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An International seminar “Current and Future Prospects of Whitefly and Cotton leaf curl
disease in Pakistan and China” was organized by the Department of Entomology and Plant
Pathology, Muhammad Nawaz Shareef University of Agriculture, Multan on August 16, 2018.
Dr. Sagheer Ahmad, Director Cotton Punjab was the chief guest on the occasion. The seminar
was attended by scientists from MNSUAM, Cotton Research Institute, Multan; Central Cotton
Research Institute, Multan and Bahauddin Zikariya University, Multan. Following talks were

delivered by speakers in the seminar.
1. Prof. Dr. Shafgat Saeed and Dr. Hasan Riaz
“Whitefly and Cotton Leaf Curl Disease Complex in Pakistan”

2. Dr. Lihua Lyu
“Native cryptic species of Bemisia tabaci complex drive dramatic dissemination of
CLCuMuV among host plants in China”

3. Dr. Shahid Mansoor

“Geminivirus complexes and whitefly in Pakistan and their control strategies”

The status of whitefly population dynamics was discussed by Prof. Dr. Shafqat
Saeed, Dean, Faculty of Agriculture and
Environmental Sciences, MNSUAM. He told the
participants about the whitefly population surge
in different months during the Cotton growing
season. He told the audience about the whitefly
cryptic species complex in Pakistan and their
role in transmission of Cotton infecting
begomoviruses. The second part of the
presentation was delivered by Dr. Hasan Riaz,
Assistant Professor, Department of Plant
Pathology, MNSUAM. Dr. Riaz told the

participants about the presence of different

further highlighted the likelihood of third epidemic of CLCuD. The next talk was



delivered by Dr. Lihua Lyu on “Native cryptic species of Bemisia tabaci complex drive
dramatic dissemination of CLCuMuV among
host plants in China”. Dr. Lyu informed the
audience about the presence of many whitefly
cryptic species and their role in transmission of
Cotton leaf curl Multan virus and Cotton leaf
curl Multan betasatellite. The CLCuMV is

infecting Hibiscus species in China and not
reported in Cotton till date whereas the Chinese scientists fear its a matter of time
CLCuMV infects Cotton in China. The third speaker was the Director, NIBGE,
Faisalabad, Dr. Shahid Mansoor. Dr. Mansoor
has a vast experience of studying
begomoviruses disease complexes in Pakistan.
He focused his talk on the Tomato leaf curl New
Dehli virus, recently found to be infecting
Cotton in Pakistan. He also shared the reports of

ToLCuNDV trans-replicating the betasatellites
associated with CLCuD. He informed the
audience about the efforts being made by the
plant virologists. The chief guest, Dr. Sagheer
Ahmad, lauded the efforts of Pakistani and

Chinese scientists and highlighted the need of
more output-oriented research collaboration in

future.
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INTRODUCTION

‘ production, 9.5% of global Cotton

consumption, 10% of global consumption

Yarn production, 9% of global yarn

Cloth production, 7% of global gray cloth

Yarn export, 25% of global produce




Situation of different insect pests on cotton above ETL
during 2017

CLCV =14.26

PBW 2.59 Y
\ g
Spotted /
bollworm 0.06
ABW 0.08

Armyworm 2.92

Thrips 2.32
Dusky bug 0.29

Pest warning department Punjab, 2017



Whitefly Incidence above ETL
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Percent Attack

Week wise situation of Whitefly on cotton in
Punjab during 2015, 2016 & 2017
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Whitefly Hosts In Pakistan

© 229 alternative hosts plants identified In
Pakistan

© 361 alternative hosts plants recorded from 89
families in China

© Compositae, Cruciferae, Cucurbitaceae,
Solanaceae and Leguminosae are
favourable

(Attique et al., 2003; Jian Li et al., 2011,
Pest warning department Punjab, 2017



Whitefly Species In Pakistan

Not in
\_____

Begomoviruses transmission
to Cotton in Pakistan

(Baoli et al., 2008; Srinivasan et al., 2008; Shah et al., 2013;
Masood et al., 2017; Islam et al., 2018, Li-long et al., 2018)




Distribution of Whitefly Biotypes in Pakistan
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Cotton Leaf Curl Disease Complex
In Pakistan

by

Dr. Hasan Riaz
Assistant Professor
(Plant Pathology)



INTRODUCTION

Reported In Tiba Sultan Pur, Multan

First epidemic, Multan Strain
12.8 to 8.04 million bales
Estimated loses US$ 5 billion

Second Epidemic, Burewala Strain
US$ 87 million per annum
Annual 10% loses reported

(Briddon and Markham, 2000; Mahmood et al. 2003;
Mansoor et al. 2006, Farooq et al. 2011)




Monopartite Bipartite
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Monopartite Begomoviruses

1
2. Cotton leaf curl Kokhran virus
3. Cotton leaf curl Gezira virus

4. Cotton leaf curl Bangalore virus
5. Cotton leaf curl Alabad virus

6. Okra leaf enation virus

2

\ | ]

‘_______‘

-----------------------------

8. Tomato leaf curl Bangalore virus
9._Cotton leaf curl Barasat virus_______

» CLCu Multan Betasatellite i
» CLCu Gezira Betasatellite
>
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Bipartite Begomoviruses

Cotton leaf crumple virus
Cotton chlorotic spot virus
Cotton yellow mosaic virus

DNA-A

DNA-B

(ICTV, 2017)



Alternate Hosts of Begomoviruses

. Okra

. Hollyhock ONA
- : . +

. Hibiscus rosa-sinensis DNA

. Tomato
. Papaya

. Chilh
. Malvastrum coromandelianum

. Hibiscus rosa-sinensis
. Cucurbits

(ICTV, 2017)



Viral Genes involved in Symptom Induction

MP
&
NSP

(Zubair et al., 2017; Zaidi et al., 2017)




CLCuD % Incidence
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Components of Multan Epidemic

SCR

CLCuMuB-
Mul

CLCuMuV

A-Rich
TrAP
pC1

A-Rich

CLCuMuA

Monopartite
Begomovirus Complex

Rep

Sattar et al., 2017




Components of Burewala Epidemic
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Conceivable Components of Third Epidemic
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Possible Solutions

t Development of Resistant Varieties

+ Effective management of Whitefly

t Silencing and genome editing approaches to target
viral symptom inducing genes



Thank you
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Guangdong Academy of Agricultural Sciences

Native cryptic species of Bemisia tabaci complex
drive dramatic dissemination of CLCuMuV among
host plants in China

Lihua, LYU PhD

Laboratory of Invasive Pests,

Plant Protection Research Institute, Guangdong
Academy of Agricultural Sciences

16 August, 2018 Multan, Pakistan




Cotton leaf curl disease and its threat on cotton in South Asia

Cotton Leaf Curl Disease

Symptoms: Curling of leaves, thickening and
darkening of veins

Vein thickening

Distribution: Pakistan, India, Sudan, Egypt, Nigeria,
Malawi, South Africa and China (2006).

