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ABSTRACT: Tomato leaf curl New Delhi virus (TOLCNDV) causes curling leaf disease of cucumber,
an economic plant in Thailand. Serological detection of this disease requires good quality
antibody. The objective of this research is to produce anti-ToLCNDV antibody against recombinant
coat protein (rCP) antigen of TOLCNDV—-[TH:KR:Cu:12] isolated from curling leaf cucumber sample
in Kanchanaburi province. The CP gene was cloned and ligated into a pQE-80L expression
vector. After inducing gene expression, the rCP inclusion body form was obtained and required
denaturing condition for protein extraction and purification by Ni-NTA column chromatography.
Based on sodium dodecyl sulfate — polyacrylamide gel electrophoresis analysis, the rCPs showed
the molecular weight of 31 kDa which was further used as an antigen for rabbit immunization.
The antiserum had been collected started from the 5" week and continued weekly for 14
weeks. The highest antibody titre appeared in 15" week after the first immunization, at 102,400.
Determination of antibody specificity was performed by indirect plate trapped antigen enzyme-
linked immunosobent assay. The result showed that the antibody was specific to native ToLCNDV
however it cross-reacted with Tomato leaf curl virus (TLCV) and African cassava mosaic virus
(ACMV) which contained amino acid similarity at 76.95% and 76.95%, respectively. Since no
report of the infection of TLCV and ACMV in Cucurbitaceae therefore the produced antiserum
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could be used for preliminary screening of TOLCNDV infection in cucurbits and ACMV in cassava.

Nevertheless we do not recommend the use of this antiserum for the detection of TLCV in

tomato due to the host range property of tomato for ToLCNDV.

Keywords: Cucumber, begomovirus, gene cloning, antibody, virus detection
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UNANED

Tomato leaf curl New Delhi virus
(ToLCNDV) Li“]m%a"b%’aiuaqa Begomovirus T
awvlsaluinveaunainndaduiivassgiaves
UszwAlve nsnsiailiadelsrlaemedadsuine
Fududesendoueuiveififinunim vuideis
fnqusrasdlunsndnuouddsuiisinzsioite
ToLCNDV Tnglilushusiariuoyningnuauvasite
TOLCNDV~[TH:KR:Cu:12] 21n60819unanaby
win Jarianigyauys Wukeufiau Tnalraudy
Tusfuvioviueunmauaztinudeuseiiu pOE-80L
expression vector wasantnurliiinns
waneanvesdy wul lusiugnuategluzuves
inclusion body Fsdatldnisadalusiuluanin
denaturing condition LLazﬁﬂ‘ﬁU%qwéﬁw
Ni-NTA column chromatography n193tAS1%%
TUsAumasnalla sodium dodecyl sulfate —
polyacrylamide gel electrophoresis wuEhin
wilnlauana 31 kDa wazldlfiduuoudaulunis
danseing Bufudenludawi 5 uaziAuden
yndUasisuau 14 ads wudrAlamesvoauoud
F3ugeapludun i 15 udmnnsdandausn fe
102,400 N15MFIFFBUANUTUNITVDIULBURTTY
A28735 indirect plate trapped antigen enzyme-
linked immunosobent assay WUILLBURTTLYIN
UFAseldude ToLONDV lusssumd uazifin
Ufnzentuiiv o Tomato leaf curl virus (TLCV)
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wa Affican cassava mosaic virus (ACMV) &4l
Auiloutuvesdwunsnezdluil 76.95 uay
76.95 Wasdus muddu uiilesnldfisnea
delta TLOV way ACMV Sfivsdunaduiie
ol foru weuRTSu kARl dEansathlUldlunns
as1edeulosduvenie ToLCNDV lufivieduns
wag ACMV TugugnUzuaals walsiuuginlildnsaa
aouide TLCV lunvidowmeilasmnuzidomedu
frnfevoatie TOLCNDV wWuliieafiu

ArdnAy: wnandl, wulnlulada, naslaaudu
WAURUDA, N15RsI9daulITa

UNi

uwsnnihuiiueasusiiiddyuesussmelng
ﬁgamsmémLﬁaU%IﬂﬂmaamLLasﬂ’]wSmLmﬁmﬁuﬁ:
iWensasean wuilsediflanngunanndelasa
wazasennudemeliuwaanlauin Ae laa
Tuviinvesumainniiinanideldaluananinla
12¥a (Begomovirus) Tasfusasvivindu
wing eynialiaddnvasidunuunsinaug
(icosahedral twinned particles) Lﬁur;i’lu@uéﬂa’m
Uszanad 18-22 unluwums (Bottcher et al., 2004)
fAludufduemeaiendnuuandug (crcular
single-stranded DNA) wlnlula5adidlun 2 wuu
fio monopartite @sdidiuvad DNA-A Liigsegng
87 wae bipartite SsUsznousdLYE DNA-A



