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Abstract Yellow mosaic disease of cultivated legumes in
South-East Asia, is caused by Mungbean yellow mosaic
India virus (MYMIV) and Mungbean yellow mosaic virus
(MYMV) belonging to the genus Begomovirus of the family
Geminiviridae. Efforts to engineer resistance against the
genus Begomovirus are focused mainly on silencing of
complementary-sense virus genes involved in virus repli-
cation. Here we have targeted a complementary-sense gene
(ACI) encoding Replication initiation Protein (Rep) to
develop resistance against soybean isolate of Mungbean
yellow mosaic India virus-[India:New Delhi:Soybean
2:1999], a bipartite begomovirus prevalent throughout the
Indian subcontinent. We show that the legume host plants co-
agroinoculated with infectious constructs of soybean isolate
of Mungbean vyellow mosaic India virus [India:New
Delhi:Soybean 2:1999] along with this antisense Rep gene
construct show resistance to the virus.
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MYMIV infects six important pulse crops, blackgram,
mungbean, French bean, pigeonpea and soybean. Yield
loss in blackgram, mungbean and soybean together is
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estimated to be around US$ 300 million in a year [16]. If
the plants are infected at the seedling stage, it can lead to
85-100% yield loss [11]. Geminiviruses comprise an
important group of plant ssDNA viruses capable of repli-
cating in the host nuclei using dsDNA intermediates via the
rolling circle mechanism. Members of the family Gemini-
virideae have circular, ssDNA genomes enecapsidated in
twinned icosahedral particles [15]. Geminiviruses are
divided into four genera, genus Mastrevirus, Curtovirus,
Topocuvirus and Begomovirus, based on the viral genome
structure, host range and type of insect vector [6]. Members
of the genus Begomovirus are either monopartite (one
component DNA A, ~2.8 kb) or bipartite (two compo-
nents, ~2.7 kb, DNA A and DNA B). They are transmitted
by whiteflies and infect dicotyledonous plants.

Pathogen-derived resistance (PDR) is a very effective
genetic engineering approach to control plant viruses [3].
Geminiviruses encode specific gene essential for replica-
tion, encapsidation of their genome, cell to cell movement
and systemic movement. Many of these genes are excel-
lent candidates for developing host resistance based on
PDR. Replication-initiation protein (Rep) is an important
protein analyzed for PDR in geminiviruses. Rep is a
multifunctional protein involved in viral replication, reg-
ulation of its own transcription and activation and
recruitment of host-encoded proteins related to host DNA
synthesis [7]. The central portion of Rep has a role in
oligomerization [12].

The AntiRep spanning from 2613 to 1973 nt co-ordinate
of MYMV when inoculated onto tobacco [14] inhibited
replication of MYMV DNA A. When blackgram plants
infected with MYMV were bombarded with hairpin con-
struct containing intergenic region sequences they recov-
ered from infection [13]. They hypothesized that the viral
DNA is targeted and methylated by RNA dependent DNA
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Fig. 1 Diagrammatic representation of the Rep gene construct
derived from MYMIV-Sb in antisense orientation in plant transfor-
mation vector, pBinAR. 35§ CaMV promoter from Cauliflower
mosaic virus, OCS opaline synthase terminator

Fig. 2 Agarose gel electrophoresis of PCR amplicons using Rep-
SoyV/RepSoyC primers. Plasmid DNA of the clone used as a
template. M = 1 Kb DNA ladder

polymerase resulting in reversion of symptoms. To achieve
RNAIi mediated resistance against yellow mosaic viruses,
in the present study, a construct targetting conserved region
of replication initiation protein, was made. This construct
spans, 2206 nt co-ordinate to 1640 nt co-ordinate (total
length 566 bp) of AC1 gene of MYMIV [India:New
Delhi:Soybean 2:1999].

From the genomic component DNA A (Accession No.
AY049772) of MYMIV [India:New Delhi:Soybean

Fig. 3 Blackgram plants
showing disease inhibition by
soybean AntiRep construct
through co-agroinoculation.
a Blackgram healthy.

