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Abstract

Cucurbits are an essential summer-season vegetable crops, but they are highly vulnerable from a range of abiotic and biotic
factors. One of the significant biotic factors posing a growing menace to the production of major cucurbits in India is the
emergence of tomato-infecting begomoviruses. In this study, we utilized PCR-based species-specific primers, developed
earlier in our laboratory for the detection of begomoviruses infecting tomato and chilli plants, to identify begomoviruses in
cucurbits across various regions of India. Leaf samples from major cucurbits were collected from different regions of Hary-
ana, Delhi, Uttar Pradesh, Chhattisgarh, Maharashtra, Telangana and Karnataka, during the year 2020-2021. Total nucleic
acid (TNA) was extracted from the samples and subjected to PCR using a generic primer specific to begomoviruses. The
samples that exhibited positive amplification were further tested using six different species-specific primers targeting specific
begomovirus species, namely Tomato leaf curl New Delhi virus (TOLCNDV), Tomato leaf curl Palampur virus (ToLCPalV),
Tomato leaf curl Bangalore virus (TOLCBV), Tomato leaf curl Joydebpur virus (ToOLCJoV), Tomato leaf curl Gujarat virus
(ToLCGuV), and Chilli leaf curl virus (ChiLCV). The PCR analysis revealed that among the 551 plant samples tested, a
total of 124 samples exhibited positive amplification using the universal begomovirus PCR. Specifically, 47 samples tested
positive for TOLCNDYV, 73 samples were positive for ToOLCPalV and only one sample showed positive amplification for
ChiLCV. However, none of the samples tested positive for TOLCJoV, ToLCGuV and ToLCBV. These findings from our study
indicate the prevalence of TOLCNDYV and ToLCPalV in major cucurbits across India. Furthermore, the study highlights the
varied distribution of begomoviruses in major cucurbits between northern and southern regions of India.
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Introduction

Cucurbits, a significant group of vegetable crops belong-
ing to the Cucurbitaceae family, consist of 118 genera and
1000 species [10]. They contribute to approximately 50%
of global vegetable production, including India, and are
extensively cultivated throughout the country. Cucurbits are
well known for being rich sources of vitamins, minerals,
and medicinal properties. They form the largest category
of summer-season vegetables grown in India. Important
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cucurbits cultivated in India include cucumber (Cucumis
sativus), bottle gourd (Lagenaria siceraria), muskmelon
(Cucumis melo), watermelon (Citrullus lanatus), bitter
gourd (Momordica charantia), ridge gourd (Luffa acutan-
gula), sponge gourd (Luffa cylindrica), pumpkin (Cucur-
bita moschata), Chayote (Sechium edule), ivy gourd (Coc-
cinia cordifolia), pointed gourd (Trichosanthes dioica), ash
gourd (Benincasa hispida), round melon (Praecitrullus
fistulosuos), long melon (Cucumis melo var. utilissimus),
snapmelon (Cucumis melo var. momordica), summer squash
(Cucurbita pepo), sweet gourd (Momordica cochinchinen-
sis), and winter squash (Cucurbita maxima). Among these
cultivated cucurbits, cucumber, bottle gourd, sponge gourd,
ridge gourd, bitter gourd, pumpkin, chayote, muskmelon,
and watermelon are the most economically important in
terms of production [3].
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India documented virus diseases in cucurbits in the late
1930s. The first cucurbit-infecting virus to be reported in
India was Cucumber green mottle mosaic virus, which
belongs to the genus, Tobamovirus. This virus caused
a mild green mottle disease in bottle gourd and was first
reported in India by Capoor and Varma [8]. In the 1950s, a
disease called yellow vein mosaic was noticed in pumpkins
in Pune, Maharashtra. The transmission of this disease was
attributed to the whitefly species Bemisia tabaci, and it was
named pumpkin yellow vein mosaic virus (PYVMV) [55].
It is important to note that during this time, the existence of
geminiviruses or begomoviruses was unknown. However,
subsequent research led to the identification of PYVMYV as
the first confirmed begomovirus to infect cucurbits in India
[29]. Between 1960 and 1977, three additional RNA viruses,
Cucumber mosaic virus (CMV), Papaya ring spot virus
(PRSV), and Watermelon mosaic virus (WMV), causing
mosaic diseases in various cucurbits including ash gourd,
bottle gourd, chayote, cucumber, long melon, muskmelon,
pointed gourd, pumpkin, snake gourd, sponge gourd, sum-
mer squash, and watermelon were identified [1, 4, 5, 12, 27,
28, 38—40, 43]. In the 1990s, a new and highly destructive
viral disease called bud necrosis emerged in watermelon.
This disease was identified as Watermelon bud necrosis
virus (WBNV) and was determined to be a Tosspovirus [15].
Additionally, in 2004, a potyvirus known as Zucchini yel-
low mosaic virus (ZYMV) was identified in bottle gourds
[56]. Numerous viruses from 14 genera are known to affect
cucurbit production worldwide. The members of the viruses
belonging to Begomovirus, Crinivirus, Cucumovirus, Pot-
yvirus, and Tospovirus genera have a significant negative
impact on cucurbits production in different regions globally.
However, in India, begomoviruses pose a major threat to a
wide range of cucurbit crops [51].