Damage: Pakistan and India suffered the most, with losses of

up to $5 billion in Pakistan between 1992 and 1997.

Infected Cottons showing regular symptom
in Multan, Pakistan

Briddon et al, 2000



Incidence of Begomovirus infecting Hibiscus recorded in India at first

Hibiscus Leaf Curl Disease (HLCuD

Reports in India First reported in the
northern states of India in the 1950s
(Anon., 1950; Vasudevaetal., 1953),
later in the central areas (Mali, 1980),
and then in Southern areas ( Ramanan,
et al., 2005)

Typical symptoms vein thickening,
upward curling of leaves and enations
on the abaxial leaf surface, reduction
in leaf size and stunting).

HLCuD incidence near Bhubaneswar,

North India, and in Bangalore area, Progressive symptom types produced by cotton leaf curl
South India. in horticultural Multan virus-Hibiscus [Bangalore] (CLCUMV-
: ’ o Hib[Ban]).
_nurg e”eS/gardenS with disease (A) Abaxial surface of a virus-free hibiscus leaf
incidences 2- 17%. (B,C) CLCuMV-Hib [Ban]-infected leaves showing gradual vein

thickening and darkening of green veins
(D) enations
(E) twig from an infected plant with leaves exhibiting curling,
( Ramanan, et al., 2005) yellowing and vein thickening at the upturned edges




a pathogen causing in India of South Asia

Phylogenetic analyses of these DNA-A sequences clustered them with

Old World cotton- infecting begomoviruses and closest to Cotton leaf 68 coamag )
60 .
. ) CLCuMV-[Fai2]
curl Multan virus (CLCuMuV) at 95-97% DNA-A nucleotide . CLCuMV-[OK] "
_ _ _ 90 57 CLCuMV-Hib[Ban]| 2
idenkh#e682-nucleotide satellite DNA molecules associated o L CLCuMV-Hib[Bhul| &
. CLCuMV-[Mul] o
with the HLCuD samples Ban and Bhu shared 96.9% CLCuMV-[Fai3] > 5
. . . . . . CLCuRV z
sequence identity with each other and maximum identity 28 100 ——— BYVMV-301] =1
.. . . 81 . s
(93.1-93.9% over positions 158-682) with ;1350-nucleotide w [ OYVAV01] = :
- i i i 100 CLCuAV-[804a] =
D_NA b _satelll'Fe molecules _assomategl with cotton leaf curl T Clcuav[soz] .
disease in Pakistan and India (accession Nos: AJ298903, MYVV-[Y47] ./ e
87 ToLCGV-[Var] ™ =
AJ316038). o8 100 | L ToLCGV-[Kel] ;
98 | - ToLCGV-[Vad] £
70 CYVMV N =
; ; i 100 CLCuKV-[72b] g
I_Dhylo_genetlc tree showing predicted o o P Gcukv ot 3
relationship of 1288-basesequences of cotton leaf T ?EEES‘EB " > 2
v - -| Ban v
curl Multan virus-Hibiscus [Bangalore] and 92 o ] L ToLCBVABas] | 3
) . . - ToLCBV-[Kol] =
CLCuMVHib [Bhu] to equivalent begomovirus ToLCBV-{Banl] | =
i 98 PepLCBV
DNA-A sequences in GenBank. 9 70 L ChiLCuV-[Mul] )
e ToLCKV
The sequences were generated by PCR using 1o ‘S‘ﬁ{,’”{;‘;ﬂ] g
. - ToLCNDV-MId =
degenerate primers (Rojas et al., 1993), and the o0 56 i|— TZLCNDV—[PI:TSKJ] E
. L ToLCNDV-Sv
1288 bases represent partial CP and AC1 genes and 100 TELCNDV-[LEC] =
SLCCNV-[Pum:Coi] =
full AC2 and AC3 genes. Numbers at nodes MYMV-Vig[Mah] =
TGMV-Com

represent the bootstrap percentage score out of
1000 replicates. ( Ramanan, et al., 2005)



transmitted by

in India

CLCuMV transmission

CLCuMV-Hib [Ban] was transmitted
by B. tabaci to HIBISCUS var.
Geethanjali, and symptoms appeared about
2—4 weeks after virus inoculation.

Of the 16 plant species inoculated with
CLCuMV-Hib [Ban] by B. tabaci, 10

species (+) developed symptoms.

Symptoms in COTTON were similar
to those in Hibiscus and included
characteristic symptoms of dark green
veins, vein thickening, curling and
enations.

AN INDIGEOUS INDIAN BIOTYPE
of Bemisia tabaci complex, transmit
CLCuMV.

Which one?

NO ANSWER.

Table 1 Plant species inoculated with Cotton leaf curl Multan virus-Hibiscus[Bangalore] using Bemisia tabaci

No. of Plants Infected/  Days Pt VIrus Detecti on’

Host Family Inoculated (%) inoculation”  PCR ELISA Symptoms
Cultivated plants
Abelmaschus esculentus Moench Malvaceae 015 - - NS
Althea rosea Cav. Malvaceae 09 - - NS
Gossypium barbadense L. wfm Malvaceae 813 (46.1) 18-20 + + LC, VT, En
Hibiscus cannabinus L. Malvaceae 025 - - NS
Hibiscus rosc-sinensis L. =jm Malvaceae

var. Geetanjali 15/18 (83.3) 1517 + + LC, VT, En

var. Viceroy + 15 {40.0) 24-28 + + LC, VT En

var. White Daffodil 17 - - NS

var. Tall FB 013 - - NS

var. H600 1o - - NS

var. Cooperi 213(15.3) 2528 + + VT, En

var. Red Flake + 5120 (25.0) 24-30 + VT, En
Hibiscus sabdariffa L. Malvaceae 020 - - NS
Hibiscus schizopetalus Hook. f. Malvaceae 015 - - NS
Lycopersicon esculentum Mill. + Solanaceae 520 (25.0) 20-25 + + ULC
Nicotiona tohocum | + Solanaceae

var. 5amsun 81 (72.9) 15-19 + + LC,VCT

var. Xanthi 12/18 (66.6) 14-15 + + Lc,ve
Uncultivated plants
Ageratum conyzoides L. Asteraceae 7118 (38.8) 17-19 + + LC VT
Croton bonplandignum Baill. + Euphorbiaceae  6/15(40.0) 1821 + + LC, DGVT
Euphorbio geniculata Orteg. Euphorbiaceae  2115(13.3) 21 + + LC, VT
Malvastrum coromandelianum (L) Garcke  Malvaceae 15 - - NS
Nicotiana benthamiana Domin. Solanaceae 1N51(6.6) 27 + + LC,vC
Nicotiana glutinosa L. Solanaceae 12/15 (80.0) 17-20 + + LC, VCT, En
Parthenium hysteropharus L. Asteraceae 1014 (71.4) 14-20 + + LC VT

