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Distribution of cotton-infecting begomoviruses whitefly -transmitted ssDNAgenomes
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Cotton leaf curl disease pandemic timeline

1967 First report CLCuD

Sporadic isolated Pakistan Punjab

infections of cotton CLCuMuV + CLCuMB

1988 first epidemic
Introduction of high
ylelding $5 billion losses

cotton yc?riety (S|12) Introduction of resistant varieties 199899
Ja§5| control, : 1992-1997 Widespread cultivation
but whitefly susceptible Narrow germplasmbase

199+2001 second epidemic
; RecombinantCLuKoV -Bur
h 2 s _ + CLCuMB
: fg. re Resistance
o ;-ﬂ-};;f CLCuKo\Bur + .
'. Multan Breaking 20062003
° o betasatellite
1995-1999 ' 2000-2003| (Amracetal..2010) - 50042009
Multan betasat P e - - Spread to all cotton areas of

LYAUAT T BRm&Q | 2ys 2 F Pakistan; Identified in northern Inngl7

+CLCuMV of resistancebreakingrecombinant (modified; Courtesy R.Briddon)



Cotton leaf curl Multan virus spread to Chinavia
ornamentals spp. 2008 Philippine$ Hibiscus 2014
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Begomovirusesf cottonin China
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CLCuMV distribution in China2012
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ChinaintroducedCLCuMuV and
CICuM betasatelliteare

99% identical to sequences
from Pakistan isolates
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CLCuMV In China - multiple isolates/hosts

--Nucleotide identitie®f DNA-A andbetasatellitef 13 isolates from
Guangdong, Guangxi and Hainan province€lbina, shared at >99%
--Nucleotideidentities of DNAA andbeta satellit®f isolates from four hosts
(Hibiscusrosasinensis cotton okra andMalvaviscusarboreug in China

more than 9%

--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 virusesé using
molecular and genomic pathology tools
to guidediagnosticgdevelopment
Epidemiological studies
Population analysis



Genomic Survelllance

AClassical epidemiological contexts promote development of tools for early
pathogen/pest detection until recently, have faced major constraintseeded to know
oOwhat 6 we are | ooking for when direct

KGenomic surveillancéhas become tactablemethod for detection ahfectious
disease agents /vectardlext-generation sequencing platforms

AGrowing awareness thairus diversity drives/promotesvolution of plant hosts and
Insect vector

AGoals of genomic surveillance

-identify hostdeterminanmarkers that inform ability to tracked o r ofgr a n s mi ¢
In space /temporally

-implement markers to guide prevention and/or arrested spread at or near source.
-allow actions to be takeai- source prior to extensive spread

-keeping good long term records is an essential resource for making epidemiological
Inferences that can guide management




Field samplesi spatial distribution and natural host range 201115

Analysis includedi52geminivirusesand 47abetasatellitesequences
for frequency andlistribution.

OHiI st or i c sidegqpoeah spatial distribudiom

Downloaded alpublicly availableCLCuD-associatetbegomovirusand
besatellitesequences ienBank Eliminated haplotypes (>it).



Sample collection sites 1 cotton, vegetables, wild spp

PAKISTAN
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Pipeline: 2 approaches rely orapriorik nowl edge of what i s O0know

PCR amplification of satellites
Restriction Digest Analyses

Sequence Analyses
Assemble sequence reads with DNASTAR SegMan

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

Useblast2goto blastnsequence batches
for initial identification

ORF verification using CLC




lllumina pipeline T Ne xt Gen Seqgquenc¢mnomagpdord oOkdni oswcl oevdegrey
Proof of principle T negative detection by bottb a  por ia@rpir oac hes

A Field samples from pipeline selected fallumina sequencing
field collections 2015

A no helper virus segsfrom PCR pipeline (only beta/alphas)

A Plant samples-DNA amplified by RCA to enrich for circular
dsDNAVviruses and satellites.

