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Abstract Leaf samples of tomato plants showing severe
leaf curl symptoms were collected from Pantnagar,
Uttarakhand state of India. Full-length clones of a
monopartite begomovirus were isolated and complete ge-
nome sequence was determined. Genome organization of
this virus was found to be similar to those of other old world
begomoviruses. Neither alphasatellite nor DNA B compo-
nent was detected. The DNA-A molecule (2753 nt) se-
quences showed the highest levels of nucleotide sequence
identity of 92.9 to 98.7 % with the DNA-A of Ageratum
enation virus (AEV) isolates and less identity of 77.1 to
86.3 % with known tomato-infecting begomoviruses from
India. The incidence of AEV in protected cultivation was
upto 68.5 % noticed.
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The Geminiviridae is the second largest family of plant viruses
and is characterized by a circular, single-stranded DNA virus
with characteristic quasi-icosahedral particles (geminate, 18–
22 nm diameters) (Böttcher et al. 2004). The viruses in this
family are divided across four genera that are distinguished on

the basis of host range, insect vector and genome arrangement
(Fauquet et al. 2008). Economically the most important
geminiviruses are in the genus Begomovirus. Begomoviruses
are transmitted exclusively by the whitefly Bemisia tabaci
(Jones 2003). In the OldWorld the majority of begomoviruses
have monopartite genomes, although a small number have
bipartite genomes consisting of DNA-A and DNA-B. The
DNA-A encodes all factors required for virus replication,
overcoming host defenses, insect transmission and control of
gene expression, while DNA-B encodes factors required for
inter- and intracellular movement in host plants (Hanley-
Bowdoin et al. 1999). The majority of the monopartite
begomoviruses instead associate with a newly identified class
of single-stranded DNA satellites termed betasatellites
(Briddon and Stanley 2006).

Tomato (Solanum lycopersicom) is one of the major
vegetable crops grown all over India under diverse climatic
conditions. Tomato leaf curl disease (ToLCD) is the most
detrimental factor for tomato production all over the world.
Tomato leaf curl disease caused by a whitefly-transmitted
virus was first reported in 1948 in northern India by
Vasudeva and Samraj (1948). Upon infection, viruses asso-
ciated with the disease produce vein clearing, leaf curling,
reduction in leaf lamina, vein enation and stunting in plants.
In India, leaf curl disease can be caused by 14 species of
viruses belonging to the genus Begomovirus, family
Geminiviridae. Here we characterize a virus affecting toma-
to in Pantnagar and show it to be an isolate of the
begomovirus Ageratum enation virus (AEV), the first time
a weed infecting begomovirus species has been identified
naturally infecting tomato in India. The incidence of leaf
curl disease is varied from 27.6 to 68.5 % in five different
polyhouses of 1.25 ha. Of the randomly collected 51 tomato
leaf curl samples, all the samples were positive in PCR
amplification using begomovirus specific primers.
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Leaf samples of tomato showing sever leaf curling, vein
clearing, vein enation, reduction in leaf lamina and stunted
growth symptoms were collected in playhouse grown toma-
toes, areas around Pantnagar, the tarai region of Uttarakhand
state, India in 2012 (Fig. 1). Samples were used for B.tabaci
acquisition and transmission of the putative viruses present to
healthy tomato plants grown in glasshouse by using 12 and
24 h acquisition and inoculation access periods respectively.
The plants showing typical leaf curl symptoms were
maintained in the insect free glasshouse. Total nucleic acids
were extracted from leaf samples of inoculated plants by the
modified cetyl trimethyl ammonium bromide (CTAB)method
(Venkataravanappa et al. 2012). A partial clone of the
begomovirus was obtained by polymerase chain reaction
(PCR) amplification with begomovirus group-specific
primers (Venkataravanappa et al. 2012). After confirming
the begomovirus nature, complete viral genomic DNA was
amplified through rolling-circle amplification (RCA) (Haible
et al. 2006). RCA product was digested individually with
BamHI, EcoRI, HindIII and KpnI. Only BamHI and HindIII
gave clear bands of 2.7 kb. Both the bands were selected for
cloning. The complete nucleotide sequence of clones from
each sample (three clones for each sample were sequenced)
were determined by automated DNA sequencer, ABI PRISM

3730 (Applied Biosystems) from Eurofins Genomics India
Pvt. Ltd, Bangalore, India. The sequences obtained were
verified for the presence of all Begomovirus specific ORFs
(using NCBI ORF finder) and conserved nonanucleotide se-
quence. The sequence results were analyzed using NCBI
(www.ncbi.nlm.nih.gov) blast search, followed by multiple
sequence alignments using ClustalX (Thompson et al. 1997)
and Bioedit Sequence Alignment Editor (version 5.0.9) (Hall
1999), to determine percentage sequence identity with other
species, which showed maximum identity in the blast search.
Full-length genome of selected Begomovirus species, phylo-
genetic trees were generated by MEGA 5.0 software (Tamura
et al. 2011), using the neighbor joining method with 1000
bootstrapped replications, to estimate evolutionary distances
between all pairs of sequences simultaneously.

