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Distribution of cotton-infecting begomoviruses: whitefly -transmitted ssDNAgenomes

New World: low diversity Cotton leaf 

crumple virus: 

AZ, CA, TX, Mexico, Guatemala, 

Caribbean, Brazil (93-100%)
(Idris and Brown, in prep)

Africa, Arabian Peninsula
Cotton leaf curl Gezira virus: moderate diversity

Sudan cotton, Sida(Idris & Brown)

Burkina Faso okra (Tiendrébéogo, 2010)

Arabian Peninsula: CLCuGV-okra
TomatoLTYLCV-OM recomb(Asia-Oman) with

Gezira alphasatellite(CLCuGA)

Diverse betasats88-98%, alphasats89%

Asia: extreme diversity 

Cotton leaf curl virus 

complex (8+ species?)

Often-same beta, different alphasats

?

mosaics

Leaf curl &
enations

Leaf curl
Vein thickening



Genome organizations - Genus, Begomovirus: 
ssDNA

Sattaret al., 2013. J Gen Virol 94: 695-710.

Cotton leaf curl complex

Monopartitegenome

ïôhelper virusô

Betasatellite

ïsuppressor of host silencing

Alphasatellite

-modulation of virulence ?

Cotton leaf

crumple virus

USA, Mexico

Central America



Cotton leaf curl disease pandemic timeline

1967

1988

First report CLCuD

Pakistan Punjab

CLCuMuV + CLCuMB

first epidemic

Resistance 

Breaking 2000-2003

(modified; Courtesy R. Briddon)

$5 billion losses

Introduction of resistant varieties 1998-99

Widespread cultivation

Narrow germplasmbase

second epidemic:
Recombinant CLuKoV -Bur

+ CLCuMB

Sporadic isolated 

infections of cotton

Introduction of high 

yielding

cotton variety (S12)

Jassid control, 

but whitefly susceptible
1992-1997

1997-2001

2004-2009
Spread to all cotton areas of 

Pakistan; Identified in northern India
Multan betasat
+ CLCuMV

Lƴƛǘƛŀƭ ΨǊŜŘΩ ȊƻƴŜ ƻŦ outbreak
of resistance-breaking recombinant

CLCuKoV-Bur +
Multan 
betasatellite

(Amraoet al., 2010)

2017



Cotton leaf curl Multan virus spread to China via
ornamentals spp. 2008 Philippines ïHibiscus 2014

Saleemet al 2016

Cotton leaf curl Gezira virus 

from Africa introduced into 

Pakistan 2011

China
isolate



BegomovirusesBegomovirusesof cotton of cotton in Chinain China

Dr. Zifu He

Plant Protection Institute 

Guangdong Academy of Agricultural Sciences

Guangzhou, China 



GuangdongGuangxi

Hainan

CLCuMV distribution in China-2012

Only in South China  at present



China isolates
China-introduced CLCuMuV and

ClCuM betasatelliteare

99% identical to sequences

from Pakistan isolates



CLCuMV in China  - multiple isolates/hosts 

--Nucleotide identities of DNA-A and betasatelliteof 13 isolates from 

Guangdong, Guangxi and Hainan provinces of China, shared at  >99%

--Nucleotide identities of DNA-A and beta satellite of isolates from four hosts 

(Hibiscus rosa-sinensis, cotton, okra and Malvaviscusarboreus) in China  

more than 99% 

--Suggests one or few introductions at about the same time

--Virus has not diversified since the introduction 

--Possibility for recombination with endemic viruses  = new variants, spread ?



Tracking the viruses éusing

molecular and genomic pathology tools 

to guide diagnostics development

Epidemiological studies

Population analysis



Genomic Surveillance 

ÅClassical epidemiological contexts promote development of tools for early 
pathogen/pest detection ïuntil recently, have faced major constraints ïneeded to know 
ówhatô we are looking for when direct methods of discovery were unavailable

ÅóGenomic surveillanceô has become a tractable method for detection of infectious 
disease agents /vectors ïNext-generation sequencing platforms

ÅGrowing awareness that virus diversity drives/promotes evolution of plant hosts and 
insect vector

ÅGoals of genomic surveillance: 
-identify host-determinant markers that inform ability to trace the óorigin of transmissionô 
in space /temporally 
-implement markers to guide prevention and/or arrested spread at or near source.
-allow actions to be taken at- source, prior to extensive spread 
-keeping good long term records is an essential resource for making epidemiological 
inferences that can guide management 



Field samples ïspatial distribution and natural host range 2011-15

Analysis included 452 geminivirusesand 476 betasatellitessequences 
for frequency and distribution. 

