synthesis and PCR amplification 

 The total RNA was subjected for cDNA synthesis using the Verso cDNA synthesis kit 

(ThermoFisher Scientific) following the manufacturer’s instructions. The reaction mixture 

was prepared as follows: 

5X cDNA synthesis buffer:           4 µL  

dNTP Mix:                                      2 µL  

Random Primer:                             1 µL 

RT Enhancer:                                 1 µL 

Verso Enzyme Mix:                       1 µL 

RNA (1 ng):                                    3 µL  

Nuclease free water:                      8 µL 

Total volume                                   20 µL 

 The reaction was vortexed, centrifuged and incubated at 42℃ for 60 min followed by 

inactivation of enzyme at 95℃ for 2 min. The cDNA thus obtained was subjected for RT-

PCR amplification. RT-PCR amplification was carried out in 25 μl reaction volume using 2.5 

μl of 10x Taq buffer, 1.5 μl of 25 mM MgCl2, 2.5 μl of 2mM dNTPs mix, 1 μl of 10mM 

forward and reverse primers, 2.0 μl of cDNA, 0.2 μl of 5U/ μl Go Taq polymerase (Promega) 

and final volume was adjusted to 25 μl with nuclease free water. Amplification was 

performed in GeneAmp PCR system 9700 (Applied Biosystems) with initial denaturation of 

94C for 4 min followed by 35 cycles of 94C for 15 s, annealing at 48C for 40 s and 



extension at 72C for 1 min with a final extension of 5 min at 72C. The amplification was 

viewed by agarose gel electrophoresis. 

c. Maintenance of virus isolates 

 Once the presence of virus has been confirmed and identified as PMMoV, the 

virus was inoculated on healthy seedlings of susceptible Capsicum variety “California 

wonder” for its maintenance through leaf rub method. The seedlings of the susceptible 

variety “California wonder” were raised from healthy seeds sown in the plugged trays 

containing mixture of vermiculite, perlite and cocopeat (3:1:1). The inoculum of virus 

was prepared by collecting severely infected young leaves from the diseased plants. The 

infected leaves were washed under tap water to remove soil or dust particle, rinsed with 

distilled water and then dried in two folds of blotting sheets. The leaves were then 

macerated in chilled sterilized pestle and mortar using 0.1 M phosphate buffer as an 

extracting buffer in an equal amount (w/v, 1:1). The slurry was sieved through double 

layer of muslin cloth and the sap so obtained used as the standard inoculum. At 4-5 leaf 

stage, the plants were inoculated with the PMMoV isolates through standard leaf rub 

method using celite as an abrasive applied as dust on the leaf surface. After inoculation, 

the leaves were washed with distilled water immediately using wash bottle to remove 

excessive inoculum and also the abrasive to avoid any lethal injury. Plant inoculated with 

plain water kept as control in each experiment. The plants were then kept under 

greenhouse conditions at 23+2°C and frequently sprayed with insecticides and fungicides 

to avoid invasion of any other disease or insect. Sixteen isolates selected on the basis of 

frequency of polyhouses surveyed in a particular location along with the district and were 

maintained on healthy plants of the cv. California wonder for further studies. The virus 

culture of each isolate was also maintained on infected leaves stored in 80oC deep freezer. 

II. Pathogenic and Molecular diversity analysis 

a. Pathogenic Variability 

The differential varieties comprising of Capsicum spp. viz., C. annuum (Yolo 

wonder), C. frutescense (Tabasco), C. annuum (Doux des Landes), C. chinense (PI-159236) 

and C. chacoense (PI-260429) having tobamovirus resistance genes (L genes) were imported 

from The Centro de Investigacion and Tecnologia Agroalimenatria de Aragon (CITA), Spain 

through National Bureau of Plant Genetic Resources (NBPGR), New Delhi. The details of 

each variety along with resistance genes are given in Table 1. The seed of each differential 

cultivar was multiplied by sowing the seeds in vermiculite, perlite and cocopeat (3:1:1) 

mixture in plugged trays and the seedlings were transplanted in 15x15cm pots under 

greenhouse conditions. The seedlings of each differential variety were raised as described in 



previous section. Three plants of each differential variety were used to inoculate at 4-5 leaf 

stage and 2 plants inoculated with plain water were kept as control. The inoculations were 

done through standard leaf rub method as described above. Inoculated plants were kept in 

greenhouse at temperature 23+1oC and observed for appearance of symptoms. The plants 

showing symptoms as well as those which were asymptomatic were subjected to DAS-

ELISA as described earlier to confirm the presence or absence of the virus.  

Table 1: Capsicum differential cultivars used for pathotype differentiation in present 

study 

Number 

 assigned  

Species  Cultivar  Resistant Allele (L) 

101  C. annuum  Yolo wonder  L1 

102  C. frutescense  Tabasco  L2 

103  C. annuum  Doux des Landes  L+ 

104  C. chinense  PI-159236  L3 

105  C. chacoense  PI-260429  L4 

b. Molecular variability  

 The coat protein region of each PMMoV isolates was amplified as per the protocol 

described in previous sections and further procedures are described below: 

i. Purification of PCR product 

 The amplified PCR fragments were purified using the Gel extraction kit (GeNei) 

following the manufacturer’s instructions. 

ii. Cloning and Sequencing: 

Preparation of competent cells 

 Two hundred and fifty ml LB broth was inoculated with 1 ml of overnight grown 

bacterial culture of E. coli strain DH5α and incubated at 37C in a shaking incubator till OD 

reaches at 0.5 at 600 nm (approximately 2 hours) measured using spectrophotometer 

(Biorad). The culture was cooled on ice for 15 minutes and centrifuged at 6000 rpm for 15 

min at 4C. Supernatant was discarded carefully and the bacterial pellet was resuspended in 

15 ml ice cold 0.1M MgCl2 and incubated on ice for 30 min. The cells were collected by 

centrifugation at 6000 rpm for 15 min at 4C and bacterial pellet was resuspended in 20 ml 

ice cold 0.1M CaCl2 and again incubated on ice for 30 min. The cell suspension was again 

subjected to centrifugation at 6000 rpm for 15 min at 4C and pellet obtained was finally 

resuspended in 5 ml of 85 mM CaCl2 + 15per cent glycerol. Hundred μl aliquots of 

competent cells were prepared in sterilized eppendorf tubes and stored at -80C. 



iii. Ligation of eluted DNA into vector 

 The eluted PCR products representing the CP gene of all present isolates were ligated 

in pGEMT- Easy vector (Promega) according to the manufacturer’s instructions using 10 μl 

reaction volume containing 5 μl 2X rapid ligation buffer, 0.5 μl pGEMT-Easy vector, 3 μl 

template (eluted DNA), 1 μl T4 DNA ligase and finally nuclease free water was added to 

make the final volume. The reaction volume was vortexed, centrifuged briefly and incubated 

overnight at 4C. 

iv. Transformation of competent cells of E. coli strain DH5  with ligated product 

Frozen competent cells stored at -80C were allowed for thawing on ice for 10-15 min. Ten 

μl of ligated product was added to the tube containing competent cells, mixed well by tapping 

and incubated on ice for 15 min. Heat shock was given to the cells at 42C for 90 s in water 

bath and immediately transferred to ice for 15 min. Eight hundred μl of fresh sterilized LB 

broth without antibiotic was added to this and the tube contents were incubated at 37oC for 1 

h in shaking incubator (150 rpm). Cells were subjected to centrifugation at 12,000 rpm for 30 

s after incubation. Top 900 µl of the supernatant was discarded while remaining 100 µl of 

supernatant was mixed thoroughly with the pellet formed by pipetting and spreaded on LB 

agar plates containing Ampicillin, IPTG and X-gal and incubated overnight (18 h) at 37oC. 

v. Colony PCR check  

After overnight incubation, randomly few white colonies were picked up and replica plates 

were made with the sterilized micropipette tip and the same tip was dipped into 5 µl nuclease 

free water in eppendorf tube for the confirmation of transformation. Replica plates were 

incubated overnight at 37oC and then stored at 4oC. Eppendorf tubes containing colony in 

nuclease free water was kept for 7 min in boiling water bath and immediately kept on ice. 

The colony PCR was performed in 12.5 µl reaction volume containing 1.25 µl 10 X PCR 

buffer, 0.5 µl 25 mM MgCl2, 1 µl 2 mM dNTPs,  0.25 µl each 10 µM forward and reverse 

PMMoV-CP specific primer, 0.1 µl 5U/ µl Taq Polymerase, 5 µl colony, nuclease free water 

was added to adjust the final volume. Amplification was performed in GeneAmp PCR system 

9700 (Applied Biosystems) with initial denaturation of  94C for 4 min followed by 30 cycles 

of 94C for 15 s, annealing at 48C for 40s and extension at 72C for 1 min with a final 

extension of 5 min at 72C. 

vi. Plasmid isolation by alkali lysis method  

The test tubes containing 10 ml of LB broth containing the antibiotic was inoculated with a 

single isolated colony picked from an LB agar plate containing Ampicillin, IPTG and X-gal 

and incubated overnight (18 h) at 37C in a rotory incubator shaker and plasmid was isolated 



through Alkali lysis method. The purified Plasmid DNA was checked by agarose gel 

electrophoresis. 

vii. Restriction Digestion of recombinant DNA clone  

Purified DNA was further screened by restriction digestion of recombinant plasmid using 

restriction endonuclease EcoR1. Digestion was carried out with 0.5 μl of the enzyme EcoR1 

in a final reaction volume of 15 μl containing 1.5 μl 10X fast digest green buffer, 5 μl of 

purified DNA template and final volume was adjusted with nuclease free water. The 

digestion mixture was incubated at 37oC for 2 h and the digested DNA was checked by 

agarose gel electrophoresis by loading 5 μl of DNA mixed with 2 μl of 6X gel loading dye. 

