
  

Plant Science Today, ISSN 2348-1900 (online) 

 OPEN ACCESS 

 

ARTICLE HISTORY 
Received: 20 August 2024 
Accepted: 03 October 2024 
Available online 
Version 1.0 : 21 October 2024 

 

 

 
A^^cncih[f ch`ilg[ncih 
P__l l_pc_q: Publisher  thanks Sectional Editor 
and the other anonymous reviewers for their 
contribution to the peer review of this work. 
 

R_jlchnm & j_lgcmmcihm ch`ilg[ncih is 
available at https://horizonepublishing.com/
journals/index.php/PST/open_access_policy 
 

Po\fcmb_l’m Nin_: Horizon e-Publishing Group 
remains neutral with regard to jurisdictional 
claims in published maps and institutional 
affiliations. 
 

Ih^_rcha: Plant Science Today, published by 
Horizon e-Publishing Group, is covered by 
Scopus, Web of Science, BIOSIS Previews, 
Clarivate Analytics, NAAS, UGC Care, etc 
See https://horizonepublishing.com/journals/
index.php/PST/indexing_abstracting 
 

Cijslcabn: © The Author(s). This is an open-
access article distributed under the terms of 
the Creative Commons Attribution License, 
which permits unrestricted use, distribution 
and reproduction in any medium, provided the 
original author and source are credited 
(https://creativecommons.org/licenses/
by/4.0/) 
 
 

CITE THIS ARTICLE 
Rajinimala N, Muthamil Kumaran J, 
Elanchezhyan K, Santhoshinii E, 
Theradimani M, Manivannan MI, Sheela J. 
Molecular characterization of Begomovirus 
and Beta Satellite Virus associated with leaf 
curl disease of Chilli (Capsicum annum L.) in 
southern parts of Tamil Nadu. Plant Science 
Today (Early Access).                                     
https:/doi.org/10.14719/pst.4712 

A\mnl[]n   

Chilli is one of the widely cultivated commercial vegetable crops in India. 

Chilli leaf curl is the most devasting disease and causes a yield loss of 100 

per cent in Chilli. Fourteen begomovirus species cause chilli leaf curl disease 

(ChiLCD). An extensive survey was carried out in 2023 to determine the 

prevalence of the leaf curl disease of Chilli caused by begomovirus in major 

chilli-growing areas of the Southern Districts of Tamil Nadu. During the 

survey, 21 isolates of begomovirus infecting Chilli were collected. Among 

the 21 isolates, the isolate collected from Kalakudi village (BV-KI) exhibited 

severe symptoms. DNA extracted from 21 isolates of begomovirus were 

subjected to PCR by using Rojas universal primers, Chilli leaf curl virus 

(ChiLCV) Coat protein primers and beta satellite virus primers and obtained 

1380 bp, 1100 bp and 1400 bp amplicons of top and coat protein region of 

DNA-A of begomovirus, Chilli leaf curl virus coat protein region and beta 

satellite virus associated with ChiLCV respectively. The 1380 bp, 1100 bp and 

1400 bp amplicons obtained from the BV-KI isolate were sequenced and 

submitted to the NCBI. The sequences were blast analyzed, and it showed 

that the nucleotide sequence of the top and coat protein region of DNA-A of 

begomovirus and CP gene of ChiLCV BV-KI isolate was found to have 90.61 

and 99.78% similarity with Bhavanisagar (NC 055130.1) isolate respectively. 

The nucleotide sequence of the beta satellite virus of BV-KI isolate was 

found to have 99.93% similarity with the Chilli leaf curl beta satellite virus 

Meerut (MH355642.1) isolate. 

 

K_sqil^m   

Coat protein; Gemini virus; Chilli leaf curl virus; DNA-A  

 

Ihnli^o]ncih   

Chilli (Capsicum annum L.) is one of the critical spice cum vegetable crops, 

which is used for flavouring foods for its pungency. Chilli is a member of the 

Solanaceae family, and the genus Capsicum is originated from South America. 

Chilli was introduced to India by the Portuguese during the year 1584 (1). 

Chilli requires a lengthy warm season with the temperature of 20 o C to 30 oC 

for its growth and development and it is primarily grown in tropical parts of 

the world.  

