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Abstract
Weeds plants serve as a reservoir of begomoviruses Begomovirus and play a vital role in the diversity of single stranded 
DNA viruses. Wild melon (Cucumis melo) plants showing leaf curling and color breaking symptoms were collected and used 
in for Begomovirus amplification. Cloning, sequencing and bioinformatics analysis revealed the association of a bipartite 
Begomovirus isolate with the diseased C. melo host. The complete genome of DNA-A (2756 bp) of a bipartite Begomovirus 
isolate exhibited 99.5% nucleotide similarity with DNA-A of tomato leaf curl Palampur virus (ToLCPalV) reported from 
Iran ([IR: Jir8:T58P:08] FJ660431). Further pairwise identity derived implemented in sequence demarcation tool identified 
that the DNA-B (2719 bp) showed maximum 98.7% sequence identity to the corresponding DNA-B of ToLCPalV ([IR: 
Jir-T65X:08] JF501720). The phylogenetic dendrogram of DNA-A and DNA-B genome components grouped respectively 
with ToLCPalV DNA-A and DNA-B of Iran isolates and far from Pakistan and India clade. This study provides the first 
identification of a bipartite Begomovirus ToLCPalV from C. melo in Oman and also indicates the requirement for more 
investigation of ToLCPalV, as ToLCPalV is a major threat particularly to tomato crops in India and Pakistan and recently 
introduced in Iran.
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Introduction

Plant infecting arthropod- transmitted circular single-
stranded DNA (ssDNA) viruses belong to the family of 
monophyletic group of viruses recognized as Geminiviridae. 
Geminiviruses causes huge losses to both mono-and dicoty-
ledonous crops (Rojas et al. 2005). Based on the genome 
orientation, nature of transmitting vector and host range, the 
Geminiviridae comprises 520 virus species that are divided 
into 14 genera (Walker et al. 2021). Among them Begomo-
virus genus contains 445 documented virus species, spread 
globally through a complex of cryptic (with 44 known) 
whitefly (Bemisia tabaci) species and causes enormous 
economic damages to crops (Walker et al. 2021). They can 
cause disease to dicotyledonous and all economically signifi-
cant host plant species. The viruses of Begomovirus genus 

are subdivided into monopartite (containing DNA-A mol-
ecule) and bipartite (having DNA-A and DNA-B molecules), 
whereas monopartite Begomoviruses are also accompanied 
with DNA satellites (known as alphasatellite, betasatellite, 
and/or deltasatellite). Monopartite Begomoviruses pre-
dominantly occur in the Old World (consisting of Australia, 
Asia, Middle East, Africa and Europe), whereas bipartite 
Begomoviruses mostly originate in the New World (Amer-
ica). In bipartite Begomoviruses, the DNA-A component is 
homologous to the monopartite Begomovirus genome which 
encodes Rep protein; required for Begomoviruses replica-
tion, REn protein; required for optimal replication of viral 
ssDNA, TrAp protein; a transactivator protein, a symptom 
determinant protein (C4), coat protein (CP) and pre-coat 
protein (V2) which is lacking in the NW Begomoviruses 
(Fondong 2013). The DNA-B of bipartite Begomovirus 
encodes proteins for cell-to-cell movement as movement 
protein (MP) and for long distance movement identified as 
nuclear shuttle protein (NSP). Both DNA-A and DNA-B 
genome molecules share a generic region located between 
noncoding intergenic region (IR), holding an adequate level 
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of identity to let the Rep protein of DNA-A in replication of 
cognate DNA components.

Weeds have been considered as main reservoirs of Bego-
moviruses epidemics, where different susceptible weeds 
have been shown to be significant in the introduction and 
spread of diverse Begomoviruses (Mubin et al. 2010; Al-
Mabsli et al. 2021). The main aim of this study was to iden-
tified the Begomovirus infecting wild melon grown as an 
alternate host species occurring with a view to understand 
the role of this weed in Begomovirus epidemiology.

Materials and methods

Sample collection of tomato leaf curl Palampur virus

In 2018, wild melon (Cucumis melo) plants expressing leaf 
curling, vein thickening and stunted growth suspected to be 
a Begomovirus infection were collected adjacent to Khasab, 
Oman (26.1657°N 56.2428°E) (Fig. 1a). In order to identify 
the casual organism, two symptomatic (Ka1-Ka4) and two 
asymptomatic (Kb1-Kb2) samples collected from two loca-
tions were proceeded for genomic DNA isolation by CTAB 
protocols as described by Doyle (1991), with slight modi-
fications. The quality of DNA was measured by NanoDrop 
2000/2000c sepctrophotometer, afterwards, DNA dilutions 
were prepared for use in downstream reactions.

