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Abstract— A sever leaf curl disease was observed in tomato
plants (Solanum lycopersicum) in Haryana during the year
2016. Papaya leaf curl virus (PaLCuV) with Papaya leaf curl
betasatellite (PaLCuB) was examined in association with the
disease by sequence analysis of ~2.7 kb cloned genome,
amplified by Rolling Circle Amplification method from the
total DNA of a characteristic infected tomato sample.
Sequences were analyzed and submitted to the NCBI
database under accession number KU 376493 and
KU376494, showing the maximum similarity of 93.99%
with papaya leaf curl virus and 97.81% with papaya leaf curl
betasatellite respectively. Hence, the isolated virus was
identified as PaLCuV and PaLCuB.
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. INTRODUCTION

Geminiviridae is one of the largest plant virus families
infecting a wide range of food and fiber crops, ornamental
plants. Geminiviruses are characterized by having a genome
comprises one or two single-stranded (ss) circular DNA
molecules [1]. The family is divided into nine genera based
on host range, genome organization, and the transmission
vector. Begomovirus is the largest genus of the family with
>400 virus species [2]. Begomovirus species have a genome
composed of one (monopartite) or two (bipartite) ssSDNA
molecules of ~ 2.7 kb each and are transmitted by whitefly
(Bemisia tabaci). Monopartite begomoviruses are found in
association with some satellite molecules known as
alphasatellite, betasatellite and deltasatellite [3]. Virus
genome encodes 6 proteins: V1(Coat protein), V2 (pre-coat
protein) on virion sense strand, C1 (replication associated
protein), C2 (transcription activator protein), C3 (replication
enhancer protein) and C4 protein on the complementary
strand [4].

Emergence of new virus disease in economically
important crops is a major threat to food sustainability.
Tomato (Solanum lycopersicum) is a member of the
Solanaceae family is one of the most important vegetable
crops. Papaya leaf curl virus, a begomovirus, infects a large
number of plants such as papaya, tomato, chilli, amaranthus,
turnip, jatropa, clusterbean etc. [5].

In this study, we have reported the association of
papaya leaf curl virus and associated betasatellite infecting
tomato plants.

Il. MATERIALS AND METHOD

A. Sample collection and DNA extraction

During a routine survey of fields, infected tomato plants were
detected. The tomato plants showing begomovirus like
symptoms such as severe leaf curling, and stunting of the

whole plant were observed. Infected plant samples were
collected along with non-infected leaves (Fig 1) and
processed. Total genomic DNA was isolated by using the
CTAB method [6].

B. Amplification of Isolated DNA

Polymerase Chian Reaction was performed to confirm the
begomovirus infection by using coat protein-specific primers
[7]. Positive amplicons obtained from PCR were subjected to
Rolling Circle Amplification (RCA) by using the RCA
TempliPhiTM kit by using the manufacturer’s instructions.

C. Cloning and sequencing

Positive RCA products were digested with EcoRI and
BamHl, restriction endonuclease enzymes. Linearized DNA
products were cloned into the pPCAMBIA1300 vector. And
sequencing was performed by Sanger’s method.

D. Sequence analysis and phylogeny

Obtained sequences were checked for maximum similarities
with other isolates and submitted to the NCBI database. By
BLASt analysis to 20 virus isolate sequences were selected
and check for phylogeny. Best nucleotide substitution model
was checked and a neighbour-joining phylogenetic tree was
generated by using MEGA 7 program [8].

I11. RESULTS AND DISCUSSION

Isolated DNA was amplified by PCR and positive amplicons
were further checked by RCA. 2 positive clones were
obtained and digested with EcoRI and BamHI. 2 linearized
bands of size ~2.7 kb and ~1.3 kb was sequenced and
submitted to NCBI database under accession number
KU376493 (2746 bp) and KU376494 (1367 bp) respectively.
The similarity score was checked by NCBI BLASTn analysis.
The KU376493 isolate was showing a maximum similarity of
93.99% with JN807765 isolate (papaya leaf curl virus) and
KU376494 was 97.81% similar to KJ605113 isolate (papaya
leaf curl betasatellite). KU376493 was showing 6 ORFs: V1,
V2, C1, C2, C3, C4, and KU376494 was observed to have a
single ORF for beta C1 protein (Table 1). So the isolated
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sequence KU376493 was a papaya leaf curl virus and
KU376494 was observed to be papaya leaf curl betasatellite.
For phylogenetic tree construction, the best model for
KU376493 was GTR+G and for KU376494 was T92+G. By
using these models NJ tree was prepared, KU376493 was
found to be clusterd with IN807765 (Fig 2A) and KU376494
was showing maximum similarity with KJ605113 (Fig 2B).
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Fig. 2B:
Fig. 2: Phylogenetic tree of isolated papaya leaf curl virus
(A) DNA-A of PaLCuV (KU376493) (B) betasatellite of
PaLCuV (KU376494).

Table 1: charecterization of isolated PaLCuV and associated

Betasatellite

IV. CONCLUSION

Leaf curl disease is a major issue in economically important
crops. Begomovirus is a major cause of crop loss. Molecular
detection of virus plays a significant role in the detection of a
new host. Present study suggests that tomato may serve as a
reservoir host for papaya leaf curl virus.
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