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Abstract: Sixteen ivy gourd (Coccinia grandis (L.) Voigt) plant samples showing severe mosaic symptoms were collected 
from New Delhi and Varanasi (Uttar Pradesh) in India. Begomovirus infection was confirmed by PCR using begomovirus-
specific primers. Amplified PCR products (1.2 kb fragments) were cloned and the sequence was characterized. Based on 
sequence analysis, begomovirus associated with the majority of ivy gourd samples (16) was found to be a member of a 
bipartite begomovirus species, which is closely related to tomato leaf curl New Delhi virus (ToLCNDV). Therefore, two 
samples of ivy gourd, IVG1-ND and IVG2-Var, were selected for full-length genome (DNA-A and DNA-B-like sequence) 
amplification by the rolling circle DNA amplification (RCA) method. Sequence analysis performed using the Species 
Demarcation Tool (SDT) program revealed that they share 89.5-91.3% (IVG1-ND) and 93.4-96.8% (IVG2-Var) nucleotide 
(nt) identity with the DNA-A-like sequence of ToLCNDV isolated from cucurbits and chilli, respectively. The IVG1-ND 
and IVG2-Var isolates shared 90% nt identity among themselves, indicating that they are two different strains of ToLCNDV. 
Similarly, SDT analysis of the DNA-B-like sequence of IVG1-ND and IVG2-Var exhibited showed 82.7-93.3% nt identity 
with the DNA-B-like sequences of ToLCNDV infecting cucurbits. The recombination analysis of DNA-A and DNB-B-like 
sequences showed that the greater part of their genome most likely originated from previously reported begomoviruses 
that are known to infect chilli and cucurbits through recombination.
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INTRODUCTION

Ivy gourd (Coccinia grandis (L.) Voigt) is an important 
vegetable and medicinal plant from the Cucurbitaceae 
family. It is distributed in tropical Asia, Africa, Paki-
stan, India and Sri Lanka [1,2]. The fruits are used 
as a green vegetable [2], while different parts of the 
plants are utilized in traditional medicine for treating 
jaundice, diabetes, wound healing, ulcers, stomach 
ache, skin disease, fever, asthma and cough. The leaf 
constituents possess hypoglycemic, hypolipidemic 

and antioxidant properties [3]. Ivy gourd is a good 
source of vitamin A, β-carotene and proteins. How-
ever, its production is hampered by many fungal and 
viral diseases. Among the viral pathogens, begomo-
viruses play a major role in reducing fruit yield of 
ivy gourd. There are several begomoviruses reported 
in cucurbitaceous crops in India, including tomato 
leaf curl New Delhi virus (ToLCNDV) [4,5], squash 
leaf curl China virus [6], pepper leaf curl Bangladesh 
virus [7], Mesta yellow vein mosaic virus [8], Indian 
cassava mosaic virus [9], tomato leaf curl Palampur 
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virus [10], ageratum enation virus [11] and Coccinia 
mosaic virus [12]. Among these viruses, ToLCNDV 
has become a major limiting factor for the produc-
tion of many crop plants [13]. The emergence of new 
strains of ToLCNDV resulting from recombination 
enables this virus to infect new hosts, resulting in huge 
economic losses. ToLCNDV was first reported from 
India on solanaceous crops [14], but it was found to 
be infecting more than forty diverse plant species in 
Pakistan, India, Bangladesh, Iran, Sri Lanka, Malay-
sia, Taiwan, Thailand, Indonesia, Tunisia, Spain and 
Italy [13]. ToLCNDV is a bipartite begomovirus and 
it consists of two genome components, DNA-A and 
DNA-B. DNA-A contains the AV1 and AV2 genes in 
the virion sense strand and AC1, AC2, AC3 and AC4 
in the complementary strand. DNA-B contains the 
BV1 gene in the sense strand, and the BC1 gene in 
the complementary strand [14].

