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 ABSTRACT 

Introduction: The incidence of the yellow leaf curl disease of pepper is an important 

and serious threat for the production of pepper in Thailand. The disease is caused by 

whitefly-transmitted begomoviruses which can lead to severe economic losses of the 

crop. 

Objective: To determine and describe the complete sequences of begomovirus 

important species isolated from field infected pepper plants 

Methods: In this study, six diseased samples of the Capsicum anuum plants (showing 

yellow mosaic and leaf curling symptom) were collected from outbreak areas during a 

survey in 2016 – 2019 and used to extract total DNA. The full-length viral genomes were 

amplified by rolling circle amplification technology (RCA), cloned and sequenced bi-

directionally. The generated sequences were then assembled and characterized including 

their phylogenetic relationships with other selected begomoviruses. 

Results: The sequences of the DNA-A genome from all six isolates showed the highest 

identity (97%) with the isolates of Pepper yellow leaf curl Thailand virus 

(PepYLCTHV). For the DNA-B component, it showed the closest cluster with those of 

PepYLCTHV (90% similarity). 

Conclusion: Based on the literature review and current evidence, this is the report 

confirming the presence of the PepYLCTHV bipartite begomovirus from Thailand. 
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Introduction 

Chili peppers belong to the genus Capsicum of the 

Solanaceae family native in Central and South America 

presently dominating the world’s hot spice trade [1-2]. 

Flesh of Capsicum can be used in the 

pharmaceutical/medicinal aspect all over the world. 

Capsicum has been used orally for upset stomach, 

toothache, poor circulation, fever, hyperlipidemia, and 

heart disease prevention [3]. Besides, its use has also 

been reported for relief of muscle spasms topically to 

treat pain associated with osteoarthritis, shingles, 

rheumatoid arthritis, post-herpetic neuralgia, trigeminal 

neuralgia, diabetic neuropathy, fibromyalgia, and back 

pain [4-5]. Capsicum is rich in vitamin A, vitamin B 

complex, vitamin E and vitamin C. These vitamins and 

various antioxidants are active and set against the free 

radicals [6]. Pungency (hotness) of the Capsicum is due 

to the presence of capsaicin which is an active 

component of peppers producing an intense burning 

sensation when it comes into contact with the skin, eyes, 

or mucous membranes and which gives peppers their 

burning taste [7]. Capsaicin is the main constituent of 

capsaicinoid in Capsicum, followed by 

dihydrocapsaicin, nordihydrocapsaicin, 
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homodihydrocapsaicin, homocapsaicin and minerals 

levels which are beneficial to health [8-9]. Capsicum is 

susceptible to various pests and diseases including 

begomoviruses resulting in yield loss and becomes the 

most significant problem in the main production area 

[10]. Reduction of planting area has been observed 

every year due to cost of management and disease 

problems [11]. The begomovirus, a member of the 

family Geminiviridae, has been frequently reported 

causing disease in many vegetable crops, ornamental 

plant and weed species worldwide in terms of incidence 

and yield losses [12]. Depending on the genera, the viral 

genome comprises either a single DNA-A genome 

(monopartite) or containing DNA-A and DNA-B 

(bipartite) components [13]. The symptom of 

begomoviruses-infected plants is yellow mosaic, leaf 

curling, puckering and malformation. In severe 

scenarios, the yield loss of the infected plants could be 

up to 100 percent [14-16]. In Thailand, the highest 

incidence of disease caused by begomoirus in pepper 

was observed in the central part followed by the north 

and the northeastern range up to 90-100 percent [17]. 

The aim of this research was to investigate the molecular 

characterization and phylogenetic relationships of 

begomovirus infecting peppers in major production 

fields of the northeastern and central regions of 

Thailand. The updated information regarding the 

diversity of begomoviruses obtained from this study is 

expected to be useful for planning appropriate strategies 

in viral disease control. 