A RCA products - lllumina HiSeq 2500 sequencing

A DNASTAR SegManNGen12.0

A Assembled output annotatedn silico w/ Blast2GO 2.8.
Sequences identified as

A lllumina data assembledde novo }
begomovirusessatellites, rearranged, firstnt in ori }




Sample 127: From RCA Pipeline

. Sequence Description HA EV S SL AL
Host plant: Cotton a P
Locatlon: Rahlear Khan’ Punjab FL Cotton leaf curBurewalavirus completggenome  FR750321 0 99 2763 2766
FL Cotton leaf curl Multan betasatellite EU384601 0 99 1561 763
Comparison Between Full Length Sequences FL Gossypiundarwinii symptomlesalphasa‘Felhte E9384646 0 97 1353 1373
of RCA and lllumina lllumina Sequencing
Best Hit MS TS QC EV | ACC
Comparison Between Totall 1.2
Number of Slﬁqu?”ces of RCA and 0; 0 Al ¥ Unique in RCA FL  Gossypiundarwinii symptomlesalphasatellite 2264 3110 96 0 96 EU384646.1
umina 8 — II— — I
8 0.6 - - ®Unique in P Gossypiundarwinii symptomlesalphasatellite 232 1003 91 9.00E57 92 EU384651.1
7 0.4 - i Nlumina
0.2 —|bil— — [l : - .
6 . & Common in Both P Gossypiundarwinii symptomlesalphasatelliteisolate 271 1143 93 1.00E68 95 EU384651.1
° Helper Alpha Beta P Gossypiundarwinii symptomlesalphasatelliteisolate 219 625 e EU384651.1
4 @ RCA
. 208 1050 91 1.00E49 99
3 & (llumina Comparison Between Partial Length P Cotton leaf curBurewalaalphasatellite FN658729.1
2 Sequences of RCA and lllumina P Gossypiumdarwinii symptomlesalphasatelliteisolate — el e e EU384650.1
1 6
0 5 FL Cotton leaf curl Multarbetasatellite S I 0 4 HG000665.1
Helper Alpha Beta 4 HUnique in RCA 14 2 4
P P FL Croton yellow vein mosailphasatellite 60 el 0 8 FN658711.1
> Unigue in _ . . 324 676 64 2.00E84 92
2 — lllumina P Cotton leaf curl virusassociated DNA beta isolate AF534188.1
1 M Common in Both
0 P Cotton leaf curl Multarbetasatellite 273 859 o e HE602954.1
Helper Alpha Beta
P P FL Cotton leaf curBurewalavirus complete genome e 0 o7 FR750321.1

lllumina confirmedl full lengthhelper,1 full lengthalpha,and 1 full
length beta that were sequencedby RCA. In addition, lllumina  P=PartialsequencefrL = Full Length

: HA=Hit AccessionEV= E-Value, S=Similarity (%), SL= Sequencé.ength,AL = Alignmentlength
Sequencecs new partlal alphas,l new full Iength alpha’ and 2 new MS= Maximum Score,TS= Total Score,QC= QueryCover (%), EV= E-Value, I= Identity (%), ACC= Accession

partialbetas Number



Sample80 e
Host plant: Cotton rom ipeline

Location: FaisalabadNIBGE), Punjab, Pakistan Sequence Description HA EV S I
FL Cotton leaf curl Multan betasatellite isolate JF502389 0 96 1338 1303
Comparison Between Full Length i _
Sequences of RCA and lllumina FL Cotton leaf curl virusassociated DNA beta AMO084380 0 97 1334 1302
25 FL Gossypiundarwinii symptomlesalphasatellite FR877533 0 97 1367 1375
2 & Unique in p Nanowrusllkeazzgtggetégp ?cizﬁ]for replication AJ512954 400E113 94 628 265
Comparison Between Total Number 1.5 RCA P
of Sequences of RCA and lllumina 1 & Uni ) P Cotton leaf curl Burewala alphasatellite HQ316180 0 98 1007 591
nique in
8 0.5 lllumina FL Gossypium davidsonii symptomless alphasatellite EU384652 0 93 1354 639
7 0 4 Common in FL Croton yellow vein mosamlphasatellite FN658711 0 87 1347 1363
6 & & @ Both -
Q@\Q V}Q Q FL Cotton leaf curBurewalaalphasatellite FN658728 0 98 1359 1366
5
P Cotton leaf curBurewalaalphasatellite HQ728354 2.68E43 99 140 104
4 @RCA . . _ ,
Comparison Between Partial Length lllumina Sequencing
3 H [llumina Sequences of RCA and Illumina
2 35 Best Hit MS TS QC EV | ACC
1 3 : FL Xanthium symptomlesdphasatellite 2378 2754 94 0 98 HF547408
i Unique in
0 2'2 RCA FL Cotton leaf curBurewalaalphasatellite 2394 2730 91 0 99 FN658728
Helper Alpha  Beta 15 ® Unique in FL Croton yellow vein mosailphasatellite 1696 1841 85 0O 88 FN658711
lllumina
1 . FL Cotton leaf curl Multarbetasatellite 2307 3988 99 0 96 HF567943
0.5 i Common in
0 Both FL Cotton leaf curl Burewala virus segment A 4091 4091 99 0 99 JF416947
Helper Alpha  Beta FL  Mesta yellow vein mosaic virassociatecilphasatellite 2123 4180 100 0 95  JX183090
lllumina sequencing
1 newfull lengthhelperand2 newfull lengthalphas P= PartialsequencefFL= Full Length
. HA=Hit AccessionEV= E-Value, S=Similarity (%), SL= Sequencé&.ength,AL = Alignmentlength
Conflrmedz fU” Iengthalphasand 1 betasequencedy RCA. MS= Maximum Score,TS= Total Score,QC= QueryCover (%), EV= E-Value, I= Identity (%), ACC= Accession
3 partial alphas and 1 full length beta unconfirmed by Number