 Forty five µl of purified plasmid DNA containing genome fragments were freeze 

dried in lyophilizer (Alpha 1-2 LD) and submitted for custom sequencing (AgriGenome Labs 

Pvt Ltd). Sequencing of plasmid was carried out using universal primers (SP6 and T7) in both 

the directions by using Chain-termination (Dideoxy) method. 

viii. Sequencing and Sequence Analysis 

The nucleotide sequences obtained after custom sequencing were first screened for vector 

sequences using vecscreen software and the sequences obtained were blasted using Blastn 

program (http://www.ncbi.nih.gov/blast) to the confirm the identity as PMMoV at molecular 

level. 

ix. Nucleotide sequence analysis 

 The CP gene sequences of all the test isolates were compared with each other as well 

as other CP gene sequences available at NCBI databases. The multiple sequences were 

aligned by ClustalW program (http://www.ebi.ac.uk/Tools/ msa/clustalw/) (Higgins et al. 

1994). A pairwise per cent nucleotide sequence similarity was also determined.  

x. Amino acid sequence analysis 

 The CP gene nucleotide sequences of the present isolates along with other CP 

gene sequences obtained from NCBI was translated using Expasy Translation Tool 

(www.expasy.org/tools/dna.html). The sequences were observed for single amino acid 

mutations to determine the pathotype of PMMoV isolates. A phylogenetic tree was 

constructed by MEGA7 program (Kumar et al. 2016) using the neighbor-joining method. 

Pairwise per cent amino acid sequence similarity matrix was determined using ClustalW 

software along with multiple sequence alignments. 

III.  Full genome sequencing 

Out of all PMMoV isolates three isolates viz., PMMoV-16.7, PMMoV-16.9 and 

PMMoV-17.3 were selected for determination of full genome sequence. For 

determination of full genome sequence we adopted the following methodology 



a. Primer designing and synthesis 

 Primer3 software program available online (www.frado.wi.mit) was used for the 

designing of PMMoV specific primers representing different segments of the genome from 

the full genome sequences available in the public database NCBI, Genbank 

(www.ncbi.nlm.gov) using consensus sequences. In addition, five gene specific primers for 

RACE-PCR (Reverse for 5’- cDNA ends and Forward for 3’- cDNA ends) were also 

designed from consensus sequence (Table 3.1). These primers were used for the amplification 

of full genome including the 5’ and 3’ ends of PMMoV.  

Table 2: PMMoV specific primer set designed for full genome sequencing of present 

isolates. 

Primer Sequence 5’-----3’ Base 

pairs 

Tm(C) Product size 

(base pairs) 

Primer-1 F AACTACAATGGCTTACACAC 20 50.17 598 

Primer-1R GTATACTTTATCCGTGCAGT 20 49.53 

Primer-2 F CACAGTTTATACGACATTCC 20 50.55 691 

Primer-2 R TCACTCTTGATCTTATCGAC 20 50.04 

Primer-3 F GTCGATAAGATCAAGAGTGA 20 50.04 707 

Primer-3 R TTAGACCAAGCATAGAAATC 20 49.71 

Primer-4 F CGGATGTGTAATACATTAGG 20 50.67 683 

Primer-4 R TCTGAATACACCAAAGATTC 20 50.03 

Primer-5 F  GACTATAAGTGCTTTGTTGC 20 50.27 637 

Primer-5 R CTTCGTACTTCTGATTCAAG 20 50.11 

Primer-6 F CAGACTCCTTACATCAACAG 20 50.52 690 

Pimer-6 R GGTTACAGCATCATACTCAT 20 49.90 

Primer-7 F ATGAGTATGATGCTGTAACC 20 49.90 693 

Primer-7 R CATACTTGGAAATGTCTAGC 20 49.98 

Primer-8 F TGGACTCTAATGTTCCTATG 20 50.12 662 

Primer-8 R TCTATAAACAAACGAACCAG 20 50.61 

Primer-9 F ACTATACACATTTGGACGAC 20 49.84 707 

Primer-9 R GACTGCTTCTGTAAGTTCAA 20 50.51 

Primer-10 F GTCCTTTATCTTTGGAGTTT 20 50.26 956 

Primer-10 R CCCTGAAAATAATTACGTC 19 49.84 

CP-F CCAATGGCTGACAGATTACG 20 53.26 730 

CP-R CAACGACAACCCTTCGATTT 20 54.12 
 



Primer Sequence 5’-----3’ Base pairs 

5’RACE-1 ATGTCGTTGAACCGTAGGGGATCT 24 

5’RACE-2 ACCTTGGGCCTGCGGTCATGTGCA 24 

3’RACE-1 TCTCTGATGTGTGGAAGACTATTCCGA 27 

3’RACE-2 AGGAATGTACAATCAAGCTCTGTTCG 27 

3’RACE-3 CGAAGGGTTGTCGTTGGGATGGAA 25 

b. Total RNA isolation, cDNA synthesis and PCR amplification 

 cDNA was synthesized using the 1 μg of total RNA in a final reaction volume of 20 

μl as described earlier. RT-PCR for the amplification of full genome of the present isolate 

was performed in 50 μl reaction mixture containing 5 μl of 10x Taq buffer, 3 μl of 25 mM 

MgCl2, 4 μl of 2 mM dNTPS mix, 2 μl of 10 mM of forward and reverse primer, 2.0 μl of 

cDNA, 0.2 μl of 5 U/ μl Taq polymerase and final volume was adjusted to 50 μl using 

nuclease free water. Amplification was performed in GeneAmp PCR system 9700 (Applied 

Biosystems) with initial denaturation of 94C for 4 min followed by 35 cycles of 94C for 15 

s, annealing at 45C for 40s and extension at 72C for 1 min with a final extension of 7 min 

at 72C. 

 RACE-PCR was performed as per the instructions of SMARTerTM RACE-cDNA 

Amplification Kit User Manual (www.clontech.com) with some modification as follows. For 

cDNA synthesis, initially in PCR tubes 1 µg total RNA (5 µl) and 1 µl of 5’ CDS or 3’ CDS 

primer were taken in total reaction of 10 µl, final volume was made by RNase free water, 

tubes were vortexed, centrifuged briefly to collect the mixture at the bottom and incubated at 

70°C for 5 min followed by 2 min incubation on ice. After incubation, 1 µl of SMARTerIIA 

(only in 5’-cDNA synthesis), 4 µl of 5x MMLV buffer, 2 µl of 10 mM each dNTPs mix 

(Fermentas, USA), 1 µl of RNAase inhibitor (USB) and 1 µl (400U/µl) of MMLV reverse 

transcriptase were added to the reaction mixture and final reaction volume was made to 20 µl 

by adding nuclease free water. The contents were then incubated at 42C for 90 min (Gen 

Amp PCR System 9700, Applied Biosystem, USA).  

 5’ and 3’-RACE-PCR amplification was performed in 50 µl reaction volume using 5 

µl of 10x Taq buffer, 3 µl of 25 mM MgCl2, 4 µl of 2 mM dNTPs mix, 5 µl of 10 mM UPM 

mix, 1 µl of gene specific primer (GSP), 2.5 µl of cDNA,  0.2 µl of 5U/µl Taq polymerase 

(Merck Genei) and final volume was adjusted to 50 µl with nuclease free water. 

Amplification was performed in GeneAmp PCR system 9700 (Applied Biosystems) with 

initial denaturation at 94C followed by 5 cycles of 94C for 30 sec and 72C for 2 min, 5 



cycles of 94C for 30 sec, 68C for 30 sec and 72C for 2 min and final 27 cycles at 94C for 

30 sec, 60C for 30 sec and 72C for 2 min with final extension of 7 min at 72C. 

c. Purification of PCR product 

 The amplified PCR fragments were column purified using the HiYieldTM Gel/PCR 

DNA Mini Kit following the manufacturer’s instructions. 

d. Cloning and sequencing 

The amplified fragments pertaining to PMMoV genome of all the three isolates were ligated 

in pGEM-T Easy vector and transformed in E. coli cells. Recombinant colonies were 

screened through colony PCR and plasmid was isolated from the positive colonies and 

custom sequenced. The sequence obtained was blasted and vector sequences were removed 

using vecscreen programme and whole PMMoV genome was assembled. The methodology 

adopted was same as used for sequencing the CP gene of all the sixteen isolates. 

