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Abstract 

 

 

Chilli veinal mottle virus (ChiVMV, genus Potyvirus) is a wide spread and destructive plant virus that causes 

substantial economic losses in chilli crop. Although ChiVMV has been reported in Pakistan for more than 22 

years, there is little information about the genetic variability of the isolates found in the country. This present 

study elucidates the genetic variability of a Pakistani Chi VMV isolate ATIPK and its response against different 

host species. For host response analysis, plant species from Solanaceae, Chenopodiaceae, Cucurbitaceae, 

Fabaceae and  Amarantheaceae were mechanically inoculated and results revealed that the host range of ATIPK 

confined to Solanaceae family. The 3’ genomic end of ChiVMV isolate AITPK containing 96 bases of 3’ end of 

NIb gene, full length CP gene (864) and 23 bases from the 3’UTR. The sequence of ChiVMV (ATIPK) isolate was 

deposited to Gen Bank with accession No. KJ472764. A pairwise comparison of ATIPK CP sequence with 

selected 22 sequences revealed the nucleotide identity ranged from 88.4%-86.8% and amino acid identity ranged 

from 91.8%-89%. Maximum and minimum nucleotide identity was matched with isolate DQ854956 and 

DQ854964 from Thailand and India respectively. Conserved region of Potyviruses and aphid transmitibility DAG 

triplet was present in ATIPK isolate at 6-8th amino acid position at the N terminal of CP gene. The information of 

CP gene sequence and recombination analysis generated in this research will be helpful in development of 

resistance chilli against ChiVMV in future. 
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Introduction  

Chilli veinal mottle virus (ChiVMV) is one of the 

devastate potyviruses infecting chilli pepper around 

the world including Pakistan (Ahmad et al., 

2017).This virus was first time reported from 

Malaysia on the basis of symptoms and serology by 

Ong (1979 and 1980) and named as Chilli veinal 

mottle virus. In Pakistan, ChiVMV was first time 

reported in 1995 from chilli crop (Hameed et al., 

1995). Likewise all other potyviruses, ChiVMV has a 

+ssRNA genome of about 1kb nucleotides enclosed in 

elongated and flexuous rod shaped particles of 750 

nm in length and 12 nm in diameter (Shukla et al., 

1994). The genome proteolitically generate 11 

functional proteins after cleavage (Adams et al., 

2005; Chung et al., 2008). ChiVMV efficiently 

transmitted in chilli and other solanacious crops 

through aphids in non-persistant manner (Raccah et 

al., 1985) and other sources of transmission are the 

grafting and mechanical inoculation. ChiVMV 

produce distinctive symptoms of dark green vein-

bending and leaf mottling in C. annuum. These 

symptoms are visible and obvious on smaller and 

younger leaves. Host range of ChiVMV is narrow and 

confined to solanacious family (Prakash et al., 2002). 

The coat protein is best marker for investigating the 

closely related isolates of potyviruses, as it is the only 

gene product which shares little sequence identity 

with the corresponding protein of other virus groups 

(Berger et al., 2000). The coat protein is involved in 

the encapsidation of viral RNA, vector transmission 

(Shukla et al., 1991; Urcuqui-Inchima et al., 2001), 

the regulation of viral RNA amplification and cell-to-

cell movement and systemic movement (Urcuqui 

Inchima et al., 2001). In this manuscript, reaction of 

different hosts to ChiVMV infection and the 

molecular characters of a capsicum annum infecting 

ChiVMV isolate (ATIPK) is described. 

 

Materials and methods 

Virus source and identification 

The leaves of naturally infected chilli plants showing 

characteristic symptoms of ChiVMV such as, 

mottling, reduction in leaf and fruit size and dark 

green leaf banding were collected randomly from 

farmer’s fields located in Islamabad, Pakistan during 

August, 2012. Symptomatic leaf samples (100 mg) 

were crushed in extraction buffer and screened for the 

presence of ChiVMV through Double Antibody 

Sandwich ELISA using polyclonal antisera of ChiVMV 

(LOEWE Biochemical, Germany. Cat. No.07185) 

according to manufacturer’s instructions.Absorbance 

values were determined at (405 nm) with an ELISA 

Reader. 