[lumina.



w Mine variability of existing GB sequencegownloadW K S f LIS NJ
@A NHza S 3 Csatdlite ¢1834)sdguenceSenBank
database (2015)

wAlignwithfullf SY3GK 5b! &4S1ljdz2SyoOoSa | TNRY VYT
samples ( 201¢ 2013) (MUSCLE; CLC Viewer v7.5) )

w Haplotype analyses @ 100% identity to exclude multiple
identical genotypes:1630 haplotypes for helpers and 1246 for
I satellites FaBOX

w Phylogenetic analyses (Neighbor joining, MEGA 6)

w Species Demarcation Tool (SDT v1.2) pairwise distance analysis
w Species threshold based on ICTV value at 91% helpers, 78%

wt NAYSNI RSaA3dy dzaAy3d WINRAzZLIAQ RSTFAYS
w PCR for testing primer®r specificity on each group and on

other groups using cloned inserts for representative viruses and
betasatsdentified in environmental surveys




Sorted by pairwise distances: species
cut-off
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Phylogenic
analysis
Five 0Oco
leaf curl

OHel per o6
begomovirus
species

é in agreement
with

pairwise distance
analysis (SDT)

at <91% species
cutoff

——H——— FM242701_MYMV
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005
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_{——Cm.lnuv-nar[PK:Hul:Da'J:nsl EU365614
CLCuMuV-Dar{PK:Mul:Dar1:06] EU365613
CVb7921_helpers_contig10_rearranged.fasta
l—— CVb61273_filter_Contig47_45657r_2741bp_helper_rearranged

[ CLCuMuV-Dar{IN:Sri:CLR07:10] JN678803
] CLCuMuV-Dar{PK:Mul:Hir:06] 1218486

CLCUAN-Mu[PK:Mul:Pun:06] EU384575
CLCUAIV-Mu[PK:Mul:Dav:06] EU365617
CLCUANV-Mu[PK:Mul:Gos:06] F1218485

CLCUAIV-Lo[ PK:Mul:Lob:08] F1210467

+ CLCUAIV-AI[PK:Koh8022:96] AJ002455
99 L CLOUAN-AI[PK:AI28042:95] AJD02452 CLCuAIV-Al' 93.3%
4( E CLCUAIV-Ha[IN:Kar:0Y77:0kr:05] GU112081
CLCUAIV-Ka[IN:Kar:0Y818:0kr:05] GU112004
CLCuMuV-
E CLCuMuV-His{PK:Mul31 1:0kr:96] AJ002459
CLCuMuV-His{IN:pap:10] IN558352

CLCuMuV-Fai[IN:Sri:BT09:10) IN678806
CLCuMuV-His{IN:Lud:99] AY765257

CLCuMuV-Fai[ PK:DGK26:95) AJ002458
88 CLCuMuV-Fai[PK:Yaz62:95] AJ002447
CLCuMuV-Fai[ PK:Fai:31cf:92) AJ496287
CLCuMuV-Fai[IN:Sri:CLR11:10] JN678804
CLCuMuV-Fai[ PK:Mul:Lat:06] EU384573

