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Molecular Characterization of Squash Leaf Curl China Virus Infecting Pumpkin

in Kanchanaburi Province
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Abstract

Molecular characterization of Squash leaf curl China virus (SLCCNV) was carried out on tissues taken from
19 pumpkin samples that showed begomovirus-like symptoms. The samples were collected from Wang Dong
subdistrict, Muang district, Kanchanaburi province in 2016. They underwent preliminary screening with six
antibodies specific to cucurbit-infecting viruses, and negative results were obtained from 14 samples. However,
all of them were positive for the specific primers to the coat protein genes belonging to Tomato leaf curl New Delhi
virus (TOLCNDV) and SLCCNV. Sample KN44 was selected for genome amplification by rolling circle amplification.
A single-cut digestion with BamHI for DNA-A and Hindlll for DNA-B was performed and the DNA was cloned into
pQE8O0-L plasmid vector. The recombinant plasmid was transformed into Escherichia coli DH5a for nucleotide
sequencing. The results revealed that the DNA-A component was closely related to SLCCNV isolate Thailand
segment A at 97.95 % identity. There were 5 open reading frames (ORFs) comprising AV1, AV2, AC1, AC2 and
AC3. The DNA-B component was closely related to SLCCNV isolate Hainan segment B at 91.05% identity and
contained 2 ORFs comprising BV1 and BC1. This study is special for a number of reasons, one of which is that this
is the first time that genetic information concerned with the SLCCNV DNA-A and DNA-B genomes has been
researched and made available in Thailand. This work will surely be of further benefit to researchers and plant
breeders in the fields of disease resistance and disease surveillance.
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L'%@L‘U‘Eﬂ‘iuiﬁaLﬂwfiﬂw,%@%ﬁ?mﬁLiwﬁm’mmmammﬁﬂuL'gﬂxﬁ@:@ﬂ'wnﬁwmw wunssrunaLiugauuan
‘lumm%@umﬁmm%’@u anansncnemanlsaldlatunadRang (Bemisia tabaci) ?ﬁqﬁﬁmfmmmémﬁmm gINFBNTS
flaarurindn anvadeiifimen dadaudnandns uwazaFeaudeeseNTATEFRANANe TN iU uAeNa1 Annes uzide
WA Wan dugenas e (Vincent, 2013) ﬁ@@uum@Luiniuiqimwmw\muﬂwmwmma‘wm\iFTLLm’Luﬂimemu 3
T0p A Squash leaf curl China virus (SLCCNV) (Sawangjit, 2009), Squash leaf curl Yunnan virus (SLCuYV)
(@'qﬁ‘wa‘ éi"mﬁnm WAzATLE 2559) WAy Tomato leaf curl New Delhi virus (TOLCNDV) (Ito et al., 2008a) ﬁﬁ‘ﬁqm%@
dnvianeazuansenisuatemaes Tumin luangiialastyiingidns LasF R uATTUN G (Melgarejo et al., 2013)
delaialudiiailsneslund Geminiviridae flayneamsanauguaaiasy (icosahedral twinned particles) 1assains
Alunduifuemeinedneneilug - aluwresdaniniubiafaesuunde  monoparite 1sznetidas  DNA-A
WENBENaLALR WA bipartite #ailsznaudae DNA-A uaz DNA-B Tag DNA-A gasdeinlyladavinuiniivanlung
ﬁi"m'aw??faLﬁuﬁﬂmuwmﬂiﬁm 1 6 open reading frame (ORFs) laun AV1 ulaswaudlu coat protein (CP), AV2
udagaLili pre-coat protein, AC1 udagsiaLilis Rep protein, AC2 utlaswaidu transcriptional transactivator protein
(TrAP), AC3 uilaswiaLili replication enhancer protein (REn protein) wag AC4 Aendeaiunauaniennisuedlan
(Marwal et al., 2014) daw DNA-B viuiihfiudnlunisadeudiaasiugnesuesiiallduadinly uaziandasty
szuunsdynane luitendevizadvinanatendaldninndn 1 98ia 8 2 ORFs laun BV1 udaswaidu nuclear shuttle
protein way BC1 uilasia \11 movement protein (Nawaz-ul-Rehman and Fauquet, 2009)

