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Abstract Cotton is an important crop and its production is affected by various disease pathogens.

Monopartite begomovirus associated betasatellites cause Cotton leaf curl disease (CLCuD) in

Northern India. In order to access the occurrence and genetic variability of Cotton leaf curl

betasatellites, an extensive field survey was conducted in states of Rajasthan, Punjab and Haryana.

We selected the betasatellite sequence for analysis as they are reported as important for disease

severity and sequence variability. Based on the field observations, the disease incidence ranged from

30% to 80% during the survey. Full genome and DNA b were amplified from various samples while

no amplicon was obtained in some samples. The nucleotide sequence homology ranged from 90.0%

to 98.7% with Cotton leaf curl virus (CLCuV), 55.2–55.5% with Bhendi yellow vein mosaic virus,

55.8% with Okra leaf curl virus and 51.70% with Tomato leaf curl virus isolates. The lowest

similarity (47.8%) was found in CLCuV-Sudan isolate. Phylogenetic analysis showed that analyzed

isolates formed a close cluster with various CLCuV isolates reported earlier. The analysis results
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show sequence variation in Cotton leaf curl betasatellite which could be the result of recombination.

The results obtained by genome amplification and sequence variability indicate that some new vari-

ants are circulating and causing leaf curl disease in Rajasthan, Punjab and Haryana.

ª 2014 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/

).
1. Introduction

Cotton is an important crop and cotton production is
seriously hampered by CLCuD in India and Pakistan

(Sattar et al., 2013). The incidence of CLCuD has been
reported in almost all the growing belt in North India
(Rishi and Chauhan, 1994; Briddon et al., 2001; Sharma

and Rishi, 2003; Zaffalon et al., 2011; Rajagopalan et al.,
2012). India is an important producer of cotton in the
world. In 1990, this disease was observed as an epidemic
with approximately 30–40% estimated loss in Multan, Paki-

stan (Zhou et al., 1998; Briddon and Markham, 2000; Asad
et al., 2003). During 1997–98 a sudden increase in CLCuD
was reported in Northern India. The variability of CLCuV

and betasatellite molecule in Northern India and other
regions has been published earlier in various reports (Sanz
et al., 1999; Briddon et al., 2001, 2003; Kirthi et al., 2004;

Nawaz-ul-Rehman et al., 2012; Sohail et al., 2014). The
characteristic symptoms included leaf curling; vein thicken-
ing followed by cup formation under the leaves. Interest-

ingly, DNA b sequences of Cotton leaf curl Gezira virus
from various geographical locations were found to be very
similar. Recently it has been reported that, only one DNA
b molecule can interact with four distinct CLCuV and pro-

duce typical symptoms (Mansoor et al., 2003a,b). Most of
the begomoviruses identified in the Old World were found
to be monopartite while the New World begomoviruses

have bipartite genomes. Recently, a native monopartite
begomovirus infecting cotton has been identified
(Melgarejo et al., 2013; Sanchez-Campos et al., 2013). In

the Old World most of the monopartite begomovirus were
associated with betasatellites (Briddon and Mansoor, 2008;
Briddon et al., 2012).

Betasatellites have small (�1.4 kb), circular, ssDNA gen-

ome and their replication and movement fully depend upon
a helper virus (Briddon et al., 2003; Mansoor et al.,
2003a,b; Leke et al., 2013). The sequences of betasatellites

have three major features – a single bC1 gene, adenine rich
sequence region and satellite conserved region containing
stem-loop structure, which is known for the origin of replica-

tion in geminiviruses (Hanley-Bowdoin et al., 1999; Briddon,
2003; Briddon et al., 2003). The function of bC1 gene is med-
iated by a typical encoded protein. The bC1 gene is known as

a pathogenicity determinant, post-transcriptional gene silenc-
ing suppressor and mediates virus movement (Cui et al.,
2005; Kon et al., 2007; Qazi et al., 2007; Saeed et al., 2007;
Amin et al., 2011; Iqbal et al., 2012). The study presented

here has analyzed the sequences of Cotton leaf curl betasatel-
lites recently isolated from North India and has identified
specific sequence variations among samples collected from

three states.
2. Materials and methods

2.1. Field survey and sample collection

Field survey was conducted during the cotton cropping season
from 2008 to 2011 in the major cotton fields of Rajasthan,

Punjab and Haryana. Virus infected samples were collected
from cotton plants with typical symptoms such as leaf curling,
enation and stunting of plant.