Identification of tomato leaf curl Palampur virus

Initial Begomovirus detection was done by PCR employing 
Taq DNA polymerase (Thermo Fisher Scientific) with ther-
mal cycler C1000 TouchTm (Bio-Rad, USA). The degen-
erate primers AV494/AC1048 designed for begomovirus 
detection were used to amplified ~ 550 bp coat protein (CP) 
core region of genome DNA fragments (Wyatt and Brown 

1996). The PCR mixture consists of 31.5 μl of dH2O, 0.5 μl 
of Taq DNA Polymerase (5 U/μl), 5 μL of 10xbuffer, 4 μl 
(2.5 mM) of dNTPs, 5 μl (150 ng) of DNA Template, and 
2 μl (10 uM) each of Forward and Reverse primer. PCR 
amplification program was as follows: denaturation at 93 °C 
for 1 min followed by 35 cycles of 93 °C for 30 s, 54 °C 
for 30 s, 72 °C for 45 s, and a final extension at 72 °C for 
10 min. The PCR products were visualized by agarose gel 
(1%) electrophoresis. The amplified PCR products were 
purified for sanger dideoxy sequenced through Macrogen 
Inc. (South Korea). These sequences were compared to ref-
erence sequences in a GenBank by running online BLASTn 
search option (https://​blast.​ncbi.​nlm.​nih.​gov). Begomovirus.

Cloning of full‑length tomato leaf curl Palampur 
virus

To acquire full-length genome (DNA-A and DNA-B) of 
the Begomovirus, DNA extracts were used in rolling circle 
amplification (RCA) employing Phi-29 DNA polymerase 
in TempliPhi 100 Amplification Kit (GE Healthcare, USA) 
as per the manufacturer instructions. Briefly, 5 ul (20 ng) 
of DNA template was dissolved in 5 ul of sample buffer, 
denatured at 95 °C for 3 min at and cooled down at the room 
temperature. Later 5ul reaction buffer and 0.2 ul enzyme ø29 
DNA polymerase were added to the mixture and incubated at 
30 °C. After 18–20 h of incubation reaction was terminated 
by heating at 65 °C for 10 min to stop the reaction. The 
RCA reaction produced a high molecular weight concatemer 
products, which were used in restriction fragment length 
polymorphism (RFLP) utilizing diverse restriction endonu-
cleases such as BamHI, HindIII, EcoRI, KpnI, NcoI, NdeI, 
SacI, SalI, PstI, XbaI, XhoI. After RFLP analysis, NcoI and 
NdeI enzymes yielded ~ 2.7 kb linear molecules on the 1% 
agarose gel, which were gel purified using gel isolation kit 
(Thermo Fisher Scientific), reconfirmed by simply running 

Fig. 1   Wild melon plant naturally infected by ToLCPalV showing 
yellow, mosaic and color breaking symptoms (a), amplification of 
virus by PCR (b), RCA amplification (c), yielded monomer molecule 

of ToLCPalV by restriction digestion (d), and virus recombinant mol-
ecule production (e)

https://blast.ncbi.nlm.nih.gov
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on 1.5% agarose gel and subsequently cloned into pGEM-T 
Easy vector systems (Promega) at the compatible restric-
tion sites. Full-length clones were produced by either NdeI 
(DNA-A) or through NcoI (DNA-B) restricted RCA prod-
uct, reconfirmed in RFLP by digesting DNA-A and DNA-B 
clones with two restriction enzymes in double digestion 
and sequenced them completely through chain termination 
method by Macrogen Inc. (South Korea). None of the DNA 
satellites (alphasatellite, betasatellite or deltasatellite) were 
detected from the tested samples using universal detection 
primers for DNA satellites.

Sequence analysis

Multiple sequence contigs (each consisting of approximately 
750–1000 bp) were received which were assembled and 
computed to produce full-length monomer molecules for 
both DNA-A and DNA-Bwith Lasergene package DNAStar 
Inc. (Madison, WI, USA). The open reading frames (ORFs) 
were investigated through ORF finder run online at NCBI 
page https://​www.​ncbi.​nlm.​nih.​gov/​orffi​nder/. To proceed 
multiple sequence alignments complete genome (DNA-A 
and DNA-B) of identified Begomovirus were compared to 
the submitted sequences in BLASTn search and highly simi-
lar sequences were retrieved from GenBank and used in pair-
wise nt analysis through sequence demarcation tool (SDT 
V1.2) (Table 1). Further, nucleotide variability in identified 
Begomovirus (DNA-A and DNA-B) sequences was analyzed 
to the extracted representative sequences from GenBank 
andphylogenetic dendrogram were produced in MEGAX 
software with Maximum-Likelihood (ML) method and with 
selected parameters including anticipated best-fit Kimura-2 
paradigm and 1000 bootstrap values.

