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Abstract During a survey in June 2011, severe leaf yel-
low mosaic disease was observed on about 45 % plants of
Jatropha curcas growing in the Katerniaghat wildlife
sanctuary in India. An association of a begomovirus with
disease was detected in 15 out of 20 samples by PCR using
begomovirus genus-specific primers and total DNA iso-
lated from symptomatic leaf samples. For identification of
the begomovirus, the complete genome was amplified us-
ing a Phi-29 DNA-polymerase-based rolling-circle ampli-
fication kit and total DNA from five representative samples
and then digested with BamHI. The linearized RCA prod-
ucts were cloned and sequenced. Their GenBank accession
numbers are JN698954 (SKRK1) and JN135236 (SKRK2).
The sequences of the two begomovirus isolates were 97 %
identical to each other and no more than 86 % to those of
jatropha mosaic India virus (JMIV, HM230683) and other
begomoviruses reported worldwide. In phylogenetic ana-
lysis, SKRK1 and SKRK?2 clustered together and showed
distant relationships to jatropha mosaic India virus, Jatro-
pha curcas mosaic virus, Indian cassava mosaic virus, Sri
Lankan cassava mosaic virus and other begomoviruses.
Based on 86 % sequence identities and distant phyloge-
netic relationships to JMIV and other begomoviruses and
the begomovirus species demarcation criteria of the ICTV
(<89 % sequence identity of complete DNA-A genome),
the begomovirus isolates associated with leaf yellow
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mosaic disease of J. curcas were identified as members of a
new begomovirus species and provisionally designated as
jatropha leaf yellow mosaic Katerniaghat virus
(JLYMKY). Agroinfectious clones of the DNA molecule
of the begomovirus isolate were also generated, and the
fulfillment of Koch’s postulates was demonstrated in J.
curcas plants.

Jatropha curcas (family Euphorbiaceae) is a shrub plant
that is grown mainly for biodiesel production in India. It
survives in various climatic conditions and has the ability
to grow in almost any type of soil, especially on drought
soil, and produce 30-40 % of its seed weight in biodiesel
[1]. Widespread mosaic disease of J. curcas caused by
begomoviruses was first investigated in 2004 in southern
India (Karnataka) [2, 3] and then in northern India [4, 5].
Since then, many new begomoviruses have been reported
on J. curcas from India and other countries [6—-10].

Based on earlier reports of begomoviruses on Jatropha
and the widespread cultivation of this plant in India, the
Jatropha plots at wild life sanctuary, Katerniyaghat, Uttar
Pradesh, India were surveyed during June, 2011 for bego-
movirus-disease-like symptoms. Severe leaf yellow mosaic
disease was noted on J. curcas plants with an incidence of
about 45 %. The severely infected plants exhibited yellow
mosaic accompanied by blistering and curling on leaves
and stunting of plants as compared to non-symptomatic
ones (Fig. 1a, b). Leaf and stems samples from 20 diseased
plants were collected for detection of begomoviruses, and
stem cuttings were planted in pots and maintained in a
glass house for propagation of virus cultures.

Based on typical begomovirus-disease-like yellow mo-
saic symptoms and the population of whiteflies in the
vicinity, begomovirus infection was suspected. Therefore,
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Fig. 1 Naturally infected J. curcas plant showing severe yellow
mosaic accompanied by blistering and curling symptoms on leaves
(a), compared to a non-symptomatic plant (b) in the field. (c) An
agroinfiltrated J. curcas plant with mosaic symptoms at 45 dpi.

whitefly transmission was attempted using a method de-
scribed earlier [11]. The pathogen was successfully trans-
mitted to healthy J. curcas seedlings, which developed
similar yellow mosaic symptoms on leaves of all five plants
by 45 days post-inoculation (dpi).