CLCuKoV-Ko[N:SriBt12:10] HQ257374
CVb41261_denovo_Contig3_153084r_2748bp_helper_rearranged
CLCuKoV-Lu[IN:Luc:Ct:Beal0] GU385879
CLCuKoV-La[PK:Lay:11] HF549182

'CLCuGeV" 92.6%

—_— ]
ﬁﬂ%ﬂ:&miﬂmwmmslGuuzm CLCuBaV' 92.9%

CLCuMuV-IN 95,7%

—_—— ]
— CLCuMuY-His{IN:ND:99) AY765256
76 Tﬁ CLCuMuV-His[1N:His:99] AY765253 CLCUMuV-His (1) 97.7%

CLOUMuV-His[IN:Bha:05] DQ191160

CLOuMuV-PKTIN:Bat:Bat 205] JF502358
CLCuMuV-PKTIN:Srisri:05] 36502359 | CLCUMuV-PK 94.4%
CLCUMUV-PK[PK:Mul:Mos3:06] EU384574

CLCuMuV-PK[PK:Mul:06] EU365616

(72 ¢ CLCUMUV-Hib{IN:Hb2:11] INSB041 By
ceumav-hisgnibt:1] nsor7e3 CLCUMUV=Hib 98.9%
70 CLOUMUV-Dar(PKMutDark06] EU36S61S.

95.7%

CLCuMuV-Dar

CLCuAIV-Mu 97.0%

His{PK:Mul:H65-1:97] AJ132430

CLCuMuV-His (2) 94.3%

98.4%

CLCUMuUV-Fali

CLCuMuV-His[PK:Fai:33at:92] AJ496461
[ CLCuKoV-Sha[ PK:TanA:05) FN552003
CLCuKoV-Sha[PK:TanJ:05] FNS52002

— CVb31340_filter_Contig31_2348r_2748bp_helper_rearranged
99| — cLcuKov-shalPK:sha:Ls6:04] FNS52005
CLCuKoV-Shal PK:Sha:L54:04] FNS52004
CLCuKoV-Sha[ PK:Sha:05] FNS52001

CLCuKoV-Ko[ PK:Kok72b:95] AJ002448
CLCuKoV-Ko[PK:Mul:Sto1:08] HM468427
99 CLCuKoV-Ko[ PK:Man806b:96] AJ002449
CLCuKoV-Ko[PK:Fail ] AJ496286
CLCuKoV-Ko[ PK:Sak:05] FN552006

98.7%

CLCuKoV-Sh

96.0%

CLCuKoV-Ko[IN:Dab] AY456683

CLCuKoV-Ko

63 CLCuKoV-Bu 98.8%

Cotton leaf curlAlabad
Cotton leaf curlBanglore
Cotton leaf curl Gezira
Cottonleaf curlKokhran
Cottonleaf curl Multan

Analyzed223 and 228
begomoviragenome
sequences determined
this study and available in
the NCBI-GenBank
database, respectively.



Phylogenybetasatellites f our oO0cored mol ecul es; agr e
four pairwise distance groups at 78%mt identity cutoff

Maximum likelihood

'w'r'"__: . tree ofbetasatellites
- R Y et associated with cotton
ip -, leaf curl disease:
o _E

A Cotton leaf curl
Gezira beta

A Cotton leaf curl
Multan beta

A Okra leaf curl beta

Four core cotton
leaf curl betasatellites

Analysis includedi68
| T v rey and 506betasatellite
DNA sequences
determined in this
study, ancavailable in

E‘M ;mﬂ-ﬂﬂﬂ-ﬂﬂu the GenBank
!

- database, respectively




Spatial

Distribution and

dlSthbUtIOﬂ abundance Of
field samples: cotton-infecting
geminivirusesin
cotion Lavay L StCuV () cotton 20112015
ST M VoBu (3 in Pakistan.

Geminiviruses _—— -

_ Enirpte aien (0 guences were
201:.[ 2014 obtained using
Pakistan Sammpte stas 1) AN

Sanger and/or
lllumina DNA
sequencing
platforms.

cotton

All available fult
length, and some
partial length
seguences, at
>1500
nucleotides in
length, were used
for theanalysis.

