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Abstract

Yardlong bean and cowpea suffer from a wide range of harmful organisms, especially
aphids such as cowpea aphid (Aphis craccivora Koch), which transmit many viral diseases,
particularly Blackeye Cowpea Mosaic Virus (BICMV) and Cowpea Aphid-Borne Mosaic Virus
(CAMBYV). The objectives of this study were to analyse of qualitative and quantitative characteristics
and screening for BICMV resistance of yardlong bean and cowpea accessions mostly collected from
southern part of Thailand. In this study, we made analysis of qualitative and quantitative
characterictics of 50 collected accessions. Qualitative characteristics were: growth habit, plant
pigmentation, seed shape, eye color, flower color, terminal leaflet shape, pod curvature, immature
pod pigmentation and mature pod pigmentation. The highest variability was found in immature and
mature pod pigmentation. The eight following quantitative characteristics were recorded: days to
flowering, terminal leaflet length, terminal leaflet width, pod length, pod weight, seed length and seed
width. Results showed high significant differences in all quantitative characteristics. High variability
was observed on important agronomic traits such as days to flowering, pod length and pod weight.
Random Amplified Polymorphic DNA markers were further evaluated for relatedness among
accessions. Based on banding pattern from 8 RAPD primers used, the RAPD markers have
separated 50 accessions into 5 different clusters. Pairwise similarity index value ranged from
0.50-0.98. To develop serological diagnostic tools for the detection and screening of this crop
species resistance to BICMV, the production of antibody is a necessity. The coat protein gene
(CP gene) of BICMV was amplified and cloned into a bacterial expression vector (pQE-80L). The
recombinant BICMV-CP was expressed as a fusion proteins containing a fragment of 6x His-tagged
protein. Antiserum which gave highest antibody titer was chosen to investigate its ability to detect
BICMV infected yardlong bean by indirect ELISA. The produced antiserum demonstrated specifically
with BICMV infected plant without cross reaction with other virus species tested, including Cucumber
mosaic virus (subgroup | and Il) and Cowpea mosaic virus. Hence, antiserum against BICMV-CP
recombinant protein can be used to detect the presence of virus in cowpea and yardlong bean
breeding programs. Evaluation for BICMV resistance was carried out by visual symptoms and
confirmed by indirect ELISA method. Results indicated that out of 50 accessions studied, only two
accessions; Trang 1 and Taitor were resistant to BICMV and these accessions will be used in

yardlong bean breeding program.

Keywords: Vigna unguiculata, Yardlong bean, cowpea, BIVCMV, resistant variety, Indirect ELISA,

antiserum



UNAnLa

madgnmdnenusztiny Junaidazidny fe iwdudeumdsmansndianaaliafiiinain
hiwldlasiann: Blackeye Cowpea Mosaic Virus (BICMV) LLaz Cowpea Aphid-borne Mosaic Virus
(CAMV) aunwinguszmdueinsanmaatine e e iansmzqmnIW ansazUTunm Wugnasw
LRZAMNG BN UGaN1ILTNYINa18U89 Blackeye Cowpea Mosaic Virus luﬁw\!uuazﬁaﬁ]ﬂm%‘hmu

v &d = & A v . . o A= o
50 amwug‘nmm’mswmnwuﬂumﬂlmLﬂumﬂmg anwuznUMAWAANENLTENaUaIY N3
La'%ruvLauI@meﬁaw%meﬁu FaNaw FENVIMTLAUNEILAZH WA §aan gﬂiﬁﬂmma anwoeHn &

= A =] o Aa o A A A = A o
Hnuniziiuinouasinun Sswuihansanlonuiuulsgange fa flnunziAuiouaznun §au
sanuuUSINMNANENY 8 anwme lawd Tuaanaan ANENILAzAMNNNT9TaIlunans anNeEn
& o [y = A ' [ ' ' o o @ Aaa
WntnAn anunILezaNNENITBIEe SIWUImnansuelanuuand e elied YN a
Lﬁaﬁm:né‘ﬂwm:moﬁugmmLLa:mwé’uﬁuﬂnﬁ%maaﬁaﬁlﬂm’sua:ﬁ‘wjm Taslfiasasnung
Imaqamﬁa'ﬁa (Random Amplified Polymorphic DNA) Wu31 310 8 lwsiwasinasay anansn
wtisngudildidu 5 ndu landdarianulnaZaniswugnisnszning 0.50-0.98 lumsfinmaia
ﬁmmmaaﬁ";ﬁnmma:ﬁwjmia BICMV :fm’nm‘hLﬂuﬁaaﬁﬂmﬂﬁuﬂ%mmLLaziﬂauﬁmﬂﬁaﬂﬁu
1156w (CP gene) 284 BICMV-CP ldfsuuafiiSaming (pQE-80L) wazyinmsitazinssaazy
BICMV-CP fusion proteins N11sznaualaTwan 6X His-tagged protein ¥Nn1Inaauandiuad a32am1
i batnasuadInalaanaauwanddineit3T Indirect ELISA waltiiuiaTasdialunsasiasey nafila

' ade A a v o o A v A A= . A Aaaa o
WUIUOUATINNNES LA uwzAuTa BICMV luduizidnsnlas linunsifad jizondruaas
ade A a v A v A 9 ao . ) o &
wouddiunindaldnuizalaiafiag|uivs Cucumovirus (sub group | Uaz Il) Wz Cowpea virus 63t
F9eNInsnandsTuR W lElun1saiiagey BICMV é'm%’ﬂﬂmﬂmﬂmﬁuﬂ;aﬁ’uﬁfhE‘Iﬂm'su,at:
ﬁ"ij NANNINTIIRDUAMNAIUNIULTD BICMV sluﬁ'uilﬂmul,a:ﬁ'ij 50 mﬂﬁ'uﬁﬁ@ﬂl"ﬁ% Indirect
L oAl ~ ) . & Ao v v o oA

ELISA WU umEilmmLwmaaamawuﬁfmmuﬂmumu BICMV @8 mnwufmsa 2 Wazvnusio o9

NIRDIEN Uﬁ'mf mminmiﬂﬂl%‘[um‘sﬂ%uﬂ’gqﬁuﬁ:ﬁu Hnedaly

AMAN: Vigna unguiculata MANETY 1WA BIVCMV WuEdn1un1u Indirect ELISA Lau@diu



CREST

unaata

813U TY

FUNITANTN

FUNITNIN

unin

AIDNANT
DMy
NALAZITDNINARD S
a1
lananTeIdsvaslazanidw

NARNWIN

15
59
61
64



NIFIAIINS

=4 v
A1919N v
o ¢ . o ' <, < A =<
1 wuguaummmamamwuLLaznaﬁlﬂﬂwawiﬂuﬂwsﬂﬂww 15
2 é’ﬂwmzqmmwmaaﬁ";EIﬂm'aLLazﬁwju 50 ﬁuﬁ: 18
3 ansmeduwingvesmdnewszmnufiiuunaualilumfnm 35
4 TRVAIIWILNDST SNAULUE FIWIBLOUALAULENIRNG INWIBLALALSWLaLAN o U 42

ez N EuRenIiu mﬂnﬁlﬁmﬁﬂa'ﬁiaﬁ?ﬂuﬁaasmfi"aé’]nm'al,l,a:ﬁ"wju
SNUIUNINUA 50 AUWUS

5 Lfga Blackeye cowpea mosaic virus ﬁ]’lﬂgﬁﬂEi’ldsl,‘i_lfﬁg]ﬂ&l’]’JLLazfll/’W\!llLﬂ%IiﬂﬁLﬁ‘U 50
mmmaaﬂgnLLa:mnaaUL%avb%’a@Tw%% indirect ELISA lagalt anti-BICMV
monoclonal antibody a8z anti-CMV polyclonal Antibody

6 mamMIATAFUAMNIIIzanzasasInalaaneanouddsudaitalasa fid 55
ﬁwmnﬁ"wjuﬁmﬁ% indirect ELISA

7 mamsUsduanusunwide BICMV Iuﬁ"'aé’]ﬂﬂml,a:ﬁ"wjm‘hmu 50 aBWUE 57

INANBUINIVaIInluarmiasuaznasaulasldinaiia ELISA



AN

10
11

12

13

14

15

16

17

18

19

20

.

UNIIAN

mmi"uaﬂiﬂﬁLﬁ@mﬂvl';%'aﬁifﬂwﬂml,ﬂaaﬂQﬂﬁ"’;ﬁﬂma
LEAIMsLoNAeTWALEWE BICMV-CP 1310 864 dwa luwaadia pQE-80L
expression vector

é’ﬂwmzmdé'mgm’iﬂmmaaﬁ"';ﬁﬂm'mazﬁ'wjm‘hmu 50 auWuE
mInndvasanemzzUiuumaaiydulavasdu lulszsinsduwam 50
maﬁuﬁfwaafﬁﬁ]nm’sLLa:ﬁ"wjuﬁﬁwmsﬁnm

AMINTLILAIVBIANBIE terminal leaflet Tutszanssuiu 50 GRS SN
ﬁ"’aEIﬂm'aLLa:fi‘szJﬁﬁ'lmiﬁﬂm

MINTZAUMVBIRNBIULTABN LWUITaNTINUIN 50 mﬂﬁuﬁ:"uauﬁ";ﬁﬂﬂn
LLa:ﬁ"'wjuﬁﬁwmiﬁﬂm

MINTZNLAIVBIANBUSREN Iudsesinsduin 50 mﬂﬁuﬁfmmﬁ";ﬁﬂm’a
LLa:ﬁ"wjaJﬁﬁwmsﬁﬂm

MINITNBAIVDINN UL TINER ludszrnsduan 50 amﬂ'uﬁjmao
fﬁﬁﬂﬁ']'sl,l,a:ﬁ"svjuﬁﬁ'lnﬁﬁﬂm
AMINTLIUAIVDIANHURINAA L ULTZTNTIIUIN 50 /1 ﬂﬁuﬁfmaaﬁ"'gﬁlnma
LLa:ﬁ"'wg'aJﬁﬁ'm'ﬁﬁﬂm

i:ﬁ:nmi’uaaﬂ@aﬂmaafﬁﬁnm’;LLa:ﬁ"wjm‘i'lmu 50 WL
ANMNENILAZANNNTIVRILUNAN (terminal leaflet) ﬁ"ailnm'al,l,azﬁ'wjuﬁwmu
50 aevug (A) anuenly (B) aAnwuniily
mmsmElmlaaﬁ"'ailﬂﬂ'ml,a:ﬁ"wjuﬁmm 50 mﬂﬁ'mf
ﬁmﬁfﬂﬂ]ﬂL«a,ﬁwaaﬁ'ﬂﬂﬂﬂl,l,azﬁ'a‘vjm‘hmu 50 mﬂﬁ'mf
mmmamﬁlwadLuﬁﬂﬁ"'ailﬂsml,t,azﬁ'wgm"mm 50 mﬂﬁmf

mmﬂ’?'wLa,'é'wam,mﬁ@ﬁ'aﬂﬂﬂ’nLLazﬁ'ijﬁ'\mu 50 mmﬁuﬁ:

mwLmumaumuﬁtﬁmamnﬁaaﬂ'wﬁ"sﬁlnmma:ﬁwjuﬁ'}mu 50 mmﬁuﬁ: NI

wmanaansianasylwinas oPz-08

mwLmumaumuﬁtﬁmamnﬁaaﬂ'wﬁ"sﬁlnmma:ﬁwjuﬁ'}mu 50 mmﬁuﬁ: NI

InMslmnainasianas lwwas OPC-06

mwmelaal,muﬁLSuLamﬂéhazmﬁ'aﬁﬂmal,l,a:ﬁwjuﬁwmu 50 mﬂﬁunf M3l

manaasanas e lwwas OPR-09

mwmelaal,muﬁLSuLamﬂéhazmﬁ'aﬁﬂmal,l,a:ﬁwjuﬁwmu 50 mﬂﬁunf M3l

manaasanac e lwwas OPR-04

mwLmumaumuﬁtﬁmamnﬁaaﬂ'wﬁ"sﬁlnmma:ﬁwjuﬁ'}mu 50 mmﬁuﬁ: NI

Wmanaanlanasy lwilas OPR-03

23
30

31

31

32

33

34

35
38

39

40

40

41

43

43

44

44

45



P
ATNN

21

22

23

24
25

26

27

28

29

30

S18N1TNIN (D)

mwLLuwaau,m_lﬁLSuLamﬂﬁ’aasjwﬁl"aﬁlnm';uazﬁ"wjuﬁwmu 50 auwug 9Nl
wmaRaansianadislwwes OPR-12
mwLLuwaau,m_lﬁLSuLamﬂﬁ’aasjwﬁl"aﬁlnm';uazﬁ"wjuﬁwmu 50 auwug NIl
wmaRaansienade lwwes orPz-13
mwLu_lwam,muaLgmamnﬁaas;mﬁ"'sﬂnm'sLLa:ﬁ"wjaJﬁ'luau 50 auwug a3l
wmaftaansiedaaislwwas oPT-1
muImmeLLamm’mé’uﬁuﬁwnﬁugns*sm*;:%iwﬁ"aE]ﬂm'sl,m:fi"avjuso MUWUT
AN USAINIY aaﬁ’ﬁﬁﬁm’% 8 Blackeye cowpea mosaic virus Tuaawudasuas
Inaduuaniiloaasauidalrsadasdt indirect ELISA Tagld anti-BICMV
monoclonal antibody

lu@lulihdioy (C. amaranticolor) ug@saMIUNIIATIWRaT (chlorotic local lesion)

vululaniadae Blackeye cowpea mosaic virus \ilwam 7 T (n); lusaavas

TN NYILFAIANM TGN TD O NTNRAURLD meiammﬂuﬂ@gﬂ‘iw Wa997N lATULTD

Blackeye cowpea mosaic virus 1Juaan 30 Tu
waw’&maLSuLaLﬂﬁaniﬂiauﬁaﬁwmgmﬂmau%a Blackeye cowpea mosaic virus
ez 864 diua Ui RT- PCR lasldiwawes CACP1 uas
CACP2; M fa DNA marker (GeneRuler™ 100 bp Plus DNA Ladder, Fermentas);
@Tuﬁ‘wju?lm%a Blackeye cowpea mosaic virus luﬁﬂ’lWLLﬂadﬂgﬂ (ﬁaaﬁ 1) e
fudailngnafiaiiio Blackeye cowpea mosaic virus lelman PSU1 fusnldan
msdnsasail (ﬁaaﬁ 2) MURAU
é'}é’um@a:mmﬂﬁaﬂiﬂiﬁuﬁaﬁum&mmau%@ Blackeye cowpea mosaic virus
@IcMv-cP)lalaan PSU1 Adneidseuifisuiuseuninasiilu BICMV-CP
ffinermlugudoyaues GenBank léiur accession numbers AY575773,
AF395678, AJ312438, AJ312437, AH004380 s S66253 PNNTIATIEAUD
multiple alignmentﬁ’sﬁliﬂﬂmi&l DNAMAN Sequence Analysis Software
MIATIIROUNNILFAIDENULAZINIULLNETIA BICMV-CP fusion proteins &A%
ldlumasuuaiie E. coli muwug DH5a 63w 10 Lafifud SDS-PAGE i
BICMV-CP fusion proteins Tu lysis buffer (°Ij'ad"71l 1), BICMV-CP fusion proteins
ﬁLLﬂﬂaﬁ'ﬂU‘%ﬁ;ﬂ’fi (Toafl 2) uaz M fie unulysfuunasgiu (Fermentas, Hanover,
USA) (n); "3aT7388L BICMV-CP fusion proteins lag/l4 anti-BICMV MAb &g
3% indirect ELISA 1/3suifisuiudusaiingmaaisa BicMv laloan PSU1
%@mﬁﬁﬁmﬁamamdwﬁ’émwﬂﬁ anti-BICMV MAb sansaviljisenle ()
uaesen latnauasInalaaneanandidsuda BICMV-CP fusion proteins MuAnlalu

LARZATINNLRBANTEANEY

v
B
45

46

46

47
49

51

52

52

54

54



VN

Iuﬂwsﬂgﬂﬁ'ﬁ]ﬂym,l,azﬁ"wg'u snfimsdnriansvesuaslalansina 8 et ﬁwulunﬂﬁuﬁ
ﬂﬁﬂuanmﬁamﬂwamz‘nuimmamnmsﬁwmwauwﬁyﬂdauuﬁq IWADBauTIL WL I BB
vLa%’aﬁﬁaslﬁLﬁ@Iiﬂ@hm 17% Cowpea Aphid-borne Mosaic Virus (CABMV), Blackeye Cowpea
Mosaic Virus (BICMV) uaz Cucumber Mosaic Virus (CMV) tiludu Tasmunaniinalwiinlsaid
Nan‘s:ﬂuaﬂ'ﬂamﬂ@iawaw'ﬁmaaﬁ"aé'lmml,l,a:ﬁ"wju msszureeatiaanhissialasfianilonie
WaNBTRATINTY 9T ualHiAnANUELMIEINNTY 31NTIBITUBES Taiwo URZATA (2007) N&N2F B2
vjuﬁﬁmsﬂ'ﬁﬁwmwm%%’a liuanaaaaasnsud 10-100% dnsuludszainalnawuingrdngnad
HANAAAARI13-83% nnsidhviansvadlaia BICMV uaz CABMV (B3z, 2532) msmiuquliarinld
AaudN981n uanmnf‘?h%’aﬁLﬂummqmaﬂiﬂﬁoﬂénﬂ‘ammmn’ﬂmawhumamﬁm"lﬁﬁnﬁw 9
ﬁﬂﬁyﬂuqﬂmméwﬁ'zyiumwﬁwﬁ"wjaJLLa:ﬁ"'JEJﬂma mﬂ%ﬁuﬁjﬁ’mﬂmma:Lﬂﬁ%m‘iﬁaﬁqma:ﬁ
ﬂi:%‘n%mwﬁq@ﬁm%’umia@mwL?tmmmnﬂmslfﬁ']ﬁwmwam%avh%'a

Iu@i’]\‘lﬂizmﬂﬁmﬂmumiﬁ’mmﬂiﬂﬁLﬁmnﬂvl'a%'asluﬁ"'wjuunmﬂﬁuﬁ‘: GoiunIAnm
mmvﬁmﬂv\mzlmqﬁ'uﬁqﬂﬁmaaﬁug‘ﬁ"aElﬂzmLLazﬁ"ijﬂ'uﬁjﬁaaﬁumﬂLma'aﬂgnhmﬂlﬁ LazIINN
Ansananwlunisimunmunsdninansvad e Lﬂ%ﬂuﬁ’uﬁuﬁéuq ﬁﬁayjuﬁaﬁhmwﬁa RSN
Lmewaamﬂ%ﬂiﬂwﬁamLma'a‘n%"wmﬂs‘ﬁﬁmwvimﬂ%mmm:ﬁ,’lmlﬂun’nﬂ%’uﬂ?aﬁuﬁj
fﬁﬁﬂmaLLa:ﬁ"'svjulﬁﬁqmamﬁmuﬁmmi fa nandags domnnlunsuilaauazaansndiunu

A a I
TsanAaan v
A32L0NEH1NT

1. ﬁayaﬁ%lﬂwaa Vigna unguiculata
Vigna unguiculata \JuNw 112961 Leguminosae Junasfinfialudszinauauuanimeziuan
(Fery, 1985) %a@iamﬁmiﬂgﬂaihaLLWS’ﬂmUluﬂi:mmmuL@L%mﬁuaamamlﬁ 31897091
ARENAIANNRAINRANIINUTINIINGBY V. unguiculata BEN1IAUldLazNIInzikaanvaINIY
wawim ﬂﬁ)ﬁgﬂ'uwum:mﬂﬁ"avl,ﬂluﬂszmﬂm%au (Purseglove, 1977)
Purseglove (1977) uLisWalunga V. unguiculata ldiilu 3 A
1) fll"s‘v\jm (V. unguiculata spp. unguiculata) \@uAa V. sinensis (L) Savi ex Skeels
snumzinay Ae Snsaigiavladuuuuny (determinate) Sdnsthunans Anuzaukosas wie
ula ﬁn'liﬂgﬂﬁ"wqiuns:myﬁ"'svlﬂ 60 Uszinanalan waw’ﬁmﬁ'zvguﬁﬂs:mm 3.6 ﬁmé’ﬂuﬁuﬁﬂgn
11.3 dwananfuazdszano 80% voafiufininde agludszimaunuuawini (Singh, 2003) ﬁ"ij
Hunfifmivsnaussldusslomflunaoansms I@mmwwzamaﬁ'ﬂﬁﬂmma’ﬂﬂiamwmgn 1o
naunulisdiuaniiiosas Lﬁaamﬂﬁ'ﬁvﬁmﬁiﬂsamﬂumﬂ(ﬂi:ﬂauﬁa 24.80 1WasiTud (Giami, 2005)
2) tflnenn V. unguiculata spp. sesquipedalis filngnisdwaiasiuaiud
Aifnasstwly aMaglazanm 2-4 Wy Anenavazanos 30-40 udWaT U19RUTe19871909 11003
ﬁ"aEIﬂmw:ﬁgﬂmnluwﬁawaw'i‘ﬂam%mua:u’%nmm%mﬁﬂu (Tindall, 1983) @awNa



uazaziuaanvaInItduawsn (Singh et al., 1997 819lae Coulibaly et al., 2002) U19UsziNAVEINIL
LT 1w UszinaAaUTud laniu 3u Iny (dudu (Splittstoesser, 1979) minsduduiean
P A Aa o o
rhaninlanudamvedlsndlneg
. . . A 3; g: =3 A =3 a J 1
3) Vigna unguiculata spp. catjang FHNEUULAZAINT Luaﬂgﬂﬂauiwmmmm fadhlu

AaulnURANINGD

agslsfiauannangudnsasdmgiuuaznsliiaiosnanaluans vinlinis
Lm'aLmﬂﬁﬁmmﬁﬁmjufﬁmmmaaﬂ"Lﬂ 1ot Maxted uazAthe (2004) Uaz Pasquet (1996b) 31841%
91 V. unguiculata U3znauea8 11 subspecies Lﬂuﬁuﬁjﬂﬂﬁﬁfgﬁ'ﬂﬂmuiﬂuﬂ (perennial) 10 Lazi 1
subspecies ﬁi’g%’ﬂilﬂuﬁ"nﬂlﬁm fo subspecies unguiculata Nlu subspecies unguiculata 89
Usznaudronguieian (var. unguiculata) LLa:mjuﬁﬁaLﬂuﬁuﬁjﬂ’]ag (var. spontanea) V. unguiculata
ssp. unguiculata Sagnansaustasldiiu 5 nyuHay Gt (Fang et al., 2007; Pasquet, 1996a).