IV. Development of ELISA and RT-PCR based diagnostic kit 

a. Primer designing and RT-PCR 

Considering the sequence of CP of PMMoV and multiple cloning sites of pET-28a, specific 

primer pair containing EcoR1 and Sal1 site in forward and reverse primer were customized, 

respectively (F: 5’-ACGAGAATTCATGGCTTACACAGTTTCCA-3’,R: 5’-

ATCGGTCGACGGA GCGGAGTTGTAGCCCAGGTGA-3’). Using these primers, the CP 

gene was amplified through RT-PCR. Total RNA isolated was subjected to cDNA synthesis 

followed by RT-PCR. The RT-PCR was performed in 50 μl reaction containing 2 μl cDNA 

template, 2 μl forward and reverse primers (10 mM), 5 μl 2mM dNTPs, 5 μl 10 X PCR 

buffer, 1.5 μl 25mM MgCl2 and 0.5 μl Taq DNA polymerase (5 U/ μl). The final volume of 

50 μl was made using nuclease free water. The PCR was performed using initial denaturation 

of 94°C for 4 min followed by 35 cycles of 94°C for 15 sec, annealing at 65°C for 40 sec and 

extension at 72°C for 1 min with a final extension of 5 min at 72°C.The PCR product was 

analyzed on 1.2 per cent agarose gel and eluted from gel.  

b. Construction of expression plasmid 

i. Cloning of CP gene in pGEMT-Easy vector 

 The eluted amplicon was ligated into pGEMT-Easy vector (Promega) and 

transformed into E. coli strain DH5α as described in previous section. The white colonies 

were picked and subjected to colony PCR using universal primer pairs SP6 and T7 and insert 

specific primers to confirm the presence of insert. Plasmid from recombinant colony was 

isolated through Alkali lysis method. 

ii. Digestion of isolated plasmid and expression vector 



 The isolated plasmid as well as the expression vector pET-28a was double digested 

with EcoR1 and Sal1 enzymes as follows.  

Components Plasmid pET-28a 

DNA 100 μl 1 μl 

“O” Buffer 15 μl 2 μl 

EcoR1 5 μl 0.5 μl 

Sal1 5 μl 0.5 μl 

Nuclease free water 25 μl 16 μl 

Total Volume 150 μl 20 μl 

The reaction was incubated at 37ºC for 3-5 hour in an incubator and analyzed for digestion. 

After digestion, the digested plasmid was subjected to precipitation for purification. For 

precipitation, 90 μl nuclease free water was added to 10 μl of the digested plasmid. To this 

mixture, 1/10th volume of Sodium acetate (3M, pH 5.2) and 2.5th volume of absolute alcohol 

was added. The mixture was mixed and placed on ice for 10-15 min. After incubation, 

centrifugation at 12,000 rpm for 20 min at 4 ºC was done and pellet obtained was washed 

with 70 per cent ethanol, dried and suspended in 50 μl water. The plasmid was checked on 

1.2 per cent agarose gel. 

iv. Ligation and subcloning into expression vector 

 Ligation of insert and pET-28a both digested with restriction enzymes was performed 

as described earlier and incubated at 4 ºC overnight. The ligated product was transformed into 

BL21 (DE3) strain of E.coli on LB agar plates containing Kanamycin @ 100 μl/100 ml of 

media and further subjected to colony PCR using T7 promotor and T7 terminator and insert 

specific primers. 

v. Plasmid isolation and sequencing 

 The recombinant colony was inoculated into 5 ml LB broth containing Kanamycin 

@100 μl/100 ml of broth and incubated at 37 ºC in a shaking incubator overnight. The 

plasmid was isolated through Alkali lysis method. The recombinant plasmid was sequenced 

using custom services and analysed for any frame shift. 

c. Overexpression and analysis of PMMoV CP 

 For over-expression of recombinant protein, positive recombinant clone was 

inoculated in 10 ml LB Broth containing Kanamycin at 100 µl/100 ml of broth and incubated 

at 37oC with continuous shaking till the OD600 reaches 0.6-0.8. To induce the expression of 

CP, IPTG (1M) was added to a final concentration of 1mM.  One ml of culture from non-

induced and induced sample was taken in 1.5 ml microfuge tube before and after overnight 



incubation at 16 ºC, respectively and immediately pelleted down by centrifuging at 5000 rpm 

for 20 min at 4 ºC.  The supernatant was discarded and pellet was stored at -20oC. The 

induction was analyzed on 15 per cent SDS-PAGE. The composition of resolving and 

stacking gel is given in Table 3.  

Table 3: Composition of resolving and stacking gel used in SDS-PAGE  

Buffers 15% Resolving gel  4% Stacking Gel 

30% Acrylamide 3.33 ml 0.325 ml 

1.5M Tris, pH 8.8 1.66 ml - 

0.5M Tris, pH 6.8 - 0.625 ml 

10% SDS-PAGE 60.66 µl 25 µl 

Double distilled H2O 1.56 ml 1.525 ml 

10% Ammonium persulphate 

(APS) 

33.33 µl 12.5 µl 

TEMED 3.33 µl 2.5 µl 

The procedure followed for SDS-PAGE is given below: 

1. The gel casting plates were carefully cleaned, wiped and assembled by putting a 

spacer in between and checked for any leakage in the assembly. 

2. Resolving gel was poured in the assembled plate using a pipette. A layer of 

isopropanol was laid on the top to remove the bubbles. 

3. After its polymerization, stacking gel was poured over the resolving gel and comb 

was carefully placed in between avoiding formation of any air bubble. 

4. Samples were prepared by adding 25 μl of gel loading buffer to the pellet obtained by 

centrifugation of uninduced as well as induced sample. The pellet was resuspended and 

transferred in 0.2 ml PCR tubes. The samples were boiled at 100oC for 5 min and 

immediately placed on ice for cooling down.  

5. After the polymerization of gel the assembly was submerged in 1x SDS Running 

Buffer. 

6. The samples prepared along with a protein ladder were loaded and gel was run @ 60 

mA in 1x SDS Running Buffer till the dye front reached the bottom. 

7. Staining of gel 

Once the dye front reached the bottom gel was carefully taken out and rinsed in double 

distilled water and transferred into coommassie brilliant blue 250 dye for staining and placed 

on rocker for overnight. 



8. Next morning the gel was taken out from dye and rinsed in double distilled water. 

Fixative was added to remove the excess stain. It was kept as such till the background was 

completely destained. The gel was observed for induction of expression of recombinant CP.  

d. Overexpression of protein and Preparation of cell lysate under denaturing 

conditions  

Five hundred ml culture containing Kanamycin was inoculated with the non-induced 

overnight culture as described in section c. The culture was grown at 37oC with vigorous 

shaking until an OD600 of 0.6-0.8 was reached. One ml sample was taken immediately before 

induction. Expression was induced in the leftover culture by adding 1M IPTG to a final 

concentration of 1mM and incubated for overnight at 16oC with shaking at 180 rpm. After 

incubation the culture was pelleted down by centrifugation at 5000 rpm for 20 min at 4oC. 

The harvested cells were resuspended in 50 ml of lysis buffer B and incubated at room 

temperature for 20 min with gentle shaking. After 20 min the cells were harvested by 

centrifugation at 5000 rpm for 20 min at 4oC. The supernatant was collected in another tube 

and stored at -20oC for further use. 

e. Purification of 6X His-tagged CP under denaturing condition 

The lysate obtained in previous step was subjected to purification using Ni-NTA columns 

(Clontech). The procedure of purification is given below: 

Buffer B: 100 mM NaH2PO4, 10 mM Tris, 8 M Urea, pH: 8.0 (Adjusted using NaOH) 

Buffer C: 100 mM NaH2PO4, 10 mM Tris, 8 M Urea, pH: 6.3 (Adjusted using HCl) 

Buffer E: 100 mM NaH2PO4, 10 mM Tris, 8 M Urea, pH: 4.5 (Adjusted using HCl) 

1. The Ni-NTA gravity columns (Clontech) were equilibrated with 5 ml of Buffer B. 

2. Five ml of the lysate was loaded into the columns and incubated at rocker for 1 hour 

at room temperature with bottom cap still attached. 

3. After 1 hour, the flow-through was collected in tubes by removing the bottom cap and 

the column was washed with Buffer C for 2 times. 

4. The flow-through from washings was also collected. 

5. The recombinant protein was eluted using 5 ml of Buffer E and taking the fractions in 

three centrifuge tubes. 

6. This procedure was repeated for purifying the protein from 50 ml of the lysate by 

simply packing the gravity columns with Ni-sepharose. 

7. The flow-through, washing fraction and the elution fractions were analyzed through 

SDS-PAGE for checking the presence of single band of the target protein in the elution 

fraction. 



8. The quantification of purified protein was done through QubitTM 2.0 Fluorometer 

(Invitrogen) using Qubit™ Protein Assay Kit (Thermofisher Scientific) following 

manufacturer’s instructions. 

f. Specificity assay of purified target protein 

 The specificity of recombinant protein was established through western blot assay. 

