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Abstract

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.
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Introduction

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 °C to 30 °C
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.

Materials and Methods

Survey and collection of ChiLCD-infected plant samples
of Chilli

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,
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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).

Extraction of DNA

One hundred milligrams of begomovirus-infected chilli
leaves of twenty- -isolates were separately ground with
800 pl 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 pul
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 ul 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 pl of chloroform and centrifuged at 12000 rpm for 5
min. The supernatant was collected, and 600 ul of
isopropanol was added into that and incubated overnight
at 4 °C 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 ul 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 ul of nucleus-free water was added to
the pellet to resuspend the DNA, and the DNA sample was
stored at four °C (14).

Detection of begomovirus causing ChiLCD by using
Universal primers

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 ul of reaction.

https://plantsciencetoday.online
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Table 1. Survey for the incidence of ChiLCD in southern districts of Tamil Nadu

S.No District Block Village GPS Name of the Isolate *
Kasilingapuram 8.76°N 77.87°E BV-KP
Karungulam
Koonarkulam 8.75°N 77.86°E BV-KM
Srivaikundam Peikulam 8.53°N 77.88°E BV-PK
1. Thoothukudi
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
Vallioor 8.33°N 77.60°E BV-VR
Panangudi 8.34°N 77.60°E BV-P
Vallioor
Thalvaipuram 8.34°N 77.57°E BV-TP
2. Tirunelvlei
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
Aalangulam Athiyuthu 8.88°N 77.46°E BV-AU
3. Tenkasi Keezhapavur Pavoor chathiram 8.88°N 77.42°E BV-PC
Keezhapavur 8.89°N 77.38°E BV-KP
Peraiyur 9.37°N 78.43°E BV-PR
Kamuthi
Kamuthi 9.40°N 78.38°E BV-KA
Keelasirupothu 9.28°N 78.59°E BV-KS
4. Ramanathapuram
Mudhukulathur 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
* BV -Begomovirus
Curling and puckering

Fig. 1. Chilli Leaf curl disease infected chilli plant
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Reaction mixtures

2X Master mix : 4l
Nuclease free water : 4yl
Roja's Forward primer : 0.5l
Roja’s Reverse Primer 1 0.5ul
Template DNA N
10 ul

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

Initial Denaturation : 94 °C for 5 min

Denaturation 194 °C for 30 sec
Annealing :52°Cfor30sec  —  35Cycles
Extension : 72 °C for 60 sec

Final Extension : 72 °C for 10 min _

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'
Detection of ChiLCV using CP primer

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 pl of
reaction was prepared by following the reaction mixture.

Reaction mixtures

2X Master mix 3ul
Nuclease free water 4ul
ChiLCV Forward primer 1ul
ChiLCV Reverse Primer 1ul
Template DNA 1ul
10 pul

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

—_

Initial Denaturation : 94 °C for 4 min

Denaturation 194 °C for 60 sec
Annealing :58°Cfor60sec [~ 35Cycles
Extension 1 72 °C for 60 sec

Final Extension 172 °C for 10 min

—

PCR reaction was carried out in BIORAD T100 Thermal
cycler PCR machine. PCR products were checked by one
per cent agarose gel electrophoresis.

4

The primers used for the amplification of CP gene of Chilli
leaf curl virus

CLA 5F - 5'AAGAACCGTTCACGGTTTTAGGTT3'
CLASR-5'TTCATTTCTTAAGGGTATTTAGGACAA3'
Detection of Beta satellite virus associated with ChiLCV

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 ul of reaction was carried out by the
following reaction mixture.