 

Virus propagation and host range determination 

Crude leaf sap of one gram ELISA positive samples 

crushed in 0.01 M sodium phosphate buffer (pH 7) 

and mechanically inoculated on host plants pre-

dusted with 600 mesh carborundum. The Capsicum 

annum cv. Loungi was mechanically inoculated with 

ChiVMV for propagation and constant availability of 

virus source for biological and molecular studies. For 

host range study, the virus was mechanically 

inoculated in range of ten plant species belonging to 

Solanaceae, Chenopodiaceae, Cucurbitaceae, 

Fabaceae and Amarantheaceae families with five 

replications of each specie (Table 1). All inoculated 

plants were grown in an insect free glasshouse. The 

infection of ChiVMV in host plants was confirmed by 

DAS-ELISA (Clark and Adam, 1977) after 20 days of 

inoculation. 

 

RNA Isolation, RT PCR and Sequencing 

Total plant RNA isolated from inoculated leaf tissues 

of Capsicum annum (cv. Loungi) by trizole reagent 

method (Life Technologies, Carlsbad, CA, USA) and 

used to synthesize cDNA (M-MLV first Strand cDNA 

Synthesis Kit, Life Technologies, Carlsbad, CA, USA) 

by using oligo (dT) as reverse primer(Tsai et al., 

2008).CP gene was amplified by using primer pair 

CVMV1037/ oligo (dT) (Hiskias, 1998). PCR was 

executed in 50 µL reaction mixture containing, 5 µL 

of 10X PCR buffer, 1 µL of 10 mMdNTP’s, 3µL of 25 

mM MgCl2, 1 µL of 20 pM (forward primer), 1 µL of 

20 pM (reverse primer), 0.4 µL (500 U) of Taq 

polymerase enzyme, 34.6 µL of nuclease free water 

and 4 µL of cDNA template. The amplification 

reaction was carried out at 94 °C for 5 minutes 

followed by 35 cycles of 1 minutes at 94 °C, 1 minutes 
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at 50 °C and 2 minutes at 72 °C with final extension 

step at 72 °C for 5 minutes. Amplified fragments were 

visualized by electrophoresis in 1.0 % (w/v) agarose 

gel stained with ethidium bromide @100 µg/mL. 

Purified PCR product (Purified by Pure Link® PCR 

Purification Kit by Life Technologies, Carlsbad, CA, 

USA) was ligated into the pTZ57R/T (Thermo 

Scientific, EU. Ins TAclone PCR Cloning Kit) vector 

through heat shock transformation in E. coli strain 

DH5α. Plasmid DNA was purified (Thermo Scientific, 

EU. Gene JET Plasmid Miniprep Kit) according to 

manufacturer instructions and positive clones were 

sequenced. 

 

Phylogenetic Analysis 

Sequence comparison and phylogenetic analysis was 

performed on whole CP coding region. Sequence of 

selected clone was aligned using Clustal W 

programme and compared with 22 highly matched 

ChiVMV sequences available in data base using 

BLASTn application  

(“http:/www.ncbi.nlm.nih.gov/BLAST/blastn”).  

 

Identities matrix for nt and a were calculated using 

the “Sequence Identity Matrix” option in Bio Edit 

program version 7.25  

(http://www.mbio.ncsu.edu/BioEdit/bioedit.htmL). 

 

The phylogenetic trees was constructed by the 

maximum likelihood method from Clustal W in  

MEGA version 6.0 program (Tamura et al., 2013) and 

bootstrap analysis was conducted in 1000 

replications. 