 

Methodology 

Plant materials and DNA extraction 

Six infected pepper leaf samples were collected 

from fields in Ratchaburi, Kanchanaburi and Khon 

Kaen. Total genomic DNA was prepared from the 

diseased leaf samples using a procedure described by 

Dellaporta [18]. 

RCA and cloning of full-length PepYLCV segmented 

DNA-A and DNA-B 

Full-length begomovirus genomes (DNA-A and 

DNA-B) were amplified from the extracted DNA using 

rolling circle amplification (RCA) based TempliPhiTM 

DNA amplification kit (GE Healthcare, USA) as 

instructed by the manufacturer’s protocol. The reaction 

was undertaken by transferring 0.5 µl (10-20 ng) of 

template DNA to a 5 µl sample buffer. The amplification 

reaction used was denaturation at 95°C of template 

DNA for 3 minutes, and then cooled down to room 

temperature or 4°C. To this mixture, 5 µl of reaction 

buffer and 0.2 µl of enzyme mix were added, and the 

reaction was run for 4-18 hours at 30°C. The reaction 

was then terminated by incubating the mixture at 65°C 

for 10 minutes, and then cooled down to 4°C. The 

product of the TempliPhi reaction was monomerized by 

restriction digestion with BamHI, EcoRI, HindIII, PstI, 

SalI and XbaI (Thermo Fisher Scientific, USA) for 

DNA-A and DNA-B. Digested products were resolved 

on 1% agarose gel electrophoresis and the bands with 

the size of ~2.8 kbp were purified using GeneJET gel 

extraction kit (Thermo Fisher Scientific, USA). The 

components were cloned into the respective site of the 

pUC19 vector to produce the recombinant plasmids.  

Sequencing and bioinformatic analysis 

Monomeric full-length clones were purified using 

GeneJET Plasmid Miniprep Kit (Thermo Fisher 

Scientific, USA) using the manufacturer’s protocol. The 

DNA samples were then sent to the 1st BASE 

Laboratories (Malaysia) for DNA sequencing. The 

recombinant clone was bidirectionally sequenced using 

M13 primers (M13 Forward-

GTTTTCCCAGTCACGAC; M13 Reverse-

CAGGAAACAGCTATGAC). Primer walking 

technique using the newly generated sequences (AV 5’-

CCATCTGCAGGCCCACAT-3’; AC 5’-

AATACTGCAGGCTT-3’ for segment DNA-A and 10-

1F 5’-GGGACCAATTGGCAATTGCC-3’; 10-1R 5’-

ACGGTTGCCAATCCTCCTCCC-3’ for DNA-B) was 

also carried out to complete the gap of the begomovirus 

genomes. The DNA sequence data of each isolate were 

manually assembled and edited using the SeqMan 

program (Lasergene, USA). Multiple sequence 

alignments were then aligned with these closely related 

begomovirus DNA sequences and phylogenetic trees 

were generated by MEGA software version X with 

1,000 bootstrap replications [19]. 

 

Results  

Genome amplification and cloning of circular DNAs  

The complete genome of PepYLCTHV isolate was 

amplified from the infected pepper leaves samples as 

circular DNA. Restriction of RCA amplicons with PstI 

(DNA-A) and BamHI (DNA-B) generated a DNA 

fragment of ~2.8 kb product by cleaving the sequence at 

one position. These restricted fragments were then 

cloned into PUC-19 vectors. In contrast, there were two 

restricted DNA fragments when using EcoRI, HindIII, 

SalI and XbaI indicating multi-recognition sites (data 

not shown). Seven full-length amplicons were then 

cloned and sequenced. Based on the Blast analysis the 

DNA sequences showed highest similarity with 

PepYLCTHV segment DNA-A (97% similarity) and 

with PepYLCTHV segment DNA-B (90% similarity). 

