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FIRST REPORT ON THE ASSOCIATION OF A BEGOMOVIRUS
WITH CHRYSANTHEMUM INDICUM EXHIBITING YELLOWING OF LEAF
VEIN DISEASE CHARACTERIZED BY MOLECULAR STUDIES
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ABSTRACT
Infected leaf samples of an ornamental plant Chrysanthemum indicum showing yellowing of leaf veins
were collected from gardens of New Delhi (India). An expected PCR product of size ~500 bp was amplified
from total DNA extracts of symptomatic leaf samples with universal primers on the gene of coat protein
region of begomovirus DNA-A component. The presence of begomoviruses was also confirmed by South-
ern blot analysis using control cloned DNA-A probe of Cotton leaf curl virus. Sequence analysis of the
virus infecting Chrysanthemum indicum showed 99% nucleotide sequence identity with Clerodendron yel-

low mosaic virus (EF408037).
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INTRODUCTION

Geminiviridae is a large family of plant viruses
with circular, single-stranded DNA (ssDNA) ge-
nomes packaged within geminate particles (Cui et
al. 2004; Moffat et al. 1999). According to their ge-
nome organization and biological properties, the
family Geminiviridae is divided into four genera:
Mastrevirus, Curtovirus, Topocuvirus and Be-
gomovirus (Fauguet et al. 2003). Over the past few
decades, there has been more interest in gemini-
viruses, especially begomoviruses, as many of the
diseases they cause have now reached epidemic
character (Brown & Czosnek 2002).

Ornamental plants serve as alternative hosts
for begomoviruses in gardens and may allow the
transmission of begomovirus to other horticultural
crops and medicinal plants, thus enhancing the host
range of these viruses in different regions of India
(Marwal et al. 2013a). The vector is the whitefly
(Bemisia tabaci) that causes begomoviral infections
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in ornamentals, crops and weeds. Therefore, in-
creasing knowledge about its epidemiology, se-
quence diversity and biodiversity is highly im-
portant for implementing preventative strategies.

In the present report, we identified a be-
gomovirus associated with a disease of ornamental
plant Chrysanthemum indicum, which is a flowering
plant within the Asteraceae family. It is a perennial,
aromatic, medicinal plant used in the traditional folk
medicine in Asia and Europe, against nephritis,
women’s diseases and in the treatment of neurolog-
ical problems and headache (Chang et al. 2010). It
was also found to have anti-microbial, antioxidant
and anti-inflammatory properties (Park et al. 2012).

MATERIALS AND METHODS

Origin of plants

Chrysanthemum indicum is native to Asia and
northeastern Europe. Most species originate from
East Asia and the centre of diversity is in China.
A survey of different gardens was made during
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2010-2011. Fourteen Chrysanthemum indicum
plants were found with leaf yellow vein dis-
ease, which are symptoms typical to begomovirus
infection. To investigate the potential begomoviral
infection, all the 14 symptomatic Chrysanthemum
indicum as well as asymptomatic leaf samples were
collected from the same garden in New Delhi.

Extraction of total DNA

The leaf samples were cleaned, cut, rolled in a
piece of tissue paper and stored at —20 °C until DNA
isolation. Total DNA was extracted from leaves of
infected as well as healthy plants using the cetyltri-
methylammonium  bromide (CTAB) method
(Manen et al. 2005). Samples of the total DNA
product were analysed by electrophoresis on a 1 or
2% agarose gel and the concentration was deter-
mined by using Nanodrop (Thermo Scientific).

Identification of begomovirus components by
PCR

PCR was performed using a pair of degenerate
primers specific to the coat protein region of be-
gomovirus. The forward primer sequence was
GGRTTDGARGCATGHGTACATG (AC 1048)
and the reverse primer sequence was GCCY-
ATRTAYAGRAAGCCMAG (AV 494) (Marwal et
al. 2013b). A final volume of 50 pl PCR mixture
contained: 100 ng DNA template, 5 pul 10 x PCR
buffer (10 mmol; Tris-HCI, pH 8.8; 50 mmol KCI);
2.5 mmol MgClz, 200 umol of each dNTPs, 2 units
of Tag DNA Polymerase (Fermentas, India),
0.2 umol of each primer and nuclease free water.