b Blackgram inoculated with
MYMIV-Sb. ¢ Blackgram
inoculated with MYMIV-

Sb + AntiRep construct
showing inhibition of the
disease development

2:1999] which has been already cloned and sequenced in
Advanced Centre for Plant Virology, Division of Plant
Pathology, IARI, the truncated replication initiation protein
(Rep) gene was sub cloned in an antisense orientation
under 35S promoter in the plant transformation vector
pBinAR (Fig. 1). 100 ng of plasmid DNA of MYMIV-Sb
was subjected to PCR amplification with primers RepSoyV
(5-ATTGGATCCAATCAATTCGAGAGCGTC-3")  and
RepSoyC  (5-GGCTCTAGAGCCTACACAGGCATAT-
GAG-3"). The BamHI and Xbal restriction sites are shown
in the bold, italics. The PCR fragment of 566 bp length was
restricted with BamHI and Xbal and ligated with BamHI
and Xbal linearised vector pBinAR. The transformants
were selected on kanamycin plate and confirmed by colony
PCR (Fig. 2) and sequencing (ABI Prism sequencer, Delhi
University, South Campus). One of the selected colonies
(AntiRep. construct) was mobilized into Agrobacterium
tumefaciens EHA 105 [8] through triparental mating
system [5].

Agrobacterium containing AntiRep. and MYMIV-Sb,
DNA A and DNA B constructs were selected against rif-
ampicin (50 pg/ml) and kanamycin (50 pg/ml). The dis-
tinct colonies that appeared were confirmed to be trans
conjugants through colony PCR using SoyRepV/SoyRepC
primers for the AntiRep. and full length abutting primers
for MYMIV-Sb constructs used for agroinoculation studies
on different legume hosts.

The AntiRep. construct (ARC) was co-inoculated with
the infectious clones DNA A and DNA B of MYMIV-Sb
(against which the construct is made) on three legume hosts
i.e., cowpea (var.Pusa komal), mungbean (var.PS 16) and
blackgram (var.T 9), by seed-sprout method, described
earlier by Mandal et al. [10]. The plants were maintained in
growth chambers at National Phytotron Facility at
27 + 2°C, RH 85 and day light 18000 Lux and were
monitored for symptom development till 30 days post-
inoculation. The symptoms were recorded every day after
the day of inoculation. Following were the parameters
considered: (a) Number of infected plants/Number of
plants inoculated to calculate percent infectivity. (b) Type
of symptoms. (c) Reduction in leaf lamina size.
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Table 1 Disease inhibition by MYMIV-Sb + AntiRep construct through co-agroinoculation

Constructs Hosts No. of plants infected/  Percent Percent reduction Symptom Symptoms Days taken for symptom
inoculated No. of plants inoculated infectivity in disease (%) severity expression (days after
(%) inoculation
MYMIV-Sb Cowpea 35/45 77 - 4 YM,GM
Mungbean  32/50 64 - 4 YM
Black gram 24/50 48 - 3 YM 8
MYMIV-Sb +  Cowpea 8/45 17.8 59.2 1 YM 10
AntiRep. Mungbean  10/50 20 44 2 YM 12
Black gram  9/50 18 30 2 YM 12

YM yellow mosaic, GM golden mosaic (1: <25%; 2: 25-50%; 3: 50-75%; 4: 75-100% mosaic area of leaf lamina)

In conclusion, the plants inoculated with infectious
clones, showed 77, 64 and 48% in cowpea, mungbean
and Dblackgram respectively. However the plants
co-inoculated with AntiRep. construct, the symptom
severity as well as the percentage of infection was
almost negligible. It was only 17.8, 20 and 18% in
cowpea, mungbean and blackgram plants respectively.
Typical yellow mosaic symptom were seen in all the
three blackgram, cowpea and mungbean plants inocu-
lated with infectious clone, MYMIV-Sb (Fig. 3). Symp-
toms were seen in 7-10 days after inoculation (DAI). In
co-inoculated plants unlike wild type inoculated plants
which showed golden mosaic and dark yellow mosaic
type of symptoms, the symptoms were less severe, less
yellow mosaic and in some leaves only restricted spots
of yellow mosaic were seen. The cowpea, mungbean and
blackgram co-inoculated with antisense construct showed
59.2, 44 and 30% reduction in infectivity respectively.
The symptom were attenuated, plants almost appeared
healthy. The experiment was repeated three times and
the efficiency of the construct was proved. The pooled
data of three experiments are given in Table 1.

Such antisense RNA mediated resistance originate
from breakdown of dsRNA transcripts in the case of
DNA viruses. For begomoviruses sense and antisense
versions mainly targeting AC1 gene have been used with
various success rates [1, 2, 4, 9]. A detailed study on the
siRNA generated and the nature of the ds RNA formed
using the AntiRep. construct prepared in the present
study would reveal the intricacies of RNA mediated
resistance to MYMIV and pave way for effective man-
agement strategies.
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