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Abstract
Background and Objective: Whitefly-transmitted begomoviruses are the most important limiting factor in ash gourd cultivation in India.
This work enlighten the adaptability and evolution of new begomovirus complexes by interactions between begomoviruses and satellites
by mixed infection and recombination. Materials and Methods: Full length genome of bipartite Squash leaf curl China virus  (SLCCNV)
was amplified by RCA, subsequently its cloned in pBSKII+ vector and sequenced, with universal beta-satellite primers. Croton yellow vein
mosaic beta-satellite (CroYVMB), $-satellite and recombination analysis was done through RDP4. Results: Benincasa  hispida  is a new
host  for  begomovirus,  the  presence  of  two  different   begomovirus    species   identified  as  SLCCNV  isolate  KP1  and  CroYVMB  in
B.  hispida  infection was observed. Recombination analysis would serve as a possible evidence for interspecies recombination between
the three begomoviral entities-ToLCNDV,  SLCCNV  and  CroYVMB  that  had  been suspected for SLCCNV-KP1infection in the collected
B.  hispida. Conclusion: Novel recombination was found in DNA-A and DNA $ while DNA B was not recombinant; which helped to reduce
the host range and severity of the infestation. This frequency of emerging new SLCCNV strains in ash gourd indicating that the virus
species had undergone recombination.
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INTRODUCTION

Geminiviruses   (Geminiviridae)  possess  a  circular, single-
stranded DNA genome encapsulated within the twinned 
quasi-isometric  geminate  icosahedral virions 18×30 nm size.
Geminiviruses caused great loss in major crops worldwide
which in turn abased the economy of the country1,2. It is
classified into seven genera viz., Mastrevirus, Topocuvirus,
Curtovirus, Begomovirus, Becurtovirus, Eragrovirus and
Turncurtovirus3,4. The genus Begomovirus (type species: Bean
golden mosaic virus) is the largest family among
Geminiviridae. Begomoviruses are grouped into Old World
(OW) Begomovirus [Europe, Africa, Asia and Australia] and
New World (NW) Begomovirus  [America] based on genetic
diversity and the geographical distribution5. These viruses
tend to infect a wide range of eudicot plants and was
transmitted by whitefly-Bemisia tabaci (Hemiptera:
Aleyrodidae). These viruses have single-stranded, circular DNA
genome, of -2800 nt in size, encapsidated in twinned
icosahedra, transmitted by ubiquitous whitefly and are
associated with satellite molecules referred to as alpha and
beta-satellite6. 

Begomoviruses have been grouped into monopartite
(with one circular  single-stranded  (ss)  DNA component;
DNA-A) and bipartite (with two circular ssDNA components;
DNA-A and DNA-B). DNA-A components possess seven open
reading frames (ORFs): AV1, AV2, AV3, AC1, AC2, AC3 and AC4.
The DNA-B encodes two ORFs: BC1and BV1. The CR possesses
the following components: sequence repeats (Iterons), TATA
box and conserved hairpin loop structure, which having a
nonanucleotide sequence, TAATATT9AC, the specific site for
the binding of Rep protein and initiation of replication7. Both
DNA-A and DNA-B components are mandatory for systemic
infection in plants. DNA-A maintains the replication and
transcription functions, whereas DNA-B maintains the cell to
cell movement of viruses. 

In addition to DNA-A and DNA-B components in OW
begomoviruses have another satellite molecule  known as
beta satellites; involved in the  determination of pathogenicity
in plants, interspecies recombination is significant in the
diversity of geminiviruses8. Mutation, recombination,
reassortment and de  novo  gene acquisition are the important
factors to determine virus diversity. The genetic variation has
been known to occur viz., within species, within genera and
within family9-11. Molecular events are natural recombinations,
homologous and non-homologous recombinations, point
mutations are involving a small insertion or deletion of
nucleotides which is main source of diversity12. A new Tomato
Apical Leaf Curl Virus (ToALCV): a novel, monopartite

geminivirus detected in tomatoes in Argentina, ToALCV
genome appears to have “modular organization” supported
by its recombination origin13 .