The PCR thermal profile was pre-PCR dena-
turation at 94 °C for 120 s followed by 35 cycles of
denaturing at 94 °C for 45 s, annealing at 55 °C for
45 s and extension at 72 °C for 45 s, and a final ex-
tension at 72 °C for 5 min (Marwal et al. 2012).

For the detection of any DNA-B component in
diseased plant, primer pair PCRcl and PBLIv2040
was used (Rojas et al. 1993; Bela-ong et al. 2007),
having the same PCR condition and reaction as used
in the case of begomovirus DNA-A. To test whether
a DNA satellite molecule was associated with be-
gomovirus, a universal primer pair specific for al-
pha-satellite and beta-satellite (Briddon et al. 2002;
Bull et al. 2003) was also used to amplify the puta-
tive DNA. The concentration of PCR reaction rea-
gents for alpha-satellite and beta-satellite was the

same as for DNA-A, mentioned above in the manu-
script, whereas the PCR thermal profile was pre-
PCR by denaturation at 94 °C for 120 s followed by
35 cycles of denaturing at 94 °C for 60 s, annealing
at 68 °C for 60 s and extension at 72 °C for 60 s, and
a final extension at 72 °C for 5 min.

Cloning, sequencing, Southern hybridization

The amplified PCR product was purified and
cloned into Promega pGEMT vector system as per
the manufacturer’s instruction. The clones were se-
guenced and the details were submitted to National
Center for Biotechnology Information (NCBI). A
phylogenetic tree was generated with the MEGA 4.0
software by using the neighbour-joining method
with 1000 bootstrap replications. For final confir-
mation of begomovirus infectivity, Southern hybrid-
ization was performed according to the method of
Kon et al. (2003). Cloned DNA-A of Cotton leaf curl
virus was used to develop the control radiolabeled
probes as a general probe for begomoviruses.

Methodology of biotest

For conducting biotest, mechanical and seed
transmission studies were carried out. In case of me-
chanical transmission, infected Chrysanthemum in-
dicum leaves were macerated in a pestle and mortar
by adding ice cold 0.05 M phosphate buffer, pH 7.5
containing 1% of 2-mercaptoethanol. The resultant
pulp was inoculated into 15 one-week-old seedlings
of Chrysanthemum indicum by the unidirectional
rubbing of forefinger dipped in inoculum. The
plants were maintained in the separate compartment
of the glasshouse for symptom production.

In seed transmission biotest, matured seeds
were collected from infected Chrysanthemum indi-
cum and non-symptomatic healthy plants. The seeds
were treated with 2% (v/v) sodium hypochlorite for
3 min and rinsed with water several times. Two sets
of 15 seeds, each from healthy and diseased plants,
were sown in soil and kept in a glasshouse for four
weeks for the development of symptoms.

Koch’s postulate

Moreover, in order to confirm the Koch’s pos-
tulate for the virus and assess the infectivity and
symptoms of phenotype of the variants, an infec-
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tious clone of virus variants was constructed and in-
oculated into Nicotiana benthamiana. The presence
of virus in the seedlings was confirmed by PCR.

RESULTS

During the survey, begomovirus symptoms
(yellow vein disease) were found on 20-30% of
Chrysanthemum indicum plants growing in the gar-
dens of New Delhi, India (Fig. 1). An expected PCR
product from coat protein gene primers (~500 bp)
was obtained, cloned suitably into pGEM-T vector,
sequenced, and submitted to NCBI database under
accession number JN998441. All the screened 14
samples contained the same virus from the genus
begomovirus. The symptoms were the same, that is,
yellowing of leaf veins in all the infected plants. We
have not found any DNA-B, or any satellite mole-
cules.

Fig. 1. Symptoms of yellowing of leaf veins on an orna-
mental plant Chrysanthemum indicum from which
the begomovirus was isolated and characterized

Sequence analysis was carried out using
BLAST, which revealed that the isolated be-
gomovirus (JN998441) infecting Chrysanthemum
indicum showed 99% sequence identity with
Clerodendron yellow mosaic virus (EF408037) and
Clerodendron golden mosaic China virus
(FN645907).  Furthermore, the begomovirus
showed lowest sequence identity of 81%, with To-
mato leaf curl Pakistan virus (FM164938), Cotton
leaf curl Burewala virus (FR750324) and Cotton

leaf curl Shadadpur virus (FN552005) being re-
ported from Pakistan.

