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Abstract
Cotton leaf curl disease (CLCuD) associated with a complex of begomoviruses is an important agricultural issue of cotton.
One of the reasons for breakdown of resistance against these viruses is gene silencing (GS) that come out as a problem while
developing transgenic resistance in plants. This study is providing a strategy to manage CLCuD by controlling diverse
begomoviruses and circumventing GS. A truncated Rep protein (Repsyn130) of a begomovirus optimized for plant expression
and avoiding virus-induced gene silencing (VIGS) was designed using bioinformatics tools and commercially synthesized. Nterminus 390 nucleotides encoding 130 amino acids of Reps of nine different begomoviruses involved in CLCuD were aligned
with Repsyn130 and confirmed no chances of GS. Resistance evaluation of Repsyn130 against Cotton leaf curl Khokhran virus
(CLCuKoV) and Cotton leaf curl Multan betasatellite (CLCuMuB) was performed by Agrobacterium-mediated transient
assay in Nicotiana benthamiana plants. Agroinoculation of CLCuKoV/CLCuMuB along with Repsyn130 resulted in 65%
resistance by visual observation of symptoms severity along with 5-6 days delayed and milder symptoms development. PCR
of 20 experimental plants confirmed the presence of CLCuKoV/CLCuMuB in 90% plants however, Southern analyses
showed decreased viral load. These findings showed the potential of the synthetic Rep gene for resistance against CLCuD
complex. © 2013 Friends Science Publishers
Keywords: Cotton leaf curl disease; Begomoviruses; Replication-associated protein; Pathogen-derived resistance; Gene
silencing

Introduction
Cotton leaf curl disease (CLCuD) is overwhelming greatly
the yield of cotton in Pakistan (Akhtar et al., 2013). The
disease is caused by several monopartite begomoviruses
associated with a betasatellite (Briddon et al., 2001;
Mansoor et al., 2003a). Begomoviruses belong to family
Geminiviridae and are single-stranded (ss) DNA viruses
infecting dicotyledonous plants (King et al., 2011). The
resistance in plants against these ssDNA viruses is a major
challenge especially against CLCuD, which is damaging
cotton in Pakistan, India and Africa as well as now start
appearing in China (Cai et al., 2010; Sattar et al., 2013). In
Pakistan nine different species of begomoviruses have been
found associated with CLCuD (Briddon, 2003; Amrao et
al., 2010a, b; Tahir et al., 2011).
Pathogen-derived resistance (PDR) involves the
addition of some part or a full viral gene into the plant,
which afterward interferes with one or more important steps
of the viral life cycle. Two mechanisms viz. RNA mediated
resistance (RMR) and protein mediated resistance (PMR)
operate PDR. RMR is highly sequence specific mechanism
and has a narrower range potential (Dasgupta et al., 2003).
While PMR, based upon the expression of protein, possess a
broader range potential. Viral Rep protein, due to its

functional importance and manifold properties is a preferred
target for PDR against geminiviruses. Full-length or
truncated Reps have been explicitly used to increase
resistance against several geminiviruses causing diverse
diseases in plants (Hanley-Bowdoin et al., 1990; Noris et
al., 1996; Brunetti et al., 2001; Lucioli et al., 2003;
Antignus et al., 2004). A Rep based resistance utilizing Nterminal 210 and 130 amino acid (aa) described that 130 aa
were enough to act as trans-dominant negative inhibitor but
the resistance was shown to be overcome by virus-induced
gene silencing (VIGS; Lucioli et al., 2003).
Transgenic resistance against RNA viruses is in the
farmer’s field since long ago (Gonsalves, 1998).
Unfortunately this success is only for RNA viruses and it
has not been achieved for geminiviruses so far. Although
the proof of the concept of PDR for geminiviruses was
demonstrated in the early 1990’s (Hanley-Bowdoin et al.,
1990) only recently the first transgenic plants had
undergone field trials (Aragão and Faria, 2009). To
overcome the problem of GS, one of the possible
solutions could be the use of synthetic gene (Lucioli et
al., 2008). We report, using Agrobacterium-mediated
transient assay in N. benthamiana plants that synthetic
Rep protein could be used to develop resistance against
CLCuD.
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sequence (Fig. 1A, B and C). Repsyn130 possess only 64.6%
nt identity to the CLCuBuV-Rep, this low identity ensured
to circumvent GS by Repsyn130 while acting as a transdominant negative inhibitor. Paddison and associates
(Paddison et al., 2002) have reported that a continuous
100% homology of ∼25 nt is sufficient to initiate GS
without significant loss of potency. MSA of 5’ end 390 nt
sequences of Reps of all viruses involved in CLCuD
confirmed that continuous 23 nt homology was not present,
instead the maximum consecutive similarity was only 5 nt
(Fig. 2). Hence the Reps of CLCuBuV, CLCuMuV,
CLCuKoV, CLCuRaV and CLCuShV will not be able to
silence the Repsyn130 using RNAi pathway. It has been
illustrated that GRS may be involved in broad-spectrum
resistance (Nash et al., 2011). Further analysis of Repsyn130
showed that it contains motif I (FLTY), motif II (HLH;
Argüello-Astorga and Ruiz.Medrano, 2001) motif III
(YxxKD/E; Choudhury et al., 2006) and GRS motif
between motif II and III that are involved in viral
replication, infection and initiation of rolling circle
replication.