Therefore, there is a possibility of intra-species
recombination in geminiviruses between their DNA-A and
DNA-B, also inter-species recombination between the DNA-A
of one species and beta-satellite component from another
species. Beta-satellites are pathogenicity determinant
molecules  that  are  strictly  dependent  on  the helper virus
for its replication,  encapsidation  and  transmission14. Based
on   the  sequence  information,  the  beta-satellites   shared
81-86%  identity  with  Croton yellow vein mosaic beta
satellite-Bangalore; CroYVMB-[Bang-Cr1] species. Croton
yellow vein mosaic virus (CYVMV) has been known to occur
with yellow vein mosaic disease in a predominantly growing
weed Croton bonplandianum since 196314-17.

This study provides certain valuable information about
the host range of virus and the evolution of virus. In view of
the above, the present investigation was undertaken with the
following objectives on comprehensive and systematic study
on characterization of SLCCNV by full genome sequence
analysis. The complete nucleotide sequence, the genome
organization and the recombination events taken place
between distinct bipartite begomoviruses and with another
beta-satellite component.

MATERIALS AND METHODS

Isolation of viral DNA from infected ash gourd leaves:
Symptomatic leaves of ash gourd plants were collected during
December, 2012 to March, 2013 from three different fields of
Perambalur district of Tamil Nadu. The plants showing
symptoms such as severe interveinal chlorosis, upward leaf
curling, shortened internodes, leaf thickening, shortening and
growth stunting were considered for plant sample collection.
Total DNA extraction was done by Dellaporta et al.18. The
extracted DNA was suspended in sterile distilled water and
stored at -20EC.

PCR amplification for detection of DNA-A and DNA-B by
specific primers: The DNA extracted from the symptomatic
ash gourd plants were screened for infection using
Polymerase Chain Reaction (PCR) with the red dye master mix
commercially obtained from Ampliqons. Degenerate primer
pairs (SLCCNVFP/SLCCNVRP) that is specific to partial CP
region (~500 bp)  was  used  for  its  amplification. The PCR
was carried out in a Peltier thermal cycler L196GGD (Lark
Innovative Technologies, Pvt., Ltd) using the following PCR
conditions:     94EC   for   5   min,   followed   by   25   cycles    of
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denaturation at 94EC for 1 min, annealing at 60EC for 1 min for
AV1 gene (partial) and 52EC for 1 min for AC1 gene (partial),
extension at  72EC for 1 min and a final extension at 72EC for
5 min. Similar way, movement protein (MP; BC1) of DNA B was
amplified by using following conditions: initial denaturation at
94EC for 5 min, followed by 25 cycles of denaturation at 94EC
for 1 min, annealing at 52EC for 1 min for BC1 gene (partial),
extension at 72EC for  1 min and a final extension at 72EC for
5 min.

Detection of DNA beta satellite by universal $-satellite
primers: Primer pair Beta01/Beta02 was used to assess the
presence of beta-satellites in the samples. PCR was carried out
in a Peltier thermal cycler L196GGD (Lark Innovative
Technologies, Pvt., Ltd) using the following PCR conditions:
94EC for 5 min, followed by  25  cycles  of  denaturation  at
94EC  for  1  min,  annealing  at  62EC  for  1  min  for, extension
at 72EC  for  1  min  and  a  final extension at 72EC for 5 min.
The result was further analyzed  by agarose gel
electrophoresis.

Full-length genome amplification by RCA: The full-length
genome was amplified from extracted DNA by using Illustra
TempliPhiTM DNA amplification kit (GE healthcare, UK). In this
reaction  mixture,  0.5  µL  (10-20  ng) of DNA was mixed with
5 µL of sample buffer, denatured at 95EC for 5  min  and
cooled to room  temperature;  add  5  µL  of  reaction buffer
and 0.2 µL of enzyme mix were incubated for 18-20 h at 30EC.
The reaction was  finally  stopped  by  incubating  at 65EC for
10 min.