- cultivar-group (cv-gr.) Unguiculata ﬂ@;uﬁvlﬁuﬁﬁb"lﬂll 1Lz black-eye cowpea Failu

'
o v A o

= a ' 1 [l v 6 a =3 A e I
Anrrsgiadmaygalungy dulnglivlomininmilaawie wiatudemwiuin

- cultivar-group Melanophthalmus ngufignuondagaanuuhadain Janumzvas

A =3 ' 1 1 a a a a

waenuaauuazdn dulngiinisdgnuiinmnvariuensemiduawin

- cultivar-group Biflora: (catjang cowpea) ﬂgﬂdaulwzyLLnULaL%ﬂlﬁLﬁu GPCHIEE
aisam lsUszlomilasuilnawia uazihizermsdailasansriuds uazndn vaunsldidudofs
]9

- cultivar-group Sesquipedalis: DIHNENI ANMVUANGAINTALRI fa Hnen? wasiinig
Widuladlwiuuiies vslnaludnas

. e 1 dq' dl' v € d' a v d' v
- cultivar-group Textilis: nguiUgnidalfszloniiNandaiduloNuoninainiuaan

fidoudnagnn (Pasquet, 1998)

fwivdrsnansusstszinalunouiadoas iuaaniiosld ﬁ"aE]ﬂmaLﬂuﬁﬂumjw
V. unguiculata ﬁﬁmmﬁﬂﬁ'@ﬁg@ ﬂ’i:mﬂvl,“nilﬁﬁuﬁﬂﬁﬂﬁ’aaﬂﬂ’]’l 130,836.50 }3 IWHande
124,002.73 A% a‘i’mi’@ﬁﬁmiﬂ@ﬂﬁaﬁﬂmamﬂ‘ﬁq@ Ao JMIATYI ﬁﬁuﬁﬂgﬂ 18,996 13 1ANaKA®
26,584.65 A4 7898931 A WRIALWTIYT LALRINIAUATNTFNN ﬁﬁuﬁﬂgﬂ 7,517 uae 3,067 15 uaz

TWHanNEa 4,625 waz 3,067 A% AINAIAU ﬁww%’umalﬁﬁﬁuﬁﬂQﬂﬁ'ﬁﬁlﬂmaﬁaﬁu 31,319 15 290N

v '
A

Aundgnunfigafie Tiniauasaissiuny SAundan 2,758 13 sa9a9anda daniagnuegini &

[ ]
= =

wuhilan 2,605 15 (MsnsaSuNIINBaT, 2550)
A ¥ o @ [ <, A ¥ o P
wiwludadriezasnlanardnenuaznanuludszine fa madianslaslad
fiaanlada hiafildiAalinsasmanuiitszanm 20 slaihnfimonunilan (Thottappilly and
Rossel, 1985) udnfianhoussuazduiymlnglunindaniva fa Black eye cowpea mosaic virus
(BICMV) uWaz cowpea aphid-borne mosaic virus (CBMV) (Bashir W8z Hampton, 1996) 1a3an

Aaldiialya 2 shadaauntntionaar wudale (seed transmission virus) lasfinassauidunine



FuTudsznalnednoaunisszuiavedlsaniiaansanigasria lua 1l a1 8100 WA W%
(Tsuchizaki et al., 1984)

2. Lsadragenlisannuludanauazaidnegs
Ao o < o, DA [ A A o
lsnfiddguesmsdgnaadnenuaznmudislagiiaanhia  awh 1) Savh
anuFswIgdantnnn lsnanhianamaniiaed
. A ' A I Ao A
- Cowpea yellow mosaic w3alsaludranfeadulsanoussannlsanitelu
1 ﬁl u" o v a J a L=
Vigna unguiculata lagiamnzasnddsnidnen vmliuandaanadiie 13-83% 1afilinan CABMV ia
aglundw Potyvirus fauniauuuriaus1ing (flexulous rod) ianueniiads 757 wiluwas fnsadi
Aa A & A A A \ A ' Aa
aadalunuudiduieseldsd swadszanm 10 Alaws aan1wedlsa da ludranies ludeund
A A A AAa A o A a ' a o
omasuuivazllufndessuunulifimdondu ludusa (i 1) warRaaasandidn@ann s
FRARENNTOENINANIINAN LU TN 13% LWAZRINTDENENAAHIBUURI LALLANIZINAL BB LA D19
27-63% (3%, 2532)
- Blackeye cowpea mosaic ANBMLAINTILATLARINL CABMV  A31891%NY
BICMV dUszina lneszunms 1 1980 (Tsuchizaki et al., 1984) BCMV Lﬂunq'u Potyviruses J11%Hn
luianawed capsid protein U3zanmh 35 KDal NIWWINTZNHNHIUNIINTARTE lABUIRINI NI TY
X .
\WREBDW LTWAY
) & o A ' v o A o
- Cucumber mosaic linfiszunaninluiizaszpauas udsansndiaeisle
' v 2 o A ' v a =3 a 60'4 ' a 1 a 1 A’
dautnanians nuhiafineldifalialdluaianuinmuuszaunindadaldlaofiuuaatu s
dau iuwng laomlusiui liifalsaguusslunane snduiuindouuadss g iiuu nieenall

@mw;mmmnﬁ%%’a&fﬁuﬂhﬁﬁmm”mﬁ'umu BICMV (Anderson et al., 1994)

AINN 1 81132 aﬂiﬂﬁLﬁ@ﬁnﬂ"lﬁaﬁﬁnwuluuﬂaoﬂgﬂﬁa Nnena



3. msaemaumbaliia

’3%‘mﬂumi<§maaauL%?a"h%'aﬁﬁwsluﬁaqﬂ'u laun msamameudlsinaianIgy
Snenlasld33 enzyme-linked immunosorbent assay (ELISA) titpsanniiindsnsassauiselsad
ldhouszaansnaraseuisaiainildniiazuin g uaamafivasuazudud (aluwn uaz
Ak, 2551; Katoch UazAm, 2003) uazdsmiaTasauasnanaansoldlamlululaaueauanivod
wazlnalnauoauandvedfismzeeldali$a (Porta uazame, 1989; Wahyuni et al., 1992; Hsu et
al., 2000; Haggag et al., 2009) lululaauasuaudvadfianuinwizinnzasdaliizganinlndlaauaa
wauAvead amavliﬁmuiwﬁiﬂauaaLLauauaaﬁﬁaLﬂuﬁﬁwLLa:ﬁ'ﬂg}ﬂﬁ,’]mI‘*ﬁ’Lum‘m‘nﬁﬁaﬁﬂL%a
"b%'aagjil,aua 154 CMV (Wahyuni ef al., 1992) tiasanida CMV Lﬂuvb%'aﬁmmmLﬁ@msﬂmmﬁuﬁj
Ideluaninuiade %ammawﬁuﬁ:ﬁoﬂdnmaﬁwaI@Umo@iaﬁmﬂﬂuuﬁwaﬂﬁa M3LEIna
Iﬂauaauau@ua?}ﬁﬁa?\maﬁﬁLLauauaﬁagwmmﬁ@M%%’u ﬁﬂﬁmmm%‘uﬁ’u%mwﬂﬁag}iuuﬁ’maa
hirldnaszduoy wizdsmonug drafuiuazasfrandefiann iz lhisniadaamwdasd
ANULANEIRWIAR LB R INUAmE ani (Roossinck, 2002)

4. MIAWNIWVY Vigna unguiculata @ 125

Singh WAz Hughes (1999) 3’1smu’hﬁﬁ"ijmﬂmUﬁ’ufﬁﬁmmukﬂ cowpea
yellow mosaic, blackeye cowpea mosaic Wz cowpea aphid borne mosaic LT ﬁl"sw"u IT96D-659,
IT96D-660, ITI7K-1068-7 uaz ITI5K-52-34 Bashir kazAmas (1995) nagaun1IdInn1ulisavas
ﬁ"aw;ummUﬁufuazwudwﬁ'ﬁ‘vjwﬁuf IT86F 2089-5, IT90K-284-2 Lz ITIOK-76 AauINI0 1N
@ia blackeye cowpea mosaic Van-Boxtel Wazamhe (2000) V‘hmsﬂ@aauﬁ"wju 14 V\Tmfl,ﬁa
ATIAIRALANNAUNUGD IITH BCMV 3 strain Laz CABMV 10 strain I@Uﬁfmqﬂs:mﬁlﬁaﬁa:m
msﬁuﬁﬁ’wﬁuﬁmmmﬁmmu@ia"l,'ﬁﬁmmwﬁ@ luugifioaiu wudn aeWug IT86D-880 uaz
IT86D-1010 §3150§1WN11 BCMV 114 3 strain uazfaduwniu CABMV 30 5 strain

[

I3 a o
mqﬂizaaﬂ*ﬂaafﬂsamﬂw
1. INBIAUTIUTINNAAWUT Vigna unguiculata aulaun mElne LAWY WuTrinatiuad
aale ﬁ'uﬁjmﬂu%ﬁ'ﬂwﬁmuﬁﬂﬁuﬁ: Lm:ﬁuﬁ:ﬁlﬁmamwm quﬁfﬁ'ﬂﬁﬂnﬁmmwm%ﬂméﬂ
LNHATANRAT ?mmé’m.«m:ﬂizﬁﬂﬁ'uﬁ: waznagauMIsumulialudawaainiiaain s
2. ?mmmm‘ﬁmﬂ%mﬂmdﬁuqmsmmé’aasj'laﬁﬂnﬁLﬁusausauimylﬁLﬂ%aa%wﬁs RAPD
3. NAAINRlaauLauATINsawa BICMV
o A o & o A 2o o @ v &4 A o ' A A
4. ﬂmaanwuﬁqmummwa%mmumsﬂiuﬂ;dwuﬁqmElnm'sLwamumukﬂlumamaam
1Aia1N BICMV
5. \WanmIausNE¥WUINIIN Vigna unguiculata \JUWRAIAMNRAINAAENINUTNTTILND

ﬂ%’uﬂ@aﬁuﬁjﬁq Hnenn
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1. MIIUTMNRIRAzMIFN BN Bz I3RS

)

é’m’mLmsiaﬂgﬂﬁ"aElﬂamLLaz/vﬁaﬁ"wg'ulu%’w‘;”mmdmﬂlﬁmaaﬂszmavlms LieLAL
ﬁmmLuﬁﬂﬁufﬁy’aﬁufﬂgmmzﬁufﬁmﬁad ﬁ'uﬁmmdaﬁmmaaﬁuﬁ: uanmﬁamnﬁ'ufmmf:ﬂ'ﬁm
lufawRanuian 24 ﬁui?:mﬂﬂmmwmwmiﬁmunuﬁufﬁwﬁuLLazﬁ"';E]ﬂma Vi gudIdaNTAn
dasfanuisuninmaineaieaad Insnsaiuniueyu 3aniauastze guiiderliguansnil
WIAIUANTT LA lATIMINITNTA TR UTOU SUNBNUNEITANN JIAIARLLTINT

ﬁ'n,wﬁﬂﬁmfﬁl,ﬁmamm ﬂgmﬁaﬂ'uﬁné’nmm:ﬂs:ﬁwﬁuﬁj 1A8IIUHBANTNARD
UL RCBD d1uanullszanmh 50 Wus 3 F19az 1 uilaa9gaz 20 du uasfiviufindnsasnansasi
né

2. ﬁnmmwuﬂsﬂﬂumaﬁuqnﬁﬂﬂﬂsl%'méammsl RAPD

msanaaduwaannislaslsasazany CTAB (hexadecyl trimethyl ammonium
bromide) T46AuLaI91N Doyle uas Doyle (1990) lagl#lusaanudssduswandszans 200
faansuriwinge valu CTAB buffer (PVP-40, NaCl, EDTA 0.5 M pH 8.0, CTAB 2%) T2y
p-mercaptoethanol 144w 2% U3u1as 700 lulasaas lulnsslwazidoe aniuldlunaaauan
wuaasW wenlwidnnu ﬁﬁvlﬂﬂwﬁqm%n“ﬁ 60 a9FLTalTos LwIan 60 Wi ﬂé'uma@vl,ﬂmnﬂ 10
wfl @ isoamyl: chloroform  (1:24)  U531as 800 lulasdas ndunasaldunun g Twndeld
A2714L32 10,000 saudawf tHwiaa1 20 wn gamsa:mﬂmﬂﬂama@LLﬂWLW%@@%Wi%&i LA
isoamyl: chloroform (1:24) U3unas 800 lulasaas Snass gamiazsdulalanaoananinuaain
Tnal dnlolalwsnues 750 lulasaas naunssaldufiaanaznaudiiue asaznauilSuads
LOTIWER ANUENTH 70% ARNWINTUTLEW 3 A5s ﬁﬂﬁuﬁaﬁqm%gﬁﬁad WRINUHRTAND AN DUE
\Buladne TE buffer 70 'lulasaas [Tris-HCI (pH 7.5) 10 Aadluans waz Na,EDTA (pH 7.0) 1 §adlu
a3l ﬁ'qmﬁgﬁﬁ’aa Lﬁui"ﬂmalﬁmaﬁqm%n“ﬁ -30 adenimaLBe® auninazianls

mwaauﬂ%mmﬁLﬁumﬁaﬁ'ﬂv[ﬁﬁqﬂﬂ'ﬁLﬂ%ﬂULﬁmuﬁuaLﬁumm@rigm (A ALdULE)
TagmavnaiinlaslwsSsunaznilss (LE Agarose; Promega, USA) iutu 0.7% ussadonlwin 100
Tad luansazane TAE UWinas$ (Tris Base, Glacial acetic acid, EDTA 0.5 M, pH 8.0) tiut3a1 20
Wil Fauuoy alweflddaefidsnluslad udvihldearaseaunmeldusssanirllaaa 260 wilu
LRI @Tmm’%f'aa Gel documentation

11'16Lﬁumﬁaﬁ@vlﬁmlﬂumiﬁﬂmmmLmn@mmaﬁuqﬂﬁuiﬂﬂl%Lﬂﬂﬁﬂ RAPD
Twswa$ 1 lwswe$ 10 Twswed udiindsnadidweuvugulasd fidoAgens anwimanzaulu

v
o = '

o Ada 6 = a ¥ Y v ' a a [ 4
NMIYATD1INNUTNNATIIN 25 leJIﬂ‘EN@Iﬁ I%ﬂQWNLﬂlﬂJﬂluﬂl@GﬁﬂiﬂzﬂqEI@I'N5] AL ALDULALUNUN 60

wlunsy Inswesidudn 0.3 lulasluans 1dwlod Tag polymerase 1 Fudu 1.5 pfia 10X Taq

U
&

twines 2 lulasias MgCl, 2.5 ad-luas dNTP Wiudu 100 Hadlums asgmngfiiu 3 szau da
qmﬁnﬁﬁﬁ’lﬁ%uﬁu 94 pantraide s Lwan 2 Wi audegunnil 94 iAo 30 Awi 37

DIANTATUF 1 U1 72 DIFLTRLTHR 2 W7 SAIUIUNIRY 41 Jau ULaETOUFATNIANEIY 72 BIA-



6 o a

A a a v o AA « A a a ¥ o a
VERLTUE BN 5 WIN RRIVNATaNT e Tacau@dniaMiu I oma? $1%% 10 tulasaas w0

2 A= o Ada & a A . w Aa v @
aTIaRauIWIaTaITudLaue dr1o5BianlaslWiFaununuiu LE aznlas Aflanududu 1.5%
azanelu TBE buffer (Tris Base, Boric acid, Na,EDTA 0.5 laans; pH 8.0) ltussiafenlwin 100
T8¢ 60 w1 FouunuddwamutaTaunluslug wndw 0.5 lulasnsudaTaaany 1Huia 20 wif
§1917 10 Wil avguondiduienisldussdanitlilaian 260 wiluiwas  daoia3ad Gel

documentation ?mmgﬁl,l,uu‘naaal,ﬁul,aﬁvlﬁ ATTAHA LAUTHUREUANVLANAIVDILDLALEULD

[~ 1 3
3. MILNUAIBE1sUaNIsHanLza BICMV

3.1 MIhueaags
\fiudadnaida BICMV mﬂﬁuﬁ"wju (Vigna unguiculata (L.) Walp.) was@uiailngnn
(V. unguiculata ssp. sesquipedalis) mmmmﬂgﬂluﬁuﬁéwmam@lmpj WATAFIVA ANWUSAINTT
maaﬁuﬁavﬂuﬁﬁumﬁwmiﬁﬂm fo o sluaEdsduaaURlDIdan LEwluwdes ludiudeiia
31519 uazdduLATILNTY frsusnEIza M ITesaRIIneMfivunmsanen fs a1msludis

= A a A v v a A 1 1 &) a v v
RLANDILLACRIVUILVURRURLVLIBDW liJ@’]\‘iLﬂuLLﬂ‘U‘USL’J mauimm:lumma

3.2 mInsradauie BICMV Tuiiiasauare33 indirect ELISA

a57988UL8a BICMV huramstwidlauvesia CMV  andrasnsiaifiuanle
\{a9dude3% indirect ELISA @auiasamniinsues Clark uaz Adam (1977) lagld anti-BICMV
monoclonal antibody (anti-BICMV MADb) %aiﬁ%’ummmgmﬁ:ﬁmﬁnﬂmﬂ%ﬂiﬂﬁm ATULLN AT
MUNIUEU ANIINYIRLNBATIFAS INYNVATIUNILTY FIWTAUATLFY

mMInTIasaLLda BICMV Buainuamedslufisiiuaasannsvaslsalu phosphate
buffer saline (1xPBS, pH 7.4; 8 §adluans Na,HPO,, 1.8 Jadluas KH,PO,, 2.7 §adluans KCI uay
136.8 Daaluas Nacl) sassulufias 1 n3u datvies 5 Dadaas anndulsinauiofiedoldas
Iuvxqw ELISA plate (Costar Cat. No. 3590, Corning Inc., New York, USA) ﬂ%m@li%quaz 100
lulasdiag ﬂuﬁqm‘mgﬁ 37 svenaides s 1 72109 30 wifl #19 ELISA plate @antWinas
PBS 71§l 0.5 1/a3iue Tween 20 wanag (PBST) YSanawguas 300 lulasias 3 as19 8z 5 wnfl
nswdninasaTadlauslasnndinaa anti-BICMV MAb fitioa13lu blocking buffer (PBS A
3 wWafidud skim milk) 8a31au 1:2 aslungu ELISA plate USunasnquaz 100 lulasdas vy ELISA
plate ﬁqm‘vﬁ{]ﬁ 37 ssenoaidos Hwaa 1 T9lug 30 wifl §19%qu ELISA plate daoiiWinas PBST
3 ﬂ%ﬁd ANATNNIAINENNT AW LGN goat anti-mouse IgG conjugated with alkaline phosphatase
(Sigma-Aldrich, Saint Louis, Missouri, USA) ﬁL%amﬂu blocking buffer DAIFI 1:10,000 USn915
wawaz 100 lulasias vndaiduiim 1 52159 30 Wil §19%aw ELISA plate ¢t tWiwas PBST 3
ﬂ%y'as] 8z 5 wi mngﬂﬁﬁ%mimL@&Jmia:amé’ummwﬁﬁ p-nitrophenyl  phosphate (PNPP,
1 finfnindefiadaas) YSanamquaz 100 lulasdas ﬂuﬂﬁﬁ%mﬁqmﬂnﬁ 37 asmuenalToa tuaan

30-60 w1l nyaUfAsendasnadn 3N NaOH Usanawquaz 100 lulasdas drunavasdjizen



AMNLIINEK 405 W lNaT duLAIad ELISA reader HNAua @hmsg@ﬂﬁuummaué”;as_mﬁl,ﬂumﬂ

A . A oA o < a = v & .
fadnunnninafiawladanlunidneund 2 i Feldidu negative control

& & o { a
3.3 n1suania BICMV TAiduanawnsifgd (single isolation) waznsiiia
USamizalasa

INA0EINTNATIIRAULAILANAUINNY anti-BICMV MAb 31¥inmsuenisa BICMV
IWidumsiufiasnlasnsdgniiedieisng daudasnniinisves Lima wazame (1979) 130a1NUA
dnagsluiany 0.01 luans phosphate buffer aanainluie 1 nsudatwiwas 5 adaas lulnssus
= . 7 , , P
V% WRURIT LY (celite) waTNIAWANTAIUWIL Chenopodium amaranticolor (Coste & A. Reyn.) 4
a A . . A o & )
ITUFAIDINNTUNAARLATBI (chlorotic local lesion) tawnzlufihnsdanizanaluszeziam 6-7 u
& 5 a a & o 4 A A o A ' <
MnuBFMRANUTIaEa BICMV asluduniilngnn SaduivandaiuaniannMInuulninzanen’
@4 (Huguenot et al. 1993) las@ngaunausdaziauanualu 0.01 lua1s phosphate buffer 1 9auHAsa
twinas 200 lulasiay vanuukualaduin naunadlariuazgnize BICMY udazgaasuuluaiag
3N (cotyledon) PBIAWIIANENT 818 7 1% (1 JAUHAABAUAINNLY 1 dw) 991U szanae 10 w1
falunadnendsinau Lﬁuﬁufhﬁﬂﬂwaﬁﬂgﬂl,%av['?ﬁqm%nﬁ 25 aarnioalbes Lalsiiu positive
control luluaauuain1IaTIA@aULTa BICMV daeinaiia indirect ELISA lasldlndlaauaaiauiuad

' v

ARG be LLa:WLﬂuLma'aL%aL*ﬁaé’mﬁaﬂﬁuq‘ﬁwjuﬁﬁmmudaLf'ﬁ BICMV ¢ia 11/

4. N15§9LA3129 BICMV-CP recombinant protein

4.1 nypanuuualwsines

70 lw3LwaT (CACP1 waz CACP2) ﬁﬁmﬂﬂumnﬁwﬂ’%mmﬂﬁanIﬂiauﬁaﬁw
8uNAL8ILTE BICMV (BICMV-CP) lutiuaaw Reverse transcription polymerase chain reaction (RT-
PCR) aanuuuandauihinilaindlusiuvasdfanldsduvaiuayniay 29198 BICMV fiflna9u
agflugudayanas GenBank lasdaudadlsimavans 5 vaslwamas cacP1 #faedlalnddsmunsa
saladmanlad BamHl wazmsdsne 3¢ vaslnawes cAcP2 ffheslalnddsmunsndaldae

Lawlersd Hindlll

4.2 n138NA total RNA uazmstﬁuﬂ%mmﬁmﬂﬁanfﬂsﬁuﬁaﬁua%mﬂ
(CP gene)

i total RNA 289138 BICMV annludailngnidivysunalelude 43 Tagld
Total RNA Mini Kit (Plant) (Geneaid, Taipei, Taiwan) ﬁﬂmﬂﬁuﬂ%mm CP gene “Ila\‘]L%a BICMV
aunaia Reverse transcription polymerase chain reaction (RT-PCR) lagld Qiagen®0neStep RT-
PCR Kit (Qiagen, Hilden, Germany) (33a1nuy9 total RNA 3313 1 lulasaas laaslunaaa PCR

Ind 219153193 200 ulataas annnuauasazauadde lUhadlunaaa PCR laun



a3 5x QIAGEN OneStep RT-PCR 10.0  lulasdas
JwiWas 5x Q-Solution 10.0 lulasaes
10 Hadluas dNTP 2.0 lalasaas
100 Alaluans lwsiwas CACP1 1.0 lalasdag
100 Alaluans Iwsiwas CACP2 1.0 lalasaas
QIAGEN OneStep RT-PCR enzyme mix 2.0 lulasaas
¥ o4, X a