NS, no symptoms; LC, leaf curl; VT, vein thickening; En, enations; ULC, upward leaf curling; VCT, vein clearing and thickening; VC, vein clearing;
DGVT, dark green veins and thickening; ELISA, enzyme-linked immunosorbent assay.
“Groups of 25-30 viruliferous B. tabad inoculated to each plant and given a 24-h acquisifion access period and 48-h inoculation access period.
®Days from inoculation to the first and last plant expressing symptoms.
“+ indicates hiniscus leaf curl disease diagnoses by PCR using Deng et al (1994) primers and by double-antibody sandwich-ELISA and triple-
antibody sandwich (TAS|ELISA; — indicates no virus detection by TASELISA.



Putative species groups & cryptic species across world

Putative species groups and cryptic species of the whitefly B. tabaci complex

Species group

Cryptic species

Biotypes ( haplotypes)
designations associated

Reference

Africa/Middle East/Asia Minor

Mediterranean

Q, J, L, Sub-Saharan

Dinsdale et al. ( 2010)

Silverleafing
Middle East-Asia Minor 1 B, B2
Middle East-Asia Minor 2
Indian Ocean MS
New World New World A, BR, C, D, F, Jatropha, Dinsdale et al. ( 2010)
N, R, Sida
New World 2 Dinsdale et al. ( 2012)
Uganda Uganda Dinsdale et al. ( 2010)

Sub-Saharan Africa

Sub-Saharan Africa 1

Dinsdale et al. ( 2010)

Sub-Saharan Africa 2 S

Sub-Saharan Africa 3

Sub-Saharan Africa 4
Italy Italy T Dinsdale et al. ( 2010)
Ru Ru Parrella et al.( 2012)
Asia II -India Asia 11 8 Dinsdale et al. (2010)
Asia I Asia I 1 K, P, PCG-1, PK1l, SY, |Dinsdale etal.(2010)

ZHJ2

Asia 11 2

Asia II 3 ZHJ1

Asia 11 4

Asia II 5 G

Asia I 6

Asia I 7 Cv

Asia 11 9 Hu et al. (2011)

Asia 11 10
Asia Il Asia III Hu etal. (2011)
China Chinal ZHJ3 Dinsdale et al. (2010)

China2

China3 Hu et al. (2011)
Australia Australia AN Dinsdale et al. (2010)
Australia /Indonesia Australia /Indonesia Dinsdale et al. (2010)
Asia 1 Asia [ H, M, NA, PCG-2 Dinsdale et al. (2010)

Asia I -India Chowda-Reddy etal. (2012)

31 Cryptic specie
34 Biotypes

(LiuYQand
Liu SS, 2011)



Dominant cryptic species of Bemisia tabaci complex in South Asia’s

Distribution and composition

Invasive cryptic species (*Loc - location) E—
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Fig. 1. Collection locations across India surveyed for B. fabaci.

Ellango, R. et al., 2015. Environ. Entomol.




Dominant cryptic species of Bemisia tabaci complex in South Asia’s

Distribution and composition of whitefly complex

. Klam et al

Invasive cryptic Species (Loc - location)
MEAML1 (A )

Indigenous cryptic species
Asia Il 1 (the most wide) (@)
Asia 11-5

Asia ll-7 (o)

Asia 11-8

Pakistan
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Acta Tropica 183 (2018) 119-

Khyber Gilgit-Baltistan

Pakhtunkhwa

Federally Administered

Tribal Areas Azad Kashmir

Punjab

A Asia ll-1
Sindh : Asiall-5
& Asia ll-7
X Asiall-8
A MEAM-1

Fig. 2. Map of Pakistan showing distribution of various cryptic species.

(Islam et al., 2018)



Some facts and Question:

FACTS :
— NO evidence to show MEAM1 (Invasive) transmissible for CLCuMuV.
— SOME INDIGENOUS species are able to transmit CLCuMuV in India.

QUESTION:

~WHICH ONE or MORE cryptic species of Bemisia tabaci complex is /are
capable to transmit CLCuMuV among Malvaviscus plants, especially cotton
plants in South Asia ?

»ANY reports in Pakistan ?



Chronicle of Hibiscus leaf Curl Disease occurred naturally

— 2006 CLCuMuV infecting Hibiscus rosa-sinensis plants only in Guangdong (wmao, etal.
2008)

— 2008 Symptomatic H. rosa-sinensis in Nanning, Guangxi in 2008 (cai, etal. 2010)

— 2008-2010 incidences often
found in GD and GX (Tang, et al.,
2013, 2015)

— As of 2010 the disease on H.
rosa-sinensis recorded in
Hainan, Fujian, Yunnan, and
Jiangsu.

0 500 1,000 . 2

o KM

Fig. 1 Distribution of Cotton leaf curl Multan virus (CLCuMuV) and its associated betasatellite (CLCuMuB) in China. Guangdong and Guangxi, the
two provinces in which CLCuMuV and CLCuMuB has been endemic are shaded. For other provinces, red triangles were used to indicate regions
that have been surveyed and CLCuMuV and CLCuMuB have been detected

Du et al. 2015,Virology Journal




Natural plant host range of CLCuMD in South China

CLCuMuV invasion process in China

2000 A
2008 A

Guangxi
uangdong Cotton
Okara

® Okra Abelmoschus
esculentus

2006 4
Guangdong
Hibiscus

® Upland cotton
Gossypium hirsutum

I Guangdong
Malvaisus

2015

IGD GX, YN
Guangdong HN, FJ, and
Cotton

o Chmese rosa
Hibiscus rosa-sinensis

2012

I Hainan
Kenaf

2010

arboreus

® Kenaf Hibiscus
cannabinus

® Pending Hibiscus
Malvaviscus arboreus



® DOES CLCuMV pose any threat to COTTON production in China ?

® \Which cryptic species of Bemisia tabaci can transmit CLCuMuV to host
plants ?

Host plants
(Cotton ?)

Ve NN

|  Whitefly ’? . CLCuMuV

——————————




Distribution of Hibiscus rosa-sinensis L. in China

Hibiscus or China rose

— Cultivated widely as an ornamental flowering plant in tropical and subtropical regions
( Taiwan, Fujian, Guangdong, Guangxi, Yunnan, and Sichuan).

