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Production of Polyclonal Antibody Against Tomato Leaf Curl New Delhi Virus
Exploiting Synthesized Peptide as An Antigen
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mmwummaﬂammLw'ammmumuammmmﬁ 518 Tomato leaf curl New Delhi virus (ToLCNDV sﬁ\uﬂum@
’Lun@mLuTﬂ‘Emememﬂwm\imm\ﬂuﬂumﬂvl,wﬂ g lfnd Insdaunmzfiduiaumiau sﬁ\iwmaémwmmnmw
\{lu epitope uuiﬂimuﬁ@umumﬂ‘imu@’mmmﬂmmum‘mvuimmW‘L‘ﬁa‘qm‘wumiﬂsmumumummmm@ African
cassava mosaic virus (ACMV) uaide ToLONDV mululszwalng wllnsdamsefiauna 20 5@nd Ao
NIKTKNHTRRPTGTPQDFGE Taednlilwasriu bovine serum albumin (BSA) wazRAANILAUNITFANaNUE New Zealand
White ﬁl’]ﬁJIﬂiLmiumu @mﬂiumumﬂ peptide-BSA conJugate 1umﬂmw 1Uae 5 Tmﬂ'amL%WWWQTWNQ‘MWU?LQmﬂ'ﬂ
URNNTEHNE (subcutaneous injection) LAY L‘mﬂmul,u’m_limmm’mm (intramuscular injection) ANNAAL L‘;‘umm@'ﬂm
mniuuiumﬁmw 6-15 Tnenfudilanviay 1 Ass wudweuRTINNA leaeagsving 25,600-51,200 lneuoumTsN
ludlaw® 9 flenlmmesgegarie 51,200 usniziueuddsiludilani 6-8 uaz 10-15 fianlamesiviiu 25,600
namsnpgeuLlszdraninaeseniininanld samdau 1:200 lunaeiiEeide ToLONDY Aaameile
indirect plate- trapped antigen enzyme-linked immunosorbent assay (indirect PTA- ELISA) wudiAN o
1un’nmﬂgmmnummw%Lﬂu‘llim”l,mmmmiwamqm 1320 9MASEETUINENTLENT A3 sAHER LA LB A
TeflAuanzsalTe ToLCNDV WeeadaLfen Imaiquﬂgﬂimmmuma%mauwmmwmmummu 21 tim
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Abstract

The main objective of this research was to produce an antibody specific to Tomato leaf curl New Delhi
virus (ToOLCNDV), which is one of begomoviruses infecting cucurbits in Thailand. A peptide sequence, derived from
the target epitope on the viral capsid protein based on African cassava mosaic virus (ACMV) and ToLCNDV
(reported in Thailand) coat protein amino acid sequences and structures, was used as an antigen. The synthesized
peptide contained 20 amino acid residues that were as follows: NIKTKNHTRRPTGTPQDFGE. It was then conjugated
with bovine serum albumin (BSA) and used to immunize New Zealand White rabbits in the 1% and 5" weeks by
subcutaneous and intramuscular injection, respectively. The antisera were collected weekly from the rabbits, over
the period of the 6"™-15" weeks. Titers of the antisera ranged from 25,600-51,200, of which the highest titer obtained
was from the 9" week (51,200). The titers at the 6™-8" and 10™-15" weeks were both 25,600. Determination of
the antiserum sensitivity and specificity were performed using an indirect plate-trapped antigen enzyme-linked
immunosorbent assay (indirect PTA-ELISA) with the antiserum at 1:200 dilution. The results showed sensitivity up to
1:320 dilution of plant sap. This is the first report of the production of an antiserum that is specific to TOLCNDV only,