Wnauitiaige 23.0 lulavdes

ald A5 PCR samvini 50 lulasins wawdunaulwidniug snduwlssdduieias Thermal
cycler (Biometra GmbH, Goettingen, Germany) ﬁﬁgﬂﬂﬂlﬂwﬁqmwnﬁ 50 avaiaalTas Lduian 30
Wi $1uau 1 50U dadiogamnd 95 aseniwaldus luan 15 win aannd 94 aseuaaidus 1w
a1 45 3w gawnnd 52 asenioalGoa e 1 wA ganmnil 72 aseaaidos Wwnen 1w
1% 35 38U LLa:ﬁqmwnﬁ 72 avgnoalBod LHwan 10 w19 1491 1 39U LENTWIANANRAALEH
@28 1.2 1Wasidud agarose gel electrophoresis 14 0.5x TBE buffer lnszualn# 100 Tad win
35 Wit aniwies ldugluaisazans ethidium bromide W 10 wift anIguLALiueveIFen
Iﬂiﬁuﬁaﬁmamgmﬂmaaﬁa BICMV muldugs UV 281389 gel documentation wonaiauauLiue
aananaalagld Gel/PCR DNA Fragment Extraction Kit (Geneaid, Taipei, Taiwan)

4.3 Mslaandwfanls@niadnanna
\Touda CP gene 109148 BICMV fiugnanialdainds 5.2 fiunaiaiia pGEMT-Easy
(Promega, Madison, USA) laglf T4 DNA ligase (Promega, Madison, USA) nailud fiseans

\Tauda (ligation) USunasnaaaas 10 lulasdias Usznavdae

CP gene 1849138 BICMV 3.0 lulasdes
T4 DNA ligase buffer 50  lulasdas
pGEM-T easy vector (50 wlunsudalulasaas) 1.0  lulasdas
T4 DNA ligase (3 tiladialulasiag) 10  'lwlesdes

ETTRTR PPt 10.0  lulasdas

nan AT A mnﬁ?uﬁﬂﬂﬂmﬁqm%nﬁﬁmLﬂunm 1 Flag Wmaﬁ@gﬂwauﬁvlﬁ
nmsidands CP gene 189188 BICMV Aunaaiia pGEMT-Easy #3n31 pGEM-T/BICMV annii
m’é"auﬁwwmaﬁ@gﬂmamﬁwg competent cell YaIUUANTY  Escherichia coli mﬂﬁuﬁ: DH50L
(Qiagen, Hilden, Germany) #2835 heat shock I(ﬂﬂLLﬂﬁ%aa@ﬂﬁﬁ%mhﬁwﬁﬁqmﬂgﬁ 42 23T
Huaan 45 3w ilaasunashasasansirasuuafizouslwinugsind [Hwna 2 wiil :nsiwas
2IMIILNAY 2xYT ﬁLﬁumsﬂﬁ%m:LLauﬁﬁaau 100 lulasnsudaladans (2xYT+Amp) USunas 1
faaaay adlussazmsioasiuaiisy i lUwindadiaainuisy 200 seudaunfl ﬁqmvx{]ﬁ 37 84¢1
wados Hwna 1 9qlus sadenlalaflvedouuafiedid WARAIAANHANAIL3T  blue-white

selection lasgassazampiasuuafiiis Uiunas 300 lulasdas spread UuaIMITUTI 2XYT+Amp 0



161 IPTG (Isopropyl-B-D Thiogalactopyranoside) (Fermentas, Hanover, USA) lﬁﬁﬂﬂﬂuLﬁufuq@ﬁﬂﬂ
vJu 1 Aadluans waz X-Gal (5-bromo-4-chloro-3-indolyl-B-D-galactoside) (Fermentas, Hanover, USA)
50 lulasnsudaladans mn&uﬁﬂﬂﬂuﬁqmwﬂﬁ 37 svrnLTRLEuE TwAn aTeseUITasLUATISET
Iwaadiagnuau pGEM-T/BICMV lauldglwaiuas T7 uaz SP6 dauinaila PCR INwA NI
yasuneGeflwnaduuanuisiwin 1 Taaw YMIERaNAEIAANHENEANINLTARLUATITEA Y
High-Speed Plasmid Mini Kit (Geneaid, Taipei, Taiwan) shwaalafianaldginsaiemauiinns-
Tolndluiuaauseld

4.4 nanzialauitiaalalng

Wisuifisusauiiaaaleng cp gene 10udfa BICMV fAnySunmldinyjisen
RT-PCR fudnduindlalnd cP gene va11dfe BICMV flaglugiudayauas GenBank drnlusunsy
Blastn (http:/www.ncbi. nim.nih.gov/Blast) StanerAdrauiinilalnduazninaziiluvas CP gene 183
o BICMV “?ivl,ﬁﬁ]’mﬂ’]iﬁﬂﬂ’]ﬂ%ﬁﬁ’)ﬂIﬂSLLﬂ‘ENé’WL%’ﬂEﬂ DNAMAN Sequence Analysis Software

(Lynnon Corporation, Vaudreuil, Quebec, Canada)

45 madaada CP gene 2ouiEa BICMV gwanada pQE30 expression
vector

n1Iae CP gene madL%a BICMV L& WA18Ua pQE-80L expression vector
(Qiagen, Hilden, Germany) lagldiawlmidas1innz BamHI uas Hindlll 62833 double digestion 34

N369@ gene Laazshaazyinuonnaaani asd

4.5.1 N"136G® CP gene 284L%0 BICMV 8an1nWa1ain pGEMT-Easy

ludfAseniunes 20 lulasdes Usznavdas

WANFNAANHEAN pGEM-T/BICMV Nﬁ’@u%qw'ﬁf 100 lulasaes
10xNEBuffer 2 20  lulasdas
BamHI (20 piiadialulasiag) 1.0 lulasdes
Hindlll (20 gfiadialulasfas) 1.0 lulasdes
inauitsainige 6.0 lulashas

Aa

ﬁwa&auwaﬂﬂﬂmﬁqmwm 37 29FNaaLBu s LHwaT 1 TAlN9 LAURIIRZAIELTILD 9

U

71 -20 2IALTALTOR

4.5.2 MIAANAENA pPQE-80L expression vector
ludfisenssanes 20 lulasdas dsznauee
WAN&AA pQE-80L expression vector aﬁ'@u‘%agﬂ'f; 16.0  lulasaas
10xNEBuffer 2 20  lulasdas
BamHI (20 piladialulasiag) 1.0 'lwlesdes

Hindlll (20 piiadialulasiag) 1.0 'lwlesdes
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Aa

ﬁwdmwaﬂﬂﬂuﬁqmwnﬂw 37 svrmaides Wwom 1 52109 wasAussaraouT
Wi -20 aseaaLSos

Len CP gene uaz Wanaiia pQE-80L expression vector fisadaoianlodiaasiinnz
lagld 1 1Wasidud agarose gel electrophoresis 1% 0.5x TBE buffer 14nszua Wi 100 Taad win 35
wft i lUugluansazans ethidium bromide w1 10 Wi daunudidwiailfenlsiuraiu
mgmmladl,%a BICMV (BICMV-CP) uaz Wa1sAa pQE-80L expression vector mulduss UV Aeuusn
anaaLdueaananaalagld Gel/PCR DNA Fragment Extraction Kit (Geneaid, Taipei, Taiwan) \iU@

= ' a 4 v Ve & A a a & '
LE]%LE]LL@a$°ﬁuﬂﬂLLﬂﬂﬁﬂﬂ‘lﬂLL°ﬁLU%‘ﬂ -20 IFLTRLDYR Lwa1ﬂumumaumavlﬂ

4.5.3 n15\5axca CP gene Lfﬁéwmﬁﬁﬂ pPQE-80L expression vector
\Tandafilduauad BICMV-CP AUWa&iia pQE-80L expression vector lasg

1 T4 DNA ligase lagludfissnmaiganda (ligation) USunas 10 lulasdas Ysznauds

Waala pQE-80L (50 wlunsudalulasiag) 1.0 lulasdes
fLduavad BICMV-CP (75 wilunsudalulasdas) 20  lulasdas
T4 DNA ligase buffer 50  lulaséas
T4 DNA ligase (3 giladalulasiag) 10  'lwlasdes
inaudtsainige 1.0 lulasdas

A a v

nauFIHaN ALY annwiin U Nemna v duia 1 Tl Wangie

9 U

§ﬂwawﬁvlﬁaﬂﬂmﬂ%amiaﬁLSuLamaa BICMV-CP NUWaN&la pQE-80L %3831 pQE-80L/BICMV-

CP ﬁ'm'mﬂé"auﬂ”wwmaﬁ@gﬂwamﬁwg competent cell ¥8UUATIIY E. coli M1uWuT DH50L 62873
heat shock was¥nmssaiaenlaausasuuaiitedlesy WaNalaaNNaNeI83T blue-white selection
auasnslude 5.3 avasaulaauvesuuaiii3aAiiu BICMV-CP dramafia PCR I@Ul“ﬁ@;"lwnm%
CACP1 uas CACP2 ma3snsluda 5.2 idenlaausasuuaiiisoNasranuiu BICMV-CP 3ns1uan 1
Taaw tiaih lUgninmIgsasnzy recombinant coat protein (rCP) %38 BICMV-CP fusion proteins 14

[

Juaanda bl NIALNBNNIITNINNIRILATIZA rCP AilTaudalu pQE-80L expression vector L&

N6 N-terminal vadluiana rCP azlluianavad polyhistidine-tagged (6xHis) 113w 6 luianada
[ { A . ¥ Yo o . . v a £ o a

NF8 (MWD 2) B9 6xHis-Tag Razfilszlopilddawiunauon fusion proteins TWu3gnTdau3s

affinity purification column
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BamH1 Hindlll

BICMV-CP

-

]|
PTS -lac O-lac O-RBS 6xHis gl |38 Stop Codons

&
&
2
£ PQE-SOL

4.8 kb

Col E1

AN 2 uEeIM L TaNseTuALAwa BICMV-CP 2110 864 glUF lunanafia pQE-80L expression

vector

4.6 N3FILATITHUALNITULNANA fusion proteins

L'gﬂuﬁuﬂ’%mm%mmﬂﬁL’%ﬂﬁﬁwmaﬁ@gnwaw pQE-80L/BICMV-CP §1%7% 1
Toau Tuamiaman 2xvT  Aduasdfiucuaniidadn 100 lulasniudefinddas @xYT+Amp)
U51103 20 Da5ans Winldwgnfinanuiss 200 seudewnd ‘ﬁ'qmwgﬁ 37 29FLTALTUE WININUAK
e l$15lu starter mﬂﬁf’u@ﬂmia:mmﬁnaaimﬂﬁL%U“?i'm%'wvlﬁﬂ%mm 20 §adaas wudlaaslu flask
2119 1,000 §65303 1wal §1wn 2 flask Aflenmsinas 2xYT+Amp ag/501@3 flask 8¢ 500 AAAAAT
DATFIBYRIRTALANLLTAAUUANIIHADDIMITAAT 2XY T+Amp WAL 1:50 (USuasdadSanas) B89
WouvafiSadalassinlUiwininnuis: 200 saudauwf ﬁqmvxgﬁ 37 asraaldous Lduan 2
lus Fnindeuuefidelsesed cP dumadn IPTG asluenmsidsadelidanududu
gavhedu 1 fadluand Bosmasuuaiizudalagnsinluwinfinnusa 200 seudewd ﬁqmvxgﬁ
37 asmraidos Wwaa 6 1alus tTuanaznenwasuuaiisodionnuiss 8,000 seudawdi A
gunndl 4 asenianiBus unan 20 wifl sxawaznawaaduuafiGudan lysis buffer (8 Tua1s Urea
buffer; 100 §aaluan3 NaH,PO,, 10 Aadluans Tris-HCI, 8 luans urea; pH 8.0) ludSunas 8 Nadans
falBauuafisy E. coli dwsin 1 n3u duaaduuadiGouvinlvuanlasutiiui -70 asemadeos
AURIIRZALUTIA mmfuﬁwmézaﬁqmﬁgﬁﬁaaaumm:mu (freeze-thaw) ¥nddn 2 sau ilu
anaznawaasLUAfiGsfinN137 12,000 saudawf ﬁqmvxgﬁ 4 ayenioaldos (waan 20 win 1
sautinla (supernatant) mshuﬂaé'mfﬁmiﬁg Ni-NTA resin (Qiagen, Valencia, USA) 819AaaN1h 628
8 luan3 Urea buffer, pH 6.3 (100 §aaluans NaH,PO,, 10 Aadluans Tris-HCI, 8 luans urea; pH
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6.3) USu1a3 10 iwesdTunasaeauit (column volumn) uen rCP 289138 BICMV i 6xHis (rCP
BICMV-CP-6xHis; BICMV-CP fusion proteins) 8ananniaaaae 8 luans Urea buffer, pH 4.5 (100 4@
Tua§ NaH,PO,, 10 fiadluans Tris-HCI, 8 luan$ urea; pH 4.5) LAuudas fraction laaslunaaalulas
Euasiaslng Usunamasaaz 1 Sadaas Ndasazans 2 lua$ Tris buffer (pH 8.0) laaglunaaala
Tasduasitisunamaanas 10 lulasaas iialiudn pH 2a9a138zane fusion protein Augnana le
Idunans Sieeianudutuses fusion proteins Augnanalalas3iuas Bradford (Bradford,
1976) finup1IAARLES 595 W lwwas sroe3sssUnlnslnlafmed Wisuifsusuanudutn
paslUsfnunaspuudaza g fil@a Bovine serum albumin (BSA)

4.7 msmm%tmwﬁ%ﬁmﬁnumf&mqaua:mwu’%qﬂ‘ﬁ%m BICMV-CP
fusion protein

lasl$37 sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
SaTan 6 1Wasiiud stacking gel uaz 10 Wosidud running gel (Laemmli, 1970) 3ua1nihenagng
mInzapLsasuuaiisofiazanelu lysis buffer (8 luans Urea buffer, pH 8.0) wag fusion proteins 7
Lmﬂaﬁ'@u%qﬂ‘éﬁm Ni-NTA resin USanasatnaas 10 lulasdas waunu 2X loading buffer (0.1
WasiGud bromophenol blue, 4 1Wasidud SDS, 5 tUasibud B-mercaptoeethanol, 10 LUa3LFud
glycerol uaz 0.5 Tuan$ Tris-HCI; pH 6.8) 8a38m 1:1 annswinludulusindeauna 10 kit e
asunauseadnlwihudering woaaaatvmIaraoadlunguian Usnnasnauaz 10 lulaidas
lnszualnia 50 Taad 40 i §@WIuaIH stacking gel waz 100 11ad 150 w1fl §19TU running gel
fandlaadly staining solution (0.2 1/e3iud Coomassie Briliant Blue R-250 fazanslu 50
1asidud methanol uaz 7 1Wasidud acetic acid) 1% 10 Wfl WEIR19L98628 destaining solution
25 1Wofifiud methanol waz 7 wWasiud acetic acid) 2-3 a3 wisaunitaztinuaulsdutaian
Wiguisuawiauaduay fusion proteins ﬁwuﬁULLﬂUIﬂiaummgm (PageRuler™ Prestained
Protein Ladder, Fermentas, Hanover, USA)

[
] =

5. nMsHAGINAlAa kL WATSNAaLa BICMV

51 n1sHAalnAlaanaalawidIn

MauiAsniIwes T (2549) I(ﬂmﬁmﬁa@ﬁ‘g}mmﬂi:@hmﬁauﬁa:ﬁ@m:ﬁuﬁaﬂ
BICMV-CP fusion proteins L'ﬁ'mflu normal serum “fﬁi"ﬁﬂu negative control é’m%’mLau?\G'fi%'wﬁN’&m"L@T
NTUHEN BICMV-CP fusion protein ﬁaﬁ'ﬂu’%qw’if anuNdn 500 lwlansu AU Freund’s
complete adjuvant 8a31&% 1:1 an3zdunIzduWE White New Zealand a1 2 laaw $1uan 1 @
dmsldfiants aniudenwi 2-4 wasenmsialuated 1 azdanszdunizasdnedie  fusion
protein ANXLTNTY 500 tulAINTY NENAU Freund's incomplete adjuvant 8a3&% 1:1 1T1M9Le
Aawils Bnddendiaz 1 a9 IWMNIAANTEGUNIA186Y fusion proteins FIRUA 4 59 NTEULAY

LﬁaﬂmnLé’fmﬁa@u'%nmzjmzmﬂéf@LL@ié’ﬁmﬁﬁ 5 BRINITAAATILIN LLa:Lﬁu@iavLﬂnné'iJmﬁwmu 3
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Wwaw Mruesyanwoirasindlnanoauauddsamiulansan 1-8 1lu #S1-#S8 aud1ay NULaUE

Fsunnulaluusdazasonsiini -20 aseiwadas ol lwnInassslwaausa Ll

5.2 nM3asanal lainasuaslnalaanaauawidsy

asramdn latnoTuoslnalaanaanenddsufiiivldason 1-8 #s1-4S8) drunadia
indirect ELISA aauUasa1nidn1svey Clark waz Adam (1977) I@lslmﬁmmqu ELISA plate (Costar
Cat.NO.3590) @28 BICMV-CP fusion protein ﬁl,mnaﬁ'@u'%qﬂ%{ anuudn 10 lulasniudeladany
13891914 carbonate coating buffer, pH 9.6 (34 Jad-luans NaHCO,, 15 Aaaluans Na,CO,) U3uas
100 lulas@asdangy NS ELISA plate vlﬂﬂuﬁqmvsgﬁ 37 asmumaLdas Wwaa 1 T2l 30
wifl 1iansuiandns ELISA plate e PBST Usmamguaz 300 lulasias duam 3 %39 8z 5 wfl
niudnInd-laauaauanddsufiiseanslu blocking solution (PBS e 5 1asidud skim milk) wuy
2-fold dilution (53271 1:50 9uils 1:409,600 adlungu ELISA plate d3anasnauaz 100 lulasdas tiy
ELISA plate 'ﬁqmvm‘uﬁ 37 ssenaios e 1 T9lug 30 Wl a91Aqu ELISA plate ¢hg) PBST 3
ﬂ%\‘l AMUIDTNIIAINENITIG W LAY goat anti-rabbit IgG conjugated with alkaline phosphatase (Sigma-
Aldrich, Saint Louis, MO, USA) ﬁ'l,%aﬁ]’lﬂu blocking solution DAIFI 1:10,000 ﬂ%mm%qm: 100
1aTas8a5 11 ELISA plate vlﬂﬁu@iaﬁqm%gﬁ 37 aseumaidos 1wian 1 92109 9niuds ELISA
plate @18 PBST 3 a3y m’m@ﬂﬁﬁ%mi@mlﬁ&l substrate buffer 713 p-nitrophenyl phosphate (1
fadniudaliadfas) USuasnguaz 100 lulasias ﬁuﬂﬁﬁ%mﬁqm%gﬁ 37 ayen-LrarBus tHuaan
30 wifl nyadfisendruniada 3N NaOH iuasnguaz 100 lulasias §unaadLlfiseniaana
m’mﬁu 405 W LHLNAT ﬁ’mm%ad ELISA reader m%1@ negative control ﬁl“ﬁ’[umiﬂ@aadﬁa fusion
protein ﬁl’ﬁlﬂﬁﬂu%qu ELISA plate vUfA3810U normal serum #1389191u blocking  solution
A& 1:200 @hmi@@ﬂﬁmmwaa antiserum dilution Miiuuandasfunnniteiainldan

negative control 2 1¥i1

5.3 N13A3IFIUANNINNIEIZIVaIINAlAanaaLanAE T

A329FALANNI NIz InA lnauoauauddsufinaa lddaidal San e 9w
ﬁaisﬂsl,uﬁ"aﬂw%asluﬁ‘aﬁnm’aéﬁﬂ’i%‘ indirect ELISA au33nsluda 6.2 @alhsafiuhanldluns
NARDI DAL L“’fj? 8 Cucumber mosaic virus (CMV) subgroup | LLag Il (%ﬁﬁ Cucumovirus) L%El Cowpea
mosaic virus (CPMV; INw Comovirus) L"% 8 Bean common mosaic virus (BCMV; InE Potyvirus) %d% )
¥1NUIBN Agdia (Elkhart, Indiana, USA) fwua bt BICMV-CP fusion proteins #111fji3annuuand
F3ufinaaldidu positive control wazihawanludailneundvu§ATAueuadiuiu negative

control

6. Uszwnrsarwninlaaluatsmiasniiaanlasa
HNRANINILINE Lﬁaﬁunﬁﬁmqﬂi:mm 15 3 IINN1IATIIRAUM TN UG 2130
ludhamdaslasyimamzufaudaziusdszanos 10 WiaAus lunszorawma@niussdunaw 2

' o« ¢ A o [ I3 Py v A a = o & o [ A A
ﬂizmmawug ﬁ%ﬂﬁﬂ@]ﬁm'ﬁadLNG@NGT’ILN@@]%NIU%?G (iZUﬁlULWﬁﬂ"l(ﬂ) ﬁ]dmmsﬂg}m"na FIRIULDAN
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FasdunnliFaauindu BICMV ieflosrumsiuitionannlhiariasulayst enzyme-linked
immunosorbent assay (ELISA) (S’]tlazﬁ&l@]luﬁ"rﬁa 3-5) e grit carborundum lAAaunauuly
yosduiy uazldihausaslofiiulse theuuly 3 é’ﬂmﬁ%é’amsﬂgﬂrﬁaﬂ%usﬂ ﬁﬁmiﬂﬁm"faﬁﬂ
aSiuuduiliugasonnis Lﬁuﬁuﬁﬂgm%ﬂﬂukaﬁaumﬂwﬂLﬁaﬁaaﬁuumawmwaaL%avh%'a
(Bashir et al, 2002) nasanniussliazunumsialsalugag 2 ey laslazuun 1-5 (Bashir,
2002) it

Azuun 0 ldnngaimslag

AzUUK 1 uEaIIMIVRdlIALENTRl

AZUUK 2 LEAIDIMIVRILIATzAULUNANT
AZUUK 3 LEAIDIMIVRILTANNN
ATUUL 4 LLammmsmaﬂiﬂmﬂﬁq@

YuiaLInN® inMIaTagay BICMV lagldis enzyme-linked immunosorbent assay
(ELISA) ¥inmsiiudagnsluanduiliugasernsveslsa stwmlufild 3 ludadu fe lus lu
vInanad g wazluuu (auneazdsaluiads 3.2) luszaziian 1 Laaw&dmﬂmiﬂgméaﬂg’au:m
fatdaniamzduiliuaasenms nagaun s lagldss ELISA Bnass

grsumItindunalegldis ELISA dragnafiluuinfsdifiunnnitenfienuldan

o

< P oA ) . ' a o o A
lundnenund 2 wih G9lgiu negative control gumsdssiinuansdumuldanmsdszifininnu

a

IETRINNDINITY BOIiﬂﬁﬂitLﬁu‘ﬂﬁﬂﬂ’]'ﬂﬁ/ﬂxLLuuﬁﬂ HE RN LLﬂ$Nﬂﬂ7ﬂﬂ151%L‘Vlﬂﬁﬂ ELISA 3%

(Jszynda1n Ouattara and Chambliss, 1991)

PS - duuaasanmIvadlsauas ELISA Iiuaiduuin
NS - @uusadannIud ELISA Tanaiduau

P - duldusasannmivaslsaud ELISA Tiuaiduuan
N - auliugasenmsveslsauas ELISA Tiuatduay
sauinaaas

uwiasdgnmdnonuszninuludimiadis g nenmalduasdzmalng uasmansas
waz#asl JUdn1s nadsifizaraad uazn1aizIn1Ian1IAaINT AN ININITITNTNG

VANAINIRURITRIRATUNT INPUVARIA N TIRIARIVE
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o e