war DNA-B lme Chiemsombat et al. (1996)
srenumsnuiulnlubsalufivsdung wu dinnes
VAUWABL WA 1 faemslimEuesnge
(DNA probe) uazinaianen uaen leusladu
(Dot blot hybridization) Ine/l4 DNA probe findn
nddueveaulnlulSaannlsaluninmaes
YDA Ito et al. (2008) T1B9IUNITAUNY
Fowlnlulhdanndetuninnianioinisiu
wWided (yellow leaf) ludaninunsuguuasinsnzs
arsuiandlolnaludlunaiuves DNA-A way
DNA-B uwavssdeidotulnluladasinin
ToLCNDV-[TH:Cuc:06] siaun Kositsakulchai et
al. (2013) neaunsdrIalsabisaluiuadung
luiluil 8 fawia vesUsemelng Ao ngyauys
519UT UATUFU aNTIUYT NITUATATOYTEN
anauAs YouuAY wag Wedlnd wudwdasdan
LAINTTiN ST LI aIYT Tuwnennae
LARIENYATBINITAaInnate iy Tunin
(curling leaf) Tugawadad (yellow spot leaf) uae
Tumdes Fududnvazonmsvoadowlnlulaa
wazdalaildvhmsfigasinveadeiintilafai
Wvhane nuhndegnananndiuau 60 Wesidud
mmLLﬂaaU@JﬂﬁﬁmissmmaﬂLLuaw%n FiowN
Chantajorn and Hongprayoon (2017) $189740135
wuaTnlldalnensasiaaeusaeianis PCR
mﬂﬁaasmummwﬁLLammmﬂU‘vﬁﬂMmmﬁaq
wavluimdes ludwminnigyauys lneldnvue
91n157Ad18ABIAUTI89IIUN15E1599989
Kositsakulchai et al. (2013) 9nthuitaszaiansiu
Tmalelnaludlundiuves DNA-A Lay DNA-B
geudenlnlulhsaaniegnaunniuEnsens
Tuinuasiateerlnluladadeiiin Tol CNDV-
[TH:KR:Cu:12]
nsnanueuRveRiieldnTitededelhia
Tuana Besomovirus ludszwmelng wuindinisude

wouRvoRTisueseelnlulialng Seepiban
(2002) s18unsuanlululaauealouRUDAlAY
T4Tusfuvioriuouniagnaauvedel¥aluvin
waeszaIna (Tomato yellow leaf curl virus:
TYLCV) uneufiau Fusufivedainleusia
wrlpau M1 faus e fude TYLCV wavain
Trau D2 annsaviufAseldfuideTnlilfa
91nsaeg1eiiafinansornisluninmdes W
wnan $in vau finves fde wazdniun Taedi
ﬁﬁm’mmaaué'falzﬂé’ﬁiwm’mmsﬂqﬁ]ﬁ%ﬁmm
Fowlnlulh$aidwhane dewn Saepaisal and
Chowpongpang (2015) $1891UNISHEAR
Tndlraueausuivedfisinizdeideldalusna
WwidesuzllelUsie (Fggplant yellow mosaic
virus: EYMV) Tngldiusfiurterueuningnuaandu
LoufLaY FawsuRveddildfinausnwiziv
o EYMV warlaliAnufisendnududewnlulada
gindufiviuvadeu druni1sudnueufiven
Fsunnzsedo ToLONDV fidwhanefiensduns
deldiefinissenululsenalneg agalsiany
53798810 ToLCNDV 91ndnwaien1sves
LmeﬂﬁwﬂuamwLLanUQﬂlﬁmmmizwﬁ@
vaslidaldidosainoinisiinulusssuriinane
91115 drildelisardasudvinaiesaueae
(mixed infection) aBaildnvarennsvosi
flarunainuaeaIniy 39r15MIIEN130599
adefiduszaniamiieth vl duededioly
n13nT193dadeite TOLCNDV dagnegndas
sasisldlunsnraaeuiugviidumulsaly
nszurunsUivlsaRug Fefuauideieg
TagUszasAlumndnlusiuviovueyningnuas
399488 ToLCNDV-[TH:KR:Cu:12] uazldiiu
wouftulunisdanszdudninaasailondn
LouUATFNAS NN TanfeAnunuanTRves
woufvedlunInsIvItadude ToLCNDV soly
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< ad
QUﬂiﬂJLLﬁZ’Jﬁﬂ']’i

1. mslaaudusieuaynavaats ToLCNDV-
[TH:KR:Cu:12]