Wnnaaduialuseduns (Cucurbitaceae) @na Cucurbita wiiiluasnsdman loun msznainnesewsii
(pumpkin) UATLNAAA8T (squash) (Robinson and Decker-Walters, 1997) ﬂixmﬁ”Lmﬁmimfaaﬂmﬁmﬁuﬁﬂnwm
Tlsinedszwmadududy 8 aaslan Telul w.a. 2561 HiEuiainisdieanudniuginnesis 98.6 fiu Andlugyasn
Tnesan 228.9 dmum wazuualinlunsdeeenuiaiuginniugnd (AuineuiAsegianisinemg, 2561) deymn
dnAryathavilmasnisgnitines léud Teeiiiaannidehialuadawinilhiannnsunssznaesinsgnaa uaniou
wasiaandey @ewinlubhiaitinenuninmanululssmalnelud wa. 2554 14Ul ToLCNDV uae SLCCNV
e d e sTiamnzsedaurestisiuiedueynaiisdaunes intergenic region (IR) sevdeiwiniuleda damsaany
Tuftmnedune 1dund Annes Mni@en wazauwany ANAandne T faedwluinnes uazini@ien andsuin
ANIIONT Lmym‘amﬁLmeﬁmmammmmwm mmLmﬂmmmumm‘l‘,@iwmmmlm”hiawum e lunumasy
Wniden uay gl ummmmuﬂuﬂum@ ToLCNDV mﬂmm AR 98.2-97.9% daufaatnainnaswudn HAu
wileufiufUTe SLCONV Tlsvfuanumiiawt 97.9% Taatnadeiauauusdnpsvnanuduiusiiamalusy fatu
Lﬁﬂmﬂumqmﬂuﬁ“\mmmmml.%@l,uiﬂiuiﬁmi@iﬂ (Taid a9n9an3, 2554)

