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Papaya (Carica papaya) is an important food crop cultivated in the
tropical and subtropical countries of the world. Leaf curl disease has
become a serious problem in the papaya growing areas of eastern Uttar
Pradesh, India. An outcome of the survey for this study showed that this
disease occurs consistently in this region and becomes more severe during
October to March each year. In order to characterise leaf curl disease of
papaya, leaves of four plants with symptoms and one without symptoms
were collected during February and March 2010 (Fig. 1). Total DNA was
isolated from the leaves, and PCR was used to amplify the geminivirus
genomes (Kumar et al., 2011) and their associated satellites (Bull et al.,
2003; Kumar et al., 2010), which were then further cloned and sequenced.
The full-length sequence for the monopartite begomovirus (DNA-A; 2725
nts) (GenBank Accession JN558352), shared highest nucleotide pairwise
identity (96% BLAST, NCBI) with Cotton leaf curl Multan virus
(CLCuMV) reported from Pakistan (AJ002459) and the phylogenetic
analyses confirmed the relationship with other CLCuMV isolates (Fig. 2). 
The alphasatellite DNA (DNA1, 1390 nts) (JQ322970) shared 92%
nucleotide pairwise identity with Gossypium darwinii symptomless
alphasatellite of Pakistan (FJ218493) and the phylogenetic tree revealed
that it grouped with other Cotton leaf curl Multan alphasatellite
(CLCuMD1) isolates (Fig. 3). The betasatellite molecule (1371 nts,
JX217745) shared highest nucleotide sequence identity (>90%) with
Cotton leaf curl Multan betasatellite (CLCuMB) from India (AY744380)
and the phylogenetic analyses showed its close relation to other CLCuMB
isolates (Fig. 4). According to ICTV guidelines for begomoviruses
(Fauquet et al., 2008), and betasatellites (Briddon et al., 2008) the virus
under study is considered as an isolate of CLCuMV and the betasatellite as
an isolate of CLCuMB. 
Rolling circle amplification (RCA) was performed (TempliPhi
amplification kit; GE Healthcare, USA) to construct infectious clones.
RCA products were partially digested with BamHI to obtain monomer and
head-to-tail tandem repeat dimers of full-length begomovirus DNA.
Monomers and dimers were cloned into the pCAMBIA2301 vector. An
infectious head-to-tail tandem repeat clone of the betasatellite was
prepared similarly. Sequencing of 10 DNA-A monomer clones confirmed

the presence of identical viral DNAs. Infectivity testing was performed by
single and combined inoculation of tobacco (10 plants in each case) with
Agrobacterium as a carrier of the begomovirus (DNA-A) or the
betasatellite infectious construct. Only the plants infected with DNA-A
and betasatellite showed leaf curling symptoms, whereas the others
exhibited no symptoms. The data strongly supports association of
CLCuMV and associated satellites with leaf curl disease of Papaya in
India. 
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