Reaction mixtures

2X Master mix :8ul
Nuclease free water :8ul
Beta Forward primer :lul
Beta Reverse Primer 1yl
Template DNA :2pl
Total : 20

The beta satellite virus associated with ChiLCV was
amplified from the DNA of 21 isolates with the following
the below mentioned PCR condition

Initial Denaturation :94 °C for 5 min

Denaturation :94 °C for 30 sec
Annealing :50 °C for 60 sec —  35Cycles
Extension :72 °C for 90 sec

:72 °C for 10 min

—

Final Extension

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'
Sequencing and Phylogenetic Analysis

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).
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Results and Discussion

Detection of begomovirus causing ChiLCD by using
Rojas Universal primers

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

1500 bp

L- 100 bp Ladder 7- BV-VR

1- BV-KP 8- BV-P

2- BV-KM 9- BV-TP

3-BV-PK 10- BV-KAK

4- BV-PP 11- BV-RP

5- BV-SP 12- BV-KI

6- BV-EP 13- BV-AU
14- BV-PC

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-Kl 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).

g 1380 bp

15- BV-KP

16- BV-PR

17- BV-KA

18- BV-KS

19- BV-SN

20- BV-MK

21- BV-IP

22- Healthy chilli sample

Fig. 2. Detection of begomovirus associated with ChiLCD-infected chilli samples by PCR using Rojas universal primer

Sequences producing significant alignments

select all 100 sequences selected
Description
-
Chill leaf curl virus-[Bhavanisagarindia. 2010] segment DNAA, complete sequence
Chills leaf curd virus isolate CL-15 from Sn Lanka. complete genome
saic virus clone pDatB2 seament DNA-A._complete sequence
>4-CH segment DNA-A_complete sequence

curl Salemn virus-India [India’S 15alH36 seament DNA-A. o
yellow vein mosaic virus isolate CEAS. complete genome
W vein mosaic virys isolate CEAS._compl:

plete genome
Chills leaf curl Ahmedabad virus-India isolate CHL44, comnlete genome

Chills leaf cur Ahme:

CHLE2. complete genome
eament DNA-A ¢

sgment DNAA_complete sequence

(CECECECHCE<E<ECHN<N<H<N<N<N<NL

segment DNA-A. ¢

mplete sequence

Download Select columns ¥ Show{ 100 v (2]

GenBank Graphics Jistance tree of results  MSA Viewer
Scientific Name Max Total Query E Per Acc
SCientim ame
ol Score Score Cover value Ident Len  Accession
- ~ - ~ ~ -

Chill leaf curl vir 479 38% 5e-130 9061% 2785 NC_055130.1
473 38% 2e-128 90.33% 2754 JIN )1
Corchorus yellow... 429 429 38% Se-115 8812% 2742 KXD1386

428 429 38% Se-115 87.77% 2748 MV

425 425 36% Te-114 8899% 2771 OM315

7Te-114 8720% 2783 HMO07119.1

3e-113 8785% 2743 NC_0204731

Corchorus yellow 424 424 38% 3e-113 87.85% 2743 KC22

Corchor 424 424 38% 3e-113 8785% 2742

Chill leaf curl Ab 422 422 35% 9e-113 89.32% 2752 MW

French bean sev 412 412 37% Se-110 87.82% 2735

Chillteal curl Ah 407 407 36% 3e-108 87.90% 2744

Chill leaf curt Ah 407 407 38% 3e-108 B6.68% 2746 MV

Chilh leaf curl virus 403 36%

3e-107 87.83%

403 36% 3e-107 87.83%

Chil

Chill leaf curl virus 401 401 36% 1e-106 8761%

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

Detection of ChiLCV using CP primer

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
-Kl 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.

