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ABSTRACT: Analysis of genome structure of begomovirus infecting cucumber showing curling
leaf without yellow symptom from Kanchanaburi province was studied in this research. The
causal pathogen has not been identified previously. Total DNA extraction was carried out and
the begomovirus genome was amplified by rolling circle amplification (RCA), then cut with
restriction enzymes; BamHI for DNA-A and Kpnl for DNA-B. DNA sequencing demonstrated that
DNA-A contained 2,738 bp in length which consisted of 8 open reading frames (ORFs) including
AV1, AV2, AV3, AC1, AC2, AC3, AC4 and AC5 while DNA-B contained 2,690 bp which consisted
of 2 ORFs including BC1 and BV1. Comparison of the DNA-A and DNA-B sequences in this study
to those belonged to begomoviruses from GenBank database reveals a close genetic relationship
to the begomovirus causing tomato leaf curl in India at 98 and 94%, respectively and a close
relationship to ToLCNDV-[TH:Cuc:06] DNA-A (accession no. AB330079) and DNA-B (accession
no. AB330080) isolated from cucumber in the previous report at 97.26% and 92.34%. The

begomovirus in this study was designated Tomato leaf curl New Delhi virus -
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Thailand:Kanchanaburi:Cucumber:2012] (ToLCNDV—-[TH:KR:Cu:12]). Analysis of the genetic
relationship among begomoviruses reported from 1999-2012 reveals that there are two species

infecting cucurbits including ToLCNDV and Squash leaf curl China virus (SLCCNV). These viruses do

not infect other plants in Solanaceae and Leguminosae except ToLCNDV that was reported to infect

Sauropus androgynous.

Keywords: begomovirus, leaf curl, cucumber, rolling circle amplification, genome
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mATedifumsanulasediluivesde
wWinluldafidvinatsunsninfivansdnvus
omsluminlagliuanie1n1saamnaesin e.idles
2. maauyd deddldfinsmemuiadeaimaues
anmssananfinululszmelne dunadaisue
sunanfind3unaslusvendewlnlylSade
WwALlA Rolling circle amplification (RCA) 9t
1ARA8LUlYIFATIWIE BamHI d1%5U DNA-A
Lag Kpnl @115U DNA-B 91n01TMI810ULUE
WUd1 DNA-A Huu1a 2,738 giua Usenausie 8
Open reading frame (ORFs) fio AV1, AV2, AV3, AC1,
AC2, AC3, AC4 ez AC5 @31 DNA-B Hu1n 2,690
ALUA Usenausie 2 ORFs Ao BC1 uay BV1 e
ideyadlunluiSeuieuiuiulnlulifalugu
Uoya Genbank WUILANUFUWUTVNINUGNTITY
Inddafustauniudevlnlulayaaung
Tseluninueausidemefinululssmaduie o
Tomato leaf curl New Delhi virus isolate
ToLLCNDV-OM DNA-A (accession no. GU180095.1)
WAz DNA-B (accession no. GU180096.1) lagil
awuihnalelnAumilouiuia 98 uay 94 1WesiGud
AINAIAU LazilAuduRus AUIluuves
1® ToL CNDV—[TH:Cuc:06] SAluLAInNTR 891U
Aouninil ludiu DNA-A (accession no.
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AB330079) ez DNA-B (accession no. AB330080)
WinAU 97.26% Wag 92.34% auaisiu @Sy
Worulnlula¥adinulusiearuiled dadesn
Tomato leaf curl New Delhi virus-
[Thailand:Kanchanaburi:Cucumber:2012]
(TOLCNDV-[TH:KR:Cu:12]) iiledoyaves
Wowlnluhdaiisnenululsemalnedudd
W./.2542-2555 1U3LA518MA1UFURUE N
ftugnasy nuidewlnluhdaddvhareivied
el 2 ¥iin Ao ToLCNDV wag Squash leaf curl
China virus (SLCCNV) Taglanwusieeuing
Faneiiwaedau wu felursdninuazuzide way
24Af paduinmuiuddsenunisesiany
{8 ToLCNDV Aauwdini