and which does not cross react with the other 21 plant viruses brought into examination.
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NE9AWAS 11 WAININ WASTH LUABY Y8 fé“mLﬂuﬁmmeﬂﬁ@ﬁﬁg@mmqmimmmqq Fefalunadiiuanann
azlddmiuidlnanaanuds  daiinsldiduingavlunirgaaiunssn Wy ewnmesilewsine o sandegaauneIN
mMaudnSniudiitedeeenisiyargea iy q senlzmalng Wl we. 2561 wudnifiunansdsenn
wanNuguAaly umanan uasiinnes Wududy 4, 8 uay 10 ANAIAL Imﬁﬁgammu%\iéuﬂizmm 1,300 #1uum
(1inaulAsHIRAaNIINERT, 2561) ﬁmmﬁz@qﬁaﬂmmmamﬁﬂuﬂ@iuﬁiﬁm laafafiRnanidelais sudelasa
WWAda Begomovirus ¢ Geminiviridae Saiudelasanasrennudsvnasefimasdundldasnand1aaang (Vincent,
2013) e lunguuninlllasaiiflansiugnssiuaiia single-stranded closed circular DNA Ralusutn monopartite
waz bipartite aynARAnHuzlumsInang duruduenatsreseunalszin 1522 wluwes i envelope
g191lszannd 38 W lwums (Lacatus and Sunter, 2008) ﬂ"m‘mﬂﬂL%@blmmlﬁLLNZ\\W%‘?J']QLﬂuW'm: (Bemisia tabaci)
(Moriones et al., 2017) RaniAndelaiaasuanien sl amaes 1sin an3l LaTALLATZINGY (Brown et al., 2002)
ludszndlnemumanumsdvnanasesdalunguiniulofaluisosduns ldud Squash leaf curl China virus
(SLCCNV) (Ito et al., 2008) Squash leaf curl Yunnan virus (SLCuYV) (g’ﬁwﬁ@lvul,ﬁm WAZATUY, 2559; ITNT RTYT
WATATUE, 2562) WAy Tomato leaf curl New De/h/ virus (ToLCNDV) (Chiemsombat et al., 1996; Ito et al,. 2008;
a3sde Aunzas uaziall sailszys, 2560) Tneida ToLCNDV lsngnunsnuasausniilssmanuieludl 1995
(Chakraborty, 2008) Lﬂu”Lqmﬁnmmf]umﬂmmmmnmmmmmmmwmimwﬂuqqvBTLLmLL@wu mfamﬁ yanAnNT
ffl’\‘iLﬁuL%ﬂﬁ@ﬂeLuﬂ@Nm@Lﬁ’]?mwm European and Mediterranean Plant Protection Organization smmmﬂmmu
52 szweluwauglsl (European and Mediterranean Plant Protection Organization, 2019) dwiudsznalne
Hea1undinaeNauangeiia i Annes mum (Chiemsombat et al., 1996) mumaw (Seepiban et al., 2017)
WATWANNL (29978 AUNZAT LAYSTR g91lszy3, 2560) ma‘mfmmuwwmL%ﬂ"l,'gi*ﬁ'qﬁﬂﬂ%ﬁu@mqLLW?’M@W oA
NNIMIAADUAIYABNNINNIEINENL LU 1NATIA indirect plate-trapped antigen enzyme-linked immunosorbent assay
(indirect PTA-ELISA) lnglduaufiuanuaznismsaagalsaamaiia polymerase chain reaction (PCR) Tngldalnsiuas
fiaimnzraidalosa agnalsfimumansaasetdatinAda indirect PTA-ELISA TifamnssfiantisnasagaLfatniia
Imsaazaan o i ldlszudanatuazeildans ludaqifuuvassnmhauevivensedewiniulaialulszndlne
Hiies 2 unad leun Audiadaniszwealng ddnauiaunuazmauladuisma nsznsenisgaufne InenAans
AREUATUIANT TN Tad) anti-begomovirus TBRC1-11 uaz TBRC1-13 monoclonal antibody (MAD) lay ﬂaﬁﬂ@mmwﬁ‘n
PRI TsATT ADUZANEAT AN UIEY NV ANENSRINEAIANERS 93] anti-ToLCNDV polyclonal antibody (PAb) agindls-
ﬁmuLLfauﬁuaﬁmnﬁ”\mmmeﬁmmmﬂmﬁmﬂﬁ'ﬁ?m%’mﬁuL%@”Lqi"mﬁmﬁlu‘l,umiuLu‘llﬂ‘lluvln‘i"m T2l anti-begomovirus
TBRC1-11 PAb LLZ\I“’ TBRC1-13 MAb ﬁﬁﬂ@ﬁ?ﬂ’]ﬁimﬁgﬂ Tomato yellow leaf curl Thailand virus (TYLCTHV) Wag
Lﬂmﬂ{]ﬂiﬂw’mﬂmﬁm ToLCNDV (Thalland Bioresource Research Center, 2020) 491 anti-ToLCNDV PAb V]’]ﬂ{]ﬂif;l’l
fU1Ta ToLCNDV Uag mmﬂgﬂ‘iﬂ’m’mm_llfﬁ’a African cassava mosaic VIrus (ACMV) (@597 A1NZaT uazsil m‘ﬂiwﬂi
2560) LLaJLLmLmummmwmwmﬂmnmaﬂumﬁﬂmmﬂgmmmmmm Squash leaf curl virus (SLCuV) uaz
Bean go/den mosaic virus (BGMV) (Agdla 2020) m\‘iuumﬂ\ﬂuml,faumuamwmL‘Wﬂ"ﬂ‘um@ ToLCNDV Ll iiaifen
mquummqﬂi:mmLWfam@mLLfaumuammeWﬁ:mfama%m ToLCNDV  Tael43annsdainsneving Insiaenuus
Tmﬁmﬁmmmﬂ,ﬁﬂuLﬁﬂuﬁ”‘uﬁﬁc-ﬁ“m@mmﬁ‘lﬁuﬁum‘ﬂﬂiﬁuﬂ@ﬁmummjmL%ﬂ ACMV deiiseinziaanaaslaseaing
@umﬂmrmmmmu”lmmiuﬂ@uu (Boticher et al., 2004) et 9l sHARLeuRLAL Lmvwwmﬁmimfmmu
@8 ToLCNDV Ssannudnifarassniddeiaiulsslamiantitaselsn nahseds suannsdmidenfimisnumas
mm@luﬂizmum?ﬂsuﬂﬁ;\‘iwuﬁqwﬂumumuiiﬂm@vl,ﬂ
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mshasziuazaansuumdnmieldifusauiivay