Lﬁaqmﬂ‘ﬁfamm‘l,umsl,ﬁummumnummmqﬁuﬁ;ﬂﬁmmL%faLuTﬂIu”Lqé“@fm@Lﬁmiﬁmﬂumﬁmma 1 NNg
naneug (mutation) LLuumsLmu‘ﬁmum (base substitution) nsuanilaeuaesdndufiamale lnsiinlu Bnis
homology M1UNN&Q (recombination) LL@vﬂ’]?LL@nLﬂ@ﬂumumuﬂummmLT@L‘UTHTNVLQM (reassortment) (Padldam
etal., 1999) fanaldideintulafasnunsaunsnszanelufiaendeldnanuansaiin Lmvmmi‘mmmﬂmwmmwwu
(Idris et al., 2008) ‘Luﬂwuuﬁmmmﬂm@wumﬂ SLCCNV dnvhanaitmnedunslutlszimalnefsiniseay
ﬂﬁ?WUL%ﬂLW?N 2 isolate A SLCCNV [Thailand] segment A (accession no. AB330078.1) (lto et al., 2008b) waz
SLCCNV segment A [Wax gourd: Nakhon Pathom] (accessmn no. EU543562.1) (Sawangjit 2009) %q%’@u@m@
TalifemaTiasAnsiAen AR IS LALAITA NN Tee [ Rt Tint mmwummnﬂi”mmwaﬁnmmwmv
MeRugnasnuarinsaingalunaey  SLCCNV mmmmﬂﬁnwmlummmmtywm LW@Lﬂum@Hmuumumu
W”uﬁ;ﬂﬁm@qL%@Luiﬂ‘iuvl,ﬁmiuﬂizmﬂvl,‘wmLﬁlﬂﬂizqnm“’ﬁﬂuﬂﬁiﬂi”‘uﬂ@qﬁuﬁﬁnwmﬁﬁmmuimLmzmimqﬁﬁfaiﬂ
Aelasariaiiseld
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Husaghsluinmesiuaaseiniszeslseiii m@’mL%ﬂﬁﬁﬂiﬂﬁ@%ﬂﬁuﬁﬂ@uﬂhﬁwff pneyanys lut w.e. 2559
inldmsaagaunisdnyinansveslafanasemaila indirect plate-trapped antigen enzyme-linked immunosorbent
assay (indirect PTA-ELISA) saalnalaaueauauiued (polyclonal antibody, PAb) a1uqi 6 iia léln anti-ZYMV PAb
17%‘3’1 WWIEB® Zucchini yellow mosaic virus (ZYMV), anti-CGMMV PAb ‘17‘;'5’1 qu:gi@ﬁsj/@ Cucumber green mottle mosaic
virus (CGMMV), anti-PRSV PAb fiamnzseide Papaya ringspot virus (PRSV), anti-WSMoV PAb faninzsiaite
Watermelon silver mottle wrus (WSMoV), ant| ToLCNDV PAb ‘Vl@’]LW%[ﬁl@lﬂm ToLCNDV (9578 Aunzag WATSTL El\‘iﬂivm
2556) kaz anti-MYSV PAb Vl‘«l’]L‘W'] [ﬂ'ﬂmﬂ Melon yellow spot virus (MYSV) (mmqm U1uaan LazAnly 2552) @fmuu
mmamﬂuﬁﬂmwmemmﬂmLLm”LumﬂgmmﬂuLmummmm 6 1iln wuamlzlulnsauaIuazaiARLEWLE
mmmﬂmm@m@wm FavorPrep™ Plant Genomic DNA Extraction Mini KIT (Favorgen, Taiwan) waztinlimnsegay
FognATA polymerase chain reaction (PCR) Imﬂ%‘lwammwmL'Wf]”ﬂmuiﬂmumumummmmLﬁm SLCCNV ey
ToLCNDV mummummifﬂwmmu Forward primer: 5° CCTTAGGATCCATGTCGAAGCGACCAGC 3’ uay Reverse
primer: 5 CCACCAAGCTTTTACGATGCGTGAGTACAGG 3' Tuilfjfisentfsuims 20 lulasans sznausag genomic
DNA annluinnes U5u1ms 2 Tulasans, Forward primer (10 pM) 1 1uimsams, Reverse primer (10 pM) 1 uinsams,
2x Dream Tag green PCR master mix (Biotechrabbit, Germany) 10 lulasans waz deionized water U3u1ms 6
ntasangs mudau Tsunsuiildludjisen PCR e initial denaturation grungfl 95 asrnigaidas e 2 Wik
denaturation 9oun)i 95 avAaaiea e 30 FuW; annealing gauugi 55 asAnaidea winan 30 AwW;
extension qruunil 72 asinmaidad waan 1wl shdunewi 2-4 10 29 78U waz final extension aAMT 72
asrngaidna wnan 7 Wit angraugiiasnd 16 esrnmaidea pmaseusuadsualaald 1% agarose gel
electrophoresis 14 0.5x Tris-borate buffer (0.5xTBE) waz Red Safe™ dye (INtRON Biotechnology, Korea)
mslaaualunzaadaiininleda

11 genomic DNA mmﬁq@m\imﬁ’mLﬂumﬂmnﬂﬁﬁ?m PCR mLﬁM?MMMMiA@ﬁM@ﬂﬁ@p-ﬁ”'mmmﬁﬂ
rolling circle amplification (RCA) Taaild lllustra™ TempliPhi 100 Kit (GE healthcare, UK) 141 templiPhi products
uindasienlalFasumne BamHl Welild DNA-A uaznesasdusndasieuls Pael, Kpnl, Sall uaz Hindll
Lﬁ@‘lﬁloﬁ” DNA-B (Fermentas, USA) MN13uein DNA-A Laz DNA-B fagl 1% agarose gel electrophoresis afppLaULe
a8naNLAanaE FavorPrep™ GEL/PCR Purification Mini kit (Favorgen, Taiwan) 10/ dousiafy pPQES8O-L expression
vector (Qiagen, USA) maeiaulmal T4-ligase (Invitrogen, USA) LL@:ﬁi’]ﬂﬂJ’]ﬂIﬁﬁ'ﬂL%@LLUﬁﬁﬁﬂ Escherichia coli
aneiiug DH50 F8IATNN9 heat shock transformation (Sambrook and Russel, 1989) 1niaa Ll RENLURIYNG 2xYT Ui
fifiansilfFauzueniidadu 100 lulaaninfiadans daienialaiidiaiiatiuinmam DNA-A uaz DNA-B #ati3s PCR
Taeildlnsias pQE-forward primer Waz pQE-reverse primer @anlalatlilduauanifegdaiinmzianduiianalelng
UL Apical Scientific (Selangor, Malaysia)
msuFauiiausinuidiaalalnaAnugiutaya GenBank WAILATIZULATIRS19ATUNTY DNA-A WAz DNA-B