 India is being the world's largest producer, consumer and exporter of 
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Chilli and has the largest area of 0.85 Mha with a production 

of 1.95 MT. It is grown across all the states and union 

territories of India. Among them, Andhra Pradesh, Orissa, 

Maharashtra, West Bengal, Karnataka, Rajasthan, and Tamil 

Nadu are the central states that produce Chilli in India. 

Andhra Pradesh is the largest chilli producer in India with 

the production of 0.62 MT. Tamil Nadu is one of the 

important states in India for the output of Chilli. In Tamil 

Nadu, chilli crop is grown over an area of 0.04 Mha with a 

production of 0.02 MT (2).  

 Chilli is affected by fungal, bacterial and viral 

diseases. Among them, viral diseases are causing severe 

damage and yield loss. Among the viral diseases, Chilli leaf 

curl disease (ChiLCD) caused by Chilli leaf curl virus 

(ChiLCV), belongs to the genus begomovirus, has become a 

significant issue in reducing the cultivation of Chilli in the 

tropical and subtropical parts of the Indian subcontinent (3).  

 Begomovirus has two genomic components, DNA-A 

and DNA-B, of approximately 2.7 kb each. DNA-A encodes a 

replication-associated protein essential for viral replication, 

a replication enhancer protein, a transactivator protein that 

controls late gene expression, and the coat protein (4, 5). 

DNA-B encodes a nuclear shuttle protein (NSP) and a 

movement protein (MP), both of which are essential in 

efficient systemic spread and symptom expression (6). 

However, many begomoviruses have a single genomic 

component resembling DNA-A, capable of autonomous 

replication and movement within the plant (7). Leaf curl 

disease of Chilli (ChiLCD) is now a severe problem in India. 

The disease is characterized by leaf curling, puckering, vein 

clearing and swelling symptoms. The size of leaves and 

branches is reduced considerably in severely affected 

plants, resulting in a bushy appearance. Such plants bear 

very few flowers and very few fruits (8). Senanayake et al. (9) 

first reported the Chilli Leaf Curl Disease in India. ChiLCD is 

transmitted by the Whitefly, Bemisia tabaci (Gennadius), in a 

persistent, non-propagative manner. In India, due to 

adverse climatic conditions, whitefly prevails throughout 

the year (10). ChiLCD causes yield loss up to 100 percent 

(11). Chilli leaf curl disease is caused by 14 begomovirus 

species (12). To develop a management practice for ChiLCD, 

identification and molecular characterization of species of 

begomovirus that causes the disease is most important. 

 

M[n_lc[fm [h^ M_nbi^m 

Solp_s [h^ ]iff_]ncih i` CbcLCD-ch`_]n_^ jf[hn m[gjf_m 

i` Cbcffc 

An extensive roving survey was carried out to determine 

the prevalence of the Leaf Curl disease of Chilli caused by 

Begomovirus in the Southern Districts of Tamil Nadu as per 

the procedure given by Wahyono et al. (13). The study was 

carried out during the year 2023 in major Chilli growing 

areas of Thoothukudi, Tirunelveli, Tenkasi and 

Ramanathapuram districts viz., Kasilingapuram, 

Koonarkulam, Peikulam, Pudhur pandiyapuram, 

Solapuram, Ettayapuram, Vallioor, Panangudi, 

Thalvaipuram, Kavalkinaru, Radhapuram, Kalakudi, 

Athiyuthu, Pavoor Chathiram, Keezhapavur, Peraiyur, 

Kamuthi, Keelasirupothu, Sadaiyaneri, Mudhukulathur 

and Idhampadal. ChiLCD-infected plant samples were 

collected from all the surveyed areas and maintained in 

the Department of Plant Pathology glass house, VOC 

Agricultural College and Research Institute, Killikulam 

(8.7063° N, 77.8550° E). Totally twenty-one isolates of 

begomovirus were collected, and an isolated number was 

given for each sample (Table 1). Based on the disease 

severity, chilli plants expressing severe leaf curl symptoms 

were collected from Kalakudi village (BV-KI) of Tirunelveli 

district and used as a virus source for further studies (Fig 

1). 