Begomoviruses, which belong to the family Gemini-
viridae, are characterized by their twin-quasiisometric viri-
ons measuring approximately 20X 30 nm. These viruses
are specifically spread by the whitefly species Bemisia
tabaci through a persistent mode of transmission. From
1980 onwards, diseases caused by begomoviruses gained
notable prominence across diverse cucurbit crops. Particu-
larly within the Indian context, begomovirus species have
exerted a considerable influence on cucurbit cultivation. In
India, so far, a total of eight species of begomovirus have
been recognized to affect cucurbits namely, Mesta yellow
vein mosaic virus MeYVMYV) [16], Pumpkin yellow vein
mosaic virus (PYVMYV) [29], Tomato leaf curl New Delhi
virus (TOLCNDV) [25, 26, 471, Indian cassava mosaic virus
(ICMV) [37], Squash leaf curl China virus (SLCCNV) [25,
26, 45], Pepper leaf curl Bangladesh virus (PepLCBV) [35],
Ageratum enation virus (AEV) [36] and Tomato leaf curl
Palampur virus (ToLCPaV) [31]. In recent times, begomo-
virus infection has emerged as a significant challenge for the
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commercial production of cucurbits in India. Although there
are reports that suggested the occurrence of begomoviruses
in cucurbits in India, a comprehensive study examining the
diversity and distribution of begomoviruses, infecting cucur-
bits in India is lacking. Therefore, conducting a thorough
investigation into the diversity of begomovirus occurrence
in cucurbits across various regions of India is crucial for the
effective management of the virus and to prevent it from
negatively impacting production. Our laboratory had pre-
viously developed half a dozen of species-specific primers
for the detection of begomoviruses infecting tomato. In this
study, we conducted a comprehensive PCR-based detection
using these specific primers on diverse samples of cucurbits
collected from various regions across India. Subsequently,
the distribution of begomoviruses in cucurbits across differ-
ent parts of the country was mapped.

Materials and methods
Survey and sample collection

In order to obtain a representative cucurbit samples across
different regions of India, a total of 551 leaf samples were
collected from both symptomatic and asymptomatic plants
belonging to eight different cucurbit species, namely cucum-
ber, muskmelon, bottle gourd, bitter gourd, sponge gourd,
ridge gourd, pumpkin and chayote. To avoid biases, these
samples were randomly collected from farmers’ fields across
12 locations in seven states of India, during 2020-2021
(Table 1). Specifically, 255 leaf samples were collected from
five cucurbit species in three locations in northern India.
In central India, 121 leaf samples were collected from five
cucurbit species at two different locations. Additionally, in
southern India, 175 leaf samples were collected from six
cucurbit species across seven locations. The disease inci-
dence in the fields was determined by examining the plants
visually, and based on the presence of symptoms, the percent
disease incidence was calculated.