Detection of Beta satellite virus associated with ChiLCV

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-Kl 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.
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KC223600.1:708-1067 Corchorus yellow vein mosaic virus

NC 020473.1:708-1067 Corchorus yellow vein mosaic virus

KC196077.1:708-1067 Corchorus yellow vein mosaic virus

H— KX513862.1:708-1067 Corchorus yellow vein mosaic virus

— KCB699544 1:707-1058 French bean severe leaf curl virus

HIMO07119.1:765-1137 Chilli Leaf curl Salem virus

JN555600.1:728-1087 Chilli leaf curl virus

NC 055130.1:766-1125 Chilli leaf curl virus-Bhavanisagar

— OR160345 BV-Kl isolate

— MH346125.1:729-1072 Chilli leaf curl virus

[——— MN417110.1:728-1073 Chilli leaf curl Ahmedabad virus

—— MWT795670.1:734-1069 Chilli leaf curl Ahmedabad virus

i MVW861357 1:731-1087 Chilli leaf curl Ahmedabad virus

I OM315015.1:734-1077 Eggplant leaf curl Chhattisgarh virus

— MW795673.1:734-1100 Chilli leaf curl Ahmedabad virus

L36525.1:1-894 Cucumber mosaic virus coat protein (CP) gene complete cds

Fig. 5. Phylogenetic tree of top and coat protein region of DNA-A sequence of BV-KI Isolate
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L- 100 bp Ladder

7-BV-VR
e 5BV 6. BveEw
2- BV-KM 9- BV-TP 1 PN
3- BV-PK 10- BV-KAK 18. BV-KS
-BvrR 1ZBV-RE 19- BV-SN
5-BV-SP 12- BV-KI o DA
6- BV-EP 13- BV-AU L R
14- BV-PC

22- Healthy chilli sample

Fig 6. Detection of ChiLCV in ChiLCD-infected samples by PCR using coat protein-specific primer

Sequences producing significant alignments Download ~  Selectcolumns ~ Show L
[ select all 15 sequences selacted GenBank Graphics Distance tree of results  MSA Viewer
Deseheon dagitc Neo Sh::e Sr:::a QC::: v:uo I:t'\t A’:;Cn Accession
~ ~ - - - -
il beaf curl -{Bh India: 2010} DNAA, sequence i f ir.. 3302 3302 100% 00 99.78% 2785 NC_055130.1
Chilh teaf cud virus isotate CL-15 from Sn Lanke. complete genome Chilli leaf cul vieus 2543 2543 100% 00 92.17% 2754 JNS55600.1
Chilti Leaf curl Salem virus-India (India/Salem/2008) clone pChSalH36 DNA-A, Chill leafcuri Sal... 2281 2281 100% 00 8961% 2783 HM007119.1
Chilli leaf curl Sri Lanka virus isolate CL-14_complete genome Chill leaf curl S 2244 2244 100% 00 8920% 2754 NC 0551311
Chilli Leaf curl Velianad virus [India/Vellanad'2008] clone pChYelK52 DNA-A Chillleaf curl Vel 1884 1884 100% 00 8565% 2788 NC_038442.1
Penper leaf curt Bangladesh vius-India isolate Chhapra segment DNA-A, complate sequence Pepperleatoyrd .. 1587 1587 100% 00 8273% 2760 JNGG38S3 1
Chilt leaf curl Nagour virus isolate CHI13, complete genome Chilli leaf cugiNa... 1559 1559 100% 00 8245% 2754 MWE61352 1
Pepper leaf curl virus isolate 1a 11 DNA-A Pepperleafcurt .. 1585 1555 100% 00 8242% 2747 Ky4201491
Chilh leaf curl Nagpur virus isclate CHL14, complete genoma Chilli leafcuri Na . 1554 1554 100% 00 8241% 2754 MWE613531
Chill leaf curl virus isolate Khulna_Dumuna DNA-A ¢ genome Chill leaf curd virus 1554 1554 100% 00  8244% 2753 MT316403.1
Peppet leaf curt Vifus segment A genome Pepperfeafcurd ... 1548 1548 100% 00 8238% 2753 NC_ 0041921
Chilli leaf cur virus isolate Jeshore_Abhavnagor segment DNA-A. compiete genome Chill leaf curl virus 1548 1548 100% 0.0  8237% 2753 MT316404.1
Pepper leaf curl Bangladesh vitus seoment A._complete sequence Pepper leaf curl 1548 1548 100% 00 8238% 2753 AF314531.1
Papaya leaf curl virys isolate 249-1ISBD, compiate genome Papaya leaf curl 1546 1546 100% 00 8235% 2741 KY9784071
Peoper leaf curl Lahore virus isolate CHL36. complete genome Pepperleafcurl .. 1544 1544 100% 00 8230% 2749 MW7603161
M1 Peoger leaf curl Lahote virus complete genome._clone P1 Pepper leaf cur 1533 1533 100% 00 8221% 2747 AMGO17451