Ernl[]ncih i` DNA 

One hundred milligrams of begomovirus-infected chilli 

leaves of twenty- -isolates were separately ground with 

800 μl of CTAB buffer (Cetyltrimethylammonium bromide 

buffer) using a pestle and mortar. CTAB buffer was 

commonly used in DNA extraction to help the breakdown 

of cell membranes and to separate DNA from other cellular 

components. The grounded mixture of leaves was 

transferred into a centrifuge tube and added with 52.8 μl 

of 20% SDS (Sodium Dodecyl Sulfate). The mix in the 

centrifuge tubes was then incubated in a water bath at 65 °

C for 15 min. After the incubation, 800 μl of phenol: 

chloroform (9:1) was added to the centrifuge tube. The 

tube was then centrifuged in an Eppendorf centrifuge 

(Model Number: 5427R) at 12000 rpm for 10 min. The 

supernatant was collected in a separate centrifuge tube 

and added with an equal volume of phenol: chloroform 

(1:1). The tube was centrifuged again at 12000 rpm for 5 

min. The supernatant was collected again and transferred 

to a new centrifuge tube. The supernatant was added with 

700 μl of chloroform and centrifuged at 12000 rpm for 5 

min. The supernatant was collected, and 600 μl of 

isopropanol was added into that and incubated overnight 

at 4 oC for precipitation. After incubation, the tube was 

centrifuged at 12000 rpm for 15 min. The supernatant was 

discarded, and the DNA pellet was washed with 300 μl of 

70 percent ice-cold ethanol to remove the remaining 

impurities. The tube was centrifuged again at 12000 rpm 

for 5 min, and the supernatant was discarded. The DNA 

pellet was air-dried for 30 min to remove the remaining 

ethanol. Finally, 30 μl of nucleus-free water was added to 

the pellet to resuspend the DNA, and the DNA sample was 

stored at four °C (14). 

D_n_]ncih i` \_aigipclom ][omcha CbcLCD \s omcha 

Uhcp_lm[f jlcg_lm 

DNA extracted from 21 begomovirus isolates was 

subjected to Polymerase Chain Reaction (PCR) by using 

Rojas primer to amplify the begomovirus's top and coat 

protein region. The following reaction mixture prepared a 

total volume of 10 μl of reaction. 
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S.Ni Dcmnlc]n Bfi]e Vcff[a_ GPS N[g_ i` nb_ Imif[n_ * 

1. Thoothukudi 

Karungulam 
Kasilingapuram 8.76°N 77.87°E BV-KP 

Koonarkulam 8.75°N 77.86°E BV-KM 

Srivaikundam Peikulam 8.53°N 77.88°E BV-PK 

Ottapidaram Pudhur pandiyapuram 8.90°N 78.10°E BV-PP 

Kayathar Solapuram 9.10°N 78.00°E BV-SP 

Kovilpatti Ettayapuram 8.33°N 77.60°E BV-EP 

2. Tirunelvlei 

Vallioor 

Vallioor 8.33°N 77.60°E BV-VR 

Panangudi 8.34°N 77.60°E BV-P 

Thalvaipuram 8.34°N 77.57°E BV-TP 

Kavalkinaru 8.27°N 77.57°E BV-KAK 

Radhapuram Radhapuram 8.34°N 77.57°E BV-RP 

Manoor Kalakudi 8.88°N 77.63°E BV-KI 

3. Tenkasi 

Aalangulam Athiyuthu 8.88°N 77.46°E BV-AU 

Keezhapavur 

  

Pavoor chathiram 8.88°N 77.42°E BV-PC 

Keezhapavur 8.89°N 77.38°E BV-KP 

4. Ramanathapuram 

Kamuthi 
Peraiyur 9.37°N 78.43°E BV-PR 

Kamuthi 9.40°N 78.38°E BV-KA 

Mudhukulathur 

Keelasirupothu 9.28°N 78.59°E BV-KS 

Sadaiyaneri 9.30°N 78.56°E BV-SN 

Mudhukulathur 9.31°N 78.55°E BV-MK 

Kadaladi Idhampadal 9.24°N 78.68°E  BV-IP 

T[\f_ 1. Survey for the incidence of ChiLCD in southern districts of Tamil Nadu 

* BV -Begomovirus 

Fca. 1. Chilli Leaf curl disease infected chilli plant 
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R_[]ncih gcrnol_m 