Aanagy: winlulasa, Tunin, wnsna, nisuiiy
Usunaudluy, Fluy

NI

wosnand ufiviasugiafdidnves
Uszielng Taefinswdaiionisuilaaniely
Uszimanazranmaniugiiionisdeoon Yaqiudl
51897UnsNUlsATRILAINI a8l Lawn
Cucumber mosaic virus (CMV), Papaya ringspot

virus type W (PRSV-W), Zucchini yellow mosaic



virus (ZYMV), Watermelon silver mottle virus
(WSMoV), Cucumber green mottle mosaic virus
(CGMMV), Watermelon mosaic virus (WMV) Lag
Melon yellow spot virus (MYSV) (Kositsakulchai
et al., 2013) fausd .. 2537 Ssaunsnuide
winlihfafdwhasfivaseghafidifyvane
mﬁmﬁgaﬁﬂmgmL?wlmLLaﬂULgmﬁjLLazmmm
g1enenlsAfIeuNaIIng (Bemisia tabaci)
(Brown, 1994) %ﬂ%zﬁﬂﬁlﬁmamﬁmﬁlﬁﬁqmmw
waziiuIunuanaseg1suin (Kittipakorn and
Srithongchai, 2002) wlnlulfaidnwuzass
aumAduluunIINaNg (icosahedral twinned
particles) uruAunaUsEIM 18-22 Ully
wng (Bottcher et al., 2004) Flundudduaane
wendnwaziiung (circular single-stranded DNA)
winlul$aialus 2 wuu A monopartite Hdau
299 DNA-A Lile98191R87 ey bipartite Usgnau
MBeILUDe DNA-A ey DNA-B Ine Chiemsombat
et al. (1996) sreaumsnuiulnlulsaluived
WA 19U N8 Vv whenan Ui §aenns
14dulefInT13 (DNA probe) waginaiianen
vaen lauslawwdu (Dot blot hybridization) lng
4 DNA probe findnainiduevesulnlulada
a1 lsaluminindeswedusidewe Tantiwanich
et al. (1999) snenumsnsranuidewulnlulSai
dvaneurumae (Angled luffa leaf curl virus,
AILCV) Bsazuanionslusenminguuazidugnd
wides lullvwialdnnitund nsAnw1dluuves
Thsa AILCV wuinUsznausig DNA-A Jaun
2,746 thpdlolna waslianuduiusniaiugnssy
fuide Tomato leaf curl virus - Indian (TLCV-In)
93.3 Weddud uenantudifisenumsnude
with¥afidvihaefindes fe Squash leaf curl
China virus—[Thailand:Wax Gourd:2008]
(SLCCNV-[TH:Wax:08]) liuania1nistuvingu
WaLANUMEDY (Sawangjit, 2009) nsANEILUL