1. MIANHIAMARAINAAIBNWNHINITNVBINIAN m’;Ltazﬁavjuwuﬁqﬁmﬁaomﬂ‘léf

a ¥ J -~ A a [
Lla$ﬂ5$LN%ﬂ”I§GI'1%VI']%T§ﬂ11Jﬂ'NWiaE'JG‘VILﬂG’I’\]']ﬂvL'Jiﬁ BICMV

1.1 mﬂﬁmwnwﬁuﬁ:ﬁaElnszLa:ﬁ'wjuﬁmﬁadmﬂléT

ﬁ’m’ﬁﬁﬁwLLa:Lﬁunmmﬁuﬁ:ﬁa Hn ﬂ’mm:ﬁ'wg' WAL ﬁ“ﬁnﬁmﬂ@ﬂag’

< v o ed o & & o & aov & A« @ v o o
'Y]']Vll] ﬂﬂL?uWu‘E'ﬂ'ﬂiqu"ﬁ(ﬂL"ﬂuqqsﬁaLNaﬂWuﬁquq"ﬂ’]ﬂUﬁTHﬂ WuﬂLﬂUﬁ?USQNWuﬁ;ﬁl@LLﬂ"ﬂO%QQ

F9TA1 WNQY TUNT HAIATTIINTIT @33 Woan uazdaail asuaasluarsed 1 iugaulngled

& Ao ' o o ~ P g & dda < P
IMNABNBILNDAN 9 IuLT@]ﬁ]OﬂQ@]uﬂSﬂiﬁiiNﬁqﬂi Lua\‘l’ra’ml,ﬂuwu"fmmﬂ’ﬁﬂQﬂﬂ’;ﬁﬂﬂ’]’m’mﬂq@

Tunale)

a v ¢ \ o ' <, < PN =2
MN1319N 1 W‘HELLRZLL‘V\R\‘I@]’JE]EJ’NE]’J'V!QJLLQ&ﬂ’Jﬁﬂﬂ?’JﬂIﬂ%ﬂ’]‘iﬂﬂH’]

Common name Code Variety Source

Yardlong bean No. 1 Samchook (§1471N) Commercial Variety

Yardlong bean No. 2 KU-20 (¥.n. 20) Kasetsart University, Nakornpathom

Yardlong bean No. 3 Selected —PSU (ﬁ'@ 4.9.) Prince of Songkla University, Songkhla
Cowpea No. 4 Cowpea (13¢/'l¢)) Chia Tai Co., Ltd.
Cowpea No. 5a IT82E-9 (determinate) AVRDC, Kamphengsaen, Nakornpathom
Cowpea No. 5b IT82E-9 (indeterminate) AVRDC, Kamphengsaen, Nakornpathom
Cowpea No. 6 IT82E-16 AVRDC, Kamphengsaen, Nakornpathom

Yardlong bean No. 7 Thahanpran (NBI1IWITW) Pattani

Yardlong bean No. 8 Malay 308 (mLaL%fJ 308) Malaysia

Yardlong bean No. 9 Kaohinson (L‘mﬁwfau) Panomsarakam, Chachengsao

Yardlong bean No. 10 Yumi (ﬁl'd%lﬁ) Phathalung

Yardlong bean No. 11 - -

Yardlong bean No. 12 Suranaree-1 (q‘sm% 1) Nakorn Rachasima

Yardlong bean No. 13 cameron Malaysia
Cowpea No. 14 VIG 009 Serbia

Yardlong bean No. 156 Unknown -
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= ' o & Ve ] < = =2
MN1319N 1 (Ad) W%ELLG&LL%GG@’J8EJ"ICIEI’J‘V!&JLLN&Q’JEIﬂEJ’]’JﬂI‘Iﬂ%ﬂ’ﬁﬁﬂB"I

Common name | Code Variety Source
Yardlong bean | No. 16 Trang1 Trang

Cowpea No. 17 SR 863 AVRDC, Kamphengsaen, Nakornpathom
Yardlong bean No. 18 Unknown Lansaka, Thammarat
Yardlong bean | No. 19 Unknown Nopphitam, Nakhon Si Thammarat
Yardlong bean | No. 20 Thau-faosai (ﬁL’JLb”J’lfLa) Na Rang, Nakhon Si Thammarat
Yardlong bean | No. 21 Thau-teenman (fﬁ?]%%i’l%) Na Rang, Nakhon Si Thammarat
Yardlong bean | No. 22 Tao-00-sho (fﬁ 9.R.) Na Rang, Nakhon Si Thammarat
Yardlong bean | No. 23 Unknown Tha Sa la, Nakhon Si Thammarat
Yardlong bean | No. 24 Lebmee (ﬁL’JLg‘U%ﬁ) Cha-uat, Nakhon Si Thammarat
Yardlong bean | No. 25 Unknown Na Yong, Trang
Yardlong bean | No. 26 Thao-dang (fﬁLLm) Bang Rak , Trang
Yardlong bean | No. 27 Unknown Khuan Pring, Trang

Cowpea No. 28 Thau-laishua (fi"amm%a) Wang Wiset, Trang
Yardlong bean | No. 29 Unknown Naphala, Trang
Yardlong bean | No. 30 Unknown Naphala, Trang
Yardlong bean | No. 37 | Thau-gampong (ﬁ?LLﬁuwad) Si Chon, Nakhon Si Thammarat
Yardlong bean | No. 32 | Thau-faosai (ﬁ?LFJ’ﬂﬁ (LL91)) Si Chon, Nakhon Si Thammarat
Yardlong bean No. 33 Unknown Si Chon, Nakhon Si Thammarat
Yardlong bean No. 34 Unknown Si Chon, Nakhon Si Thammarat
Yardlong bean No. 35 Unknown Si Chon, Nakhon Si Thammarat
Yardlong bean No. 36 Unknown Tha Sa La, Nakhon Si Thammarat
Yardlong bean | No. 37 | Thau-thaidang (ﬁl'jﬁ’]ml,m) Thung Lan , Khlong Hoi Khong, Songkhla
Yardlong bean | No. 38 Unknown Thung Lan , Khlong Hoi Khong, Songkhla
Yardlong bean No. 39 Thau-lai (ﬁl'jmil) PSU, Hat Yai, Songkla
Yardlong bean | No. 40 Thau-pran (ﬁ"?Wiﬂu) Wang Phai, Chumphon
Yardlong bean No. 41 Unknown Ban Ko, Phrom Khiri, Nakhon Si Thammarat
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= ' o & Ve ] < = =2
MN1319N 1 (Ad) W%ELLG&LL%GG@’J8U’]GH’J‘V!NLLN&Q’JEIﬂEJ’]’JﬂI‘Iﬂ%ﬂ’ﬁﬁﬂB"I

Common name Code

Variety

Source

Yardlong bean No. 42

Thau-taito (D¥N6a)

Ban Ko, Phrom Khiri, Nakhon Si Thammarat

Yardlong bean No. 43

Unknown

Ban Ko, Phrom Khiri, Nakhon Si Thammarat

Yardlong bean No. 44

Thau-dang (674@9)

Ko Yao Yai, Ko Yao, Phang Nga

Yardlong bean No. 45 Unknown Thung Lan , Khlong Hoi Khong, Songkhla
Yardlong bean No. 46 Unknown Mai Kaen, Mai Kaen, Pattani
Yardlong bean No. 47 Ranong Pattani

Yardlong bean No. 48 Pattani 1 Pattani

Yardlong bean No. 49 Pattani 2 Pattani

Yardlong bean No. 50 Pattani 3 Pattani

1.2 mIfinmansuedmugIwraInIlngIuazn NI NI MALTILTINIM

Hwdanang 50 mowuunlannasey thafnmansmeamguingt lasdgn

Iuﬂi:mwmmﬁumuquﬁﬂma 15 %72 1IURWNIINARBILULFUAREA (CRD: Completely

Randomized Design) 31434 3 €198z 1 132019982 2 6% iNMsiiudayasiag aad

[

ﬁaﬂa NHWSNNAUATN

a

- anwmenaaswLdula (determinate n3a indeterminate growth habit)

- &aan

- gl

- &dn

- 3uUsvaEae

- FUAN

MNEAMITUAnToyaansueaUzUaIuaalua1319fN 2 uaznnd 3 laofinwazidoadad

a




A1519N 2 é’nwmzqmmwmaaﬁaﬂﬂmma:ﬁwﬁu 50 ﬁuﬁ:

Terminal
Access. Plant Eye Pod Immature pod
Growth habit Seed shape Flower color Leaflet Mature pod color
no. pigmentation color curvature pigmentation
shape
1 Indeterminate 0 Kidney Black Violet Ovate Straight None Pale tan
2 Indeterminate 1 Kidney Black Violet Ovate Straight Uniformly pigmented Dark purple
3 Indeterminate 0 Kidney Black White Ovate Straight None Pale tan
4 Indeterminate 0 Kidney Black Violet Ovate Curved None Pale tan
5a* Determinate 0 Rhomboid Black Violet Sub-hastate Straight None Pale tan
Slightly
5 b* Indeterminate 0 Rhomboid Black Violet Hastate Uniformly pigmented Pale tan/purple
curved
Slightly
6 Determinate 0 Rhomboid Brown Violet Hastate None Pale tan
curved
White/Violet Pale tan with
7 Indeterminate 0 Ovoid Black Ovate Straight Pigmented valves
splashes purple valves
8 Indeterminate 0 Kidney Brown Violet Sub-hastate Straight None Dark tan
Slightly
9 Indeterminate 0 Kidney Black Violet Ovate None Pale tan
curved
10 Indeterminate 0 Globose Black Violet Ovate Straight None Pale tan

8l
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139N 2 (Ad) anwmzqmmwmaamé’lnmma:mwu 50 Wit

Terminal
Access. Plant Seed Pod Immature pod
Growth habit Eye color Flower color Leaflet Mature pod color
no. pigmentation shape curvature pigmentation
shape

11 - - - - - - - - -
12 Indeterminate 0 Kidney Black Violet Ovate Straight None Pale tan

Slightly
13 Indeterminate 0 Kidney Black Violet Sub-hastate None Pale tan

curved

Slightly
14 Determinate 0 Rhomboid  Tan brown Violet Ovate None Pale tan

curved
15 Indeterminate 0 Kidney Brown White Ovate Straight None Pale tan

White/Violet
16 Indeterminate 0 Kidney Black Ovate Straight None Dark tan
splashes
17 Indeterminate 0 Kidney Brown Violet Sub-hastate Straight None Pale tan
Splashes of
18 Indeterminate 0 Ovoid Brown Violet Ovate Straight Dark tan
pigments
Uniformly Black or dark
19 Indeterminate 1 Kidney Brown Violet Sub-ovate Straight
pigmented purple

20 Indeterminate 0 Ovoid Tan brown Violet Sub-ovate Straight None Pale tan

6l
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139N 2 (Ad) anwmzqmmwmaamﬁlnmma:mwu 50 Wit

Terminal
Access. Plant Seed Pod Immature pod
Growth habit Eye color Flower color Leaflet Mature pod color
no. pigmentation shape curvature pigmentation
shape
21 Indeterminate 0 Ovoid Brown Violet Sub-ovate Straight Splashes of pigments Dark tan
Pale tan/
22 Indeterminate 0 Ovoid Black Violet Ovate Straight Pigmented valves
purple straps
Black or dark
23 Indeterminate 1 Kidney Brown Violet Ovate Straight Uniformly pigmented
purple
24 Indeterminate 0 Kidney Black Violet Sub-ovate Slightly curved None Dark tan
25** Indeterminate 0 - - - Sub-ovate - - —
Dark
26 Indeterminate 1 Kidney Brown Violet Sub-ovate Slightly curved Uniformly pigmented
brown/purple
27 Indeterminate 0 Kidney Black Violet Sub-ovate Slightly curved None Dark tan
28 Determinate 0 Ovoid Black Violet Ovate Slightly curved Pigmented valves Pale tan
White/Violet Pale tan/
29 Indeterminate 0 Ovoid Black Ovate Straight Pigmented valves
splashes purple straps
30 Indeterminate 0 Ovoid Black Violet Ovate Straight None Pale tan

0¢c
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139N 2 (Ad) anwmzqmmwmaamé’lnmma:mwu 50 Wit

Terminal
Access. Plant Seed Pod Immature pod
Growth habit Eye color Flower color Leaflet Mature pod color
no. pigmentation shape curvature pigmentation
shape
31 Indeterminate 0 Ovoid Tan brown Violet Sub-ovate Straight None Pale tan
White/Violet
32 Indeterminate 1 Kidney Brown Sub-ovate Straight Uniformly pigmented Dark brown
splashes
33 Indeterminate 0 Ovoid Brown Violet Ovate Slightly curved None Pale tan
Black or dark
34 Indeterminate 1 Kidney Brown Violet Sub-ovate Curved Uniformly pigmented
purple
35 Indeterminate 0 Ovoid Tan brown Violet Sub-ovate Slightly curved None Dark tan
Pale tan/
36 Indeterminate 0 Ovoid Black Violet Sub-ovate Straight Pigmented tips
pigmented tips
37 Indeterminate 0 Kidney Black Violet Sub-ovate Straight None Pale tan
38 Indeterminate 1 Kidney Brown Violet Sub-ovate Slightly curved Pigmented tips Dark tan
Pale tan/purple
39 Indeterminate 0 Kidney Black Violet Sub-hatate  Slightly curved Pigmented sutures
Lines
Pale tan/purple
40 Indeterminate 0 Kidney Black Violet Ovate Slightly Pigmented valves

Lines

¥4
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Terminal
Access. Plant Seed Eye Pod Immature pod
Growth habit Flower color Leaflet Mature pod color
no. pigmentation shape color curvature pigmentation
shape

41** Indeterminate 0 - - Violet Ovate - - -

42 Indeterminate 0 Kidney Black Violet Sub-ovate Slightly curved None Pale tan

Black or dark
43 Indeterminate 1 Kidney Brown Violet Sub-ovate Straight Uniformly pigmented
purple
44 Indeterminate 0 Ovoid Brown Violet Sub-ovate Straight Splashes of pigment Dark brown
Black or dark
45 Indeterminate 2 Kidney Brown Violet Sub-ovate Slightly curved Uniformly pigmented
purple
46 Indeterminate 0 Kidney Black Violet Ovate Straight None Dark tan
White/Violet
47 Indeterminate 0 Kidney Brown Sub-ovate Straight Splashes of pigment Dark brown
splashes

48 Indeterminate 0 Kidney Black Violet Sub-ovate Slightly curved None Dark brown
49 Indeterminate 0 Kidney Brown Violet Sub-ovate Straight None Pale tan
50 Indeterminate 1 Kidney Brown White/Violet Ovate Straight Splashes of pigment Dark brown

*Plants in accession 5 has been mixed as determinate and indeterminate growth habit and from this reason accession was divided in 5a and 5b.

**Accession no.25 have no flower and pod, ** accession no.41 produced no pod.
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Accession 7
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Accession 15

NN 3 (618) ANBIENHAUTIWINENV8INIEANEILAZIINNTIWIU 50 FBRUT
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Accession 16

Accession 22

NN 3 (618) ANBUNIAIIWINEN V240 NEN I NINNIIWIU 50 EBWRUT
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Accession 23
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Accession 24

Accession 26
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Accession 27

Accession 30

NN 3 (6B) AnBUENIAUIIWINENTaIR NI AT MIKNIIWIU 50 BRUT
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Accession 31

Accession 32

Accession 33

Accession 34

Accession 35

Accession 37

NN 3 () ANBUNIFUIIWINEVINIHNENIUALIINNTIUIL 50 fnBRuT
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Accession 38

Accession 45

NN 3 (618) ANBIENHRUTIWINENV8INIEANEILAIINNIIWIU 50 FBRUT
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Accession 48

Accession 25 Accession 41

NN 3 (619) ANBUENHFUFIWINENVBINIANIILAZIINNTIUIU 50 FURUT
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1. ansmenissandvle

snwaznnaTyidulavesnidnsniuaznaiudiuam 50 MeWuENALTILTIN Wod

v
=)

' ' a a L oA, =2 & P A & ] X .
fulngmaatyidulavasnanimsaneilsuuuiuiensauuuifesussNafos (indeterminate)
o et Ig v [l . o et a
A $1wan 46 mevius uazuuvliludaniaiduuuunu (determinate) $1wan 4 aoWus Aaiilu 92
& = [ o o A v ed a a |J v I < 1 & A o 6
uaz 8 Wafidudaruday  (1wh  4) Wusiuiydulavuuldiudadunvanimuefe Wus
WUNELEY 5a, 6 (ITB2E-16), 14 (VIG 009) LasRNULAY 28 (Aui&a)

2. anwmezUs19lunats (terminal leaflet)

AN terminal leaflet anuuandany lagaunsauenlailu 4 uuufe Hastate lu
uway gwlunanad, ovate lunuaduzyle, Sub hastate ludaudhiuay grulunanaid, Sub ovate
lunfagwlunasindndes anmsins wud suswlusulwgiaziduuny Ovate waz Sub ovate
Aadn 46 Uaz 44% eURIAU terminal leaflet ﬁﬁgﬂéwuuu Hastate L&z Sub hastate JLNed 1 Laz 4
suvus Aaidu 2 uaz 8% muaau (Mwi 5)

anwazzlinsly usnwoefishanlduss ot luLLdmaaﬂwﬁ‘i'\LLunﬁubfmaaﬁ"’wjuLLa:
ilnele Potorff uazame (2012) 51ﬂowuiwﬁaﬂuﬁuﬁ:ﬂﬂﬁ'ﬂﬁiuLﬂmmu hastate Iummzﬁﬁuﬁ:ﬂgﬂ

A o § v 1 1 1 v A
mawugmim mulmngﬂﬁﬂum']muu ovate 38 sub globose
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SNBIULVDI terminal leaflet

~ o o . ° o ¢ < [
AAN 5 N1INENUMIURIAaNFe terminal leaflet luﬂi:"ﬁ’miﬁ]’m’m 50 ﬁ'—]ﬂwuqﬁlaﬂﬂjﬁﬂﬂq"luﬂ:ﬂj

oA e =2
V!N'V]'Y]']ﬂ']'iﬂﬂ‘lﬂq

3. anwmednan
a <, < ° o A ' o ' o &
faanvasnauuaznIdneI$IwI 50 MoRuiianuuandinulasaunnudsldide
' A A a ' a P | <, AR a a
3 ngu e §a9 Frdwiniuazien wohdwlngnadneruaznanuidnsiaaniiag @42
sowut) Aaillu 83.3% vasdszmnIninag ﬁiﬁwmumUﬁuﬁ:ﬁiﬁmaﬂﬁmnﬂumﬁwmu 6 818
WHE(12.5 %) aandaiag uazlifing 2 suwuinie 4.2% flwaanius da nadnewuiaa u.e.
v & ] A s [l o o v 6 2 & v ] A & 3
wazWui linmufe (dra19naneiay 15) Mwiunuinanoe 25 Sududredsfiivinduna

Ulgd IRIAATI "L&imminLﬁfu"iTaQalua%’aﬁi@ﬁﬁaaa’mﬁugﬂimL?T’]ﬁﬁmﬂLLa:mﬂﬁauaaﬂ@an

{ o q, L 1 ] I s ] A £ L
(MW 6) SmITuanwmiaan Aawingiianduwanwuzay (Sangwan, 1998 ) TIFaAARDINU

¥ ¥
v a A

=2 a ' ' <, < & A ' .
ﬂ']i?lﬂi:l"ll%ﬂid% Lua{l"i]'lﬂﬁﬂaﬂﬁ')%lﬁmuluﬂ?wwuﬂztﬂ')EJﬂEI’]')L‘]J%ﬁ&I'N ez %9 Aggbicodo

S o

(2009) nanfsdnarFaanluninuuaznadnenifaanianunainnais de dasudian aw

=

Ty wdndan uazfiiag luume Singh uazamz (1997) Munwitdaanvesfizana Vigna I&

a A [
D17 AN LARDILLRSNII
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4. anwmeddn

[

FnvasnIdnyIINAzIINY 48 auWuT (asapWutldannliilnld) wodr Taw
> dq,d a

wanwanedaniIg lasudslaidu 6 ngu it MIwa (non pigment) &9 (uniformly pigmented) &
WealauWIaRTN29 (pigmented valves) §Ag28a18132474 (splash of pigmented) RlpaUaadniF
' . . A A AA A | . o ga o & A
1124 (pigmented tip) &1Z8AFNUTIMUIBUE. (pigmented sutures) 9N 48 ENBRUENANANIOUUNNT
fnle 28 aunug (58.3%) 1WHnTIn 8 suWuinia 21% 1WHN&N 5 auwut (10.4%) Hdnfidn
UMW 4 BEWUT (8.3%) AdnFITazaing, 4 MuWus (8.3%) Hiln®dsnlauidniuig uazd
1 spRuinAnfdoiuazifisuiinmsasde (NWA 7) Sangwan uaz Lodhi (1998) @ns1anInn1s
fENaANINUINTINVINNHAEHN waznenwhiuneaueuainidududifoiuazinniiziisazan

a A = ! . .
ANRTBUNBILIEIW (partial dominance)
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20 ~
1 -
0 i i i - i | | i e
None Uniformly Pigmented Splashes of Pigmented Pigmented
pigmented valves pigments tips sutures

~ o o a ° o ¢ < < 4 A
MAn7 ﬂ’]’iﬂi:ﬂ’]il@’madamﬂm:ﬁﬂﬂ luﬂ’izﬁﬁﬂ‘i‘ﬂ’lu’lu 50 /" ﬂW%‘n;‘Iladﬂ’JaIﬂEl’]’JLLaz ﬂ’l“/!&l‘ﬂ

lIarrtabTa

% 1 <3
5. anwmeIU9iNan
=2 [~ ] ' = < < oA :

mnnsdnsasii wod gdiewiesasaadnouazaanudiulngazdzlisuuugdle
(kidney) 9InNWN 8 WU WiABe9NENE1 29 MuRUTIINNINUAG 48 MuWNUTTLRHNLAzINGG
winfaidu 64.4% Jwdadnunzgdla 15 auWuf (31.2%) zdisudauuy ovoid uazdlatng
SENUTOT 4 e (8.3%) I3Ui19uAaLUY rhomboid 9INLANFIINTIUUNANBULET V83
Wy wud Mnuliansasgdiaudaiuuuudiig 5 wuuasik Kidney, Ovoid, Crower, Globose

uaz rhomboid (IBPGR, 1983) udluniifinsaisih wuglirsudaiios 3 anwmsirinn
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ANULU093UINER
AN 8 miﬂs:mﬂﬁwadé‘ﬂmm:gﬂiwmﬁﬂ Tudszrnsduin 50 &0 ﬁﬁufmaaﬁ'sﬁﬂm’al,l,a:ﬁ’aﬁuﬁ