óHistoric sequence dataô ïtemporal, spatial distribution

Downloaded all publicly available CLCuD-associated begomovirusand 
besatellitesequences in GenBank. Eliminated haplotypes (>1 nt).



Sample collection sites ïcotton, vegetables, wild spp

Cotton ïpredominantly 

grown in the Punjab

(tropical, wet) and Sindh

Provinces.

Districts leading in cotton 

production: 

southern Punjab: Rahim Yar 

Khan, Bahawalpur, Bahawal

nagar, Multan, Dera Ghazi 

Khan, Muzaffargarh, Vehari,

Khanewal.

-Sindh Sanghar and Sakrand

important producion

districts. 

Sindh
Province

In the Province of Lahore sugarcane and wheat, and some  vegetables 

predominate; urban interface brings ornamentals and vegetable gardens.



Pipeline: 2 approaches rely on a priori knowledge of what is óknownô to be present

Primerwalk to obtain 2x coverage of complete satellite 
sequences

Sequence four clones per sample 

Clone PCR products

Use degenerate alpha- and beta-satellite primers 
(designed based on selected genbankaccessions from 

2012) to PCR-amplify alpha- and beta satellites 

Receive  samples of DNA from CLCuDfield, sentinel, and 
germplasm in Pakistan

ORF verification using CLC

Use blast2goto blastnsequence batches 

for initial identification

Use PERL/BIOPERL script to find origin of replication (NONA) 
in consensus sequences and rearrange

Assemble sequence reads with DNASTAR SeqMan

Restriction Digest Analyses

PCR amplification of satellites

Sequence Analyses

Primerwalkto obtain 2xcoverage of complete virus or 
satellite sequences

Sequence four clones per sample (MiniPrep)

Ligate fragments into vectors and clone

Run linearized DNA in agarose gel and elute fragments 
with the size 2.6kbto 2.8kb(helper virus) and 1.3kbto 

1.6kb(satellites)

Cut circular dsDNA four restriction enzymes (EcoRI, 
HindIII, PstI, and SalI to linearize circular DNA

Enrich for circular dsDNA viruses and satellites by RCA

Receive  samples of DNA from CLCuD
field, sentinel, and germplasm in Pakistan



1

ÅField samples from pipeline selected for illumina sequencing 
field collections 2015

Åno helper virus seqsfrom PCR pipeline (only beta/alphas)  

2

ÅPlant samples -DNA amplified by RCA to enrich for circular 
dsDNAviruses and satellites. 

ÅRCA products - Illumina HiSeq2500 sequencing

3
ÅIllumina data assembled de novo

ÅDNASTAR SeqManNGen12.0 

4

ÅAssembled output annotated in silico w/ Blast2GO 2.8. 
Sequences identified as 
begomoviruses/satellites, rearranged,  first nt in ori

Illumina pipeline ïNext Gen Sequencing = ódiscoveryô ïno óa prioriô knowledge
Proof of principle ïnegative detection by both ôa prioriô approaches



Sample 127:

Host plant: Cotton

Location: Rahim Yar Khan, Punjab
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of RCA and Illumina

Unique in RCA

Unique in 

Illumina

Common in Both

Illumina confirmed1 full lengthhelper,1 full length alpha,and 1 full

length beta that were sequencedby RCA. In addition, Illumina

sequenced5 new partial alphas,1 new full length alpha,and 2 new

partialbetas.
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Unique in RCA
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Blast Results

From RCA Pipeline

Sequence Description HA EV S SL AL

FL Cotton leaf curl Burewalavirus complete genome FR750321 0 99 2763 2766

FL Cotton leaf curl Multan betasatellite EU384601 0 99 1561 763

FL Gossypiumdarwinii symptomless alphasatellite EU384646 0 97 1353 1373

Illumina Sequencing

Best Hit MS TS QC EV I ACC

FL Gossypiumdarwinii symptomless alphasatellite 2264 3110 96 0 96 EU384646.1

P Gossypiumdarwinii symptomless alphasatellite 232 1003 91 9.00E-57 92 EU384651.1