Cloning and sequencing of viral genome: Amplified products
were run on 0.8% agarose gel to assess the quality of product.
The concentration of DNA was measured on Nano drop
(Thermo scientific, UK). Finally, 2 µg of RCA product was
digested with 5U of BamHI and HindIII (Fermentas Inc.,) to
obtain a fragment of approximately 2.7 kb which was cloned
into the pBluescript II KS+ vector and transformed into E.  coli
DH5". The clones were sequenced in both orientations using
primer walking (Eurofins MWG Inc.). Further, all the positive
DNA samples were also checked for the potential presence of
satellite DNA-$ using standard PCR conditions.

Viral genome sequence analysis: The nucleotide sequences
of DNA-A (Genbank Acc.no.KF188433), DNA-B (Genbank
Acc.no. KJ004521) of SLCCNV-[IN:Coi:Ash:KP1] and CroYVMB
(Genbank Acc. no. KM588256) were aligned with the
sequences obtained from GenBank using ClustalW program19.

The complete nucleotide sequences of both the isolates were
initially   taken   into   account   for   similarity   search  by  using
BLASTn search program. Based on the alignment score,
percentage of sequence identity and e-value, the nucleotide
sequences were chosen for study.

Construction of phylogenetic tree and analysis: Multiple
sequence alignments were produced using the MUSCLE
algorithm available20 in MEGA v.6. Phylogenetic relationships
were inferred using the neighbor joining method21 with
bootstrapping22. Evolutionary distances were computed by
using the P-distance5, using  MEGA  v.6.  Bootstrap values
(1000 iterations) were calculated based on the >70% majority
rule and confidence limits were placed on the major nodes of
the tree.

Recombination analysis in viral genomes by RDP4:
Recombination analysis was done by using Recombination
Detection Program Version 4 (RDP4)23. It is a window based
program which detects and analyzes recombination signals in
a set of aligned DNA sequences. The following three sets of
DNA component-DNA-A, DNA-B and CroYVMB were taken into
account. RDP4 identifies possible recombinants and also
parental sequences in a number of sequences. It uses six
different automated methods, namely RDP, GENECONV,
MAXIMUM P2, BOOTSCAN, CHIMERA and SISTER SCANNING.
The highest acceptable probability value p = 0.05 based on
the standard Bonferroni correction was used for the analysis
of RDP. Bootscan analysis was carried out, with 200 replicates
with a cut-off value of 95% and the g-scale value was 1 for
GENECONV analysis, which is the lowest penalties, means that
mismatches are prohibited.

RESULTS 

Viral genome sequence and analysis: The BamHI  and  HindIII
digested, cloned ~2.7 kb fragment genome of SLCCNV KP1
DNA-A (2739nt, KF188433) with 8 ORFs (AV1-AV3, AC1-AC5),
DNA-B (2683nt, KJ004521) has 2 ORFs (BV1 and BC1). BLASTn
analysis for SLCCNV DNA-A sequence (KF188433) showed 98
and 91-96% nucleotide sequence identity with DNA-A
components of SLCCNV-India (AY184487) and other
Cucurbitaceae-infecting  SLCCNV-India   isolates   and  SLCCNV
DNA-B sequence  (KJ004521)  showed  93%  sequence identity
to DNA-B (AY184488) components of SLCCNV-India [IN: Coi:
Pum]. The SLCCNV-KP1 DNA-A ORFs shared >93% sequence
identity    and   DNA-B   ORFs   shared  >91%  sequence
identity  with  all  the  other  SLCCNV  and  ToLCNDV  isolates
in  the  database  respectively   (Table  1)  and  low  percentage
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Table 1: Nucleotide (%) and amino acid sequence identities (%) of DNA-A sequences of SLCCNV-KP1isolate with other SLCCNV and ToLCNDV isolates
DNA-A
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
AV1 AV2 AC1 AC2 AC3 AC4 AC5

DNA Accession --------------------- --------------------- ---------------------- ---------------------- --------------------- -------------------- -------------------
virus No. Nt (%) Aa (%) Nt (%) Aa (%) Nt (%) Aa (%) Nt (%) Aa (%) Nt (%) Aa (%) Nt (%) Aa (%) Nt (%) Aa (%)
SLCCNV AY184487 99 98 99 98 98 98 97 94 97 96 98 93 98 96