Isolation of total nucleic acid from the cucurbit leaf
samples

The DNA extraction was carried out using the cetyltrimeth-
ylammonium bromide (CTAB) method, following the pro-
tocol described by Doyle and Doyle [11]. From each of the
collected plant samples, approximately 100 mg of leaf tissue
was homogenized and incubated in a CTAB-based extrac-
tion buffer to release the DNA. Subsequently, phenol—chlo-
roform-isoamyl alcohol extraction and ethanol precipitation
steps were performed to purify the DNA. The concentra-
tion and quality of the purified DNAs were assessed using a
NanoDrop spectrophotometer (Nabi-Microdigital, Genetix
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Table 1 List of states and

; . SI/No State Location Crop No. of samples PDI (%)* Date of collection
locations from where cucurbits
samples were collected 1 Haryana Karnal Cucumber 15 30-60  24/04/2021
Bottle gourd 15 35-70
Bitter gourd 15 20-50
2 Delhi TARI, Pusa Cucumber 45 40-80 15/10/2020
Bottle gourd 30 35-80 18/11/2020
Sponge gourd 20 40-70 26/10/2020
Bitter gourd 15 30-70 06/03/2021
Muskmelon 65 30-80 08/09/2020
3 Uttar Pradesh  Varanasi Bitter gourd 20 20-60 12/05/2021
Cucumber 15 30-60
4 Chhattisgarh ~ Raipur Cucumber 25 30-70 17/11/2020
Bottle gourd 20 40-80
Ridge gourd 25 30-60
Pumpkin 21 20-50
5 Maharashtra ~ Pune Bitter gourd 15 30-50 12/06/2021
Bottle gourd 15 2040
6 Telangana Hyderabad Sponge gourd 15 40-60
Bottle gourd 30 30-50 07/02/2021
Dindigoul Bitter gourd 15 20-40
7 Karnataka Arasikere Cucumber 20 30-60 20/05/2020
Bengaluru Ridge gourd 10 30-60 08/10/2022
Channarayapatna Bitter gourd 15 30-70 11/05/2020
Chayote 15 30-80
Kolar Bitter gourd 10 30-60 15/06/2021
Mandya Cucumber 15 30-50 5/07/2020
Bitter gourd 15 20-60
Chayote 15 30-70
Total 551

“PDI: percent disease incidence

Biotech, India). These ensured the availability of sufficient
and quality DNA for further PCR analyses.

Detection of begomovirus through PCR

The isolated DNA obtained from the cucurbit leaf samples
was used as templates for the detection of begomovirus
infection through PCR amplification using a generic bego-
movirus primer pair, BM783F/BM784R [21]. The PCR was
carried in a 25 pl reaction volume containing 2.5 ul of 10X
buffer, 1 ul of template DNA, 0.5 pl each of forward and
reverse primer, 0.5 pl of dNTPs, 0.125 pl of Taq polymerase,
and 19.875 pl of nuclease-free water. After mixing, the reac-
tion was performed using a thermal cycler (Applied Biosys-
tems, Singapore). The amplification process involved a hot
start step, where the reaction mixture was initially subjected
to a temperature of 95 °C for 3 min to activate the DNA pol-
ymerase enzyme. Subsequently, 35 cycles were performed,
each consisting of denaturation at 95 °C for 30 s to separate
the DNA strands, followed by annealing at 58 °C for 45 s

to allow the primers to bind to their complementary target
sequences. The extension step was carried out at 72 °C for
45 s, during which the DNA polymerase enzyme synthesized
new DNA strands. Finally, a final extension step at 72 °C for
10 min was performed to ensure the complete extension of
any remaining partial DNA strands.