—Popular particularly in Chinese landscape gardens from ancient times and along the
roadside at present due to respect or its aesthetic value.
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Distribution of cotton, a major cash crop, in China

- 442" B Cotton planting couty . | SR
\:’ AEARIX No cotton region 0—5()%)?((“ -




I i B Coton plan
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Any threat of CLCuMuV to cotton production in China ?

Cotton region :
potentially invaded area

Whitefly
complex ?

More CLCuMuV
Host range?

CLCuMuV incidence region :
CLCuMuV invaded area + Hibiscus area

1-8[X 1-8Zone
91X 9Zone

B 101% 10Zone

P 0 500 1,000
- HIX 11Zone — ) KM




Potential geographic distribution of CLCuMuV in China using Maxent

Cotton leaf curl Multan virus already invaded Southern China poses a serious national-
wide threat to cotton production, with the cotton- growing regions in the Yangtze River valley
representing the highly suitable area for the prevention and control of CLCuMuV.

3 % CLCuMuV occurred
u?\&“ s /4:‘ WL_\;-\ - ;},::; ‘;?‘»\Iw;:/
: A “\.M - » S “ - Yl

| 4634 (£ Unsuitable distribution
I 65 4 X Lowly suitable distributi
I &£ Suitable dist

I i X Highly suitable distribution

I 45 7: /% 1t Cotion planting couty
#451X No cotton regi on

B3 EF Maxent BUHREMHREFEAOREELR
Fig. 3 Potential distribution of cotton leaf curl disease in China by Maxent model

“%;Whitefly complex

B sERZREANZEHSTE
Fig. 1 Spatial distribution of cotton planting in China

% Chinese rosa

4EiE % X Unsuitable distribution
[ 535 41X Lowly suitable distribution

¥E M- a - . - . 1 v
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[ﬁiéi ’z" Zons I P PR S o R R S A K
I (0% 10 Zone . Lo Note: The shaded region represents potential geographic distribution of H. rosa-sinensis in China.
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KR — ! B 5 #F Maxent % (£ B M EEHHRIE MM HEDEHBEBER .
Fig. 4 Potential distribution of 5. tabaci complex in China by Maxent model
B2 SEREONESER Fig. 5 Potential distribution of cotton leaf curl disease in China by Maxent model, virus vector and host
Fig. 2 Potential geographic distribution of H. rosa-sinensis in China

Qi GJ et al., 2016. Cotton Science,




Occasional CLCuMD incidence in Guangdong & Guangxi
L5

Cotton region :
potentially invaded area

2

Whitefly
complex ?

More CLCuMuV

Occasional incidence Host range?

CASE I: Cotton infected by CLCuMuV
via WHITEFLY, Biotype B (MEAML),
in GX. (Linetal., 2011).

CASE II: Cotton plants infected
CLCuMuV originated possibly from
diseased Hibiscus plants via WHITEFLY
COMPLEX in atrial plot in GZ (unpubl.
data).

CLCuMuD incidence region :
LCuMV inv rea + Hibi r




Investigation on Occurrence of CLCuMuV in China

Survey locations :

10 provinces, 31 cities or counties

Target host plants:
Cotton, Hibiscus, Okra,

Malvaisus arboreus

Survey habitats or sites:

Horticulture area in urban and rural

region, Flowers Farms or Markets




The incidents of CLCuMuV in China

Habitat Host plants (Virus +/-)
(%)

\”“\//j Guangdong Horticultural belt Hibiscus+, Malvaisus 15-100

XJ 3-14.56 %
arboreus+ , Okra+

Flowers Farms Hibiscus+ 87
Guangxi Horticultural belt Hibiscus+, 29 -91
Okra-, Cotton-

Hainan Horticultural belt Hibiscus+, 25-80
Cotton-, Okra-

: Yunnan Horticultural belt Hibiscus+. Malvaisus 66
o 3 arboreus-
", 074 5 _ ]
d Z“J 27-759 Fujian Horticultural belt Hibiscus+. 27 -75
3 ( )-" Okra-
et Cotton Fields Cotton- 0
YN 66% o . ' -
', FJ 15-100% Xinjiang Flowers Market Hibiscus+ 3
GD 29-91% _ Flowers Farms Hibiscus+ 14.56
HN 25-80 %
Inner Flowers Market Hibiscus- 0.625
. Mongolia
Horticultural areas ot
Shandong Horticultural belt Hibiscus- 0
Hibiscus plants seriously damaged by CLCuMuV
Zhejiang Flowers Market Hibiscus- 0

in Guangdong, Guangxi, Hainan, Yunnan and
Fujian provinces Sichuan Flowers Market Hibiscus- 0

Other sichuang

A few of CLCuMuV-diseased Hibiscus plants in flowers farms and markets, usually in the greenhouses

of North China’s ﬁrovince durinﬁ winter.



Distribution and homogeneity of CLCuMuV & CLCuMuB

CLCuMuV incidence | | |

jo0 rFai[PK:Yaz62:95] (AJOD2447)

CLCuMuV spread rapidly in the last nine i FecDakasat) it
1 . T FaiPK:Fai:31cf:92] (AJ496287) :
years and became established in Southern PR FaL a2 e
i L 2 Fai[IM:5r:CLR11:10] (JNETE804) !
Chma. i 4|_—Fal[PK Mul:Lat:08] (EU384573) i

- . e~ N, | e => Chinese isolates -
ngh genetlc homogenelty Of CLCUMUV 8 His[PK:Mul311:0kr96] (AJ002459)
& CLCuMuB 5‘|_|7—Hls PK:MuLHES-1:97] (AJ132430)
His[IN:pap:10] (JNG58352)
suggests the establishment of them from a " R —
single founder event, first arriving in ] " P ———
Guangzhou in 2006 or even earlier. 100 L——H[ND 9] (AYT65256)
Dar[PK:Mul:Dard;06] (EUI65615)
Supposed Possible original location 4EL”WM”D”“] (EusesEH)
DarfPK:Mul:HirZ:08] (FJ218487)
All isolates of CLCuMuV from China fell S
o . mo Dar{PK:Mul:Hir:06] (FJ218486)
within a subclade that clustered with o 1] AGOTTED
Falsalabad strain of CLCuMuV from HBIIHEL 11 (ARG
Paklstan 100 IN[IN:Sir:99] (AY765254)
w PKIPK:Mul:06] (ELI365616)
LPK[PKZMWZMOSSZUG] (ELI3B4574)
—
0.01

