nalnausauauivenraeldaludansn : MsuaEn AENUA
nazn1suntulglunsnsiaitang
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ABSTRACT: Pepper mild mottle virus (PMMoV) is a plant virus in the genus Tobamovirus
infecting peppers which are economic plants. The virus can be transmitted from plant to plant
mechanically and by seed, causing serious yield loss. Since no chemical control is available
therefore screening for disease-free seed by serological assay is recommended for control
measure. Production high quality antibody is very important in this case. The objective of this
study is to produce a specific polyclonal antibody against PMMoV by using its recombinant coat
protein (PMMoV-CP) as an antigen. The virus isolated from Kamphaeng Saen district, Nakhon
Pathom Province was used as a template for PMMoV coat protein (PMMoV-CP) gene cloning.
The PMMoV-CP gene, 474 bp, was ligated into pQE8O-L expression vector and produced the
recombinant PMMoV-CP at 17.5 kDa which was then immunized into a New Zealand White
rabbit subcutaneously and intramuscularly. The antiserum had been collected weekly for the
period of eight weeks. Their titers ranged from 25,600 — 204,800 with the highest titer presented
in 8" week. Indirect PTA-ELISA using the antiserum at a dilution 1:1000 could detect PMMoV in
the infected leaf saps up to the dilution 1:5,120. Specificity test was performed and the result
showed high specificity to five tobamoviruses including PMMoV, Tobacco mosaic virus (TMV),
Odontoglossum ringsot virus (ORSV), Tomato mosaic virus (ToMV) and Ribgrass mosaic virus
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(RMV), but showed no cross reaction to other viruses tested including Cucumber green mottle
mosaic virus (CGMMV) in the genus Tobamovirus; Potato virus Y (PVY), Chilli veinal mottle virus
(ChiVMV) and Papaya ringspot virus (PRSV) in the genus Potyvirus; Tomato necrotic ring virus
(TNRV), Watermelon silver mottle virus (WSMoV) and Melon yellow spot virus (MYSV) in the
genus Tospovirus; Tomato leaf curl New Delhi virus (TOLCNDV) in the genus Begomovirus and
Cucumber mosaic virus (CMV) in the genus Cucumovirus. Examination of the antiserum reactivity
was carried out by comparison with the commercial antibodies from Agdia and the results from
every sample were corresponding.

Keywords: Virus coat protein, diagnosis, phytosanitary certification, serological technique,

tobamovirus
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Pepper mild mottle virus (PMMoV) 1Ju
ol¥aluiifa Tobamovirus Snsndadufiad
drdgnmaasugalufivends aunsadenenlse
Fesnalasthauiie wazkiumada inanade
medenandnnin Snvadilifanseilaidnie
a¥aniindl madansoasdaiugifielisaantse
Fe3Ensmedsuineduiludunemdosdud
wswmuaulsald MsnanueuueRidiganw
Faflnnuddyduesnds nuAteiliinguaszasd
Wendnlnalnauoaueufiveddeito PMMoV Tng
l5pautuuwilusiuvieineynia (PMMoV-CP)
duneudiau Tagindeddlsaniniinsaany
o PMMoV 21n81nerumia Jminunsugy
i dusunuulumslraugulusfiuwioruoynia
voudelifa 1d%uduauin 474 fandlelng
Lﬁaiﬂaulfﬁ’wajwmaﬁmwmz PQE-80L expression
vector wagnsyAuliAnNTSLanI08NTBIEY WU
Tusfu PMMov-CP St 17.5 Alanasiu affn
PMMoV-CP lsiusgniiiellunisnanueuddsy
TnesandldRmdazdinduidorndves
n3zsneiug New Zealand White \iunoumzsu
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NndUAY Wurian 8 dUavi wud delanesed
51719 25,600 - 204,800 lnedelamasgaaniu
Uit 8 weluidennad 1:1,000 wazmsiath
funsndulsa nuidianlalunisasaeiiseau
A5139319 1:5,120 NIATIFABUANUINNIZ VB
wouRgSimuIndaus e udelada 5 wiely
Ia Tobamovirus leun PMMoV  Tobacco
mosaic virus (TMV) Odontoglossum ringsot
virus (ORSV) Tomato mosaic virus (ToMV) ag
Ribgrass mosaic virus (RMV) Tagldvinuazentiu
Th¥auiindudn 9 viefithumeaeu Ae Cucumber
green mottle mosaic virus (CGMMV) Tuata
Tobamovirus; Potato virus Y (PVY), Chilli veinal
mottle virus (ChiVMV) Wag Papaya ringspot virus
(PRSV) Tudwa Potyvirus; Tomato necrotic ring
virus (TNRV), Watermelon silver mottle virus
(WSMoV) wag Melon yellow spot virus (MYSV)
Tudia Tospovirus; Tomato leaf curl New Delhi
virus (ToLCNDV) Tudtla Begomovirus uaz loun
Cucumber mosaic virus (CMV) lutla Cucumovirus
nsnagouUszansamlunisnsiado PMMoV
TnelduouRdsufinanliuseuiisufuiouived
yamsiwuiiliansefunnieinsiiismaaey
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ArdnAy:  UsAuveRueynialisa, n19nse
ATy, NSNSV, WADATSLINEN, Tnunly
h3a