¥13Tunlugiuvos DNA-A v09Lde
ToLCNDV-[TH:KR:Cu:12] (accession no.
KU992383) flumsneglunatain pQE-80L
expression vector (Qiagen, USA) 2109117338984
Chantajorn and Hongprayoon (2017) Wfigl
Ysunudulusiuvieniueynia (coat protein
gene, CP gene) mavAdla polymerase chain
reaction (PCR) Tagldlnsiuesiisnunizee
CPgene Usznounaiy ToLCNDV-CP-F : 5’
ACATAGGATCCATGGCGAAGCGACCAG 3’
wag ToLCNDV-CP-R : 5" GGCCGAAGCTTTT
AATTTGTTACCGAATCATAGAAATAG 3’
Feeonuuulnswesandrsuiardlolng DNA-A
Y00 Tol CNDV-[TH:KR:Cu:12] Tnel4Tusunsy
FastPCR (Kalendar, 2005) wazianaduilinalolng
Fidusuninasweseuluifasuine @aduls)
Y94 BamHI (GGATCC) wag Hindlll (AAGCTT) T
ASEUILNS PCR Buanduneu pre—denaturation
94 parwalded 3 Wil ndurinuFises oy
30 50U wiazseuUsEnausletunousealul
denaturation 94 sANGaLRYd 45 U,
annealing 55 osA@aldod 45 U9 Lag
extension 72 A aldyd 45 U muAe final
extension 72 psraLded 7 undl vgnUfized
16 pesmwadoa 10 Wit antunsiadey PCR
product 1ngld 1% agarose gel electrophoresis
1w Tris borate buffer (TBE) waztinludauuau DNA
A8 ethidium bromide n539@0ULAU DNA A8
Touassansnhileldn (UV) 1Wssuifisuvuinues
PCR product fiu 100 bp Plus DNA ladder
(Fermentas, USA) lagauinues PCR product
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MFoIns fie 771 giua Taduvuiaves full CP
gene

2. N158319ALBURENYNENVBY recombinant
coat protein (rCP) gene

INaNAnALOULEUY CP gene WN@RAA
U%?j%éﬁ"w HiYield™Gel/PCR Fragment
Extraction Kit (RBC Bioscience, Taiwan) Lagsin
sageuluiandunig 2 ¥fa Ao BamHI uag
Hindlll thwanadin pQE-80L igndimsneneuluin
Sunzvdafetundoudetusoeulel T4
DNA ligase (Invitrogen, USA) AN438N15983USEY
dwan ntuiniduBuiiideusiotu pQE-8oL
vector Weheshnlvsuide £ coli aesug DH50L
f18735n15 heat shock (Sambrook and Russel,
1989) uazdniden transformant filduuennis LB
agar MiflansUfTruguoniddu anandutu 100
lulasnsusiediaddns Ineuuilonmgll 37 eem
wardea e 16 4lus wazih transformant
Hgnasramiuiusiedd PCR @enlnauiiling
Ju positive lUAeszidduiuawazmieniili
finsada rep Tudumausiely

3. N5IATIZRANYUSNINAEATNUDY rCP VD9
L%a ToLCNDV-[TH:KR:Cu:12]

idayadisunsneziluves rCP 18T0
ToLCNDV-[TH:KR:Cu:12] TJAinsevignsluiana
vaalUsiu Aualiiana A1 isoelectric point (pl)
uarAnadsvesnuanTRnITarasthedlysiy
(average of hydropathicity) aaslusunsy
ProtParam (http://www.expasy.ch/ tools/
protparam.html) kagdiaszvinaauianisasaly
drvedlusiugaslusunsy ProtScale (http://
www.expasy.ch/tools/protscale.html) Ing 1475
n159949 Kyte and Doolittle (1982)



4. MSUENIDRNVBIBULAZNISASEN rCP ‘U%ij‘l/l%‘

eaad £ coli aesiug DH50L Aldsuns
agenwatainflduleaenanyes pQE-80L
expression vector Wag CP gene ‘U@ﬂL%@
TOLCNDV-[TH:KR:Cu:12] Tuems 2YT Usuns
50 faddns MAuwouidaduarnududy 100
lulnsn$udefiadans onmgll 37 esmiwaldea
WEIRIEAULSY 200 sauseudl Wuan 16
Falua el fuwadiadu (starter) Yiadaad
luugnieasluoms 2xvT fiflueuiidaduai
Wty 100 lalasnsusefiadans Usuns 250 Jad
dnssanaan 91U 4 Wanaa Tusnsidiu 1:20
L?ﬁumﬁqmmﬁ 37 perwalled [WEIRI8AILEY
250 sousiawit WJunan 2 Falus iy 1PTG Tl
asdiudugavnedu 1 mM uazmidenhlsian
mia%ﬁa P Junan 6 $alus Junnezneuwad
fimusa 6,000 ia‘umam‘m qaumgil 4 8aA
wadea 1Juan 20 wil e misidsuead
azanunzNaUaanIY Tris buffer pH 8.0 (non-
denaturlng buffer) Iuﬂimm 8 liadanssio 1 nu
Wainiden) vewmenewde £ coli vnlvead
wANAIE3s freeze/thaw laglalulnsiaumaily
nsuruieas Junnaznewaadfininuda
13,000 s0Usiounl aamall 4 saruwadya Uu
han 45 Wit ivduhla @il 1) thasnewwed
1aza1slusAunie 8 M Urea buffer pH 8.0
(denaturing buffer) Ysuns 40 Ladans Pumn
avnauUfinINIsy 13,000 soUREUNT QouuQdl 4
ssrwadoa Wunan 45 wiit ivauiila (@
7l 2) thauthladaud 2 Wivarueedutiiiuss
Ni-NTA resin (Qiagen, USA) lngvinauisnisues
USenEnEn uagldszuudvimesiuu denaturing
condition AwtANUTNTUTlUIAUlAalEID
Bradford protein assay (Bradford, 1976) &z
nraaeulUsAufiuenuIanssaeisnis sodium

dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) lawld 12%
separating gel Wag 6% stacking gel (Laemmli,
1970)

5. msdanszdudninaaas

l¥nsesneug New Zealand White 818 3
Wou Tnedn P v09iTo ToLCNDV-[THKR-Cu:12]
filaueladludviiios PBS flgamgil 4 eemn
waidua Wunan 24 4alus aandudu 1 fadndu
sofiadans smuau 2 A% adusnwanii Complete
Freund’s adjuvant lugmnsidau 1:1 2aLgn
TaRnds (subcutaneous IﬂJeCtIOﬂ) Usunsg
1 fiadans wazdnndedl 2 ndwndamdusnunn
1 AU launaudu Incomplete Freund’s
adjuvant lusasidudn Fuiuidenanluylu
&l 5 wasifunnddaniaunsu 14 as

6. N15A52INAALADIVDILDURT S

AR lALADTYDILOURTILAEID Indirect
plate trapped antigen — ELISA (indirect PTA-
ELISA) sintlasainisn1sves Clark and Adam
(1977) Tnewadauviau ELISA plate fae rCP ves
\¥8 TOLCNDV-[TH:KR:Cu:12] Tu coating buffer
ANty 5 lulasniudeliadans Usung 50
lulnsAnssonqu Uuilgamgll 4 ssmwaldea 1y
181 16 $9139 819 ELISA plate fhetvlles PBS-T
3 %t adeaz 5 und LB 5% skim milk (blocking
buffer) ﬂmﬁqmwgﬁ 37 psmalded Wuan 2
79 819 ELSA plate setvlies PBS-T wuii
FunouRgsuiidesns 2 wih (2-fold dilutions)
$1U3n 12 v1@oA 13197 1:200 Auds 1:409,600
Tu blocking buffer Y3195 50 lulmasdnssavau
Unilguvinil 37 ssrwaidea Wuna 1 9l
&3 plate Fretrlles PBS-T 91ntuiiu goat
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anti-rabbit 1¢G conjugated with alkaline
phosphatase 3ol blocking buffer
8n31dau 1:30,000 Usuns 50 lulasdnsdenqu
Unfiguugdl 37 ssmwaiea Wunan 1 Falus
§19 plate 8nadeuaziinansazany p-
nitrophenyl phosphate (PNPP) 1 fia@ansuse
fiaddnslu substrate buffer Y3185 100
lulasdnseovau Unfigumgil 37 eamwaidoa
Wutan 60 urd YaAnasganduuasd
AMUEIARY 405 WITLUAS FaBLASed ELISA
reader (Multiskan EX, Finland) laanuaufas
afeflialnmesvosueuiveniisnmese rCP
geanifiotlunasadududely

7. NMTNAGIUAMUTIILNIZVDILDUAG T
THuoungsuluduamid 15 ndsainn1sin
afausn MFeans 1:1000 amegeuiufege
weuflauiiiiumageuiivanan 26 v fe
Papaya ring spot virus (PRSV), Zucchini
yellow mosaic virus (ZYMV), Watermelon
mosaic virus (WMV), Cucumber mosaic virus
serogroup | (CMV 1), Cucumber mosaic virus
serogroup Il (CMV 1), Tomato spotted wilt
virus (TSWV), Groundnut ringspot virus and
Tomato chlorotic spot virus (GRSV/TCSV),
Impatiens necrotic spot virus (INSV),
Watermelon silver mottle virus and
groundnut bud necrosis virus (WSMoV/
GBNV), Capsicum chlorosis virus (CaCV), Iris
yellow spot virus (IYSV), Melon necrotic spot
virus (MNSV), Cowpea mosaic virus (CPMV)
waz Squash mosaic virus (SQMV) 21nU3EN
(Agdia, USA), African cassava mosaic virus
(ACMV), Indian cassava mosaic virus (ICMV),
Sri Lankan cassava mosaic virus (SLCMV),
Squash leaf curl virus (SLCV), Tomato leaf
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curl virus (TLCV), Tomato yellow leaf curl
virus (TYLCV) wag Tomato yellow leaf curl
Thailand virus (TYLCVTH) 31nu3¥w (DSMZ,
Lﬂjaiaﬁamawﬁ Potato virus Y
(PVY), Cucumber green mottle mosaic virus