The DNA sequences obtained were designated as 

PepYLCTHV-KKN601, PepYLCTHV-KKN603, 

PepYLCTHV-KKN604, PepYLCTHV-KRI155, 

PepYLCTHV-KRI157, PepYLCTHV-RBI-24, DNA-A 

isolates and PepYLCTHV-KKN601 DNA-B isolate 

(table 1). 
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Table 1 List of begomovirus complete sequences used for phylogenetic analysis 

 
Begomovirus species  

(isolate) 
Host Location Abbreviation Type 

Reference 

length 

GenBank 

Accession no. 

Eggplant golden mosaic virus 
Solanum 

melongena 
Thailand EGMV DNA-A 2742 KU569586 

Pepper golden mosaic virus Cucumis sativus Mexico PepGMV DNA-B 2597 MN013411 

Pepper huasteco yellow vein virus Capsicum annuum Mexico PHYVV DNA-B 2582 LN848927 

Pepper huasteco yellow vein virus Capsicum annuum Mexico PHYVV DNA-B 2596 MG582069 

Pepper leaf curl virus Capsicum annuum Malaysia: Klang PepLCV DNA-A 2739 AF414287 

Pepper leaf curl virus Capsicum annuum Thailand PepLCV DNA-A 2744 NC000882 

Pepper yellow leaf curl Indonesia 

virus 

Pseuderanthemum 

reticulatum 
Indonesia PepYLCIV DNA-B 2739 MN094865 

Pepper yellow leaf curl Thailand 

virus 
Capsicum annuum Thailand PepYLCTHV DNA-A 2742 KT322143 

Pepper yellow leaf curl Thailand 

virus 
Capsicum annuum Thailand PepYLCTHV DNA-A 2742 KT322146 

Pepper yellow leaf curl Thailand 

virus 
Capsicum annuum Thailand PepYLCTHV DNA-B 2732 MK946435 

Pepper yellow leaf curl Thailand 

virus 
Capsicum annuum Thailand PepYLCTHV DNA-A 2742 MK946436 

Pepper yellow leaf curl Thailand 

virus 
Capsicum annuum Thailand PepYLCTHV DNA-A 2742 NC028989 

Pepper yellow leaf curl Thailand 

virus 
Bemisia tabaci 

Thailand: 

Suphanburi 
PepYLCTHV DNA-B 2732 NC040186 

Pepper yellow leaf curl Thailand 

virus 
Capsicum annuum Thailand PepYLCTHV DNA-B 2731 KX885224 

Pepper yellow leaf curl Thailand 

virus 
Capsicum annuum Thailand PepYLCTHV DNA-B 2730 KX885225 

Pepper yellow leaf curl Thailand 

virus 
Bemisia tabaci 

Thailand: 

Suphanburi 
PepYLCTHV DNA-A 2742 KX943290 

Tomato yellow leaf curl 

Kanchanaburi virus 

Solanum 

lycopersicum 
Viet Nam TYLCKaV DNA-B 2740 DQ169055 

Tomato yellow leaf curl 

Kanchanaburi virus 

Solanum 

lycopersicum 

Thailand: 

Kanchanaburi 
TYLCKaV DNA-B 2752 NC005811 

Tomato yellow leaf curl Thailand 

virus 

Solanum 

lycopersicum 
Thailand TYLCThV DNA-B 2737 NC000870 

Begomovirus identified in This study   

Pepper yellow leaf curl Thailand 

virus 

Capsicum annuum Khon Kaen-

Thailand 
PepYLCTHV DNA-A 2733 MW715819 

Pepper yellow leaf curl Thailand 

virus 

Capsicum annuum Khon Kaen -

Thailand 
PepYLCTHV DNA-B 2745 MW715820 

Pepper yellow leaf curl Thailand 

virus 

Capsicum annuum Khon Kaen-

Thailand 
PepYLCTHV DNA-A 2733 MW715821 

Pepper yellow leaf curl Thailand 

virus 

Capsicum annuum Khon Kaen -

Thailand 
PepYLCTHV DNA-A 2733 MW715822 

Pepper yellow leaf curl Thailand 

virus 

Capsicum annuum Ratchaburi-

Thailand 
PepYLCTHV DNA-A 2742 MW715823 

Pepper yellow leaf curl Thailand 

virus 

Capsicum annuum Kanchanaburi-

Thailand 
PepYLCTHV DNA-A 2742 MW715824 

Pepper yellow leaf curl Thailand 

virus 

Capsicum annuum Kanchanaburi-

Thailand 
PepYLCTHV DNA-A 2742 MW715825 

Out group            

Chili vainal mottle virus           NC005778 
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Diversity and phylogenetic analysis 