Fig. 2 Phylogenetic relationships between Chinese and South Asian CLCUMVs Neighbor-Joining analysis was performed with 1000 bootstrap
replicates using MEGAS. Branches having branch support value smaller than 50 % were collapsed. For South Asian CLCuMuV isolates, the latest
official names were used (talkictvonline org/ictv_wikis/m/files_gemini/51 20.aspx). Please see Additional file 1 for GenBank accessions and
sequences of Chinese isolates of CLCUMUVs

— Du et al.2015|ViroIoiiJournal




The pathogenicity of CLCuMuV to host plants

Inoculation using agro-inoculation as follows:

® Kenaf: infectious clones DNA-A (KF444948) and its betasatellite

® Cotton: infectious clones pGreenIl 049-1.6A of GDO1 and pGreen Il 049-2.08 of
its betasatellite

Conclusions : (1) Cotton leaf curl disease in Guangdong was caused by co-infection of CLCuMuV and its
associated CLCuMuB isolate; (2) Successful infection cotton plants by CLCuMuV and its betasatellite
using agro-inoculation technique according to Koch’s Postulates

Tangyafei et al.., Scientia Agricultura Sinica , 2015

Tangyafei et al., Acta Phytopathologica Sinica, 2013



Establishment of CLCuMuV detection method

Step one: Setup a SYBR Green I real-time fluorescence quantitative PCR detection method for

Cotton leaf curl virus

Step two: Detect of Cotton leaf curl Multan virus in the body of Bemisia tabaci adults using LAMP
LAMP %54

technique

pBIinPLUS- 1.85A

CLCUMV—pBinPLUS—1. 85A4% J& 1% % %

/

= —ie

28°C, 2d

28°C, 200rmin™", i@

P R— OOO
(00

Fe N KT

SEHUT R

i’ LAMPYE i3 18 0
F2- B2

Blc

LF Flc

Basic Primers

BIP o
(Backward Inner Primer) ~

Inner Primers
FIP 5 Fic ¥2 .
|/ (Forward Inner Primer) m»#

+| B3 primer s

F3 primer s

LF (Loop primer Forward)
Loop Primers

LB (Loop primer Backward)

3 LAMP primer designing lnﬁv-rl PrimerExplorer -~ Windows Internet Explorer

)= & ntp//primerexpbrer e/

PIMD BEE BREAXY Y-MUD AWK

igning software PrimerE.

PrimerExplorer Is a primer designing
software specifically for LAMP,
a novel gene amplification method.

PrimerExplorer V3 EJ

aaaaaaaaaaaaaaaaaaaaaaaaaaa

PrimerExplorer V4 £

;12015; Chenting etal., 2016




Question THREE:

® Des CLCuMV pose threat to cotton production in China ?

® \WHICH cryptic species of Bemisia tabaci can transmit CLCuMuV to host
plants ?

Host plants
(Cotton ?)

. NN

|  Whitefly ’P _ . CLCuMuV

——————————




Cryptic species of Bemisia tabaci complex and their distribution in China

Whitefly composition : 13 indigenous and 2 invasive cryptic species.

Distribution traits: Indigenous species occur only in the Southern and Southeastern area of China and
the diversity declined from the South to the North.

Interspecies competition: Two invasive cryptic species rapidly displaced the indigenous whiteflies in
most of China. Later MED has been displacing MEAM 1 in many regions since 2005.

2 hEERERMARERSHER

Table 2 Cryptic species of the whitefly B. tabaci and their distributions in China

RE L85 #ebE %% 1. BIA1X 49575 Diswibution in China”
Cryptic apecies Bintype
MED  around 2003 Mediterranean Q BT R H N G R AD AR Ll 7 AL provinees except Tibet, Ningxia,
Invasive (2) Gansu , Jilin, and Liaoning
MEAM1  Mid-1990s Middle Esst-Asia Minar 1 B FEFuE 7R i AhaY HAE it AL provinces except Tibet, Ningxia and (Jinghai
Azta [T 1 ZH]Z WE, TR, M, S5 A, M, BT Hainan, Guangdong, Guangxi, Taiwan,
Guizhou, and Zhejiang
Asia ] 2 T4 Jiangsu
Asia 11 3 FH]I IFE L LR AT L #0dE Guangx, Taiwan, Hunan, Zhejiang, and Hubei
Asia T 4 I ¥ Guangdong
Asia [ & ZELJETLEE R Yunnan, Guangdong , Guangxi, Taiwan, and Fujian
Asia 1 7 Cw L LA R T Guangdong, Guangxi, Taiwan, Fujian, and Jiangsu
. Asia 1 O #A8§ Hunan
Indlgenous (13) Asia [T 10 I3 Guangdong
Asia NI & 5 Taiwan
hina 1 ZH]3 R AR R LR LTI LR Y N R AR 458 Hainan, Guangdong,
Guizhou, Hunan, Jianga, #hejiang, Sichuan, Chongging, Hubei, and Anhui
China 2 IR Guangdong
China 3 ZEE LR LTLE L E S EFTT L BAJE % # Yunnan, Hunan, Jiangxd, Chongging,
Zhejiang , Hobei, and Anhui
Asia | WA = LT L L5 Hainan, Yunnan, (zuangxi, Guangdong, and Taiwan

" FEAFRE CHE Guo et al. (2002) Hu et al. (20011 ) Pan et al. (2001 ) Qv e ol {2007)C 8.
* This table is mainly based on data in ahove references.

Liu YQ, Liu SS. 2012. Journal of Biosafety.



Composition and dominant CS of whitefly in China

Survey locations : 8 provinces, 21 cities or counties)

Survey Habitat: _
Horticultural belts, Flowers Market, Flowers farms
Target host plants:

Cotton, Hibiscus, Okra, Malvaisus arboreus, Tomato, Golden
Potato, Magenta

Sample total: 399 individuals




Distribution and Composition of whitefly in China

Cryptic species
. . Host
Province Habitat plants Number MEAM1/ Asiall 7/
MED Asiall 1
Guangdong Horticultural Hibiscus 192 100 92
belts
Flowers farms Hibiscus 7 5 2
Guangxi Horticultural Hibiscus 12 1/4 10/2
belts cotton 5
Horticultural Hibiscus\ 23 4/2 7/10
belts Okra\ 10 10/0
Hainan Furong 7 7/0
Yunnan Horticultural Hibiscus 15 15/0
m MEAMI belts
¢ MED Fujian Horticultural Hibiscus\ 10 10/0
A Asialll belts Okra 4 0/4
@ Asiall7
* Asia I Inner Flowers Hibiscus 20 0/20
Mongolia Markets
Cotton fields Cotton 18 6/12
Conclusions : Flowers Hibiscus 42 0/42
. ] . inii Markets
® Two invasive species: MEAM1, MED Xinjiang
Hibiscus\ 6 6/0
®Three indigenous species: Asiall 7. Asiall 1 and Flowers Tomato 6 6/0
Asia | Markets 6 6/0
) . ) Hibiscus\ 0 -
® A mixed population of MEAML1 & Asiall 7 on Zhejiang Flowers Gold 10 1/9
Hibiscus plants of Guangdong Province. HEIREE '\ﬁggﬁt\a e eo

® Asia ll 7, a dominant cryptic species.