The complete nucleotide sequence of the DNA-A compo-
nent was determined to be 2753 bp in length (acc. No.
JX436472). Sequence analysis of the DNA component is
predicted to contain six open reading frames (ORFs) with an
arrangement typical of the DNA-A components of the Old
World begomoviruses, consisting of two ORFs in the virion-
sense (encoding the coat protein (CP) and V2 and four in the
complementary-sense (encoding the replication associated
protein (Rep), the transcriptional activator protein (TrAP),
the replication enhancer protein [REn] and C4. The features
of this newly derived DNA-A component are summarized in
Table 1.

Of the 51 samples analyzed for begomovirus specificity,
12.0 % of samples were infected with Tobacco curly shoot
virus and remain 88.0 % were infected with Ageratum enation
virus and none of the sample showed any mixed infection.
Further primers specific to DNA-B and Alfasatellites did not
result any positive amplification from all the samples tested.
Multiple alignment and sequence comparison of present iso-
late with tomato infecting begomoviruses from Indian sub-
continent showed 92.9 to 98.7 % with known AEV isolates
infecting Crop and weed hosts in India (Table 1). Where as
77.1 to 86.3 % homology with known tomato infecting
begomoviruses from Indian subcontinent. Phylogenetic den-
drogram, based on alignment of complete DNA-A sequences
of the majority of tomato-infecting begomoviruses of Indian
sub-continent origin and other begomoviruses shows that
AEV.tomato does not cluster with any other tomato-infecting
begomovirus species originating from India rather it is placed
on a separate Claude with AEV infecting begomovirus species
(Fig. 2).

In India, diseases caused by whitefly-transmitted
begomoviruses are on increase, affecting the cultivation
and economic yield of vegetables, including tomato. In-
creased overlapping cultivation of tomato and closely relat-
ed solanaceous crops has resulted in an expanded host range
of existing begomoviruses and has led to the emergence of
new strains and recombinants. This is especially true for

Fig. 1 Severe leaf curling symptom of tomato in which Ageratum
enation virus isolated
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tomato, which is grown in diverse agroclimatic zones
throughout the year, thus perpetuating the virus inoculum
and vector population (Varma et al. 2011). In this context,
considerable progress has been made in characterizing to-
mato begomoviruses in southern, western and northern In-
dia. Although incidence of tomato leaf curl disease
(ToLCD) in India was first reported from northern region
(Vasudeva and Samraj 1948), this disease is now widely
spread in almost all tomato growing regions of country. A
total of 14 tomato infecting begomovirus species are known
to be associated with ToLCD in India (Brown et al. 2012;
Fauquet et al. 2008). Tomato leaf curl Bangalore virus
(ToLCBV), Tomato leaf curl Karnataka virus (ToLCKV),
and Tomato leaf curl Kerala virus (ToLCKeV) from southern
India (Chatchawankanphanich and Maxwell 2002; Kirthi et
al. 2002; Muniyappa et al. 2000). Whereas Papaya leaf curl
virus (PaLCV), Tomato leaf curl New Delhi virus
(ToLCNDV), Tomato leaf curl Gujarat virus (ToLCGV),

Tomato leaf curl Palampur virus (ToLCPaV), Tomato
leaf curl Pune virus (ToLCPuV), Tomato leaf curl and
Rajasthan virus (ToLCRV) from northern India
(Padidam et al. 1995; Chakraborty et al. 2003; Kumar
et al. 2008; Srivastava et al. 1993), Cotton leaf curl
Burewala virus (CLCuBV), Tomato leaf curl Ranchi
virus (ToLCRnV), Tomato leaf curl Patna virus
(ToLCPV) and Tomato leaf curl Joydebpur virus
(ToLCJV) have been reported from Eastern India
(Kumari et al. 2009, 2010, 2011; Tiwari et al. 2012).
With an increasing number of samples analyzed from
different locations, it is now evident that both
monopartite and bipartite begomoviruses are distributed
throughout India, and the earlier opinion (Chowda
Reddy et al. 2005) that the distribution of bipartite virus
occurs only in northern region is no longer valid. This
is the first report of the occurrence of AEV on tomato
in India, although it is known to occur on several weed