The procedure followed for western blot assay is given below: 

TBS: 7.88 g Tris-HCl, 8.766 g NaCl, 1 litre H2O, pH: 7.5 

Transfer Buffer: 3.03 g Tris, 14.41 g Glycine, 200 ml Methanol, 800 ml H2O 

Blocking Buffer: 3% Bovine Serum Albumin in TBS-T Buffer 

Wash Buffer: 100 ml TBS, 100 µl Tween 20 (TBS-T Buffer) 

1. For blotting, purified protein sample as well as uninduced sample was electrophoresed 

in 15% polyacrylamide gel under denaturing.. 

2. Blotting sheets were cut into the size of membrane. One third of sheets were soaked in 

anode buffer I, one third in anode buffer II and last one third into cathode buffer. The PVDF 

membrane (Novex, life technologies) was soaked in methanol for 30 sec and then 

equilibrated with anode buffer II. Similarly gel was also equilibrated in cathode buffer. 

3. The sheets were stacked in a particular order that is first sheets soaked in anode buffer I 

followed by anode buffer II then gel was placed. Over the gel PVDF membrane was placed 

followed by sheets soaked in cathode buffer. 

4. The protein bands were transferred from gel to PVDF membrane through semi dry 

transfer method using a semi-dry electroblotter (Peqlab) at 30 V for 3 hours at room 

temperature. 

5. After transfer, the membrane was washed using 15 ml TBS buffer and incubated in 10 ml 

blocking buffer at 4oC overnight. 

6. After an overnight incubation, the membrane was washed 2 times with TBS-T buffer 

followed by incubation of membrane with His-tag Monoclonal antibody (NovagenR) (1:1000) 

at room temperature for 2 h with gentle shaking. 

7. After incubation with primary antibody, the membrane was washed 2 times with TBS-T 

buffer. The membrane was then incubated with Alkaline phosphatase conjugated Goat Anti 

mouse IgG alkaline phosphatase (ALP) conjugated antibody (1:5000) for 2 h at room 

temperature. 

8. After incubation, washings were performed and then the membrane was incubated with 1 

ml BCIP/NBT solution under complete dark conditions till the development of band.  

g.  Raising of polyclonal antiserum in rabbits 



 The purified protein was dialyzed using 50 mM Tris buffer to remove the traces of 

urea for more than 48 hours and used for polyclonal antiserum generation using custom 

services of M/S. Genei Laboratories Pvt. Ltd. (Bangalore, India). The antiserum was raised in 

New Zealand white male rabbit. For primary immunization, the homogenized protein sample 

solution (2 mg) was mixed with 500 µl of freund’s complete adjuvant (FCA) and 

administered to rabbits through subcutaneous injections. Further 5 booster doses mixed with 

500 µl of freund’s incomplete adjuvant (FICA) were given at 15 days interval. Blood was 

collected and coagulated at 37 ºC for 1 hour followed by centrifugation at 4000 rpm for 10 

min. The supernatant was collected and stored at -20 ºC till further use. 

h. Evaluation of specificity and sensitivity of antiserum through Western Blotting 

 To analyze the specificity and sensitivity of polyclonal antiserum obtained, western 

blotting and ELISA were performed using serial dilution of primary antibodies. The 

polyclonal antiserum dilutions of 1:100, 1:500, 1: 1000, 1:2000, 1:3000, 1:4000, 1:6000, 

1:8000, 1:10,000, 1:20,000 prepared in blocking buffer were used in western blot assay. 

Alkaline phosphatase conjugated Goat anti-rabbit IgG antibodies (GeNei, diluted to 1:1000 

times) was used as secondary antibody. The purified expressed protein, crude extract from 

infected plants and healthy plants were used as antigen. The crude extract from infected and 

healthy plant samples were prepared by crushing the leaves in extraction buffer (1:1 w/v) 

followed by incubation on ice for 20 min and centrifugation at 8000 rpm for 20 min at 4oC. 

The procedure followed for Western blotting was same as described earlier. 

i. Direct antigen coating-ELISA (DAC-ELISA) 

 DAC-ELISA was also performed to evaluate the maximum titre of polyclonal 

antiserum which can strongly react with the purified recombinant protein and crude protein 

isolated from infected plants. To prepare the sample from infected plant protein, 5g of young 

leaves from infected plants was homogenized in 5 ml of coating buffer containing 2 per cent 

Polyvinylpyrrolidone (PVP) under chilled conditions. Incubated on ice for 15 min and then 

centrifuged at 5000 rpm for 15 min. The supernatant was collected in another tube and used 

in DAC-ELISA. Extract from healthy plants was prepared in the similar way. The protocol of 

DAC-ELISA is given below:  

1. Samples that included purified recombinant protein, crude extract from PMMoV infected 

plants were added to the polystyrene plate at the rate of 100 μl. For negative control extract 

from healthy plants were added. Positive controls of CMV, TMV, PVY, TSWV and TYLCV 

(5:100) was added to the wells. 

2. After incubation for 2 hours at 37oC the wells were washed with phosphate buffer saline 

tween. 



3. Blocking was done with 100 μl of blocking buffer for 30 min at 37oC. After incubation 

the plate was washed.  

4. Polyclonal antiserum diluted at different dilutions in blocking buffer viz. 1:100, 1:500, 

1:1000, 1:2000, 1:4000 and 1:8000 was added to plate at the rate of 100 μl.  

5. The plate was incubated overnight at 4oC. After incubation the plates were washed as in 

Step 2. 

6. One hundred μl of conjugate antibody, Goat antirabbit IgG conjugated with Alkaline 

phosphatase enzyme (GeNei, diluted to 1:1000 times) was added to plate and incubated for 2 

hours at 37oC. 

7. The plate was washed and 100 μl of pNPP substrate (1mg/ml of substrate buffer) was 

added and incubated at room temperature under dark conditions till the development of color. 

8. After incubation, reaction was stopped with 50 μl of 3.0 M NaOH and absorbance 

was recorded using ELISA reader (Bioscreen Instruments, New Delhi) at 405 nm 

wavelength. The samples showing two to three times more optical density (OD) over 

negative control sample were rated as positive. 

III. Identification of sources of resistance in capsicum and genetics of resistance 

  Capsicum accessions comprising of local landraces, recommended cultivars and 

exotic accessions procured from various sources were screened for resistance against 

PMMoV under glasshouse conditions. Nursery of test genotypes was raised. Five plants 

of each variety were sap inoculated at 4-5 leaf stage using leaf rub method. One plant of 

each accession inoculated with sterilized water was kept as control. The plants were kept 

in the green house maintained at 25+2oC and observed for the appearance of disease 

symptoms for about one month after inoculation. Plants showing no symptoms were back 

inoculated on healthy susceptible plants for symptomless carrier. The observations were 

recorded on symptom expression and plants showing disease symptom were graded as 

susceptible and plants with no disease symptom were graded as resistant. The plants 

showing symptoms as well as those showing no symptoms were subjected to DAS-

ELISA to confirm the presence or absence of virus. 

Results 

I. Molecular characterization of PMMoV infecting pepper 

a. Surveys and Collection of Virus Isolates: 

To accomplish the first objective, surveys of Capsicum cultivated polyhouses of Himachal 

Pradesh (HP) was undertaken to collect the isolates of Pepper mild mottle virus (PMMoV) 

and to assess the prevalence of the disease in the state in 2016 and 2017. The areas in which 



surveys were conducted are: Baijnath, Kangra, Bilaspur, Hamirpur, Mandi, Sundernagar, 

Kullu, Shimla, Solan. The crop was observed for the presence of any virus like symptoms and 

insect vector. The surveys showed the presence of virus like symptoms in almost all the 

districts. The polyhouse grown capsicum crop was monitored to assess the prevalence of viral 

diseases assessed in various polyhouses in different districts of the state and isolates of 

Pepper mild mottle virus collected are given in Table 4. The symptoms included mottling, 

mosaic and puckering of leaves, stunting of the plants, deformation of the leaves (Plate 1). In 

Kangra district the viral incidence ranged from 7.5- 75%. In Bilaspur district upto 85% virus 

incidence was observed in Capsicum crop. The range of incidence was 7.5-45 % in Mandi 

district. While the virus incidence was highest in Kullu district where 5-100 % virus 

incidence was observed. The average incidence of viral like symptoms of different locations 

surveyed within the districts is given in Figure 1.  

 

 

Plate 1: Symptoms of virus on naturally infected Plants grown under protected 

cultivation 



 

 

Figure 1: Average Incidence of viral like symptoms in different districts 

 

The disease samples were collected as infected leaves and in some cases, the disease infected 

plant was uprooted and brought in the laboratory and transplanted in sterilized soil in green 

house. The leaf samples were used to inoculate the healthy susceptible plants of the 

susceptible cultivar and also preserved in deep freezer (-80oC) for future use and other part 

was kept in -20oC for serological and molecular detection. 