Being a perennial crop, ivy gourd can serve as a 
potential inoculum reservoir for viruses, as well as 
being affected itself by the viruses. With this back-
drop, the current study aimed to characterize the be-
gomovirus infecting ivy gourd from Uttar Pradesh 
and New Delhi, India. The presented results should 
be helpful in improving our understanding of the ex-
panding host range of ToLCNDV and its inoculum 
reservoirs in terms of its management. In the current 
study, the incidence, symptomatology, detection and 
characterization of begomovirus infecting ivy gourd 
are presented and discussed.

MATERIALS AND METHODS

Virus isolates

Symptomatic ivy gourd plant samples exhibiting se-
vere mosaic in leaves, vines, roots and fruits were col-
lected during 2013-2014 from the fields of Varanasi 
and Mirzapur, Uttar Pradesh (six ivy gourd symp-
tomatic samples from each location); four samples of 
virus-infected ivy gourd leaves, roots and vines were 
also collected from Pusa campus, IARI, New Delhi, 
India. One asymptomatic ivy gourd sample from each 
field was also collected. Parts of the collected roots 
and vines were used for molecular characterization, 
while the remaining roots and vines were planted un-
der controlled conditions to maintain the virus.

DNA isolation, PCR-mediated amplification and 
sequencing

Total DNAs were extracted from 100 mg of leaves 
tissue, roots, stem (vine) and fruits of infected and 
healthy plants using the cetyl trimethylammonium 
bromide (CTAB) method described by Doyle and 
Doyle [15]. DNA extracted from asymptomatic ivy 
gourd plant samples served as negative controls in 
PCR amplification. DNA extracted from Bhendi yel-
low vein mosaic disease affected bhendi leaf sample 
served as a positive control in PCR amplification [16]. 
The presence of a begomovirus infection in ivy gourd 
was confirmed by PCR using begomovirus group-spe-
cific primer pair 2395F/680R [16]. Two representa-
tive samples (IVG1-ND and IVG2-Var) were selected 
from each location for full-length genome amplifi-
cation (DNA-A- and DNA-B-like sequences) by the 
rolling circle amplification (RCA) method using an 
Illustra TempliPhi amplification kit (GE Healthcare, 
Piscataway, NJ) according to the manufacturer’s rec-
ommendations. The resulting products were digested 
with different restriction endonucleases (BamHI, 
EcoRI and HindIII) to provide a 2.8-kb linear DNA 
fragment. Among the different enzymes, BamHI gave 
the maximum length of 2.8-kb linear DNA fragments, 
which were cloned into BamHI-linearized pUC19 plas-
mid [17]. The ligated products were transformed into 
a competent DH5α strain of Escherichia coli. Colony 
PCR followed by restriction digestion with BamHI and 
ScaI was performed to confirm recombinant clones. 
The confirmed clones were sequenced in both orien-
tations in the Eurofin Genomic India Pvt. Ltd DNA 
Sequencing facility, Bengaluru, Karnataka, India.

Sequence analysis and detection of recombination 
events

Sequences were assembled and verified for the pres-
ence of begomovirus specific open reading frames 
(ORFs), using the NCBI ORF finder. Sequence similar-
ity searches were performed by comparing a sequence 
to all sequences available in the GenBank database 
using BLASTn [18]. Sequences showing the highest 
identity scores (Supplementary Table S1) with the pres-
ent isolates were aligned using the Muscle method in 
Species Demarcation Tool Version 1.2 (SDT) [19], 
and the percent pairwise identity of the identified se-
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quences and representative sequences from the data-
base were generated. Phylogenetic trees were generated 
by MEGA 7 software [20] using the maximum likeli-
hood method with 1000 bootstrapped replications to 
estimate evolutionary distances between all pairs of 
sequences simultaneously. Recombination analysis was 
carried out using the recombination detection pro-
gram (RDP), GENECOV, Max Chi, Chimera, Si Scan 
and 3Seq, integrated in the Recombination Detection 
Program 4 (RDP4) [21], with closely related isolates 
of ToLCNDV infecting different cucurbits and solana-
ceous crops and other representative viruses present in 
the GenBank database (NCBI). Default RDP settings 
with 0.05 P-value cut-off throughout and standard 
Bonferroni correction were used.

