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ELISA, I-ELISA) I » #E5 8= ZaMV PG AR R 18 o Mg EE s vigid Zzamv
PUmiE A&l @ fRE T ~ DMV BREFHiREUR = (Zantedeschia mild mosaic virus, ZaMMV)
& > SR HASE M o B LB SRR ZaMV PR RGRETT 5 (R VM
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o =1 AT E A6 4 4 TR RRLE B ALL T T30 5 TR traig s )
Vg = : e A g G ARRERA TR > ERTE A o ERTREERAS
o (calla ) T D oR ) BB R SYEHEBIAETTAEEY » MR RA FHEE s 2
(Araceae) ~ B FiiH#/E@ (Zantedeschia) %4 A ERIR (L . s i £
@ o B B T SRR - e Rmpeey PRI = i
BRI > BRI TENS 3 (2. aethiopica) » 4 TR TR S A FEER G T GRSk
PE B R S KRR S - MM TR B R ek PO REMESSRREDEE | FEREUREE (Dasheen
(rhizomatous) » 12 1 2 B M Mhd s e By Mosaic virus, DsMV) ® %~ IR A7 25 (Cucumber
s B MR IENL IR RS (Zantedeschia spp.) - mosaic virus, CMV) @ ~ {g R U%5E (Zantedeschia
TIHMEIR » S AN RS A8 » HoH T 20 Ak e mosaic virus, ZaMV) @ ~ Z5EE F{L kAR EE (Bean
(tuber) » SHFE R i = R T PRt R EpTi - g yellow mosaic virus, BYMV) ® ~ Sisiistii A (Konjac
FHPBCI A - G s > BE &G K % mosaic virus, Ko Y 3EFET BEEE RS (Tomato
FHRIER M GH PR BEENE B2 KoMV) @ < 3 st BE 2585 % (Tomat
FOTEGH > Sf 284 LK SR ) 28 LAY BRAR AL - spotted wilt virus, TSWV) ® ~ BITEEZIH BEEE 7
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(Impatiens necrotic spot virus, INSV) ® ~ ETEEUR &
(Alfalfa mosaic virus, AMV) ® ~ B4 25 EX (Potato
virus X, PVX)® ~ |7 28802 (Arabis mosaic virus,
ArMV) ® ~ JEEIRTEER & (Tobacco rattle virus, TRV)
@ | AR (Turnip mosaic virus, TUMV) @ ~ Y
HEEHIEL 25 (Carnation mottle virus, CarMV) © ~ yg4=(
AR A (Zantedeschia mild mosaic virus, ZaMMV) @ ~
S5 S (Callalily chlorotic spot virus, CCSV) @ [/
R YRR (Calla lily latent virus, CLLV) @ - 7F
Aot 16 FE(HRE AT YRR R H 0 ZaMV EfEPR
> 2005 F R BRIR & BHZE B Y (International
Committee on Taxonomy of Viruses, ICTV) K255 /%)
ICTV #i51EXBEXE Potyvirus &I — {EEZFE 0 -
{HER¥E Nishiguchi % A 2006 Ay &5 » KoMV Ei
ZaMV LI KBE58 A friliRs: (Japanese hornwort mosaic
virus, JHMV) FE [R5 =4 0R 7 » R {ERRR H e
FRFPHI LS R AR » [T EEHT KoMV F 7R
Bl fR YT R ZaMV Sy BERR RS Y1 AH R S & 88.7-
96.8% > MMEE JHMV [FHEIEERIS 52 87.5-89.7%* - {H
{EICTV faRIEE ZaMV 4 KoMV ZAiT > 3
ISR SR N 5 | BET T IR BURAIR FEA RS ZaMV -
ZaMV EERS Potyviridae £ ~ Potyvirus & » i&
AR T RE S B 2 R AR > RS 695-850 nm
@18 o AEEREGS 1998 AT & A T bt wk FH ] AR
PO TEE T E R ZaMV o AT 5| R RREL ~ #%
B~ ROEEEERAY - & ZaMV ERFO0E THHEES
FEIRE » FTERER B AL 2 H B 2 BE R 7 A R
AL o MFZ s TREERAT A 2 BE R ZaMV
% o H I B [R]VE T AL s 12 - 1% HH 8 55 H dh 28
o ILEEERY ~ BERE - (LR > BERE
Hopg ShEEY - ZaMV 25 2 il R K 2 BHE Y
@ BRI o ] ERYLFLBE SR E(Dieffenbachia
picta cv. Rudolph Roehrs) ' » 25 LA T2 A8 77 208/ |\
FAF = #5A (Philodendron selloum) » Hij &y 22 BEE IR
R ZIRE 5 T hEAREAE KA 5 AR RS ZUTA 2R
(Typhonium flagelliforme) &K RTE R EEREY) - th 253
ZaMV BFE® - HAikR a5 EE Zavv
FEYREY 2% o INE ST R Y ~ Wi Y S E
JERHERE S ZaMV B{ KoMV SEEFEER -
gt s HEY SRR 0 FEHE S TR ZaMV
HFRILLZR &S DSMV « ZaMV a1 FE iy g A5 11
&Y > T ATHERE A R A R EEHEE 1R - AR ZaMV
o Bmd o7 - H AT BRb geH S - HAHEA
FHE KoMV m#SEfier (Aphis gossypii) LIFEKAETT
A HERE > WA E MUE BB 5T (Cryptotaenia