Fig. 7. NCBI blast search using ChiLCV CP sequence of BV-Kl isolate

1 BV mclate
2 NC_855130.1 986.2785 Chl lead curt wrus Ehmaessagar
3 NSE5600 1 482754 il lead Gt s islate

& HMDOT119. 19852783 Chil Leaf cust Sabem veus

6 NC_055131.1 9482754 Chull leaf curl Se Lamkcs veus

6 NC_038442 19882788 Chvl Leaf cud Vetanad wus

7. JNGB3E53 1 952.2760 Pepper af curt Bangladesh veus
8 MWBSTIS2 1 953.2754 O beaf ot Ninggar weus

9 KYA049 1950-2747 Pepper eaf cut Bargfadesh wvs
. MTI16403 19512753 Chil foaf cuf weus

11 NWEE1353 19532754 Chwil lea cudt Nagour was

12 NC_O004142 19612753 Papper leaf cort Bangfadesh
13 MT316404.1951.2753 Crull I custwrus

14 AFINSIT 1951.2753 Pepper lnof it Bangliadesh ws
15 KYSTS407 1 936,2741 Papaya leaf cust virws isclate

'

1.6V isclate

2 NC_055130 1 9862785 Chil leaf cust weus Eaamesager
3. JICEE600 1 48,2754 Tl foof curl wus isclate.

& HMOT119 1.995-275) Chil Luaf cust Sabem veus.

5 NC_055131.1 5482754 Chull leaf cust S Lanka vess.

5. NC_638442 1 963.2768 Chill Leaf cu Velanad weus 1
T RNAIBEY 1 9522760 Pepper beaf curt Bangladesh wus
8 MWBS1IS2 1 952-2754 Chl af ur Mg wus

9 KY&20143 1 9502747 Puppee leaf cust Bangfindesh wuss
0. MTI1640) 19512753 Chl leaf cust wrus Y

11, MWS615 1.953.2754 Chil Joa cust Noagorr v
12 NC_004132 1 9512753 Pepper leaf cut Bangladesh
T3 MT316404.1.96 12753 Civh leaf cur wus
1AFYISI1 1951.2753 Papper leof cud Bangiatesh wes
15 KYSTSA07 1 362741 Pagaya ol cud s skt 2

'

E
1 BV iclate
2 NC_855130 1 386.2785 Chull leaf cu eus Bhmamisager
3. NS55600 1 3482754 Chik leof curl veus isclate.
& H0OT119.1.995-2780 Ol Laaf cut Saberm wuss

8 MWBS1352.1.953.2754 Chul beaf cut Haggus veus
9 KYA20149.1 950 2747 Pepper e cut Bangfadesh wrus
1. MT316403.1 9512753 Chil el cor v

12 NC_OBATA2 19512753 Pepper leaf cust Bangfadesh
13 MTI6404 1 951-2753 Chill loof cu v

1 AFIUSI1 19512753 Papper leaf cud Bangfadesh wrs
15 KYSTH07 19362781 Pacava lea i v sciate

Fig. 8. Multiple alignments of ChiLCV CP nucleotide sequence of BV- Kl isolate
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JN555600.1:948-2754 Chilli leaf curl virus isolate