2.2. PCR amplification and cloning of betasatellites

Total genomic DNA was isolated using the Cetyl trimethyl
ammonium bromide method (Doyle and Doyle, 1990) and

polymerase chain reaction (PCR) was conducted by using
about 100 ng template DNA and 10 Pico moles of forward
and reverse primers. Virus infection was confirmed by PCR

using specific coat protein gene forward and reverse primers
(CPF-AATTATGTCGAAGCGAGCTGC and CPR-TAAT-
ATCAATTCGTTACAGAG). Betasatellites were amplified

by specific DNA b primers (bF-GGTACCACTACGCTACG-
CAGCAGCC and bR-GGTACCTACCCTCCCAGGGGTA-
CAC) designed from the beginning and end of the viral
genome from the published sequences. During PCR, Taq

DNA polymerase (2.5 units) (MBI Fermentas, USA) 5 ll of
10· buffer, 1 ll of 10 mM dNTPs and 1 ll (10 Pico moles)
of forward and reverse primers were used. The final volume

was made up to 50 ll using sterile distilled water. The PCR
amplified fragments of DNA b were gel eluted and purified
by using a QIA quick Gel Extraction Kit (Qiagen, USA) and

cloned into pGEMT-easy vector. The positive clones were
identified by colony PCR and restriction enzyme digestions.

2.3. Sequence and phylogenetic analyses

The sequencing of clones was performed in DNA sequencer
(ABI Prism, Perkin Elmer) at JK AgriGenetics Ltd, Hydera-
bad. The obtained sequences were analyzed using Bioedit soft-

ware (version 5.0.9). The full sequence DNA b and associated
betasatellites were initially selected for homolog using the
BLAST program (http://www.ncbi.nlm.nih.gov/BLAST and

the sequence showed better scores selected for genetic variabil-
ity study.

3. Results

3.1. Field survey and sample collection

During the field survey, disease incidence was recorded up to
30–80% in different fields of major cotton growing areas of

http://creativecommons.org/licenses/by-nc-nd/3.0/
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Figure 1 Natural infection of CLCuV in North India.

Table 1 Locations of samples collected from Northern India.

Place visited No. of samples collected

Rajasthan Sadhuwali gaon village 30

Sangaria 30

Hanumangarh 36

Punjab Abohar 33

Bhatinda 39

Sangatpura 30

Haryana Dabwali 36

Sirsa 30

Hissar 36

Total

9

300

Figure 2 Detection of CLCuV Infection in naturally infected

cotton leaves in Northern India. (A and B) M: 1 Kb ladder, 1:

Rajasthan, 2: Punjab, 3: Haryana.
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Rajasthan, Punjab and Haryana. The naturally infected cotton
plants showed typical symptoms like leaf curling, vein thicken-

ing and enations (Fig. 1). Total three hundred samples were
collected from nine locations of North India (Table 1).