P Gossypiumdarwinii symptomless alphasatelliteisolate 271 1143 93 1.00E-68 95 EU384651.1

P Gossypiumdarwinii symptomless alphasatelliteisolate 
279 625 91 5.00E-71 98

EU384651.1

P Cotton leaf curl Burewalaalphasatellite
208 1050 91 1.00E-49 99

FN658729.1

P Gossypiumdarwinii symptomless alphasatelliteisolate 
217 487 82 1.00E-52 90

EU384650.1

FL Cotton leaf curl Multan betasatellite
2179 4580 97 0 94

HG000665.1

FL Croton yellow vein mosaic alphasatellite
1460 2968 95 0 84

FN658711.1

P Cotton leaf curl virus-associated DNA beta isolate 
324 676 64 2.00E-84 92

AF534188.1

P Cotton leaf curl Multan betasatellite
273 859 90 2.00E-69 87

HE602954.1

FL Cotton leaf curl Burewalavirus complete genome
4228 5400 100 0 97

FR750321.1

P= Partialsequence,FL= Full Length

HA=Hit Accession,EV= E-Value,S=Similarity (%), SL= SequenceLength,AL = Alignment length

MS= MaximumScore,TS= Total Score,QC= QueryCover(%), EV= E-Value,I= Identity (%), ACC= Accession

Number



Sample 80
Host plant: Cotton

Location: Faisalabad (NIBGE), Punjab, Pakistan
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Comparison Between Partial Length 

Sequences of RCA and Illumina

Unique in 

RCA

Unique in 

Illumina

Common in 

Both

Illumina sequencing:

1 newfull lengthhelperand2 newfull lengthalphas.

Confirmed2 full lengthalphasand1 betasequencedby RCA.

3 partial alphas and 1 full length beta unconfirmed by

Illumina.
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Blast Results

From RCA Pipeline

Sequence Description HA EV S SL AL

FL Cotton leaf curl Multan betasatellite isolate JF502389 0 96 1338 1303

FL Cotton leaf curl virus-associated DNA beta AM084380 0 97 1334 1302

FL Gossypiumdarwinii symptomless alphasatellite FR877533 0 97 1367 1375

P
Nanovirus-like particle rep gene for replication 

associated protein
AJ512954 4.00E-113 94 628 265

P Cotton leaf curl Burewala alphasatellite HQ316180 0 98 1007 591

FL Gossypium davidsonii symptomless alphasatellite EU384652 0 93 1354 639

FL Croton yellow vein mosaic alphasatellite FN658711 0 87 1347 1363

FL Cotton leaf curl Burewalaalphasatellite FN658728 0 98 1359 1366

P Cotton leaf curl Burewalaalphasatellite HQ728354 2.68E-43 99 140 104

Illumina Sequencing

Best Hit MS TS QC EV I ACC

FL Xanthium symptomless alphasatellite 2378 2754 94 0 98 HF547408

FL Cotton leaf curl Burewalaalphasatellite 2394 2730 91 0 99 FN658728

FL Croton yellow vein mosaic alphasatellite 1696 1841 85 0 88 FN658711

FL Cotton leaf curl Multan betasatellite 2307 3988 99 0 96 HF567943

FL Cotton leaf curl Burewala virus segment A 4091 4091 99 0 99 JF416947

FL Mesta yellow vein mosaic virus-associated alphasatellite 2123 4180 100 0 95 JX183090

P= Partialsequence,FL= Full Length

HA=Hit Accession,EV= E-Value,S=Similarity (%), SL= SequenceLength,AL = Alignment length

MS= MaximumScore,TS= Total Score,QC= QueryCover(%), EV= E-Value, I= Identity (%), ACC= Accession

Number



1

ωMine variability of existing GB sequences: downloadΨƘŜƭǇŜǊ 
ǾƛǊǳǎŜǎΩ όноплύΤ -̡ satellite (1334) sequences /GenBank
database (2015) 

ωAlign with full-ƭŜƴƎǘƘ 5b! ǎŜǉǳŜƴŎŜǎ ŦǊƻƳ ΨŦƛŜƭŘΩ ǇƛǇŜƭƛƴŜ 
samples ( 2011 ς2013) (MUSCLE; CLC Viewer v7.5)