NC 055131.1:948-2754 Chilli leaf curl Sni Lanka virus

HMO07119.1:985-2783 Chilli Leaf curl Salem virus

NC 038442 1:988-2788 Chilli Leaf curl Vellanad virus

KY420149 1:950-2747 Pepper leaf curl Bangladesh virus

MVWE61352.1:953-2754 Chilli leaf curl Nagpur virus

MVWE61353.1:953-2754 Chilli leaf curl Nagpur virus

MT316404.1:951-2753 Chilli leaf curl virus

MT316403.1:951-2753 Chilli leaf curl virus

— NC 004192.1:951-2753 Pepper leaf curl Bangladesh virus

— AF314531.1:951-2753 Pepper leaf curl Bangladesh virus

r BV-Kl isolate

= NC 055130.1:986-2785 Chilli leaf curl virus-Bhavanisagar

KY978407.1:936-2741 Papaya leaf curl virus isolate 249-11SBD complete genome

JNB63853.1:952-2760 Pepper leaf curl Bangladesh virus

L36525.1:1-894 Cucumber mosaic virus coat protein (CP) gene complete cds

Fig. 9. Phylogenetic tree of ChiLCV based on Coat Protein nucleotide sequences of BV-Kl isolate

1500 bp

1000 bp

L- 100 bp Ladder 7- BV-VR 15- BV-KP

1- BV-KP 8-BV-P 16- BV-PR

2-BV-KM 9- BV-TP 17- BV-KA
3-BV-PK 10- BV-KAK 18- BV-KS

4- BV-PP 11- BV-RP 19- BV-SN

5- BV-SP 12- BV-KI 20- BV-MK
6- BV-EP 13-BV-AU 21-BV-IP

14- BV-PC 22- Healthy chilli sample

Fig. 10. Detection of beta satellite virus associated with ChiLCV in the infected chilli samples by using specific primers
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Sequences producing significant alignments Download Select columns Show (2}
select all 100 saquences selocted GenBank Graphics Distance tree of results  MSA Viewer
Desapin SoHANME L cooe ot v A
v v v v v w
Chil eaf curl betasatelite isolate CDBA. complete sequence Chil leaf curl betasatel . 2540 2540 99% 00 99.93% 1379 MH355642.1
Chill leaf curl betasatellite isolate ToL CBOB-{IN.Nar Chil 04], complete sequence Chill leaf curl betasatel... 2486 2486 99% 00 99.20% 1380 JF7062311
Chilleaf curl betasatelite isolate LKQ-08. complete sequence Chilleat curlbetasatel.. 2447 2447 99% 00 98.70% 1380 MI385299.1
Chillileaf curl betasatelite isolate RKB2. complele sequence Chilleaf urlbetasalel . 2368 2388 99% 00 97.07% 1380 KJ700655.1
Chil leaf cur betasatelite isolate RKB1. complete sequence Chilleaf curl befasatel .. 2388 2388 9% 00 97.97% 1378 KJI006S4.1
Tomato lea curl Bangladesh betasatelite [India/Jodhpur/Chill22009] clone pChJodBKT. complate sequence  Tomato leaf curl Bang] .. 2370 2370 99% 00  97.75% 1374 HMOO7105.1
Tomato leat curl Bangladesh betasatelite. complete sequence Tomatoleaf curl Bangl. . 2368 2368 99% 00 97.76% 1372 JNGG3876 1
Tomato leaf cur Bangladesh betasatalite isolate Jabalpur clone Kpnl-1 C1 (G1).gene, complete ods TomatoleafcurlBangl.. 2346 2346 99% 00  97.47% 1373 JNGA38601
Chil leaf curl betasatelite isolate Bagerhat bota C1 protein (beta C1) gene, complete cds 1 1 214 2314 99% 00 97.03% 1374 MI3164081
Chilileat curt betasatelite isotate LKO-10. complete sequence Chililoaf curl betasatel... 2309 2309 99% 00 96.89% 1380 MI385300 1
Tomato yellow leaf cud Rajasthan betasatelide, complete sequence Tomato yollow leaf curl. . 2289 2289 99% 00 96.74% 1371 NC_0366871
Chil leaf curf betasatelite isolate 186-BS-A_complete sequence i eaf .. 2285 2285 99% 00 9667% 1373 Q0763411
i { i -BS-C._complete sequence il loaf 219 219 9% 00 9659%% 1373 0QOIB340.1
Tomato leaf cur betasalelite complete sequence. isalate 112 Tomatoleaf curlbatas. . 2278 2278 99% 00 9653% 1376 L18270571
25 25 %% 00 9623% 1373 MZ1512061
233 233 9% 00 9601% 1370 INGG3847 1