Germany),

(CGMMV), Odontoglossum ringspot virus
(ORSV), Tobacco mosaic virus (TMV) waglu
foiidTola%a Cowpea aphid-borne mosaic
virus (CABMV) ﬁﬁiuﬁawﬁﬁ’ﬁms 111139919
Ay coating buffer mmmwsmmmwmmam
drfuieg1eiidoarnuem mm‘umabﬁa
U'ﬁqwﬁhmmwmu 5 lulasnsunoladans
wazunfegafinfiiidolasalusnsdau 1:10
flu coating buffer uagtuAZoUNaY ELISA
plate U113 50 lulasansreviqu Unigaumgdl
4 gemgadea \unan 16 $2lus 19 ELISA
plate Aratniwes PBS-T Usuins 400 lulasans
AOVAY 3 p%1 afsay 5wl i blocking buffer
U31105 150 lulasanseviau Uuilgumall 37
sarwaided 1unan 2 93lue 819 ELSA plate
Wukiy Bukeufdsuiiiiesnsly blocking
buffer 8n318@7u 1:1000 kazyin1u3sn15lude
6. wazldnuun@ 5 ¥l Ao dud1Uzuds nwin
LENNIT Uzasne ggu Ju negative control
19 rCP wavdimuiieg 1unenfiilide
ToLCNDV-[TH:KR:Cu:12] 1u positive control

8. NFILATITHAMUFUNUSVRIAAUNTABZA U
U84 CP gene ‘UE)\‘]L%E] ToLCNDV-[TH:KR:Cu: 12]
Fuerinlulada 7 vdia fivhumageunainy
FUNIZNFTUINE
Ipzndeyarnuduiusvesdduninedl
Tuludruves CP gene woa1de ToLCNDV-
[TH:KR:Cu:12] (KU992383), Tomato leaf curl
virus: TLCV (KP698315), Squash leaf curl virus:
SLCV (AF256203), Tomato yellow Leaf Curl Virus:



TYLCV (AM409201), Tomato yellow leaf curl
virus—[Thailand]: TYLCVTH (AM156863), African
cassava mosaic virus: ACMV (HE814065), Indian
cassava mosaic virus: ICMV (AJ314739) wag Sri
Lankan cassava mosaic virus: SLCMV (KR611577)
melusinsu Clustal Omega version 1.2.1 (http://

NANISNIAABILALIR5A]

1. mslaaudusieuaynavaads ToLCNDV-
[TH:KR:Cu:12] wasn15a319RIdULeaN8NaUYDY
rCP gene

fuvewuoyninvenle ToLCNDV-
[TH:KR:Cu:12] Ailaauléiianuen 771 fandlelns
dlenenswadulusfiuasiruenveansnesiily

pQE-80 L

6xHis  BamHI Sphl  Sacl

www. ebi.ac.uk/Tools/msa/clustalo/), GENEDOC
version 2.6.0.2 (http://genedoc.software.
informer.com/2.6/) Wazlusunsy MEGAS version
5.1 (http://www.megasoftware.net/) Ine Az
AUANNUTNITTIAIUIN1SAIES Neighbor joining
(NJ) method (Saitou and Nei, 1987)

Wiy 256 residues Wh8usananIunasenoue
ggneauYay CP gene Way pQE-80L expression
vector Wladnihl#iinisuanseenvesdu wuin
WsRufinanldusznausensnesilusiui 256
residues $AUNTABENLUTIUI 12 residues 21N
PQE-80L expression vector (Figure 1) 33vlu
Tushugnuaniifinsaoziluiiu 268 residues
(Figure 2)

Sma |

Konl Xmal Sall Pst | Hind lll

Eco RI/RBS
AGAGGATCG B - -[GGATCCGCATGCGAGCTCGGTACCCCGGGTCGACCTGCAGCCAAGE |AA‘I'I'AGCI'GAG [:I

RGS His epitope
Y

MRGSHHHHHHGS (12 amino acids)

Figure 1 Twelve—amino-acid-residues from pQE-80L expression vector was added at the N-terminus

of the recombinant coat protein

10 20 30

40 50 60

MRGSHHHHHHGSSKTEAVDAGLNEKLKEKEKQKEEKEKQKGKDNEGASDGNDVSTSTKTG 60

ERDRDVNAGTSGTFTVPRIKSFTDEMILPRVKGKTVLNLNHLIQYNPQOQIDISNTRATQS
QFEKWYEGVRENDYGLSDNEMQVMLNGIMVWCIENGTSPDISGVWVMMDGETQVDYPIKPL
IEHATPSFRQIMAHFSNAAEAYTAKRNATERYMPRYGIKRNLTDISLARYAFDFYEVNSK
TPDRAREAHMOMEKAAATLRNTGRRMFGMDGSVSNKEENTERHTVEDVNRDMHS LL.GMRN

