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Cotton leaf curl disease (CLCuD) caused by whitefly-transmitted begomoviruses has hampered
cotton production across the Punjab and Sindh provinces of Pakistan and northeastern India.
Eight species of begomoviruses in association with a single betasatellite “Cotton leaf curl
Multan betasatellite (CLCuMBY)" have been reported to cause CLCuD. Objective: To detect early
and efficiently Cotton leaf curl disease (CLCuD) using betasatellite-based molecular marker.
Methods: 3-7 samples leaves were collected from symptomatic cotton fields in selected five
areas of cotton productionin Pakistan. Total DNA was extracted from collected leaves using the
Cetyl trimethylammonium bromide (CTAB) method. Primers were designed by MUSCLE
alignment tool and target region was amplified by PCR and amplification confirmed by
performing gel electrophoresis. After DNA sequencing Phylogenetic analysis of the was carried
out using software MEGA-X. Results: Amplified target region of483bp was observed by running
1% agarose gel. Comparison of DNA sequences revealed two nucleotide substitutions in DNA
sequence from samples collected from Multan, Sakrand, Rahim Yar Khan and, while four
nucleotide substations in sample collected from Vehari. High nucleotide substation in DNA
sequence from Vehari as compared to other regions. Conclusions: In conclusion all of eight
distinct begomoviruses causing CLCuD with CLCuMB is indicative of the fact that CLCuMB
based molecular marker can be developed for detection of the disease. Early detection of
disease willhelp the breedersand farmerstomanage the disease.

INTRODUCTION

Cotton leaf curl disease (CLCuD) is caused by members of
whitefly transmitted genus Begomovirus, family
Geminiviridae[1]. Begomoviruses contain circular, single-
stranded DNA genome, which may be monopartite or
bipartite based on genomic components [2]. Monopartite
begomoviruses have betasatellite and alphasatellite along
with DNA-A, the main genomic component. Betasatellites
are known to be involved in the repression of plant host
defenses and therefore are linked to pathogenicity.
Although the role of alphasatellites is incompletely
understood, evidence suggests that they can modulate
symptom severity and reduce betasatellite accumulation
[3-5]. Begomovirus infection results in a variety of
symptoms including vein thickening, vein yellowing,
mosaic, leaf curling, and stunting [6]. Begomoviruses

cause substantial losses to agricultural crops, and so pose
a major threat to food and fiber production to global
agriculture, including Pakistan[7, 8]. In Asia, economically
important diseases caused by geminiviruses were mostly
recorded in the Indian subcontinent. Indian cassava
mosaic virus, Mungbean yellow mosaic virus, tobacco leaf
curl virus, tomato leaf curl virus and cotton leaf curl virus
are among the most common Geminiviruses, which cause
severe damage to several crops[9]. Cotton production has
been hampered by CLCuD in Pakistan. The typical
symptoms of disease include leaf curling, enations,
stunting of the plant resulting in reduced yield and quality.
Eight species of distinct begomoviruses along with Cotton
leaf curl Multan betasatellite (CLCuMB)have been reported
to cause CLCuD. In Africa only Cotton leaf curl Gezira virus
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(CLCuGeV) has been reported to infect cotton [10]. From
central Africa to Jordan many plant species including
hollyhock, cotton, okra, and Sida species have been
infected by CLCuGeV [11]. The situation of CLCuD in
Pakistan and India is more complex than that in Africa.
During first epidemic Cotton leaf curl Multan Virus
(CLCuMV) was reported as causative agent of CLCuD in
1990. The most recent epidemic was caused by Cotton leaf
curl Burewala virus (CLCuBuV) that was able to break
resistance in varieties developed against CLCuMV [12].
During both the epidemics of CLCuD the disease started
from Multan and Burewala and then spread eastwards into
the cotton-growing states of India [13, 14]. The risk of
global spread of CLCuDisincreased due to global transport
of plant material, especially ornamentals. The present
study reports the development and testing of primers for
detection and validation of CLCuD. Instead of designing
primers and validation of PCR detection for eight different
species of begomoviruses responsible for CLCuD,
detection on the basis of betasatellite proved more
convenient and practical for early detection of the disease.
First the PCR was tested on already cloned betasatellites
and then suspected cotton plants collected from different
cotton growing regions of the country. So, the molecular
marker based on consensus sequence of all variants of
CLCuMB will help to identify CLCuD due to any
begomovirus. The screening of plant imports using
molecular diagnostics will greatly reduce the introductions
and spread of exotic begomoviruses and will help to boost
agricultural output of cotton and other crops throughout
the world.

METHODS

Field collections

Plant samples (young leaves) were collected from
symptomatic cotton fields in selected five major areas of
cotton production in Pakistan (Multan, Sakrand, Rahim Yar
Khan, Vehari and Lodhran). Leaves (3-7) were collected
from new growth of each plant, labeled and stored in a cool
container.

