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Abstract
During a survey from March 2013 to October 2015, in Barasat, West Bengal, India, symptoms suggestive of begomovirus
infection were observed inMalachra capitata. The occurrence of begomovirus onM. capitata was confirmed by symptomatol-
ogy, polymerase chain reaction (PCR), Southern blot analysis and nucleotide analysis of the whole genome sequence. Sequence
analysis showed that the virus had 90.6% identity with available sequences of Tomato leaf curl NewDelhi virus (ToLCNDV).We
propose that the new begomovirus be namedMalachra yellowmosaic virus (MalYMV). To the best of our knowledge, this is the
first time the complete genome of the MalYMV, infecting M. capitata in West Bengal, India, has been sequenced.
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Begomoviruses (family Geminiviridae) are among the most eco-
nomically important plant viruses. They are efficiently transmit-
ted by the whitefly (Bemisia tabaci), resulting in crop losses
estimated to exceed billions of U.S. dollars annually and threat-
ening food security (Stansly and Naranjo 2010). Begomoviruses
affect production of a wide range of important crops, including
beans, cassava, cotton, squash, sweet potato, and tomato. Two of
the most devastating diseases caused by begomoviruses are to-
mato leaf curl disease, widely distributed around the world
(Lefeuvre et al. 2010), and cassava mosaic disease, which has
reached pandemic levels in African countries (Legg et al. 2014).
Weed species act as reservoir hosts for many economically im-
portant plant virus diseases. Weeds infected with begomoviruses
have been reported from different geographic areas of the world
and have been described as natural hosts of various
begomoviruses (Hallan et al. 1998; Khan et al. 2012).

Malachra capitata (Family Malvaceae) is a common and fre-
quently occurring weed species in India. It is widely distributed in
cultivated and uncultivated land, wasteland, railway tracks, and

road sides. It has some economic importance, as it is grown as a
fibre plant in India, and formerly also in Cuba. The leaves and
flowers are recorded in the Venezuelan Pharmacopoea. In some
regions, roots and leaves are used as remedies for the many dis-
ease conditions such as pain, diarrhoea, convulsion, hepatic cir-
rhosis, inflammation, pyrexia, ulcer, dementia, healing of wounds
(Ames et al. 1981; Rice-Evans et al. 1997; Bhowal andYawalikar
2015). It is also used for bathing purposes (Tiwari et al. 1998).

During a survey in the summer seasons of 2013 and 2015, in
Barasat, West Bengal, India, specimens ofM. capitata exhibit-
ed the typical symptoms of a begomovirus infection, including
leaf curling, leaf mosaic, leaf yellowing and stunted growth
(Fig. 1). Symptomatic leaves were collected from different
fields at Barasat and total DNA was extracted from the using
the CTABmethod (Ghosh et al. 2009) with somemodification.
Extracts were tested for the presence of begomoviruses by PCR
using an indigenously designed begomovirus specific degener-
ate primer pair (Roy et al. 2015). Of 14 samples, 12 had pos-
itive PCR reactions. This indicates a begomovirus infection in
symptomatic plants with amplification of parts of the AV1,
AC3 and AC2 genes fragment of approx. ~760 bp length
(Fig. 2a). For the Southern blot analysis, we designed a biotin
labelled probe (5’-ATRRTHTGGATGGAYGARAACAT -3′).
The 5′ end of the probe was biotinylated and used for the
detection of geminiviruses from the total sap of infected plant
samples. Briefly, about 5 μl of freshly prepared sap was blotted
on a nitrocellulose membrane and air dried. Themembrane was
then UV-cross linked for 30 min under UV-Cross Linker
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(GeNeiTM, India). Pre-hybridization, hybridization and wash-
ing of the membrane was done according to the Southern blot
analysis protocol using biotin-labelled probes (Weigel et al.
2015). Of 12 samples, 10 were positive, whereas samples from
non-symptomatic plants gave negative results (Fig. 2b). The
strong signal found suggested that the virus titer inM. capitata
was high. For host range and transmission studies, B. tabaci
were fed on infected leaves of M. capitata for 24 h. After this
acquisition access period, viruliferous B. tabaci were collected
and batches of ten insects per plant were placed on healthy
seedlings of Lycopersicon esculentum (tomato) for additional
24 h (Wang et al. 2012).Monitoring of virus was based on PCR
amplification. The initial symptoms included curling of leaves
with clearing and thickening of veins and the entire plant
remained stunted. Begomovirus DNA was detected in inocu-
lated tomato plants 14 d.p.i.