Hnsane

6. Awan
%Luﬁmﬂuﬁﬂ%ﬁdﬁﬂwmzﬁﬁmmLLﬂiﬂﬁugoﬁnﬂm‘iﬁﬂwm%ﬁ WUIEINNTOULLINGUT
wialdidu 7 ndudanniu fa #ihana & #2717 Fhenasea17 Fvansd Je3u uaziiiens
du Taswuidulnginiadfiheada 22 suWusAaLlu 45.83% taun Ae LudaFdduIns
SUNUT (27.08%) WieRILAzEIAaa18217 a8nIaz 4 MUNUT (8.3%) A nauduaziaiu
08198z 2 ANRUT (4.16%) wasdinaadu e 1 auWug (2.08%) (MW 9)
ﬁ'ﬂwmzﬁmﬁmﬁl'aﬁﬂmaLLa:ﬁ"wg'u wdaziduanuasganInLanL I fauiAeaTas
Waneg Drabo LATAME (1988) ﬁﬂmluﬁ'ﬁvju LLa:aEﬂdﬁﬁuﬁmuquﬁLﬂﬁaﬂv}”uLwﬁmmaaﬁaﬂuﬁ
Yanua 5 @j’lumm:ﬁ Biradar Wazamke (1997) ﬁmmdw&ﬂﬁanﬁmmﬁmﬁ"wjuLﬁ"mﬁaqﬁ'umi
auvasdu 3 ¢§ NN1IFENBIVaI Nzaramba uazAmE (2005) BIIRHATEEAAREINL Drabo
LazALY (1988) ﬁaa@:iwﬁuﬁmuqummﬁ”n&ﬂﬁaﬂv}”uLuﬁﬂluﬁ"wju 5 6 wazNIVNwUBIDH

Fafianudunuiniul fATerluniiaiiaans antioxidant uTimifanduiuiadnean
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ANBULVBITLNER

A o o A = o v & ') < 4
ANN 9 ﬂ’]iﬂiz’ﬂ’]EJ@]’J‘IJa\‘iaﬂﬂm:aLNa@lluﬂR‘ﬁ’]ﬂi%’m’m 50 E*T’]ﬂwu‘q‘ﬂadﬂ’sﬁﬂm’um:ﬂ%w&m

HnsanE

[

Toyaansaen19lIan
é’ﬂwm:ﬂ%mmﬁﬁwmnﬁuﬁagasl,umiﬁﬂum%v'af:‘lﬁuﬁ
- Tnaanaan
- gualy (termination leaflet length and width)
- anuenIEn
- shwiniln
- YWIALNER (seed legth and seed width)

1. ImaanAan

TwaanaaniuIINInaanLINUIBlUuLGRT AR %qwuiﬁmmLLﬂiﬂmuﬁamﬁagaI@ﬂ
Hr93naonaeniiaasud 39 fuluamﬁ'uf NAUTaU LATRNNELAT 13 FoWUTANNDTOW %
myﬁuq‘ﬁaan@an%nﬁq@ﬁaamﬁ'uf@%’a 2 11981 69 5% Feflarwuandrsnnds 30 3% lasd
d1aduiuaanaan 51.4 Ju wuindlag 13 mUﬁuﬁfﬁaaﬂmanL%’m'jwhLa?iﬂasmﬁﬁ’uéwﬁryma
]OG way 13amﬁ’u§ﬁaan@aﬂ°ﬁ’1 LANE1INALR R B I IR AT NIRER L TuAR (a19197 3,
WA 10)

Fuaanaandudnsmzindgiindsudysiuiislianuaulaiioshomoiuglinag 1w
sunsafiufisnandaleraisidu laganizegsdslufiuniindanuudsUsinsesaninennia
Aautn3gy (Ishiyaku et al., 2005) Negri UazADiz (2000) Mewihineanaaniianuduiusidaauiy
Swiufglagfnandunus iy 0.52 é’ﬂwm:ﬁ:ﬁ%w%waﬂuaaﬁuﬁmuqmm:amwLLmﬁamﬂiﬁm
Lﬁm"ﬁaomn lagannz photoperiod (Adeyanju L8 Ishiyaku, 2007; Uarrota, 2010)
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0 r 1 rrrrrrrr v r 1111t rrrrrrrrrrrrrrrrrrr T T r T T TroTrTrT
1 . 50
AuNUE
AN 10 302N THBDNABNTBINIANENIUAZIINNTIWIU 50 BUWUT
@13197 3 AnvaduwInevasmne LAz IuTIUTINLA U sfnm
Terminal
Days to Terminal Pod Pod Seed Seed
Accession leaflet
flowering leaflet width lenght weight length width
No. length
(days) (mm) (cm) (9) (mm) (mm)
(mm)
1 46 137.3 67.0 63.2"*+  20.2**+ 7.02* 5.87
2 42+ 152.0 74.0 37.8*+ 12.2 11.45*+ 5.87
3 43%*- 127.6 68.3 50.6**+ 18.8**+ 11.21 5.56
4 39**- 99.0 69.0 25.0 8.0**- 9.37**- 4.70
5a 43**- 134.0 44.6**- 20.6**- 8.8**- 8.37**- 6.99**
5b 45%* 100.3 61.3 12.2**- 3.4%*- 7.65** 5.93
6 44%*- 115.0 23.0** 19.0**- 7.2%%- 7.02* 6.29**+
7 48 132.6 99.6**+ 26.2 12.4 8.35** 5.21
8 47 133.0 59.6 51.2%+ 206"+  12.25+ 6.01
9 39**- 117.3 69.2 28.0 1.4 12.42%+ 5.23
10 46 101.6 68.0 18.0%*- 6.4**- 6.78**- 5.61
12 46 125.0 87.6"*+ 23.6** 8.0**- 9.92 5.26
13 39**- 96.0** 45.6** 47.2*+  17.0%+ 11.23 5.92
14 46 94.6** 50.0%* 18.8**- 7.2%*- 7.19* 6.01
15 42+ 101.3 73.0 37.8*+ 13.4 11.74*+ 5.69
16 50 137.0 84.0 38.6**+ 15.6 11.35%+ 5.85
17 46 107.0 42 6 28.4 10.2 10.36 5.71
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Terminal
Days to Terminal Pod Pod Seed Seed
Accession leaflet
flowering leaflet width lenght weight length width
No. length
(days) (mm) (cm) (9 (mm) (mm)
(mm)
18 58**+ 117.0 69.3 258 10.6 8.25** 5.60
19 45**- 116.3 55.3 44.6*"+ 18.2**+ 12.62**+ 5.66
20 62**+ 122.6 71.3 18.0**- 5.8%*- 8.14** 5.76
21 61*+ 107.0 51.0 19.2**- 7.2%*- 8.54**- 5.71
22 49 122.3 72.3 24 .4%*- 12.8 9.96 5.77
23 49 108.6 66.0 37.6**+ 15.2 11.5 5.20%*-
24 46 126.3 58.6 35.8 12.4 10.49 5.87
25 -—- 112.3 78.3 -—- -—- -—- -
26 44**- 125.6 52.3 51.4**+ 28.4**+ 12.26**+ 5.76
27 47 121.0 78.3 326 13.8 11.25%+ 5.71
28 47 132.6 86.0 256 11.0 10.57 6.21
30 56 116.3 716 27.8 9.6 9.03**- 5.27**-
31 62**+ 123.0 67.6 22.2**- 11.6 10.94 6.30**+
32 61+ 118.3 63.0 30.6 11.8 9.97 4.88**-
33 68**+ 137.3 79.3 344 21.4%+ 10.45 5.36**-
34 51 121.0 68.6 32.8 11.6 10.89 5.29**-
35 60**+ 117.3 63.6 254 12.0 10.22 6.51**+
36 68**+ 129.6 86.3**+ 22.4**- 8.2**- 8.56**- 4.64**-
37 47 114.0 69.0 31.0 15.2 12.03**+ 5.63
38 60**+ 123.0 74.3 26.2 10.6 9.87** 6.41**+
39 57 126.3 443 252 8.4**- 10.63 5.58
40 48 129.0 74.6 24.8 9.0%*- 10.24 5.59
41 61**+ 106.0 71.3 - - - -
42 44**- 116.1 60.3 28.8 9.8 10.50 5.45
43 69**+ 126.3 65.6 51.2%*+ 25.6%*+ 12.62**+ 5.67
44 61**+ 118.3 59.3 22.2%*- 7.6%*- 9.62**- 5.43**-
45 40**- 124.6 63.6 43.0""+ 15.0 12.14*+ 5.73
46 48 144.0 89.0"*+ 29.2 11.8 11.47*+ 6.17
47 45%*- 127.0 66.3 47.2%+ 13.66 12.41**+ 6.23
48 46 122.6 79.6 31.0 11.8 11.88**+ 5.83
49 59"+ 152.6™"+ 81.0 42.6"+ 16.8**+ 11.94**+ 6.31*"+
50 59**+ 132.6 76.6 33.0 17.0%*+ 12.20**+ 5.87
48 46 122.6 79.6 31.0 11.8 11.88**+ 5.83
49 59**+ 152.6**+ 81.0 42.6**+ 16.8**+ 11.94*+ 6.31**+
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@13197 3 (6i8) AnsuAuIWINEvaInInEIuAzIAALTILTINLAlFlunsfnm

Terminal
Days to Terminal Pod Pod Seed Seed
Accession leaflet
flowering leaflet width lenght weight length width
No. length
(days) (mm) (cm) (9) (mm) (mm)
(mm)

50 59**+ 132.6 76.6 33.0 17.0%*+ 2.20%*+ 5.87
F_test *k *k *% *% *% *% *%*
LSD 0.01 5.95 26.51 18.09 5.60 3.52 0.67 0.41
C.V. (%) 5.25 10.19 12.48 9.77 16.84 5.58 6.19

Note : **+ - positively significant difference from mean valu, **- - negatively significant difference

from mean value

2. awialy (ﬁ’J’J&Iﬂ’)’JLma‘:ﬁTmn’?’mﬂaa Terminal leaflet length)

nnnstuiinanuevaslunais wudﬂmﬂﬁuﬁjﬁﬁmmaiuﬁmﬁa:mﬁa WUHLAY
14 (MWundazineisaiids) fawsnvasluiais 94.6 wa. luymsisoRuinunoiay 49
(Taail 2) fawsnvaslunniige (152.6 va.) dulnagiliaifisuiuduais (123.27 wa.) ldwy
ANuLandadwiltsdAYNIana oniiuasiuinenoey 49niid1uinnitenusniafuedg
IduinAYn9ada uazdn 2 meWuindduiaoniianusniaisediisidyneaiane s
WHTANLNDTOU WAz VIG 009 (Manuiad 14 andssinaisasids)

auaanunevadly wudndanuudsdsiugunu laawuindaissasninu

% . A o gda o A A a
ni19ly terminal leaflet agjfi 68.9 wu. suWuinfivwialuniisngada naunoas 7 nurswau i
ANE12784LUIARY 99.6 V. UATABNUTRNNIAY 5a (IT82E-9 Wa) Aanunivesluiasiga
(42.6 uw.) Aios 3 meoiuiniianunivvasdunnniduaivadnlidbiayneaia e nwis
WU §IUNT uazmoWuTRaNoeY 46 uazll 6 meowuinlufianunisdesnitdiafuadned
v o, @ aa A Y <
WHRATNIIEDE Ao IT82E-9 -7 AuAY, IT82T-16, AILNEIU, VIG 009, SR863 WazDIAY
(@519 3, nMWh 11)
. =] P2 Y Aa v o &a o A

auraly terminal leaflet LIudnuilsanuwuenianuaunusnumslANanEava9
ﬁ'wjm,l,a:ﬁ"sﬂﬂm's Peksen LazAme (2005) nannvwiavasludianudanlasassdanszuawns
o & Ao A < o« . A a ' . .
FILATIZHUE ﬂﬂmanwmzlwaawmngamLﬂuluﬂs:ﬂauﬂizm‘n pinnate NiL13yn1 trifoliage

leaves @alulsznaudiomuludes uazlunasazfiswalngiiga (Davis et al., 1991)
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2NN 11 ﬂ’J’mm’JLLaxﬂ’Nuﬂ’J’N"Ua{)lUﬂa’N (terminal leaflet) ﬂ’JE»]ﬂEJ’]’JLLaxﬂ’J‘V!N‘-D’]Wm 50 a’]ﬂwuq

A) anuenaly (B) anwninely

3. anxgdn

Tasin@ansmeainuuiain ﬁ'aw"mzﬁmmmmmﬂﬂﬂfaﬂﬂdwﬁ'zﬂﬂmamﬂ
é'hamﬂumiﬁﬂwm%ﬁﬁﬂs:ﬂauﬁaU{h‘vg'u LaznIEnNeN" W‘ummLLﬂiﬂsaummmmmaﬁlﬂgwm
[ . o { 1% { <, o )
asuaaslu Figure sawuindanuenidndasfigafonana IT82E-9 WA (Wu1BLaY 5b)
P= A A ' o eda A A o & a
fanusndnadoies 12.2 o0, swiuinddnenngadenidnevusaugn danusiln

A , L& A o =2 &< X a o a o A o
@88 63.2 Ty, daulngnalnsNandnsaTiiizianuendnlndidoenudnaie oniiu 8
o gda o ) A ' Ao o a A A

smawusniianusdniasnitdaisageilinema (a13199 3, nwi 12)

ANBHE ANV D URHI I naIRUTENoUNANRATaI0 Nl nEY LT uanu Ny
ANEATY LLﬁa:Lﬂué'nHm:Us:ﬁwﬁmf Negri et al. (2000) @nmluninend 24 mﬂﬁ'mf WU 89
anwozieyninadanandanidnanfa auenadn wazswwdndadn lasddansunuiiviiny
0.59 L&z 0.70 MNEAY azha"lfsﬁmumwmar’lImJaoﬁ'@ﬁ'wjuLLazfﬁrﬂnmamm‘ﬂﬁwuﬂaovlé’l,u
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OPR-09 ACC CCC GAA G 9 0 11
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\{lu CP gene 183 BICMV ud lumsanwmasifigsaunsaiintsanm CP gene Aasnssasdnsd
FuntisfimunsodaldmoanlidasimzdeldaonuunHluduaauvesmainysonm CP gene
dathagndasdnean

ﬁy'af:l,fiaﬁwﬁagaﬁwﬁuﬁmﬁ‘[a%ﬁluﬁm CP gene vostiie BICMV 'lalaian PSU1 fitia
ﬂ’%mmvl,@‘i‘lumiﬁﬂmf:"l,flJ"Emsw:ﬁuauﬂ%ﬂuLﬁﬂuﬁ’uﬁagaﬁwé’uﬁaﬂﬁia%ﬁ CP gene w8930
BICMV fiflnsausglugmudoyauas GenBank léiuri AY575773, AF395678, AJ312438, AJ312437,
AH004380 uaz 66253 danldsuniudiiagl DNAMAN Sequence Analysis Software WiIwuindl
anuadpadsiuasineuiaealelng 98 wWefidud uaziioidduiinailalng cP gene vsvuaun
wasviadunsaezdludlolusunsy Translate Tool (http://expasy.org/tools/dna.html) W&¥INANT
Wisuifsudraunsaazdlualalisunsa DNAMAN Sequence Analysis Software WUINAs@aunTAaE
flulusruvesfenlusduredneunaadaafanu 99 wasidud (Wit 28) nadtldnsam cP
gene 18318 BICMV lalmian PSU1T idhggiudoyauas GenBank uaz'ldsy accession numbers o
FR775796


http://expasy.org/tools/dna.html
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o b -

100 by <o
199 hp >

Baade 02
by

vy -

@ RNV CF poae

AN 27 wawamaﬁmmﬂﬁaﬂiﬂi?\uﬁaﬁumgmﬂmauﬁva Blackeye cowpea mosaic virus W@
Uzanme 864 g 3nUiTen RT- PCR lawldlwsiwas CACP1 uaz CACP2; M fia
DNA marker (GeneRuler™ 100 bp Plus DNA Ladder, Fermentas); ﬁuﬁlﬂu@m‘%ﬂ
Blackeye cowpea mosaic virus sl,uamwu,ﬂaaﬂﬁn (ﬁaoﬁ 1) uay Futailngndaie
Blackeye cowpea mosaic virus lelaian PSU1 Augnldannmsanmnassit @oedt 2)
R lasT]

AF395678 40
AYST75773 40
AJ312438 40
AJ312437 40
FRZ75796 40
AHO04380 40
S66253 40
Consensus sgt gqpqpp! vdagvdagkokrer nrgk pe regs nn
AF395678 80
AYS575773 80
AJ312438 80
AJ312437 80
FRZ75796 80
AHO04380 80
S66253 C 80
Consensus rgagds (nrdkdvnaqs
AF395678 120
75773 120
AJ312438 120
AJ312437 120
FR775796 120
AHOOA4380 120
S66253 LANLE T2 120
Consensus nl 1 al q1 enwynavkg:.y
AF395678 160
AYS75773 160
AJ312438 160
AJ312437 160
FRZ75796 160
AHOO04380 160
S66253 160
Consensus
AF395678 200
AYST7S7T73 200
AJ312438 200
AJ312437 200
FR775796 200
AHOO04380 200
S66253 200
Consensus
AF395678 240
AYS75773 v 240
AJ312438 f FCKANLARYAFCFYEVT ~ vACNK 240
AJ312437 YCLLRALFCKALARYAFCFYEVTISKTS F-A%L;'A‘ WACNK 240
FR775796 FC\I ll"'lrfh'lu&"vl\F[F\E\.Twh SCFAFEAVACNK 240
AHOOC4380 ! FAREAVACNK 240
S66253 YC _ > SCFAREAVACNK 240

Consensus pryglirni rdkn\ aryaldl yevl skl sdr areavaqnk

mwﬁ 28 daunsnaziluifonlysdusd aﬁuagmﬂm aw"ga Blackeye cowpea mosaic virus (BICMV-
cp) lelman PSU1 AdnsudSouifiuniudduniaezilu BICMV-CP fifimasulu
gm‘*ﬂ”agamaa GenBank l@ln accession numbers AYS575773, AF395678, AJ312438,
AJ312437, AH004380 WAz S66253 iNMIIATEHULLY multiple aIignmentﬁ’J&lIﬂiLmiw
DNAMAN Sequence Analysis Software
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7. NIFILATITHUALNITUUNANA fusion proteins

ﬁ'\ﬂﬁﬁmam{mﬁfﬂmﬂmaqa rCP %38 BICMV-CP fusion proteins 310 CP gene I#14
864 giuw Aanaiuuafidsasdnensildludasdn dramairdrduianalalnduas BICMV-CP u1
washaidunsaazdlusislysunsy Translate Tool (http:/expasy.org/tools/dna.html) INUUE U
ﬁmffﬂmﬂmaqamaﬂﬂsauﬁwiﬂﬂmm Compute pl/Mw (http://expasy.org/tools/dna.html) W&
msﬁﬂmmﬁmﬁnmﬂmaqa rCP 289 BICMV-CP 9:finmiintszunm 32.0 Alamasu Ssganndos
AUMINEUVBS Huguenot LazAtue (1994) asm"l,sﬁmué’avlﬁnshﬂul,ﬁadﬁmﬂuLaqmjau CP 1
faanzdldaziiluanavas polyhistidine-tagged (6xHis) Anagduan 6 luiana nsdulas N-
Terminal #98sininyszanm 0.84 kDa aasiminlwaunsnaanisailein rCP wa9 BICMV-CP fifl
6xHis (BICMV-CP fusion proteins) a:ﬁﬁmﬁfﬂmﬂmaqa 32.84 Alaanadu wialszunm 33.0 Ala
ARG

MINATNEHNNIFILATIER BICMV-CP fusion proteins @28 10 1afidud SDS-PAGE a1n
Lsnaﬁl,mﬂﬁﬁﬂﬁﬁwmaﬁﬂgnmaw pQE-80L/BICMV-CP Aawadnstnsinaluansasas 1 Aaaluans
IPTG waan 6 52l NaﬁvlﬁwuLmﬂﬂs?lmfmﬁfﬂmaiuLaqaﬂi:mm 33.0 Alacadu Gigaandas
ﬁ’umsmﬂmirﬁm{mﬁfﬂmaImaqa‘naa fusion proteins Aldlwdasdn  adrelsiaunuiing
FLAT=9 fusion proteins lwmasuuailiFodUsunmaouined nefionafifesuauiiiasdafioadasiv
msugasaanvas rcP laun sliavaswanadafildilu expression vector mmﬂ’uﬁmaaﬁmmﬂﬁﬁsﬁ
il lunsdaesed cP lidanumansay asaaaw rCP Mdauuafidodnansldaradanu
HuRsaaimasuuaiiiss (Gulati-Sakhuja et al., 2009) Teifaspasnsnasuinazdasiinsinmiinom
anmeimanzanlunnssnsiinsasases roP Idsunanfinanniu

wamimmaaumwu’%qﬂﬁa:mwamTuiTwaa fusion proteins ANLTARLUATISARE 1%
2713 2xYT+Amp US11a5 1,000 Faddas snihldsaaneildsduuu 6 2109 MERAINTINNT
wenafialusiude Ni-NTA Agarose wazruns dialysis TuiinWinas PBS wan & fusion proteins 715
mmu’%qwﬁmﬁa 100 1lofiEud (MWl 29 n) uazsRNIOLLNENA fusion proteins laAINITRTY
1 fiadn3udaladans nanua 6 Jaansu %&IﬂiauﬁL@%ﬂﬂﬁﬁm']wu’%qﬂﬁmzmwLﬁwﬁmﬂmwa@ia

myin e lwalaanaatonfived

8. N1IaTI9daU BICMV-CP fusion proteins 2835 indirect ELISA

avamauanudwlylduas BICMV-CP fusion proteins igataszw lalunisnaalna laanas
Loufivaddaia BICMV @133 indirect ELISA lald anti-BICMV MAb wafildwuin anti-BICMV
MAb mmsm‘hﬂﬁﬁ%mvlﬁﬁgq BICMV-CP fusion proteins (Ass,m =1.75) Wa futinoniaade
BICMV 'lalanan PSU1 (Ausm = 2.10) (MWl 297) nmsnaasssanaawnsniuguldinlusiud
5\1Lmﬁ:ﬂﬁﬁﬁmﬂﬂﬁmﬁauﬁ'uﬁ'u'émﬂﬂﬁa%iuul,ﬂﬁaﬂiﬂiﬁuﬁaﬁua%mﬂmaaL%va BICMV luanw
5530TNG (Helias et al. 2003) wazsursninlldlumsnaalnalaanaswandvediialdlunis
as2vmeuLe BICMV Lot
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(n) (V)

M ! 3
1160 kDa > .
& - ' <= BICMV-CP
fusion proteins
4.1 kDa=d
A LDe=d K} &= Yard long bean infected
with BICMV-PSU1
HAOADs = -
- <= BICMY CP
favse protesan
(-33%Da) <= Healthy vard long bean
L0 kDawp
<= Carbonate coating buffer
154D = )
£

AN 29 NIATIIRBUNNIURAIBDNUAZNTUENRNAA BICMV-CP fusion proteins NFILATIZH L9 b4

\IRALUATISY E. coli pWuE DH5A dae 10 Lefifud SDS-PAGE &a#t BICMV-CP
fusion proteins Tu lysis buffer (‘ﬁaaﬁl 1), BICMV-CP fusion proteins ﬁLLﬂnaﬁ'ﬂu%qWEf
(‘ﬁaa‘ﬁl 2) uaz M fa LLnuIﬂiaummg’m (Fermentas, Hanover, USA) (n); N179733RaU
BICMV-CP fusion proteins laul% anti-BICMV MAb @3837 indirect ELISA W3suifisuny
futinondade BIcMV lalaan PSUT ‘mQuﬁﬁ%mﬁmuamdwﬁ%mﬂﬂﬁ anti-BICMV

MAb snansnvuUfiseld @)

1 3 age aa .
9. N3AIRIA LaLnDsVaIINALAaDALaRATINAIS indirect ELISA

AT laLnasraIuanddsu AL le lukdaznTisa BICMV-CP fusion proteins snginaila
indirect ELISA wuIwdlaauaauauddsunivldluudazasadidlainasodluzig 800-51,200 (nwf
30) laouau@finaisn 6 uaz7 azlidn lanaigigafa 51,200 lusnizfiuauddiuaisn 2 axlidlanad