 

Results 

Confirmation and propogation 

Field collected leaves sample that showed the highest 

absorbance value in DAS ELISA test were selected for 

the propagation on capsicum annum cv Loungi and 

named as ChiVMV isolate ATIPK.  

 

Table 1.Reaction of different host species against ChiVMV isolate ATIPK after mechanical inoculation. 

S.  

# 

Host plant Plant family No. of plants tested Symptoms ELISA OD 

Value 

1 C. annum cv. Sanum and cv. 

Loungi 

Solanaceae 5 Severe mottling,  mosaic, vein 

clearing and vein  banding 

2.98 

2 N. tabaccum Solanaceae 5 Severe mottling,   mosaic and 

leaf curling 

3.01 

3 Datura metal Solanaceae 5 Mottling, vein clearing and rat 

tailed 

2.99 

4 S. lycopersicum Solanaceae 5 Mottling, mosaic and leaf 

curling 

3.1 

5 S.nigrum Solanaceae 5 Mottling and mosaic 2.71 

6 C. amarinticular Chenopodiaceae 5 Nil -ve 

7 Cucumisstavis Cucurbitaceae 5 Nil -ve 

8 Vignamungo Fabaceae 5 Nil -ve 

9 Vignaradiata Fabaceae 5 Nil -ve 

10    S. oleracea Amarantheaceae 5 Nil -ve 

OD value for each specie showed the mean value of five replications. 

Host range determination 

The 14 days old infected leaf samples from 

propagative host were used for the host range 

determination. Only 5 plant species showed positive 

reaction against ChiVMV isolate ATIPK (Table 1). The 

inoculated leaves of the positively reacted plant 

species exhibited symptoms 14-18dpi. The 

symptomatic plants of chilli varityviz; cv. Sanam 

clearly showed symptoms of leaf banding, dark green 

vein banding, mosaic, mottling and reduction in leaf 
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and fruit size (Fig.1). Nicotiana tabaccum produced 

mottling, mosaic and leaf curling after inoculation. 

Datura metal displayed mottling and vein clearing 

symptom. Solanum lycopersicum and Solanum 

nigrum showed the symptoms of mosaic, mottling 

and leaf curling. The infection of ChiVMV was 

confirmed by DAS ELISA after 20 days of inoculation. 

Five plant species reacted positively in DAS-ELISA 

with ChiVMV antiserum (Table 1). The rest of five 

plants did not become infected upon repeated 

inoculations observed till 30 dpi; no latent infection 

was detected in any plant through DAS ELISA. Un-

inoculated control plants did not give any symptoms 

and were also ELISA negative. 

 

Table 2. Twenty two isolates of Chilli veinal mottle virus (ChiVMV) used in phylogenetic study. 

Country Isolate name Accession number Reference 

China YN75 HQ218936 Ding et al., 2011 

Indonesia Cikabayan2 DQ854960 Tsai et al.,2008 

Taiwan ChiVMV-VN/C3 DQ925442 Ha et al., 2008 

Thailand SKh5 DQ854959 Tsai et al., 2008 

Thailand K37 DQ854956 Tsai et al., 2008 

Thailand CM1 DQ854953 Tsai et al., 2008 

Thailand BP DQ854954 Tsai et al., 2008 

Thailand SRt8 DQ854958 Tsai et al., 2008 

Veitnam ChiVMV-VN/C5 DQ925444 Ha et al., 2008 

India S7 EF213700 Unpublished 

India Be21 EF213684 Unpublished 

India CHL40 EF213681 Unpublished 

India CH34 EF213679 Unpublished 

India DCV3 DQ854965 Unpublished 

India Be22 EF213685 Unpublished 

India PM1 EF213703 Unpublished 

India BCV1 DQ854962 Unpublished 

India BeCV1 DQ854963 Tsai et al.,2008 

India CCV3 DQ854964 Tsai et al.,2008 

Indonesia 2 AB703256 Unpublished 

India D10 EF221615 Unpublished 

Indonesia Pataruman DQ854961 Tsai et al., 2008 

 