120
180
240
298

Figure 2 Amino acid sequence of the recombinant coat protein of TOLCNDV—[TH:KR:Cu:12]
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2. NSIATIZHANBUSNIINIYATNYBS rCP
289188 ToLCNDV-[TH:KR:Cu:12]
INNITIATIEAENINN NG ATNYD S
LUsAuselusunsy ProtParam wuin rCP dans
Twanafu C_H N 0O s dwifnluana
q 1362 2&41 419 380 17 . 9
= 31,010.58 ananu (~31 kDa) uazdAn pl =
10.17 diodmszididunsnesiilugielusunsy
ProtScale (Figure 3) Wu31 rCP fipnuanunsaly
nsaeilddeud e Tnegléain amino acid
position fiu1nN31 0 Faduwanitldveuti
(Hydrophobic) warwiniifiddinia 0 dedan
uau () szfumniiveuih (Hydrophilic) e

fiarsannarlndidlndiadundianunse
Uszufiule a1 rCP weaide TolLCNDV-
[TH:KR:Cu:12] WnaziinsazanetAeudned Tng
‘wm'ﬂﬁﬁ'ﬂLaﬁamaq@mauﬂ’amsazawfwaq
TUsfiuwindu —0.642 laduindielusunsy
ProtParam WU31AITIATIETAGNINNIIAIEATN
voslusAuludiuves rCP al8lusunsuniedn
asauwaliaiugislun1sussiiusnwuenig
nenmiestuvedlusiuidnvdlotni 1w
Asuanseanneluwad £, coli Lavdinananis
donanmeiimungaulunisuen P liu3ans
Rnaa E. coli

FrotScale output for user seguence

T
Hphob. -~ Kyte % Doolittle

Score

1

=
1
- o
F—
== |
| =
P
[

==

15} 168

158 Zea 238

Fosition

Figure 3 Analysis of hydropathicity from amino acid sequence of TOLCNDV- [TH:KR:Cu:12] recombinant
coat protein (rCP) by Kyte and Doolittle method (Kyte and Doolittle,1982)
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3. NM3LANIDENYBBULAZNSIWTEL rCP USaVS

nsgnihmsuanseanvas rCP gene Aelu
e £ coli aneiug DH5QL Wudndinisiandonn
fawd9sn (low protein expression) Tneldnanan
TusAudifienududu 1 fadnsusowaduiuaey
W03 £, coli Uums 1303 uawidlothlvanaliuians
a8 Ni-NTA column wuintnmlaslussuu native
condition lalanansaazans rCP 99n1N97N bacterial
lysate 19 uazligenndaaiunisiinseinaandn
vosmMTaraE g eideTUsunsY ProtScale
LAy ProtParam Liesa1n rCP fimainzngusaudn
fulaanalusiuflegmeluwad £ coli nanewdu
Tuanadsfouiiiendn inclusion body (Singh

et al,, 2015) usidleldtmeslusyuu denaturing
condition fi® 8M urea buffer pH 8.0 33@11130
azany rCP @emnan inclusion body 1¢ fiu
wandnlUsAuIseglusuiidaninmiesssund
(denatured form) 16l linear epitope £4a11150WU
ToudlUsAudan mynIesssuRuLa (Forsstrom
et al, 2015) dadusinudmaneiayldlunis
N3z IBUAUDIURsE Raes TnsuouAuefi
wAnlFarinsmuanasalumshU RS uide
ToLCNDV-[TH:KR:Cu:12] Tusssusi@ 21nn1s
Anseilusauniemailn SDS-PAGE (Figure 4)
wud rCP Tawausvana 31 kDa Fadvwinves
Tsiuln&desiuiinsesinelusuns ProtParam

koa | M A B C D
116.0
66.2 - -
450 ié
350 —
—-— - < recombinant coat protein
25.0 (31kDa)
18.4
14.4 — —

Figure 4 Analysis of protein expression by SDS-PAGE. Lane A-D are the bacterial extract from
wild type E. coli DH5Q strain, IPTG-induced transformant in native condition, IPTG-
induced transformant in denaturing condition and the purified rCP by Ni-NTA column

chromatography compared to Pierce™ unstained protein MW markers Cat. no. 26610

(Thermo Scientific, USA) (M)

4. M1315297AAN lALADI VD IUBURTTY
woudgsuAUlES Y 14 e el
Ufsendu rCP denlemos 800, 3,200, 12,800,
25,600, 51,200, 51,200, 51,200, 51,200, 51,200
102,400, 25,600, 25,600, 25,600 way 25,600 1ne
fanlamesgeanluduniil 15 vdansdansedu