2931158 SLCCNV-[TH:Wax:08] Wu DNA-A fluunn
2,739 ihadlelng Tul w.a. 2551 Ito et al.
(2008) s1BruN1sATIINUE BN LS AT
Mateunanaly o.Auniuway 9.uasUgy Ae
Tomato leaf curl New Delhi virus -
[Thailand:Cucurbit:2006] (ToLCNDV-
[TH:Cuc:06]) Alunusznounie DNA-A Hayuin
2,739 dandlelne uay DNA-B Hvuim 2,694
Tmdlelng wuideilnluldadidvinarstig
A® ToLCNDV-[Thailand:Bottle gourd:2006]
Fe3lunusznoudae DNA-A flauin 2,739
Thnalelng waznudeiuinlylidaiidivinane
flnvies fia SLCCNV-CN [TH:06] Fa3luwdszneu
8 DNA-A flunn 2,736 Tadlelng Tnefias
AUTALENI91INNTIUARBY 21NTIBITUATENTIA
WY 9ALRI09 Kositsakulchai et al. (2013) WUl
LL‘Uaﬂ‘UQﬂLLMQﬂ?ﬁﬁﬁﬂﬂii%Uﬁﬂ‘UadLLiJaQMf‘,JI‘U’l?I
TULAINIZUAAIENBUZOINSTIAINVAE T
Tushusetuduuu (upward-rolling lea Tunin
(curling leaf) 1Uﬁ;®m§a\1 (yellow spot leaf) lLay
Tumdes (yellow leaf) annmsAnwwes Ito et al
(2008) lédusogsunnniansenslumdos
(yellow leaf) iBe 1 91115 LleAnwIlunveaie
winlubSaamglsalumdedduunini agdls
Amu ornslurnlagliuansennisimvdesisenns
waesudedvliTdFAnuiadoamauandu
fegeiimsthidnuiiletuiusiinvesdewln
Th¥afidvhate wagldeduisanunainnay
yesemsiduiusAurinvesdewlnlylaaidn
vateunaninveslng Feazidudoyaiidy
UszlevdsianisAndeniiugaunulsadelyly
owAn NUATEET U Riofinuwelsvoude
wWinluliaaindegsluwaanindifivunain
04109 9.mMayauy3 Jauansenmslurinusilainans
91MsAnemiaes Ingthdeyadlunuiuseuiiguiu
g1udeya GenBank wagiUSeuiiiguauivileuiy
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vosdruilindlelvaiudeyadlunveaioiulnly
Ifannuluiivisdunsuasiivyiindunisegaly
Uszwrlng

aunsal wazdsnns

mswiudlegnadaulnluladaannunnan
guiiusognaunannenguseaa 55 Ju 7
fidnwarensveadalnlyhiadvhanesuu
4 fhoga ndnvaremMsiwanseiu fe Tushu
sotuduuy (A) Tuvin (8) Tugamdes () warly
Wided (D) InetAufmieg19anulasugnisanangs
wdvdluaiiui o Tudu oo 2.nyauy3 T
WPIUNGATNIEU W.A. 2555 théeg1eunsnaiia 4
81715 11R52930988180 1 Saviin B uR 1833
Indirect plate trapped antigen ELISA (indirect
PTA-ELISA) lngdinluasa1nidnisves Clark and
Adam (1977) wleasaadeuinilafasiadudn
wranesauiuideiulnlulafaniely Taeld
weuRveRismzaelSaifisnenuindvhans
fwnsznauns 6 vl Ao anti-CMV anti-PRSV
anti—-ZYMV anti-MYSV anti-WSMoV ag anti—
CGMMV polyclonal antibody
fegraunenanaiandue NNty
WYR1LI5N150049 Dellaporta et al. (1983) wazil
11M529703d8AmATlA polymerase chain
reaction (PCR) Ingld specific primers: Begorno-
CP-F : 5 ATGTCGAAGCGACCAGC 3 uag
Begomno-CP-R : 5 CGATGCGTGAGTACAGG 3 i
§umzde partial CP gene voudailnlulidads
sanuwuulnsiuesaingiudeyaly GenBank
database laglaluswknsy FastPCR (Kalendar,
2005) Wnszuauns PCR Usznoudedu pre-
denaturation 94 °C 3 un#t aniurhUfizen
U 30 59U WRagToUUSENaUAIY denaturation
94 °C 45 3u¥ annealing 55 °C 45 U7 uag
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extension 72 °C 45 U1 Sﬂgumauqmﬁ’mﬁa final
extension 72 °C 7 Wil mgauAzendt 16 °C 10
Wit antumsavEeu PCR product Tngld 1%
agarose gel electrophoresis Tu Tris borate
buffer (TBE) wazthludonuau DNA fe ethidium
bromide #513@auULayU DNA nelduasdansd
Talaldn (UV) Wiguisuruines PCR product
fiu 100 bp Plus DNA ladder (Fermentas, USA)
YUAYeY PCR product Aiesns A 714 glua 3
Wuvwinves partial CP gene