Fig. 11. NCBI blast search using sequence of beta satellite virus associated with ChiLCV of BV-Kl isolate

1 ORA1IT23 BV-K) isclte

2 MHISES42 111379 Chvh af curl betasatebte
3 06231 111380 C leaf cu betasatelite isolate

& MT385290 111380 OB Mol cur datasatelite inolute

5 KITO0655, 1 11378 Ol b cost Betasatolte isclate

6 KITO0654.1.9.1378 Ol beaf curl betasatele isolate

7 HMOSTH05 111374 Tomato lesf curt Bangiadesh betasatetite
8. JNESIT6.1 11372 Tormats ool cuf Bancladysh betasatelte !
9. IE63950 1.:1373 Tomate leaf cut Bangiadesh betasateite isotate NG €
90 MTIIGA08 19,1374 O Jeof cus betasatelite wclate cC
11 MTI05300 1.1-1390 O oo cust butasstelte ssolate

12. OONEM1 1 51373 Ok oaf cuf betasatelite welste

13 NC_ 030687 1.1-1374 Tomato yelow leaf cerl Rajasthan detasat
4 OOITEIR 111373 Chvh leaf cur batasatelits woiste
15, LTRZ7057.1 11376 Temnato boaf cusf butasatobte

1 ORUHI23 BVA) isokes
2 MIOSE842 11,1379 Ch el cor Betanatelte

3. 06231111300 Chl leaf cud betasatelite isclate

& MTI06299 111380 Ch Ml corl betasatao okt

5 KITOIGSS 111378 OB bl curt Detasatolits ot

6 KJT00654.1 11378 Ol Soaf curl betasatelite isolate

7 HMDOT05 111374 Tomto beo curlBangiadesh betasatelte

B JNGAIETE 11.1372 Tomat Il cu Bangiadesh botasatebte

9 29661060 111373 Tomato Il curt Bangiadesh betasatelte molate
90 MTI16408 111374 OV b cuf butasatebite isclste

11, MTIBS300 11.1350 O oo cud betasstolite isctate

12 OQOMEM1 1 11373 Civl e cudt batasatelite isclate

13 NC_C0687 111371 Tomato ywhow bl cul Rajasthan betasatelt
14 OOITEND 1 11373 Chl I cuf betasatelite olate
16, LTR21057 1 11376 Tomats oo cut betasatelte

1. ORATIT23 BVK) inclate

2 MHO55642.1:1 1379 Chvlk beaf cur betasatelite

3 76231 111380 Chl leat cud betasatelite isclate

& VY3529 1:1-138) Ch loaf curt Detasatelite imokate

5 IKITO0655.1 11378 Ol leaf curf Detasatolte isclate

6 KUTOD6S54 191378 Onl beaf curl betasatelte isolate

T HNOST 05 111374 Tomato leaf cur Bangiadesh betasalelite

8 JNES3BT6 1 11372 Temato loaf cud Bangiadesh betasatelite

9 JNEE3050. 191373 Tomato leaf curd Bangiadesh betasatelite solate
90 MTII6408 191374 Ol Jeaf cut betasatelite wclate

11 MTI85300 111350 Chvl leaf cud butasatelte nclate

12 OONTEM1. 1 41373 Cv loaf cuf betasatelite melste

13 NC_ 000687 111374 Tomato yellow leal curl Raaathan betasateld
4 OONTEI0 111373 Chvl leaf cur betasatelite wolte
15 LTRZI057.1 11376 Tenso loof cund betasatelite