japonica) Yy JHMV HI[ATHBkEF (Myzus persicae) {###%
@

FfS ZaMV {EH B4 2511 s - (R S 21
IR FREZENY ZaMV WSS BRIl i o 1R INE
FREE FHARIE R B AR ZaMV [ - LUGEHER NiE
FHRUR A FE o RIAHHSRLL ZaMV #2857
Bk (ZaMV-ZAN) BERrrE - RILH SEFHM{E E - DUt
Elfi ZaMV MG 5 [SI0F5E LIRS AH BRO AR 751 o
ELFE [l a4 08 Sk Bt (indirect-ELISA,
I-ELISA) LA Fe 5 928 Wi B iz 18 £ 2 & Fig o 88 I B
(immunocapture RT-PCR, IC-RT-PCR) - iifi B3 #7LL#GS
LE TR SR RIS o

RS YEYSEES

I B B AR I

FREE &5 IR A Y ot R B .2 T RERE 0 S LA
DsMV ~ZaMV #ll ZaMMV E—45 | T-¥153 53T RT-
PCR gl ¢ 19 » SEEVH R Y ZaMV 1R augiisk - LA
0.1 M sodium phosphate buffer (pH 7.2) Fl3#E =iy 2 #ifid
(600 mesh) FARFFHAAHIF RS 2] > TG IR RS 2 1
BRI NR I SRR BRI - AR E RS 25 °C 1A
W LI VERS BRI B AR o R YHEERY
DsMV f1 ZaMMV JiEtk » Qi@ A gha=s H 170 HEn
RIF AU R o [RIRRHER: TR0 RV N R Sk AR
1

MEE B RIEZaMV R A 2 K 2 RBLdE

G RE B ETR RN ZaMV 52 O 5 ik
(ZaMV-ZAN) 2 el (AF332872) » 3%t HiE A5 |
T (ZCPF2) i) [f5] T (ZCPR4) » Hrdv ZCPR4 &H —
g hory Xhol YL (F—) s H¥H51+FTH cDNA F%
(pZaMV-ZAN) HigH 2= B ZaMV SR 5L - 7
FRABLF B R /IVES 855 bp o 12 0.2 ml i BEf & BiE. 4
FACEL 100 | PCR &AW » W45 1 1l pZaMV-ZAN
(0.2 ng/ x1) » 10 x1 10X ThermoPol buffer (NEB,
Beverly, MA, USA) ~10 x|l dNTPs (2 mM) ~10 x|
ZCPF2 (5 M) ~10 xl ZCPR4 (5 xuM) ~1 gl Vent
DNA polymerase (2 U/ 1, NEB, Beverly, MA, USA) #lI
58 ul H,0 ; 5] IR-& Wik Bt 0% - L GeneAmp®
PCR system 2400 (Applied Biosystems, Foster City, CA,
USA) 17 PCR JEAIT : %% 94 °C 5 77 5 F1LL 94
°C30 # 52 °C 45 #6 » 72 °C 75 #) » 317 35 {HNGIA
B LAT2°C [ HET 75 -
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Table 1. Sequences of oligonucleotide primers used in this study

Primer* Sequence’

ZCPF2 5’ AGTGGAGAGGAAGAGAAGGA 3’

ZCPR4 5’ TGCCTCGAGAATAGCGCGCACACCCATCAGAG3’
ZF2 5’ CTATCTGTGCAGCTATGATTG 3’

ZF3 5’ CCGCCCTGCAAAGCGCAAAC3’

ZRO 5’ CTCCTATTTAAAAGACATGACTCG 3’

'F and R indicate forward and reverse primers, respectively.

?A created Xhol site at ZCPR4 is underlined.

PCR S fEFESRILAL S 1| FEVIET 1% BEHIBER S
B » ZBFFHIERZ PCR ZEY)LL Xhol FRGIRE T TREA
LUK ko7 # » 2L GFX™ PCR DNA and Gel Band
Purification Kit (Amersham Pharmacia Biotech,
Piscataway, NJ, USA) [E[I#E Xhol FEHiEZ ZaMV SRt
PR DNA © o445 pET-29a (+) E % DNA (Novagen,
Madison, WI, USA) LL Xhol EZ EcoRV AR HIMEEIHEE
TR > #E Bk oLl GFX™ PCR DNA and Gel
Band Purification Kit [BIUZEEFEIE.2 DNA ° SR E&AGFTE
2 ZaMV Ei pET-29a (+) DNA {&IEREpaE S 1 715
TG G » ISR NS pET-ZCP - fd Bz
GEEYIERIZE E. coli DH5 « MMt - (EyEET =
WME— PR E - LOEERESE IR pET-ZCP »