UNUI

Tsaiiinanideladalusimin (Pepper
mild mottle virus %38 PMMoV) (Sutabutra,
1989) fimeauminuadausnluanigeinilud
A.A. 1952 (Wetter et al., 1984) YagUunusnganu
nsszuievilan wu Tunidendnuvile Uszina
anigeiing eeawside duu Ju ity gl uas
wonsn1 (Lamb et al., 2001) Ingdvinanesiansn
Halvie) Walan waznsnUsEaU v lvmnuansenns
Tusne (lolufididerdeuaduiondy susa
Saidndesy uandulumine drudnuvareins
UuNansn azviliinugse A9 waslawinualan
niUnd Mg nuaHARARYRIITanad Lag
fedsnason1sudniudniugnianisd daladaly
AaNsNIiNyeRuN I aenenlsaladiemieisng
fanududugdluthduiio uandudoliandud
fianunumugedadileniaialulnenisdudaniuiiy
fidhlsavdeRunazanniiaiinisuudowdel¥a
fanam uenantudianndnenealsalnefialy
fududoniiuudn (seed coat) wilifisnenu
vosnvedilsn (Zaitlin, 2000) Tul w.A. 2559
Useinelvnedaeanudniugnin Anduyanan
111NN731 620 &@1UUY (Thai seed trade association,
2016) Fs@ndustu 1 Tu 10 veawdeiugafinngds
penuNTigauasineg Fatunisindiuazdsesn
wiansniensdisfinrudssionisdiviiane
voslsntuanduguassaromsnaniarnisdsosn
¢luewan davnnfimsuuidiouvedeldafnly
funandnuiewmdaiusiiazdsean uenainay
Junsannruniideieuddsenaiinelddnglu
nsfindudndae esnidelhfasiaiidude

hfadndulunateUsena laun Useinalungy
gls au Bufly elw3nt nvdld uazduu
Wumu (Department of Agriculture, 2016) v
Vudlousnifunandnuasaiuaenoiuding q fos
finnseanlufusesiinvasalsadududodesuly
Usemagin shgauiiieatesunsnnaaeulsa
aeaderildanegelunisiidieuivafiaineig
Usenefiisnnung n1skanueuivedfismnzse
Felh¥asenannelulssmassdreand-lisng
ansaihlUldlunsasaaeumematiadsiinen
wardaluanailinansiafisinifazusiug) 9y
AWuafaiFelitngusrasdifiondnlnilaauea
weufvefraidelisaludenin Anwanaudives
LOURAUBA WATWAUIIS enzyme-linked
immunosorbent assay (ELISA) Won159599
adelsaluananin

aUnIalLaEIsNg

1. maiualegnslsalasaludrensn (PMMoV)

