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Sdudaalolndiniioutuite SLOMV vasdszimaduyen 99.8% Teléiinisdrsaaluutasugn
Sudruzndslu 51 Sontn Tnefiusiedrafindrelsaludadudisndasauiiadu 5,143 fregae an
nTERUMERIEmATA PCR wuaiiedsiinsaanuide sLOMV lu 32 §m¥n sausiuau 3,860 faoeis
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Abstract :

Cassava mosaic disease (CMD), caused by Cassava mosaic virus, is the one of most
important viral disease in cassava production in the African continent, the Indian subcontinent
and Southeast Asia. The twelve distinct cassava mosaic geminiviruses (CMGs) have been
documented as the causal agents of CMD. In Southeast Asia, Sri Lankan cassava mosaic virus
(SLCMV) have been recorded as first reported in Cambodia in 2015. To determine the presence
and incidence of SLCMV in Thailand, the official surveys in line with ISPM No.6 were conducted
during 2017-2020. In August 2018, the symptomatic plants associated with CMD were observed in
the cassava plantation in Srisaket, Surin and Prachinburi provinces. Two samples from Srisaket
and Prachinburi provinces were identified by Next generation sequencing (NGS), Illumina Hiseq
150PE platform. By NGS result, viral sequences obtained from the assemble reads were identical
to SLCMV in Cambodia at 99.8% and identified to be SLCMV. During August 2018- September
2020, the detection surveys to cover 51 provinces in Thailand, the total of 5,143 cassava samples
were collected from plantations to diagnose for SLCMV infection by PCR. By PCR-based
diagnostics, out of 3,860 samples were found infected by SLCMV, indicating 75% of the total
number of tested samples. By the official surveys, CMD was spread in 32 provinces, nowadays
CMD was eliminated from fields in 9 provinces and still found in 23 provinces. Nevertheless, the
surveillance program for SLCMV in cassava plantation areas will be continued.

Key words: Cassava mosaic disease, Cassava mosaic virus, Sri Lankan cassava mosaic Vvirus,
SLCMV
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Ansnfuvieuiudsiudusnduasiiuuasidvnengu (Bemisia tabaci Gennadius) Wusiammedsvinly
finsunsnszanouazszunld nsanenendoldalagendeusaminus (vector) dadndunsaenen
Hoszisduiiniifiaruddyganninsizannsafatuldosisniuazaiuauldon Byme et al,
1990; Dubern et al., 1994; Duraisamy et al., 2013)

TugaeU 2558 - 2563 nulseanunissvuialsatusisiudusmrddudsemaiune (Wang et al,,
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1. freghuTudisndafivansannslsalsaluansiudizmds
2. @siadl
- galnsweidmivdunnemsiugnssiolia
- lulasiauvan
- quaﬁ'm FavorPrep Plant Total RNA Purification Mini Kit (Favorgen, Taiwan)
- One Step RT-PCR kit (Biotechrabbit, Germany)
- 100 bp DNA Ladder with 6X Loading Dye (Biotechrabbit, Germany)
- Agarose gel (SeaKem, USA)
- RedSafe Nucleic Acid Staining Solution (iNtRON Biotechnology, Korea)
- 1X TAE Buffer
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- wdasdunnagneu Min Spin (Eppendorf, USA)
- Lﬂéaa@mwmiazmaé’mluﬁa Pipetman Kit (Gilson, France)
- éwﬁwmuquqmmﬁ
- Lﬂ%@ﬂﬂﬁﬂﬂmqmwgﬁ Thermo cycler
- Lﬂ%@ﬂLLEJﬂﬁ’]iﬁuqﬂﬁﬂJ Wide Mini-Sub Cell GT Basic System (Biorad, USA)
~ #3583 ChemiDoc Gel Imaging System (BioRad, USA)

- Lvﬁ‘aqmaumi Vortex mixer (Fisher Scientific, USA)
- iaeA@15UWIA 200 LulAsans
- viaealulasiiduuia 1.5 wa. wag 2 wa.
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1.2 2M9uHUN15E1599MUNINTFIU ISPMs No. 6 (Guidelines for surveillance)
lunisdrsnlusdasnunlaeltunouwasdnsinsguiteganmunsaulinsgaenaannug