RESULTS

Detection of begomovirus in ivy gourd 

By visual inspection, the most commonly observed 
symptoms were mosaics, blistering, reduction in leaf 
size and stunted growth of plants (Fig. 1), with the 
incidence of disease up to 60 and 70% in New Delhi 
and Uttar Pradesh, respectively. Total DNA isolated 
from 16 ivy gourd samples (12 from Uttar Pradesh and 
4 from New Delhi) were amplified by PCR using bego-
movirus-specific primers. A PCR amplicon of a 1.2-kb 
fragment was cloned and sequenced and showed more 
than 95% nt identity with ToLCNDV. Therefore, only 
two samples (IVG1-ND and IVG2-Var) were selected 
for complete characterization by the RCA method. Se-
quence alignments using the Muscle method in SDT 
Version 1.2 showed that the begomovirus clones from 
India share only 90% nt identity among themselves, 
indicating that these two ivy gourd isolates (IVG1-ND 
and IVG2-Var) are two different strains of ToLCNDV 

infecting cucurbits and chilli in the Indian subcon-
tinent according to the presently applicable species 
demarcation criteria for begomoviruses [22].

Genome organization of DNA-A-like sequence of 
begomovirus

The DNA-A-like sequences of ivy gourd clones IVG1-
ND (KY780201) and IVG2-Var (KY780202) were de-
termined to be 2739 nt in length and resembled the 
typical genome organization of Old World bipartite 
begomoviruses with potentially encoded six conserved 
ORFs:AV2 (precoat protein), AV1 (coat protein) in 
sense orientation, and AC3 (replicase enhancer pro-
tein), AC2 (transcriptional activator protein), AC1 
(replication associated protein), AC4 (C4 protein) and 
AC5 (C5 protein) in antisense orientation, with the 
capacity to encode proteins of predicted molecular 
mass of 11.05 kDa or more.

SDT analysis of the DNA-A-like sequence of ivy 
gourd clone IVG1-ND (2739 nt, GenBank accession 
number KY780201) showed the highest nt identity 
of 89.5-91.3% with ToLCNDV infecting different cu-
curbits in the Indian subcontinent. The DNA-A-like 
sequence of the ivy gourd clone IVG2-Var (2739 nt, 
GenBank accession number KY780202) showed a 
maximum nt identity of 93.4-96.8% with an isolate of 
ToLCNDV infecting chilli in India (Table 1a). Compar-
ison of the DNA-A-like sequence of the ivy gourd clone 
IVG1-ND with other isolates of ToLCNDV that infect 
different crops revealed that the nt identity ranged 
from 88.8-90.4% with tomato, 89.4-90.5% with chilli 
and 89.4-89.9% with potato. Similarly, the ivy gourd 
clone IVG2-Var identity ranged from 93.1-94.4% with 
tomato, 88.5-93.5% with cucurbits and 93.8-94.0% with 
potato (Table 1a). Based on the current species demar-
cation criteria for begomoviruses (91% nucleotide se-
quence identity) [22], the begomovirus clone IVG1-ND 
isolated from ivy gourd is a new strain of ToLCNDV 
infecting cucurbits, whereas the clone IVG2-Var is an 
isolate of ToLCNDV infecting chilli in India.

The phylogenetic tree based on the comparison of 
the complete nucleotide sequences of the DNA-A-like 
sequence of ivy gourd clones (IVG1-ND and IVG2-
Var) was characterized in this study. All sequences of 
begomoviruses identified previously on cucurbits, sola-

Fig. 1. Ivy gourd plant showing severe mosaic (A) and mosaic and 
mottling symptoms under natural conditions (B).
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naceous crops in the Indian subcontinent and other se-
lected begomovirus sequences available in the database 
are shown in Fig. 2A. Characterized ivy gourd clones 
(IVG1-ND and IVG2-Var) were segregated with earlier 
characterized isolates of ToLCNDV infecting chilli and 
bitter gourd in the Indian subcontinent (Fig. 2A).