EU573715 96 98 98 97 95 97 97 94 96 94 92 79 97 91
DQ026296 97 97 98 98 94 94 97 94 95 73 93 81 98 94
GU967381 95 99 97 96 95 96 96 93 95 93 92 76 96 89
AM286794 97 98 98 97 92 94 97 93 96 94 93 82 97 97
JN587811 95 97 97 96 91 95 96 93 94 91 88 68 96 89

ToLCNDV AM292302 94 98 97 96 87 89 84 75 85 82 91 77 95 85
KC513822 95 99 98 96 86 90 84 75 75 79 89 68 96 88
DQ116885 94 98 98 96 86 90 84 73 73 81 92 71 95 90
AJ620187 94 98 98 96 87 89 84 73 83 79 92 75 95 86
AM286434 95 99 97 96 86 88 84 72 84 80 87 64 96 89
DQ116880 94 98 98 96 86 89 84 73 84 79 91 90 96 88

>93%-maximum sequence identity of KP1 isolate genes of DNA-A of SLCCNV with Acc.No. AY184487

Table 2: Nucleotide (%) and amino acid sequence identities (%) of DNA-B
sequences of SLCCNV-KP1 isolate with other SLCCNV and ToLCNDV
isolates

DNA-B
------------------------------------------------------------------------
BV1 BC1 (%)
----------------------------- ----------------------------

Accession No. Nt (%) Aa (%) Nt (%) Aa (%)
AY184488 95 93 95 93
JN624306 91 91 95 93
FJ859881 92 92 93 92
GU967382 92 91 93 91
AM709505 91 91 92 93
AM778959 91 91 92 92
JN208137 72 68 79 84
AM286435 72 68 79 85
GU112087 75 69 78 82
AJ875158 75 69 78 81
GU180096 71 66 79 83
>91%-maximum  sequence  identity  of  KP1  isolate  genes  of DNA-B with
Acc.No. AY184488

Table 3: Nucleotide (%)  and amino acid sequence identities (%) of CroYVMB-
KP1isolate sequences with other CroYVMB and ToLCV isolates

DNA-$
------------------------------------------------
$C1

DNA Accession ------------------------------------------------
virus No. Nucleotide (%) Amino acid (%)
CroYVMB GU111995 97 97

JN831447 96 95
JQ354987 93 90
EU604296 96 93
KM229762 89 83
FJ593630 93 88

ToLCV AY438557 72 69
JX311470 89 53
GQ994097 75 55
KJ605115 86 54
KF515613 84 55
EF095958 85 54

>90%-maximum sequence identity of KP1 isolate genes of CroYVMB DNA-$ with
Acc.No. GU111995 and >85% ToLCV DNA-$ with Acc.No. JX311470

identity  (71-79%) with  ToLCNDV  DNA-B  was  observed it
shows that KP1 isolate  DNA-B sequence as recombination
(Table 2).

Sequence comparison and analysis: The isolated DNA-$
component of 1350 nt in length (KM588256) shared 88%
identity with CroYVMB (Table 3). The sequence alignment of
common region (CR) of DNA-A and DNA-B of SLCCNV-KP1
isolate, shows 54% identity, this low identity between the
sequences was due to the difference between the TATA box
and stem-loop region of the sequences. The upstream of the
AC1 TATA  box  and  CR  of  DNA  components  contained
three conserved iterons (GGGGT) and identical downstream
stem   loop   region  contains  the  conserved  TAATATTAC
nonanucleotide  sequence  (Fig. 1). The sequence contained
all the features typical of beta-satellites; a single conserved
gene (known as $C1; coordinates 221-577) in the
complementary-sense with the capacity to encode 118 amino
acid protein.  The  iterons  GGGGT-AT-GGGGT  had  been
found in both the DNA-A and DNA-B of SLCCNV-KP1 (Table 4)
and in beta-satellite  iterons  are   distinct   to  DNA-A and
DNA-B, it also possesses the nonanucleotide  sequence
TAATATT9AC which is a characteristic rep-binding site,
conserved with the other two DNA components (DNA-A and
DNA-B) (Fig. 2).