For detection of begomovirus, total DNA from 20 ran-
domly selected symptomatic leaf samples and one
asymptomatic one was isolated using a DNeasy Plant Mini
Kit (QIAGEN GmbH, Hilden, Germany) and subjected to
polymerase chain reaction (PCR) in a thermal cycler
(SureCycler 8800, Agilent Technology, Selangor, Malay-
sia) using begomovirus DNA-A- specific primers (PALIv
722/ PALIc 1960) [12] and DNA-B-specific primers [13].
The PCR with primers PALIv722 and PALIc1960 resulted
in a ~1.2-kb amplicon in 15 out of 20 samples (Fig. 1d),
which suggested an association of a begomovirus with the
symptoms in the plants. PCR using DNA-B-specific pri-
mers [13] did not result in any amplicon from any of these
samples, indicating the absence of a DNA-B component.
Therefore, these isolates are monopartite begomovirus.

For molecular identification of the detected bego-
movirus, its complete genome was amplified from the
DNA of five infected jatropha leaf samples (SKRKI-5)
amplified by rolling-circle amplification (RCA) using a
Phi-DNA-polymerase-based TempliPhi™ DNA amplifi-
cation kit (GE Healthcare, Buckinghamshire, UK) as per
the manufacturer’s instructions, and the RCA products
were linearized with BamHI restriction enzyme (Thermo
Fisher Scientific Inc., Pittsburgh, USA). Electrophoresis of
the linearized RCA products resulted in a ~2.7-kb band
from all five DNA samples which were cloned and
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(d) Agarose gel electrophoresis of PCR products obtained from DNA
samples of symptomatic J. curcas using DNA-A specific primers
PALIv 722/ PALIc 1960 [12] showing bands of the expected size of
~1.2 kb in 15 of 20 samples (c)

sequenced. Analysis of the sequence data showed that the
sequences of SKRK1 and SKRK3 were identical, and the
SKRK?2, SKRK4, and SKRKS5 isolates were identical to
each other. Therefore, sequence data for two isolates were
submitted to the GenBank database under the accession
numbers JN135236 (SKRK1) and JN698954 (SKRK2).

The sequences of the isolates SKRK1 and SKRK2
were 2744 nucleotides long and possessed six open
reading frames, V1-2 in the virion sense and C1-4 in the
complementary sense, which is a typical arrangement for
monopartite begomovirus. The untranslated intergenic
regions were from nucleotides 2602 to 2740 and 1 to 134
and contained the nonanucleotide sequence (TAA-
TATTAC) required for replication of begomovirus
(Fig. 2a).

Pairwise comparison of nucleotide sequences showed
that the sequences of the begomovirus isolates were 97 %
identical to each other and 86 % identical to that of
jatropha mosaic India virus isolate JMIV (HM230683)
reported in India [8]. SKRK1 and SKRK2 also shared
76-78 % identity with isolates of jatropha curcas mosaic
virus JCMV: JX518289 and GQ924760), 72-77 % identity
with isolates of Indian cassava mosaic virus (ICMV:
724758, AY730035, AJ314739 and AJ575819) and
70-71 % identity with isolates of Sri Lankan cassava mo-
saic virus (STLCMV: AJ579307, KC424490, AJ890225
and AJ607394) isolated from J. curcas and Manihot es-
culenta (Table S1).

For phylogenetic analysis of the begomovirus isolates
under study, a tree was constructed using the neighbor-
joining method with 1000 bootstrap replicates the MEGA
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Fig. 2 (a) Genomic organization of jatropha leaf yellow mosaic
Katerniaghat virus showing the arrangement of six predicted ORFs
along with their nucleotide coordinates and putative proteins (a).
Arrows indicate the positions and orientations (virion/complementary
sense) of putative ORFs. V2, pre-coat protein gene; V1, coat protein
gene in the virion sense (clockwise), C5, C3, replication enhancer
protein gene; C2, transcription activator protein gene; C1, replication-
associated protein gene; C4, C4 protein gene in the complementary

v6.0 [14]. This analysis revealed that SKRK1 and SKRK2
clustered with JMIV isolates and formed a single clade,
while JCMV, ICMV, StLCMV and other begomovirus
isolates clustered in a different clade (Fig. 2b). Although
the isolates SKRK1 and SKRK2 formed a clade with
JMIV, they showed a distant relationship to JCMV, ICMV,
StTLCMV and other begomoviruses. The begomovirus
isolates under study showed less than 87 % sequence
identity and the closest phylogenetic relationship to a JIMIV
isolate reported from India [8]. The begomovirus species
demarcation criterion of the ICTV is 89 % DNA-A se-
quence identity [15]. The new begomovirus isolates should
therefore be considered members of a new species of be-
gomovirus and are provisionally designated as Jatropha
leaf yellow mosaic Katerniaghat virus (JLYMKYV).