ORF-wise sequence identities of IVG1-ND and 
IVG2-Var at the protein level exhibited the highest 
identity with isolates of ToLCNDV infecting cucur-
bits in four regions: AV2, CP, C1 and C2. However, 
REn (C3) and the C5 region in IVG2-Var showed 
maximum amino acid identity with an isolate of ToL-
CNDV infecting chilli and cucurbits (Table 1b). The 
intergenic region (IR) of ivy gourd clones IVG1-ND 
(86.4-87.5%) and IVG2-Var (88.2-92.2%) had more 
homology with the IRs of ToLCNDV and ToLCPV 
(tomato leaf curl Palampur virus) infecting potato and 

tomato, respectively (Table 1a). The length of the IR 
is 272 nt and is similar to those of other bipartite be-
gomoviruses reported so far. The IR encompasses an 
absolutely conserved hairpin structure containing a 
nonanucleotide sequence (TAATATTAC) that marks 
the origin of virion-strand DNA replication. Two re-
peated sequences known as “iterons” (GGTGTC nt 
positions 2605-2610 and 2633-2638) were detected 
adjacent to the TATA box in both ivy gourd isolates 
(IVG1-ND and IVG2-Var).

Genomic organization and affinities of the DNA-
B-like sequence

The complete DNA-B-like sequence of IVG1-ND 
and IVG2-Var clones was determined in both orien-
tations and was found to be 2694-2695 nt in length. 

Table 1a. Percentage nucleotide sequence identities for pairwise comparisons between the complete sequences (DNA-A) and intergenic 
regions (IR) of the virus isolates from ivy gourd obtained in this study with selected begomoviruses available in the databases.

Begomovirus
species#

ToLCNDV
[IN:ND:IVG1:04]

ToLCNDV
[IN:Var:IVG2:05]

DNA-A IR DNA-A IR
ToLCNDV-Cucurbits (14*) 89.5-91.3 74.9-81.5 88.5- 93.5 81.2- 90.4
ToLCNDV-Potato (4*) 89.4-89.9 86.4-87.5 93.8 – 94.0 79.4-82.3
ToLCNDV-Tomato (11*) 88.8-90.4 70.9-83.4 93.1- 94.4 70.6-90.4
ToLCNDV-Chilli (4*) 89.4-90.5 79.0-82.7 93.4-96.8 85.4-90.1
ToLCNDV-Eggplant (1*) 89.1 80.5 92.9 87.2
ToLCPV-Tomato (2*) 75.1-81.8 72.7-75.3 86.4-86.9 88.2-92.2
ToLCPV-Cucurbits (24*) 81.1-82.3 72.5-74.6 85.7- 86.9 87.5-91.9
SLCCNV-Pumpkin (5*) 84.7-86.6 77.2-80.6 87.2-90.7 83.7-86.2
MYMIV (2*) 67.6-68.4 61.8-62.8 66.1-67.0 59.2-60.0

*Numbers of sequences from the databases used in the comparisons. IR – Intergenic region. #The species are indicated as tomato leaf curl New Delhi 
virus (ToLCNDV), tomato leaf curl Palampur virus (ToLCPV), squash leaf curl China virus (SLCCNV), tomato leaf curl Gujarat virus (ToLCGuV), 
mungbean yellow mosaic Indian virus (MYMIV). For each column the highest value is underlined.

Table 1b. Percentage of amino acid sequence identities of encoded genes of DNA-A from the ToLCNDV isolated from ivy gourd and 
genes of closely related begomoviruses selected in the databases.