Phylogenetic tree construction and analysis: Constructed
phylogenetic tree showed, that the species were separated
into the groups like SLCCNV, ToLCNDV and SLCPV (Fig. 3a-c).
In accordance with the sequence analysis, the SLCCNV-KP1
was included in the SLCCNV group with 93-98% sequence
identity, while ToLCNDV and SLCPV was found in distinct
groups.  In  Fig.  3a  and  b,  the  DNA-B of SLCCNV-KP1 showed
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Fig. 1: Sequence alignment of common region (CR) of DNA-A and DNA-B of SLCCNV-KP1 isolate

Table 4: Selective comparison of iterons found in DNA-A and DNA-B sequences of SLCCNV-KP1 isolate with other SLCCNV and ToLCNDV isolates
DNA components DNA Accession No. Iterons
DNA-A SLCCNV [Ash Gourd:Coimbatore:KP1] KF188433 GGGGT-AT-GGGGT

SLCCNV [Pumpkin:Coimbatore] AY184487 GGGGT-AT-GGGGT
SLCCNV [Pumpkin:Varanasi] EU573715 GGTGT-AT-GGAGT
SLCCNV [Pumpkin:Lucknow] DQ026296 GGGGT-AT-GGAGT
SLCCNV [Varanasi:Pumpkin] GU967381 GGTGT-AT-GGAGT
SLCCNV-[Cucurbita pepo:Lahore] AM286794 GGTGT-AT-GGAGT
SLCCNV-[Pum:IARI] JN587811 GGTGT-AT-GGAGT
SLCCNV-Hanoi KC857509 GGGGT-AT-GGGGT
ToLCNDV-[Multan;Luffa] AM292302 GGCGT-CT-GGCGT
ToLCNDV-Lucknow KC513822 GGCGT-CT-GGCGT
ToLCNDV-[Pakistan:Solanum] DQ116885 GGTGT-CT-GGAGT
ToLCNDV-[Pakistan:Solanum] AJ620187 GGTGT-CT-GGAGT
ToLCNDV-[Pumpkin:NewDelhi] AM286434 GGTGT-CT-GGAGT
ToLCNDV-Chilli DQ116880 GGTGT-CT-GGAGT

DNA-B SLCCNV-[IN:Coi:Ash:KP1] KJ004521 GGGGT-AT-GGGGT
SLCCNV-[Pumpkin:Coimbatore] AY184488 GGGGT-AT-GGGGT
SLCCNV-[Pum:IARI] JN624306 GGGGT-AT-GGAGT
SLCCNV-[Varanasi:Pumpkin] FJ859881 GGGGT-AT-GGAGT
SLCCNV-Lahore AM709505 GGGGT-AT-GGAGT
SLCCNV-Punjab AM778959 GGGGT-AT-GGAGT
SLCCNV-China HM566113 GGGGT-AT-GGTGT
SLCCNV-Hanoi Segment KC857510 GGGGT-AT-GGGGT
ToLCNDV-[India: Ash Gourd] JN208137 GGTGT-AT-GGAGT
ToLCNDV-[Pumpkin:NewDelhi] AM286435 GGTGT-CT-GGAGT
ToLCNDV-OM GU180096 GGCGT-CT-GGCGT
ToLCNDV-Jessore AJ875158 GGTGT-CT-GGAGT
BYVMV-Tumkur HQ586005 GGTGT-CT-GGAGT
ToLCNDV EF043394 GGTGT-CT-GGAGT
BYVMV-Tumkur HQ586005 GGTGT-CT-GGAGT
ToLCNDV [Guntur:OY136B] GU112087 GGTGT-CT-GGAGT
ToLCNDV [Karnal:OY81A] GU112083 GGTGT-CT-GGAGT

GGGGT-AT-GGGGT iterons found in DNA-A and DNA-B sequences of SLCCNV-KP1 isolate with DNA-A of SLCCNV sequence KF188433 and ToLCNDV isolates of
AM292302
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Recombinant
Major parent
Minor parent

(a)