Results

Characterization of tomato leaf curl Palampur virus

Four full-length DNA-A genomes of bipartite Begomovi-
rus isolates (wed14-1 to wed14-4) were determined from a 

symptomatic C. melo plant (Fig. 1b–d) and each of them was 
to be 2756 nucleotides (nt) in length. After sequencing anal-
ysis, it was identified that all the isolates were identical and 
for this reason isolate wed14-3 was submitted to GenBank 
database (Accession number ON366387). The wed14-3 
isolate showed genome structure characteristic of DNA-A 
of bipartite Begomovirus reported from the Old World, 
including six ORFs, TrAp, REn and AC4 on the comple-
mentary and CP and MP on the virion strand (Table 2). In 
pairwise sequence analysis with SDT the wed14-3 isolate 
showed highest 98.8% nucleotide identity with the DNA-A 
isolate of ToLCPalV reported from Iran ([IR: Jir8:T58P:08] 
FJ660431) [6], followed by 96–98% and 92–97% from Paki-
stan and India, respectively (Fig. 2A) (Heydarnejad et al. 
2013; Shafiq et al. 2019; Dhkal et al. 2020). According to the 
International Committee on Taxonomy of Viruses (ICTV) 
demarcation rules for Begomoviruses species set at ≥ 91%, 
the virus isolates identified here from C. melo are isolates 
of previously reported ToLCPalV species from Iran (Suppl 
Table 1). In phylogenetic analysis the evolutionary relation-
ships of DNA-A sequences of ToLCPalV indicate a degree 
of geographical clustering among ToLCPalV DNA-A iso-
lates (Fig. 3A). It can be seen from the tree that wed14-3 
isolate discovered in this study cluster with most closely 
related to the ToLCPalV Iran relatives. None of the recombi-
nant event was identified for ToLCPalV in RDP 4.1 program 
by means of different algorithms (viz. RDP, GENECONV, 
BootScan, MaxChi, SiScan, Chimaera and 3SEQ) (Martin 
et al. 2015). Three DNA-B clones (wed14-7 to wed14-9) 
were also identified and each of them had 2719 nt in length. 
Further sequence analysis exhibited that these (wed14-7 
to wed14-9) DNA-B isolates were identical, and wed14-8 
isolate was submitted into GenBank accession number 
ON366387. The cognate DNA-B components have genome 
arrangement similar to DNA-B of all bipartite Begomovi-
ruses genomes, comprising of a nuclear shuttle protein and 
movement protein into complimentary and virion sense, 
respectively (Table 2). The pairwise sequence analysis using 
SDT revealed that DNA-B exhibited 98% pairwise nt iden-
tity to the cognate DNA-B component of ToLCPalV ([IR: 
Jir6:T3P:07] FJ660427) (Fig. 2B). In phylogenetic analy-
sis DNA-B of ToLCPalV from Oman group with cognate 
DNA-B of ToLCPalV reported from Iran but clustering 
away from India or Pakistan isolates (Fig. 3B).

Geographical distribution of tomato leaf curl 
Palampur virus

The first detection of ToLCPalV was done from India infect-
ing tomato (Solanum lycopersicum) in 2008 (Kumar et al. 
2008). After the first report of ToLCPalV infection, the 
distribution of ToLCPalV to infect different plant species 
into different geographical areas have been increased. For 

Table 1   Identification of ToLCPalV from different countries (single/
multiple) and citation index

SCP Single author country publication, MCP multiple author country 
publication

Country Articles SCP MCP Total citations Average arti-
cle citations

India 19 19 0 178 9.37
Pakistan 3 3 0 34 11.33
Iran 2 0 2 23 11.50
Iraq 1 1 0 1 1.00

https://www.ncbi.nlm.nih.gov/orffinder/
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instance, in 2009 ToLCPalV was reported from Iran infect-
ing tomato plants, later on several other species of vegetable 
crops (cucumber, melon, squash, watermelon and bean) were 
also reported to be infect by this virus (Heydarnejad et al. 
2009). Likewise, in 2010 first article was online claiming the 
occurrence of ToLCPalV infecting Bitter gourd (Momordica 
charantia L.) from Pakistan (Ali et al. 2010). Recently, co-
infection of ToLCPalV with squash leaf curl China virus 
(SLCuCNV) and squash leaf curl virus (SLCuV) have been 
studied to infect pumpkin (Cucurbita moschata) and zuc-
chini squash plants, respectively in India and Iraq (Jaiswal 
et al. 2012; Mohammed et al. 2021). Similarly, few diverse 
betasatellites such as cotton leaf curl Multan betasatellite 
(CLCuMuB) and Pepper leaf curl betasatellite (PepLCB) 
were also associated with this bipartite Begomovirus com-
plex (Namrata et al. 2010; Kumar et al. 2011).