Amszfifsandiey DNA-A uaz DNA-B lugnudeya GenBank TneldTisunsu BLASTN (https:/blast.ncbi.
nim.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch) uazlilsunsu Clustal Omega (https://www.ebi.ac.uk/Tools/msa/
clustalo/) 31,@?%1/1%?\1@%’”1@%@@11&34mem@mummgnﬁmmmﬁﬂmw’?aﬁﬁLL‘ML'Nmeﬁﬁﬁmmﬁuﬁaguu DNA-A
Ay DNA-B °]J’ﬂ\1lf‘%’ﬂLUTHTNVLQ‘}/@IQHHI‘IJ?LLHSN OREFs finder (https://www.ncbi.nim.nih.gov/orffinder/)
N15AATIERANMURNNUENIIIUINNS

AF U RATUINT (phylogenetic tree analysis) AR HUAN AN AN LA FaNNS
maaL%@luﬂziuLu‘llﬂ‘iaﬂf;i”@‘im‘l,ﬁﬂﬂmm MEGA version 7.0.26 (Kumar et al., 2016) #1eR3 neighbor-joining (NJ)
(Saitou and Nei, 1987) 8114 model N154AA base substitution WU transition WA transversion ‘ﬁﬁ"] bootstrap 1000
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fushathainesiluugasenmszasisaiifnannidawiniulga mﬂﬁuﬁﬂ@.ﬂﬁm@f?\aﬁq g1naLHee 4andn
NEYAULT Sruauianin 19 fhedhe Taeil 18 fhathe Tuanseinisedlse uaz 1 fhedneitlduassennis et
eehsluinnesia 19 feens 1namaaaLIEmATiA indirect PTAELISA Taglduaufinefianmnzsiaide ZYMV,
CGOMMV, PRSV, WSMoV tazida MYSV filsenunisdnvnaneiansdume wudnfifetnainnes s1um 5 seting
e laanasage 16U e WSMoV S1u9t 1 fagihg B MYSV S1uau 2 faeing uazide PRSV S1uau 2 fating
wazamAlinLEelada S1uIw 14 Fratng (Table 1) wilameIn121eslARtAnanidawinlyleda Taun lusnawaes
Tusne luinmaes seuludiouse uazluangi (Figure 1) Mevdarhite 14 faegne T KNO7, KNG, KN41, KN42
(Figure 1A), KN44 (Figure 1B), KN45, KN46, KN48, KN49, KN50, KN53 (Flgure 10), KN54 KN55 way KN56
NRMAgaUmILnAla PCR Tmﬂhﬂ“l,wmmwmvam@‘iﬂimuwwmummmwm SLCCNV U@t ToL CNDV i
nnsedelinaiuuanselfisen PCR Inanuuaumdue auaLlszann 700 fua (Table 1)

Figure 1 Begomovirus-infected pumpkin samples collected from Wang Dong sub-district, Muang district
Kanchanaburi province showing yellow leaf curl symptom from sample KN42 (A), yellow mosaic from
sample KN44 (B) and leaf distortion from sample KN53 (C). All of them gave negative reaction in indirect
PTA-ELISA screening.