3.2. PCR amplification and cloning of betasatellites

Virus infection was confirmed by PCR amplification of full
DNA-A, coat protein gene and DNA b resulted in an ampli-
con of about 0.750 and 1.35 kb fragments, respectively from

naturally infected samples collected from various locations of
North India (Fig. 2). The recombinant clones were confirmed
by restriction enzyme digestions and approximately 1.3 kb

fragments were released after restriction digestion. The full
length clones of DNA b from each state were selected and
sequenced. Interestingly, during PCR amplification, some

non-desired amplification was also observed with variable sizes
(0.6, 1.0 and 1.6 kb-data not shown) and BLAST result
showed a close similarity to previously submitted sequences
of CLCuV-DNA b.
In Hanumangarh (Rajasthan), full genome amplification
was not observed in any samples and DNA b was amplified
in very less samples and no amplicon was observed in two sam-

ples. In Sangaria (Rajasthan), full genome was amplified from
very less samples and no DNA b was amplified in any sample
while three samples did not produce any kind of applicant. In

Sadhuwali gaon (Rajasthan), most of the samples produced a
full genome and DNA b amplification, and no amplification
was observed in one sample.

In Sangatpura and Abohar (Punjab), most of the samples
produced the amplicon of DNA-A and DNA b and some
non-specific amplicons were also observed with variable sizes
(0.6, 1.0 and 1.6 kb) from infected samples. In Bhatinda (Pun-

jab), DNA-A and DNA b were amplified from most of the
samples.

In Sirsa and Dabwali (Haryana), DNA-A and DNA b
amplification of was observed in many samples and in one
sample no amplicon observed. In Hissar (Haryana), no desired
amplification was observed while most of the samples pro-

duced 0.6 kb fragment.

3.3. Sequence and phylogenetic analysis

Based on the resulted full genome of DNA b sequences, the
genetic variability was compared with selected sequences.
The resulted sequences consisted of 1371 nucleotides (nt) from
Rajasthan 1351 (nt) from Punjab and 1350 (nt) from Haryana

and were designated as JK-B5R-(Rajasthan), JK-A2P-(Pun-
jab) and JK-B2H-(Haryana) respectively. During the BLAST
search in GenBank, the obtained DNA b sequences showed

a higher similarity with various CLCuV isolates, Bhendi yellow
vein mosaic virus, Okra leaf curl virus and Tomato leaf curl
virus. The comparison revealed sequence homology ranged

from 90.0% to 98.7% with CLCuV, 55.2–55.5% with Bhendi
yellow vein mosaic virus, 55.8% with Okra leaf curl virus
and 51.70% with Tomato leaf curl virus isolates. Interestingly,

the lowest (47.8%) similarity was observed with CLCuV-
Sudan isolate. Phylogenetic analysis of these isolates showed
that the entire three isolates formed a close cluster with the
CLCuV isolates previously reported (Table 2), (Fig. 3).



Table 2 Nucleotide sequence identity matrix of JKB5-R (KP015741) with selected virus isolates.

Virus isolates Location Accession # Size (nt) Identity matrix (%)

CLCuV-JKA2-P Punjab KP015742 1351 91.5

CLCuV-JK B2H Haryana KP015743 1350 93.0

CLCuV Pakistan AM774307 1351 91.6

CLCuV Pakistan FN554724 1349 91.5

CLCuV Pakistan FJ607041 1354 91.0

CLCuV Rajasthan GQ370388 1350 91.1

CLCuV Rajasthan GQ369730 1351 92.5

CLCuV Rajasthan JF502375 1419 93.3

CLCuV Punjab Q191161 1350 91.4

CLCuV Punjab JF502377 1351 90.5

CLCuV Punjab JF502381 1415 91.7

CLCuV Haryana AY795608 1415 95.6

CLCuV Haryana JF502398 1354 89.1

CLCuV Haryana AY744380 1374 98.1

CLCuV Lucknow GQ369731 1359 90.0

CLCuV Lucknow KM065438 1371 97.0

CLCuV New Delhi KM070822 1371 98.7

CLCuV Bangalore AY705381 1355 82.0

CLCuV Sudan AY077797 1348 47.8

BYVMV Tamilnadu AJ308425 1352 55.2

BYVMV West Bengal EF417919 1354 55.5

BYVMV Maharashtra GU233520 1358 55.3

OLCuV New Delhi GQ245761 1351 55.8

ToLCV Rajasthan AY438558 1371 51.7

Figure 3 Phylogenetic tree of CLCuV isolated from Northern India. Each isolate is indicated by GenBank accession number.
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4. Discussion

This paper reports the occurrence, identification and genetic
variability of Cotton leaf curl betasatellites in Northern India.