mslraudlunvsadewnlulaga
Widuiesmaniegisuninnidulse
uinUSnadlunveudewinlulfas 1693
rolling circle amplification Iagld TempliPhi™
DNA ampilification kit (GE Healthcare, USA) snu
WN13venEn 11 Total genomic begomovirus
DNA wndamgloulgidninwiziiies 1 sdase 1
Ufi3e1 Aie BamHI uaz Kpnl (Fermentas, USA)
wontuslunveadelnluladedlvunnuszana
2700 vjma meLnAllA agarose gel electrophoresis
iludeunauiiduleme GelStar™ Nucleic Acid
Gel Stain (LONZA, USA) afntuiluneenain
19an8 FravoPrep™ GEL/PCR Purification Mini
kit (Favorgen, Taiwan) 1lUideusiafu pQE-80L
vector (QIAGEN, USA) fidnaneteulasifnsiniz
siiadefutuiisatuRlumveaulnlyhiauazee
Wnliituide £ coli aneusg DH5aL fe3ins Heat
Shock (Sambrook and Russel, 1989) 1nldds
IATIEREITULUAAQ87D Sanger sequencing
method (Sanger and Coulson, 1975) AUUTEW
Macrogen (South Korea) thahsuihaalelngiiléin
AATIER Open reading frame (ORF) felusunsu
BVTech Plasmid (http://www.biovisualtech.com/)
waztvayadlunludiuves DNA-A wndnwy
audutusmetugnaaludusely



N1FAATIENANINAUNUSNINUINTTUAIBTTNT
MeBrasaumAnIEns
thioyadluuilfuninsgsidelsunsy
Clustal Omega version 1.2.1 (http://www.ebi.
ac.uk/Tools/msa/ clustalo/), GENEDOC version
2.6.0.2 (http://genedoc.software.informer.
com/2.6/) waglusunsy MEGAS5 version 5.1
(http://www.megasoftware.net/) lW3suULBURU
Toyailunvenieivlnlulafafiiseuly
GenBank database (http://www.ncbi.nlm.nih.
gov/genbank/) iiadiAsizianuduRus N9
ATu1n13 (Phylogenetic tree) #1875 neighbor
joining (NJ) method (Saitou and Nei, 1987) 984
Fowlnlubh$aluiiwwdiasie q ludsemalneid]
senumsnuideinlubdadwhane (Table 1)

NANISNAABY hazlasal

msfiudlegradaulnlulafaannuninan
'1°uLmewmﬂLLanQﬂﬁﬁLLuam%n
szuty adudu eafes a.mgyauys ddnvos
91m1s 4 dnwase Ao lushusetuguuy Tunin lu
oo wavlumdes (Figure 1) lawduiiu 1
19819610 1 81N13 TIUTNUIU 4 9819 LAz
Fadeidelfauiinme 4 Tnglduouiveiisme
sordelasa 7 viln wuiiliieuiAsefusiethe
Tuupenanta 4 emsithanasitesednes PTA
indirect ELISA wsiiloriiluunsnaniie 4 eannsun
asa9ataddewTnlulidade3s PCR wuan
#0819 B C uar D ananuidewinluldalag
Usnguaufiduefivuinyszann 714 s Fad
YUIAYDY partial CP gene‘[,umu'ii’aﬁl,ﬁaﬂﬁaasm
B ileluiiansidduivavesilusvesdeaig
Tsa esniidnvazernislumin (curling leaf)
Wiesegaienazsfuannsiuansisanauise
Aeunthilues Ito et al (2008) Falgvinsden