Ugnmuansgu ISPMs No. 6 Al
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funugn 1-25,000 13 #1579 5 0
fiuiign > 25,0005 - 30,000 13 §157397Uu 10 99
fuiign > 30,0005 - 40,000 13 d159991U 15 99
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flufiugn > 40,000 13 #159997U3U 20 90
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2. NMINTIVIATITHARE1IUAIUNRIRBmATlA PCR
2.1 MIaNARLdULEAINARE1UF UGS
afamduteainluiudiusndefitAuuidae Plant Genomic DNA Extraction Mini Kit
(FAVORGEN, Taiwan) Siduneusisil
1. ualududrusnasunaraiagneliiusuna 100 Jaansu aelulnsiaunailiasiden uan
greunldlunasnuuin 2 Jaaans wdidudwmes FAPGL Usunns 400 Jadansuazidy RNase A USuns
8 lulpsans wanlidnu wdhluvad 65 °C uru 10 wifi
2. WWutmed FAPGT Usunms 130 lulasans wanlvdnfundinnsuuiugs 5 wnil fedu
yosfiwuld Filter Column uddumissfinnuisa 13,000 rpm 1wy 3 Wil mﬂﬁ?u@lmﬁqmwuaamaﬂa
T&lu Collection tube vun 2 Hadans
3. Hudled FAPG3 U3u1ns 1.5 wihwesisdiuvonnarlaiils naulidnfundadneulaly
FAPG Colurnn fumiesfinnuisa 13,000 rom unu 2 undt fisdla
4. Wutmes Wi Usinas 500 lulasdas duwisfinnnusa 13,000 rom WU 1 U fedu
vounadlaudadnanetmnes Wash Buffer Usunns 750 lulasans Suwiesiianugs 13,000 rpm wiy
1 Wit Medulauddumiesdinrus 13,000 rpm w3 Wi
5. 11 FAPG Column 11319uuvaantndvuin 1.5 Jaaans waiku Elution Buffer USu1ns 50
Tulasans duwidesdinimis 13,000 rom uiu 2 wd @iaudai DNA Aldlildnuluduneusely
2.2 n15A5IINEYD SLCMV ludnegneiuduzndsiasdodramaiia Polymerase Chain
Reaction (PCR)
mMstiuSnaiiBueds SLOMY mndegeitldsumdelnsiwesisnimedede SLCMY
Inglddiunanves Green PCR Master Mix (Biotechrabbit, Germany) vi1ufjisenlunasn PCR Uu1n3

573 20 lulesans Usenaunie

2x master mix buffer 10 lulasans



SLCMV-F (10 pmole) 1 lulpsang

SLCMV-R (10 pmole) 1 lulAsans
Nuclease-free water 5 lulAsans
DNA template 3 lulasans

HavdunanliniuG uahllidnesesniuaueamail (Thermo cycler) Tngvifasetunsdaasien

1%
v A

Tnennwladisnisues Makeshkumar et al. (2005) f4i
1) Predenaturation 94 °C 5 U9

2) Three step-cycling 35 cycles

Denaturation 94°C 203U
Annealing 56 °C 20 3w
Extension 72°C 4573
3) Final extension 72 °C 7 Uil

Lﬁ@ﬂﬁﬁ%ﬂﬂLﬁ%%ﬁﬂJgiiﬁLLéj’J ns1vaeuRBulonanandie 1.2% agarose gel electrophoresis 7l
RedSafe Nucleic Acid Staining Solution, 2000x (iINtRON Biotecnology, Korea) Tu 1X TAE buffer 14
nszualni 100 Taad wiw 30 Wil wdinsraguavidutenieliuas UV #181A309 ChemiDoc Gel
Imaging System (Biorad, USA)
3. maiuUiunaslunvendasLCMVY dremaiia Rolling circle amplification (RCA)
diueiatnaniudsnddutunou 2.1 sniindSadluademain RCA Tnglddiunay
Y0940 TempliPhi Amplification Kit (GE Healthcare, England) ¥inuUfjAsenluviasnauin 1.5 ua.