The complete viral genome was amplified by rolling circle
amplification (RCA) using the Illustra Templiphi DNA

Amplification Kit (GE Healthcare, USA) as per manufacturer’s
instructions. It was cloned and completely sequenced. The plas-
mids were isolated using a plasmid isolation kit, and sent for
sequencing with different sets of primers covering the whole
genome of the virus. Sequence results of the full genome were
analysed with available begomovirus DNA-A sequences ob-
tained from the GenBank database using BLASTn, and
pairwise identity scores were calculated using SDTv1.2
(Sequences Demarcation Tool version 1.2). BLASTn sequence
analysis showed that the virus shares 87% - 91% identity with
other begomoviruses. SDTv1.2 analysis of the virus from M.
capitata that the virus shares 90.6% identity with that of a
Tomato leaf curl New Delhi virus isolate from Gujarat
(GenBank Accession No. KX513856), 90% identity with Pea
leaf distortion virus isolate from Nepal (GenBank Accession
Nos. KY001640, andKY001641) andMalvastrum yellow vein
Chitwan virus isolate from Nepal (GenBank Accession No.
JQ327841). According to the 10th ICTV Report, the criterion
for new species demarcation is <91% pairwise nt identity on
the basis of a full-length genome of monopartite or full length
DNA-A for bipartite begomoviruses (Brown et al. 2015). Here,
we propose the name Malachra yellow mosaic virus. A phylo-
genetic tree was constructed using Vector NTI, BioEdit and
maximum likelihood method with MEGA 6.06 software.
Beet curly top virus (BCTV) GenBank Accession No.
KX867052 was used as the outgroup and is marked as a solid
square (Fig. 3). Our sequences are marked with solid triangles
(Fig. 3). The phylogenetic analysis showed that two major
clusters formed, and that the virus from M. capitata is distinct
from other begomoviruses. The whole genome sequence of the
virus was determined as 2739 nt and was submitted to the
DDBJ sequence database as Accession No. LC080677.

To the best of our knowledge this is the first molecular
evidence of a distinct new species of begomovirus infecting
M. capitata in West Bengal, India. More detailed study of

Fig. 2 aDetection ofMalYMV fromM. capitata leaf by using indigenously
designed begomovirus specific degenerate primer pair which gave
amplification approximately 760 bp. Lane M: 100 bp DNA marker (Black
Bio), Lane 1–2: healthyM. capitata leaf, Lane 3–7: infectedM. capitata leaf.
b Southern hybridization detection of MalYMV by using biotin probe (lane
2–6 were positive in Southern hybridization and lane 1 was found negative)

Fig. 1 A symptomatic M.
capitata plant showing leaf
curling, yellow mosaic, vein
clearing, leaf yellowing and
stunted growth of the plants
typical to that of begomovirus
infection. The right hand picture
shows a healthy plant
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Malachra yellow mosaic virus is needed, as it may be a threat
to other cultivated crops. Many begomoviruses are already
reported as emerging and re-emerging in recent years and
infecting different hosts, including economically important
crops which are susceptible to begomoviruses. The spread of
the disease should be studied further, and characterized in
detail at the molecular level. Interactions between the hosts
and vectors of the virus should also be investigated. Present
results indicate that, for effective management of viral dis-
eases, it is essential to research the potential of different weeds
in the field to act as viral reservoirs.
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Fig. 3 Phylogenetic tree
constructed from nucleotide
sequences using the maximum
likelihood method, with MEGA
6.06 software. Numbers below
the branches indicate bootstrap
value percentages from 1000
replications, but bootstrap values
below 60% are not shown. Beet
curly top virus (BCTV)
Accession No. KX867052 was
used as the outgroup and marked
with a solid square. Our sequence
(GenBank Accession No.
LC080677) was marked with a
solid triangle. CLCuShV, Cotton
leaf curl Shadadpur virus;
ToLCNDV, Tomato leaf curl New
Delhi virus; CLCuRV, Cotton leaf
curl Rajasthan virus; PLDV, Pea
leaf distortion virus; MYVChV,
Malvastrum yellow vein Chitwan
virus; MeYVMV, Mesta yellow
vein mosaic virus; MalYMV,
Malachra yellow mosaic virus
and BCTV, Beet curly top virus
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