ilesmniaqiiugdlidsnanulasadoedsfuiedueyniatesda ToLONDV Assiludasldnisdngs
waziReuieuiuide AcMy fadudelrialunguideniuuasissunsneziiluludouneslsuieiieumamileuty
de TOLCNDV anf 84.9% dwiLdniden epitope dquﬁ@ﬂu’ﬁﬁuaqu@nm@qiﬂiﬁuﬁ@ﬁu@wmmmqL%@ifm”m
TunsAnenilldmaunmneziihuBnnillswiedieyneaeside ToLONDV finululsznalnedednenulugudeyn
289 GenBank S11aMeAW 6 Fratine 1dur accession number: AB330079.1, AB368447.1, KU992383.1, JN809814.1,
AF102276.1 uaz AB368448.1 UNNAAITWLETNNS linear epitope BaalilsAuvatinaynia Taaldllsunsn 1EDB
Analysis Resource (http://tools.iedb.org/bcell/) Lﬂ?‘ﬂumﬂmumrm_mm@m‘lﬁummiﬂamumm@umﬂmmm@ ACMV
(Bottcher et al., 2004) mﬂuummLﬁﬁ"\“’ﬁLWﬂhﬂﬂﬁﬂUi‘iﬁﬂ Integrated Technology ﬂi‘vmﬂmmﬁmmm
msnaandlnagaasziinullsiuuasiaasineds Glutaraldehyde-Mediated Hapten-Carrier Conjugation