US11919571 10.7 Tulasans Jaunaunasiunou 99l

Semple buffer 5 lulasdns
DNA template 0.5 lalasans
Uuilgaumgd 95 °C wiu 3 wit wiwnuuiudeiud uiu 3 wii
Reaction buffer 5 lulps@ng
Enzyme mix 0.2 lulpsans

1 I

Unilgauminil 30 °C w1 15 Falus waedadsuisendmenisuui 65 °C w10 w1

9 U

4. n1551A51z%aduianaTelndvaeiTuade SLCMV #18imafia Next generation
sequencing (NGS) LLazms’iLﬂsﬂzﬁ%’aga

thiduleiannnssi RCA wmsaadeuauuignsuazmnuidudufonisindnisganauuas
finmenadu 230, 260 wag 280 wiluas WildAANUIans (A260/A280) Iiegszning 1.8 - 2.2
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5. Msaaszvarnulinndlalnauazn1sas1ey Phylogenetic tree
Woelaanduiinndlelnaeesdluuite SLCMV 3 Segment A Lag Segment B @297

p1evdalusunsy Blastn waz Blastp (https://blast.ncbinlm.nih.gov/Blast.cgi) io3euiieufiu

v a

a1dutindlelndveste SLCMV Nlisenueglugiudays GenBank wagiiAseRdayan1aiugnIsuves

Weol$anindeyailindlelnamelusinsy Clustal Omega AnUUINNTIATIwRANLALTUS LAY IANG
o4t SLCMV Aulelatanmng § 9ann15a31s Phylogenetic tree aalusiunsa MEGA 10 (Kumar et al.,
2018)
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4.1 arnstudusiudruzudsngadn vdsannieusiudiusndslasuamannLuadnivuseunn
2-3 §Uav nsiwuInsvedlinazisuaInlugonwanteInNsTn (@nAsEvaes) 13913614 (@naAsd

LA9) NUUTUANTDNAININNYDATIVLLAAIBINISIUANG (ATNT 5)
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5. NNINsIVFRUAIBESTINAULNAILAZN1TIATITHaAUTAE Lo LNA
MInTIvdeuiegsiudUsndsiinansonnislsalumaiudusndsazoinshosasduanuas
Ugnifudenaslu 32 famin s awieay 5,143 fegns amanuiulseludsiudends sauan
3,860 #1819 wazliidulsalusiaiugiuends 31w 1,283 fagis
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v a a

avuiindlelnanemaiin Next generation sequencing (NGS) laldiaelasa

(% Y )

$1uu 2 frogs Invludminadaziny (lelelan Srisaket) wagdaninus13uys (lelaian Prachinbur)
Feldnansnsradnseit feil
1. feghuiudUznasriasine (leluian Srisaket)

- fhnalelnsues seement A (Accession no. MN026160) fis1uausiedu 2,758 dmalelng
annsaudasiadulusiuiomn 6 Tsau uavlanalolnduos seement B (Accession no. MN026162)
fsauieay 2,737 Shedlelng annsawlasvadulsiiuiomn 2 TUsiu (and 7)

2. egreudendstsnduys (elwian Prachinburi)

- Iandleolnaves segment A (Accession no. MN026159) f8wnuseay 2,758 dandlelnd
annsaudastadulusiuiomn 6 Wsiu uazdandlelnsves seement B (Accession no. MN026161)
fsauieay 2,737 Shedlelng annsaulasiadulsiiuioun 2 TUsiu (nnd 8)

uaﬂmﬂﬁlé’ﬁﬂmﬁmeMé’wﬁ’uﬁaﬂéialwﬁﬁamymiﬁga segment A Way segment B 19930
SLCMV 1idn 8 lelatan leiuA leluianasziia a3uns veulnu azians) vays uassvdin szues
LAYgUATIYENE (FT1INT 2)

6. mi%Lﬂiﬁzﬁﬂagaﬁﬂﬁuﬁmﬁielwrﬂ‘uazmmé’uﬁus‘mENL?z"?a SLCMV #28 phylogenetic tree
91nm3¥ multiple alignment vasddiuilandlelnsalunvesde SLCMV vk 10 lolean wut
segment A fianuadieadeiufisedu 99.1% - 100% wag sesment B 7isziU 98.1% - 100% (M54
NuINTi 3)