Fninnassadusniidvindu 102,400 wazldih
weuigsuaidunldlunisnaaeeld Feildn
Tmeslndifesiuiissnunisnanlndlaauea
weuiveAfisumezaaiteilnlyldaaunglsn
Tupnsveuzifosiziinanide Eggplant
yellow mosaic virus (EYMV) 3sfi51841un1suan
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weuiveiselnlub3alulssndlneiiodifein
Inglusenuminanldlusiuvierineuningnuey
vduwouftauty udu (Saepaisal and
Chowpongpang, 2015) uasnuiuweuiasaluads
s fienlawesasgawitiu 204,800 dlorhueuRas
7139919 1:2000 luneaaeufu EYMV-rCP uaziiay
Julse (um 1:10) 91835 indirect ELISA @@ O.D.
405 nm WA 3.213 wag 0.308 auaeu Tueg
fueuRTsuidimnzsolusAuvioriueynAgna
Y9340 ToL CNDV—[TH:KR:Cu:12] finanluaudde
il \30919 1:000 ¥UHATEU TOLCNDV-rCP uae
fudifnde (Ua 1:10) TAn O.D. 405 nm Wiy
1.955 wag 1.151 auansu (Table 1) wansns
Usvansamimungdimduldnsiaeuite
ToLCNDV Tuiaslén

6. NMTNATDIUANINIZVDILDURGIY
LoudFsuiindnannnisld rcP voude
ToLCNDV-[TH:KR:Cu:12] 1Junaumiaulunisia
nzdudnmaaes nuhaunsoyhufisenldtude
ToL CNDV-[TH:KR:Cu:12] Tusssuwf inufazen
e TLOV Fetuzidomaduiivends was
Wo ACMV Feiiifudsndadufivonde uliiiin
UiRseiufuidelhasdduihinmageu (Table
1) wnavueuiadudluldnsiade ToLCNDV-
[TH:KR:Cu: 12] #3010 ToLONDV aneiugau 4 Tu
WyeAume d@runsaurluldnsiala oy 1adl
Useansnn widueuR@suasiinuisentiuiu
Fo TLCV uaz ACMV uadslinusiesuings
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TLCV way ACMV fiionduaglutsdung feduds
ansathueudslunsivaeuitesfudmiude
TOLCNDV fidvhanefiansdunsls iosainnuin
weuRTsuTinanlsv UGS Aude ACMY Tustu
dends FalulldDuivondoreades ToLCNDV
weg TLOV wuieniu dudunasdudselomily
MsnsI9EeUEe ACMV esdulutiudzndald
wWuiy wilduuzihlildueuagsuiiunisnsaa
adeide TLCV 9nfedrmzidewme (esann
{8 ToLCNDV fluzidewmaduiivendomilouty
o TLCV sailitetostunnuiisnanalunisnsie
3980 MnsenunsiseluUssmalnefifinnsudn
Inalaausawsufvenves EYMV wuliidaaiu
$unnzfuide EYMV Tunzidewsielagliiia
Uisedufuisunanthumeaey (Saepaisal
and Chowpongpang, 2015) wagn1suanlalula
ausauauvanlagldlusAuiauoun1Agnuay
GUENL%E] Tomato yellow leaf curl Thailand virus
(TYLCTHV) 1uneufiau (Seepiban et al,, 2017)
nulululpausaneuduiainleudiauilaau D2
vuseldsudeninliliavanseiauenain
TYLCTHV #isil Tobacco leaf curl Yunnan virus
(TbLCYNV), Pepper leaf curl virus (PepLCV),
Agerratum yellow vein virus (AYWV), Squash
leaf curl China virus (SLCCNV) ez Tomato leaf
curl New Delhi virus (ToLCNDV) usigslailavinnas
Faldonfulie ACMV fetuneuRdsusneide
ToLCNDV-[TH:KR:Cu:12] Imﬂmmﬁﬁmﬂuﬁﬁmu
usniiennsaiiaUAsealdiude AcMy



Table 1 Investigation of the antiserum specificity with 26 plant viruses from seven families by indirect
plate trapped antigen enzyme-linked immunosorbent assay (indirect PTA-ELISA)