Fig. 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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]
by

— DR419723 BV-K] isolate

100
— MH355642.1:1-1379 Chili leaf curl betasatelite
el JFT06231.1:1-1380 Chilli leaf curl betasatellite isolate
0|

— MT3IB5285.1:1-1380 Chali leaf curl betasatelite isolate

11

JHEE38TE.1:1-1372 Tomato leafl curl Bangladesh betasatellite
3 JHEE3SE0.1:1-1373 Tomato leaf curl Bangladesh betasatellite isolate
MT316408.1-1-1374 Chali leaf curl betasatellite isolate
7

HMOOT105.1:1-1374 Tomato leaf curl Bangladesh betasalelite

o
]
5
LTE2T05T.1:1-1376 Tomato leaf curl betasatelte
. NC 038587 1:1-1371 Tomato yellow leaf curl Ragasthan betasatellite
o OQOTEI4 1:1-1373 Chili leal curl betasatellte isolate
100

— (OO0TE340.1:1-1373 Chili leafl curl betasatelile isolate

—— KJT006551:1-1378 Challi leaf curl betasatelite isolate

100 KJT00654 1-1-13T8 Challi leal curl betasatellite isolate

100

MT385300.1:1-1380 Chali leaf curl betasatellite isolate

Fig. 13. Phylogenetic tree of beta satellite virus associated with ChiLCV of BV-Kl isolate

Conclusion

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. ldentification of the type of begomovirus
species causing ChiLCD will pave the way for developing a
management strategy for this disease.

Acknowledgements

All the authors acknowledge the Department of Plant
Pathology, VOC AC&RI, TNAU and Killikulam for the
financial support needed to execute the work.

Authors’ contributions

Author NR carried out the molecular work and designed
the study, JM carried out sequence alignment and part of
the molecular work, KE drafted the manuscript, ES carried
out the survey, and MT, MIM and JS assisted in the
molecular work. All authors read and approved the final
manuscript.

Compliance with ethical standards

Conflict of interest: Authors do not have any conflict of
interests to declare.

Ethical issues: None.

References

1. Subbiah A, Jeyakumar S. Production and marketing of chillies.
Facts You. 2009; 29 (6):1-19.

2. Spice Board India. Ministry of Commerce and Industry 2022-
2023, First Advance Estimate of spices, Government of India. 2023.

3. Varma A, Malathi V. Emerging geminivirus problems: a serious
threat to crop production. Annals of Applied Biology. 2003; 142
(2):145-64. https://doi.org/10.1111/j.1744-7348.2003.tb00240.x

4.  Kheyr-Pour A, Bendahmane M, Matzeit V, Accotto GP, Crespi S,
Gronenborn B. Tomato yellow leaf curl virus from sardinia is a
whitefly-transmitted monoparatite geminivirus. Nucleic acids
research.1991;19(24): 6763-769. https://doi.org/10.1093/
nar/19.24.6763

5. Chakraborty S, Pandey P, Banerjee M, Kalloo G, Fauquet C. Tomato
leaf curl Gujarat virus, a new begomovirus species causing a
severe leaf curl disease of tomato in Varanasi, India.
Phytopathology. 2003; 93(12): 1485-495. https://doi.org/10.1094/
PHYT0.2003.93.12.1485

6. Briddon R, Stanley J. Subviral agents associated with plant single-
stranded DNA viruses. Virology. 2006; 344(1):198-10. https://
doi.org/10.1016/j.virol.2005.09.042

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1111/j.1744-7348.2003.tb00240.x
https://doi.org/10.1093/nar/19.24.6763
https://doi.org/10.1093/nar/19.24.6763
https://doi.org/10.1094/PHYTO.2003.93.12.1485
https://doi.org/10.1094/PHYTO.2003.93.12.1485
https://doi.org/10.1016/j.virol.2005.09.042
https://doi.org/10.1016/j.virol.2005.09.042

RAJINIMALA ET AL

10.