Table 4: Prevalence of viral like symptoms in different polyhouses observed during 

surveys conducted in 2016 and 2017 

Location Disease 

Incidence 

(%) 

Disease symptoms Vector 

Kangra  

Chahri (Nagrota)  75 Yellow mosaic and puckering on the chili leaves 

grown in open conditions 

Mites 

Nagrota Bhagwan 25.00 Mottling, puckering of leaves -  

Sunehar (Nagrota 

Bagwan)  

25.00 Stunting, mosaic, leaf deformation in Capsicum 

crop 

White fly 

Chau (Kangra)  12.50 Mild mosaic and puckering on the young leaves White fly 

Baijnath  92.50 Severe puckering and leaf deformations in 

Capsicum leaves 

Mites 

Chauntra (Baijnath) 25.00 Mosaic and mottling in capsicum plants White fly, leaf 

miner, aphids 



Makhedh (Baijnath)  27.50 Mottling and puckering on the leaves of 

capsicum plants  

White fly, mites 

Bir  7.50 Stunting and mild mosaic in capsicum  - 

Ahju (Baijnath)  32.50 Mild mosaic and puckering in the leaves of 

Capsicum leaves 

Mites 

Kunsel (Baijnath)  55.00 Mosaic, mottling, puckering in the leaves of 

Capsicum 

Mites, white fly 

Hamirpur  

Rarhi  35.00 Mosaic and puckering in the leaves of Capsicum - 

Loharli (Bijjar)  12.50 Mosaic on leaves  White fly 

Phagoti  42.50 Stunting and leaf deformations with upward 

curling on chili leaves grown in open conditions 

- 

Sangaswia  12.50 Yellowing and puckering on leaves - 

Bada  35.00 Mosaic on leaves and stunting of plants under 

polyhouse conditions  

-  

Bilaspur  

Riana (Berthin)  85.00 Mottling, Puckering and deformation of leaves of 

capsicum 

Thrips  

Namhol  - Phytophthora root rot and Cercospora leaf blight -  

Mandi  

Dodhwan-1, 

Sundernagar 

7.50 Virus like symptoms like mosaic and mottling - 

Dodhwan-2, 

Sundernagar  

42.50 Virus like symptoms which included stunted 

plant with severe mosaic and leaf deformations 

and shoe string like symptoms on leaves 

White fly 

Kalohad, Sundernagar 35.00 Virus like symptoms which included stunted 

plant with severe mosaic and deformation of 

leaves  

Aphids 

Satoh-1, Rajgarh  12.50 Virus like symptoms which includes stunted 

plants with puckering and downward curling of 

the leaves  

- 

Satoh-2, Rajgarh  45.00 Stunting of plants, deformation of leaves, upward 

and downward curling of the leaves  

- 

Kullu  

Nagwain-1 100.00 Severe puckering and yellowing of young leaves  Mites 

Nagwain-2 10.00 Ring spot, severe mosaic, mottling and upward 

curling with reduced leaf lamina 

White fly 

Bajaura  5.00 Yellow mosaic on Capsicum Mites  

Mohal  85.00 Root rot of Capsicum, Virus like symptoms Mites, Leaf miner, 

Caterpillar 

Bhuntar  50.00 Mosaic and stunting of plants White fly high 

Shimla  

NBPGR, Phagli  85.00 Symptoms like mosiac, mottling, puckering of 

leaves, stunting of while plants. 

-  

Solan  

Ramshehar, Nalagarh 75.00 Upward cupping of leaves Mites, White fly 

b. Virus Identification 

The samples collected from different areas of the HP state were screened for the presence of 

virus through Double Antibody Sandwich –Enzyme Linked Immunosorbent Assay (DAS-

ELISA) using the virus specific antibodies (commercially available, BIOREBA) and Reverse 



Trancriptase-Polymerase Chain Reaction (RT-PCR) using the coat protein (CP) specific 

primers (CPF: CCAATGGCTGACAGATTACG, CPR: CAACGACAACCCTTCGATTT). 

i. DAS-ELISA 

The disease samples collected from different polyhouses were assayed serologically for the 

presence of PMMoV. In DAS-ELISA, the samples showing 2-3 times higher OD value than 

the negative control were considered positive (Plate 2). The disease samples collected from 

different polyhouses were assayed serologically for the presence of PMMoV. In DAS-

ELISA, the samples showing 2-3 times higher OD value than the negative control were 

considered positive (Plate 2). Out of 38 samples collected from Hamirpur, Bilaspur, Kullu 

and Mandi, 26 were found to be infected with PMMoV (Table 5). Thus maximum infection 

was found in the samples brought from Bilaspur and Kullu districts. The DAS ELISA show 

the wide prevalence of the virus in some of the areas as reported earlier. None of the samples 

collected from the district Kangra were found positive for the PMMoV. However, from 

Baijnath area out of 14 samples, none of the samples was found positive. Only 1 sample 

collected from university experimental polyhouses was found positive for PMMoV. 

 

Plate 2: Detection of PMMoV through DAS-ELISA using polyclonal antibodies 

Table 5: Serological testing of different samples collected through DAS-ELISA 

S.No. Location Total 

Number of 

samples 

No.  of 

negative 

samples 

OD405 of 

negative 

samples 

No. of 

positive 

samples 

OD405 of 

positive 

samples 

1. Baijnath 14 14 0.2265-0.6428 00 - 

2.  Kangra 13 13 0.1726-0.3450 00 - 

3. University 

Polyhouses 

04 03 0.2088-0.4236 01 1.0428 

4. Bilarpur, 

Hamirpur, 

Kullu, 

Mandi 

38 12 0.4993-0.9371 26 1.0202-2.6585 



 

ii. RT-PCR Assay 

An amplification product of 730 bp corresponding to the CP gene of the virus was observed 

in case of positive samples while no such amplification was there in healthy sample (Plate 3).  

 

Plate 3: RT-PCR of different samples using Coat protein specific primers. M: 1 kb plus 

ladder, L: 100 bp ladder, 1-30: Infected Samples, H: Healthy sample 

c. Categorization and Maintenance of Isolates 

The presence of PMMoV was thus confirmed through DAS-ELISA and RT-PCR. The 

samples showing negative results were discarded. Sixteen isolates were selected on the basis 

of locations i.e. one isolate from one location. However more than one isolate was selected 

from one location because of the different symptoms observed. Two isolates viz. PMMoV-

16.12 and PMMoV-16.14 were collected from previous year surveys were already being 

maintained in the department. The names were assigned to the isolates (Table 6). The isolates 

are being maintained by inoculating on susceptible capsicum variety i.e. “California wonder” 

kept in greenhouse at temperature 23+1oC. The artificially inoculated isolates produced 

similar symptoms that of natural infection (Plate 4). The infected leaf samples of the isolates 

both from naturally infected and artificially inoculated plants are kept in -80oC deep freezer. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 4: Symptoms produced by different isolates of PMMoV on “California wonder” 

after artificial inoculation. A: Closer view of upward curling and puckering on 

capsicum plant, B: Mosaic and puckering of leaves due to isolate PMMoV-16.8, C: Mild 

mosaic, leaf and fruit deformation due to isolate PMMoV-16.5, D: Reduced leaf lamina, 

mosaic on leaves and deformed fruits due to isolate PMMoV-16.7 

Table 6: Different isolates with their area of collection 

S.No.  District  Location  Crop and Situation  Designation of 

Isolates  

1. Mandi  Satoh-1, Rajgarh Capsicum (Polyhouse) PMMoV-16.1 

2.  Satoh-2, Rajgarh  Capsicum (Polyhouse) PMMoV-16.4 

3.  Dodhwan-1, Sundernagar  Capsicum (Polyhouse) PMMoV-16.5 

4.  Dodhwan-2, Sundernagar  Capsicum (Polyhouse) PMMoV-16.7 

5.  Kalohad,Sundernagar  Capsicum (Polyhouse) PMMoV-16.8 

6.  Kullu  Shamshi  Capsicum (Polyhouse) PMMoV-16.2 

7.  Nagwain-1, Bajuara  Capsicum (Polyhouse) PMMoV-16.6 

8.  Nagwain-2  Capsicum  PMMoV-16.9 

9.  Nagwain-3  Capsicum (Polyhouse  PMMoV-16.10  

10.  Bilaspur  Berthin  Capsicum (Open Field) PMMoV-16.3 

11.  Bilaspur  Capsicum (Polyhouse)  PMMoV-16.12  

12.  Bilaspur  Capsicum (Polyhouse)  PMMoV-16.14  

13.  Kangra  Harjana  Capsicum (Polyhouse) PMMoV-17.2 

14.  Vegetable Farm, 

CSKHPKV 

Capsicum (Polyhouse) PMMoV-16.11 

15.  Hamirpur  Bada  Capsicum (Polyhouse) PMMoV-17.1 

16.  Shimla  NBPGR, Phagli Capsicum (Open Field) PMMoV-17.3 

 

 



II. Molecular and pathogenic diversity among the isolates 

a. Pathogenic variability 

The pathogenic behavior of 16 isolates has been studied by inoculating each isolate on 5 

differential varieties carrying different L alleles responsible for providing resistance in 

capsicum against tobamoviruses. The pathogenic reaction did not differ significantly between 

replicate inoculated plants for any given isolate. All the p resent isolates were able to infect 

and produce visible symptoms on 3 differential cultivars viz., C. annuum (Yolo wonder, L1), 

C. frutescense (Tabasco, L2) and C. annuum (Doux des Landes, L+). However, on C. annuum 

(Yolo wonder, L1) all isolates produced severe puckering, mottling of leaves followed by 

stunting of plants.  