Noad Insdammzfiuldsiiuuasieasnnuds  Glutaraldehyde-Mediated Hapten-Carrier  Conjugation
(Hermanson, 1996) Tasld bovine serum albumin (BSA) %78 ovalbumin (OVA) AaHidiidy 2 Haaniu/Aaaans azans
11 0.1 MNaCO, finda 0.15 M NaCl, pH 8.5 1Bunms 1 findans s inddanmzirnnudidu 10 faansiiiadans
U5unms 200 lulasans wanliidniuuaziiia glutaraldenyde loifiaaaxdudi 1% mnﬁuﬁuﬁ@qmmﬁ 4 °C 1flunan
4 $alus thansavanafildlllaesla%a (dialysis) 11 phosphate buffered saline (137 mM NaCl, 2.7 mM KCL, 10 mM
Na,HPO, uaz 1.8 mM KH,PO,) dtaszinaniswasind nsissnanasaainaiia sodium dodecy! sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) (Laemmli, 1970) 1ne/ld 12% separating gel s 6% stacking gel
NTHARLNALARUBALAURALBRAM® peptide-BSA conjugate

ldnszsinamnaasansiug New Zealand White a1gjtlsznnns 3 ihew aauan 1 fa taeiililsunsunisannszsu
nITsnEmMAaRIFIE §lanv 1 3 peptide-BSA conjugate ANIINDY 1 HadnTu/Aaaans WaNnL Freund’s complete
adjuvant 8m9149% 1:1 (vv) 1Buee 1 8aaang Wan e IARaMIRLEINAea9NI2Fng (subcutaneous injection) AANA
Tudiln9iT 5 BaueuRIALRNANTU Freund’s incomplete adjuvant 891874 1:1 1507109 1 AadAMT dnndnuiiersian
2IUA4 (intramuscular injection) émﬁmﬁﬂmmniuuiuﬁﬂmﬁﬁ 6 Mﬁ\imﬂﬂ’]ﬁmﬂizﬁ’juﬂ%\ﬂ,wﬂ Tnenfudilanviaz 1 A
s 10 duad (r:humiﬁ@ﬂimqLL@ﬂé’ﬂﬁiﬁmmgiuﬁﬂum’mﬁﬂm:ﬂiwmiﬁ’ﬁu@LL@ﬂ’]iL’gmLL@zHﬁm’mm
anunvue ‘Emﬂﬁmeué“mmm?méﬁmﬁﬁﬁLﬁumﬂgmLmz“l%zﬁ“miﬁmmmﬁwmmam’ NUINENREINHATANART
&T\'if‘: ACKU 60-AGK-045)
nansaagaLAt latnasaaIlnA LA UAALAURALDA

nsagaUAnlnmafesInAleaLe AL A ATHAR AR E peptide-BSA conjugate #atiAR indirect PTA-ELISA
FALLAgaNNITN1928 %mﬁwﬁ unnefanw Lazansy (2560) TneilaRaungu ELISA plate #agl peptide-OVA conjugate
g 5 llpsnsifiaaans azalu coating buffer (Usznaudas NaHCO, 2.93 n$u uaz Na,CO, 1.59 ni,
pH 9.6) Ysunmanguay 50 Tulnsans ﬂuﬁammﬁ 4 °C 911A1 419 ELISA plate gl PBST buffer (Usznausag NaCl
8 N3N, Na, HPO, 12H,0 2.9 n§u, KH,PO, 0.2 n§i, KCI 0.2 nid Uaz Tween 20 Usn1m3 0.5 Nanam3) U3nIms 200
VLNIV’W@G]? 3 pss ARIAY 5 UNTt AN blocking buffer (5% skim milk 7iazanely PBS) 15ums 100 VLLIIV’]?@M‘?/M@JJ
‘qummm 37 °C 1lunan 2 44lus 19 ELISA plate #agl PBST buffer 1Bunas 200 lulasans 3 At ASaaz 5 U
Fnueuzsuiideanslu blocking buffer uuy 2-fold serial dilutions 3xann 1:400 f 1:204,800 U3 manguaz
50 lulmsdms ﬂuﬁfqmmﬁ 37 °C ifluiaan 2 dalie §19 ELISA plate #ag PBST buffer 3 pdaiduin armifuifia Goat
anti-Rabbit IgG conjugated with alkaline phosphatase (GAR-AP) ‘ﬁﬁm’]\ﬂu blocking buffer am31d7u 1:30,000
umanquay 50 Tulpsdng Unfigouvnd 37 °C luaan 1 9alus & ELISA plate fag PBST buffer 3 AR U
nIvagaLHatevUisenlnaiAnansaraaduainsm p-Nitrophenyl phosphate (PNPP) Adnaidndu 1 Haaniu/ladans
4 substrate buffer (Usznausag diethanolamine 97 Nadam3, sodium azide 0.2 NFN WAL MgCl, O 1 nfu, pH 9.8)
ﬂ?mmu@mv 100 lulnsams uuﬂgmmmmmm 37 °C lunan 90 w1 fmmmimmﬂ@uumw 405 W lulums
WJF_Ime ELISA reader (TECAN, Switzerland) Iag negative control vﬂmmfa PBS mmﬂgmmﬂmmummm
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NN9ATAAFAUAINAUNE (specificity) URIINALARUDALAURALIDA