2

ωHaplotype analyses @ 100% identity to exclude multiple 
identical genotypes:  1630 haplotypes for helpers and 1246 for 

s̡atellites (FaBOX)

ωPhylogenetic analyses (Neighbor joining, MEGA 6)

3
ωSpecies Demarcation Tool (SDT v1.2) pairwise distance analysis

ωSpecies threshold based on ICTV value at 91% helpers, 78% ʲ

4

ωtǊƛƳŜǊ ŘŜǎƛƎƴ ǳǎƛƴƎ ΨƎǊƻǳǇǎΩ ŘŜŦƛƴŜŘ ōȅ {5¢ ŀƴŀƭȅǎŜǎ

ωPCR for testing primers for specificity on each group and on 
other groups using cloned inserts for representative viruses and 
betasatsidentified in environmental surveys



Sorted by pairwise distances: species 
cut-off

Begomoviruses Betasatellites



Cotton leaf curl Alabad
Cotton leaf curl Banglore

Cotton leaf curl Gezira 
Cotton leaf curl Kokhran
Cotton leaf curl Multan 

Analyzed 223 and 228 
begomoviralgenome 

sequences determined in 
this study and available in 

the NCBI-GenBank
database, respectively. 

Phylogenic 

analysis 

Five ócoreô 

leaf curl 

óHelperô 

begomovirus

species

é in agreement

with 

pairwise distance

analysis (SDT)

at <91% species 

cutoff



Maximum likelihood 

tree of betasatellites

associated with cotton 

leaf curl disease: 

Å Chili leaf curl beta

Å Cotton leaf curl 

Gezira beta

Å Cotton leaf curl 

Multan beta

Å Okra leaf curl beta

Analysis included 468 

and 506 betasatellite

DNA sequences 

determined in this 

study, and available in 

the  GenBank

database, respectively. 

Four core cotton

leaf curl betasatellites

Phylogeny betasatellites: four ócoreô molecules; agreement with 

four pairwise distance groups at 78% nt identity cutoff



Distribution and 
abundance of 
cotton-infecting 
geminivirusesin 
cotton 2011-2015 
in Pakistan. 

Sequences were 
obtained using 
Sanger and/or 
Illumina DNA 
sequencing 
platforms. 

All available full-
length, and some 
partial length 
sequences, at 
>1500 
nucleotides in 
length, were used 
for the analysis. 

Spatial 

distribution 

field samples:

cotton 

Geminiviruses

2011-2014

Pakistan

cotton



Distribution and 
abundance of 
betasatellites

associated with leaf 
curl disease of cotton
during 2011-2014 in 

Pakistan. 

Full-length DNA 
sequences of 

betasatelliteswere 
obtained using Sanger 

and/or Illumina
sequencing platforms 

Spatial 

distribution 

field samples:

cotton 

Betasatellites

2011-2014



Distribution and 
prevalence by location of 
leaf curl disease-
associated geminiviruses
identified in ócultivated 
and non-cultivated 
cottonô host species in 
China, India, and 
Pakistan. 

Analysis includes all 
available full-length and 
partial genome of >1500 
nucleotides in length 
determined herein, and all 
full -length genome 
sequences available in 

NCBI-GenBankdatabase.

Spatial distribution 

field samples:

non-cotton 

host species



9/29/2017

Begomoviruses& satellites in Burewalaïgreatest diversity in óproposedô outbreak site

Abutilon mosaic virus (91%)
Ageratum conyzoidesalphasatellite
Cotton leaf curl Alabadvirus 
Cotton leaf curl Burewalaalphasatellite
Cotton leaf curl Burewalabetasatellite
Cotton leaf curl Burewalavirus
Cotton leaf curl Kokhranvirus
Cotton leaf curl Multan alphasatellite
Cotton leaf curl Multan betasatellite
Cotton leaf curl betasatellite
Croton yellow vein mosaic alphasatellite
Gossypiumdarwinii alphasatellite
Gossypiumdavidsoniialphasatellite
Mestayellow vein mosaic virus
Okra leaf curl betasatellite
Tobacco leaf curl PUSA alphasatellite
Tomato leaf curl New Delhi alphasatellite
Tomato leaf curl New Delhi virus
Hollyhock leaf curl virus
Hollyhock yellow vein alphasatellite
Okra leaf curl virus 
Bhendiyellow vein India virus  

cotton non-cotton

non-sentinel

Sentinel, non -

cotton

Luffa cylinderica

cucumber, okra

Location of initial population expansion !
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CLCuKoV -Bu 