Table 1 Pairwise comparisons of percent nucleotide identities between the genomic components and amino acid sequence identities of encoded genes
of AEV infecting tomato with selected begomoviruses from NCBI the database

Begomoviruses % nt identity of
AEV.Tomato isolate

% amino acid identity of AEV.Tomato isolate

Full genome IR AV1 AV2 AC1 AC2 AC3 AC4

JX436473|AEV.Fenugreek.BG199 98.7 98.9 99.6 97.4 97.5 95.5 97.7 98.8

FN794201|AEV.Palampur.Crassocephalum crepidioides.UwuA 98.4 98.6 100 97.4 98.6 94.7 97.7 98.8

FN543099|AEV.HP.Zinnia sp. 98.2 97.9 100 974 98.0 94.7 97.7 100

HE861940|AEV.Palampur.Glycine max 98.1 70.8 99.6 97.4 98.3 97.0 97.7 95.2

JF728866|AEV.Mohali.Ageratum conyzoides10 97.8 72.5 100 97.4 98.0 91.0 97.0 98.8

JF682242|AEV.Lucknow.Amaranthus hypochondriacus 97.5 97.2 99.2 97.4 97.5 94.7 91.0 96.4

JF728865|AEV.Mohali.Daucus carota9 96.9 69.4 97.6 95.7 96.6 95.5 98.5 89.4

JQ911765|AEV.Lucknow.Papaver somniferum 96.5 73.2 96.4 95.7 97.5 97.0 97.0 97.6

AM261836|AEV.SonAL8.Sonchus oleraceus 94.1 38.1 97.6 97.4 93.9 90.2 97.7 84.7

FJ177031|AEV.Lucknow.Cleome gynandra 93.5 25.0 100 95.7 92.7 94.7 91.0 85.8

GQ268327|AEV.Gorakhpur.Trichosanthes dioica 93.4 25.0 99.6 96.6 93.3 96.2 91.7 84.7

AM701770|AEV.Faisalabad.Turnip 92.9 20.1 99.6 94.0 93.0 94.7 93.2 83.5

AJ437618|AEV.Nepal.Ageratum conyzoides 92.9 24.6 99.2 94.9 93.9 92.5 91.0 84.7

AF188481|ToLCBdV.Bangladesh 86.3 29.0 99.6 98.3 83.3 84.3 88.0 48.4

GU732204|ToLCPkV.[IN:Bih] 86.0 27.6 98.0 92.3 63.0 88.0 86.5 61.8

JN387045|TbCSV.To-Ag-1 85.8 25.5 97.2 94.0 82.8 87.3 92.5 44.3

GQ994095|ToLCRaV 85.7 25.9 98.8 94.0 81.4 88.0 91.0 42.2

EU910141|ToLCKeV.K3 84.0 26.6 96.0 90.6 80.0 90.2 87.3 81.0

U38239|ToLCKV.Bangalore II 83.6 34.3 96.8 95.7 81.4 86.5 88.0 44.3

JQ654460|ToLCJoV.HJP3 82.9 27.6 98.0 42.0 83.3 82.8 76.8 10.1

AY190290|ToLCGV.[Varanasi] 79.9 25.0 80.8 83.8 81.1 84.3 82.0 13.2

AY754814|ToLCPuV.[India:Pune:2005] 78.4 29.8 91.0 70.3 79.2 82.8 79.1 49.4

JN135234|ToLCLV 78.1 26.0 96.0 88.9 73.4 74.6 73.1 51.7

DQ339117|ToLCRV.[India:Rajasthan:2005] 77.7 24.2 97.6 94.0 75.9 57.4 44.0 44.7

EU862323|ToLCPV. 77.7 26.3 16.7 66.1 81.4 21.4 68.6 65.0

AF165098|ToLCBV.Ban4 77.1 28.4 87.5 70.3 78.1 81.3 82.8 44.3
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hosts. This has significance in the epidemics of tomato
leaf curl disease from a weed host spreading to culti-
vated plants being more than 50 % incidence in
protected cultivation.
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Fig. 2 Phylogenetic tree of
complete nucleotide sequences
of the DNA-A of the Ageratum
enation virus (AEV) isolate
originating from Pantnagar with
selected other begomoviruses
available in the databases. The
AEV isolate originating from
pantnagar is highlighted. The
number at the nodes indicate
the bootstrap confidence values
(1000 replicates). For each
isolate the database accession
numbers are given
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