@‘hﬁq@ﬁa 800

G0
= 512,000  $12.000
R i » -
=
2 UL -
»
o
E 0 4 ) ;
- 236,000/ o Anti BICMV CP
= .
S 2N ’ pohyvclonal antiserum
s "
= 12500 =
= 1000 128,000
I, — 3,200 /
® soo 1500 "~ 4

0 Ll - T T T T T T 1
=51 =52 =83 =84 =85 =86 =87 =8
HePATIMNTIN

AN 30 uaaednlalaasvaslndlaauaauanddiuda BICMV-CP fusion proteins fitAulaluisas

ATINNLRBANTEANEY
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v
[

10. msm’mﬂaum’ma’hwn:Lmzawaofwﬁuaua%wdal,%avl'a%'ammeﬂiﬂﬁwj

miﬁﬂmmmfﬁﬁLWﬂzLﬁn:ﬁ]waaLL@%?\%%’&JﬁN’é@W@im%avh%'aﬁﬁmsmw,‘ﬁwﬁwmﬂﬁ"wg'u
ﬁdﬂ&l@l 3 wfia leun Cucumber mosaic virus (CMV) subgroup | Laz Il ANT Cucumovirus, Cowpea
mosaic virus (CPMV) AW Comovirus ez Bean common mosaic virus (BCMV) %aa%ﬂuﬁﬁfﬁ Potyvirus
menssrinmianaseudelhadieds indirect ELISA laslfuouddiuaseit 7 13aa19lu blocking
solution 8ATEIM 1: 200  Waflldwuiuendgsufindaldmunsarind§Aselévieiy BICMV-CP
fusion proteins uaz sinanludadneniiaada BIcMV leloian PSU1 $9ananIng uen O.D., 1
WAL 1.56 waz 2.05 auEaU (a13197 1) ﬁy'df:"lxiwumnﬁ@ﬂﬁﬁ%m"ﬁ”mmamau@%%’uﬁwﬁﬂﬁﬁu
L%avh%'aﬁagﬂu%ﬁfa Cucumovirus Waz & Comovirus wawunnAadfATedratadeutuiza
BCMV %aag’lu’%ﬁa Potyvirus 1Tw& g iWiLITe BICMV S98an308 a1 O.D.,0 IaHNAL 0.69 Hadl
Aedusansnmansoilainenaudunsduiiosnandahism 2 fanusuiniiumedsuine s
mmimﬁﬂﬁuvl,éfﬁ’uL”’Eravla%‘aﬁagﬂunsjuLamﬁ‘u%%amaﬁ’uﬂnﬁ%ﬁ‘u%uﬁ'émwﬂuul,ﬂﬁaﬂiﬂiau
ﬁaﬁwawgmﬂﬁmﬁawéaﬂﬁmﬁ‘u (Zettler and Evans, 1972) adns lsiaunamaiiadfisadruvas
Landvafnnaa ldFaandaatunMITNeuDes Tawo uar Gonsalves (1982) 7ildvinisndalwg
Tnausauaudvaddaido BICMV laloian Fla2 was Flo audeu lasldida BICMY ﬁLLmnaﬁ@u‘%qﬂﬁ
AIREINNANTATITROUAINIUNIZLINZIIVDILDHATTUTS 2 qﬂﬁwﬁm‘l@i’ URINUILOWATTN
Ganaufndfissdutiuge BOMV wdarulumnenas

wiinlunns@nwiaseilnalasnasnenduoddeiia BICMV  findaldan BICMV-CP

. . a aaa ¥ s ¥ ¢4 &) g { 1 ' a ' =3
recombinant protein azifinuljAzedwniuiza BOMV Taiduliianeglunguidoiu atnslsfionuuan

¢ A s

ade o ' o % A o oa o a o oA “ A d“VLy
(ﬂ‘ﬁi&l@]\‘mm’sN’m'ﬁnu’]&lﬂ‘]jﬂiziﬂﬁﬂu@li’ﬁ]ﬁa‘]JL‘Waﬂ@lLaaﬂwuﬁn’mmﬂqu’m@]aLT vL’Jiﬁ‘]ju(ﬂ% 19

q

A1319N 6 Namsmmaaum’m%ﬁ’]wamezfﬂwadiwﬁiﬂauaaLmua%%'miaﬁa%%’aﬁvﬁ’]ﬁwmﬂﬁwﬂw

(3

2837 indirect ELISA

el e Tnalaanaaunanidsa
BICMV-CP fusion proteins LenainL3gns - 1.56
sinaulutaiingdaide BicMv lalaan PSUT Potyvirus 2.05
‘58 BCMV Potyvirus 0.69
L%y 8 CAMV Comovirus 0.14
L%a CMV subgroup | Cucumovirus 0.09
L%a CMV subgroup I Cucumovirus 0.12
ieuludailngiung (AN O.D.405 WaRe 2 1 ) - 0.239

WANLLAG negative control falwilaauaauauddsuidaans 1:200 vhufisunushaulunadnen

a

dn@
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11. MINAFDUAMNAWNY Blackeye Cowpea Mosaic Virus (BICMV) Twiailngnauazaina

HNINagaUNIIIIUNI% BICMV Gluﬁ"aﬁlﬂmmazﬁ"wju 50 aeWug laanisdan
L%‘vaaouu‘lm‘%a@jLLiﬂmadﬁ'aEIﬂmLLazﬁ"wju oz 7 T wasnniwinisliazuun Tagms
FanaensiaUnafiiieduivlufie wasvinmmasaunsidnyinasasadasnasslasldinadia
ELISA @w3T5va9 Clark waz Adams (1977) @hmig}@ﬂﬁuummmﬁ'sa;;ha‘*?il,ﬂumﬂ (P) Aodfi
wnnienisiwlaanludadnendng 2 i $9l810u negative control wd2tHaINNNILAAlIA
UInmly wasHan1IATIFaLale ELISA andsznaumifansandssiinanumunmuniadaniade
BICMV Iﬂﬁﬂizﬂqﬂﬁmﬂﬁﬁmad Ouattara L8z Chambliss (1991) é’dﬁy

PS - ﬁ*mmmmmﬂmhamﬁama:wamﬂ ELISA (Juuan
NS - ﬁ*mmmmmﬂmmmﬁaal,l,@iwamﬂ ELISA (Juau

- ArlaRanmsfiaUn@uwluie wdnaann ELISA 1Tuuan

T

- ArlaRanmsfaUnfuwluie wazkaan ELISA tuau

pzd

A A [ { { v & . @ < o

FINNNNITU T U AILFAIIUAITHN 7 wazananen 7 LLaml%mmwmﬁ]ﬂmaLLa:mvgaJﬁnmu
48 suRusinudouuada BICMV Hiisdgasmawuiliniundunude BICMV Aamonuiaiat
(BUNULAY 16) WA YNuda (ANIULAY 42) luduu 48 SRS 17 suWuideulade BICMV
ﬁauﬁwmﬂvlﬁlmmﬁﬁ%ﬁ@iavlﬂﬁ IT82T-16 (WUNBLAY 6) WILALTE 308 (WUIBLAY 8) VIG 009
(ANNBLET 14)  AWIIB  (BUIELAT 21) LANWES (RUNULEY 31) ¥ouad  (WNIELEY 37) D20y
(MUNBLAY 39)  DINTIH (MUNBLAT 40) @39 3 (MNBLATD 43) DUAd (Maula 44) daand 1
(WaneLa 48) daanth 3 (WuN8Lad 50) LLa:mmﬁ'mfﬁ"lximm%aﬁﬂ SEUNUT (WNBLAY 19, 20, 34,
36, 46 ) uazd 4 myﬁ'mfﬁ%é'amnﬂgm%auﬁa lausasainisveslsa wellansiagausds ELISA

' & A o ¢ P [
wodwalduuinfe soRwiisAwtou (ALY 9) ANUTER (ANUIAY 13) DIUAT (WANLLAY 26)
Laz mﬁﬁuﬂ&imm%a @u8La 33) a9 lsnanuduniasnadn AUTAAILANTBILNALNNENE
v & o v ed o = o Y « & A
WiSENIuFBITNENUINFIUIY AURA9I81NN3289130 ULazHaNIATIA628 ELISA Thkaiduuinnign
VL;J"'L@‘Tﬁmiﬂgm%a mmqmﬁ]LﬂuLWﬂ:LLﬁmimaaaﬂ%‘aﬁa:ﬁwmUiﬁanWWL%aumwﬂw WANWLINR
:;’ 1 s v v 2 d‘yd I U d’ =)

Wwagaaus uTawnInadildle mﬂmqummuvlﬂvlmw msﬂwm@muqmmmmmsmaﬂm
WasannmIwnInszansanwasda easanninsanuinwissewduninzvashizanarosia 8nng
BICMV d3mnanindadaruuianutlaandis (At et al, 1986) ninduusiidu h lsafiaanindald
Auwde uazlatiuialuan dulndfldfiszuaatoimsveslsalaizuiu wall uazame (1996)

FUWI BICMV 813150 818N00H N aa taUseanme 37 asidue



A15191 7 HaNTUTHRUAMNAUNULTE BICMV 1%5’35]7‘181’1’3LL61:5’31/‘£11§’1%’3% 50 mmﬁ'mfmﬂ

SneIaINIVadlIn luarsndasuaznasaulayltinadia ELISA
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Accessions number Average absorbency value ELISA test/symptom
1 0.4955 PS
2 0.4818 PS
3 0.3246 PS
4 0.2685 P

5a 0.4388 PS
5b 0.3822 PS
6 0.5611 PS
7 0.3469 PS
8 0.2962 PS
9 0.1620 P

10 0.2639 PS
11 * *

12 0.6934 PS
13 0.5167 P

14 0.8393 PS
15 0.3540 PS
16 0.1470 N

17 0.3407 PS
18 0.3435 P

19 0.4333 PS
20 0.6125 PS
21 0.6800 PS
22 0.2498 PS
23 0.3390 PS
24 0.2084 PS
25 * X

26 0.5340 P

27 0.2277 PS
28 0.5007 PS
29 0.3008 PS
30 0.3835 P

31 1.2798 PS
32 0.4659 PS
33 0.4346 P

34 0.4192 PS
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@13191 7 (6i8)  wan1stazfiuanudiumuiga BICMV lumdnsuaztiwadiuim 50 spwug

INANBUINIVaIInluarmiasuaznagaulasldinaiia ELISA

35 0.3810 PS
36 0.4763 PS
37 0.5367 PS
38 0.2855 P

39 0.4712 PS
40 0.8083 PS
41 x «

42 0.1960 N

43 0.3135 PS
44 0.6638 PS
45 0.6385 PS
46 0.4238 PS
47 0.4128 PS
48 0.6237 PS
49 0.6674 PS
50 0.8826 PS

* not determined, P- plant showed no symptom but positive for ELISA test,
N- plant showed no symptom and negative for ELISA test,

PS- plant showed symptom and positive for ELISA test

mﬂNamiﬁﬂwm%ﬂﬁa?ﬂﬁhﬁLﬁm 2 'mUﬁ'uﬁmﬂﬁ?uﬁﬁmmﬁmmmia BICMV  uaz
mmmi%ammmﬁufﬁlumiﬂ%uﬂgdﬁufﬁ'ﬁvgw%aﬁ"aB]ﬂm'ﬂﬁé]"mmu@iaI’mImﬁqmﬁmﬁLﬁ@mﬂ
BICMV Bashir W&z Hampton (1996) ﬁ"wju 5 auWuida IT 80S 2049, Big Boy, Corona, Serido, and
Tennessee Cream #8 {ANNGIUNIUG BICMV annmsanm1lay Wall wazame (1996) WU3131N
$rwmmailngn 11a’1a|ﬁ'unfﬁﬁ'1msmaauﬁlm: Mariana Vlaiﬁﬁ'uﬂmaﬂﬁﬁmmmia BICMV HiiNed
Wus green arrow wihsiufiugesanmyveslsates wazdinsmunsalinandning Bashir uazams
(2002) ﬁ’m'ﬁﬂsuﬁumﬂﬁufﬁaﬂwﬁoﬁufﬁaaﬁu LLa:ﬁ'uﬁfﬁﬁ'MTﬁrm@mﬂszmm‘hmu 134 818
WHT wazwud 4 2 a’mﬁunfﬁﬁmmu BICMV
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1.MINUTNEERRELAzAN I FIg I INEvaIn Il nEINAEDINY
ﬁwmuﬁué”;amaﬁaﬂﬂmaLLazﬁaﬂuLﬁuﬁufﬁmﬁaumﬂslﬁ 1émavina 50 mﬂﬁuﬁ: WEIn

& A& oA oo v &€ o edAAo ' o v & o &
Wunwdoslunraldsnuin 37 CRHN wqummmﬂlu'ﬂammﬂ 5 uWut Wwfan
guﬁ%ﬁ'yuaz%mmwmia‘hmu 5 mﬂﬁmf NNYITLNANALTE 2 mﬂﬁmj wazUssinaraside

1 MoWus vidgnnaseuiietiufindnyuedugin NIanyUgAWLAzAN B Iz TN

2. msﬁnmmwﬁmnﬁmﬂmaﬁ’uﬁqniwfmﬂ‘li’i'm%awmﬂ RAPD
mﬂmsﬁﬂmm’mm’m%mﬂmdﬁugmimauﬁ";ﬁﬂmal,l,a:ﬁ"wjm‘hmu SOaWﬁuﬂ@ﬂ%
dl' 1 1 [ t:l'd a o 3 > a va
LS9 NNY RAPD wumnqmm‘ﬂﬂﬂmMwuqmmmwifz@mﬂmﬂmﬂ@mlmmmlﬂawmu

a '

: o & \ ] \ a = a
Wugﬂii&lagiz%’nd 0.50-0.94 37n 50 ﬁ'lUwuqﬁqwqiﬂLL‘U\‘]ﬂ@qﬂJ@nNﬂﬂJ']SJLL@]ﬂ@]qGTQULLﬂU@]LauLSW

=S

anw1a7n 8 Iwsiwasleaiilu 6 naw

3. Mag19iza BICMV
LUAI8E19L T BICMV mmmmﬂgﬂfﬁElnm'um:ﬁijvl@ﬁmmﬁ’aau 8 G188719 ANWUS
A A= = A | A A o o A a ' o A o A '
2INNIVAINTNLALNIANBIAD 9 1NITIUF T NTUFAUTT L2180 LRWIULRR DS lummamgﬂﬁa
LRTAIOWLATINTY Lﬁaﬁﬁﬁmmaﬁuﬁavﬁuﬁam% BICMV mLmﬂL%avlﬁaslﬁﬂumﬂﬁuﬁ:@mi@zJ
g I A2 & o ¥ A
miﬂgm%a"hiamuulu C. amaranticolor TIIUNTONALVBILTD BICMV mmmmmnmag@mﬁaa
v @ ' ¥ v @ ~ & o g o A
LmeLLwa'gﬂLLm:q@mﬂgm%aawumumi]nm’asmmuﬁﬂnmﬂwmL%avl,amml,ammmmuu

WNINTZANUNMIGH IunInaaadsziNnsauana lsale 1 laloan Aa lalaan PSU1

2. mMstaUSua CP gene 289138 BICMV

MIFILeTIZR CP gene wadida BICMV lalaian PSU1 sheinadia RT-PCR lavldelnawed
CACP1 uaz CACP2 wuildunu@iduiormiadszanm 864 giua monasrimudiauiisudaui
ndlalndludin CP gene va31%a BICMV Aifisssmaglugiudoyaas GenBank dalusunsy
#1597 DNAMAN Sequence Analysis Software Wuinfianuadaafaiuzassrauiiinilalnduas
nsaaziiln 98 1Wafifud uas 99 1WasiFud arwdey nadtldsnsan CP gene astie BICMV Lol

\an PSU1 gz utioyazas GenBank uazlé3u accession numbers da FR775796

3. NN3&ILAIILH BICMV-CP fusion proteins

MINATNEHNNIRILATIEH BICMV-CP fusion proteins @38 10 1afidud SDS-PAGE a1n
LmaﬁLmﬂﬁL%ﬂ“?'iﬁwmaﬁmgﬂwau pQE-80L/BICMV-CP wujﬂ@ﬁmuiﬂiﬁm{mﬁfﬂmahlLaqaﬂi:mm
33.0 Alamadu 6’1’%@aa@mﬁaqﬁ'umsm@mstﬁﬁmﬁnmaiuLaqamaa fusion proteins lalagld
Tdsunsn Compute pl/Mw mwé’amaaaaummu’%qwﬁmzmmLiuﬁmaa fusion proteins Auan'le
nraduuafiGefiassluamisUsunas 1,000 185505 @28 Ni-NTA Agarose  wuin'lel fusion

{ a £ < a . . [ v
proteins NflAMULTINTNINGY 100 Wofifud uazausnusnana fusion proteins lannuidudu 1
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fafniudeiadany NInue 6 Naaniy waslieyinn13aTI98au BICMV-CP recombinant protein 1
FIUATZA LG8 anti-BICMV-MAb lae3D indirect ELISA wuinlululaauaalaudvadaansavin
UfA3811U fusion proteins leiguidsanunuiaa BICMV lolatan PSU1 ugasinlUs@ungsinasvla
a Al
)

Y WI‘mJﬁmﬁauﬁuﬁu'ﬁmwﬂﬂagjiumﬂﬁaniﬂsﬁuﬁaﬁumgmﬂ“uadL%a BICMV luanws3suana

4. N13AIINA LALADILAZAININNILLERIVDI WA lAaKDALO AT
mvl,mméﬁmaaLL@%?\E’E%’NﬁLﬁuVL@ﬂuLL@ia:ﬂ%@agﬂwﬁad 800-51,200 lapuanddsuasoft 6 waz7
azlidn lawnaigigada 51,200 UazLanATINATIA 2 ﬁlzﬁﬁi'l"l,mma%@‘i"lﬁq@ﬁa 800 Wilashuanidsunss
i 7 m@mﬁ]aaum'lm‘hLW']:mewiaL%avb%’aﬁwuL’iTw‘hmﬂﬁ"ij%aﬁ"aEIﬂﬁ'n ldun cucumber
mosaic virus (CMV) subgroup | uaz ll INT Cucumovirus, Cowpea mosaic virus (CPMV) NG
Comovirus W&z Bean common mosaic virus (BCMV) %da%iluﬁﬁa Potyvirus Wuuenddsuinaald
\RaufAsendraiuia BOMY stfiaLﬂul,%avh%'aﬁa%ﬂumjmamﬁuﬁuLfga BICMV agilsfianalinuns
Aaufisodureeniasuiugehisluitaduiihanmasey

4

5. N3UTEABANNATWNH BICMV 1%5’35]’%”1';%:5"’;1@34 50 ENEW®3

nnMIUsziinanudunulsaludranies BIcMV I@ﬂ"ﬁﬁ%ﬂgm%ﬁlLLazﬂizLﬁumﬂmmi
aa3lsauuluie Sunuinadia ELISA wudﬂmﬂmﬂﬁuﬁjﬁ'ﬂmnLLa:ﬁ"wjm‘hmu 50 mmﬁuﬁ ATHN!
aaaamﬁuﬁ:mwfuﬁﬁmmmaiiﬂ fa mmﬁ'mf@%’a 1 INRIAATI LLa:mUWuﬁjﬁ’m@iamﬂﬁ'{mi'ﬂ

UAIAIBITNINT



61

LONANTD19092091ATINTITIVY

NIWFILFATUNINBAT. 2550. LONETNBINURDIAMINAAMIINBATANTRANTIRo N UNFUNTANT]
L‘IN’]$1J§ﬂ 2548/2549 ﬁy'dﬂizmﬂ. NIUNWURIUAT NINFILRIUNIILNBAT NITNTWINWAT
LAZRWNTOL.
B3 gazyms. 2532. Tsahimuaclsnndohimvesivmdgludsanalng. dafudiudine wuiiy
3139, NINWY Wi 107-113.

ol 39tlazes. 2549 unUJIanBiuinsneduliaiis. madmlieds aninsas
NANINLIRLNBATIFAT INLUVARIWAWILEY, UATUFN. il 9-14.

RINIA LUfgﬁ]ﬂ'%. 2554, msﬁﬂ‘mm’maL@'u“uaag}mwau‘s:mwﬁb’aﬂﬂm’JLLa:ﬁ"wjm. 1. WIZADNLNAN
WITUATIAE. 21(2): 329-336.

gt 8330730 Aaadvsos Rousuli@ youn WwB8s addng \FpuRspena uaz 8313 glaaz. 2535.
Tassasduashialudaniosnadngn. ﬂ’]‘iﬂiz“g&ﬁ”ﬁ’m’]‘iﬂ%\‘lﬁ 10 509 aiavag
3FNIMIINEIMEATTININ TUA 18-20 WOAINNEH 2535. UWIINUIRULNHATANEAS
uaslgy. wih 74.

aluan AILAUFY IWTI3AY DITNLUINS NUA LAATAYE Az %i:ﬂq“nﬁ WIALAI. 2551, MINAALUA
F5uiswnzdarBa Sugacane mosaic virus (SCMV) sunqglsnludnsludnilne. 2.
Insnenaasineas. 39: 371-375.

Anderson, E.J., Kline, A.S., Kim, K.S., Goeke, S.C. and Albritton, C.W. 1994 . Identification of
cowpea stunt disease in south central Arkansas. Farm Res. 43:14-15.
Atiri, G.I., Thottappilly, G. and Ligon, D. 1987. Effects of cypermethrin and deltamethrin on the
feeding behavior of Aphis craccivora and transmission of cowpea aphid-borne mosaic
virus. Annals of Applied Biology 110 (3): 455-461.
Bashir, M. 1992. Serological and biological characterization of isolates of blackeye cowpea
mosaic and cowpea aphid borne masaic potyvirus seed borne in Vigna unguiculata (L)
Walp. PhD. Thesis, Oregon State University, USA.

Bashir, M., Ahmad, Z. and Ghafoor, A. 2002. Cowpea germplasm evaluation for virus resistance
under greenhouse conditions. Asian Journal of Plant Sciences 1 : 585 — 587.

Bashir, M., Ahamad, Z, Zafar, R. and Malik, S.A. 1995. Sources of immunity in cowpea against
blackeye cowpea mosaic potyvirus. Pak.J. Phytopathol. 7:94-97.

Bashir, M, and Hampton, R.O. 1996a. Sources of genetic resistance in cowpea (Vigna
unguiculata (L) Walp) to cowpea aphid-borne mosaic potyviruses. European Journal of
Plant pathology 102:411-419.

Bashir, M. and Hampton, R.O. 1996b. Identification of cowpea (Vigna unguiculata) cultivars and lines
immune to variants of blackeye cowpea mosaic potyvirus. Plant Pathology 45:984-989.

Biradar, B.D. Goud, J.U. and Patil, S.5.1997. Differential expression of pleiotropicgenes for
pigmentation in cowpea (Vigna unguiculata [L.] Walp.). crop Research 14(2): 233-242.