SINDH



Spatial
distribution

field samples:

cotton

Betasatellites
20112014

MULTAN

OLCuB (22)

m..._""' T

LAHORE
Eamm akxa [21]
| OLCuB (1) |

Distribution and
abundance of
betasatellites

associated witkeaf

curl disease ototton

during 20112014 in
Pakistan.

Full-length DNA
sequences of
betasatellitesvere
obtained using Sanger
and/orlllumina
sequencinglatforms



Spatial distribution
field samples:
non-cotton
host species

Distribution and

prevalence by locationof
leafcurl disease
associategeminiviruses
identifiedi rcultivated

and non-cultivated

cottond hostin spe:
China, India, and

Pakistan.

Analysis includes all
available fultlength and
partial genome of >1500
nucleotides in length
determined herein, arall
full-length genome
sequenceavailable in
NCBI-GenBankdatabase

BAHAWALPUR
Sampla slza (4}

‘ ToLCNDV (1) '




Begomovirusest satellitesinBurewalaigr eat est di versity

non-sentinel

m Abutilonmosaicvirus (91%)
Ageratumconyzoideslphasatellite
m Cotton leaf curlAlabadvirus
Cotton leaf curBurewalaalphasatellite
Cotton leaf curBurewalabetasatellite
B Cotton leaf curlBurewalavirus
Cotton leaf curlKokhranvirus
B Cotton leaf curl Multaralphasatellite
Cotton leaf curl Multarbetasatellite
Cotton leaf curbetasatellite
Cotto n non _Cotton Croton yellow vein mosaialphasatellite
Gossypiundarwinii alphasatellite
Gossypiundavidsoniialphasatellite
Mestayellow vein mosaic virus
Okra leaf curbetasatellite
Tobacco leaf curl PUS#phasatellite
Tomato leaf curl New Delhiphasatellite
Tomato leaf curl New Delhi virus
Hollyhock leaf curl virus
Hollyhock yellow veialphasatellite
Okra leaf curl virus
Bhendiyellow vein India virus

Luffa cylinderica

Sentinel, non -
cotton

Location of initial population expansion !

9/29/2017



Frequency
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Pairwise differences test for population expansion

8

10

12

CLCuKoV -Bu

¢l 2A YE2Q8:P50.003
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Frequency

Pairwise differences test for population expansion
betasatelliteCLCuMB

0.08
0.07
0.06

0.05

¢l 2A Y ELA38:P50.010
0.03 R2 = 0065?: 0.224

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

Number of pairwise differences

Results No strong evidence akcent population expansiore satellite hadeen present and stable as

IS, for some time

Significant negatpiunwra fTyappsitgmasesborD r ef | ect s 0
= singleCLCuMB supported by many different helper genomes/speciéspromiscuity potentially
facilities host jJumps; supports mixed infections, increases chances of recombination



Role of whitefly vector in  CLuKoV -Bu

Spread?

B_hancockii

outgroup © = e O Subsaharaifrica clade
B 100 S&Tn_m_at
0 A biotype————, foia% )
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100 [ 100 ggp

NJ tree .
2208 0N LI xT

-All 2013 haplotypes 2
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-Previous sampling 1992995 showed -

—— PAKISTANsquashMa5006
L PAKISTANeggplantVa5012

Refs: PC1991
PC1995; HC Chiniy reermwas ™

54 NewDehi_omato veg cotton

P Asia clade |
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Connectorsndicate
districts sampled; charts
show proportion of
genetic group
abundance in nen
cotton (inner) and
cotton (outer) hosts.

Host: Cotton (n= 160)
Host: Non-Cotton (n= 78)
LAHORE

Host: Cotton (n= 95)
Host: Non-Cotton (n= 26)

-Lahore is only locality VEHARI
with all 3 haplotypes

(not cottonarea).