The generated nucleotide sequences were used for 

genetic diversity and phylogenetic relationship analysis 

with the sequences of selected begomoviruses by using 

MEGA X software. As shown in figure 1, a 

phylogenetic analysis of DNA-A was constructed, and 

it revealed that all DNA sequences obtained from this 

study were grouped with PepYLCTHV two sub-clades 

comprising the isolates identified in this study. The 

isolates of DNA-A from PepYLCTHV-KKN601, 

PepYLCTHV-KKN603 and PepYLCTHV-KKN604 

grouped in a well-supported clade (bootstrap 100%). 

The other 3 isolates PepYLCTHV- RBI24, 

PepYLCTHV- KRI155 and PepYLCTHV- KRI157 

were placed in the different clade containing EGMV 

isolate TH12WE12 (KU569586), PepYLCTHV isolate 

BRM103, WF-SPN-Pep2015 and SPN-PG1 

(MK946436, KX943290 and KT322143). Within the 

DNA-B clade, the isolates PepYLCTHV-KKN601 

identified in this study grouped with a clade comprising 

PepYLCTHV isolate BRM103 (MK946435), KON-

KG5B (KX885224), WF-SPN-Pep2015 (NC040186) 

and TMK-KR8B (KX885225) in a well-supported clade 

(bootstrap 100%) and distance from Pepper yellow leaf 

curl Indonesia virus (PepYLCIV, MN094865) reported 

from Indonesia (figure 2). 

 

Figure 1 Phylogenetic trees constructed from aligned 

complete nucleotide sequences of PepYLCTHV DNA-

A obtained from this study (red boxes) with other 

begomoviruses using the neighbor-joining algorithm. 

A bootstrap analysis with 1000 replicates was 

performed and the bootstrap percent values are 

numbered along branches  

 

Figure 2 Phylogenetic trees constructed from aligned 

complete nucleotide sequences of PepYLCTHV DNA-

A obtained from this study (red boxes) with other 

begomoviruses using the neighbor-joining algorithm. 

A bootstrap analysis with 1000 replicates was 

performed and the bootstrap percent values are 

numbered along branches 

 

Discussion 

Begomoviruses can infect a wide range of 

cultivated crops and huge economic losses worldwide 

[20-21]. The epidemiological surveys of viral disease in 

pepper major production areas in Thailand from recent 

studies demonstrate that the evidence of begomovirus 

on various varieties of pepper has gradually been 

increased consistently throughout the country after the 

first report in 2018 [17,22]. In this study, full genome 

sequences of DNA-A and DNA-B were amplified from 

field infected pepper samples. Based on sequence 

analyses, begomovirus isolates obtained from this study 

showed genome-wide pairwise identities above the 91% 

taxonomic threshold for inclusion in the same species 

[23]. This information concluded that the virus 

identified from this study is PepYLCTHV bipartite 

begomovirus and all isolates were suggested to originate 

from Thailand.  

 

Conclusion 

This information concluded that the virus 

identified from this study is PepYLCTHV bipartite 

begomovirus and all isolates were suggested to originate 

from Thailand. The generated information was obtained 

from full-length genome amplification of DNA-A and 

DNA-B from field surveyed samples. This information 

regarding the knowledge of the distribution and 

diversity of interesting relationships between the genus 

Begomovirus in different locations is very crucial for 

developing and deploying suitable resistant cultivars for 

pepper crop and strategies for the development of 
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effective integrated disease management against 

viruses. 
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