\Auseganinfiuantennisvesisalifa
Tuanansn lawn Tuansdidilyioouaduideaty
sUseBadndesy uasduluvinge uenainiy
ANNSOFUNABINITIINNANGNTTBNTANT Wae
ﬁmmmmmﬁﬂﬂdmﬂaImmﬁuﬁaashqmﬂﬁuﬁﬂqﬂ
ludaminuasUgu nMyauys WWeslnl wasilisesy
Yiegaiileunnsiasie3s Double antibody
sandwich ELISA (DAS-ELISA) ngldueufivefil
FUm1zsBLTD PMMOV 1nan3én (Agdia Inc., USA)
Mnthiedilinavinuyhnsuenids e
THiduaneiugifier Tnsugnidela¥anuy
Chenopodium amaranticolor FAARIINITUKE
AN FingaLNaiazgakenualy 0.01 M
phosphate buffer 8n31d7u 1:10 (mrdnsie
U3um9) UQﬂL%@i’ﬁﬂmﬂLL@&SQ@UUPLUW%ﬂ%um
Capsicum annuum ﬁ?ﬂﬂiLLEJﬂL%@%ﬁﬂﬂ%ﬂLﬁa
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Tlddelhausaninuisnisdenandredu i
Fr08 197 lFunTI9d0UR 1835 DAS-ELISA iile
fusindubda PMMoV antiuniisegnmndi
sumanssaeuidYuilneldasenudu
wanfiulsly 4 esmwadea Wiefulildausely
(Anon, 2005)

2. mavindunadulusiuisfuaynialafa
PMMoV
afinonsidueaindegrandniagldyaarin
FavorPrep™ Tissue Total RNA Kit (Favorgen,
Taiwan) 1hauwed total RNA 7ildluw3es cDNA
library ¢1e Superscript™ Il One-Step RT-PCR
System with Platinum (Invitrogen, USA) LLazLﬁm
F1uaUALdULeYRIBU PMMoV-CP 1n8?ds
polymerase chain reaction (PCR) Wlnswedsd
Forward primer Aa 5’=TTT TTG GAT CCA TGG
CTT ACA CAG TTT CCA GTG-3’ way Reverse
primer Ao 5=CCT TTA AGC TTT TAA GGA GTT
GTA GCC CAG GTG-3’ UfATendmsutiindTun
Fudhusissi] Total RNA 1 lalasans, 2x Reaction
mix 25 lulasdns, Forward primer (10 uM) 1
lulasdns, Reverse primer (10 uM) 1 lulasans,
Superscript™ Il RT/Platinum Tagq Max 2
lulaséns way Deionized water (dH 0) 16
Lulpsdns Usumsvesuisensin 50 lulasans
Tnogungdildluduneu RT-PCR Ao cDNA
synthesis 50 a9fgal@ed 30 W19; Initial
denaturation 94 saALgaLTYd 2 U
Denaturation 94 osfAL@aL@ed 30 Iu;
Annealing 59 eafgaLTea 30 U9 Extension
68 parwadua 40 T BunsEuIunIsh 3-5
§18n 34 50U way Final extension 68 8
waldua 5 Uil angamgiianni 16 ssrniwalded
s9deUILInvestuRtSuelngld 1.5% agarose
gel electrophoresis Tu Tris-borate buffer (TBE)
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waziludauuau DNA @3e Ethidium bromide
ns1auau DNA nelduasdansniiladadseu
WgUUInYes DNA U 100 bp Plus markers
(Fermentas, USA)

3. mafousaliu PMMoV-CP idrfiunanadin
WME pQE-80L vector wazaneidng £. coli a1e
Wug DH50L

11 PCR product 91018 2 indnsietoulasl
BamH! Taeld 10x Fast Digest Buffer U3uns 2
lulasdns ALuewmvanenauUiings 7 lulasans
wulasd Hindlll U3inas 1 lalasans wae vndu
(nuclease-free) Usuns 10 lulasans vuujisen
flgumgfl 37 osmwaidoa uiu 1 dlus way
gl 65 BarmwaLded WY 15 Wil UHaKER
laTousefiunanadanviy pQE-80L expression
vector (Qiagen, USA) Ineldensndiu insert gene
9 vector WU 3:1 2x ligation buffer 5
lulnsans way T4 ligase 1 lulasans Unitonmydl
37 samwalda Uil 2 Hilus dmanadiagnmas
U3uns 10 lulaséng Wigeaduuaiiise
Escherichia coli @e#iug DH50L Usu1#s 100
lulAséns fe38n13 heat shock transformation
(Sambrook and Russell, 2001) n539a0UN5130
RBYRIBUMIEIS PCR uiddlnsgvidoyadinu
Thndlelnsduazuvasteyadduianalelnddle
Wuaidunsaozdly alslusunsy ExPASy-
Translate tool (http://web.expasy.org/
translate/)