Host: Cotton (n=32) J—
SAHIWAL

Host: Cotton (n=47)
Host: Non-Cotton (n=43)
MU

TAN Host: Cotton (n= 14)
1 KHANEWAL

T .0

Three main haplotype
distributions in [.)
Pakistan:

Host: Cotton (n= 23)

ASIAII-1 is broadly

. LODHRAN ! . ~
distributedthroughout 3 O-—FAKPATTAN
COtton’ a” Crops : I‘ o._|Host: Cotton (n= 24)

Y BAHAWALNAGAR

’ |
Asia Il 5 and Asidl-7 . — OB ANALRUR
found in Lahore, a nen
cotton area Host: Cotton (n= 99)

! RAHIN YAR KHAN

Asia llI-7 T minor ;
representation 1Y —Oo—gENazik ) EAsia Il 1
cotton, pepper, cucumt L B asia 1l 5
er, tomato, okra and Asia 1| 7
squash o

Map of Pakistan showing cottongrowing locations inlight-grey

Mismatch distribution:
-predominant haplotype
Asia Il 1 is undergoing
genetic expansions

Tajima test revealed Asia
Il -1 not under mutation
drift equilibrium

-evolving under purifying
selection

Selection?

- Resistancéreaking
virus (single cv)

- Virus-vector
interactions: virus
driving WF
expansion/or WF
driving virus expansior

- Monoculture cotton?

- Climate effects
expansion?
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Full length genomes Cotton leaf curlKokhranvirus (CLCuKoV) (78-GenBank; 212 this studygotton leaf curl Multan viru¢CLCuMuV)
(109 GB; 16this study),Cotton leaf curlAlabadvirus (CLCuAlV) (8-GB); andCotton leaf curBanglorevirus (CLuCBaV) (2-GB)..

Punjab 1 = Lahore, Faisalabad, Sahiwlinjab 2 = Bhakar Layah DeraGazhiKhan;Punjab 3 = Burewala Vehari Sahiwal;Punjab 4 =
Bahawalpur, Bahawalnagd&unjab 5= Multan, Muzafargarh Khanewa) Rahimyar Khan; Sindh SakrandGhotki, India =
HarayanaPunjab and Rajasthan states.

Results: Cotton leaf curl viruses (specifically Cotton leaf curl Multan virus) probably evolved in central Punjab (Pakistan) addinémter
India in 1960s and has dispersed back and forth between India and Pakistan since then. In ar@ird20Hd 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.
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Full length genome sequence276CLCuKoBu (64 sequences frofdenBankand 212 from this study).

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

Burewala Vehari Sahiwal;Punjab 4 = Bahawalpur, Bahawalnag&unjab 5=

Multan, MuzafargarhKhanewa) Rahimyar Khan; Sindh SakrandGhotki; India = HarayanaPunjab and Rajasthan
states.

Results:Cotton leaf curKokhranvirusBurewala(CLCuKo¥u) 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. ICEQOK2YV
Bu was dispersed by whiteflies to Sindh. Continued to disperse back and forth between India and Pakistan.



Summary

A Cottonleaf curl Multanvirus, the species associated wilteinitial epidemic occurring during the
1990swas detected primarilyn southern provinceis PunjabandSindh.

A CLCuMuV, Cotton leaf curlAlabadvirus, andCLCuKoV-Kokhranstrain,also detected inotton
duringMultan epidemic, werg@resenin cotton and nowottonhosts n | ocat i ons
0 S U s c eqitonivdriktiesivere planted.

A Geminivirusespreviouslyfound in norcotton species, unexpectedly, were detected in cotton:
Okraenation leaf curl virusTomato leaf curl New Delhi viruSquash leaf cunirus, and
Chickpea chlorotic dwanirus. (intraspecific recombination!).

A CLCuMB) was mosprevalentetasatellitén cotton and nowcotton hosts. Important factor in
spread 0 st abl e component of the compl exd

A Whitefly B. tabaciAsia II-1 mitotypeshows evidence of population expansion; may have
occurred coincident with the emergence and spreadLdiKoV-Bu in 2000.