Frethauninifidernislumdes (yellow leaf) 11
ANw LaraNNN15E15939989 (Kositsakulchai et al.,
2013) WU INSIUIRN (curling leaf) waglutraos
(yellow leaf) Useanau 40-50 WWosidus vosuwias
Ugnuasnn

mslaaudlunveadewlnlulaa

Fewlnlul3alushedns 8 f3lusduwuy
bipartite Us¥nausi8 DNA-A ey DNA-B 21nN8
msiasgianuiandlolnaves DNA-A WU
BamHI @ansafn DNA-A T 2 fumtls (s
fndlalvd 108 uar 125) lngegvinaiu 11 Lua
Fei1nsBududiduiandlelnd fidiuny
fmalelne 114-124 @2835015 PCR lagld
VLWiLﬁJ@i“ﬁQﬂE]’eJﬂLLUU@J’]%’]H%@@J\@ DNA-A A
DNA-A-FOR : 5" CGGCGTCCCTCAACTTCCTC 3 Wy
DNA-B-REV : 5" GAGTCGTCGGCGTACCTTCG 3" U1
PCR product dsdiasizvigduinndlolndiiie
Suduseuanalelndiidiuvus 114-124 wun
DNA-A $1931 2,738 #lud & 8 ORFs g AV1 (coat
protein), AV2 (pre—coat protein), AV3 (AV3 protein),
AC1 (replication-associated protein), AC2
(transcriptional activator protein), AC3
(replication enhancer), AC4 (AC4 protein) Lhaig AC5
(AC5 protein)

DNA-B 31910 2,690 ALUa %ﬂgﬂé’mé’w Konl
Wies 1 s @sunisiandlelng 1957) & 2
ORFs A® BC1 (movement protein) Wag BV1
(nuclear shuttle protein) (Figure 2) (Table 2 Ly
Table 3)
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Figure 1 Symptoms on the infected cucumbers collected from Wang Yen Sub-district, Muang District
Kanchanaburi Province showing upward-rolling leaf (A) curling leaf (B) yellow spot leaf (C)
and yellow leaf (D)

TAATATTAC TAATATTAC

| ToLCNDVATH:KR:Cu:12]
i DNA-A (2,738 bp)

ToLCNDV-[TH:KR:Cu:12]
DNA-B (2,690 bp)

0002

1509

Figure 2 The genome structure of Tomato leaf curl New Delhi virus-[Thailand:Kanchanaburi:Cucumber:
2012] consisted of DNA-A (left) and DNA-B (right). The DNA-A and DNA-B showed conserved
sequences of stem structure and loop structure of nonanucleotides (TAATATTAC) in the
intergenic regions.Three ORFs (AV1, AV2, AV3) in virion-sense and five ORFs (AC1, AC2, AC3,
AC4, AC5) in complementary-sense of DNA-A and one ORF (BV1) in virion-sense and one
ORF (BC1) in complementary-sense of DNA-B were reported in this study
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WU11 19 DNA-A uag DNA-B fidsuiianalolng
Tudauaed stem structure Wilpuiunazianau
f2mdlelnd %971 nonanucleotides
(TAATATTAC) Faududauiloy3nsld (conserved)
vashialunguiulnlubhiadosndugaiFud
Tunsdassiosmedhadanduil Laufs et al.
(1995) iilehdeyadndlolnsves DNA-A 14
WIgu Wiguiugiudeya GenBank wudn A1
duiugnieiugnssulnadaiuuiniu Tomato
leaf curl New Delhi virus isolate ToLCNDV-OM
DNA-A (accession no. GU180095.1) fiszsu
98% Tuvauzdi DNA-B  flaulnddafuiiszau
94% AU Tomato leaf curl New Delhi virus
isolate TOLCNDV-OM DNA-B (accession no.
GU180096.1) iilethdeyaiinadlelndvas DNA-A
uay DNA-B luiFsuiisusudeyaidoiulnlu
Th¥afiAufieg1aunananu1a1n o.MunaLa
2.UATUTU accession no. AB330079 (DNA-A)
uaz AB330080 (DNA-B) lusnesuwves lto et al
(2008) nuinfianulnddafuiiseiu 97.26% way
92.34% m1ua19U (Table 4 way Table 5)
Sansdoelnlylafaannuninindaegie B
11 Tomato leaf curl New Delhi virus—
[Thailand:Kanchanaburi:Cucumber:2012]
Yotofte (TOLCNDV-TH:KR:Cu:12]) uazldisneeu
Toyaiindlelnalugiuteya GenBank database
1lng DNA-A & accession no. KU992383
waz DNA-B & accession no. KU992384