Table 7: Reaction of PMMoV isolates on differential cultivars vis-a-vis indexing 

through DAS-ELISA 
Isolates  Differential lines 

California 

wonder 

101 102 103 104 105 

A405 Reaction A405 Reaction A405 Reaction A405 Reaction A405 Reaction A405 Reaction 

PMMoV-

16.1 
1.407 + 0.806 + 0.894 + 0.715 + 0.253 - 0.236 - 

PMMoV-

16.2 
1.532 + 0.830 + 0.763 + 0.692 + 0.321 - 0.201 - 

PMMoV-

16.3 
1.152 + 0.901 + 0.920 + 0.923 + 0.245 - 0.219 - 

PMMoV-

16.4 
1.135 + 0.890 + 0.808 + 0.735 + 0.262 - 0.207 - 

PMMoV-

16.5 
1.067 + 0.889 + 0.730 + 0.692 + 0.222 - 0.205 - 

PMMoV-

16.6 
1.072 + 0.903 + 0.718 + 0.788 + 0.227 - 0.232 - 

PMMoV-

16.7 
1.840 + 1.026 + 0.976 + 0.666 + 0.358 - 0.203 - 

PMMoV-

16.8 
1.280 + 1.295 + 0.730 + 1.082 + 0.190 - 0.194 - 

     Positive    0.506 

     Negative    0.178 

PMMoV-

16.9 
1.567 + 1.296 + 0.864 + 0.915 + 0.138 -  - 

PMMoV-

16.10  
1.267 + 1.147 + 1.564 + 1.059 + 0.207 - 0.149 - 

PMMoV-

16.11  
1.216 + 0.738 + 1.163 + 1.004 + 0.196 - 0.136 - 

PMMoV-

16.12  
1.076 + 0.716 + 0.677 + 0.713 + 0.318 - 0.131 - 

PMMoV-

16.14  
1.201 + 1.198 + 1.029 + 0.902 + 0.179 - 0.165 - 

PMMoV-

17.1 
1.264 + 0.936 + 0.757 + 0.733 + 0.165 - 0.242 - 

PMMoV-

17.2 
1.478 + 0.998 + 0.765 + 0.794 + 0.291 - 0.278 - 

PMMoV-

17.3 
1.143 + 0.923 + 0.779 + 0.727 + 0.216 - 0.201 - 

     Positive    0.577 

     Negative    0.184 



However, none of the isolates produced symptoms on C. chinense (PI-159236, L3) and C. 

chacoense (PI-260429, L4) plants. The presence of PMMoV in inoculated plants of each 

differential cultivar was established by indexing with DAS-ELISA and the absorbance values 

for each cultivar is given in Table 7. Based on reaction on differential cultivars, all the 

isolates collected from capsicum growing areas of Himachal Pradesh were grouped in 

pathotype P12 only which can overcome L+, L1 and L2 alleles. 

b. Molecular Variability 

The CP gene of all the test isolates amplified using CP gene specific primers generated an 

amplicon of ~743 bp in all the isolates (Plate 5). The amplified products corresponding to CP 

gene of each present isolate were eluted from agarose gel (Plate 6), ligated into pGEMT Easy 

vector and E. coli DH5α strain was successfully transformed with each isolate (Plate 7). 

Positive recombinant colonies produced an amplification product of ~743 bp in colony PCR 

with insert specific primers (Plate 8), however, non-recombinant colonies did not produce 

any amplification of expected size. Then plasmid from recombinant colonies with CP gene 

insert of PMMoV test isolates was isolated, lypholized and custom sequenced from 

Agrigenome Pvt. ltd Labs. 

 

 

Plate 5:  Coat Protein gene amplification of PMMoV isolates using CP specific 

primers. M: 1 kb plus ladder, Lane 1-14: PMMoV isolates 

 



 

Plate 6:  Agarose gel presenting the elution of amplified CP gene of PMMoV 

isolates. M: 1 kb plus ladder, Lane 1-14: PMMoV isolates 

 

 

Plate 7: Recombinant E. coli colonies transformed with pGEMT- PMMoVCP. 

 

 

Plate 8: Confirmation of presence of insert in transformed colonies through colony PCR 

using insert specific primers.  

Amino acid sequence analysis  



 After custom sequencing the sequences were obtained and their amino acid sequences 

were determined using Expasy Translate tool. The amino acid sequences of all the present 

isolates along with P12, P123 and P1234 pathotypes were aligned by ClustalW programme to 

elucidate amino acid mutations to designate various isolates. The substitutions at 313th 

position of isolate PMMoV-16.6 and at 100th position of PMMoV-17.1 led to the substitution 

of Threonine to Alanine at 105th position of PMMoV-16.6 and Asparatic acid to Asparagine 

at 34th position of PMMoV-17.1. In case of PMMoV-16.10, 2 nt substitutions at position 272 

and 464 resulted in substitution of Lysine to Arginine at 91th position and Alanine to 

Threonine at 156th position, respectively. Phylogenetic tree was constructed using the amino 

acid sequences of the present isolates as well as P12, P123 and P1234 pathotypes of PMMoV 

through MEGA7 software (Figure 2). All the present isolates were clustered along with the 

P12 PMMoV isolates in one clade except PMMoV-16.10 that was placed on another clade of 

same cluster. However when amino acid sequence of PMMoV (P12) were compared with 

present isolates, all isolates except 16.6, 16.10 and 17.1 were found to be 100 per cent similar 

to P12 pathotype. Five CP gene sequences of P123 were obtained from NCBI database and 

compared with the present isolates. Two mutations viz., Threonine to Serine at 6th position 

and Valine to Alanine at 148th position were common in all the P123 sequences (P123 from 

Turkey: HE96026.1, HE96027.1, HE96028.1 (Caglar et al. 2012), PMMoV-Is: EF432637.1 

(Antignus et al. 2008), PMMoV-Ia: AJ308228.1 (Velasco et al. 2010). Other than these, 3, 5 

and 10 mutation were found in case of HE96026.1, HE96027.1, HE96028.1 while 4 and 5 

mutations were observed in caes of PMMoV-Is and PMMoV-Ia. Two CP gene amino acid 

sequences of P1234 pathotype are available at NCBI database. PMMoV-Is (P1234) (Antignus et 

al. 2008) had 4 amino acid mutations viz., Threonine to Serine, Glycine to Alanine, 

Asparagine to Methionine and  Valine to Alanine at 6th,  87th,  139th and 148th positions, 

respectively. However, PMMoV-L4BV (P1234) (Genda et al. 2007), only 2 mutations viz., 

Arginine to Glutamine at 47th position and Lysine to Glycine at 86th position were found 

(Figure 3). 



 
Figure 2: Phylogenetic tree constructed using the predicted amino acid sequences of 

PMMoV pathotypes through MEGA7 software 

III. Determination of Full genome Sequencing 

a. RNA Isolation and RT-PCR amplification: The RT-PCR amplification with ten pairs of 

gene specific primers in all three isolates produced amplicons of 598 bp, 691 bp, 707 bp, 683 

bp, 637 bp, 690 bp, 693 bp, 662 bp, 707 bp, 956 bp long, respectively (Plate 9).  

 

Plate 9: PCR based amplification of PMMoV genome using RT-PC, A: Isolate PMMoV-

16.7, B: PMMoV-16.9, C: PMMoV-17.3, L: 1 kb DNA ladder, Lane 1-10: Different 

fragment comprising coding region of PMMoV genome 

 

b. Gel elution, ligation, transformation and Colony PCR check: After successful elution 

of all the amplified genome fragments of three isolates, their ligation into pGEM-T Easy 

vector and transformation in E. coli DH5 alpha strain, randomly few white colonies were 

picked up and replica plates were made with the sterilized micropipette tip and the same tip 

was dipped into 5 µl nuclease free water in eppendorf tube for the confirmation of 



transformation through colony PCR using vector as well as gene specific primers. There was 

considerable difference observed in the amplified product when vector and gene specific 

primers were used (about 200 bp larger product obtained with vector specific primers). The 

recombinant transformed colonies yielded amplification of expected size of that region when 

gene specific primers were used (Plate 10). 

  

 

 

 

 

 

 

Plate 10: Colony PCR of recombinant colonies using gene specific primers 

c. Plasmid isolation and Restriction Digestion: Plasmid DNA from the positive clones 

were isolated and subjected to restriction digestion with EcoR1 to confirm the presence of 

insert. The Eco R1 restriction enzyme released the insert of expected size. Digested DNA was 

checked by agarose gel electrophoresis by loading 5 μl of DNA mixed with 2 μl of 6X gel 

loading dye (Plate 11). The samples were lypholized and sent for sequencing to Agrigenome 

Laboratories.  