Materials and Methods
N-terminus sequences of 390 nt encoding 130 aa of Rep
protein of the following begomoviruses were taken from
NCBI: Cotton leaf curl Burewala virus (CLCuBuV:
FR819707; AJ242974], Cotton leaf curl Kokhran virus
(CLCuKoVNC_004583.1; HM468427.1], Cotton leaf curl
Multan virus (CLCuMuV; NC_004607.1), Cotton leaf curl
Rajasthan virus (CLCuRaV; NC_003199.1),Cotton leaf
curl Shadadpur virus (CLCuShV; FN552001),Cotton leaf
curl Gezira virus (CLCuGeV: HE800524), Cotton leaf curl
Alabad virus (CLCuAlV; AJ002452), Tomato leaf curl
Bangalore virus (ToLCBaV; HM007094) and Papaya leaf
curl virus (PaLCuV; NC_004147). Multiple sequence
alignment (MSA) was carried out using ClustalV in
DNAstar.
Rep was designed via codon optimization and
avoiding GS for plant expression by changing every third nt
of CLCuBuV-Rep sequence (AJ242974) such that it code
the same aa and there was no more than 5 consecutive nt
identical to CLCuBuV-Rep. Codon optimization was
carried out by considering codon usage table for Gossypium
hirsutum [gbpln]: 557 CDS's (190383 codons) from NCBIGenBank codon usage data base. The new sequence of the
Rep gene (Repsyn130) was synthesized commercially
(GenScript USA Inc.). Repsyn130 was cloned in plant
expression vector pJIT60 at the HindIII and EcoRI
restriction sites to produce p35SRep under the control of the
35S Cauliflower mosaic virus (CaMV) promoter (Guerineau
and Mullineaux, 1993) and plant transformation vector
pGreen0029 at KpnI and XhoI restriction sites (Hellens et
al., 2000) and then transformed into Agrobacterium
tumefaciens (LBA4404) by electroporation to produce
pRep.
Resistance response of the developed construct was
carried out by transient expression of Repsyn130 against
CLCuKoV/CLCuMuB using agroinfiltration as described
by Llave et al.(2000). Co-inoculated plants were monitored
for the symptoms severity and were collected at 25 days
post inoculation (dpi) when control plants developed full
symptoms. Total genomic DNA was isolated from leave
tissues by CTAB method (Doyle and Doyle, 1990). The
presence of CLCuKoV was checked by PCR using primers
CLCV1 and CLCV2 (Shahid et al., 2007), while universal
primers β01 and β02 (Briddon et al., 2002) were used for
the amplification of CLCuMuB. Virus titer was determined
by Southern blot hybridization using DIG labeled fulllength probes (Roche) of CLCuKoV and CLCuMuB.