 

 

 

 

 

 

 

The top and coat protein region of DNA - A of begomovirus 

was amplified from the DNA of 21 isolates by following the 

below mentioned PCR conditions  

 

 

 

 

The PCR reaction was carried out in BIORAD T100 Thermal 
cycler PCR machine. PCR products were checked by one 

per cent agarose gel electrophoresis. The primers used for 

the amplification of top and coat protein region 

begomovirus are listed below (15) 

Rojas 1 - 5'ACNGGNAARACNATGTGGGC3'  

Rojas 2 - 5'GGNAARATHTGGATGGA3'  

D_n_]ncih i` CbcLCV omcha CP jlcg_l  

DNA extracted from 21 begomovirus isolates was 

subjected to PCR using CP primer to amplify the coat 

protein region of ChiLCV. A total volume of 10 μl of 

reaction was prepared by following the reaction mixture.  

R_[]ncih gcrnol_m 

 

 

 

 

 

 

The CP region of ChiLCV was amplified from the DNA of 21 
isolates by following the below mentioned PCR conditions 

 

 

 

 

PCR reaction was carried out in BIORAD T100 Thermal 

cycler PCR machine. PCR products were checked by one 

per cent agarose gel electrophoresis. 

The primers used for the amplification of CP gene of Chilli 

leaf curl virus 

CLA 5F – 5'AAGAACCGTTCACGGTTTTAGGTT3'  

CLA 8R - 5'TTCATTTCTTAAGGGTATTTAGGACAA3' 

D_n_]ncih i` B_n[ m[n_ffcn_ pclom [mmi]c[n_^ qcnb CbcLCV 

DNA extracted from 21 isolates of begomovirus were 

subjected to PCR by using beta satellite virus specific 

primer to amplify the beta satellite virus. The preparation 

of total volume of 20 μl of reaction was carried out by the 

following reaction mixture. 

R_[]ncih gcrnol_m 

 

 

 

 

 

 

The beta satellite virus associated with ChiLCV was 

amplified from the DNA of 21 isolates with the following 

the below mentioned PCR condition 

 

 

 

The PCR reaction was carried out in BIORAD T100 Thermal 

cycler PCR machine. PCR products were checked by one 

per cent agarose gel electrophoresis.  

The primer was used for the amplification of beta satellite 

virus associated with ChiLCV. 

Beta01– 5'GGTACCACTACGCTACGCAGCAGCC3'  

Beta02- 5'GGTACCTACCTCCCAGGGGTACA3' 

S_ko_h]cha [h^ Pbsfia_h_nc] Ah[fsmcm 

The amplified product of the top and coat protein region 

of DNA -A of begamovirus, CP gene of ChiLCV, beta satellite 

virus associated with ChiLCV of BV-KI isolate was sent to 

Eurofins Genomics, Bangalore, for sequencing. After 

obtaining the sequence, it was submitted to the NCBI Gene 

Bank. CLUSTAL-W was used to compare and analyze the 

sequence of top and coat protein region of DNA -A of 

begomovirus, CP gene of ChiLCV, beta satellite virus 

associated with ChiLCV of BV-KI isolate with the sequence 

of other known begomovirus isolates from Gene bank. 

MEGA version 11.0 was used to create the phylogenetic 

tree at the molecular level. Sequences for comparison 

were retrieved from Gene Bank through BLAST. The 

analysis was done on top and coat protein regions of DNA -

A of begamovirus, CP gene of ChiLCV and beta satellite 

virus associated with ChiLCV sequences with a bootstrap 

percentage (1000 replication). 