RT-PCR and phylogenetic analysis 

Presence of ChiVMV was confirmed by using 

CVMV1037 Pol as upstream and oligo (dT) as 

downstream primer. Fragments of approximately 1.2 

kb were amplified from each ChiVMV positive sample 

(Fig. 2). The amplicons were cloned into pTZ57R/T 

vector (Fig. 3) and sequenced in both orientations. In 

BLASTn analysis the sequences of all clones were 

identified as 983 nucleotides of 3’ end of ChiVMV, 

including 96 bases of Nib gene and  864 nucleotides 

of CP gene (deducing 287 amino acids) and 23 

nucleotides of 3′ untranslated region with a poly 

adenylated tail. The sequences of three isolates were 

identical, so the sequences of one isolate was 

submitted to Gen Bank under accession number 

KJ472764.  

 

For phylogenetic analysis, total of 22 best matched 

nucleotide sequences from different geographically 

locations were picked from NCBI and aligned (Table 

2).The phylogenetic analysis based on CP gene 

nucleotide sequences of ChiVMV isolate ATIPK 
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showed that the Pakistani isolate was clustered into 

two divergent clades (I and II).Clade I contained the 

21 isolates from India, Taiwan, Thailand and 

Indonesia while clade II contained only two isolates, 

one from Pakistan (KJ472764) and other from China 

(Fig. 4).Nucleotide identity ranged from 88.4%-

86.8%, highest nucleotide identity was observed as 

88.4% with an isolate from Thailand (DQ854956) and 

lowest nucleotide identity was observed as 86.8% 

with an isolate from India (DQ854964). While amino 

acid identity ranged from 91.8% -89.3%. Highest 

value of amino acid identity (92.7%) was observed 

with 3 isolates from India (EF213679, EF213681 and 

EF213703) and lowest amino acid identity was 89.3% 

for an isolate from Indonesia (AB703256).

 

Fig.1. Symptoms development on host species after mechanical inoculation with ChiVMV isolate ATIPK. (A and 

B) Chilli varities (Sanam and Loungi) showing symptoms of mosaic, mottling, leaf distortion, vein clearing and 

reduced sized leaves (C) Nicotiana tobaccum showing mosaic, mottling and vein clearing (D) Datura metal 

showing mottling and vein clearing (E) Solanum lycopersicum plants howing symptoms of mosaic, mottling, leaf 

distortion, vein clearing and reduced sized leaves (F) Solanum nigrum plants showing symptoms of mottling, leaf 

distortion and reduced sized leaves. 

The cleavage site between NIb and CP gene was Q/A, 

DAG motif and potyviruses conserved region was also 

present in ChiVMV isolate ATIPK (Fig. 5). 

 

Discussion 

Host response against ChiVMV isolate ATIPK Chilli 

veinal mottle virus (ChiVMV) is the most devastating 

threat to the chilli crop in Pakistan. The main 

objective of present work was to highlight the 

phylogenetic position and genetic variability of 

ChiVMV isolate ATIPK among potyviruses found 

elsewhere in the world. ChiVMV isolate ATIPK was 

isolated from the naturally infected chilli leaves, the 

result of host range studies for ChiVMV isolate ATIPK 
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verified the previous reports by Siriwong et al., (1995) 

that ChiVMV has narrow host range, confined to the 

solanaceous family. The present results of the host 

range studies for ChiVMV isolate ATIPK are 

inconsistent with the earlier workers (Parakash et al., 

2002; Mouryet al., 2005)  who have also observed 

systemic sever mottling, mosaic and vein banding on 

chillivarities, Nicotiana tabaccum, Datura metal and 

Solanum nigram as by ChiVMV isolate ATIPK. 