MAMFIATERmEITUSeTe SLCMV §ae phylogenetic tree sia 10 lelatan fegsy
ﬁmﬁialwéﬁamyiaﬁﬁgﬂ segment A (109 9) way segment B (Al 10) Yoo SLCMV $1u3u 10
leloianvasUszimalnednoglunguifioatuide sLawy finelfiAnlsaludsiudvendsiinussay

ludseinmduise A3daN Ay Beauy wagiu
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SLCMV-Srisaket segment B

2,737 bp

(=
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< SLCMV-Srisaket segment A
o 2,758 bp

) s

o

WD

And 7 uanslassadedlunaeatalisa SLCMV lalgian Srisaket B9 segment A Wag segment B

anvslsalsalusnsiudlenadannuludminasasny

=

/G '3

< SLCMV-Prachinburi segment A | = | SLCMV-Prachinburi segment B
> 2,760 bp = 2,737 bp

-2 =

/

X

\
N

A9 8 uanslaseastedlunveadelida SLCMV leleian Prachinburi 119 segment A uag segment B
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MN577578.1 Tay2 VN

MHB891841.1 HN7 CHN

MN954656.1 Sak2 TH

MTO17511.1 Purl VN

MTE71421 Sa Kaeo TH

MN544647 1 Surin1 TH

{MNS??S?Q.‘] Sis1TH

LC312131.1 WNTE VN

MTE71423 Nakhon Ratchasima TH

MN577575.1 Ome1 Cambodia

MTE71419 Surin TH

MTE71417 Ubon Ratchathani TH

MN577576.1 Ome2 Cambodia

rr-nr\mzamm Srisaket TH SLCMV

F MNS77577.1 Tay1l VN

KT861468 1 Cambodia

MT&E71409 Chachoengsao TH

MN026159.1 Prachinburi TH

| MN577580.1 Pral TH

MTE71413 Khon Kaen TH

86} | MT671415 Chonburi TH

MTE71411 Rayong TH

— KF898349.1 Erode IND

100 ||~ KRE611579.1 TVM1 IND

— KP455486 1 TVM3 IND
KR611577.1 Malappuram IND

—— KU308385.1 TVM4 IND

29 E AY730035.2 Mah2 IND ICMV

100%- AJ314739.1 Mah IND
—— FN668378.1 -DRCEDRC

o0 ~’EAF112352-1 CM.S1 Cameroon ACMV

9

[¥=}

8

=l

86

100

oo JN165088.1 Ghana
50 — AF259894 1 CI:99 Ivory Coast
KU569584.1 TYLCV-TH12E5 TH

AT 9 Neighboroining phylogenetic tree wannuuiusvauda Sri Lankan cassava mosaic
virus (SLCMV) faednduiinalelndiianysaiia segment A voad SLCMV ¥ 10 lelaian
voslnedu leluiandu 9 Y878 SLCMV, Indian cassava mosaic virus (ICMV) wag African
cassava mosaic virus (ACMV) Aifisneenilusauszma Jinseidnelusunsy MEGA Xiagld
A" bootstrap 910 1,000 replications Ineuansdn bootstrap fixNnT1 80% waglivayared

\We Tomato yellow leaf curl Kanchanaburi virus (TYLCV-TH12E5) 1Ju outgroup



MH891841.1 HNT

KT861469.1 Cambodia
MN026162 1 Srisaket TH

0 | MN544648.1 Surint

=) MTE71420 Surin TH

MTE71418 Ubon Ratchathani TH
MT671424 Nakhon Ratchasima TH
3 (LLC3121301 VTNG

- AJ5T9308.1 Adivarum IND SLCMV
- KF898350.1 Erode IND
MTE71410 Chachoengsao TH
w0 I MTE71414 Khon Kaen TH
| MTE71422 Sakaeo TH

o | MNO26161.1 Prachinburi TH
100 MT&71416 Chonburi TH
MTE71412 Rayeng TH

- AJAT5821 1 Kattukadu IND
~EM512823 Ker6 IND

w0

o

o I~ KU3083861 TVM4 IND ICMV
s AJ575820.1 Ker3 IND
" r J02058.1 West Kenyan 844 Kenya