Species-specific PCR for specific detection
of begomovirus species

The cucurbit samples that exhibited positive amplification
in the generic PCR were subjected to further analysis for
the specific detection of begomovirus species. This specific
detection was accomplished using species-specific PCR,
employing six different tomato-infecting begomoviruses
specific primers. Details of the primers used in the study
were given in Table 2 [20]. The PCR reactions for the spe-
cific detection of begomovirus species were performed using
a thermocycler (Applied Biosystems, Singapore). The PCR
amplification was carried out with the following program:
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Table 2 Detailed list of primers used in PCR detection of begomoviruses

SLNo  Primer specific for- Primer name  Primer sequence” (5’-3) Primer location ~ Annealing Ampli-
temperature con size
(T (bp)
1 Begomovirus BM783F CCCCTGTGCGTGAATCCGT AC1 58 538
BM784R SDVTBCMGCTGCGCGGCC
2 Tomato leaf curl New Delhi virus  BM794F CCTTGTAAGGTGCAGTCC AV1 56 702
(ToLCNDV) BM795R AACCCAGGTCCTTAAGTACC
3 Tomato leaf curl Banglore virus BM796F CACGGATTCAGGTGTATGCTT AV2 62 215
(ToLCBV) BM797R ACAGCAGCACGCTTGCTG
4 Tomato leaf curl Palampur virus ~ BM798F AGACTTGCTCACCAAGC AV2/AV1 56 647
(ToLCPalV) BM799R GAAATCTTGTGGCGCAC
5 Tomato leaf curl Gujrat virus BMSO0OF GAAGCGACCAGCAGATATGC  AV2/AV1 60 396
(ToLCGuV) BMB801R GTGTTGGTGTGGTTCTTCAC
6 Tomato leaf curl Joydebpur virus  BM802F AGAATGTGCATCGTGACAGG  AVI 62 732
(ToLCJoV) BMB803R TCGTCGCGTTGACCTGGAC
7 Chilli leaf curl virus (ChiLCV) BMB861F GAGTCTAGACACGATGTA AV1 56 500
BMS862R CATCAGAGCATTCTCACT

*S=G/C; D=A/T/G; V= A/C/G; B=C/G/T; M=A/C

hot start at 95 °C for 3 min, followed by subsequent 35
cycles of denaturation at 95 °C for 30 s, annealing at dif-
ferent temperatures for different primers as mentioned in
Table 2 for 45 s, extension at 72 °C for 45 s. The final exten-
sion at 72 °C was allowed for 10 min.

Results

Disease incidence in cucurbits and begomovirus
detection

In the survey and sample collection during the year
2020-2021, a range of begomovirus-like disease symp-
toms i.e., yellow mosaic, leaf curling, puckering, and
stunting were observed in eight different cucurbit spe-
cies (Fig. 1) and the disease incidence was estimated in
cucumber (30-80%), muskmelon (30-80%), bottle gourd
(20-80%), bitter gourd (20-70%), sponge gourd (40-70%),
ridge gourd (30-60%), pumpkin (20-50%) and chayote
(30-80%) (Table 1). Through PCR test using the generic
primer for begomovirus, it was observed that out of the
551 cucurbits samples collected, 124 (approximately 23%)
samples were confirmed to be associated with begomovi-
rus (presence of expected amplification at 538 bp), indicat-
ing valuable insights into the occurrence of the viral infec-
tion in the samples (Table 3). 32% of total, 255 cucurbit
samples from northern India, 17% of total, 121 cucurbit
samples from central India, and 5% of total, 175 cucurbit
samples from southern India were detected positive for
begomovirus. In seven out of 8 species of cucurbit the
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virus was detected and the total number of samples found
positive for begomovirus in each species includes cucum-
ber (42), bottle gourd (33), muskmelon (24), ridge gourd
(10), sponge gourd (9), chayote (5) and bitter gourd (1)
(Table 3). All the 21 pumpkin samples were found nega-
tive for the presence of begomovirus.