Results: Strong evidence for population expansion in the CLCuMV-Bur ñpanmicticò population 

Tajimaôs test indicates virus is in mutation-drift equilibrium (óunder selectionô)



0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0 5 10 15 20 25 30 35 40 45 50 55 60

¢ŀƧƛƳŀΩǎ 5 Ґ -1.758; P= 0.010
R2 = 0.065; P= 0.224

Number of pairwise differences

F
re

q
u

e
n

cy
Pairwise differences test for population expansion 

betasatelliteCLCuMB

Results: No strong evidence of recent population expansion= satellite hasbeen present and stable as 

is, for some time

Significant negative Tajimaôs D reflects ópurifyingô, orpositive selection

= single CLCuMB supported by many different helper genomes/species ïpromiscuity potentially 

facilities host jumps; supports mixed infections, increases chances of recombination



Role of whitefly vector in CLuKoV -Bu 
spread?

NJ tree 
.ƻƻǘǎǘǊŀǇ җтл 

outgroup SubsaharanAfrica clade

N.Africa-MidEastMediterranean clade

Americas clade (New World)

Asia clade I

Asia clade II

-All 2013 haplotypes

are members of the Asia II clade

-Previous sampling 1992-1995 showed

more haplotype diversity ïAsia I, II Lahore, Multan, 
Rahim, Sakrand
Ref: PC1992 

Burewala,Multan,
Rahim, Vehari
Ref: none

Burewala, Lodhran, 
Rahim, Sakrand,
Verhani
Ref: Nepal NEW

Refs: PC1991
PC1995; HC China

Lahore, Rahim
Ref: India IW

A biotype

B biotype

Q biotype

veg cotton

cuke, cotton, pepper

cuke, cotton

cotton

cotton



Connectors indicate 
districts sampled; charts 
show proportion of 
genetic group 
abundance in non-
cotton (inner) and 
cotton (outer) hosts. 

-Lahore is only locality 
with all 3 haplotypes 
(not cotton-area).

Three main haplotype 
distributions in 
Pakistan:

ASIA II -1 is broadly 
distributed throughout 
cotton, all crops

Asia II 5 and Asia II -7 
found in Lahore, a non-
cotton area. 

Asia II-7 ïminor 
representation: 
cotton, pepper, cucumb
er, tomato, okra and 
squash 

Mismatch distribution:

-predominant haplotype 

Asia II 1 is  undergoing 

genetic expansions 

Tajima test revealed Asia 

II -1 not under mutation-

drift equilibrium 

-evolving under purifying 

selection

Selection?

- Resistance-breaking 

virus (single cv)

- Virus-vector 

interactions: virus 

driving WF 

expansion/or WF 

driving virus expansion

- Monoculture cotton?

- Climate effects-

expansion?

Map of Pakistan showing cotton-growing locations in light -grey



óSPREADô: Cotton leaf curl viruses and Indian sub-continent

Full length genomes: Cotton leaf curl Kokhranvirus (CLCuKoV) (78-GenBank; 212 this study), Cotton leaf curl Multan virus(CLCuMuV) 

(109 GB; 10-this study), Cotton leaf curl Alabadvirus (CLCuAlV) (8-GB); and Cotton leaf curl Banglorevirus (CLuCBaV) (2-GB).. 

Punjab 1 = Lahore, Faisalabad, Sahiwal Punjab 2  = Bhakar, Layah, DeraGazhiKhan; Punjab 3 = Burewala, Vehari, Sahiwal; Punjab 4 = 

Bahawalpur, Bahawalnagar, Punjab 5 = Multan, Muzafargarh, Khanewal, Rahimyar Khan; Sindh = Sakrand, Ghotki; India =  

Harayana, Punjab and Rajasthan states.

Results: Cotton leaf curl viruses (specifically Cotton leaf curl Multan virus) probably evolved in central Punjab (Pakistan) and entered into 

India in 1960s and has dispersed back and forth between India and Pakistan since then. In around 2000 CLCuKoV emerged.. In about 2004 

CLCuMuV was dispersed form India to China ,and in about 2011 it was transported on plants (Hibiscus) from China to the Philippines. 