DNAIlsolation

Total DNA was extracted from collected leaves using the
Cetyl trimethylammonium bromide (CTAB) method [15].
Collected leaf samples were crushed by adding liquid
nitrogen. Leaf powder was transferred to 1.5 mL tubes, and
650 pL of 2% CTAB buffer was added. The mixture was
incubated at 65 °C for 30 min in a water bath. After adding
and mixing 650 uL of chloroform: iso-amylalcohol(24:1)the
sample was centrifuged at 10,000 rpm for 12 mins. The
upper aqueous layer was carefully transferred to a fresh
tube, and adouble volume of cold isopropanol was added to
each sample and then samples were incubated at-20 °C for

Detection of Cotton Leaf Curl Disease
DOI: https://doi.org/10.54393/fbt.v3i02.45

2 hours. The mixture was centrifuged at 10,000 rpm for 10
min and the resultant pellet was washed with 70% ethanol,
air-dried for 30 mins, and re-suspended in 50 pL of
sterilized distilled water.

Primer Design

All different variants of CLCuMB genomes were
downloaded from NCBI GenBank (https://blast.ncbi
.nlm.nih.gov/) and multiple alignments of these sequences
was created in MEGA-X software. Potential primers were
designed from a MUSCLE alignment of the downloaded
sequences, that were predicted to anneal conserved
regions of sequences. Primer pair Beta-F/Beta-R(Beta-F &'
ccatggaactggctgattccggcat 3'; Beta-R &'
gaattctgtacttgaaaacccagagatattg 3') was designed for
amplification of betasatellite and the expected product
size was 483bp.

Polymerase ChainReaction(PCR)

Target region of CLCuMB from extracted DNA and from
cloned betasatellite (Positive control) was amplified by
PCR. Each reaction contained 25 ng of template DNA to
amplify 401 bp of the CLCuMB using Beta-F/Beta-R primer
pair. The conditions for PCR were set as initial denaturation
at 95 2C for 2 min, and then, at 95 2C for 90 sec, 50 °C for 45
sec, 72 °C for Tmin for 35 cycles, and final extension for 5
mins at 72 °C. The amplification was confirmed by
performinggelelectrophoresis.

DNA Sequencing and Phylogenetic Analysis

Thirteen DNA samples from five locations were amplified
and out of them five samples(one from eachlocation)were
submitted for DNA sequencing to commercial laboratory
(Macrogen, Korea). The DNA sequences were used to blast
on NCBI for finding and downloading of closely related
sequences. Multiple alignments of the DNA sequences
were performed. Phylogenetic analysis of the DNA
sequences was carried out using the Maximum Likelihood
method [16] in software MEGA-X [17]. Bootstrap test with
1000replicationswasincluded duringtree construction.

RESULTS

Total genomic DNA was extracted from fourteen viral
infected samples of cotton. Results were checked by
running 1 % agarose gel. All thirteen cotton samples from
five areas and positive control (1019) had a good quality of
DNA with minute differences in final concentration. (Figure

1).
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Figure 1: Genomic DNA profile of fourteen cotton samples (1%
agarosegelelectrophoresis)

First lane is kb ladder (Thermo Fisher Scientific). Four
lanes after ladderinclude the samples taken from different
cotton growing regions (Multan, Sakrand, Rahim Yar Khan,
Vehari and Lodhran) of Pakistan. DNA quantification was
done using spectrophotometer as quantification is
necessary to check the quality and purity of DNA. DNA
concentration of all the samples was in the range of 857.5
ug/ml to 1570 ug/ml. Out of thirteen DNA samples from five
different locations, one sample from each of five locations
were selected for further processing in PCR, DNA
sequencing and phylogenetic analysis. Presence of
CLCuMB was confirmed in each of five samples by PCR.
Amplified target region of CLCuMB (483bp) was observed
by running1% agarose gel(Figure 2).
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Figure 2: 1% agarose gel showing the results for CLCuMB
amplified PCR product