Species-specific PCR detection of begomoviruses

Through PCR analysis using species-specific primers, we
detected the presence of different begomoviruses in 124
positive cucurbit samples identified in the generic PCR.
Specifically, out of the seven cucurbit species tested (cucum-
ber, bottle gourd, ridge gourd, chayote, sponge gourd, musk-
melon, and bitter gourd), 38% of total, samples showed posi-
tive amplification for TOLCNDV (amplicon size 702 bp).
These positive samples included cucumber (19), bottle gourd
(9), ridge gourd (7), chayote (5), sponge gourd (4), musk-
melon (2), and bitter gourd (1) (Table 3). Additionally, 59%
of total, samples from cucumber (26), bottle gourd (22),
muskmelon (17), and sponge gourd (8) exhibited positive
amplification for ToLCPalV (amplicon size 647 bp). We
found a single cucumber sample that tested positive for
ChiLCV (amplicon size 500 bp). Moreover, 10 samples from
cucumber (5), sponge gourd (3), and muskmelon (2) showed
a mixed infection of TOLCNDV and ToLCPalV. However,
none of the samples exhibited positive reactions for ToLC-
JoV, ToLCGuV, and ToLCBYV. Furthermore, the association
of f satellite could not be found in any of the begomovirus-
positive samples (Table 3).
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Fig.1 Begomovirus disease symptoms observed in eight differ-
ent cucurbits species across 12 locations from Haryana, Delhi, Uttar
Pradesh, Chhattisgarh, Maharashtra, Telangana and Karnataka during
sample collection; a: mosaic, leaf surl and stunting in cucumber; b:
crinkle leaves, leaf curl and stunting in bottle gourd; c: yellow mosaic

Diversity and distribution of cucurbit-infecting
begomoviruses

Through specific detection using begomovirus species-
specific primers, we identified the presence of TOLCNDV
in 38% cucurbit samples and ToLCPalV in 59% cucur-
bit samples. Among the six tomato-infecting begomovi-
ruses, ToLCPalV and ToLCNDV were found to be the
predominant species infecting major cucurbits in India.
The diversified PCR detection of begomoviruses in eight
major cucurbits revealed that TOLCNDV is present in
northern, central and southern India, while ToLCPalV is
predominantly limited to northern India (Fig. 2). In north-
ern India, out of the 47 cucurbit samples that tested posi-
tive for TOLCNDV, 12% were cucumber, 8% were sponge
gourd, and 4% were muskmelon. Central India exhibited
19% positive cases in cucumbers, 19% in bottle gourds,
and 15% in ridge gourds out of the 47 samples tested. In
southern India, TOLCNDYV was detected in 10% of chayote
samples, 8% of cucumber samples, and 2% of bitter gourd
samples among the 47 tested cucurbits. From northern
India, total of the 73 cucurbit samples tested positive for
ToLCPalV, 36% were cucumbers, 30% were bottle gourds,
23% were muskmelon and 11% were sponge gourd sam-
ples (Table 3).

and leaf puckering in muskmelon; d: mosaic, leaf puckering and leaf
curl in sponge gourd; e: leaf curl, puckering and fruit deformation in
ridge gourd; f: leaf curl, mosaic and deformed fruit in bitter gourd;
g: mosaic and fruit deformation in chayote and h: leaf puckering and
yellow mosaic in pumpkin

Discussion

Cucurbits, comprising a diverse group of vegetable crops,
hold substantial economic importance due to their exten-
sive cultivation throughout India. However, the increas-
ing incidence of begomovirus-related diseases in cucurbit
crops presents a growing concern, as highlighted in the
previous studies [46, 51]. Begomoviruses have turned into
a major obstacle to cucurbit production in India since the
beginning of the 1980s [51]. Since that time, researchers
have identified begomovirus-related diseases in a diverse
range of cucurbit crops, including cucumber, muskmelon,
bitter gourd, sponge gourd, ridge gourd, ivy gourd, chay-
ote, pumpkin and bottle gourd. The detection of begomovi-
ruses has been accomplished through nucleic acid hybrid-
ization tests or by PCR amplifications utilizing primers
specific to the putative coat protein (CP) gene [16, 19, 24,
29-36, 37, 45-47, 49, 50, 53, 54]. This expanded under-
standing of begomovirus infections underscores their pres-
ence in various cucurbit species, highlighting the need for
continued vigilance in disease management and preven-
tion. Many begomoviruses infecting cucurbitaceous crops
have been documented in various countries as well. For
instance, Melon chlorotic leaf curl virus has been reported
in Guatemala [6], while Squash leaf curl Yunnan virus
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Fig.2 Outline map of India showing cucurbits-infecting begomo-
viruses distribution in various parts of India and the respective num-
ber of PCR positive cucurbit samples for particular species of bego-
movirus in the represented state; tomato leaf curl New Delhi virus

was identified in China [57]. Watermelon chlorotic stunt
virus was found in Sudan and Iran [17], while Tomato
leaf curl New Delhi virus-[Luf] reported in Thailand [42].