 

 

 

 

Plate 11: Reconfirmation using restriction digestion (pGEM-T Easy Vector) of 

recombinant plasmids containing desired insert. Ladder: 1 Kb promega DNA ladder. 

d. Sequence Assembly: The sequences of the various regions of the isolate (PMMoV-16.7, 

16.9 and 17.3) obtained after custom sequencing were edited with vecscreen programme 

(hppt://www.ncbi.nih.gov/vecscreen)to remove the vector sequences and subjected to 

BLAST analysis to make confirmation of the sequenced regions as a part of PMMoV 

genome. The genome of the test isolate was assembled manually. At present 6321 nucleotides 

of isolates PMMoV-16.7 and PMMoV 17.3 as well as 6258 nucleotides of PMMoV-16.9 

have been determined. These nucleotides cover the 5’UTR, ORF 1, 2, 3 and 4 of PMMoV 

full genome. The sequencing of 3’ UTRs is yet to be accomplished. When translated through 

Expassy translate tool, it was determined that PMMoV genome produced 4 ORFs viz., 

126/183 kDa replicase protein (70-3423, 70-4908 nt), 30 kDa movement protein (4909-5682 



-774 nt) and 17.4 kDa coat protein (5685-6158 nt-474 nt). All the ORFs of three isolates 

sequenced are aligned using ClustalW online software.  

Figure 3: Multiple alignment of 126/183kDa, 30kDa and 17kDa proteins of all three PMMoV 

isolates aligned through ClustalW 

IV. Development of ELISA and RT-PCR based diagnostic kit  

In the present study the CP gene was selected for antigen preparation using recombinant 

DNA technology as it is the more relevant viral protein for immune-detection purposes.  

a. Amplification of coat protein gene (CP gene) of the virus isolate: The PCR product 

was analyzed on 1.2% agarse gel stained with ethidium bromide (Plate 12). The 

amplification product of 500 bp was obtained. 

b. Cloning and sequencing of the CP gene: The PCR product was eluted from agraose 

gel and the eluted product was ligated into pGEMT- Easy vector. This ligated product 

was used to transform the DH5 strain of E. coli. The colonies were screened for the 

presence of target gene using vector specific and gene specific primers (Plate 13). The 

two positive clones were selected for plasmid isolation through Alkali lysis method. The 

isolated plasmid was digested with EcoRI and SalI restriction enzymes. Expression vector 

pET-28a was prepared by digesting it with the same enzymes. Digested plasmids were 

ligated into digested vector. This ligated product was used to transform the BL-21 (DE3) 

strain of E. coli. The colonies were screened for the presence of insert through colony 

PCR using gene specific primers (Plate 14) and positive clones were selected for plasmid 

isolation. The isolated plasmids of two clones were sequenced using custom services to 

ensure the inframe cloning (Figure 4).  

 

 

 

 

 

 

 

 

 

Plate 12: Amplification of CP gene of PMMoV using primers having sites for EcoR1 

and Sal1, L: 1 Kb plus ladder 



 

 

Plate 13: Colony PCR of E. coliDH5 recombinant colonies using gene specific (1) and 

vector specific (2) primers. L: 1 Kb plus ladder, A, B, C, D: Recombinant colonies. 

Plate 14: Colony PCR of E. coli BL-21 (DE3) recombinant colonies using gene specific 

primers. L: 1 Kb plus ladder, 1-5: Recombinant colonies. 

 

 

Figure 4: Nucleotide sequence of CP region of PMMoV 

c. Expression of CP gene in E. coli: One clone was selected for expression of the CP. The 

optimization of expression level at different temperature and isopropyl-β-D-

thiogalactopyranoside (IPTG) concentration was done. 

d. Induction of target protein: The induction at ~26 kDa was visible in the induced sample 

while there was no induction in the control sample (uninduced) (Plate 15). 

Plate 15:  SDS-PAGE gel showing induction of the target protein. L: Pretained protein 

ladder, Lane 1 represents the uninduced sample, Lane 2 represents the induced sample. 

 



e. Purification of Target protein: The 6X His tagged protein was purified using Ni-NTA 

columns. The flowthrough, washing fraction and the elution fractions were analyzed through 

SDS-PAGE for checking the presence of single band of the target protein in the elution 

fraction (Plate 16). 

Plate 16: SDS-PAGE after purification of the target protein. L: Protein ladder, Lane 1: 

represents the uninduced sample, 2: induced sample, 3: Flow through, 4-5: Elution 

fraction. 

 

f. Checking the specificity of purified protein using His tag specific monoclonal 

antibodies through western blotting:  

Western blot assay was performed to establish the identity of purified protein as his tagged 

using His tag specific monoclonal antibodies. The band at the position of induced band was 

clearly visible which was of same size as that of induced protein i.e. ~26 kDa (Plate 17). 

Plate 17: Western blot analysis following electrophoresis in SDS-PAGE, electroblotting 

of purified recombinant protein using 6XHis-tag specific monoclonal antibodies. Lane 

M: Benchmark prestained protein ladder (Fisher Scientific, Cat. Number: 10748-010), 

Lane 7- represents purified recombinant protein, Lane 8- represents the uninduced 

culture. 

 

g. Preparation of polyclonal antiserum and its evaluation through Western blot assay 

The purified protein was dialyzed using 50 mM Tris buffer to remove the traces of urea for 

more than 48 hours and used for polyclonal antiserum generation using custom services of 

M/S. Genei Laboratories Pvt. Ltd. (Bangalore, India). The polyclonal antiserum reacted 



positively with expressed purified protein as well as crude protein isolated from PMMoV 

infected pepper plants up to 1:10,000 and 1:8000, respectively. However, no reaction was 

obtained in the crude protein sample isolated from healthy pepper plants. The band observed 

in case of expressed purified protein was of ~26 kDa size, however, the band in the infected 

pepper plants were smaller in size ~17 kDa which is the size of PMMoV CP because the 

target protein was fused with tags in the expressed protein sample. The result of Western blot 

assay with all the dilutions is presented in Plate 18. In western blot assay, dilutions of 

polyclonal antiserum up to 1:10,000 were able to detect the expressed protein. However, no 

visible band was observed in case of 1:20,000 dilution. The antiserum allowed the detection 

of virus from infected pepper plants with dilutions ranging from 1:100 to 1:8000 only. No 

non-specific results were shown by antiserum with both infected plant tissues and purified 

protein. The positive reaction in case of crude plant extract from PMMoV infected plants 

confirmed that the antiserum raised was capable of detecting native CP from total proteins 

extracted from pepper plants infected with PMMoV and did not react with the plant proteins. 

 

 

 

 

 

 

 

 

 

 

 

Plate. 18: Western blot analysis of purified recombinant protein and crude extract of PMMoV infected 

plants using different dilutions of polyclonal antiserum. I–X represents different dilutions of antiserum (I. 

1:100, II. 1:500, III. 1:1000, IV. 1:2000, V.: 1:3000, VI. 1:4000, VII. 1:6000, VIII. 1:8000, IX. 1:10,0000, X. 

1:20,000). L: Benchmark pre-stained protein ladder (Cat. No.:10748-010), Lane 1 represents purified 

recombinant protein, Lane  2 represents the crude extract isolated from PMMoV infected plants, Lane 3 

represents crude extract isolated from healthy capsicum plants 

 

h. Evaluation of Polyclonal Antiserum through DAC-ELISA 

DAC-ELISA was also performed to evaluate the maximum titre of polyclonal antiserum 

which can strongly react with the purified recombinant protein and crude protein isolated 

from infected plants. To prepare the sample from infected plant protein, 5g of young leaves 

from infected plants was homogenized in 5 ml of coating buffer containing 2 per cent 

Polyvinylpyrrolidone (PVP) under chilled conditions. Incubated on ice for 15 min and then 



centrifuged at 5000 rpm for 15 min. The supernatant was collected in another tube and used 

in DAC-ELISA. Extract from healthy plants was prepared in the similar way. To check the 

cross reactivity of antiserum against other capsicum viruses viz., CMV, TMV, PVY, Tomato 

yellow leaf curl virus (TYLCV) and Tomato spotted wilt virus (TSWV), positive controls 

from these virus specific commercial kits (Bioreba) were used. The antiserum dilutions of 

1:100, 1:500 and 1:1000 were effective in distinguishing the infected samples from healthy 

samples. The absorbance values for healthy samples remained lower than 0.340 at all 

dilutions used (Table 8). However, at all the dilutions, the absorbance value of purified 

protein was more than the value of crude extract obtained from PMMoV infected leaves. The 

absorbance value at 405 nm of PMMoV infected plants ranged from 1.372 to 0.122 while in 

case of purified virus the values ranged from 2.610 to 0.901. In DAC-ELISA a reaction was 

considered positive when the absorbance value of infected to healthy sample ratio is more 

than twice, therefore dilution up to 1:1000 was able to clearly differentiate the infected 

samples from healthy ones while absorbance value dropped with increase in the dilution up to 

1:8000. At dilution 1:8000 the absorbance value of both PMMoV infected and healthy 

sample were at par. The polyclonal antiserum was also tested for any cross reactivity to 

CMV, TMV, Tomato spotted wilt virus (TSWV), Tomato yellow leaf curl virus (TYLCV) 

and Pepper veinal mottle virus (PVMoV), where the antiserum showed no reaction to these 

viruses and the absornace value (CMV: 0.345, TMV: 0.404, TSWV: 0.360, TYLCV: 0.277, 

PVY: 0.353, PVMoV: 0.249) were at par to that of negative control (0.309). 