93% sequence identity  with  the  SLCCNV  [IN:Coi:Pum] and
77-79% sequence  identity  with  ToLCNDV  species.  Both
DNA-A and DNA-B of SLCCNV-KP1 showed identity with
SLCCNV [IN:Coi:Pum] but this was not the case with beta
satellite DNA. The beta-satellite DNA share 81% sequence
identity  with  the  CroYVMB of  Bangalore, Lucknow, Pataudi,
Pune and 80% with CroYVMB-Bang-Cr1. Phylogenetic analysis
showed that SLCCNV-KP1  grouped  more  closely with
SLCCNV [IN:Coi:Pum] while CroYVMB grouped more closely
with CroYVMB-[IN:Bang:Croton:CR1]  (100%  bootstrap
support) (Fig. 3c). 

Recombination analysis: The occurrence of recombination
events in DNA-A/DNA-B components of SLCCNV-KP1 and
CroYVMB  were  analyzed.  Among the three DNA
components, DNA-A and DNA-B were responded to
recombination, while DNA-B isolate  KP1  did not response.
The p-values of 2.4×10G13 was observed  in  the
recombination of DNA-A at nucleotide coordinates 62-862
with ToLCNDV: DQ116880 as minor parent and SLCCNV:
AY184487 as the major parent (Fig. 4). Two recombination 
events were found in beta-satellite component. The p-values
of  2.3×10G05  was  observed  in  the  first recombination event

Fig. 3(a-c): Continued

7



Int. J. Virol., 14 (1): 1-12, 2018

100

0.05

100
100

100

100
100

100
100
100

100

100
100

100
54
98

99

JN624306, SLCCNV-IARI

100

FJ859881, SLCCNV-Varanasi
GU967382, SLCCNV-Varanasi

AM709505, SLCCNV
AM778959, SLCCNV

KJ004521, SLCCNV-KP1
AY184488, SLCCNV-Coimbatore

KC857510, SLCCNV-Hanoi segmant
HM566113, SLCCNV
AM260207, SLCCNV

JN208137, ToLCNDV
AM286435, ToLCNDV-New Delhi

GU180096, ToLCNDV
GU180096, ToLCNDV

AJ875158, ToLCNDV
HQ586006, BYVMV
EF043394, ToLCNDV, NSP
HQ586005, BYVMV
GU112087, ToLCNDV-Guntur
GU112083, ToLCNDV-Karnal

(b)

Recombinant
Major parent
Minor parent

(c)

100

100

100

100

100

100

100

100

72

69
55

44 97

51

45

99

76

74

67

60 93

99

95

73

C
ro

Y
V

M
B

To
L

C
B

Event 1

Event 2

KM229762, CroYVMV-Del-Crambe

KC545814, CroYVMV-India:Delhi:Cucumis

JX270685, CroYVMB-M4beta

JN663874, PLCV-Salem clone Kpnl-4 C1

HM143903, CroYVMB-Panipat 3 India:PanipatLPapaya

HM143908, CroYVMB-Panipat 8 India:PanipatLPapaya

KM229763, CroYVMV-Del-Turnip

JX050198, CroYVMB-ILC:Del
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KF515613, ToLCB-India:Valsad0.05

Fig. 3(a-c): Phylogenetic trees based on neighbor joining method with the complete nucleotide sequences of (a) DNA-A of
SLCCNV-KP1 isolate detected in the study compared to selected sequences SLCCNV and ToLCNDV isolates retrieved
from NCBI, (b) DNA-B of SLCCNV-KP1 isolate detected in the study compared to selected sequences SLCCNV and
ToLCNDV isolates retrieved from NCBI and (c) CroYVMB-KP1isolate detected in the study compared to selected
sequences with other CroYVMB and ToLCV isolates retrieved from NCBI
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Fig. 4: Recombination analysis between DNA-A of SLCCNV-KP1 isolate with other SLCCNV and ToLCNDV isolates

(1241-1357) of beta-satellites while 2.6×10G05 in the second
(96-146) with ToLCV as minor parent and CroYVMB as major
parent (Fig. 5).