N1353LAT1ZNANUTUNUSN1IWNUTNTTUA 87T
NN TEUNAAIENS
NMFIATIERANUFUTUTNI UGN TTY
ﬁuaw'??a Tomato leaf curl New Delhi virus—
[TH:KR:Cu:12] Tudiuvesdluy DNA-A Wigy

disufudeoyadeivinlulidadidsisauly
Uszndlng (Figure 3) wuindle ToLCNDV-
[TH:KR:Cu:12] aglunguillnd fuduide
ToLCNDV-[TH:Cuc:06], ToLCNDV-[TH:BG:06],
SLCCNV-CN [TH:06] Ito et al. (2008), ToLCNDV-
[TH:Luf] Tantiwanich et al. (1999) uag
SLCCNV-TH [TH:NK:WG:07] (Sawangjit, 2009)
Fadudewlnluldafidifvsdunaduiivende
Ao uAen s Bnnes viumas wasiiniden
pudRy tnelianuduiusnisiugnssulngdn
funanndn 80% luvmedl ToLCNDV-
[TH:Kam:AFSP2c:Sa:10] iuideiioglungu
Wentuuaifvededulnmudu (Shih et al.,
2013) drwderinluldaidvinaneiered
UzL9 A® ToLCTHV-[TH:To:05], TYLCTHV-B
[TH:05] (Knierim and Maiss, 2007), TYLCTHV-B
[TH:SaNa], TYLCTHV-B [TH:Nok], TYLCTHV-B
[TH:ChMai] (Sawangjita et al., 2005), TYLCKaV-
[TH:Kan1:01] wag TYLCKaV-[TH:Kan2:Egg:01]
(Tsai and Green, 2003) FsiAnuduiusnig
ugnssulnddafudszuin 70% Fuide
wWinlulh$aidvhatefivsduns

JagUuiinis@nwianuduiug sening
DNA-A, DNA-B ilay beta-sattelite DNA w84
‘o ToLCNDV senisvedlsafiuanioanludy
UzLU9812 Pratap et al. (2011) WUl beta-
sattelite DNA vilfiftwiionnisaraundonnniu
dlowSeulsuiusudilil beta—sattelite DNA
Fetuntsneasslutus elufinisanwrnng
Funusvos DNA-A, DNA-B Lay beta—sattelite
DNA va3% ToL CNDV ﬁLLammmﬂuﬁ%nga
wasiievimnudalaisatunalnnisidiviians
LLazé’ﬂwmzmmwaaﬁﬁzjﬁgﬂL%a ToLCNDV
Wrvihanemely
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Table 5 Percentage of genetic similarity of DNA-B nucleotide sequences from the begomoviruses
found in Thailand. KU992384 accession number (underlined) is the genome from this study