AsRdRLANNA Iz Ies TNATAaueALEURLSARHARIA#18AE indirect PTA-ELISA madEnnsfananadnasiy
TnelHueuATsua a9 @eanalu blocking buffer §Asdau 1:200 NageLLFetnTelaiafis 5 Aild S1uu
21 %9 F9ToUNANNFEN DSMZ tazine Germany i atia Begomovirus ANt 8 1HA Ae African cassava mosaic
virus (ACMV), Bean golden mosaic virus (BGMV), Squash leaf curl virus (SLCuV), Sri Lankan cassava mosaic virus
(SLCMV), Tomato leaf curl New Delhi virus (ToLCNDV), Tomato yellow leaf curl Thailand virus (TYLCTHV),
Tomato yellow leaf curl virus (TYLCV), Watermelon chlorotic stunt virus (WmCSV); anla Potyvirus AU 7 THA AD
Chilli veinal mottle virus (ChiVMV), Pepper mottle virus (PepMoV), Papaya ringspot virus (PRSV), Pepper veinal
mottle virus (PVMV), Pepper yellow mosaic virus (PepYMV), Watermelon mosaic virus (WMV), Zucchini yellow
mosaic virus (ZYMV); a1l Tobamovirus a1 3 THA Aa Bell pepper mottle virus (BPeMV), Cucumber green mottle
mosaic virus (CGMMV), Pepper mild mottle virus (PMMoV); Al Tospovirus U 2 11R Ae Capsicum chlorosis
virus (CaCV), Watermelon silver mottle virus (WSMoV) waTala Cucumovirus a1 1 1A A8 Cucumber mosaic
virus (CMV) iWrauiieuiiu negative control ‘ﬁﬁﬁfﬂﬁ’]%uluﬁﬂ%@dﬂﬂﬁﬁﬁﬂﬁﬁ?ﬂﬁﬁuLL@ua‘]_I@a
nsmgradauAull (sensitivity) 2a9lnalAauaaLauALRR

nageuAndlresnalaauesieuRLeREIERT indirect PTA-ELISA Tneuaaagnalufi7iAnde ToLCNDV
4 coating buffer 8ms1da1 1:10 AMiAeaanALTLLIL 2-fold serial dilutions WEIAINA2REA"4 1:10 - 1:10,240
RInaaauUiseNAEN9EN GAR-AP uazansazanaduawman p-Nitrophenyl phosphate Ax3anIsaananadnesiu

= A o
NANIFANEILASZIAITTUY
a o ¢ v @ a
msqmmvmm“aanu,umwﬂ'lwmw'a"lmﬂuuaumwa

LN@QLﬂ?’W“"M ||near epitope ‘H@\‘itﬂi‘ﬁluﬂ’ﬂﬂu‘ﬂuﬂ’]ﬂ‘ﬂ‘ﬂm%@ ToLCNDV TmEIL‘]J?‘EULVIE‘]Jﬂ‘]Jﬁ"mmuIﬂN’M‘N
Tﬂimuuwmummmm@ ACMV e mmL@fﬂﬂmummmmmmmm‘lﬁummmmumﬂu epitope Vl'ﬂ?;l@’]ut\l')u'aﬂ’ﬂ’ﬂd
Tﬂimuwaum@uﬂ’]ﬂ (Flgure 1) ”memunmmuiuwmmm 124-132 wae 143-154 mqmmvmmﬂu linear epitope
gl epltope gfptiflasanidanpe mmmﬂ‘ﬂmdLmummLLMﬂ‘Eﬂ_Iimu%unwmem'\w (denatured protein)
mm@mmu%ﬁ’immmmruqummamLL@ummu (133 by LN@LLG‘F_IULVIEI‘LIT]UL“TJ@ ACMV ﬂ?mfamiummuw N130, Q131
ay Q154 Lflumm'unma:u‘lﬁuwm’m\muﬂmqLLwﬁmﬂLﬂumuwa%mumu'aﬂmmwmﬁ%i@ (Bottcher et al., 2004)