<
.
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(ToLCNDV) is distributed in northern, central and southern India and
tomato leaf curl Palampur virus & chilli leaf curl virus are distributed
and restricted only in northern India

Squash leaf curl Philippines virus has been documented
in the Philippines [18], while the USA has reported sev-
eral begomoviruses, including Cucurbit leaf curl virus,
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Cucurbit leaf crumple virus, Squash leaf curl virus [14,
22], and Squash mild leaf curl virus [7]. In Vietnam, Luffa
yellow mosaic virus was identified [41] and Squash yel-
low mottle virus and Pepper golden mosaic virus were
reported in Nicaragua [2]. These reports emphasize the
global distribution and diversity of begomoviruses affect-
ing cucurbit crops.

For the detection of begomoviruses, PCR has been
regarded as the quickest and most precise technique [25,
26, 51]. PCR-based diagnosis using generic primers has
been successfully utilized for determining the occurrence
and distribution of begomoviruses in tomato, pepper, and
cucurbits [9, 21] and by employing CP gene-based prim-
ers, begomoviruses were successfully detected by PCR
in various cucurbits [23, 45, 46, 48, 49]. In the present
study, we vastly demonstrated PCR-based diagnostics
in the detection of begomoviruses in the field-collected
cucurbit samples from various locations from 7 different
states covering northern, central, and southern India using
both generic and species-specific primers that were previ-
ously developed in our laboratory. Through PCR assay
using the generic primer for begomovirus, we were able
to observe that out of 551 cucurbit samples tested, 124
samples (approximately 23%) were found to be infected
with the virus. This initial screening played a crucial role
in narrowing down the number of samples to be further
tested with species-specific PCR. Our PCR diagnostic
systems successfully detected the presence of TOLCNDV
(38%) and ToLCPalV (59%) in major cucurbit crops in
India, while ToLCJoV, ToLCGuV, ToLCBYV and beta sat-
ellite were not detected in any of the samples. The spe-
cies-specific PCR approach allowed for the identification
and differentiation of begomovirus species in the cucurbit
samples, providing valuable insights into their diversity
and prevalence. TOLCNDV and ToLCPalV were identi-
fied as the dominant begomovirus species affecting various
cucurbit crops in India and negatively impacting produc-
tion. The primary rationale behind focusing only on these
six tomato-infecting begomoviruses from their prevalence
and distribution across major cucurbit crops in India. This
emphasis is driven by the recurrent presence and docu-
mented instances of these begomovirus species infecting
both solanaceous and cucurbitaceous hosts within the
Indian subcontinent. The continuous presence of suscep-
tible host plants in vegetable fields across different regions
of India likely contributes to the spread and prevalence of
ToLCNDV and ToLCPalV. The restricted distribution of
ToLCPalV to northern India can be attributed to a combi-
nation of factors, including climate suitability, host range,
vector dynamics, human activity, natural barriers, research
focus, and evolutionary processes. Additionally, the over-
lapping growing seasons of cucurbits and other vegeta-
bles may lead to cross-infections of different begomovirus
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species due to the migration of viruliferous whiteflies from
the old to new crop fields in the adjoining areas [13, 52].

Our study unveiled a distinct distribution pattern of pre-
dominant begomoviruses affecting cucurbit crops in India.
ToLCNDV was found to be prevalent in northern, central,
and southern regions of the country, while ToLCPalV was
restricted to northern India. These findings provide valu-
able insights into the diversity and prevalence of bego-
moviruses that infect major cucurbit crops in India. This
information serves as a crucial resource for breeders, as it
allows them to develop and deploy region-specific resist-
ant varieties, leading to an effective management strategies
and overcoming the limitations posed by begomoviruses
in cucurbit production.
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