11.

Fondong VN. Gemini virus protein structure and function.
Molecular plant pathology. 2013; 14(6): 635-49. https://
doi.org/10.1111/mpp.12032

Venkataravanappa V, Swarnalatha P, Reddy CL, Chauhan N, Reddy
MK. Association of recombinant Chilli leaf curl virus with enation
leaf curl disease of tomato: a new host for chilli begomovirus in
India. Phytoparasitica. 2016; 44: 213-23. https://doi.org/10.1007/
$12600-016-0510-9

Senanayake D, Mandal B, Lodha S, Varma A. First report of Chilli
leaf curl virus affecting Chilli in India. Plant pathology.2007;56(2).
https://doi.org/10.1111/j.1365-3059.2007.01513.x

Senanayake D, Varma A, Mandal B. Virus-vector relationships,
host range, detection and sequence comparison of Chilli leaf curl
virus associated with an epidemic of leaf curl disease of Chilli in
Jodhpur, India. Journal of Phytopathology. 2012;160(3):146-55.
https://doi.org/10.1111/j.1439-0434.2011.01876.x

Malathi V, Renukadevi P, Chakraborty S, Biswas K, et al. Begomo
viruses and their satellites occurring in India: distribution,
diversity and pathogenesis. A century of plant virology in India.
2017; 75-177. https://doi.org/10.1007/978-981-10-5672-7_5

12.

13.

14.

15.

16.

12

Shingote PR, Wasule DL, Parma VS, Holkar SK, et al. An overview
of chili leaf curl disease: Molecular mechanisms, impact,
challenges, and disease management strategies in Indian
subcontinent. Frontiers in Microbiology. 2022;13. https://
doi.org/10.3389/fmicb.2022.899512

Wahyono A, Murti R.H, Hartono S, Nuringtyas T.R, etal. Current
status and complexity of three Begomovirus species in pepper
plants in lowlands and highlands in Java Island, Indonesia.
Viruses. 2023; 15 (6). https://doi.org/10.3390/v15061278

Lavanya R, Arun V. Standardization of DNA extraction protocol
and screening of begomovirus in chilli and tomato plants. Journal
of Plant Diseases and Protection. 2019; 126 (4):343-49. https://
doi.org/10.1007/s41348-019-00228-6

Rojas MR. Use of degenerate primers in the polymerase chain
reaction to detect whitefly-transmitted geminiviruses. Plant
disease.1993;77(4): 340. https://doi.org/10.1094/PD-77-0340

Kumar, R\V., A. Singh, and S. Chakraborty. A new monopartite
begomovirus species, Chilli leaf curl Vellanad virus and associated
betasatellites infecting Chilli in the Vellanad region of Kerala,
India. New Dis Rep. 2012; 25 (20):2044-0588. https://
doi.org/10.5197/j.2044-0588.2012.025.020

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.1111/mpp.12032
https://doi.org/10.1111/mpp.12032
https://doi.org/10.1007/s12600-016-0510-9
https://doi.org/10.1007/s12600-016-0510-9
https://doi.org/10.1111/j.1365-3059.2007.01513.x
https://doi.org/10.1111/j.1439-0434.2011.01876.x
https://doi.org/10.1007/978-981-10-5672-7_5
https://doi.org/10.3389/fmicb.2022.899512
https://doi.org/10.3389/fmicb.2022.899512
https://doi.org/10.3390/v15061278
https://doi.org/10.1007/s41348-019-00228-6
https://doi.org/10.1007/s41348-019-00228-6
https://doi.org/10.1094/PD-77-0340
https://doi.org/10.5197/j.2044-0588.2012.025.020
https://doi.org/10.5197/j.2044-0588.2012.025.020