a. nsafalusiy PMMoV-CP U3gwa
\doaead £ coli anwsitug DH5QL iddu
PMMoV-CP lusmsiaeaide 2T il Ampicillin
100 lulpsndudefaddns WJunan 1 Au 9 37
psmwaidea antudeadluemsvan 2YT 7
e Ampicillin 100 lulasnsusefiadans Heate



sieaulien OD_ wiiy O.SyLam IPTG Tvdanudu
Fugavewitiu 1 mM Eeuterailunaiegn
tlon 6-8 7113 usnAznoUwadlnEMIUIIBIIY
AL57 5,000 saURDUT WuLian 45 udl azane
AzNOULLAaAIY purification buffer (100 mM
NaH PO, 10 mM Tris-Cl, 8M Urea, pH 8.0) i
lysozyme AN NdU 10 Jaansunoliadans
Sasdmties 30 Jaddnsrenzneuwadiil
INeMnsiaste 1 ans lieaduandieis
freeze—thaw W&ty UWIBIf18A211LE
10,000 s8UsiDUNT 1HurIAn 45 Uil Tigamgll 4
ssrwades Wivatilaundunedul Ni-NTA
PaISNsvesEian 1Y Elution Buffer ilove
PMMoV-CP @ananaeduy laeiiuaisazane
1UsAU fraction ez 1 Jaddns 91w 8-10 fraction
thlupsaaournuuiavsvedlusiugaeds sDs-
PAGE ¢11135n115099 Laemmli (1970)

5. mswanlndlaausausufvadineids PMMoV

UlUsAu PMMoV-CP 2ansgRunsesing
s New Zealand White 91g 3 o lnednads
usnenglushiuauutu 0.5 Tadnsudeliadans
nauAu Complete Freund’s Adjuvant (CFA)
Sasndu 1:1 Tnedadilléiams (Subcutaneous
injection, SC) sipxnannserulagldlushunauiu
Incomplete Freund’s Adjuvant (IFA) 831U
1:1 V3w 1 fiaddns dadnnduilovinds
(Intramuscular injection, M) ludUavifiaes 154
Fuiden ndwndandausnluud 3 dUaik uas
FuidenselunndUansiauasu 8 ads wnden
ssisliTigaungivosszana 30 wiit leld
Foaudein LazlendiukauRzsunuIsnnsues
Hongprayoon (2015)

6. A5N15M529731R8LWD PMMoV
AR50 PMMoV 1475 indirect

plate-trapped antigen enzyme-linked
immunosorbent assay (indirect PTA-ELISA) Tag
\AABU ELISA plate a2y rCP AMULINTY 5
lulasnSusiediadans Tu coating buffer Usuns
wiaae 50 lulasdns wWisuieuiuisunfuaziig
\dulsafiduneufiauniugu (Uafie coating
buffer §n51du 1:10) Usilgaungdl 4 ssrnieaidea
Fwdu ntudn Blocking buffer (PBS + 5%
skim milk) U3ams 100 Talasdnssiongu Uudl
ol 37 esmwaldua u 1 Hlus FuLeud
F5ufisumzsiadie PMMoV (crude antiserum)
138919 1:1,000 Tu PBS Usues 50 lulasanseio
viay Unilgaumgdl 37 eseniwaiBua uiu 1l
WA@Y goat anti-rabbit 1gG conjugated with
alkaline phosphatase (GAR-AP) (Sigma, USA)
139979 1:30,000 Tu PBS Usums 50 lulasdng
sovnqu Unlgamadl 37 samiwaios uiu 1 9l
wavtunauneuinasyiinsely &9 ELISA plate
A8 PBST (PBS + 0.05% Tween 20) U3111915 200
lulasAnsdevau 3 A%y adsay 5 Wil asvdey
UfAsurlaeidnuduansn p-nitrophenyl
phosphate 709151y substrate buffer Ay
Ju 1 Jadniudeliadans Usuns 100 lulasang
sonqu Uuflgamgil 37 ssmiwaifis w1y 60 unii
gunaUfATed181AToq ELISA reader 7
ANLEMIAGY 405 W1lLIng (Hongprayoon, 2015)