nslaaualunanadawinlalosa

11 templiPhi product 289A28819NNNE AU 14 Fiating A Bunadlddaeimnaiia RCA undndasienlasl
FASINz BamHI WaswLdn T ResnesnaRenAs KNA4 A templiPhi product gnansaseulalfnamwiz 1 A
figndutanalelng 124 neluiu Av2 (pre coat-protein) uariTwIALILASWALTENIDL 2,736 Aiua WEANThY
1nFvaEing templiPhi products isolate KN44 lildusinssiaulsdfinatinng aruau 4 aiin ldun Pael, Kpnl, Sall uas
Hindill wodndifeaeslasd Hindlll sfiadenfisafiduesesndd 1 umisisnsuionalelng 799 uavilavnaua
Aiduietszanm 2,722 diua adensaetn KNa4 Wdnmdeyadiualnanisdidnmzidduionale indluduneu
sald
nsuFauiiausiauidiadalalnaAnugiutaya GenBank WAzILASIZUIASIASINAIUNURY DNAA WAz DNA-B

uw@mmmummiﬂi‘v]mmmmﬂmq KN44 mrﬂ?ﬂumam‘ummuuqmi@i‘mmmmﬁmﬁmﬂumumammm
GenBank Wuinwaetne KN44 mnmmmm@u@ﬁummmm% BamH umﬂﬂnmmnumqwuﬁmmnuLﬂm SLCCNV
isolate [Thailand] DNA-A ‘VI?M‘LI 97.95% (Figure 2- Ieft) (accession no. AB330078.1) ImeILABININENUNNTATIANL
LfﬁfaLuIﬂTuiqsmmﬁﬁwuﬁuiuﬂnwﬂqLmﬂ WA 2544 FEANARIUNILAL Faninunslyy FNBNI DNA-A #e
degenerate primers WL DNA-A §A2M38119 2,736 #L4 LmevLuwurmmﬂmuzdeumm DNA-B lusuisasangann
(Ito et al., 2008b) @11 KN44 ﬁgﬂﬁmé’qmﬂuisﬁﬁﬁmﬁ%ww Hindlll ﬁmminﬁmﬁquqﬁuﬁqmiuﬁuﬁ?@ SLCCNV
isolate Hainan DNA-B ﬁ@:ﬁummmﬁ@u 91.05% (Figure 2-right) (accession no. MF062252.1) Tnelduansnasal

nsanauunaeiugresdalunguiuiniuleia (Brown et al., 2015) nvunlisiesdansudondlslnisaluw
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fuleudieniuwiy pairwise alignment 1Anndn 91% Avandluderiafei uazannnin 94% Asaziuanaiug
w9 ﬂmmmﬁﬁﬁuﬁma‘iahm’ﬁ"[ﬁ”fv«nﬂma‘ﬁﬂmﬂ%\iﬁ‘lugmﬁagmm GenBank lngl DNA-A 1431 accession no.
MK978176 uaz DNA-B 1331 accession no. MK978177 muasL

N13ATIZUTATIATIRTUNNLAN (Figure 2) DNA-A isolate KN44 1lsznavldmae 5 ORFs Tnawuan 2 Anuviua
1M virion-sense strand (Table 2) 1 AV1, AV2 uag 3 Aumdaun complementary-sense strand i AC1, AC2,
AC3 LﬁuLﬁmﬁuﬁmmmim Ito et al. (2008b) waz DNA-B isolate KN44 isznaumae 2 ORFs (Table 3) A BC1
(movement protein) Lkay BV1 (nuclear shuttle protein) u'ﬂﬂ@’lﬂuuﬂ\iwumu'ﬂmﬂwwummummifﬂi‘m TAATATTAC
V38 nonanucleotides willaniuis DNA-A uay DNA-B finulusneting KN44 ﬁmﬂmmimumimmmmL@ummﬂ
nsnunuaeadaininiylaga (Laufs et al., 1995)

Table 1 Preliminary detection of pumpkin by indirect PTA-ELISA with six antibodies specific to cucurbit-infecting
viruses and PCR technique with coat protein specific primers to TOLCNDV and SLCCNV.