A Hostvirus-whitefly interactions could explain enhanced virus spread and Agia Il
upsurgenceresulting in displacement of previously prevalBntabacimitotypes

A Great potential foELCuMuV to spread from the Pacific to Australia, across to HI and
Guam, then US west coast, Mexico, Central America

A HasCLCuKoV-Bu already spreada ornamental species/whitefly but remains undetected?
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Objectives/Approaches

Spatialand temporatlistributionanalysis ogeminivirusbetasatellites
associated with the cotton leaf curl disease in Pakistan 2013

Approaches
AMolecular analysis: RCAPCR, restrictiomligestion/cloning pipeline
AGenomic pathology: | | lbegomovirasnegative sampleg e r

AAnalyses: 2012015 and alGenbankdlb6 | e af c¢ ur Ibétasajelitsequeacesa r

APhylogenetic analysis: relationships, diversity within and between clades

AChanges in prevalence and location: dynamics in time and space

ASNPS analysis: assessment of single nucleotide changeations

ABEAST and OSPREADO®6: epidemiological s



Molecular diagnostics for the leaf curl complex

(validation, in progress)



Primer andprobe design for isothermal PCR

~

Wt NAYSNKLINPOS RSaAIYy dzaAy3d WINR

/
S

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

/

wlsothermal PCR usitgmplifyRPAcceler8t 5 A & @2testhdl
primers for specificity on each group and on other groups usin
cloned inserts for representative viruses anktasatellites

identified in environmental surveys
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BYWVMY-[IN:Bha03].GLI1 12069

BYVMV-[IN:05]JQ326263
a T

I (| Cub UV -[IN:SriG:05] F502359
CLCuAIV-[IN:Bha 05] GU112004

|
. B Y VIMV-[IN: Kar06] Q326263
CLCuAIV-[IN:Kar:OY77:05].GU112081

. 5 \/M V- [IN-Kar-06] JQ326263
CLCUMuUV-[IN:Lud:03].AY 765257
—

I eV MNY-[PK:301:95].A1002453
CLCUMuUV-[IN:Sri:10]. JNETEE03

CLCubuV-[Pr:Mul:06). ELI365615

CLCUMUV-[PK-97] AJ002459

CLCUMUV—|PH:Fai:EE].IEEQES ..
(] I ]
— CLCukKoW-[PK:Sak:05].FN552006
CLCuMuV-[CN:Yun:13] . KF766947

I, L CuKoV-[PK:Sak:05] FN552006
CLCubUW-[IN:SriG:05].JF502359

B CLCukoV-[PE:Mul:08].HMABS427
CLCUMUNV-[IM:Sir:04].AY 765254

B CLCuKoV-[PK:Mul:08].HMAG8427 [ |

CLCuMuV-Rajasthan[IN:Har:12].KMO0O96467 -

| |
N CLCuKoV-[PK:Mul:08]. HMAGE427T [ ] V3
CLCuMuV-Rajasthan{IN:Sir-08]. HMO37920 < e
[ [ ] 1 1 Vil
I o

CLCuKoV-[PK:Mul:0B].HMA4BEA27

Considerations for
primer design:

Extensive diversity
among cotton leaf
curl virus genomes

1. high genetic
recombination



Single nucleotid@olymorphisms (mutations)

Begomoviruses

Betasatellites
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SNPs analysis avoid regions
of high diversification

Single nucleotide
polymorphisms& numberof
variants per genome sequence
for Cotton leaf curl Gezira
virus andCotton leaf curl
Kokhranvirus-Burewalaand

the mostcommonly associated
betasatellite Cotton leaf curl
Gezira and Cotton leaf curl
Multan betarespectively.

Predictedbegomoviral

proteins are shown as

AV2, coat protein

(CPY), replicationenhancer
(REnN), transcriptional activator
(TrAP), replication associated
protein (Rep), and ACA4.

Thepredicted protein encoded
by thebetasatellitas beta C1.
The noncoding region of
begomovirusess the

intergenic region (IR for
betasatellitestheA-rich region
(A-rich) and satellite
conserved region (SQR



CCAAAAACTCTTTATAGCTA
CTAGGAATTCTTTATAACTG
CTAGGAATTCTTTATAACTG
CCAAAAACTCTTTATAGCTT
CTAGGAACTCTTTATAACTG
CTAGGAATTCTTTATAACTG
CCAAAAACTCTTTATAGCTT

T-TAATTGAAATTACACCGAGA
T-TAATTGAAATTACACCGAGA
T-TAATTGAAATTACACCGAGA
T-TAATTGAAATTACACCGAGA
T- TAAGTGAGATTACACCTAGA
T- TAATTGAAATTACACCGAGA