Detection for CLCuMV in four infected plants & whitefly

Hibiscus
DL2000

11. 12. 13- 14- 15- 16-CK

infected
plants

DL 1000 Whitefly adult (No. 1-16)
7 8 9 10 11 12 13 14 15 16 CK

Whitefly

PCR detection of CLCuMV in infected plants of four hosts and whitefly

— The sampled plants of Kenaf, cotton, and Okra showing symptom were detected with
CLCuMuV.

—The whitefly adults collected from diseased plants detected as positive CLCuMuV.




Which cryptic species of the complex can transmit CLCuMV ?

Infected
Cotton ® \ector (IND, PAK, CHN)

MEAM 1 or
Indigenous ?

Cottonga®

'§

o Infectious clones by Agro- IZ>

inoculation (China)

host plants?

¢ Grafting (India & Pakistan)

Infected
Hibiscus

Virus reservoir -
(Naturally infected plants) Transmission Method Host plants




Establishment of lab colony and pure strain of a specific cryptic species

Field collection Strain from one pair

A 4

mt CO l-aided
Identification

Purification

MEAM 1(B)

Invasive cryptic species

Asia Il 7( CV) Asia Il 1(ZHJ-2)

Y

Indigenous cryptic species




Indentification of the cryptic species of whitefly transmitting CLCuMuV

Asiall 7 Asiall 1 S MEAM 1

20 10
_/
Y

Infected cotton plants

48h AAP

Asia ll 7/
=y

48h IAP Asia Il 1

Healthy hosts _\/

Two indigenous cryptic species of Asia Il 7
and Asia Il lare able to transmit CLCuMuV
to cotton, Kenaf, and Okra plants.

Chen et al., 2015. J of Plant Protection




Transmission difference of CLCuMuV by Asiall 7, MEAML1, and MED.

Transmission efficiency of CLCuMuV to G. hirsutum plants by
Bemisia tabaci cryptic species of Asia Il 7, MEAM1, and MED

Positive Tran
Cryptic Variety Tested Whitefly Disease with .
species plants no d PCR rate
plants (%
MEAM 1 112-2 30 10 0 0 0
Zhongmian- 30 10 0 0 0
40
MED 112-2 30 10 0 0 0
Zhongmian- 30 10 0 0 0
40
Asiall7 112-2 30 10 12 12 40.0
Zhongmian-
20 30 10 0 0 0

Symptoms of G. hirsutum (112-2) inoculated with AsiaIl 7 whitefly
transmitting CLCuMuV

Impact of inoculation density AsiaIl 7 on transmission efficiency of CLCuMuV to G. hirsutum plants

Variety incg\lczlgtfed No. of whiteflies  No. of diseased PNC?F';_);;E:;; Tra_nsmission ® Th? native cryptlc Species )
olants per plant plants with positive _Eficiency (%6 Asia Il 7 were able to transmit
30 1 1 1 3.33 CLCuMuV to infect 112-2 and
112-2 30 5 13 13 43.33 Xinhai-21
30 10 12 12 40.00 | _ ] ]
30 15 15 15 50 ® The invasive cryptic species
20 1 0 0 0 MEAM1 and MED unable to
Xinhai 20 S 6 6 30 transmit CLCuMuV to infect
21 20 10 6 6 30 cotton
20 15 5 5 25

(Chen ting et al., Unpublished )



Differential retention of CLCuMuV in three cryptic species

07 1 a

6 COMEAMI
06 | DEAM] 4 y
OMED ’
051 Bsiall7
4
04 A
3
03 b
02 4 b b
g | 1 b
S Uy b b b b , D
(4%
g , b b  Tueb T b
8 6h 12h 24h 48h
% 6h 12h 24h 48k
; Acquisition access period
S Dosage of CLCuMuV and betasatellite in three cryptic species by gPCR
2
E _ -
g ) S Conclusions:
0.7 1 T a mlale . . . . : ;
06 - ®The viral amount in Asia Il 7 which acquired the virus
0.5 1 o A g .
" for 48 h was significantly higher than other cryptic
03 1 b species MEAM1. MED
0.2 - b b b 1
01 FI—- ® There are no significant difference of viral amount
O T T
MEAMI MED Asiall7 between females and males which acquired the virus for

48h in the three species of whitefly.
CLCuMuV dosage in three cryptic species feeding on diseased P y

cotton plants at 48h AAP (Chenting et al., Unpublished )




Summary or Conclusions

® CLCuMuV poses severe threat to cotton production, due to
presence of CLCuMuV-infected Hibiscus, transmittable
Indigenous cryptic species in China.

® Until now, Asia Il17 and Asia Il 1 have been proven to be more
efficient CLCuMuV-Vector and also to transmit to cotton,
kenaf, Okra, and pending Hibiscus.

® The indigenous cryptic species play more important role on
CLCuMuV-dissemination among Malvaviscus plants and its
approach to cotton region in China.




— Keep identifying more cryptic species and testing what kind of CS
(invasive and native )is able to transmit CLCuMuV in both China and
Pakistan.

— Further test if Asia Il 7 & Asia 111 or other native CS can survive in
Northern & Western regions for reevaluation impact of CLCuMuV on
cotton production.

— Detect CLCuMuV potential hosts of field weeds off- season in Pakistan.