1
EJN‘IGS[}BGJ ACMV Ghana ACMV
S

HES79794.1 UG:Nam:CMD-MI36:12 Uganda
wo P HES79793.1 UG:Nam:CMD-MI35:12 Uganda
K02030.1 TGMV-BR:Com:84

arnwd 10 Neighbor-joining phylogenetic tree W@nIAITUTNNUS VD 94 ?‘7”8 Sri Lankan cassava
mosaic virus (SLCMV) é’wﬁwﬁuﬁmaialmﬁﬁamymﬁﬁga segment B 983430 SLCMV
wa 10 lolmanveslneduleluianduy 9 904188 SLCMV, Indian cassava mosaic virus
(ICMV) wae African cassava mosaic virus (ACMV) fifisnesulusisuszinag Jinsizsisae
TUswnsu MEGA X Tl bootstrap 910 1,000 replications Iaeuandfn bootstrap 7
11NN 80% warlddeyavoute Tomato golden mosaic virus-Yellow vein (TGMV-BR)

Ju outgroup



9. AFUHANITNAABILAZUBLAUBLUE :
mﬂmsﬁﬂmamumwm’i‘di'mgsuaaL%a Sri Lankan cassava mosaic virus (SLCMV) Tu

Uszinalngasus gatas 2560 - fuggu 2563 nun1sseuiavadlsaludiisivdvesndsluiunugndu

dugnaclu 32 Yamdn laun Jminguasivsid a5uns assund Asaziny U35ud Junys nguys

q
& o 1

NIWAUT MUNENYT VDUKAY ALTUNTT ¥ayT Towm Tuill Weese uaATIIvEN UATAITIA UT1RUYS
Rwalan YsYsal Wns WmaNsAN YNAms Blass Seedn sraed any3 d1U19 @5y anssays
B1UNATEY WAz QTiusLl

nMsnsaaouiogiudUsndsiuansornislsalussiud Uz ndaagonsiesasdoan
wlasUgnifudivendalu 32 damin smduuiieay 4,143 fegns ananudulseludsiudsnds
U 2,860 9819 wazlididulsaluaasiudusnds 31uu 1,283 fieea

MnNnTeTgauduiustende SLCMY s 10 lelewan fedduiinadlelndfiauysaii
segment A Laz segment B 489180 SLCMV %3 10 laimamﬁuawizLwﬂma{fmagiuﬂdmLamﬁms‘ga
SLCMV freliiAalsalussudendsinuneaululssmaduiie @iaan duyen Boau wagiy

winluuszwalvenunisszuinvedsalunadudilendauds windsfianudndudondiseds
uazAuANMIUINSsEURlUS uvagndy 9 luussinmetnselilesseld

10. n1suwauIvelUIduselewd :

1. LﬁaL‘ﬁmaﬂa’liﬁﬁﬂﬁﬂaammwmiﬂﬂﬂgﬂavﬁa Sri Lankan cassava mosaic virus (SLCMV)
Tudsznalne

2. wWieldifuwnmidunindseSs msesafanunisssuinveddsalumaiud Uz mas

3. I duenansssdsluniseyiidadelsalusmaiudsndsluiosufiinis
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13. a1AKUIN

AN519HUINT 1 1eTaialisaluaeiudUsnds aNEULeINT LUAINIYY LAZNITWNINTEINY

4” o/ o W Qd‘ o/ 1 v a
L‘U@lﬁiﬁ U/ unA aNYUTDINIT WINS ATIUNINITINY PMRRN

African cassava mosaic | Begomovirus/ | Tuans 1de WA Africa Morris et al.,
virus (ACMV) Geminiviridae | U39 Wayan V1IEEU 1990

AULATTLNSUY
African cassava mosaic | Begomovirus/ Tuging 1@y LAY Burkina Faso Tiendre'be o
Burkina Faso virus Geminiviridae E‘U‘Vli 3 uazan Y18 go et al.,
(ACMBFV) N y 2012

AULLAISLLNIU
Cassava mosaic Begomovirus/ Tuging 1@y AN Madagascar Harimalala et
Madagascar virus Geminiviridae U3 LAZAN YNYGU al., 2012
(CMMGV) 9 y

AULLAITLLNIU
East African cassava Begomovirus/ Tusng e NGNS West Africa, Fondong et
mosaic Cameroon Geminiviridae SUSs LAZaT P81gU Tanzania al. 2000
virus (EACMCV) Y .