7. NM3A529AlaLAa3 (titer) YosUOURAUDA LAY
aula (sensitivity) 98935015
aamlamesvasweuivediindslilaeie
MBURTIY wuU 2 Wi (2-fold dilutions) 5y
910 1:200 89 1:204,800 wazlivinujizendu
1UsAY PMMoV=CP aaitudu 5 lulasniuse
fiaddns Wisulsuiuiivunfinasfindulsnds
Duouiauniunu 1435 indirect PTA-ELISA iy
Wnslude 6. dunsnsiageunulivesionis
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Imﬁﬂuw‘%ﬂﬁﬂuiimmlu coating buffer
80318 1:20 mﬂuuwaam WUy 2 wn (2 —foLd
dilution) WEmeseUfuLeuRTIIAST 8 71 130
279 1:1,000 fe35 indirect PTA-ELISA @uLAganiu
(Hongprayoon, 2015)

8. mimsfmaaumﬂuﬁﬂwawamauﬁuaﬁﬁwﬁmlﬁ

NAADUANMLT N VDI URTTUTINAR LS
lnglivinugiserdulasaanvelsaiiv 9w 14
vl loun Pepper mild mottle virus (PMMoV),
Tobacco mosaic virus (TMV), Ribgrass mosaic
virus (RMV),
Odontoglossum ringsot virus (ORSV), Cucumber

Tomato mosaic virus (ToMV),

green mottle mosaic virus (CGMMV), Potato
virus Y (PVY), Chilli veinal mottle virus (ChiVMV),
Papaya ringspot virus (PRSV), Tomato necrotic
ring virus (TNRV), Watermelon silver mottle
virus (WSMoV), Melon yellow spot virus (MYSV),
Tomato leaf curl New Delhi virus (TOLCNDV)
way Cucumber mosaic virus (CMV) 1938 indirect
PTA-ELISA m135n15lude 6.

9. m3UszfiuuszansnmvaweuRuafinanld
Taen7931A12 08193 nTiiuananIn
wasugn

WAIeg1anInaeug Thai Super Hot
(C. annuum) ‘17iLﬁua]’mammmaw%ﬂﬁé’wma
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Munanay Jamdauasugy 10 Aaed1s lnggy
Fregeiinansonnislusadeiseuaduiendy
wazdheeeiiliuansennisae snsaamidelda
PMMoV TnelduouRueffinanlisieds indirect
PTA-ELISA a335n15 Hongprayoon (2015) 13gu
Weufudsnis DAS-ELISA TaeldueuRuedil
SuzAeLYe PMMoV y119nn36n (Agdia Inc., USA)
ATUALULUNUDIUTEN

NANISNAABILaZIR158]

1. mMsihudlegnelsalasaluanansn (PMMoV)

nsiiusied1slsansniddnvazenis
aatelsalifaluaiansnaindaminuasugy
nyauyd Bedlvl uazidene S 70
#0819 WuLdelada PMMoV $1uau 3, 1, 2 wag 2
foths Andu 5%, 20%, 13.33% wag 10% Vo9
fhogeiiiunlunsasiug auds (Figure 1)
Tnedaminuasugunniinsranuide PMMov Trien
N1AANAULAIIINNITATIAAIETS DAS-ELISA
gegawiniu 1.318 uae Lwﬂimmaamawm,mwu
C. amaranticolor maamﬂﬂamﬂja 3-4 U Luam
LLwaqmquﬂLﬁz?alaiawslummmm WU
anslusedileseuadudondy dadueinis
V83 PMMoV mé’qmﬂﬂqmﬁﬁdﬂuﬁwwmm 73U
waglinauinlnen1snsIvaeududuniedd DAS-
ELISA



Figure 1 Chlorosis and distertion symptoms on peppers associated with PMMoV from Nakhon Pathom
(A-C), Kanchanaburi (D), Chiang Mai (E-F) and Chiang Rai (G-H)