Transient Expression of Repsyn130 by Agroinfiltration
Transient expression of Repsyn130 showed resistance response
against CLCuKoV/CLCuMuB in N. benthamiana. 100%
infection efficiency of CLCuKoV/CLCuMuB was observed
as all control plants showed typical symptoms of downward
leaf curling, vein swelling and darkening along with
enations on newly emerging leaves at 21dpi (Fig. 3A) as
compared to healthy N. benthamiana (Fig.3B). Only 10%
plants co-inoculated with CLCuKoV/CLCuMuB and
Repsyn130 showed sever symptoms while a 5-6 days delay
along with milder symptoms was found in 30% plants and
other 60% plants remained asymptomatic (Fig.3C). Repsyn130
showed reproducible resistance response (60 to 75%) in
three independent experiments (Table 1). The asymptomatic
plants were kept under observation till senescence and no
symptoms were observed.
Molecular analyses of systemic leave of the plants by
PCR resulted in the amplification of both CLCuKoV and
CLCuMuB
in
all
plants
co-inoculated
with
CLCuKoV/CLCuMuB and pRep showing the presence of
virus in the plant (data not shown). However, a considerable
decrease in the titer of CLCuKoV and CLCuMuB DNA
was observed by Southern blot hybridization as compared to
positive control plants (Fig. 3).

Discussion
Results
Inhibitions based on dominant negative interference has
already been reported for homologous viruses (Lucioli et
al., 2003, 2008) however, in present study we have checked
the ability of Repsyn130 for resistance against a heterologous
CLCuKoV, which had 74.8% similarity to the CLCuBuVRep and its associated betasatellite (CLCuMuB). Although

Viral Rep/Repsyn130 Sequences and Multiple Sequence
Alignment (MSA)
Codon optimization of truncated CLCuBuV-Rep resulted in
a new nt sequence of Repsyn130 encoding similar protein
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Table 1: Resistance evaluation of Repsyn130 in N. benthamiana plants co-inoculated with Cotton leaf curl Khokhran virus
(CLCuKoV)/Cotton leaf curl Multan betasatellite (CLCuMuB) and Repsyn130
Inocula for
Agroinfiltration

Experiment Total
Plants
%
Symptoms severity
%
No.
No. of Infected at Symptomatic Sever Mild Latent period Resistance PCR
plants 21-25 dpi
Plants
(days)

Molecular Analyses
Southern
Southern
Analysis for Analysis for
CLCuKoV CLCuMuB
___
___

N.
benthamiana
in all
10
0
0
NA
NA
NA
NA
_
(non-inoculated)
experiments
N. benthamiana + I
10
10
100
10
+ 10/10 +++
+++
CLCuKoV/
II
10
10
100
10
+10/10 +++
+++
CLCuMuB
III
20
20
100
20
+20/20 +++
+++
N. benthamiana + I
10
4
40
1
3
5-6
60
+10/10 +
+
CLCuKoV/
II
10
4
40
1
3
5-6
60
+10/10 +
+
CLCuMuB
+pRepsyn130
III
20
5
25
1
5
5-6
75
+20/20 +
+
*Virus presence by PCR; + present, - absent. Virus titer by Southern analysis; ++++ strong signals, ++ weak signals, + very weak signals, -- No signals

Fig. 1: (A) N-terminus 390 nucleotide sequence of CLCuBuV-Rep (B) codon optimized designed and synthesized
nucleotide sequence of synthetic Rep (Repsyn130) (C) protein sequence of CLCuBuV-Rep and Repsyn130