AULLAISLLAIU
East African cassava Begomovirus/ Tugig 1@y AN East Africa Bull et al.
mosaic Kenya virus Geminiviridae 'glJ‘Vl‘i 3 uazan Y18 2006
(EACMKYV) 5 y

AULLAISLLNIU
East African cassava Begomovirus/ Tusng 1@y bbAANNA Malawi Zhou et al.,
mosaic Malawi virus Geminiviridae U3 LAZAN YNYGU 1998
(EACMMV) v o

AULLAITLLNIU
East African cassava Begomovirus/ Tusine (e AN East Africa Bull et al.,
mosaic virus (EACMV) Geminiviridae sUnss uazdr | amengu 2006

¥ <

AULLAITLLAIU
East African cassava Begomovirus/ Tuging 1@y HERY Sub-Saharan Pita et al,
mosaic virus-Uganda Geminiviridae U3 LAZAN YNYGU Africa 2001

(EACMV-UG)

AUBATLASY




A19HUINA 1 (A1)

East African cassava Begomovirus/ Tugine 1@y WA Zanzibar, Bull et al,,
mosaic Zanzibar virus | Geminiviridae sUNSs uavan INIGU Madagascar 2006
AULLAITLLNIU
Indian cassava mosaic | Begomovirus/ Tuging 1@y HERY Togo, India and | Malathi et al.,
virus (ICMV) Geminiviridae sUnss wazd1 | amengu Sri Lanka 1985,
AULASTLNGY
South African cassava | Begomovirus/ Tuging 1@y LA South Africa, Berrie et al.,
mosaic virus (SACMV) Geminiviridae SUSs nazan 1178190 Malawi, 2001
N o Madagascar
AULLAISLLAIU
and Zimbabwe
Sri Lankan cassava Begomovirus/ Tuging 1@y LETe India, Sri Lanka | Saunders et
mosaic virus (SLCMV) Geminiviridae E‘U‘Vliﬂ LAZEN Y1 Cambodia al., 2002,
. - Veitnam and Wang et al.,
AULLAITLLNIU
China 2016, Uke et
al.,, 2018,
Wang et al.,

2019




A15190UNT 2 lolwian Accession number Lag YUIARIUNVDY Segment A ILlag Segment B

& ) .
YN Sri Lankan cassava mosaic virus

Accession number

Genome size (nt)

Isolate
Segment A Segment B Segment A Segment B
Prachinburi MN026159 MN026161 2760 2537
Srisaket MN026160 MN026162 2758 2537
Chachoengsao MT671409 MT671410 2759 2537
Rayong MT671411 MT671412 2759 2537
Khon Kaen MT671413 MT671414 2758 2537
Chonburi MT671415 MT671416 2758 2537
Ubon Ratchathani MTé71417 MT671418 2758 2537
Surin MT671419 MT671420 2758 2537
Sakaeo MT671421 MT671422 2759 2537
Nakhon Ratchasima MT671423 MTé671424 2758 2537




AS1HUINT 3 Wesidudmuraneadaiuasanuiinalelng Segment A way Segment B

Y9448 Sri Lankan cassava mosaic virus 14 10 balgian

Segment A
Isolate

1 2 3 4 5 6 7 8 9 10
1 Prachinburi 99.2 99.8 99.7 99.8 99.8 993 99.2 99.3 99.2
2 Srisaket 98.4 99.2 99.1 99.1 99.1 999 99.8 99.7 99.38
3 Chachoengsao 99.7 98.4 99.7 99.7 99.7 99.3 99.2 993 99.2
4 Rayong 99.9 983 99.6 99.7 99.8 99.2 99.1 99.2 99.1
5 Khon Kaen 99.7 98.1 995 99.6 99.8 99.2 99.1 99.2 99.1
6 Chonburi 99.9 983 99.6 99.9 99.6 99.2 99.1 99.2 99.2
7 Ubon Ratchathani 98.4 99.6 984 983 981 983 99.9 99.9 99.9
8 Surin 98.4 99.6 984 983 98.1 983 100 99.7 100
9 Sakaeo 99.9 984 99.7 99.8 99.7 99.8 984 984 99.8

10 Nakhon Ratchasima 985 99.7 98.6 984 982 984 99.7 99.7 985

Segment B