Table 8: Validation of polyclonal antiserum produced against PMMoV-CP expressed in 

E. coli using purified expressed protein, infected and healthy plant samples through 

DAC-ELISA 

Dilutions  Purified 

Expressed Protein  

Infected Plant 

Samples  

Healthy Plant 

Samples  

ODInf/ODHealthy  

1:100  2.610  1.372  0.340  4.0  

1:500  2.371  0.713  0.237  3.0  

1:1000  1.644  0.448  0.203  2.2  

1:2000  1.288  0.197  0.123  1.6  

1:4000  0.942  0.167  0.114  1.5  

1:8000  0.901  0.122  0.112  1.1  

 

III. Identification of sources of resistance in capsicum and genetics of resistance 

In an attempt to identify sources of resistance, 179 accessions of capsicum and chili 

comprising of local landraces, indigenous recommended cultivars available in the department 

or procured from outside were screened under greenhouse conditions against the virus. 

Reaction of the lines screened is given in Table 9. Out of the 179 tested germplasms only two 



lines viz., PI-159236 and PI-260429 was found to be resistant, all the rest of the lines were 

susceptible to the virus. 

Table 9: Screening of Capsicum and Chili germplasm against PMMoV under 

greenhouse conditions 

Sr. No. Accession Number/ Name Reaction 

1. Local Landraces- Him Chili-9, Him Chili-43, Him Chili-11, Him Chili-3, Him Chili-

14, Him Chili-41, Him Chili-8, Him Chili-35, Him Chili-15, Him Chili-1, Him Chili-

17, Him Chili-39, Him Chili-18, Him Chili-13, Him Chili-16, Him Chili-4, Him 

Chili-25, Him Chili-24, Him Chili-30, Him Chili-21 

Susceptible 

2. Indigenous Collections- IC-545656, IC-545671, IC-545730, IC-545648, IC-545681, 

IC-545674, IC-545653, IC-545727, IC-545679, IC-545680, IC-545731, IC-545649, 

IC-545728, IC-545729 

Susceptible 

3. Exotic Collections- EC-322727, EC-57996, EC-631752, EC-631755, EC-631750 Susceptible 

4. Recommended cultivars- Indira, Nandi, Ujala, Nandita, Phule Jyothi, Natasha, Indam 

Bharath, Orobelle, Indam Supergold, California Wonder, Indian F1 hybrid, Spinx+, 

Bomby, Indam Laxmi, Inspiration, Arka Gaurav, Grauda, Vaishali, Tiwari, 

Surajmukhi, Paladin, MacKang, Indresh, Mahabharata, Toronto, US, Swarna 

Susceptible 

5.   CM-344, Daftari, Susan’s Joy, Jinsjoy, Indonesia Local, PBC-322728, IHR-63, 

Kashmiri Chili, PMR-57, Devanur Deluxe, CW, Chili LLS, SJM, Sel-69-1-1-4, 

Yellow Capsicum, PBC 375, PBC-80, LAM-960, Byadi-Kaddi, UHF-494, Chili-

Punjab-Surkh, Darl-03, Darl-05, Darl-10, Ferroz, UHFSP-11, Solan Bharpur, Local 

Collection-1, CVV-116, CM-344, Kandaghat Selection-9, Kashmiri Selection-1, 

Selection-9, PS-04, Nellore-Tomato-Chili, RC-01, Darl-02, PC-02, ARCH-19, PBC-

81, Blocky Pepper, Darl-09, ARCH-09, MS-12, SH-KC-17, SH-KC-9, SC-1003-3, 

SP-608-4, C.W. PL-2, Palam Bell, Arka Basant, YW PL-2, Nishat-PL-2, Harit+ Red 

Fruit, R.Y.+ PL-1, KTPL-19, Solan Bharpur, Pusa Sadabahar, Chili Sonal, Chili Pant 

C-1, Punjab Gucchedar, DPC-2015-66, DPC-2015-58, DPC-2015-10, DPC-205-71, 

DPC-2015-55, DPC-2015-10, DPC-2015-71, DPC-2015-55, DPC-2015-43, DPC-

2015-19, DPC-2015-74, Paprika, Chili-1020132, DPC-11-2-5-1-3-1, DPC-2015-47, 

DPC-2015-39, Chili-01, Chili-02, DPC-2015-27, DPC-2015-36, DPC-2015-08, 

DPC-2015-07, DPC-2015-16, DPC-3-4-1-1, DPC-2015-41, DPC-2-3-5-1-1, DPCH-

6, SHKC-07, SHKC-09, Bacterial Wilt Resistant Lines: DPCBWR-14-1, DPCBWR-

14-2, DPCBWR-14-3, DPCBWR-14-4, DPCBWR-14-7, DPCBWR-14-9, 

DPCBWR-14-11, DPCBWR-14-12, DPCBWR-14-16, DPCBWR-14-24, DPCBWR-

14-25, DPCBWR-14-26, DPCBWR-14-27, DPCBWR-14-28, DPCBWR-14-29, 

DPCBWR-14-30, DPCBWR-14-31, DPCBWR-14-32, DPCBWR-14-35, DPCBWR-

14-36,  DPCBWR-14-39 

Susceptible 

6.  PI-159236, PI-260429  Resistant  

Summary 

1. Molecular characterization of PMMoV infecting pepper 

 Out of 97 samples collected during surveys conducted in 2016 and 2017, 54 showed the 

presence of PMMoV in DAS-ELISA with maximum percentage of positive sample from 

district Kullu (88.89%) followed by Mandi (78.57%) where as 43 exhibited negative 

reaction against PMMoV. The presence of PMMoV was confirmed through RT-PCR 

using CP specific primers where positive samples yielded amplification of ~743 bp 

 The 16 test isolates when inoculated on susceptible capsicum variety “California 

wonder”, produced symptoms like mosaic, colour variation, leaf cupping, vein banding.  



 Based on the pathogenic reaction on differential varieties and amino acid sequence of CP 

gene, all the test isolates were grouped and identified as pathotype P12 which can 

overcome L+, L1 and L2 resistance alleles. 

 Three isolates viz., PMMoV-16.7, 16.9 and 17.3 were selected for full genome sequencing. The 

RT-PCR amplification with ten pairs of gene specific primers in all three isolates 

produced amplicons of 598 bp, 691 bp, 707 bp, 683 bp, 637 bp, 690 bp, 693 bp, 662 bp, 

707 bp, 956 bp long. 

 At present 6321 nucleotides of isolates PMMoV-16.7 and PMMoV 17.3 as well as 6258 

nucleotides of PMMoV-16.9 have been determined. These nucleotides cover the 5’UTR, 

ORF 1, 2, 3 and 4 of PMMoV full genome. The sequencing of 3’ UTRs is yet to be done. 

When translated through Expassy translate tool, it was determined that PMMoV genome 

produced 4 ORFs viz., 126/183 kDa replicase protein (70-3423, 70-4908 nt), 28 kDa 

movement protein (4909-5682 -774 nt) and 17 kDa coat protein (5685-6158 nt-474 nt). 

2. Development of ELISA and RT-PCR based diagnostic kit 

 For production of polyclonal antiserum, the PMMoV-CP was over-expressed in E. coli 

using IPTG at 1mM final concentration with overnight incubation in shaking incubator at 

16oC which resulted in induction of target recombinant protein with molecular weight 

~26kDa. 

 The antiserum generated through custom services, evaluated for its sensitivity and 

specificity against PMMoV exhibited positive reaction to PMMoV-CP in purified protein 

as well as infected plant samples in Western blot and DAC-ELISA. 

 In Western blot assay, the test antiserum reacted strongly both with PMMoV-CP in 

purified protein and native CP in crude sap from PMMoV infected pepper plants, 

whereas no reaction was observed with healthy plant sap. In DAC-ELISA antiserum 

dilution up to 1:1000 was capable of differentiating the PMMoV infected sample from 

healthy samples. The antiserum did not react with other capsicum viruses viz., Tobacco 

Mosaic Virus (TMV), Cucumber Mosaic Virus (CMV), Tomato spotted wilt virus 

(TSWV), Pepper veinal mottle virus (PVMoV), Potato Virus Y (PVY) and Tomato 

yellow leaf curl virus (TYLCV) antigen. 

3. Identification of sources of resistance in capsicum 

 Out of the 179 tested germplasms only two lines viz., PI-159236 and PI-260429 was 

found to be resistant, all the rest of the lines were susceptible to the virus. 
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