AB33008 KU99238  AF51152 AF51152 DQ87122 AY51463 AY51463 AY51463
AB330080 92.34 48.57 48.57 50.40 50.02 50.27 50.25
KU99238 92.34 47.99 47.99 49.49 49.28 49.45 49.51
AF511528 48.57 47.99 100 74.60 74.60 74.30 74.04
AF511527 48.57 47.99 100 74.60 74.60 74.30 74.04
DQ87122 50.40 49.49 74.60 74.60 9391 94.42 94.35
AY514634 50.02 49.28 74.60 74.60 9391 97.05 96.87
AY514633 50.27 49.45 74.30 74.30 94.42 97.05 99.42
AY514635 50.25 49.51 74.04 74.04 94.35 96.87 99.42
99 , ToLCNDV-[TH:Cuc:06] (AB330079)
5SETDLCNDV-[I'H:BG:DS] (AB368447)
e ToLCNDV-[TH:KR:Cu:12] (KU992383)™
I ToLCNDV-[TH-Kam:AFSP26:Sa-10] (JN209214)
= ToLCNDV-[TH:Luf] (AF102276)
a4 SLCCNV-CN [TH:06] (AB330078)
- [ pSeowvenmon (s
-~ SLCCNV-TH [TH:NK-WG:07] (EU543562)
BYVMV-[TH:Kan:0k2:09] (JX678966)
95 10— AYVV-Ka [TH:Ka:AFSP3d:10] (JNE0S816)
. SauLCuV{TH:Kam:AFSP5e:10] (JN209320)
- TYLCTHV-B [TH:Nok] (AY514631)
| - TYLCTHV-B [TH:ChMai] (AY514630)
B 9 . -0 L— TYLCTHV-E [TH:05] (DQ871222)
TYLCTHV-B [TH:SaNa] (AY514632)
ToLCTHV-TH:T0:05] (DQ871221)
= PepLCV-TH [TH] (AF134484)
- TYLCKaV-[TH:Kan1:01] (AF611529)
100 L TYLCKaV-{TH-Kan2:Egg:01] (AF511530)
MYMV-TH:Mg1] (AB017341)
—
0.05

Figure 3 The phylogenetic tree showing the genetic relationship of Tomato leaf curl New Delhi virus
—[Thailand: Kanchanaburi:Cucumber:2012] of DNA-A (***) compared with the other
begomoviruses reported in Thailand
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msanelasiadedlunvesdowinlulaa
Fidvhansunanlaguansdnuaze1n1slunin
wagliuaniennisatanaes Ineiufdiegn9ain
8.48103 2.nMgyauy3 wuhdtlunduuuu bipartite
Usznausig DNA-A dlvuin 2,738 diua Usenau
A8 8 Open reading frames (ORFs) Ao AV1,
AV2, AV3, AC1, AC2, AC3, AC4 uag ACS a7
DNA-B flu1n 2,690 flua Usenaunie 2 ORFs
f9 BC1 wag BV1 LLav‘wmﬂL%@Luiﬂimhiamﬂm
TusuA9eili DNA-A uay DNA-B Adlruduiug

Tnadafuunniue Tomato leaf curl New Delhi

virus isolate TOLCNDV-OM awwslsalumin
uzBemainululszmaduiefisziu 98% way
94% muddy waviauduiuglnagatuide
TOLCNDV-[TH:Cuc:06] fisgdu 97.26% uay
92.34% sy Sadusegeildanluunsn
wansorn1slumdesiinuly snnafiunauay
JamTauasusu (to et al., 2008) Fensdedo

wWinlh$awiinids Tomato leaf curl New Delhi

virus — [Thailand:Kanchanaburi:Cucumber:2012]

Hotato (TOLCNDV - [THKR:Cu:12)) 9ndaya
N153LA31ERAIUFUTUSNIINUTNITUVOUT D
wWinluh$addsreaululsvmalnedaus
.. 2542-2555 wuindewlnlulh3aidvhane
NyreAumedl 2 ¥fn Ao ToLCNDV way SLCCNV
ImalaiwmwsmudwLﬁﬁ’wﬁwawaﬁmwﬁ'u wwu Nl
amwaml,auuuwa uay ’Nﬂm aﬂnummmmu
Faflsneaunisasianuidle ToLCNDV Aeunthil
(Shih et al., 2013)
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