2. mainvsunBuTusiuiefusynialafa
PMMoV

5L USEY PMMoV-CP 1d5ugud
faurnuseunm 474 daedlelng 91nnsn 3
F19819 waziilethdiogns NPT=156 1Uns19
Aasrgransuiimdlelnauazaisunsnesily
wuadudlvunn 474 Gapdlelne uwlasialinge
oxfilusionun 157 15802 Fell MAYTVSSAN-
QLVYLGSVWADPLELQNLCTSALGNQFQTQQA-
RTTVQQQFSDVWKTIPTATVRFPATGFKV-

FRYNAVLDSLVSALLGAFDTRNRIEVENPQNPT-
TAETLDATRRVDDATVAIRASISNLMNELVRGTG-
MYNQALFESASGLTWATTP

Tnedu PMMoV—CP fidnwiidrsuiiong
Tolnauazawunseeslumilousuiifisnenuly
g1udeya GenBank fiAn identity Winfu 100%
lnewmilounudeyaanuseinaiu (KC020357.1)
UT®a (AB550911.1) wag awlu (FN594853.1)
mMyaaswAUshulnelalusunsy CPH models 2.0,
Swiss—Pdb viewer 4.10 Waglusunsy IEBD analysis
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resource (Figure 2) vlrmsuilosdudamums
FenansadhueuRiauld Aodhuvedlusiuiitdnvee
u linear epitope @sliduan 2 fumds Figieu
nsmezily 5-11 uay 51-68 TaedRlnivlniidon
Aa rfapsguTudttanauiIlUsAuazingg

Random coils amino
acid position 5-11

ouanm (denatured protein) iiosnluii
paumsvhliAlUsH PMMoV-CP U3avis Sulusiedd
tiwlesdedlosdusznouvesyBeiivhililusiuden
anm uinms7sAlmUSuiin linear epitope Azl
fulalidflnussnanazdnse

Random coils
amino acid
position 51-68

Figure 2 The predicted tertiary structure of recombinant PMMoV coat protein analyzed by SWISS-
pdb Viewer shows 78% identity with TMV structure from protein databank. The 2 regions
at the amino acid positions 5-11 and 51-68 (in boxes) are predicted to be linear epitopes
for immune response for antibody production

3. nsanalusiu PMMoV-CP U3gns

nrsanalusAulaeds affinity
chromatography wWu11 VLG]”IUiauU%qwéiu
fraction 71 2-8 flaududu 0.1342, 1.0615,
1.0745, 0.3470, 0.2132, 0.1008 wag 0.0912
fadn3usefiadans MUy HananlUsAUS I
du 3.02 fadnSusiefiadans wazlusiudiimin
17.5 Alamany

4. 3335295 ad81de PMMoV
MsnTI93TaduRe PMMoV #2833 indirect

PTAELISA wui diold rcp uneufiau Téan

0.D.405 gsilgn fio 1.968 ewSpuifiuduiiy
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o aaa ¥ [

Julse dewindu 1.799 nglivihufisendudu
HyUnd

5. NM15As3A a3 (titer) YosuauRuafn uaz
aula (sensitivity) 98935015

Pnmsiiudeadunal 8 #av nsiadeu
Inwesvesauidsulaluaig 25,600-204,800 lng
fiAngegaludUanifl 8 (AS#8) sosawnlduAdUa
i 6-7, 2-5 uaz 1 lneielamesyinu 204,800,
102,400, 51,200 way 25,600 aua19U (Figure 3)
msiaszvinullunsnsieaeulneds indirect
PTA-ELISA wuilnnalafisesunisidonns thau
fudulsa 1:5,120
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Figure 3 Titration of anti-PMMoV antiserum collected from week 1-8 using PMMoV-CP as an antigen