Begomoviruses
CP (AV1) V2 Rep (AC1) TrAP (C2) REn (C3) C4 C5

IVG1 IVG2 IVG1 IVG2 IVG1 IVG2 IVG1 IVG2 IVG1 IVG2 IVG1 IVG2 IVG1 IVG2
ToLCNDV-Cucurbits (14*) 96.8-98.4 96.8-98.0 91.7-96.3 90.1-96.4 83.3-89.1 92.2-98.3 88.4-94.2 91.3-97.8 84.5-89.7 91.9-96.3 55.1-77.5 77.5-96.5 88.3-90.0 58.3-95.6
ToLCNDV-Potato (4*) 97.6-98.0 94.9-96.0 92.6-94.4 92.6-93.7 86.7-87.2 94.4-95.0 87.0-88.4 89.9-91.3 86.0-86.7 90.3-94.1 60.3-65.5 87.9-91.3 84.1-89.1 88.1-90.0
ToLCNDV-Tomato (11*) 77.7-98.2 77.3-97.6 70.6-95.5 72.3-95.5 80.8-87.2 79.2-96.1 54.4-92.8 57.4-94.2 63.4-89.7 61.9-95.5 60.3-63.7 84.4-91.3 80.8-92.3 55.9-90.6
ToLCNDV-Chilli (4*) 98.0- 98.2 97.6-98.0 94.4-95.4 93.7-96.3 86.9-88.0 95.0-97.5 90.6-92.8 92.0-97.6 86.7-90.4 91.9-98.5 60.3-68.9 86.2-96.4 83.3-92.5 87.5-89.4
ToLCNDV-Eggplant (1*) 98.0 97.6 93.5 95.5 86.7 95.2 92.8 92.0 86.7 92.6 62.0 84.4 - -
ToLCPaV-Tomato (2*) 91.0-91.2 90.0-90.6 74.3-76.1 77.0-77.6 81.1-81.4 90.5-90.8 79.0-79.1 78.0-78.4 77.9-78.6 78.6-79.4 62.0-63.7 91.3-93.1 57.0-57.5 55.0-55.9
ToLCPaV-Cucurbits (24* 90.2-91.7 85.5-91.4 73.3-76.1 76.7-79.4 80.6-81.1 88.9-90.3 77.6-79.8 76.9-79.1 77.2-79.4 77.9-80.1 62.0-65.1 86.2-93.1 57.0-57.3 55.0-55.4
SLCCNV-Pumpkin (5*) 95.3-98.1 94.5-98.0 91.7-94.4 93.7-95.5 80.0-82.8 88.9-92.2 70.1-73.1 71.6-73.8 75.7-77.9 78.6-83.0 53.4-55.1 72.4-74.1 86.6-91.6 83.2-88.1
MYMIV (2*) 72.2-74.2 71.8-73.0 42.0-42.2 42.8-44.6 69.0-70.2 70.0-70.3 44.4-45.9 45.1-45.9 39.0-39.5 38.0-39.5 54.6-55.6 50.0-51.7 23.0-23.7 24.0-24.1

*Numbers of sequences from the databases used in the comparisons. #The species are indicated as tomato leaf curl New Delhi virus (ToLCNDV), 
tomato leaf curl Palampur virus (ToLCPV), squash leaf curl China virus (SLCCNV), mungbean yellow mosaic Indian virus (MYMIV). For each col-
umn the highest value is underlined.
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The sequences are available in the database under the 
accession numbers of KY780203 and KY780204. In 
order to compare the cloned sequences of ivy gourd 
clones (IVG1-ND and IVG2-Var) with the published 
begomovirus sequences, sequence identity searches 
were performed using the BLAST algorithm. Exten-
sive comparison and SDT analysis showed that these 
clones shared the highest nt identity with ToLCNDV 
(82.7-93.3% nucleotide sequence identity), which 
infects cucurbits in the Indian subcontinent (Table 
2). Comparison of the DNA-B-like sequence of ivy 
gourd clone IVG1-ND with other isolates of ToL-
CNDV showed nt identity of 82.3-89.3% with tomato, 