Likewise are the findings of Shah et al., (2008) but 

contradict in some respect i.e. ChiVMV isolate ATIPK 

did infect Solanum lycopersicum while their isolate 

did not infect this host. Recently Zhao et al., (2014) 

and Ahmad et al., (2017) also reported similar results 

as we observed after inoculation of tomato by using 

ChiVMV isolate ATIPK, from china and Pakistan 

respectively. 

 

Fig. 2. RT-PCR amplification of CP gene with CVMV1037/oligo(dT). Lane 1, 2, 3 and 4 contains 1.2kb amplified 

product of NIb and CP gene.  

 

Fig. 3.Clones digested with EcoR1 and Pst1. 

Phytogenetic analysis and genetic variability 

Nucleic acid and deduced amino acid analysis of the 

coat protein gene from potyvirus has been assumed 

an authoritative tool for taxonomic studies of the 

genus and strains of this group. The deduced amino 

acid sequence of the complete CP gene contained 267 
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residues showing a close relationship to ChiVMV, 

indicating that it was an isolate of ChiVMV. For 

potyviruses, DAG motif located near the N-terminal 

region of CP gene is essential for virus transmission 

by insect (Aphid) vector (Dombrovsky et al., 2005; 

Ha et al., 2008; Ding et al., 2011). DAG box was also 

present in Pakistani ChiVMV isolate that was located 

at amino acid position of 6-8 residues from the 

proposed N-terminus of the CP gene. The 

MVWCIENGTSP conserved region of potyviruses 

(Ward et al., 1992) was also conserved in CP of 

Pakistani ATIPK isolate. All the potyviruses have the 

putative proteolytic cleavage site VYHQ/S between 

NIb and CP gene (Shukla et al., 1991; Atreya, 1992, 

Wang et al., 2007) while the analysis of Pakistani 

isolate of ChiVMV revealed that it had cleavage site 

Q/A instead of Q/S as reported in all other 

potyviruses but same cleavage site was also reported 

between NIb and CP gene of two Indian isolates 

(BCV1 and DCV3) of ChiVMV by Tsai et al. (2008). 

 

Fig. 4. Maximum likelihood tree of ChiVMV isolate ATIPK on nucleotide sequence of CP gene with 22 ChiVMV 

isolates from the world. The bootstrap analysis was conducted in 1000 replications. ZYMV (AB127936) sequence 

is used as out-group. 

The CP nucleotides sequence of ChiVMV isolate 

ATIPK had substitutions of 68 bp at N-terminal 

region of CP gene. Substitutions were present mostly 

in first 200 nucleotides out of the total 864 bases. The 

presence of the separate phylogenetic clade of 

Pakistani and Chinese isolate indicates a possible 

source and route for the ChiVMV isolate ATIPK from 

China in Pakistan,but it is not necessary that any 

prevailed virus adopt the same entrance way to  

spread quickly in geographically adjacent areas 

(Pfosser and Baumann, 2002).  

 

This study has revealed information about the 

phylogenetic relationship and position of Pakistani 

ChiVMV isolate ATIPK. The use of CP gene 
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“conserved region” of Pakistani ChiVMV isolate 

ATIPK can be helpful to produce the transgenic 

model plants in future, through PDR approach. PDR 

approach becoming the method of choice because it 

attained the effective resistance against many plant 

viruses. Until now, many PDR lines have been 

magnificently developed against different potyviruses 

that exhibit the efficient control (Maki-Valkama et al., 

2000; Lines et al., 2002; Faivre-Rampant et al., 

2004; Missiou et al., 2004; Bai et al., 2009).

 

Fig. 5. The nucleotide and deduced amino acid sequence of the cloned 3'-terminal region of CP gene of ChiVMV, 

isolate ATIPK (Accession No. KJ472764). The cleavage site (Q/A) between NIb and CP, the conserved region of 

the core of CP of potyviruses and the stop codon are underlined, the DAG motif for aphid transmissibility is 

boxed. 
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