FuaenLsnannaRsaiunsae A ialudunan deianfunsneyilusall NIKTKNHTRRPTGTPQDFGE iedidaaseyl
el

124 132 143 154
ACMV IWLDETIKKONHTNNVIFYLLRDRRPYGNAPQODFGOIFNMEFDNEPSTATIKNDLRDREQV 180
AF102276.1 IWMDENIKTKNHTNSVMFFLVRDRRPTG-TPODFGEVENMEDNEPSTATVKNMHRDRYQV 178
KU992383.1 IWMDENIKTKNHTNSVMFFLVRDRRPTG=TPODFGEVEFNMEDNEPSTATVKNMHRDRYQV 178
AB330079.1 IWMDENIKTKNHTNSVMFFLVRDRRPTG-TPODEFGEVEFNMEDNEPSTATVKNMHRDRYQV 178
JN809814.1 IWMDENIKTKNHTNSVMFFLVRDRRPTG-TPODFGEVEFNMEDNEPSTATVKNMHRDRYQV 178
AB368448.1 IWMDENIKTKNHTNSVMFFLVRDRRPTG-TPODFGEVENMEDNEPSTATVKNMHRDRYQV 178
AB368447.1 IWMDENIKTKNHTNSVMFFLVRDRRPTG-TPODFGEVENMEDNEPSTATVKNMHRDRYQV 178

Figure 1 Partial coat protein gene alignment of ACMV and ToLCNDV by Clustal W. Highlighted sequences are

the predicted linear epitopes analyzed by IEDB Analysis Resource Program.

msnaandnagaasziinullsfiuunasiaaslneds Glutaraldehyde-Mediated Hapten-Carrier Conjugation
nsnaandInsdiu BSA uaz OVA UATATIAAILNANTITNANAILMATNA 12% SDS-PAGE WU4N 2u1A189
peptide conjugate Jaualunindn BSA uaz OVA uaasdnilscauainugisalunianag (Hermanson, 1996) (Figure 2)
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116.0 KDa ‘<— Peptide-BSA conjugate

66.2 KDa
<— Bovine Serum Albumin (BSA)

H

|

Figure 2 Evaluation of the ToLCNDV peptide-BSA conjugation by SDS-PAGE in 12% separating gel [M = Unstained
Protein MW Marker (Thermo Scientific, USA), 1 = BSA 0.5 mg/ml, 2 = BSA 1 mg/ml, 3 = BSA 2 mg/ml and
4 = peptide-BSA conjugate.]