62

Bock, K. R. 1973. East African strains of Cowpea aphid-borne mosaic virus. Ann. Appl. Biol 74:75—
83.
Bos, L. 1970. The identification of three news viruses isolated from Wisteria and Pisum in The
Netherlands and the problem of variation with in potato virus Y group. Neth. J. Pl. Path.
76: 8-46.
Clark, M.F. and A. N. Adam. 1977. Characteristics of the microplate method of enzyme-linked
immunosorbent assay for the detection of plant viruses. J.Gen.Virol. 34: 475-483.
Coulibaly, S., Pasquet and Gepts, P. 2002. AFLP analysis of the phonetic organization and genetic
diversity of Vigna unguiculata L. Walp. Reveals extensive gene flow between wild and domestic
types. Theor. Appl. Genet. 104:358-366.
Doyle, J. J. and Doyle, J. L. 1990. Isolation of plant DNA from fresh tissue. Focus 12 : 13 — 15.
Drabo, I., Ladeinde, T. A. O., Smithson, J. B., Redden , R. 1988. Inheritance of Eye Pattern and
Seed Coat Colour in Cowpea (Vigna unguiculata [L.] Walp.) Plant Breeding 100:119-123.
Fery, R.L. 1985. The genetics of cowpeas: a review of the world literature. In Cowpea Research,
Production and Utilization. p 25-62. (eds. Singh, S.R. and Rachie, K.O.) Chichester: John Wiley
and Sons.
Giami, S. Y. 2005. Compositional and nutritional properties of selected newly developed lines of
cowpea (Vigna unguiculata L. Walp). Journal of Food Composition and Analysis 18 : 665 —
673.
Haggag, S. Z., J. A. T. Silva and K. Miyatake. 2009. Antigenic properties of the coat of Cucumber
mosaic virus using monoclonal antibodies. J. Virol. Meth. 162: 223-230.
Hsu, H. T., L. Barzuna, Y. H. Hsu, W. Bliss and K. L. Perry. 2000. Identification and subgrouping of
Cucumber mosaic virus with mouse monoclonal antibody. Phytopathology 90: 615-620.
Jaccard, P. 1908. Nouvellers recherches sur la distribution florale. Bulletin de la Societe Vaudoise
des Sciences Naturelles 44: 223-270.
Katoch, M., M.Z. Abdin, R. Ram and A.A. Zaidi. 2003. An overview of diagnostics for viruses
infecting gladiolus. Crop Prot. 22: 153-156.
Ouattara, S. and Chambliss, O.L. 1991. Inheritance of resistance to blackeye cowpea mosaic virus in
white Acre-BUR cowpea. HortSxcience 26:194-196.
Pfeifer, M.and letschke, G. 2006. Influence of geographical isolation on genetic diversity of
Himantoglossum hircinum (Orchidaceae).Folia Geobotanica 41: 3-20.
Porta, C., J. C. Devergne, L. Cardin, J. P. Briand and M. H. V. Van Regenmortel. 1989. Serotype
specificity of monoclonal antibodies to Cucumber mosaic virus. Arch. Virol. 104: 271-285.
Purseglove, J.W. 1977. Tropical Crops : Dicotyledons. London: Longman Group Ltd.
Roossinck, M. J. 2002. Evolution history of Cucumber mosaic virus deduced by phylogenetic

analyses. J. Virol. 76: 3382-3387.



63

Sambrook, J., E.F. Fritsch and T. Maniatis. 1989. Molecular Cloning : A Laboratory Manual.2nd ed.,
Cold Spring Harbor Laboratory, New York. 545 p.

Sangwan, R.S. and Lodhi, G.P.1998. Inheritance of flower and seed pod color in cowpea (Vigna
unguiculata [L] Walp.). Euphytica 102(2): 191-193.

Singh, B.B. and Hughes, J. 1999. Sources of multiple virus resistance. IITA Annual Report 1999. 30 P.

Splittstoesser, W.E. 1979. Vegetable Growing handbook. Connecticutt:AVI Publising.

Taiwo, V.A., Kareen, K.T , Asa, LY. and Hughes, J.D. 2007. Cowpea Viruses: effect of single and
multiple infection on symptomatology and virus concentration. Virology Journal 4:95
Thottappilly, G., Rossel, H.W. 1985. World-wide occurrence and distribution of virus dieases. In Cowpea
research, production and utilization (eds. Singh, S.R. and Rachie, K.O.) pp155-171. Chichester:

John Wiley and Sons.

Tindall, H.D. 1983. Vegetables in the Tropics. Hongkong: MacMillan Ltd. 533 P.

Tsuchizaki, T., Senbobu, T., Twaki, M., Pholauporn, S., Srithongchi, W., Deena, N. and Ong, C.A. 1984.
Blackeye cowpea mosaic virus from asparagus bean (Vigna sesquipeladis) in Thailand and
Malaysia and their relationships to a Japanese isolate. Ann. Phytopath. Soc. Japan 50: 461-
468.

Van Boxtel, J.; Singh, B. B.; Thottappilly, G.; Maule, A. J. 2000. Resistance of (Vigna unguiculata
(L.) Walp.) breeding lines to blackeye cowpea mosaic and cowpea aphid borne mosaic
poty virus isolates under experimental conditions. Journal of Plant Disease and Protection
107:197-204.

Wahyuni, W. S., R. G. Dietzgen, K. Hanada and R. I. B. Francki. 1992. Serological and biological
variation between and within subgroup | and Il strains of Cucumber mosaic virus. Plant
Pathol. 41: 282-297.

Wall, G.C.; Kimmons, C.A.; Wiecko, A.T.; Richardson, J. 1996. Blackeye cowpea mosaic virus
(BICMV) in yard-long bean in the Mariana Islands. [Online] Available:
http://www kit.nl/library/query.ashx?RecordID=572522


http://www.kit.nl/library/query.ashx?RecordID=572522

NMARNWIN

NRIIBANNNAINNITUIDY

64



65

HAINWANNNAININIDY
Milosevic, D., Jansod, J., Koohapitagtam, M. and Nulasri, C. 2012. Morphological and Molecular
Characterization of yardlong bean and cowpea collected from Southern Thailand.

Agricultural Sci. J. 43 (2)(Suppl.): 333-336.

Koohapitagtam, M. and Nualsri, C. 2013. Production of polyclonal antibodies specific to the
recombinant coat protein of Blackeye cowpea mosaic virus and its use in disease

detection. Kasetsart J. (Natural Science) 47(4): 603-613.



Agricultural Sci. J. 43(2)(Suppl.): 333-336 (2012) 2. e, N1, 43(2)(WiA): 333-336 (2555)

1 -4

N AUTILTINRUG

Q

msﬂnmanum“ammuLta“wuﬁnﬁmmmE]"nsmtmz
ﬂ’]ﬂﬂ’lﬂdlﬁl“ll'ﬂﬁﬂizlmﬂulﬂﬁl
Morphological and Molecular Characterization of Yardlong Bean and Cowpea

Collected from Southern Thailand
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Milosevic, D.1, jansod, J.1, Koohapitaktam, M." and Nualsri, c.

Abstract

In order to assess the genetic diversity of Vigna unguiculata: yardlong bean and cowpea in southern
Thailand, 49 accessions were evaluated for 16 morphological characters. Random Amplified Polymorphic DNA
markers were further evaluated for relatedness among accessions. One genotype of french bean (Phaseolus
vulgaris) was included in this study as an out group. The experiment was conducted at the Department of
Plant Science, Faculty of Natural Resources, Prince of Songkla University, Hat yai, Songkhla. Results showed
highly significant differences in 7 quantitative traits among accessions. Based on banding pattern from 8
RAPD primers used, the RAPD markers have separated 49 accessions into 4 different clusters. Pairwise
similarity index value ranged from 0.62-0.98.

Keywords: yardlong bean, cowpea, genetic diversity, RAPD
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Introduction

Yardlong bean and cowpea are cultivar groups (cv-gr) of Vigna unguiculata (L.) Walp. ssp.
unguiculata, cv-gr. Sesquipedalis and cv-gr. Unguiculata, respectively (Pasquet, 1996). It is believed that
cowpea was domesticated from wild cowpea in Africa, in Asia a vegetable form of cowpea, yardlong bean,
subsequently evolved from cowpea (Kongjaimun et al., 2012). Yardlong bean is an intensely cultured,
vegetable crop that is grown widely in southeast Asia and is considered to be one of the most important
vegetable crops in parts of Indonesia, Thailand, Philippines, Taiwan, and China. Rubatzky and Yamaguchi
(1997) estimated that yardlong bean production in China alone exceeds 250,000 ha annually. Even though
cowpea is not an economic crop in Asia, it is one of the most important food grain legumes grown in the semi-
arid tropics, particular in Africa. Because of high protein content in dry grain (23-29%), cowpea is served as a

cheap source of protein for the poor (Diouf and Hilu, 2005). In Thailand, production area of yardlong bean was

! AR ANERS AMENSNENNTATINTNG NMINENABFIUAUAZUNS aLnamalunl Sandaguan 90112

! Department of Plant Science, Faculty of Natural Resources, Prince of Songkla University, Hat Yai, Songkhla, 90112

2 MANNSARNTARG AT AMENEWENNSESTNTNR NMINENAEAIUAIUATUNS BILNBMNALUGY AaninaaaT 90112
2 Department of Pest Management, Faculty of Natural Resources, Prince of Songkla University, Hat Yai, Songkhla, 90112



'
o A

334 19 43 217UM 2 (W) WEHNIAN-GINAN 2555 2. WHNAIARTINEAT

estimated at 18,560 — 20,160 ha annually. Yardlong bean suffers from a wide range of production constraints
including insect pest such as cowpea aphid (Aphis craccivora Koch.). But the most damaging effect of A.
craccivora may be through transmission of viral diseases. Breeding for resistance to CAMBYV is an ongoing
activity in various laboratories, however, the availability of resistant germplasm is still limited. The collection of
local varieties is one of an important source to incorporate interested traits into cultivated variety. Some of
these local varieties have distinctive morphological characters but some of them, morphological characters
alone can not be used for varietal identification. The objectives of the present study are 1) collect the different
local accessions of yardlong bean and cowpea seed in the southern part of Thailand 2) evaluate

morphological characters and using RAPD to assess the genetic diversity of accessions.

Materials and Methods

Survey of yardlong bean and cowpea grown in southern part of Thailand was carried out and seed
samples from those plants were collected. Seed samples of 49 accessions were germinated and grown in the
field at the department of Plant Science, Faculty of Natural Resources, Prince of Songkla University (french
bean: Phaseolus vulgaris was included as an outgroup for molecular analysis). The experimental design was
arranged in RCBD with 3 replications. The fourteen following characters were recorded: days to flowering,
flower color, terminal leaflet shape, terminal leaflet length and width, pod length, podweight, pod curvature,
immature pod pigmetation, mature pod color, seed length, seed shape, eye color and 100 g seed weight.
Statistical analysis of the obtained data was carried out for analysis of variance using computer statistical
program SPSS. Means were compared by the L.S.D. values.

Leaf samples of each accession were collected, DNA was isolated and subsequently quantified by
agarose gel electrophoresis. A total of 8 random primers were selected from the polymorphism survey and
PCR amplification was performed. The amplified products were size-separated by gel electrophoresis in 1.5%
agarose gel electrophoresis and stained with ethidium bromide. Coefficient of similarity among accessions
was calculated and a dendrogram based on these similarity coefficients was constructed by using
Unweighted Pair Group Method of Arithmetic means (UPGMA) in NTSYS-pc 2.01.

Results

Fourteen morphological characters were observed in 49 yardlong bean and cowpea accessions
collected from southern part of Thailand. The obtained results showed that yardlong bean and cowpea
collection varied in morphological traits. Most of plants exhibit indeterminate and semi indeterminate growth
habit. Variation in pod color was observed as green or no pigment (55%), purple or uniform pigmented (18%),
pigmented valves (12%), splash of pigment (8%), pigmented tip (4%) and pigmented sutures (2%). The color
of flower can be grouped into 3 followings; purple (80%), white/purple splash (12%) and white (8%). Variation
was also found in seed color as well (Figure 1). Quantitative characters of some accessions are presented in
Table 1. Data indicated significant differences among yardlong bean and cowpea genotypes for all seven
quantitative characters. High variation was found in flowering date, pod length and pod weight.

Molecular characterization of the 49 yardlong bean and cowpea genotypes was done by RAPD
markers. From 8 primer used (OPC06, OPT12, OPR04, OPR09, OPR12, OPZ03, OPZ08 and OPZ13), a total of
80 fragments were obtained. The number of fragments per primer ranged between 9 t012 with a mean of 10.
The primers OPT12 produced the highest number of polymorphic fragments (100%). The RAPD data were
analyzed using NTSYS-PC (version 2.02) (Rolf, 1998). Cluster analysis by the unweighted pair group method of
arithmetic means (UPGMA) showed that 49 accessions could be divided into four groups with genetic

distance varied from 0.62-0.980. The most similarity coefficient was found in 2 pairs; accession no.32 and 34,
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both are yardlong bean from amphur Si-chon Nakorn-Sitammarat province and another pair were accession
no. 43 from amphur promkiri, Nakorn-Sitammarat and accession no.45 from amphur Klonghoi-khong, Songkhla

province.

Discussion

The information of plant collection will be useful to crop improvement activities. Without some basic
information of the accessions, breeder will not be able to use a proper materials for their works. The first
approach in the description and classification of germplasms is morphological characterization. By
morphological comparison among yardlong bean and cowpea, variations in both qualitative and quantitative
characters were detected. However, there are several disadvantages of using morphology as genetic markers
such as morphological markers are difficult to analyze in breeding populations, particular for closed related
species and they are affected by environmental conditions (Dijkhuizen et al., 1996). In this study, accession
no. 32 and 34, 43 and 45 were considered identical by morphological characters, however based on RAPD
profiles, they can be classified as genetically dissimilar. Results indicate that RAPDs can be used as a reliable

technique for genotype identification.

Summary
Morphological and molecular characterization of fourty-nine accessions of yardlong bean and cowpea
grown in some areas in southern Thailand were carried out. Each accession was evaluated using 14
characters related to flower, leaf, pod and seed. Results revealed that variation was found in flower, pod and
seed color and all quantitative traits in the present study had a significant contribution to the total variation. The
DNA analysis was performed with 8 RAPD primers and the UPGMA dendrogram was constructed based on
similarity indices. Based on dendrogram, 49 accessions can be separated into 4 groups with similarity

coefficient ranged from 0.62 to 0.98.
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Table 1 Comparison of seven quantitative characteristics of some yardlong bean
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and cowpea accessions

Terminal Terminal Pod Seed Seed

Sample Days to first Pod length
leaflet leaflet width weight length width

code flowering (cm)
length (cm) (cm) (gm) (mm) (mm)
1 46 137.3 67.0 63.2 29.2 7.08 5.87
2 42 152.0 74.0 37.8 12.2 11.45 5.87
3 43 127.6 68.3 50.6 18.8 11.21 5.56
4 39 99.0 69.0 25.0 8.0 9.37 4.70
5 43 134.0 44.6 20.6 8.0 8.37 6.99
6 44 115.0 23.0 19.0 7.2 7.02 6.29
7 48 132.6 99.6 26.2 12.4 8.35 5.21
8 47 133.0 59.6 51.2 20.6 12.25 6.01
9 39 117.3 69.2 28.0 1.4 12.42 5.23
10 46 101.6 68.0 18.0 6.4 6.78 5.61
F-test . ok ok ** ** . ok

L.SD 5.95 26.51 18.09 5.60 3.52 0.67 0.41
C.V.(%) 5.25 10.19 12.48 9.77 16.84 5.58 6.19

Figure 1 Morphological characters of four yardlong bean and cowpea accessions collected from southern
Thailand

a) accession no.1 b) no.2 ¢) no. 29 d) no.37 e) no. 18 f) no. 10
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Figure 2 RAPD profiles of the primer OPZ 08. Lane 1-50 are yardlong bean and cowpea accessions collected
from southern Thailand and M are 100 bp Ladder DNA.
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Production of Polyclonal Antibodies Specific to the Recombinant
Coat Protein of Blackeye cowpea mosaic virus
and Its Use in Disease Detection

Maneerat Koohapitagtam®™ and Charassri Nualsri2

ABSTRACT

The coat protein gene of Blackeye cowpea mosaic virus (BICMV-CP) was amplified by reverse
transcription polymerase chain reaction and cloned into the expression vector pQE-80L. This plasmid
was transformed into Escherichia coli DH5a competent cells. The BICMV-CP gene was expressed as
a fusion protein containing a fragment of 6xHis-tag. Bacterial cells were disrupted by repeated freeze-
thawing three times and the BICMV-CP fusion proteins were purified under denaturing conditions by
affinity chromatography with Ni-NTA Agarose.

Asample of 500 ug of purified protein was mixed with Freund’s complete adjuvant at a ratio of
1:1 (volume to volume). Initially, the emulsion was subcutaneously injected into a New Zealand White
rabbit, followed at weekly intervals by three additional immunizations with 500 pg of the purified protein
mixed with Freund’s incomplete adjuvant. Bleeding was done every week during weeks 5-12 and titers
of the antisera ranging from 800-51,200 were obtained. Up to a dilution of 1:320 of the BICMV-infected
yardlong bean sap could be detected by indirect enzyme-linked immunosorbent assay. The produced
antiserum reacted specifically with the BICMV-infected plant without any cross reaction with other
virus species tested. However, a weakly positive reaction with Bean common mosaic virus could be
observed.

Keywords: Blackeye cowpea mosaic virus, recombinant coat protein, cowpea, reverse transcription
polymerase chain reaction, enzyme-linked immunosorbent assay

INTRODUCTION Thailand and Taiwan (Mali et al., 1989). The virus

is distributed by seed-borne transmission with a

Blackeye cowpea mosaic virus (BICMV)
belongs to the genus Potyvirus within the family
Potyviridae. This virus is an economically
important and major limiting factor for cowpea
(Vigna unguiculata (L.) Walp.) production in
Asian countries such as India, Japan, Malaysia,

frequency rate of up to 30% and yield losses as
high as 40% under field conditions being recorded
(Arakere et al., 2009; Udayashankar et al., 2012).
In addition, mixed infection with BICMV and
Cucumber mosaic virus (CMV) results in severe
stunting and causes yield loss in cowpea of up to
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86.4%; however, While BICMV can be controlled
through integrated approaches, the most effective
method has focused on host plant resistance
(Ouattara and Chambliss, 1991).

The serological methods using polyclonal
(PAb) and monoclonal (MADb) antibodies are
efficient analytic tools for the detection of BICMV
for both screening and virus control purposes (Hao
etal., 2003). In Thailand, MAb specific to BICMV
has been produced by the hybridoma technique
and applied successfully to detect the virus
(unpublished data). However, maintaining these
hybridoma cell lines in vitro is unstable under long-
term storage. New MAb generation is laborious,
time consuming and may be genetically unstable
(Pasqualini and Arap, 2004; Balogh et al., 2010).
In contrast, production of PAb is relatively simple
and cheap to produce in the short term compared
with MAb (Nelson et al., 2000). Generally, the
production of high-quality virus-specific antisera
to plant viruses requires purified viruses and large
amounts of viruses for the immunization animal
(Nickel et al., 2004). However, the purification
in the preparation of Potyvirus species is difficult
because of their tendency towards irreversible
aggregation during extraction and concentration
with consequent virus loss during low speed
centrifugation (Bashir and Hampton, 1995). To
circumvent these problems, molecular biology
techniques are currently being used to produce
virus-specific antisera using fusion protein from
cloned virus genes expressed in Escherichia coli.
Bacterial expression of protein is simple, fast and
inexpensive for the production of high amounts of
purified proteins with minimal post-translational
modifications (Hartley, 2006). In addition, a fusion
tag to the proteins expressed in E. coli further
improves their expression, solubility and stability
and facilitates purification. The purified expressed
plant viral protein as a fusion protein has been
successfully used as an antigen for raising virus-
specific antisera for immunodiagnostics (Raikhy
et al. 2007; Gulati-Sakhuja et al., 2009).

In an attempt to screen yardlong bean
(V. unguiculata ssp. sesquipedalis) and cowpea
accessions resistant to BICMV by enzyme-linked
immunosorbent assay (ELISA), the purpose of
the current research was to produce polyclonal
antibodies by using recombinant coat protein
expression technology to detect BICMYV in
infected plants.

MATERIALS AND METHODS

Virus source and symptoms

Leaf samples of cowpea showing a typical
systemic mosaic, leaf deformation, vein yellowing
and stunting were collected from different fields in
Hat Yai, Songkhla province, Thailand. Detection
of BICMV in the collected leaf samples was
carried out using a monoclonal antibody against
BICMV (anti-BICMV MADb) by indirect ELISA
(Clark and Adams, 1977), modified by coating
crude sap at 1:5 (weight to volume) dilution in 1x
phosphate buffer saline (PBS; 8 mM Na,HPO,, 1.8
mM KH,POy,, 2.7 mM KClI and 136.8 mM NaCl)
at pH 7.4. The monoclonal antibody supernatant
was kindly provided by the Department of Plant
Pathology, Faculty of Agriculture at Kamphaeng
Saen, Kasetsart University, Kamphaeng Saen
campus, Nakhon Pathom, Thailand.

Virus isolation and propagation

The virus isolation was applied according
to Lima et al. (1979). BICMV was biologically
purified through a single local lesion technique on
Chenopodium amaranticolor (Coste & A. Reyn.)
(Zettler et al., 1967) by mechanical inoculation.
The virus was propagated and maintained in
yardlong bean (Huguenot et al., 1993) until further
use.

Primer design

The published coat protein (CP) gene
sequences of the BICMV from GenBank were
used for designing the primers CACP1 5’
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GGATCCTCAGGAACTGGAC 3'and CACP25'
AAGCTTTTACTGCGGGGAAC 3’ The forward
primer CACP1 5’ primer and the reverse primer
CACP2 5’ primer were designed to contain a
BamHI site and a Hindl 1l site, respectively.

Nucleic acid extraction and reverse transcription
polymerase chain reaction

Total RNA was extracted from infected
yardlong bean using a Total RNA Mini Kit
(Plant) (Geneaid; Taipei, Taiwan), according to
the manufacturer’s instructions. Subsequently,
DNA was synthesized by a reverse transcription
polymerase chain reaction method (RT-PCR)
using a Qiagen®OneStep RT-PCR Kit (Qiagen;
Hilden, Germany) using the above-mentioned
primers. The Qiagen®OneStep RT-PCR mixture
in 50 pL contained a total of 1 uL of the RNA
solution, Q-Solution (1x), 10mM dNTP, 100 pmol
each of primers CACP1 and CACP2 to amplify
a 864 bp fragment of the BICMV-CP. Reverse
transcription was carried out for 30 min at 50°C
with a hot start for 15 min at 95 °C to activate the
HotStarTag™ DNA Polymerase in the reaction
mix. PCR followed immediately, with 35 cycles
of 94 °C for 45 s, 52 °C for 60 s and 72 °C for 60
s. The final extension step consisted of 10 min at
72 °C. The amplified product was analyzed by 2%
agarose gel electrophoresis and purified using a
Gel/PCR DNA Fragment Extraction Kit (Geneaid;
Taipei, Taiwan).