(Punjab 1)

(Punjab 2)

(Punjab 3)

(Punjab 4)

(Punjab 5)

(India)

(Philippines)

(Sindh)

(China)

Lines color attribute



óSPREADô: Cotton leaf curl Kokhran virus-Burewala strain

Full length genome sequences: 276 CLCuKoV-Bu (64 sequences from GenBankand 212 from this study). 

Punjab 1 = Lahore, Faisalabad, Sahiwal Punjab 2  = Bhakar, Layah, DeraGazhiKhan; Punjab 3 = 

Burewala, Vehari, Sahiwal; Punjab 4 = Bahawalpur, Bahawalnagar, Punjab 5 = 

Multan, Muzafargarh, Khanewal, Rahimyar Khan; Sindh = Sakrand, Ghotki; India =  Harayana, Punjab and Rajasthan 

states.

Results: Cotton leaf curl Kokhranvirus-Burewala(CLCuKoV-Bu) originated in India and dispersed by whiteflies to central 
Punjab in Pakistan) around 2000 from where it was dispersed by whiteflies to other parts of Punjab. In ~2012 CLCuKoV-
Bu was dispersed by whiteflies to Sindh. Continued to disperse back and forth between India and Pakistan. 

Lines color attribute

(Punjab 1)
(Punjab 2)
(Punjab 3)
(Punjab 4)
(Punjab 5)
(India)
(Sindh)



Summary 
ÅCotton leaf curl Multan virus, the species associated with the initial epidemic occurring during the 

1990s, was detected primarilyin southern provinces ïPunjab and Sindh. 

ÅCLCuMuV, Cotton leaf curl Alabadvirus,and CLCuKoV-Kokhranstrain, also detected in cotton 
during Multan epidemic, were present in cotton and non-cotton hosts in locations where óMultanô 
ósusceptibleô cotton varieties were planted. 

ÅGeminivirusespreviously found in non-cotton species, unexpectedly, were detected in cotton: 
Okra enation leaf curl virus, Tomato leaf curl New Delhi virus, Squash leaf curl virus,and 
Chickpea chlorotic dwarf virus. (intraspecific recombination!).

ÅCLCuMB) was most prevalent betasatellitein cotton and non-cotton hosts. Important factor in 
spreadïóstable component of the complexô

ÅWhitefly B. tabaciAsia II-1 mitotypeshows evidence of population expansion; may have 
occurred coincident with the emergence and spread of  CLCKoV-Bu in 2000. 

ÅHost-virus-whitefly interactions could explain enhanced virus spread and Asia II-1 
upsurgence, resulting in displacement of previously prevalent B. tabacimitotypes.

ÅGreat potential for CLCuMuV to spread from the Pacific to Australia, across to HI and 
Guam, then US west coast, Mexico, Central America

ÅHas CLCuKoV-Bu already spread via ornamental species/whitefly but remains undetected?
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Objectives/Approaches

Spatial and temporal distribution analysis of geminivirus-betasatellites

associated with the cotton leaf curl disease in Pakistan 2011-2015

Approaches: 

ÅMolecular analysis: RCA, PCR, restriction digestion/cloning pipeline

ÅGenomic pathology: Illumina ódiscovery toolô: 2015 begomovirus-negative samples 

ÅAnalyses: 2011-2015 and all Genbankdbóleaf curlô genome and betasatellitesequences

ÅPhylogenetic analysis: relationships, diversity within and between clades

ÅChanges in prevalence and location: dynamics in time and space

ÅSNPS analysis: assessment of single nucleotide changes - mutations

ÅBEAST and óSPREADô: epidemiological study



Molecular diagnostics for the leaf curl complex

(validation, in progress)



1
ωtǊƛƳŜǊκǇǊƻōŜ ŘŜǎƛƎƴ ǳǎƛƴƎ ΨƎǊƻǳǇǎΩ ŘŜŦƛƴŜŘ ōȅ {5¢ ŀƴŀƭȅǎŜǎ

2

ωConventional PCR for testing primers for specificity on each group 
and on other groups using cloned inserts for representative 
viruses and betasatellitesidentified in environmental surveys 