An agroinfectious clone of the DNA molecule of a be-
gomovirus isolate was generated to test the infectivity of
the DNA genome. For construction of the agroinfectious
clone, the RCA product from the SKRK1 DNA sample was
partially digested with BamHI, and a linearized ~ 5.6-kb
band was eluted and ligated into pPCAMBIA1300 vector.
The resulting dimeric clone was mobilized into Agrobac-
terium tumefaciens (GV3101), designated as pCAM-
JLYMKYV-DNA and infiltrated into leaf lamina of J. curcas
seedlings at the 4- to 6-leaf stage (3 each). A set of plants
were also infiltrated with pCAM-1300 vector alone as a
negative control, and all infiltrated plants were kept in an
insect-proof chamber and monitored for two months for

sense (anticlockwise). The intergenic region is represented as filled
blocks with a hairpin structure at the origin of replication. (b) Phy-
logenetic tree showing distant relationships of Jatropha leaf yellow
mosaic Katerniaghat virus to isolates of JMIV, JCMV, ICMV,
SrLCMV, ELCV, pedilanthus leaf curl virus and tomato leaf curl
Kerala virus. The distance tree was generated using the neighbour-
joining method in MEGA v6.1 [14] with 1,000 bootstrap replicates.
Bootstrap values are shown at the nodes of the tree

symptom development. The pCAM-JLYMKV-DNA-infil-
trated seedlings of J. curcas (3/3) developed leaf yellow
mosaic symptoms at 45 dpi (Fig. Ic) that were similar to
those of naturally infected J. curcas plants (from which the
virus was cloned), while the plants infiltrated with pCAM-
1300 did not develop symptoms. The presence or absence
of a DNA genome in the agroinfiltrated plants was tested
by PCR using begomovirus-DNA-genome-specific primers
[12], and begomovirus DNA was detected in all of the
plants infiltrated with pCAM-JLYMKV-DNA. These
studies fulfill Koch’s postulates for the DNA genome of the
begomovirus isolate from J. curcas plants.

Leaf samples from 57 symptomatic plants were again
collected from Katarniaghat for indexing to determine
whether they contained JLYMKYV. DNA was isolated from
all of the samples and dot blotted onto a nylon membrane.
The blots were hybridized with a probe prepared from
clone of JLYMKV (SKRK1: JN698954) using a method
described earlier [16]. Out of 57 tested, 48 showed hy-
bridization with the probe, but no signals were obtained for
a healthy J. curcas plant, indicating the presence of
JLYMKV in a high percentage, 84.2 % (48/57), of J.
curcas plants growing at Katarniyaghat. An uncharacter-
ized disease appeared to be affecting Jatropha simultane-
ously, as both surveys detected begomovirus in ~85 % of
symptomatic plants.

A literature survey revealed many reports of bego-
moviruses on J. curcas from all over the world, viz.
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Jatropha mosaic virus [2], Indian cassava mosaic virus [5,
6], African cassava mosaic virus and East African cassava
mosaic virus from Kenya [7]; JMIV [8] and JLCrV [10]
from India; and jatropha mosaic Nigeria virus from Nigeria
[9]. However, a new begomovirus from India, “jatropha
leaf yellow mosaic Katerniaghat virus JLYMKYV)” is be-
ing reported for the first time. Our indexing study by nu-
cleic acid hybridization test showed the presence of
JLYMKYV in a high percentage (>84 %) of plants collected
from Katernyiaghat. Therefore, JLYMKYV may be consid-
ered a threat to J. curcas cultivation in India.
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