Family Virus species Source Cat. No. O.D. 405 nm
Bromoviridae CMV | (Agdia, USA) LPC 44700 0.189
CMV I (Agdia, USA) LPC 44800 0.193
Comoviridae CPMV (Agdia, USA) LPC 24200 0.188
SgMV (Agdia, USA) LPC 26400 0.192
Geminiviridae ACMV (DSMZ, Germany) PC 0421 0.891
ICMV (DSMZ, Germany) PC 0875 0.224
SLCMV (DSMZ, Germany) PC 0424 0.205
SLCV (DSMZ, Germany) PC 0569 0.232
TLCV (DSMZ, Germany) PC 1109 0.889
TYLCV (DSMZ, Germany) PC 0588 0.214
TYLCVTH (DSMZ, Germany) PC 0952 0.219
Positive rCpP - 1.955
Positive Diseased sap - 1.151
Potyviridae CABMV Diseased sap - 0.191
PRSV (Agdia, USA) LPC 53500 0.189
PVY Purified virus - 0.188
WMV (Agdia, USA) LPC 54001 0.192
ZYMV (Agdia, USA) LPC 77700 0.187
Tombusviridae MNSV (Agdia, USA) LPC 12401 0.179
Tymoviridae TSWV (Group 1) (Agdia, USA) LPC 39300 0.180
GRSV/TCSV (Group II) (Agdia, USA) LPC 61000 0.182
INSV (Group 1II) (Agdia, USA) LPC 20500 0.190
WSMoV/GBNV (Group IV) (Agdia, USA) LPC 61500 0.191
CaCV (Group IV) (DSMZ, Germany) PC 0864 0.186
IYSV (Group V) (Agdia, USA) LPC 60500 0.175
Virgaviridae CGMMV (Agdia, USA) LPC 45701 0.184
ORSV Diseased sap - 0.185
T™V Purified virus - 0.181
Kind of Plant Cassava Healthy sap - 0.182
Chili Healthy sap - 0.181
Cucumber Healthy sap - 0.186
Papaya Healthy sap - 0.180
Tobacco Healthy sap - 0.188

Note: The indirect PTA-ELISA was conducted in duplicate using the anti ToLCNDV—-antiserum
diluted 1:1,000. The cut-off value was twice of the absorbance value at 405 nm of negative
control (healthy sap). Positive controls were ToLCNDV-[TH:KR:Cu:12] rCP and diseased
sap (Chantajorn and Hongprayoon, 2017).
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7. MFAATIZHAMUTUNUSVRIAAUNIABA U
U4 CP gene ?JENL‘%E) ToLCNDV-[TH:KR:Cu:12]
Fueinlulada 7 vdia fivhumageunaiy
FUNIENTTUINE
N153LATIEAAUEURUS VBIAAUNTA
oriluludluveslusiuverueuninvanio
Tol CNDV-[TH:KR:Cu:12] W3suiisuiuidewuln
Wwlh¥a 7 siafithumegeuaus iz fuleu
AFSU nuIANduiusveeanunsaasdluly
donndosiuAuduRLSNeTSAnen esan
LoURTSve A TOLCNDV-[TH:KR:Cu:12] Lin
UFRsefudelnlulafa 2 vile fe TLCV
waz ACMV Fefiilesifusmnumiloutuvesd
Funsaozilufiniafuuiniuide ToLCNDV-
[TH:KR:Cu:12] 9 76.95 wag 76.17 wesifus

pddy udliviiufasertude 1IcMy uas
SLCMV Feflidosifusanumilouiuresdasu
nsnoriilugedls 90 wWasidud (Table 2) uazdl
ANUFUNUSvaId1nUTIndlalna lnaiuu1nnI
@a ACMV (Saunders et al., 2002) L‘ﬁ'aﬁﬁaga
drdunsaesiiluveudeiulnluldans 8 vin
NUATITHAMUFURUSNIITAUINT @10758
wiseanléidu 4 ngu Ao nquil 1 Usznoudae
T8 TOLCNDV-[TH:KR:Cu:12], ICMV waz SLCMV
nquit 2 Usgneudaeidio TLCV way TYLCVTH
nguil 3 Usznaudeide TYLCV uas ACMV was
nguil 4 fie SLCV (Figure 5) Tagwuinngud 2
3 uag 4 dwesi@udanumilouiuvesdriunsa
orilulndlAgsduungnuonnguesnuuile
AATILAAYANUFURUTNIITUINNT

Table 2 Percentage of amino acid similarity of TOLCNDV-[TH:KR:Cu:12] coat protein with those

belonged to the other begomoviruses brought into examination

ToLCNDV* SLCMV  ICMV  TLCV TYLCV  ACMV  TYLCVTH SLCV

ToLCNDV* 90.62 90.23 76.95 76.95 76.17 75.39 74.00
SLCMV 90.62 97.66 77.73 78.12 76.95 76.17 72.80
ICMV 90.23 97.66 76.95 78.91 77.34 77.73 73.20
TLCV 76.95 T7.73 76.95 72.27 71.48 87.89 69.60
TYLCV 76.17 78.12 78.91 72.27 82.95 72.66 72.11
ACMV 76.17 76.95 77.34 71.48 82.95 69.92 70.92
TYLCVTH 75.39 76.17 77.73 87.89 72.66 69.92 68.00
SLCV 74.00 72.80 73.20 69.60 72.11 70.92 68.00

Note: ToLCNDV* = ToLCNDV-[TH:KR:Cu:12]
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Figure 5 The phylogenetic tree showing the genetic relationship of ToLCNDV-[TH:KR:Cu:12] to seven
other begomoviruses in the specificity examination of anti-ToLCNDV antiserum
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Tuianauszans 31 kDa iethludnnseeeiiiondn
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aouAuIzveeuRTIufuRel Tas LI
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a9y
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vovauAnAudinalulagiinininuns
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