— Set-up lab colonies of cryptic species for transmission test in Pakistan.
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Geminiviruses

> Circular, single-stranded DNA viruses,

> Genome ~2.5-5.4 kb

> Derive their name from their twinned icosahedral particles,
> Currently 360 species in the family,

> Are divided among 9 genera,

Epidemics of geminiviruses are due to;
= Recombination

= Expansion and migration of vectors

= Transport of infected plant material
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The most important begomoviruses in
Pakistan

Tomato is one of the most important crop affected by tomato

leaf curl disease in Oman

Cotton Leaf Curl Disease (CLCuD) first reported in Pakistan and

India in 1960’s and became major problem in 1990’s

Whitefly (Bemisia tabaci) is the vector of begomoviruses but

whitefly species are distinct

The begomovirus disease complexes found in Middle East are

distinct from those found in the Indian subcontinent




The presence of Tomato yellow leaf curl virus (TYLCV)
in Pakistan

 Tomato yellow leaf curl virus (TYLCV) is a monopartite
Begomovirus which belongs to the family Geminiviridae

e Itis transmitted by white fly (Bemisia tabaci) and causes
tomato yellow leaf curl disease (TYLCD)

* [tis the most damaging and threatening virus for tomato
production worldwide

* The ongoing global spread of TYLCV from the Mediterranean
basin and Middle-East poses a serious threat to tomato
production

* First time a novel strain of TYLCV (hamed TYLCV-PK) was
reported in Pakistan on cluster bean

Farmn L bt b st e by Tyl aycnpiinin of Dugmisn s s i b los! cutay
il sl pedovag

(Zaidi et al. 2017)



Diversity of TYLCV in Pakistan

Recently we have also found TYLCV infecting
its major host “tomato” in Sindh, Pakistan

This novel strain showed close relationship
with TYLCV identified in Iran

Many recombination events were also
identified in these novel strains

These findings show that TYLCV is evolving |
and spreading in Pakistan

99 [ TYLCV-MU:Mu3:09}-KX347170 J _—
s6| TYLCV-[MU:Mus:09]-KX347171 _| Vauritius
L TYLCV-[NC:Noul:10]-HE603241 ]
99 TYLCV-[NC:Nou2: 10]-HE603242

T‘r LCV-[MO:Ber:05]-EF060196

T‘r LOV-[ES:Alm:Pep:99[-AJ48925 J Western-Mediterranean

TYLCV-[MR:10]-LNE3118T
4|ET" LCV-[MR:12]-LNB46599 | Western-Mediterranean

TYLCV-[MR:14]-LN846605
TYLCV-[CU]-AJ223505
TYLCV-[DO]-AF024715
TYLCV-[GR:Her:07]-FRE51297
TYLCV-[GR:Par:07]-FRE51298
TYLCV-[EG:Noh:91]-EF107520 Aﬁ'ii_‘,a

TYLCV-[JR:Mis: Ste]-AB116631
TYLCWV-[JP:Che2:04]-1X96 1665 .
East-Asia
TYLCV-KR[KR:Hae: [ 1]-JN183880
TYLCV-KR[KR:Hae:08]-JN680150

55— TYLCV-[MX-Cul]-DQ631892
TYLCV-[MX:BCS:08]-HM459851 North and Central America
TYLCV-[MX:Gua:Phy:08]-FI609655

82 TYLCV-AU[ALL06]-KX347095
. | E TYLCV-AU[ALL06]-KX 347096 Australia
40 ’ s J X

TYLCV-AU[AL09]-KX347138

TYLCV-[CN:SDZZ]-GQ352538

TYLCV-[CN:SDLW: 11]-IN990928 o
4[ETYLC\ ~[CN:10]-HM62788 1 }( hing

TYLCV-[CN:SDLZ]-HQT02861

I TYLCWV-[120-Dargaz: 10]-Q928348 |

Middle-East

{00 —— TYLCV-IL[IR:Boj:5-2]-KC 106635 _
00 TYLCV-IR[OM:Alb:05-DQ644565
TYLCV-IR[OM:Alb12:05]-FI956701
TYLCV-OM[:KB18-7:11]-HES19240
T'YLCV-OM[:Niz:NZ-74:11]-HE819242
TYLCV-OM[OM:AIb4T: 12]-KF229724
TYLCV-IR[IR:04]-AT 132711

00
o TYLCV-OM[OM:AIb18:11]-HE819239
) T'E TYLCV-OM[OM:Alb6: 1 3]-HGO69260
S TYLCV-OM[OM:Alb:HP21:13]-HG969259
TYLCV-OM[OM:AIb20: 1 3]-HGI69258

It poses a looming threat to tomato and
other crop production in Pakistan

Middle-East
[TV LCV-OMIPK:NA16:17]-MG210384

TYLOV-MIA[IO-OFS:Cuc:06]-F1T143745
: | i IYLCV-MIA[J0:2:08]-GQ861427 _ .
o TYLCV-MI[JO: Tom:05]-EF054894 —‘ Fastern-Mediterrancan
~ 19 TYLCV-MId[LB:LBA44:05]-EF 185318

TPCTV-[US:FL:94]-X84735

Maximum likelihood phylogenetic tree to show the relatedness
of TYLCV identified on tomato in Pakistan



Evolution of CLCuD complex during three
decades; the presence of Tomato leaf curl

New Delhi virus in cotton

Viruses pre Resistance breaking Virus complex captured
(A)resistance breaking (B) recombinations (C) CLCuMA and ToLCNDV
Before 2000 2000 - 2010 2010 onward

CLCuKoV-Bur
(a.k.a. CLCuBuV),

a recombinant of
CLCuKoV(red)
and CLCuMuV (green)
with truncated TrAP

CLCuMB-Bur
a recombinant of
CLCuMB with

ToLCB (red)
in SCR

CLCuKoV-Bur

(a.k.a. CLCuBuV)
with truncated and
non functional
TrAP

CLCuMA
with alpha

Rep protein

CLCuMB-Bur
with pathogenicity

determinant
Beta C1
w‘;_.a.

ToLCNDV DNA-A
with full length
functional
TrAP

ToLCNDV DNA -B
with proteins assisting
viral movement
MP and NSP

2

Z
5




How successful Is 1t
globally 7



TOLCN

DV is a globally

widespread begomovirus

Infecting several crops

ToOLCNDYV infects

- 44 different plant species

Ageratum spp.

Datura stramonium

Momordica charantia

11 different countries

Chenopodium album

= —
Capsicum annuum

Benincasa hispida

Luffa cylindrica

Convolvulus arvensis

Luffa cylindrica

Momordica charantia

Aleyrodes brassicae on
Catharanthus roseus

Solanum nigrum

Cestrum nocturnum

Sauropus androgynuts

2008 - 2016

2000%-2007

S~

Pakistan

India sac
Bangladesh

Q
hailand

Sri L?nka‘

.

A
Indonesia* ===~

Cucumis saitvus
(]

Luffa cylindrica

Lagenaria siceraria

Carica papaya

Capsicum annuum

Parthenium_hysterophorus

Lagenaria siceraria

Cucuimis melo

Daucus carola

Catharanthus roseus

Gossypium hirsutum

Solanum lycopersicum

Cucumis sativies

Saccharum edule

Papayer somniferum

Eclipta prostrata

Rumex dentatus

C[lp,ﬁ'f(.‘i’lﬁl ARRUUN

Solanuwm tuberosum

Cucumis sativiis Cucurbita pepo Bangladesh Solanum lycopersicium

Solanum melongena Luffa cylindrica Cucumis sativus Solanum lycopersicum Tunisia

Crossandra . . . . . . .
P Trichosanthes cucumerina Iran Cucumis melo Cucurbitaceae family
infundibuliformis

Cyamopsis tetragonoloba Lufja aegyptiaca Cucumis sativus Capsicum annuum Sri Lanka

Cucurbita spp.