The incidence of the CLCuV was confirmed by PCR in natu-
rally infected leaf samples. Cotton is an important crop and
its production is affected by CLCuV for more than 25 years.

Globally, cotton is being grown in warmer parts. CLCuV is
the major cause of disease in cotton plants in Northern India.
In Asia and Africa, begomovirus–betasatellite complexes are
involved in causing CLCuD with different etiologies and

symptoms. Various efforts have been made and some resis-
tance sources have been identified against the resistance
(Sattar et al., 2013). Deletion studies with Ageratum yellow

vein betasatellite showed that the sequences between the satel-
lite conserved region and the A-rich region are important for
the trans-replication of the betasatellites (Saunders et al.,

2008). The satellites conserved region (SCR) does contain a
nonanucleotide sequence, which is presumably required for
the helper virus-encoded Rep to initiate satellite DNA replica-

tion, although this has not yet been proven experimentally.
The position of the SCR surrounding the origin of replication,
may suggest a role in interaction with host factors involved in
DNA replication. It has been reported that when trans-

replicated in planta by Cabbage leaf curl virus, a virus that is
not associated with betasatellites, mutations occur in the
SCR and the A-rich region sequences, and levels of betasatel-

lites DNA are higher, suggesting that the sequence changes
improve trans-replication (Nawaz-ul-Rehman et al., 2009).
The position of the SCR in betasatellites is analogous to the

position of the common region of bipartite begomoviruses
(Brown et al., 2012).

In this study, during PCR amplification, some non specific

amplicons were also obtained and it is expected that maybe
some mutations have occurred at specific priming sites. Some
diversities in India (Cotton leaf curl Burewala virus and
Cotton leaf curl Rajasthan virus) have been identified

(Rajagopalan et al., 2012) and some diversities in Sindh
(Cotton leaf curl Gezira virus, Cotton leaf curl Kokhran virus
Cotton leaf curl Shahdadpur virus, and Cotton leaf curl

Multan virus) have been already identified (Amrao et al.,
2010; Tahir et al., 2011; Azhar et al., 2012; Briddon et al.,
2012; Sohail et al., 2014). There are some published reports

about the co-evolution evidence of begomovirus betasatellites
with their cognate viral DNA-A and their genetic change
effects on CLCuD (Mansoor et al., 2003a,b; Zhou et al.,
2003; Briddon et al., 2014). On the basis of the above reports

our findings are strongly supported and it is expected that
mutation has taken place at the PCR priming sites resulting
in more non specific amplicons of variable sizes. If this is the

case, then it is likely that the diversity of the satellites is limited
by the virus, which in turn is limited by the cotton variety. The
reason for this is unclear, but could be due to the founder

effect, with sequence changes selected for due to a requirement
other than resistance breaking, spreading throughout a region.
Although it is possible that each of these distinct CLCuB

types/strains has arisen independently by recombination
(inserting Tomato leaf curl betasatellites sequence and possibly
also sequences of unknown origin into the SCR and also
between the SCR and A-rich region), a far more plausible

explanation is that after an initial (large) insertion, the
sequence of the recombinant fragment was sequentially
reduced by recombination with Cotton leaf curl betasatellites
(Sohail et al., 2014).

The study presented shows that the Cotton leaf curl beta-
satellites in Northern India are evolving quite rapidly,
although the forces driving this are unclear. A better under-

standing of virus–satellite interactions is urgently required.
In addition the results have highlighted a high gene flow
between the three regions-Rajasthan, Punjab and Haryana,

in India. A better understanding of the movement of the path-
ogen might be useful in future efforts to control the disease;
particularly should there be further epidemics.
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