and analyzed by indirect PTA-ELISA

6. MINAFDUAMNINUNIZVDILDUAYSUINANLA

MSNAABUANLS N T LEURTSIUAe
14 il TnglihduRovdelhiauiavs duseufiay
wuueuRFshURASRUEe PMMoV Tneile
OD., . gn uenniudhuAsefudelita
Tuddamediudn 4 vis As TMV, ORSV, ToMV
way RMV usilivinufAsendnuiulaadidaduii
WmadeuLariivUnd (Table 1) Wasannisuan
woufvedldsaouduuuiusiufiinisuanaen
vosdulusAuvieviueymaduleufiioy evhd
Aunsneviluvedlusiuverueynialisaluida
Tobamovirus 11 6 wianimAgaULLUIEU
Wi wui Saumieutuveade PMMoV
fu TMV, ToMV, ORSV, RMV uag CGMMV agjil
73.89%, 73.89%, 68.79%, 49.68 oy 36.31 a1y
g19u wiiflefiansaranizdiufiiinsiziann

lUsunsupeuiimesAIniLly linear epitope
$1uau 15 158id @eswaunseesiluuiiom
dilnUenaiiiies 4-6 158Ad) Tudruaisunsa
oxilluft 51-58 989 PMMoV-CP fuidolisawin
Suananwuindanumilouduide ORSY, TMV,
ToMV 1ag RMV WNAU 66.7, 60, 60 Wag 33.3 Au
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Table 1 Specificity test of anti-PMMoV antiserum at 1:1,000 dilution against PMMoV-CP and other

viruses by Indirect PTA-ELISA

Genus Viruses species Antigen/source OD. . Result
PMMoV positive control/Agdia 1.746 + 0.010° +
T™MV purified virus/tobacco 1.670 + 0.023 +
) RMV positive control/Agdia 0.465 + 0.025 +
Tobamovirus ToMV positive control/Agdia 0.459 + 0.004 +
ORSV purified virus/orchid 1.452 + 0.007 +

CGMMV purified virus/cucumber 0.189 + 0.001

PVY plant sap/potato 0.207 + 0.002 -
Potyvirus ChivmV plant sap/pepper 0.183 + 0.003 -
PRSV plant sap/papaya 0.193 + 0.002 -
TNRV plant sap/pepper 0.190 + 0.001 -
Tospovirus WSMoV plant sap/cucumber 0.184 + 0.001 -
MYSV plant sap/cucumber 0.210 + 0.002 -
Begomovirus ToLCNDV plant sap/cucumber 0.182 + 0.002 -
Cucumovirus CMV plant sap/pepper 0.183 + 0.002 -
Negative control plant sap/pepper 0.142 + 0.002 -

® The absorbance value was the mean value obtained from three independent assays at 60 min

after adding the substrate at 37°C
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Table 2 Detection of PMMoV in plant disease samples collected from Nakhon Pathom province by
Indirect PTA-ELISA using the produced antiserum at 1:1,000 compared to DAS-ELISA using
the commercial antibodies (Agdia, Inc., USA)

Result/O.D.,
Sample
Indirect PTA-ELISA® DAS-ELISA®
Thai Super Hot 1 +/2.080 +/2.997
Thai Super Hot 2 -/0.174 -/0.157
Thai Super Hot 3 +/2.433 +/3.023
Thai Super Hot 4 +/1.741 +/2.266
Thai Super Hot 5 -/0.173 -/0.190
Thai Super Hot 6 -/0.178 -/0.169
Thai Super Hot 7 +/2.221 +/3.082
Thai Super Hot 8 +/2.206 +/3.053
Thai Super Hot 9 -/0.175 -/0.161
Thai Super Hot 10 +/2.310 +/3.097

® The absorbance value was the mean value obtained from three independent assays at 60 min after

adding the substrate at 37°C

GELY

miAteilananindlrausausuivendeide
PMMoV Taeldlusfureiuounialisadv
weudiau tnenislaaubulusiuvierueunialafa
Lﬁngwmaﬁmwmz PQE-80L expression vector
gullvun 474 Tiedlelng wazulasialinsney
flu 157 15@fd dwiinlaana 17.5 Alanasiu
msaszanunsaiandlelnauaznsnezilu
Wisuisuiuiitsenulugiudesya GenBank nu
Fafianumilousuiien identity 100 Wosldus
doulldduneufiaulunsndnueufivefuay
HuueuATsuduIu 8 dUami wuifianlamesed
Tutae 25,600 — 204,800 finulilunisnsiageu
Bt dulsefiseiunsidons 155,120 woud
F5ieus e fuielhdaluida Tobamovirus