Fig. 2: Multiple sequence alignment of Repsyn130 with N-terminus 390 nucleotide sequence of Rep of nine viruses
(CLCuBuV, CLCuKoV, CLCuMuV, CLCuRaV, CLCuShV, CLCuAlV, CLCuGeV, ToLCBaV and PaLCuV) involved in
cotton leaf curl disease
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the present study is providing the results of transiently
expressing Repsyn130 in N. benthamiana, where the protein
expression is confined to the inoculated patch only, yet the
transient expression system is a highly adaptable method in
plants to check the expression of genes in plant without
developing transgenic plants by tissue culture method
(Orzaez et al., 2006) and has widely used to check the effect
of many transgenes (Llave et al., 2000; Voinnet et al.,
2003). Recently Kaliappan et al. (2012) have reported the
role of a host protein interacting with geminiviral Rep
protein by a transient assay. In this study we have used
higher inoculum dose by taking equal V/V ratios of pRep
and CLCuKoV/CLCuMuB, while co-inoculating the N.
benthamiana plants and found it as an effective strategy for
evaluating the resistance of plants against begomoviruses.
This is to mention here that variation in the symptoms could
be attributed to this possibility that plants were infiltrated
with viral and Repsyn130 in equal ratio and it is possible that
some of the initially cells in infiltrated leaves only received
viral construct and developed disease symptoms.
The results of PCR and Southern hybridization
indicated that although the virus is present in these plants
but its level has been decreased to a considerable level when
it is co-inoculated with pRep. Moreover, in the systemic
leave the level of both CLCuKoV and CLCuMuB was
negligible with comparison to control and the decreased
level was unable to produce a symptomatic infection. Thus
Repsyn130 has been acting as trans-dominant negative
inhibitor of CLCuKoV/CLCuMuB. Here it is observed that
the expression of Repsyn130 had inhibited but not completely
abolished the transcription of attacking viral Rep. The
reduced amount of Rep and Repsyn130 would be competing
for iteron binding to initiate plus-strand viral replication.
Since we have analyzed iterons and iteron related domains
(IRD) for cotton infecting begomoviruses and found minor
variation (results not shown). The combined action of both
Reps possibly reduced the replication rate by forming large
amount of dysfunctional Repsyn130/Rep complexes.
The Repsyn130 used in this study encompasses all the
essential domains of Rep. Its multifunctional property
related with the oligomerization nature (Orozco et al., 2000)
is found sufficient for its dominant inhibition function as 1130 aa of Rep protein is the binding domain, specifically
motif I and II (Argüello-Astorga and Ruiz.Medrano, 2001;
Campos-Olivas et al., 2002; Nash et al., 2011). This
inhibition might be due to the presence of the conserved
IRD that possess DNA-binding domain (Argüello-Astorga
and Ruiz.Medrano, 2001), binding with viral DNA by
electrostatic forces of interactions between positively
charged aa and negatively charged DNA (Campos-Olivas et
al., 2002), oligomerization and trans-dominant negative
inhibition by Repsyn130. Together with this study and the
earlier report of (Lucioli et al., 2008) it is inferred that such
strategies may provide the resistance against
begomoviruses. Due to RNAi and RNA silencing
suppressor activity of virus genes e.g., (A)C2, (A)C4,

Fig. 3: (A) Control plants inoculated with infectious clones of
CLCuKoV/CLCuMuB (B) Non-inoculated healthy N.
benthamiana (C) Plants co-inoculated with infectious clones
of CLCuKoV/CLCuMuB +pRepsyn130 (D) Southern blot
showing CLCuKoV-DNA inhibition by transiently expressed
Repsyn130. Lane 1 and 20 are positive control plants showing
higher level of CLCuKoV-DNA. Lane 2 and 19 are control
plants of healthy N. benthamiana. Lanes 3-18 are showing
level of CLCuKoV-DNA in plants co-inoculated with
CLCuKoV/CLCuMuB and pRepsyn130. (E) Southern blot
showing CLCuMuB-DNA inhibition by transiently expressed
Repsyn130 along with CLCuKoV/CLCuMuB. Lane 1 and 20 are
positive control plants showing higher level of CLCuMuBDNA. Lane 2 and 19 are negative control plants. Lanes 3-18
are showing level of CLCuMuB-DNA in plants co-inoculated
with CLCuKoV/CLCuMuB and pRepsyn130. Titer of CLCuKoV
and CLCuMuB was determined on the same plant. DNA from
plant leave tissues was extracted at 25 dpi and approximately
10μg genomic DNA was loaded in each well

(A)V2 and βC1 as a counter defense strategy by
geminiviruses (Bisaro, 2006; Amin et al., 2011) RMR could
be concealed and has a narrower range potential. An RNAi
based resistance against CLCuMuV was achieved (Asad et
al., 2003) but later on resistance break down was also
reported (Mansoor et al., 2003b). Recently first geminiviral
resistant common bean plants using RMR have been
reported in the field (Aragão and Faria, 2009) but this
should also be kept in mind that no diversity in bean viruses
have been found so far (Nahid et al., 2008). Present study is
providing PMR against DNA viruses. Thus we can achieve
resistance against most common viruses associated with
CLCuD in Pakistan (CLCuBuV, CLCuKoV, CLCuMuV,
CLCuRaV and CLCuShV) via the expression of Repsyn130.
However, further detailed analysis of transgenic plants may
confirm and validate our findings.
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