The begomovirus sequenced have a putative
conserved domain of the Geminiviridae family
which encodes for coat protein of 154 amino acids
having a molecular weight of 18.08 kDa (protein id
= “AEY68274.1”). The ORF is designated as AV1,
which resides on the positive sense strand of 1st
frame, having nucleotide coordinates in which the
start codon begins at position 1 and the stop codon
at 461. Even with protein alignments, the be-
gomovirus isolated from Chrysanthemum indicum
showed highest amino acid sequence identities of
98% with Clerodendron yellow mosaic virus
(EF408037) reported from India and Clerodendron
yellow mosaic virus (HE863667) reported from
neighbouring country Pakistan.

Phylogenetic analysis based on the coat pro-
tein sequence of begomovirus and other selected se-
guences indicates that the isolate clusters with the
isolates of Clerodendron yellow mosaic virus
(EF408037) and Clerodendron golden mosaic
China virus (FN645907), which were reported from
India. The positive PCR reaction showed the pres-
ence of begomovirus, which was further confirmed
by Southern blot hybridization using Cotton leaf
curl virus as a general and control probe for be-
gomoviruses. All 14 samples from symptomatic
plants hybridized with the probe, whereas samples
extracted from non-symptomatic plants did not
show positive results.

Biotest studies revealed that all the 15 mechan-
ically inoculated seedlings at two-leaf stage showed
similar symptoms as those observed on the field-in-
fected plants, whereas the seed transmission biotest
studies showed that the virus is not seed borne in
nature. The construct developed to test for Koch’s
postulates caused typical yellow vein symptoms
when inoculated into N. benthamiana. For each ex-
periment, 20 N. benthamiana plants grown on in-
sect-free greenhouse were taken. This resulted in the
development of the same kind of symptoms as ob-
served in Chrysanthemum indicum. The authentic-
ity of infectivity assay was confirmed by using be-
gomovirus coat protein gene primers in PCR.
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DISCUSSION

There are reports of begomovirus infection in
ornamental plants worldwide (He et al. 2009; Ilyas
et al. 2013). With regard to the Indian context,
numerous reports on begomovirus infection in
weeds and crops are available (Chatterjee et al.
2007; Das et al. 2008; Ghosh et al. 2007; Jyothsna
et al. 2011; Khan et al. 2002) but there is much less
information regarding begomovirus infections in or-
namental plants (Marwal et al. 2013b). This is be-
cause ornamentals are sometimes neglected or are
not taken into consideration while carrying out sur-
vey and begomovirus studies. We had found Chry-
santhemum indicum plants with symptoms of leaf
yellow vein disease typical to begomovirus infec-
tion; amplified and sequenced fragments of be-
gomovirus coat protein gene, which showed the
same level of nucleotide identity with Clerodendron
yellow mosaic virus and Clerodendron golden mo-
saic China virus. However, Clerodendron yellow
mosaic virus and Clerodendron golden mosaic
China virus have not been approved as species.
Therefore, based on the infected host, observed
symptoms and place of collected samples, we pro-
pose to this isolate name Chrysanthemum indicum
yellow vein Delhi virus.

Thus, this identification represents the possi-
bility of a serious threat to other economically im-
portant ornamental and horticulture crop plants.
There is a need for a more comprehensive study,
which will be focused on the sequencing of the com-
plete genome of the virus and recombination analy-
sis. This can throw light on its origin and can be
used to identify possible further begomovirus infec-
tions in the country in order to assess their contribu-
tion in losses and to develop tools applicable in con-
trol strategies. Moreover, advanced molecular tech-
niques such as RNAI will be used for the develop-
ment of transgenic plant resistance to begomovirus.
This will form the basis of our future investigations.

CONCLUSION
The positive results obtained from molecular

and biotest studies confirmed the presence of be-
gomovirus in Chrysanthemum indicum named

Chrysanthemum indicum yellow vein Delhi virus.
Results obtained above reveal that the virus is not
seed borne in nature but is vector borne. Information
will be effectively applied for disease management,
crop protection and development of quarantine
strategies at the state and national level in India.
Moreover, the possible association of a be-
gomovirus with Chrysanthemum indicum had not
been investigated previously. Therefore, to the best
of our knowledge, this is the first report on be-
gomovirus associated with yellow vein disease of an
ornamental plant Chrysanthemum indicum.
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