85.3-89.3% with chilli and 86.8-87.5% with potato. 
Similarly, ivy gourd clone IVG1-Var had an nt iden-
tity of 83.6-90.2% with tomato, 86.2-89.6% with chilli 
and 87.6-88.1% with potato (Table 2). These results 
are well supported by phylogenetic analysis, which 
showed that the clones IVG1-ND and IVG2-Var are 
closely clustered with ToLCNDV infecting cucurbits 
in India and China (Fig 2b). The IR of the clones 
shared 74.4-96.9% nt identity with ToLCNDV iso-
lates infecting cucurbits. The length of the IR in both 
isolates is 310 nt and is similar to those of ToLCNDV 
isolates available in the database. Within the inter-
genic region, incomplete direct repeats of an iteron 

Fig. 2. Dendrograms were constructed using the maximum likelihood method. A – DNA-A sequence of begomoviruses (IVG1-ND& 
IVG2-Var). B – DNA-B sequence of begomoviruses (IVG1-ND& IVG2-Var) associated with severe mosaic disease of ivy gourd from 
two distinct geographical regions in India. Branches corresponding to partitions reproduced in less than 50% bootstrap replicates are 
collapsed. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) is shown 
below the branches. The begomoviruses acronyms given are: tomato leaf curl New Delhi virus (ToLCNDV), tomato leaf curl Palampur 
virus (ToLCPV), squash leaf curl China virus (SLCCNV) and mungbean yellow mosaic Indian virus (MYMIV). The database accession 
number in each case is given. Isolate and strain descriptors are as given in reference 22 in the text.
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(GGTGTC) were detected adjacent to the TATA box 
of the Rep promoter and probable Rep binding motifs, 
which bind in a sequence-specific fashion to iterated 
DNA motifs (iterons) functioning as essential ele-
ments for virus-specific replication. 

Analysis of the complete DNA-B-like sequence 
of IVG1-ND and IVG2-Var clones showed a typical 
genome organization similar to other bipartite bego-
moviruses with two ORFs. One is on the virion strand 
BV1 (movement protein), and the other is on the com-
plementary strand BC1 (nuclear shuttle protein), pos-
sessing the capacity to encode proteins of a predicted 
molecular mass of 30 kDa or more. When individually 
encoded proteins were compared, the highest amino 
acid sequence similarities (89.5-97.3%) of movement 
protein was with ToLCNDV infecting cucurbits and 
nuclear shuttle protein (96.7%), with BYVMV infect-
ing okra, respectively (Table 2).

Recombination detection analyses

Ivy gourd isolates (IVG1-ND and IVG2-Var) were 
subjected to recombination analysis using Recombi-
nation Detection Program 4 [21]. The obtained results 
indicate that the DNA-A-like sequence of IVG1-ND 
and IVG2-Var had a recombinant molecule arising 
from cucurbit- and chilli-infecting begomoviruses 
(ToLCNDV and ToLCPV) from India (Fig. 3). RDP 
classified ToLCNDV and ToLCPV as the major as well 
as minor parents that donate the initial fragment of 
IR, REP, AC4 and CP to the DNA-A-like sequence of 
IVG1-ND and IVG2-Var to infect ivy gourd. In IR, 

the iteron sequence of both isolates IVG1-ND and 
IVG2-Var remained the same as in the other strains of 
ToLCNDV infecting cucurbits. Similarly, in the case 
of the DNA-B-like sequence, the greatest part of BV1 
(movement protein) was derived from ToLCNDV 
infecting cucurbits and tomato (Fig. 3). Out of nine, 
six algorithms used by RDP4, RDP, GENECONV, 
MaxChi, Chimera, SiScan and 3Seq strongly support 
the recombinant origin of this virus in DNA-A-like 
sequences of IVG1-ND and IVG2-Var. However, in 
the DNA-B-like sequence only the IVG1-ND isolate 
had a recombinant origin, which is strongly supported 
by all the methods (Supplementary Table S2).