2X Master mix  :   4 μl 

Nuclease free water  :   4 μl 

Roja's Forward primer :   0.5 μl 

Roja’s Reverse Primer :   0.5 μl 

Template DNA  :   1 μl 

10 μf  

Initial Denaturation : 94 oC for 5 min 

Denaturation               : 94 oC for 30 sec 

Annealing               : 52 oC for 30 sec 

Extension               : 72 oC for 60 sec 

Final Extension : 72 oC for 10 min 

35 Cycles  

2X Master mix              : 3 μl 

Nuclease free water         : 4 μl 

ChiLCV Forward primer : 1 μl 

ChiLCV Reverse Primer : 1 μl 

Template DNA               : 1 μl 

10 μf  

Initial Denaturation : 94 oC for 4 min 

Denaturation               : 94 oC for 60 sec 

Annealing               : 58 oC for 60 sec 

Extension               : 72 oC for 60 sec 

Final Extension : 72 oC for 10 min 

35 Cycles  

2X Master mix  : 8 μl 

Nuclease free water    : 8 μl 

Beta Forward primer : 1 μl 

Beta Reverse Primer  : 1 μl 

Template DNA   : 2 μl 

Total : 20 μf  

Initial Denaturation :94 oC for 5 min 

Denaturation  :94 oC for 30 sec 

Annealing  :50 oC for 60 sec 

Extension  :72 oC for 90 sec 

Final Extension :72 oC for 10 min 

35 Cycles  
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R_mofnm [h^ Dcm]ommcih   

D_n_]ncih i` \_aigipclom ][omcha CbcLCD \s omcha 

Rid[m Uhcp_lm[f jlcg_lm 

Total DNA was extracted from the ChiLCD-infected chilli 

leaves collected from 21 villages (21 isolates) of Southern 

districts of Tamil Nadu, and healthy chilli plant tissue was 

collected from the plants maintained in the insect-proof 

cage under a glass house. The total DNA was subjected to 

PCR using Rojas Universal primer to amplify the top and 

coat protein region of DNA - A of begomovirus. In the PCR 

analysis, 1380 bp amplicon sizes were obtained from all the 

(21 isolates) infected samples, whereas no amplicon was 

obtained in healthy samples (Fig 1). The amplicon obtained 

at 1380 bp from the isolate BV-KI was sequenced and 

submitted to the NCBI Gene Bank database (Accession 

Number: OR160345). The sequence was analyzed through 

Blast and CLUSTAL-W. The results revealed that the 

nucleotide sequence of the top and coat protein region of 

DNA-A of BV-KI isolate was found to be 90.61 per cent and 

90.33 percent, similar to the ChiLCV isolate of Bhavanisagar 

(NC 055130.1) and Srilankan isolates respectively (Fig. 2 and 

3). A cluster dendrogram was constructed based on MEGA 

11.0 analysis of nucleotide sequence of top and coat protein 

gene of DNA-A of BV-KI isolate (Accession Number: 

OR160345) with other begomovirus sequences already 

available in the NCBI database. The results revealed that the 

BV-KI isolate was closely related to multiple ChiLCV isolates 

from different hosts, forming one cluster (Fig. 4). This result 

is relevant to the reports of Senanayake et al. (10), who 

sequenced and constructed a phylogenetic tree for ChiLCV 

infecting Chilli from Rajasthan. This isolate showed 96.10 % 

similarity with ChiLCV Varanasi isolate (EF190217). 

Fca. 3. NCBI blast search using top and CP region sequence of DNA-A of BV-KI isolate 

Fca. 2. Detection of begomovirus associated with ChiLCD-infected chilli samples by PCR using Rojas universal primer 
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D_n_]ncih i` CbcLCV omcha CP jlcg_l 

Total DNA extracted from all the 21 isolates of ChiLCD 

infected samples and the healthy sample were subjected 

to PCR using ChiLCV CP gene-specific primers. In the PCR 

analysis, 1100 bp amplicon was obtained from all the 

infected samples. In contrast, no amplicon was obtained in 

the healthy sample (Fig. 5). This is in accordance with the 

findings of Kumar et al. (16). They obtained 1100 bp size of 

the CP gene of ChiLCV from the total DNA extracted from 

the ChiLCV infected chilli tissues using CP gene-specific 

primers in PCR. 

 In the present study, the amplicon obtained at 1100 

bp from the isolate BV-KI was sequenced and submitted to 

the NCBI Gene Bank database (OR 612058). The sequence 

was analyzed through Blast and CLUSTAL-W. The results 

revealed that the nucleotide sequence of the CP gene of BV

-KI isolate was found to be 99.78 and 92.17%, similar to the 

ChiLCV isolate of Bhavanisagar (NC 055130.1) and 

Srilankan isolates (JN555600.1) respectively (Fig. 6 and 7). 