3

ωIsothermal PCR using AmplifyRP® Acceler8ϰ 5ƛǎŎƻǾŜǊȅ for testing 
primers for specificity on each group and on other groups using 
cloned inserts for representative viruses and betasatellites
identified in environmental surveys 

Primer and probe design for isothermal PCR



Considerations for 
primer design:

Extensive diversity
among cotton leaf 
curl virus genomes

1. high genetic 
recombination



SNPs analysis avoid regions 
of high diversification

Single nucleotide 
polymorphisms& number of 
variants per genome sequence 
for Cotton leaf curl Gezira 
virus and Cotton leaf curl 
Kokhranvirus-Burewalaand 
the most commonly associated 
betasatellite, Cotton leaf curl 
Gezira and Cotton leaf curl 
Multan beta, respectively. 

Predicted begomoviral
proteins are shown as 
AV2, coat protein 
(CP1), replication enhancer 
(REn), transcriptional activator 
(TrAP), replication associated 
protein (Rep), and AC4. 

The predicted protein encoded 
by the betasatelliteis beta C1. 
The non-coding region of 
begomovirusesis the 
intergenic region (IR); for 
betasatellites, the A-rich region 
(A-rich) and satellite 
conserved region (SCR).

Single nucleotide polymorphisms (mutations)

Begomoviruses Betasatellites



Example of 
alignments 
used for primer 
design: 
sequences that 
are 100% 
conserved are 
highlighted, an
d the primer 
coordinates 
are shown in 
round brackets 



PCR amplification with specific primers

A, C
Lane 1 , CLCuGeV (AF260241 )
Lane 2 , CLCuGeV (AY036007 )
Lane 3 , CLCuMuV (China )
Lane 4 , BYVV
Lane 5 CpCDV
Lane 6 , CLCuKoV-Bur
Lane 7 , healthy cotton
Lane 8 water negative control .

B, D
Lane M 1 Kb Plus DNA ladder
Lane 1 CLCuMuB (China )
Lane 2 CLCuMuB (Pakistan )
Lane 3 CLCuMuB (kenaf )
Lane 4 CLCuGeBô
Lane 5 OLCuB
Lane 6 OLCuB
Lane 7 BYVB
Lane 8 ChLCuB
Lane 9 healthy cotton
Lane 10 healthy tomato
Lane 11 water negative control

CLCuMuB

CLCuGeB

CLCuKoV - Bur

CLCuGeV



AmplifyRP Acceler8 Discovery Platform 

Templates : 1, plasmid positive control; 2, cotton infected with CLCuMuV and CLCuMuB; 3, cotton 
infected with CLCuKoV and CLCuMuB; 4 healthy cotton; and 5, GEB3 control. Plant extracts were 

obtained by macerating leaves with GEB3. 

Control line
Test line

Control line
Test line

CLCuMuV primers/probe

CLCuKoV primers/probe

CLCuMuB primers/probe
Control line
Test line



Isothermal primers/probe for broad-spectrum betasatellitedetection 

AmplifyRPÈ Acceler8Ê Discovery using 0.5 ng cloned betasatellites

1. 1246 CLCuMB
2. 946 CLCuMB
3. 738 CLCuMB
4. 948 CLCuGB
5. 1349 ChLCB
6. 1250 OLCuB
7. 1251 BYVB
8. 476 CLCuGB

Broad detection
primer-probe

1 2          3           4          5           6         7         8

Forward Reverse Probe

Cotton leaf curl 

Multan 

Betasatellite

MuB-F2 

(30mer)

ATTATGGGTCTGTTTGTTGTT

GGTGATATG

MuB-R2 

(33mer)

GAAGAGATCGAGATAGAAGAT

ATAGTTCACAG

MuB-P2 

(47mer)

ACGGTTCGATTACATCCATTCCCAATATCTHT

GGGTTTTCAAGTAC

Caveats: high variability, recombination; PCR only detects what you look for



Field-test CEMB: whitefly inoculation June 2014

T1: UA_IAG_Vɓ  RNA hairpin construct .Susceptible 

control

Joint Collaboration: IAGS and CEMB, U-

Punjab, NIBGE, U-AZ

Confirmed insertions: FISH, Southern 

blot, molecular methods

*Constructs 8,9, others: virus and whitefly protection

Transgenic resistance in cotton: direct transformation of embryo with hairpins (RNAi)