Discussion

Wild melon (Cucumis melo) is an important weed com-
monly grown as volunteer on the Arabian Peninsula. Due 
to severe summer (high temperature) season, C. melo can 
frequently be seen during winter months, a time when 
open crops are cultivated widely and the high density of 
whitefly (Bemisia tabaci) population can be seenBego-
movirus. The results of this study showed that C. melo is 
harboring a bipartite begomovirus infection. The PCR, 
RCA, cloning and bioinformatics analysis revealed that 
disease symptoms observed in C. melo in Oman is caused 
by a bipartite ToLCPalV. ToLCPalV has previously been 
identified in numerous distinct hosts including the bean, 
cucurbit, cucumber, melon, muskmelon, watermelon, zuc-
chini and significantly tomato crop (Kumar et al. 2008; 
Heydarnejad et al. 2009, 2013; Ali et al. 2010; Tiwari 
et al. 2012; Khanna et al. 2019; Shafiq et al. 2019; Dhkal 
et al. 2020; Venkataravanappa et al. 2020; Hanamasagar 
et al. 2021). This indicates that ToLCPalV likely has a 
host range that extends to other host plant including C. 
melo as confirmed in this study. Co-infection amongst 
Begomoviruses and Begomovirus-associated satellites 
is a frequent phenomenon. The earlier reports indicate 
that there has previously been a co-infection between 
ToLCPalV with SLCuV and SLCuCNV (Jaiswal et al. 
2012) (Esmaeili et al. 2015). Since SLCuV has also been 
identified in Oman (Shahid et al. 2020), there is likely 
possibility that ToLCPalV could interact with SLCuV 
resulting into evolution of novel Begomoviruses. On the 
other hand, another study described that ToLCPalV has 
previously been associated with cotton leaf curl Multan 
betasatellite and pepper leaf curl betasatellite infecting 
Nepal dock (Rumex nepalensis) and pumpkin (Cucurbita 
moschata), respectively in India (Namrata et al. 2010; Ta
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Sharma et al. 2019). Two betasatellites, tomato leaf curl 
betasatellite (ToLCB), frequently associated with all 
Begomoviruses and okra leaf curl betasatellite (OLCB), 
so far only associated with cotton leaf curl Gezira virus 
(CLCGeV) reported in Oman) (Akhtar et al. 2014; Shafiq 
et al. 2021), the fear is that ToLCPalV could interact with 
either of these betasatellites and develop a virus com-
plex that will not only extend its host range but also have 
a strong synergistic effect on Oman agricultural crop 
production.

The geographical clustering reflected that the wed14-3 
and Iran isolates were evolved at similar time and are 
closer to each other to that which has been reported from 
India and Pakistan. Furthermore, the highest nt identity 
and close clustering of Oman isolates with Iran isolates 
reflects that the introduction of ToLCPalV into Khasab 
happened quite recently, possibly through agriculture 
trade between both countries. Since, Iran is very close 
to the Khasab, and has a close relation for trade between 
both sides of the countries. There is possibility that ToL-
CPalV transfer to Oman via trade of infected materials 
(vegetables, ornamental or fruit plants) or might be some-
how infected whitefly vector could transport to this area, 
nevertheless, such opinions need to be verified at genome 
level.

Oman has not been extensively surveyed for the pres-
ence of Begomoviruses. Some Begomoviruses including 
chilli leaf curl virus, CLCGeV, squash leaf curl virus, 
mungbean yellow mosaic virus, tomato yellow leaf curl 
virus and watermelon leaf curl virus have been identified 

there (Khan et al. 2012, 2013, 2014; Al Shihi et al. 2018; 
Shahid et al. 2019, 2020), but this known diversity does 
not match the diversity of Begomoviruses identified in 
India, Pakistan and Iran. The amplification here of an 
earlier undiscovered bipartite Begomovirus supports the 
idea that there is a far greater diversity of Begomoviruses 
yet to be known in the Arabian Peninsula.

This is the first identification of a bipartite Begomo-
virus ToLCPalV from ornamental C. melo in Oman. The 
host-switching of a tomato infecting Begomovirus may 
possibly increase host range of this virus in the Sultanate 
of Oman. Nevertheless, this is too early to conclude and 
requires an extensive exploration to discover the virus 
epidemiology and host range. However, due to limited 
agricultural land in the Sultanate of Oman intercropping 
of different crops particularly tomato (a natural host for 
ToLCPalV) is a routine in the farmer’s fields, the fear 
is that the whitefly vector may transmit the virus to the 
tomato plants. To prevent very likely outbreak of ToL-
CPalV epidemics in tomato fields, therefore, the removal 
of C. melo plants form fields and development resistant 
cultivars and other sustainable and eco-friendly compo-
nents of integrated pest management are recommended. 
Further studies will be essential to determine the geo-
graphic distribution of ToLCPalV and the significance of 
this virus to Oman agricultural crops production.

Fig. 2   Pairwise sequence analysis using sequence demarcation tool (SDT V1.2), DNA-A (A) and DNA-B (B)
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