MsHARINALARUAALAUALARAMD peptide-BSA conjugate N1FAFIAMIATLALARS LWATNITATIAFDLAMNANNE
229 INALARUDALAURALAR

AINNIILABANTEANENARBINUE New Zealand White FUlnv 6-15 Aruauriadn 10 A WA weuFT S
fenlamafaud 25,600-51,200 Imﬂummmlmﬂmw 9 (51,200) immm"Lmmeﬂmw 6-8 WAz 10-15 (25,600)
(Figure 3) MsnsraaaUAhaeLeuRLATHARIR LN Im s eI adat LauRLe A udlnuT 9 TiAaans 1:200
WL mmimmfmLm@”Lqm"lumﬂuwﬂmmimummmw 1:320 Faidlou R et Asanes @358 unzas uas
§t) merlazgys (2560) wmamiwa‘ﬂmmmmummmmmm@”lqm ToLCNDV lnglidllsAurainanningnuasiiuieusian
WL A Naa9nlunIRs9aaeLiEe ToLONDY 4 IndiAesiulnedd indirect PTA-ELISA WHaINNNIms9agaLl
ANNAINTRINALALRR WU auRnesT AR A Tann sl Azl Adeii A s i s iuge
ToLCNDV g4 Tneilalyinufizendnaiu L%@%IuﬁﬁﬁmmmuimmquﬁqL%@”lﬁaﬁﬁmmmdﬂLﬁmﬂﬁﬁ?ﬂﬁmﬁmmuﬁmﬁ
ws\lmumﬂuﬂfwuu (miﬂm AUNZAT LL@”?“IILL mﬂ?“’ﬂ? 2560; Agdia, 2020; Thailand Bioresource Research Center,
2020) R AL RLORT AR LA LN AN AT BN T AN 0 R AL LA ATIE AR NN HoLTD ToLCNDV
enaliaden iliasntsoniiaen iduienfiauinisdaidenain epitope e 2 Aunls Jaunagan
2.2 Alamnasiu smLLMﬂmmmﬁmim@mLL@umwumnIﬂmuuwmummnmu’lummmmm 49318 YUnzas uaz o
asilazes (2560) mmmmlummﬁ Aaaun 31 Alarasiu v lidlamafiagmy epitope 1mmrmfmmv@wmﬂ{]mm
muﬂﬂ%mumum common epitope ¢ TnalraneaauRLeRfnaRlFaneAdeE T s Tomatnanndimiu
HuaunsnsaaeLianinmelasaniing

2.500 7 _ . — — ——6" week

7" week
2.000 —A—S'P week
0
—=—g week

1.500 —=10" week

0.D.405

—o-11" week

1.000 ——12" week
"

—13 week

14" week
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0.000 —m-NS

400 800 1600 3200 6400 12800 25600 51200 102400 204800 Cut off

Antiserum dilution

Figure 3 Titration of anti-ToLCNDV polyclonal antiserum reacting with peptide-OVA conjugate. Antisera were

collected from 6"-15" weeks after the first immunization and analyzed by indirect PTA-ELISA.
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Table 1 Specificity testing of the anti-TOLCNDV antiserum against positive control samples of 21 plant virus species

in 8 genera by indirect PTA-ELISA. All virus antigens were purchased from DSMZ, Germany.

Genus Antigen O.D.ms/1 Result
African cassava mosaic virus (ACMV) 0.233 -
Bean golden mosaic virus (BGMV) 0.206 -
Squash leaf curl virus (SLCuV) 0.219 -
Sri Lankan cassava mosaic virus (SLCMV) 0.220 -
Begomovirus
Tomato leaf curl New Delhi virus (ToLCNDV) 1.193 +
Tomato yellow leaf curl Thailand virus (TYLCTHV) 0.196 -
Tomato yellow leaf curl virus (TYLCV) 0.208 -
Watermelon chlorotic stunt virus (WmCSV) 0.173 -
Chilli veinal mottle virus (ChiVMV) 0.146 -
Pepper mottle virus (PepMoV) 0.231 -
Papaya ringspot virus 0.174 -
Potyvirus Pepper veinal mottle virus (PVMV) 0.188 -
Pepper yellow mosaic virus (PepYMV) 0.205 -
Watermelon mosaic virus (WMV) 0.132 -
Zucchini yellow mosaic virus (ZYMV) 0177 -
Bell pepper mottle virus (BPeMV) 0.188 -
Tobamovirus Cucumber green mottle mosaic virus (CGMMV) 0.213 -
Pepper mild mottle virus (PMMoV) 0.222 -
Tospovirus Capsicum chlorosis virus (CaCV) 0.178 -
Watermelon silver mottle virus (WSMoV) 0.219 -
Cucumovirus Cucumber mosaic virus (CMV) 0.170 -
Negative control Healthy plant sap/pumpkin 0.139 -

" The absorbance value was the mean value obtained from two independent assays at 90 min after adding the substrate at 37°C and
the cut-off value was twice of the negative control.
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