Lane 1DNA ladder(Tkb plus DNA Ladder, Invitrogen), Lane 2
negative control, Lane 3 positive control (1019) and the
remaining are amplicons from DNA of field plants (1019-A
from Multan, 1019-B from Sakrand, 1019-C from Rahim Yar
Khan, 1019-D from Vehari and 1019-E from Lodhran). PCR
product for CLCuMB were excised and purified from
agarose gel using Expin gene cleaning kit. After gel elution
of amplified PCR product, quality and size of product was
checked by running 1% agarose gel and all five samples
were submitted for DNA sequencing. DNA Sequencing was
done by sanger sequencing through a commercial facility.
DNA sequences were edited and assembled using BioEdit
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and DNAStar software. Then sequences were used to blast
on NCBI Genbank to download the closely related
sequences. The evolutionary history of DNA sequences
was inferred by using the Maximum Likelihood method
based on the Tamura &Nei model [16]. These multiple
sequences were aligned for homology analysis by using
Muscle method in MEGA-X software. All five sequences
were aligned with six most closely related sequences
downloaded from GenBank, using Clustal W algorithm in
MegAlign (DNASTAR Lasergene) software. Pairwise
nucleotide sequence distance was calculated. All the five
sequences reported in present study shown homology at
100% with each other and 99.6-99.8% pairwise sequence
homology with Burewala strain of CLCuMB sequences
availablein GenBank(Figure 3).
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Figure 3: Pairwise nucleotide identity of CLCuMB sequen-ces
usedinthisstudywithcloselyrelated sequences from GenBank.
Sequences were aligned using Clustal W method in
MegAlign (DNASTAR Lasergene) software. Five CLCuMB
genome sequences from present study, fifteen previously
described CLCuMB genome sequences, and four other
genomes of betasatellites, available from the NCBI
GenBank database were used in phylogenetic analysis.
Based on the phylogenetic analysis CLCuMB sequences
reported in this study clustered together with Cotton leaf
Curl Multan betasatellite- Shahdadpur strain (CLCuMBSha)
(99.8% bootstrap value). Phylogenetic analysis revealed
that CLCuMB reported in this study falls in the same clade
as the previously reported CLCuMB from Indo-Pak
subcontinent(Figure 4).
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Figure 4: Phylogenetic analysis of CLCuMB with selected
betasatellite DNAsequences

DISCUSSION

Rich diversity of begomoviruses has hampered the
agriculturaleconomy of Punjab province of Pakistan[11, 18-
20]. Primers were designed for PCR-amplification of the
most abundant CLCuD related betasatellite, the CLCuMuB.
Comparison of DNA sequences revealed two nucleotide
substitutions in DNA sequence from samples collected
from Multan, Sakrand, Rahim Yar Khan and, while four
nucleotide substations in sample collected from Vehari as
compared to previously reported DNA sequences used in
analysis. High nucleotide substationin DNA sequence from
Vehari as compared to other regions can be corelated with
Vehari region including city of Burewala is considered as
“hot spot” of CLCuD[21]. Although cotton verities grown in
Vehariand otherregions of Punjab are same, the reason for
high CLCuD incidence maybe different haplotype of
whitefly or climatic conditions of the region. The results of
the test for CLCuMuB primer specificity indicated that the
primers successfully amplify three different strains of
CLCuMuB. Noamplification was observed for heterologous
betasatellite species. If these finding could be verified in
more samples, then it might have a potential for early
detection of CLCuD. Previous studies have reported a
number of universal and species-specific primers for the
detection of CLCuD related begomoviruses but this study
reports anovel method to amplify CLCuMB for detection of
CLCuD. Association of multiple begomoviruses to single
betasatellite indicates that CLCuMB based detection of
CLCuD might be an efficient tool. Betasatellites are
involved in the repression of plant host defenses and
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therefore are linked to pathogenicity that might be the
reason for presence of only single beatasatellite in CLCuD.
There are reports which suggest that betasatellite
accumulation is related to symptom severity and disease
[3-5, 22]. Many universal, degenerate primers have been
used to amplify betasatellites in previous studies but this
study reports CLCuMB specific primers for detection of
CLCuD[23]. Association of single betasatellite with CLCuD,
makes CLCuMB a good candidate for development of PCR
primers and their validation for CLCuD detection.
Furthermore, this primer pair can be used to test the
presence of CLCuD related begomoviruses in ornamental
plants, prior to export, that can be a potential source of
CLCuD spread to other parts of the world, including
Australia, Uzbekistan, Brazil, and USA. Trade of ornamental
plants may be a source of CLCuD spread because they can
serve as an alternate host of begomoviruses and often
show only mild symptoms or symptomless, and so are not
screened during exports, and can lead to global spread. In
20009, first report of CLCuD came from China and possibly
the disease was spread due to trade of ornamental plants
from Pakistan [24]. CLCuD outbreaks are devastating to
cotton growers and the textile industry. Monitoring CLCuD
and Whitefly strains will allow the government/private
industry to recommend measures to prevent the
occurrence of disease outbreaks. The information will
allow knowledge-based decisions on resistant gene
deployments including the necessary vector or Whitefly
control measures that will ensure a sustainable harvest for
the growers.

CONCLUSIONS

Recently, Cotton leaf curl Gezira virus (CLCuGV),
associated with CLCuD in Africa, has been reported from
Sindh province in association with CLCuMB, instead of the
cognate Cotton leaf curl Gezira betasatellite (CLCuGB)
from limited number of samples. The results of recent
studies showed that Cotton leaf curl Burewala virus
(CLCuBuV) is the major virus infecting cotton in Pakistan
and India. Association of all of the eight distinct
begomoviruses causing CLCuD with CLCuMB is indicative
of the fact that CLCuMB based molecular marker can be
developed for detection of the disease. So, the molecular
marker based on consensus sequence of all variants of
CLCuMB was developed and validated to identify CLCuD
due toany begomovirus. Inthis study, betasatellite specific
primer pair is developed and validated for more efficient
and reliable detection of CLCuD in early stages. Early
detection of disease will help the breeders and farmers to
manage the disease.
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