Cucurbita pepo

Coccinia grandis

Nicotiana tabacum

Solanum melongena

Solanum lycopersicum

Momordica charantia

Maryana:Okra:04] gu112082
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Further changes in the cotton leaf curl disease complex — an indication of

things to come?
T T4

- CR \ - CR \
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Conclusions

* Geminivirus disease complexes are continuously evolving by recombination,
component capture and mutations

 New viruses are introduced through global trade

* Oman has invasion of begomoviruses both from Africa/Middle East as well as
the Indian subcontinent

* Several new geminiviruses are expected to be found in the region

* New sources of resistance are required to control these diseases



Whitefly biotypes and
endosymboints diversity



Map of Pakistan: Samples collection sites
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Comparison with known (database

33

Asia ll 5 pakistan
ﬂAsialI_5_India_AF418666.seq
Asiall_6_China_AJ784261
Asiall_2_China_Jiangsu_AY686088
92|7—i Asia ll 1 Pakistan
100~ Asiall_1_India_Surat_JN855578.
Asia Il 7 Pakistan

Asiall_7_India_Hyderabad_DQ116650.
Asiall_10_China_Guangdong_HM137356

67 Asiall_9_China_Hunan_HM137313
89 E'EAsian_s_China_Anss?oe

93 Asiall_4_China_Guangdong_AY686083
41410[ Asia Il 8 Pakistan

Asiall_8 India_Uttarahand HM590188.

100

19
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COI-3 based
phylogenetic tree
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Distribution pattern of Bemisia tabaci
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Diversity of Endosymboints

» Whiteflies which were already identified were selected for screening
symbionts

» Six primer sets were used against six types of endosymboints

»Total number of 227 insect were screened, 101 from Punjab region, 95
from Sindh and 31 from KPK.

» Total number of 409 clones were produced during this study
» Proteira was found positive in all the samples



Phylogenetic tree showed the presence
of six endosymboints
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Presence of different endosymbionts
in different regions

Prote | Arsenophon | Hamilton | Cardini | Wolbac
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Distribution of different endosymboints in different regions

» The whiteflies collected from Sindh contain Hamiltonella and
Wolbachia in most of their samples while Wolbachia was least in
case of whiteflies collected from Punjab

»Arsenophonous, Hamiltonella and Cardinium were found in
combination in most of the samples in all regions

»In Punjab Cardinium was found in most of the samples than Sindh
and KPK

»While Wolbachia was found in most of the samples in Sindh
region



Virus Conftrol Strategies

Natural resistance

|dentification and infrogression of
novel sources of naturalresistance

Conventional Strategies
Vector management by

* Pesticides Transgenic Strategies
e INsect ’rrops RNAI mediated resistance

. Protective shields Tmal2 medm’red. resistance
G5 mediated resistance
GroEL mediated resistance

Genome engineering to target
and cleave geminiviruses

1. AIZP
2. TALEN
3. CRISPR/Cas?



CRISPR/Cas? — A
bacterial
Immunity system

1. Phage infection
2. Spacer acquisition
3. Biogensis

4. Target degradation
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Stepwise depiction of the CRISPR/Cas?-
mediated virus interference in the plant cell
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Evolution of CLCuD complex during three
decades

Viruses pre Resistance breaking Virus complex captured
(A resistance breaking (B) recombinations (C) CLCuMA and ToLCNDV
Before 2000 2000 - 2010 2010 onward

CLCuKoV-Bur
(a.k.a. CLCuBuV),
a recombinant of
CLCuKoV(red)
and CLCuMuV (green)
with truncated TrAP

CLCuKoV-Bur

ToLCNDV DNA-A
(a.k.a. CLCuBuV) with full length
with truncated and functional
non functional TrAP
TrAP

CLCuMB-Bur
a recombinant of
CLCuMB with
ToLCB (red)
in SCR

CLCuMA CLCuMB-Bur

with pathogenicity

with alpha

ToLCNDV DNA -B
Rep protein

with proteins assisting
9 viral movement
MP and NSP

2
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CRISPR/Cas? mediated viral interference

Target selection

 Nonanucleoftide sequence TAATATTAC was selected to target
through CRISPR/Cas?

* It Is conserved among all begomoviruses and betasatellites -

expected to give broad spectrum resistance

« TWo other targets were also selected to target CP and Rep proteins

of virus
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Can CRISPR/Cas? engineer
one plant resistant to
multiple begomoviruses ?



Targeting conserved region of virus via
CRISPR/cas? can develop broad spectrum
resistance

Plants developed to target CLCUKV-IRsgRNA - - - - - - +
nonanucleotide via CRISPR/Cas9 TYLC\C/ZFﬁ_':S:g';m oo == o
C.OU|d ’rorge’réviruses LOGON-IRsgRNA - - - + -
simultaneously MeMV-IRsgRNA - - + -

1. CLCuKoV WORLAND -IRsgRNA -+ - -

3. CHF Cng@\z/ : + + + + o+ o+
4. LOGAN 23%3. -
5. MeMV 300 | ==

6. WORLAND oo
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Conclusions

« CRISPR/Cas? is an efficient strategy to target geminiviruses

« Targeting conserved regions of viruses via CRISPR/Cas? can provide

broad spectrum resistance

« Other broad spectrum resistance strategies like stacking G5-GroEL-

AZP, are also promising

« Confirmed transgenic plants developed in this study are valuable

resources for future experimentation



Is it possible to create dual virus and whitefly resistance?

e RNAI
* Protein-mediated resistance

\ L
Pyramiding chewing & 7 Tmal2 ? Phloem specific f) Resistance f) Cmbined ) 7 Important virusesf?
sucking pest’s foxins o mechanism § promoter H breaking whitefly e ifrtz‘:’g'\?ﬂox'ns 4 CMV, TYLCV etc. o
y 4 ‘ y @

Zaidi SS, Briddon RW, Mansoor S.2017. Engineering dual begomovirus-Bemisia tabaci resistance in plants.
Trends in Plant Science. 22(1):6-8. (impact factor 10.899)



https://www.ncbi.nlm.nih.gov/pubmed/27890609
https://www.ncbi.nlm.nih.gov/pubmed/27890609
https://www.ncbi.nlm.nih.gov/pubmed/27890609
https://www.ncbi.nlm.nih.gov/pubmed/27890609

Future Prospects

Several issues
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