DISCUSSION

The begomoviruses transmitted by Bemisia tabaci are 
becoming the major constraint in the production of 
many crops belonging to different taxonomic classes. 
Diseases caused by one of its member, ToLCNDV, are 
emerging as a prime challenge to the cultivation of 
many agricultural crops in Pakistan, India, Bangla-
desh, Iran, Sri Lanka, Malaysia, Taiwan, Thailand, In-
donesia, Tunisia, Spain and Italy [13]. The virus was 
first identified in tomato [14] and subsequently in dif-
ferent solanaceous vegetables [23,24]. The host range 
of the virus is very broad and known to infect many 
cucurbitaceous vegetables, such as bottle gourd, bitter 
gourd, cucumber, long melon, pumpkin, ridge gourd 
and watermelon in northern and north-western In-
dia [25-28]. The losses incurred by this virus amount 
to 100% in cucurbits crops [29]. A disease incidence 

Table 2. Percentages of nucleotide identities between the genomic component (DNA-B) and amino acid sequence identities of encoded 
genes from the ToLCNDV infecting ivy gourd with the components and genes of selected begomoviruses available in the databases.

Begomoviruses
IVG1 IVG2

DNA-B a IRa BV1b BC1b DNA-B a IRa BV1b BC1b

ToLCNDV-Cucurbits (9*) 85.8-94.4 74.4-96.9 89.5-97.3 93.5-94.6 86.3-93.6 75.6-90.9 89.5-97.3 93.5-94.6
ToLCNDV-Potato (6*) 86.8-87.5 81.9-83.2 91.4-93.6 93.5-94.3 87.6-88.1 83.7-86.0 91.4-93.6 93.5-94.3
ToLCNDV-Tomato (13*) 82.3-89.3 83.0-91.0 86.8-93.6 85.0-93.5 83.6-90.2 82.0-89.3 86.8-93.6 85.0-93.1
ToLCNDV-Chilli (4*) 85.3-89.3 85.9-86.7 92.5-93.6 88.6-93.2 86.2-89.6 85.0-86.2 92.5-93.6 88.6-93.2
ToLCPV-Cucurbits (12*) 73.8-75.6 70.8-78.4 77.6-78.3 89.3-90.3 74.4-76.5 67.7-73.6 77.6-78.3 89.3-90.2
ToLCPV-Tomato (3*) 74.4-75.6 70.8-74.0 70.5-70.8 88.9-90.7 75.5-76.4 67.7-68.9 70.5-70.8 88.9-90.6
SLCCNV-Pum (4*) 72.5-73.2 71.7-73.6 70.5-70.8 86.4-88.9 73.3-73.4 73.5-74.8 70.5-70.8 86.4-88.9
ToLCNDV-Okra (1*) 89.3 84.3 92.9 96.7 88.1 84.7 92.9 96.7
MYMIV (2*) 58.8-59.5 58.4-70.1 29.0-29.2 43.3-44.5 58.2-58.9 58.1-57.8 29.0-29.2 43.3-44.52

*Numbers of sequences from the databases used in the comparisons. aNucleotide identity; bAmino acid identity. BV1 – nuclear shuttle protein gene, 
BC1 – movement protein gene. #The species are indicated as tomato leaf curl New Delhi virus (ToLCNDV), tomato leaf curl Palampur virus (ToL-
CPV), squash leaf curl China virus (SLCCNV), mungbean yellow mosaic Indian virus (MYMIV). For each column the highest value is underlined.
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up to 70% with a similar begomovirus infection in 
other cucurbits was observed in ivy gourd, indicating 
its devastating effect. The detection of ToLCNDV in 
the ivy gourd samples collected from Varanasi, Mi-
rajpur and New Delhi, and their subsequent genome 
sequencing and analysis in the current study adds it 
to the list of its expanding host range. As ivy gourd is 
a vegetative propagated crop with a perennial charac-
ter, the ToLCNDV detected is an emerging challenge 
for its cultivation, apart from the plant serving as a 
reservoir for the virus inoculum. The PCR diagnostic 
and viral genome sequencing of the samples collected 
from two different locations confirmed that the mosa-
ic disease of ivy gourd is associated with two different 
strains of bipartite begomoviruses (ToLCNDV) infect-
ing cucurbits and chilli in the Indian subcontinent. 
The symptoms on ivy gourd were similar to those 
induced by begomoviruses infecting other cucurbits 
reported worldwide.