Example of
alignments
used for primer

CTAGGAATTCTTTATAACTG
CCAAAAACTCTTTATAGCTT
CTATGAATTCTTTATAACTG
CTAAATACTCTTTATAAGAG

T-TAATTGAAATTACACCGAGA
TATAATACTGACAATTCCTAAG
T-TAATTGAAATTACACCGAGA
T- TAATTGAAATTACGCCTATT

GGTCCCACTAGAAGAAGAAA
CCCACAAATGAATGAAGTTC

TTGTGGCAGTTGATTGACAG
TTGTGGCAGTTGATTGACAG
TTGTGGCAGTTGATTGACAG
TTGTGGCAGTTGATTGACAG
TTGTGGCAGTTGATTGACAG
TTGTGGCAGTTGATTGACAG
TTGTGGCAGGCTAATGCTAT
TTGTGGCAGTTGATTGACAG
TTGTGGCAGTTGATTGACAG
T-GTGGCAG--TGATGACAG
TTGTGGCAGTTGATTGACAG

TTGGTGGGTCCCA-CTGCTT
AAAGTGGGTCCCA-CTACAT

GTGGGACCCACAA- ATGAAT

CCTCACATCGATAGTAAACT
GAAGACATCGACTCTGAATT
CCTGACAACTACCCCCTCCA

ATAAGGAGCTGGTGGCTCCT
ATAGGGAGCCGGTGGCTCCT
ATAGGGAGCCGGTGGCTCCT
ATAAGGAGCTGGTGGCTCCT
ATAGGGAGCCGGTGGCTCCT
ATAGGGAGCCGGTGGCTCCT
ATAAGGAGCTGGTGGCTCCT
ATAGGGAGCCGGTGGCTCCT
ATAGGGAGCCAGTGGCTCCT
ATAGGGAGCCGGTGGCTCCT
ATAGGGAGCCGGTGGCTCCT

GTT--TTACCATTTACTGTGTGGT

ATTAATCATTAATTACTGCGCAGT,

TTT--TTACCATTTTTTGCCCGGT

design:
sequences that
are 100%
conserved are
highlighted, an
d the primer
coordinates
are shown in
round brackets



PCR amplification with specific primers

CLCuKoV -Bur
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CLCuGeB

A, C
Lane
Lane
Lane
Lane
Lane
Lane
Lane
Lane

B, D
Lane
Lane
Lane
Lane
Lane
Lane
Lane
Lane
Lane
Lane
Lane
Lane

1, CLCuGeV (AF260241 )
2, CLCuGeV (AY036007 )
3, CLCuMuV (China)

4, BYVV

5 CpCDV

6, CLCuKoV-Bur

7, healthy cotton

8 water negative control .

M 1 Kb Plus DNA ladder
CLCuMuB (China)
CLCuMuB (Pakistan )
CLCuMuB (kenaf )
CLCuGeBo0

OLCuB

OLCuB

BYVB

ChLCuB

healthy cotton

10 healthy tomato

11 water negative control

©CooO~NOoOOoTh~WDNPEF



AmplifyRP Acceler8 DiscoveryPlatform

Templates 1, plasmid positive control; 2, cotton infected wthCuMuV andCLCuMuB; 3, cotton
infected withCLCuKoV andCLCuMuB; 4 healthy cotton; and 5, GEB3 control. Plant extracts were
obtained by macerating leaves with GEB3

Control line y CLCuMuV primers/probe
Test line ‘ 9

Control line
Test line

Control line - :

CLCuKoV primers/probe




Isothermal primers/probe for broad-spectrumbetasatellitedetection
AmplifyRPE Accel er 8 E Di sngaoneeletasatellges ng 0. 5

I I T N [ R L

Sl esiiels MuB-F2 ATTATGGGTCTGTTTGTT MuB-R2 GAAGAGATCGAGATAGAA MuB-P2 ACGGTTCGATTACATCCATTCCCAAI
Multan
Betasatellite

(30mer) GGTGATATG (33mer) ATAGTTCACAG (47mer) GGGTTTTCAAGTAC

12 3 4 5 67 _

1246CLCuMB
946 CLCuMB
/38CLCuMB
948CLCuGB
1349ChLCB
12500LCuB
1251 BYVB
476CLCuGB

ONOORWNE

Broad detection
primer-probe

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



Transgenic resistancen cotton: direct transformation of embryo with hairpins (RNAI)
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Field-test CEMB: whitefly inoculation June 2014

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