Indirect PTA-ELISA

Sample Symptoms Anti- Anti- Anti- Anti- Anti- Anti- PCR
ZYMV CGMMV PRSV WSMoV ToLCNDV MYSV

KNO7 YLC - - - - - ; +
KNO8 YM - - - + - - -
KNO9 YM - - - - - - +
KN41 YM - - - - - - +
KN42 YLC - - - ; ] ] N
KN43 M - - - - - + -
KN44 YM - - - - - : +
KN45 M - - - - - : +
KN46 YM - - - - - - +
KN47 NS - - + ; - ; ;
KN48 YM - - ; ; ] ] N
KN49 LD - - - - - : +
KN50 YM - - - - - : +
KN51 LD - - + ; - _ _
KN52 YM - - - - - + ;
KN53 LD - - - - - - +
KN54 LD - - ; ; _ ] N
KN55 LD - - - - - - +
KN56 YM - - - - - - +

YLC = yellow leaf curl, YM = yellow mosaic, M = mosaic, LD = leaf distortion, NS = no symptom.
(+) = positive result, (-) negative result.
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Figure 2 Genome structure of Squash leaf curl China virus isolate KN44 Thailand composes of DNA-A (left) and
DNA-B (right). Both of them showed conserved sequences of stem and loop structures of nonanucleotides
(TAATATTAC) in the intergenic regions. Two ORFs (AV1 and AV2) in the virion-sense strand and three
ORFs (AC1, AC2 and AC3) in the complementary-sense strand of DNA-A. One ORF (BV1) in the virion-

sense strand and one ORF (BC1) in the complementary-sense strand of DNA-B were located.

Table 2 Characterization of the open reading frames (ORFs) of Squash leaf curl China virus isolate KN44A Thailand

DNA-A genome.

Nucleotide Number of Protein molecular
ORF Frame Protein name
position amino acids  weight (kilodalton)
AV1 +3 Coat protein 279-1049 256 29.58
AV2 +2 Pre coat protein 41-457 138 16.06
AC1 -1 Replication—associated protein 1498-2583 361 40.74
AC2 -2 Transcriptional activator protein 1191-1595 134 15.26
AC3 -3 Replication enhancer protein 1046-1456 136 15.95

Table 3 Characterization of the open reading frames (ORFs) of Squash leaf curl China virus isolate KN44B Thailand
DNA-B genome.

Nucleotide Number of Protein molecular
ORF Frame Protein name » . ) ) )
position amino acids  weight (kilodalton)
BV1 +1 Nuclear shuttle protein 478-1284 268 30.89

BC1 -1 Movement protein 1338-2189 283 31.74
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ANNNIAFNUNUYTIIAIHANNENRUTNATMUINIIAIEAT  neighbor-joining fiein bootstrap 1000 Ass
Wraniauaauioralalnsuu DNA-A m@u%@ SLCCNV isolate KN44 Wi mmmLmqﬁﬂ%ﬁ*@ﬁmmmmﬁmﬁuﬁ
aadmunislailu 5 ngu (Figure 3) ﬂmm 1'gun e SLCONV Aifimeaniluunuiads ﬂmm 2 ”me e ToLCNDV
mmwmu’lmmumm ‘Emﬂuﬂmw 1 %ummmu‘wuﬁmmwmmﬂﬂmmﬂuﬂm@m 2 mmnm ﬂmm 3 leiun
L°11@ Tomato yellow leaf curl Thailand virus (TYLCTHV) mummm‘lwmummﬂ ﬂqmn 4 lAuA L°]]'a Squash leaf curl
virus (SLCuV) AflnenuluuouRzfeannan wazngw 5 Wi Mastrevirus Fudelasaluned Geminiviridae uaz
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Figure 3 The phylogenetic tree shows the genetic relationship of Squash leaf curl virus isolate KN44A Thailand
DNA-A segment accession no. MK978176 indicated by 3 stars symbol (***) compared with DNA-A of
begomovirus from GenBank and separated in 5 groups consisted of SLCCNV and SLCuPV Asia
(group 1), TOLCNDV Asia (group 2), SLCuYV and TYLCTHV Asia (group 3), SLCuV Middle East (group 4)
and Mastrevirus (group 5) by MEGA7 program with neighbor joining method. Numbers above the line

showed values of 1000 times bootstrapping.
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