5 yfipfivhuvageu un PMMoV, TMV, ORSV,
ToMV uaz RMV Taglivindfisentiuiulalu
Idadu o waziaund Fewd 7 ueufived
azlaignigse PMMoV afiataeamiuitnung
WA nsTkeURUERATANLS INIZ A a1 T luS T
Tobamovirus Tnstanzfidvhanewsnia 4 +da
wazlvnanisnsialnatAgeiuueuivednig
M3 uansweuRveATUsYAVS Andiazldlunns
asafnnsesdnadminfionslfudeluivails
Feluvszndalvedslufisnsaunisndaeufived
fia1590539 PMMoV, ToMV uaz RMV ¢t

AnRNssUUsENA

NuRpilisuNsatiuayuan gudingins
TUGANDINYATUAZD W I ING RN ATAERS

JsansSnenmansinuas UA 48 aUUA 3 AUENEU - SUNAU 2560 413



e Twalnaupaipududdcoiiohsaludiowsn

neld lasansdaaSunmsidelugaufnuuasiann  nuasAans wasvoveuRuAudmalulagTInn
uvAng deifouiand dninauamensns  neasilianueuiasgiaiesdiowargunsal
N199ANANYY way NuaAnyEIeumINe sy lumsinide

nwasmans andiideuasinuuiaming1ay

LONE15819949

Anon. 2005. Management of plant pathogen collection. Department of Agriculture, Fisheries and
Forestry, Canberra, Australia. 126 p.

Department of Agriculture. 2016. Pest categorisation of pests associated with species worldwide.
Available Source: http://www.doa.go.th/plprotect/index.php/8-2016-02-11-07-20-29/23-2016-
02-12-04-10-34, March 4, 2017.

Hongprayoon, R. 2015. Serological techniques for plant disease diagnosis. Phet Kasem Printing Group,
Nakhon Pathom, Thailand. 88 p. (in Thai)

Keila Maria, R.D., L.H. Gomes, F.G. Andrino, G.A. Leal Jr., F.H. Bicudo da Silva, J.A. Rizzato Paschoal, A.M.
Brancalion Giacomelli and F.C. Almeida Tavares. 2002. Identification of Tomato mosaic virus
(ToMV) tobamovirus using monoclonal antibodies. Sci. Agric. 59(1) : 107-112.

Laemmli, U.K. 1970. Cleavage of structural protein during the assembly of the head of bacteriophage
T4. Nature 227: 680-685.

Lamb, E.M., S. Atkins, K.D. Schuler and P.D. Roberts. 2001. Pepper mild mottle virus. University of
Florida, IFAS Extension Bull. HS-808.

Monia, M.H. and K. Ezzaier. 2006. Biological, serological, and molecular characterization of pepper
mild mottle virus (PMMoV) in Tunisia. Tunis. J. Plant Prot. 1(1) : 1-12.

Sambrook, J. and D.W. Russell. 2001. Molecular Cloning: A Laboratory Manual vols. 1, 2 and 3, Cold
Spring Harbor Laboratory Press, New York. 2100 p.

Sutabutra, T. 1989. Virus and virus-like diseases of plants in Thailand. Funny Publishing, Bangkok,
Thailand. 130 p. (in Thai)

Thai seed trade association (THASTA). 2016. The volume and value of exports of controlled seed for
commercial purposes 2016. Available Source: http://www.thasta.com/web/index.php/2016-
05-29-01-47-24/2016-05-29-01-48-39, March 6, 2017.

Wetter, C., D. Conti, R. Altscuh, R. Tabillion and M.H.V. van Regenmortel. 1984. Pepper mild
mottle virus, a tobamovirus infecting pepper cultivars in Sicily. J. Phytopathol.
74: 405-410.

Zaitlin, M. 2000. Tobacco mosaic virus. CMI/AAB Description of plant viruses, No.370. Available
Source: http://www.dpvweb.net/dpv/showdpv.php?dpvno=370, September, 2013.

414 Agricultural Sci. J. 2017 Vol. 48 (3)