Cloning, sequencing and analysis of the Blackeye
cowpea mosaic virus coat protein gene

The amplified fragment containing the
BICMV-CP was ligated in the pGEM-T Easy
vector (Promega; Madison, USA) using T4 DNA
ligase (Promega; Madison, USA) for 1 hr at room
temperature. The recombinant plasmids were
transformed by heat shock into E. coli competent
cells DH5a. After addition of 2xYT medium
(yeast extract 10 g.L1, tryptone 16 g.L-! and
sodium chloride 10 g.L1) to complete 1 mL, the

reaction was incubated in a shaker at 37 °C at 200
rpm for 1 hr and plated on selective 2xYT agar,
containing ampicillin (100ug.mL1), 5-bromo-4-
chloro-3-indolyl-p-D-galactopyranoside (X-Gal)
and isopropyl B-D-1-thiogalactopyranoside
(IPTG). Colonies were grown overnight at 37 °C.
The positive clones, selected on plates containing
X-Gal, were detected by a PCR method using T7
and SP6 universal primers. One positive clone was
sequenced. The resulting nucleotide and amino
acid were compared and analyzed to the BICMV-
CP gene sequences in GenBank using the Clustal
Omega multiple sequence alignment program
( Sievers et al., 2011).

Expression and purification of the fusion
proteins

Both the pPGEM-T Easy vector containing
the BICMV-CP gene and pQE-80L expression
vector (Qiagen; Hilden, Germany) were digested
with BamHI (New England Biolabs; Beverly,
USA) and Hindlll (New England Biolabs; Beverly,
USA). The BICMV-CP fragment and pQE-80L
vector were run on 1% agarose gel electrophoresis.
A sample of approximately 150 ng of the insert
was ligated into pQE-80L in-frame with the
fragment of 6xHis-tagged protein, according to the
manufacturer’s instructions using T4 DNA ligase.
The transformation of recombinant DNA into E.
coli DH5a, and selection of the positive clones
were performed as described above. One BICMV-
CP positive clone was selected for expression
study.

Atotal of 1,000 mL 2xYT medium, with
100 pg.mL-1 ampicillin, was inoculated with 20
mL of fresh overnight culture of E. coli DH50
bearing recombinant plasmid pQE-80L/BICMV-
CP. The bacterial cell suspension was incubated in
a shaker at 37 °C at 200 rpm for 2 hr. Expression
of fusion proteins carrying 6xHis-tagged protein
were induced by 1ImM IPTG and the cultures were
incubated on a shaker at 37 °C at 200 rpm for 6
hr. Expressed fusion proteins were extracted from
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bacterial cells by repeated freeze-thawing three
times and purified using Ni-NTA Agarose (Qiagen;
CA, USA), according to the manufacturer’s
instructions. The concentration of the BICMV-CP
fusion proteins was measured by Bradford assay
(Bradford, 1976) and spectrophotometry using
bovine serum albumin (BSA) as a standard.

Analysis of Blackeye cowpea mosaic virus
recombinant coat protein

Expression of recombinant proteins
was analyzed by 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE)
(Laemmli, 1970). A sample of 10 uL of each protein
was denatured by boiling for 10 min with an equal
volume of 2x loading buffer (0.1% bromophenol
blue, 4% SDS, 5% B- mercaptoeethanol, 10%
glycerol and 0.5 M Tris-HCI, pH 6.8). Gel was
stained with Coomassie brilliant blue R-250.
A prestained protein molecular weight marker
(Fermentas; Hanover, MD, USA) was used for
protein molecular weight estimation.

Production of polyclonal antibody

AWhite New Zealand rabbit aged 2 mth
initially was immunized subcutaneously with 500
ug of purified BICMV-CP fusion proteins and
500 pl of Freund’s complete adjuvant emulsion
at a ratio of 1:1 (volume/volume). At weekly
intervals, the immunization was followed by three
additional subcutaneous injections with 500 pg
of purified fusion proteins mixed with Freund’s
incomplete adjuvant. The rabbit was bled eight
times every week, starting 5 wk after the first
injection. The antiserum obtained from each week
was designated #S1 —#S8 and stored at -20°C until
use.

Estimation of polyclonal antibody titer,
efficiency and specificity

The suitability of prepared polyclonal
antibody for use in indirect ELISA was tested.
Samples of 100 uL were placed in each well in
all steps and two wells per sample were used.

Titers of the obtained antisera, the
polyclonal antiserum #S1 —#S8 developed against
BICMV-CP fusion proteins were evaluated for
titering by indirect ELISA, applied from Clark
and Adams (1977). The ELISA plate wells were
coated with 10 pg.mL"1 of purified BICMV fusion
proteins which was diluted in 50 mM sodium
carbonate buffer, pH 9.6 and incubated at 37 °C
for 1.5 hr. The plate was washed three times with
PBST (0.05% Tween 20 in 1x PBS). Subsequently,
100 pL of a two-fold dilution (1:50 to 1:409,600)
of each antiserum in blocking solution (PBS + 5%
skim milk) were added and incubated at 37 °C for
1.5 hr. Then, each plate was washed and incubated
again at 37 °C for 1 hr with 100 pL of a 1:10,000
dilution of goat anti-rabbit 1gG conjugated with
alkaline phosphatase (Sigma-Aldrich; Saint Louis,
MO, USA). After washing, 100 puL of the enzyme
substrate p-nitrophenylphosphate (1.0 mg.mL™1)
were added and incubated at 37 °C for 30 min.
The absorbance was recorded using an ELISA
plate reader at Agsnm- Rabbit normal serum and
sodium carbonate buffer were used in parallel as
the negative control and blank, respectively. If the
absorbance value of the antiserum was twice the
negative, the result was recorded as positive.

To evaluate the efficiency of the
antiserum in virus detection, the crude polyclonal
antiserum which gave the highest antibody titer
was chosen to investigate its ability to detect
BICMV-infected yardlong bean by the indirect
ELISA process as described above. Purified
BICMV-CP (10 png.mL"1) was used as a positive
control. The ELISA plate wells were coated with
leaf yardlong bean extracts infected with single
lesion inoculation in C. amaranticolor (BICMV-
PSU1) diluted to 1:10, 1:20, 1:40, 1:80, 1:160 and
1:320 in sodium carbonate buffer and incubated at
4 °C overnight. Crude polyclonal antiserum was
diluted to 1:200 and 1:500 in blocking solution.
In the experiment, healthy yardlong beans at the
same dilutions were used as a negative control. The
results were analyzed using the S/H ratio (sample
ODA405 / healthy control OD405) according to
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Gulati-Sakhuja et al. (2009).

Specificity testing can be based on the
sap dilution which gives the best S/H ratio and
this test was used in the current experiment. The
positive viruses which have been reported to
infect cowpea— Cucumber mosaic virus (CMV)
subgroup I and 11 (genus Cucumovirus), Cowpea
mosaic virus (CPMV;, genus Comovirus) and Bean
common mosaic virus (BCMV; genus Potyvirus)
(Arakere et al., 2009)—were purchased from
Agdia Inc. (Elkhart; IN, USA) and used for coating
the ELISA plate. All viruses were tested in freshly
prepared extracts or resuspended freeze-dried
extracts from infected plants.

RESULTS AND DISCUSSION

Virus isolation and propagation

Virus isolates from naturally infected
cowpeas samples showing severe mosaic, leaf
deformation, vein yellowing and stunting (Figure
1a) were collected from three different fields in Hat
Yai, Songkhla, Thailand. After successive single
lesion inoculation in C. amaranticolor (Figure 1b),
the resulting BICMV isolate (BICMV-PSU1) was

propagated and maintained in yardlong bean for
future use. The observed symptoms on yardlong
bean inoculated with BICMV-PSU1 were the
formation of a systemic mosaic on the trifoliate
leaves after about 30 d at 25 °C, followed by leaf
deformation (Figure 1c).

Analysis of Blackeye cowpea mosaic virus coat
protein gene

The BICMV-CP encoding gene, 864 bp,
was amplified successfully as shown in Figure
2. The DNA fragment was ligated into pGEM-T
Easy vector and one positive clone was sequenced.
The result confirmed that the sequence contained
the full length of the BICMV-CP gene and the
restriction site in the correct open reading frame.
Sequence alignment showed that the coat protein
gene of BICMV-PSU1 shared 98% nucleotide
identity and 99% amino acid identity with the full
length BICMV-CP in GenBank access numbers
AY575773, AF395678, AJ312438, AJ312437,
AHO004380 and S66253, respectively (Figure
3). This sequence was submitted to GenBank
(accession number FR775796).

Figure 1 Symptoms of Blackeye cowpea mosaic virus (BICMV) on naturally infected cowpea plants: (a)
severe mosaic, leaf deformation, vein yellowing and stunting; (b) Chenopodium amaranticolor
showing chlorotic local lesions on an inoculated leaf after inoculation with BICMV for 6-7 d
at 25 °C; and (c) yardlong bean showing systemic mosaic and leaf deformation on trifoliate
leaves after inoculation with BICMYV single lesion inoculation in C. amaranticolor for 30 d.
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Figure 2 Agarose gel electrophoresis at 2%
showing the Blackeye cowpea mosaic
virus coat protein gene (BICMV-CP)
which was amplified at 864 bp from
naturally infected cowpea (lane 1)
and yardlong bean inoculated with
BICMV single lesion inoculation in C.
amaranticolor using CACP1 forward
primer and CACP2 reverse primer,
respectively (lane 2). M is the 100 bp
plus DNA ladder marker (Fermentas;
Hanover, MD, USA).

Expression and purification of BICMV-CP
Production of the BICMV-CP fusion
proteins containing a fragment of N-terminal
6xHis-tagged protein, recombinant DNA (pQE-
80L/BICMV-CP) was chosen to transform in E.
coli DH5a. After induction for 6 hr, the bacterial
cells were harvested and extracted using urea as
a denaturant. As shown in Figure 4, the molecular
weight of the BICMV-CP fusion proteins, at
approximately 33.0 kDa, was clearly observed by
10% SDS-PAGE. The fusion proteins had a relative
molecular weight of the BICMV-CP amino acid
sequence plus 6xHis-tagged which was calculated
using the Compute pl/Mw program (Expert
Protein Analysis System; Expasy; Swiss Institute
of Bioinformatics; Lausanne, Switzerland). The
BICMV-CP fusion proteins were further purified
by Ni-NTA Agarose and the result showed 100%

purity. The yield of BICMV-CP fusion proteins
purified from 1,000 mL of E. coli cells was about
6.0 mg after estimation by Bradford assay and
spectrophotometry.

To check the possibility of BICMV-CP
fusion proteins for polyclonal antiserum production
against BICMYV, anti-BICMV MADb was used to
detect purified fusion proteins by indirect ELISA
and the results showed that anti-BICMV MAb
could react with BICMV-CP fusion proteins as
well as with the crude extract of yardlong bean
infected with BICMV-PSUL1 giving absorbance
(A4o5nm) Vvalues of 1.75 and 2.10, respectively.
These results suggested that the BICMV-CP fusion
proteins and native coat protein had a common
epitope (Helias et al., 2003). The current study
obtained BICMV-CP fusion proteins which can
be used for producing PAb against BICMV.

Production and estimation of polyclonal
antibody

The polyclonal antisera (#S1-#S8)
against the BICMV-CP fusion proteins were
evaluated using 10 mg.mL"1 of purified proteins
by indirect ELISA. The titers of antisera ranged
from 800 to 51,200 and the highest titer (1:51,200)
was from antisera #S6 and #S7, respectively, while
antisera #S2 produced the lowest titer (1:800) as
shown in Figure 5.

The efficiency of the prepared crude
polyclonal antiserum #S7 was tested with yardlong
bean leaf extracts infected with BICMV-PSU1
using indirect ELISA. This antiserum showed cross
reactivity with healthy yardlong bean in the same
assay. Similar results of non-specificity have been
observed with antiserum prepared from the fusion
proteins of other viruses (Kumari et al., 2001;
Gulati-Sakhuja et al. 2009). To solve the problem
and increase the specificity of the antiserum,
polyclonal antiserum #S7 was cross absorbed
using healthy yardlong bean extract to remove the
cross reactive antibodies before use (Pinner and
Markham, 1990). Subsequently, the sensitivity
testing of antiserum #S7 was repeated and the new
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result clearly showed that the produced antiserum
gave higher absorbance values compared to the
respective healthy controls. The S/H ratios of crude
polyclonal antiserum diluted to 1:200 were 2.1,
2.77, 2.67, 4.00, 4.32 and 6.00 for leaf extracts
diluted to 1:10, 1:20, 1:40, 1:80, 1:160 and 1:320,
respectively, while the antiserum diluted to 1:500
produced values of 2.0, 3.1, 2.4, 2.98, 3.63 and
4.0, respectively (Table 1). However, while all
of the diluted antisera and BICMV-infected plant
sap were effective in distinguishing healthy plants
using indirect ELISA, the best S/H ratio (diluted

antiserum 1:200 and BICMV leaf extract 1:320)
were chosen to use in the detection of a BICMV-
infected plant.

Polyclonal antiserum (#S7) specificity
was evaluated by testing with CMV subgroup | and
I1; genus Cucumovirus, CPMV; genus Comovirus
and BCMV; and genus Potyvirus, respectively. The
results showed that the polyclonal antiserum gave
higher absorbance values for both the BICMV-
CP recombinant protein (1.56) and yardlong
bean infected with BICMV (2.05) than for the
negative control (0.239) and viruses tested (CMV

AJ312437 SGTGOPQPPIVDAGVDAGKDEKRERNNRGKE FENREGSGNNSRGAGDSTMRDEDVNAGSKG 60
AJ312438 SGTGQPQPPIVDAGVDAGKDERERSNRGKDFEGREGSGNNNRGAGDSTMRDEDVNAGSHG 60
AF395878 SGIGQFQPPIVDAGVDAGKDKRERSNRGKDPEGREGSVNNNRGAGDSTMRDKDVNAGSKG 60
AY575773 SGTGOPQPPIVDAGVDAGKDKRERSNRGKDPEGREGSVNNNRGAGDSTMRDEDVHAGSKG €0
FR77579¢€ SGTGOPQPPIVDAGVDAGKDKRERSNRGKDPESREGSVNNNRGAGDSTMRDKDVHAGSKG 60
AHOO04380 SGTGOPQPPIVDAGVDAGKDERERSNRGKDPESREGSVNNNRGAGDSTMRDEDVNAGSRG 60
566253 SGTGOPQPPIVDAGVDAGKDERERSNRGKDPE SREGSVNNNRGAGDSTMRDKDVNAGSRG 60
Fhbkkkdhbwdhhr bbb bbb i td dhkdhd ok ddddr dh dddddddddidbhhdkdd &
AJ312437 KVVPRLOKI TKRMNLPMVKGNVILNLDHLLDYKPEQTDLFNTRATKMOFEMWYNAVKGEY 120
AJ312438 KVVPRLOKI TKRMNLPMVEGHVILNLDHLLDYKPEQTDLFNTRATEMOFEMWYNAVKGEY 120
AF3595€78 KVVPRLOKI TKRMNLPMVEGNVILNLDHLLDYKPEQTDLFNTRATEMOFEMWYNAVKGEY 120
RAY575773 KVVPRLOKI TKRMNLPMVEGHNVILNLDHLLDYKPEQTDLENTRATEMOQFEMWYNAVKGEY 120
FR77579¢ KVVPRLOKITKRMNLFMVEGNVILNLDHLLDYKPEQTDLFNTRATEMOFEMWYNAVKGEY 120
RAHO04380 KVVPRLOKITKRMNLPMVKGNVILNLDHLLDYKFVQTDLFNTRATRDQFEMWYNAVKGEY 120
566253 KVVPRLOKI TKRMNLPMVEGHVILNLDHLLDYKFVOTDLFNTRATRDOFEMWYNAVKGEY 120
dhkddhkdhdhdhhbbd bbb bbbt ddbdddbddd ddhhhddddd. Sddddddhddbih
AJ312437 EIDDACMS IVMNGFMVWCIDNGT SEDVNGIWVMMDGDEQVEYPLKPMVENAKPTLRQIMH 180
AJ312438 EIDDAQMS IVMNGFMVWCIDNGTSEDVNGTWVMMDGDEQVEYPLKPMVENAKPTLRQIMH 180
AF395878 EIDDAQMS IVMNGEFMVWCIDNGTSFDVNGTWVMMDGDEQVEYPLKPMVENAKPTLRQIMH 180
AY575773 EIDDAQMS IVMNGFMVWCIDNGTSFDVNGTWVMMDGDEQVEYPLKPMVENAKPTLROIMH 180
FR775796 EIDDAQMSIVMNGFMVWCIDNGI SPDVNGTWVMMDGDEQVEYPLKPMVENAKPTLROIMH 180
AHO04380 EIDDDOMS IVMNGEMVWCIDNGTSEDVNGTIWVMMDGDEQVEYPLKPMVENAKPTLROIMH 180
566253 EIDDDOMS IVMNGEMVWCIDNGT SEDVNGTWVMMDGDEQVEYPLKPMVENAKPTLROIMH 180
FhkkEk dhkdkdhh kb h kbR r b r bbbk kR h A Ak bbb e bR Rk h
AJ312437 HFSDAAERY TEMRNSEKPYMPRYGLLRNLRDKNLARYAFDFYEVISKTSDRAREAVACME 240
AJ312438 HFSDARERY TEMRNSEKPYMPRYGLLRNLRDKNLARYAFDFYEVISKTSDRAREAVACMK 240
AF395€78 HFSDAAERY TEMRNSEKFPYMPRYGLLRNLRDKNLARYAFDFYEVISKTSDRAREAVACMK 240
AY575773 HFSDAAERYTEMRNSEKPYMPRYGLLRNLRDKNLARYAFDFYEVISKTSDRAREAVACMEK 240
FR775796& HFSDAAERYTEMRNSEKPYMPRYGLLRNLRDKNLARYAFDFYEVISKTSDRAREAVACMEK 240
AH004380 HFSDAARERYTEMRNSERPYMPRYGLLRNLRDKNLARYAFDFYEVISKTSDRAREAVACMEK 240
566253 HFSDAAERYTEMRNSERPYMPRYGLLRNLRDKNLARYAFDFYEVISKISDRAREAVACMEK 240
Fhbkkkdddkddbrdd ki kd bbbt b bbbk bk h kb kb b Rk bbbk bk kb hd
RJ312437 AAALSNVSSKLFGLDGNVATTSENTERHTARDVNONMHTLLGMGSPQ 287
AJ312438 AAALSNVSSKLFGLDGNVATTSENTERHTARDVNONMHTLLGMGSPQ 287
AF385678 AAALSNVSSKLFGLDGNVATTSENTERHTARDVNONMHTLLGMGSPQ 287
AY575773 AAALSNVSSKLFGLDGNVAITSENTERHTARDVNONMHTLLGMGSPQ 287
FR775796 AAALSNVSSKLFGLDGNVATITSENTERHTARDVNONMHTLLGMGSPQ 287
AH004380 AAALSNVSSKLFGLDGNVATITSENTERHTARDVNONMETLLGMGSPQ 287
566253 AAALSNVSSKLFGLDGNVATTSENTERHTARDVNONMHTLLGMGSPQ 287

e Rl R e e e e e e e e s e R R R R L e R e

Figure 3 Alignment of the deduced amino acid sequence of Blackeye cowpea mosaic virus coat protein
gene (BICMV-CP) isolated from this study (FR775796) with the full length sequences available
in GenBank by accession numbers AY575773, AF395678, AJ312438, AJ312437, AH004380
and S66253, respectively.
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subgroup | and 1l and CPMV) as shown in Table  BICMV polyclonal antiserum production, the
2. However, the polyclonal antiserum produceda  specificity of antibody obtained in the present
weak cross-reaction with BCMV, which suggested  study was similar to the study by Taiwo and
a serological relationship to BICMV (Zettler and ~ Gonsalves (1982).

Evans, 1972). Compared to other results on anti-

116.0 kDa —»

66.2 kDa —»

45.0 kDa —»

35.0 kDa —» - 4—2(3:;4:[;;[’ fusion proteins

25.0 kDa —p

18.4 kDa —p

Figure 4 Coomassie brilliant blue-stained 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis showing the Blackeye cowpea mosaic virus coat protein gene (BICMV-CP)
fusion proteins were expressed (lane 1) and purified from E. coli DH5a. (lane 2); M is molecular
weight marker (left) and the arrow indicates the 33.0 kDa BICMV-CP fusion proteins band
(right).

60,000 -
50,000 |

51,200 51,200

40,000 -

30,000 | —o— Anti-BICMV-CP

20,000 polyclonal antiserum

Antiserum titer

10,000 12,800

0

Week of antiserum collection

Figure 5 Antibody titer of polyclonal antisera against the Blackeye cowpea mosaic virus coat protein
gene (BICMV-CP) recombinant proteins for the eight antiserum fractions.
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Table 1 Indirect enzyme-linked immunosorbent assay values showing efficiency of anti- Blackeye
cowpea mosaic virus (BICMV) recombinant coat protein polyclonal antiserum (#S7) in
disease detection. Anti-BICMV recombinant coat protein polyclonal antiserum dilution: 1:

200 and 1: 500 reactions with healthy yardlong bean were used as the negative control.

Crude polyclonal antiserum #S7 (1:200)

Crude polyclonal antiserum #S7 (1:500)

Sample Sap dilution Sap dilution

1:10 1:20 1:40 1:80 1:160 1:320 1:10 1:20 1:40 1:80 1:160 1:320
Diseased 1.72 2.19 160 136 121 114 164 217 145 131 1.20 1.00
Healthy 082 0.79 0.60 034 028 0.19 0.83 070 0.61 044 0.33 0.25
S/H?2 21 277 267 400 432 6.00 2.00 3.10 240 298 3.63 4.00

@ = This ratio represents the absorbance value of sample OD405 / control OD405 measured 30 min after substrate was added.

Table 2 Specificity test of polyclonal antiserum against Blackeye cowpea mosaic virus (BICMV)
recombinant coat protein as determined by indirect enzyme-linked immunosorbent assay.

Polyclonal antiserum dilution: 1:200 reacted with healthy yardlong bean was used as a negative

control.
Sample Genus Crude polyclonal antiserum #S7
Purified BICMV-CP recombinant protein - 1.56
Yardlong bean infected with BICMV Potyvirus 2.05
Bean common mosaic virus Potyvirus 0.69
Cowpea mosaic virus Comovirus 0.14
Cucumber mosaic virus subgroup I Cucumovirus 0.09
Cucumber mosaic virus subgroup II Cucumovirus 0.12
- 0.239

Healthy yardlong bean (x2)

CONCLUSION

Blackeye cowpea mosaic virus (BICMV)
can have economically important repercussions
and can be a major limiting factor for cowpea and
yardlong bean production. To develop serological
diagnostic tools for the detection and screening
of the resistance of crop species to BICMYV, the
production of an antibody is a necessity. The coat
protein gene (CP gene) of BICMV was amplified
and cloned into a bacterial expression vector
(pQE-80L). The recombinant BICMV-CP was
expressed as fusion proteins containing a fragment
of 6xHis-tagged protein. Expressed BICMV-CP
was purified under denaturing conditions by
affinity chromatography with Ni-NTA Agarose
and used as an antigen for raising BICMV-CP
antisera in rabbit. The antiserum which gave the

highest antibody titer was chosen to investigate its
ability to detect BICM V-infected yardlong bean by
indirect ELISA. Efficiency testing of the antiserum
revealed it could detect BICMYV at a dilution of up
to 1:320. The produced antiserum demonstrated
specificity with a BICM V-infected plant without
cross reaction with other virus species tested,
including Cucumber mosaic virus (subgroup I and
II) and Cowpea mosaic virus. Hence, the antiserum
against the BICM V-CP recombinant protein can be
used to detect the presence of the virus in cowpea
and yardlong bean breeding programs.
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