A clustal dendrogram was constructed based on MEGA 

11.0 analysis of the nucleotide sequence of the ChiLCV CP 

gene of BV-KI isolate (OR 612058) with other ChiLCV CP 

gene sequences already available in the NCBI database. 

The results revealed that the BV-KI isolate was closely 

related to multiple ChiLCV isolates from different hosts, 

forming one cluster (Fig. 8). This result is relevant to the 

reports of Kumar et al. (16). They reported that the CP 

gene sequence of Chilli leaf curl virus isolate has 99.4 % 

similarity with the Chilli leaf curl virus Ahmadabad isolate. 

D_n_]ncih i` B_n[ m[n_ffcn_ pclom [mmi]c[n_^ qcnb CbcLCV 

Total DNA extracted from all 21 isolates of ChiLCD-infected 

samples and healthy samples were subjected to PCR by 

using Beta satellite primer. The PCR analysis obtained 1400 

bp amplicon sizes from all the infected samples. In contrast, 

no amplicon was obtained from healthy samples (Fig. 9). 

The amplicon obtained at 1400 bp from the isolate BV-KI 

was sequenced and submitted to the NCBI Gene Bank 

database (Accession Number: OR419723). The sequence 

was analyzed using blast and CLUSTAL-W. The results 

revealed that the nucleotide sequence of the beta satellite 

virus of BV-KI isolate was found to be 99.93, 99.20 and 

98.70% similarity with the beta satellite virus isolate of Chili 

leaf curl beta satellite isolate from Meerut (MH355642.1), 

Narwan (JF706231.1) and Lucknow (MT385299.1) 

respectively (Fig. 10 and 11). A clustal dendrogram was 

constructed based on MEGA 11.0 analysis of the nucleotide 

sequence of the beta satellite virus of BV-KI isolate 

(Accession Number: OR419723) with other beta satellite 

virus sequences already available in the NCBI database. The 

results revealed that the BV-KI isolate was closely related to 

multiple beta satellite virus isolates associated with ChiLCV 

from different hosts and forming one cluster (Fig. 12 and 

13). Senanayake et al. (10) constructed a phylogenetic tree 

for the sequence of beta satellite virus associated with 

ChiLCV from Narwan (AY438558). The results revealed that 

the beta satellite virus associated with ChiLCV has a 97.3% 

identity with the Tomato leaf curl beta satellite virus 

Rajasthan isolate. 

Fca. 4. Multiple alignments of the nucleotide sequence of the top and CP region of BV-KI isolate with other isolates of begomovirus sequence from Gene Bank 
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Fca. 5. Phylogenetic tree of top and coat protein region of DNA-A sequence of BV-KI Isolate 
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Fca 6. Detection of ChiLCV in ChiLCD-infected samples by PCR using coat protein-specific primer 

 

Fca. 7. NCBI blast search using ChiLCV CP sequence of BV-KI isolate 

Fca. 8. Multiple alignments of ChiLCV CP nucleotide sequence of BV- KI isolate 
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Fca. 10. Detection of beta satellite virus associated with ChiLCV in the infected chilli samples by using specific primers 

Fca. 9. Phylogenetic tree of ChiLCV based on Coat Protein nucleotide sequences of BV-KI isolate 
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Fca. 11. NCBI blast search using sequence of beta satellite virus associated with ChiLCV of BV-KI isolate 

Fca. 12. Multiple alignments of the nucleotide sequence of beta satellite virus associated with ChiLCV BV-KI isolate with other isolates of ChiLCV sequence 
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Cih]fomcih   

Fourteen begomovirus species from different countries of 

India and its subcontinents were reported as causative 

agents for ChiLCD. The present study concludes that, in 

Tamil Nadu, ChiLCD is caused by ChiLCV, which belongs to 

the begomovirus species. ChiLCV is also associated with 

the beta satellite virus, which has main role in symptom 

expression. Identification of the type of begomovirus 

species causing ChiLCD will pave the way for developing a 

management strategy for this disease.  
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