Analysis of the CR sequences of both DNA-A- 
and DNA-B-like sequences of the ivy gourd clones 
IVG1-ND and IVG2-Var revealed that they possessed 
more homology with an isolate of ToLCNDV infect-
ing tomato, eggplant and potato. The IR contains a 
predicted stem-loop sequence with a conserved non-
anucleotide sequence (TAATATTAC) in the loop, 
which can be found in the majority of geminiviruses 

characterized to date and marks the origin of virion-
strand DNA replication [30,31].

The iteron sequences of both DNA-A- and DNA-
B-like sequences identified in the stem loop regions 
of IVG1-ND and IVG2-Var were identical to the ToL-
CNDV infecting tomato, eggplant and potato. Iterons 
are recognition sites for sequence-specific binding of 
the cognate REP protein [32]. Depending on the vi-
ral species, modifications with respect to sequence, 
size or number of iterons, or even a point mutation 
in these motifs can adversely affect Rep binding, both 
in vivo and in vitro [33,34]. We failed to detect the 
association of betasatellites and alphasatellites, sug-
gesting that mosaic disease in ivy gourd is caused by 
an Old World begomovirus with bipartite genomes.

Recombination is the most important factor in the 
emergence and evolution of begomoviruses across the 
world [35-37]. Recombination analysis of the virus 
isolates in the present study suggests that ToLCNDV 
infecting ivy gourd is a recombinant variant of previ-
ously reported viruses. To be considered as a recombi-
nant event in the RDP program, the event should have 
a significant result in at least three of the methods 
employed in the RDP program [21]. Evidence sug-
gests that DNA-A- and DNA-B-like sequences of the 
ivy gourd isolates IVG1-ND and IVG2-Var descended 
from two distinct viruses, ToLCNDV and ToLCPV, 
that infect cucurbits and tomato in the Indian sub-
continent. Recombination is a rapid process to create 
new genomes with adaptive advantages, which could 
accelerate their evolution, favoring expansion of the 
host range and therefore the emergence of novel dis-
eases [37,38].

Ivy gourd is a perennial crop and propagated 
clonally by stem cuttings and tuberous roots, and for 
commercial cultivation most growers depend on such 
means of vegetative propagation. Once stem cuttings 
are infected by viruses, they can act as reservoirs for 
the mobilization of viruses to other cucurbitaceous 
crops. The occurrence of mosaic disease on ivy gourd 
presents an alarming signal against the utilization of 
such planting materials in crop improvement pro-
grams. Although there are many techniques available 
to eliminate virus infection in clonally propagated 
plants, the techniques must be thoroughly standard-
ized for this crop for the complete elimination of the 

Fig. 3. Analysis of recombination for ToLCNDV isolates isolated 
from ivy gourd. The begomoviruses acronyms given are toma-
to leaf curl New Delhi virus (ToLCNDV) and tomato leaf curl 
Palampur virus (ToLCPV). A sequence of indeterminate origin is 
indicated as “unknown”. The box below at the top of the diagram 
indicates the approximate position recombination is occurs in the 
genome of the begomovirus.
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virus. The other major concern is the international 
exchange of germplasm whereby viruses are intro-
duced into areas where they are absent; this is one 
of the major reasons for the expanding host range of 
begomoviruses [39]. Therefore, further investigation 
into the occurrence, distribution and diversity of be-
gomoviruses is needed for the successful management 
of these viruses in cucurbit crops.
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