DISCUSSION 

The evolution of new DNA-A species may be mainly
affected by virus-host  interactions  i.e.,  due  to  the
integration of viral DNA into the host plant nuclear genome3,
DNA-A/DNA-B interactions and DNA-A/DNA-$ interactions.
Therefore, recombination analysis between species using
RDP4 program clearly explains that DNA-A of SLCCNV-KP1 has
been evolved from DNA-A of SLCCNV-[IN:Coi:Pum] as major
parent and the DNA-A of ToLCNDV-[Pak:Khanewal:Chilli] as
minor parent that a segment of its DNA-A has been
exchanged to evolve a DNA-A of SLCCNV-KP1 species.
Padidam et al.24, a new recombinant DNA-A component to
evolve, a subsequent DNA-B component is required to be
associated through its CR. This indicated that DNA-B of
SLCCNV-KP1 is a new component and plays an important role
in the evolution of new virus25. Based on the sequence and
recombination analysis, separate speciation of DNA-B was

understood whereas their iterons and the  hairpin loop
regions are found to be conserved with the DNA-A  of
SLCCNV-[IN:Coi:Pum]. The nick site within the origin of
replication was known to be the recombination hotspot26. In
addition to DNA-A and DNA-B, beta-satellites are characteristic
of old world geminiviruses. In the second part of the study, a
$-satellite component (~1.3 kb) was amplified by PCR using
specific primers27 and the sequence (KM588256) was 88%
identical  to  Croton  yellow  vein  mosaic virus (CYVMV) leaf
curl $C1  strain28.  Interestingly,  the  CroYVMB  was  found in
B.  hispida  it shows that Croton bonplandianum could act as
reservoirs  of  virus  populations  and has donated its DNA-B to
the ash gourd for severe infection of plants, which paralleled
the findings, in which the co-existence of CYVMV was reported
in tomato plants due to the mixed virus infections14, which
could have  biological  and  epidemiological implications
under natural  conditions.  Based on the sequence
information, the beta satellites shared 81-86% identity with
Croton  yellow vein mosaic  beta-satellite-Bangalore;
CroYVMB-[Bang-Cr1] species. CYVMV has been known to occur
with yellow vein mosaic disease in a predominantly growing
weed Croton  bonplandianum17  since 1963.
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Fig. 5: Recombination analysis between CroYVMB-KP1isolate with other CroYVMB and ToLCV

CONCLUSION

Based on   the  sequence  analysis,  it  was  found that
DNA-A/DNA-B of SLCCNV-KP1 isolate and CroYVMB co-exist in
the infected ash gourd. The recombination analysis done by
using RDP4, it is conferred that DNA-A of SLCCNV-KP1 is a
potential recombinant from DNA-A of ToLCNDV and SLCCNV
while DNA-B of SLCCNV-KP1 isolate has no recombination and

found to be distinct, if it was recombinant the pathogenicity
and new host range will be enormous mostly in economically
valuable agricultural crops as very quickly. 

SIGNIFICANCE STATEMENT

This study discovers the existence of SLCCNV-IN infection
in  B.   hispida   in  India  for  the  first  time,  it  reports  that  the
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Begomovirus  causing high losses in B. hispida in India is a
variant of SLCCNV-IN [IN:Coi:Pum] and has been designated as
Squash leaf curl China virus-India isolate KP1 based on its
segment DNA-A, along with CYVMV $-satellite component
~1.3 kb (KM588256) was found to be 88% identical to CYVMV
leaf curl $C1 strain. Based on the sequence analysis, it was
found that DNA-A/DNA-B of SLCCNV KP1 isolate and CroYVMB
co-exist in the infected ash gourd plants. 

This study will help the researcher to uncover the critical
areas like natural infection of two distinct Begomovirus  in
cognate with beta-satellite components infecting the
economically important vegetable crops like ash gourd, as
that many researchers were not able to explore and to
understand the frequency of emerging bipartite  Begomovirus
strains with betasatellite genomes, indicating that the virus
species had undergone recombination with diverse virulent
strains as a long-term event and thus a new theory on
recombination of viral genome pose a serious threat to
vegetable crop cultivation.
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