ZaMVEHIETE B2 281 ~ Pl ALBLLm 7% < B

S L ) ASEREK 3% pET-ZCP #5025 E. coli BL21
(DE3) M TAMAR A » e H PRECEE B %% & 50 ppm
kanamycin 7 3 ml LB &K (1% tryptone, 0.5% yeast
extract, 0.5% NaCl) 1 » ) 37 °C BZIEEEIEER
EEFEARE ODyy, fEFF 0.5-0.7 o thIFHLHY 500 4|
R %2 1.5 ml fEHE L - ILATVKFIIRF - HERE
HENILA isopropyl- 3 -D-thiogalactopyranoside (IPTG) {#
BASIRIZE R L mM » DIEESE ZaMV SRR ES 5 A
g RS 37 °C EiRETE > B9 1 /NFEUH 500 x|
R HEVER S R - T S ZFHE LA 10,000 g A =R
HE.C 30 75 0 RFR BVENR - B N UUERY) 0 FELASO | Y
1X SDS gel-loading buffer (50 mM Tris-HCI, pH 6.8, 2%
SDS, 0.1% bromophenol blue, 10% glycerol, 5% A3-
mercaptoethanol) ® BT » #2311 12% SDS-PAGE
BYk AT MHEET AR T IR R 2 B ZaMV EHHEH
HH -

IRPE AR E B F5 R TH ZaMV B H 857 M i (535
ZIRsR)% - EATR pET-ZCP {81 £ BL21 (DE3) H1 - [¥
HHKE R 7% F2 22 50 ppm kanamycin ) 3 ml LB 1%
BURH » LL37 °C BEREEGE - FMEEERIEAS

kanamycin #7100 ml LB B5&#E » LIUHE T AWS & £ 8E
FEBRE S REFE] ¢ B 10 ml ERE UK 5 4
8 - 21411 4,000 gt 4 °C #EL 5 5788 - SRRSO -
s EiEuR > LL1ml &4 2 mM EDTAZ 50 mM Tris-
HCI (pH 8.0) E#FERFHE IS » 1422 1.5 ml = LE
H s DA lysozyme EEASIREE % 100 «g/ml > LR 0.1
ml 1% Triton X-100 » /2 30 °C THRE 15 77 o IR EIG
R LS E kb o DU B FT R A EE  1LL
10,000 g /> 4 °C BELr 20 738 » # HIuR Sy o
it » ¥R SDS gel-loading buffer » #3317 SDS-
PAGE ik 17 » LI R ZaMV 2R & i %
1 o

ZaMV EAHEAERA AL ERA Ni-NTA Agarose
(QIAGEN, Valencia, CA, USA) » 1% | 3l 6x 1 g L
4,000 g HE.C 20 4388 > LIYUIREHRYS - R HIERIRER
-20 °C VKFREKE o BEREUH B VKR 15 4788 » 1
LL 5 {{7#%F47Y buffer B (100 mM NaH,PO,, 10 mM Tris-
HCI, 8 M urea, pH 8.0) E#TRRIFE Y » HAEIR T BFIE
% 15-60 47iE » EHEHE 2IUEAAR o #31010,000 ¢
AR T L 20 78E o REF EIEWR 0 LL Ni-NTA
Agarose fli{L EAE ZaMV EHHFREE 1 - BRI 2207 it
PR ST o LISLAY zaMV EREES EAER
J o BT S B zaMV BBLIE © Pl
MBI ZEE KR A PR A LT -

R R RS DU 5 P8 WRBH i (indirect-ELISA,
I-ELISA)

LAI-ELISA 73#fr ZaMV $iIis g/ I1E (titer) » (]
2% REAR il AR A T IR 2R Agdia 4] (Elkhart,
IN, USA) Ry IESAn T - iRl ARG PR E R
AEHBIBLEP » A 10 {588FHAY indirect sample
extraction buffer (ISE buffer : 15 mM Na,CO,, 35 mM
NaHCO,, 2% polyvinylpyrrolidone (MW 40,000), pH
9.6) » WG L) 5F 2 1.5 ml AU EEE L& T o LU
4,000 g L5 388 - B BIEWR - DUERPUR.Z K
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U5 o B 100 | HURADA 96 /XIS > FFRAL T 3
EHA o DR B | SE buffer 1R EIRAH -

A R AT I (parafilm) B % - EfS 37 °C
TRYRARFER 1 /MR » 2% L1 1X PBST buffer (137 mM
NaCl, 8 mM NaHPO,, 1.5 mM KH,PO,, 2.7 mM KCl,
0.05% Tween-20, pH 7.4) Gk 6 Xl flez » BE/IIIA
100 x| LA coating buffer (15 mM Na,CO,, 35 mM
NaHCO,, pH 9.6) #rfiXFHcELHY) 5 % FINEUMIEUR < I
EEEN 37 C RMPEA L /N - 2% L PBST
buffer 1& L AEZ » HIALL ECI buffer (1X PBST buffer,
0.2% bovine serum albumin, 2% polyvinylpyrrolidone, pH
7.4) FifEZ ZaMV HilliE 100 x| - SRETHE 7 37 C
TRIRAGHTER 2 /NRE « B LA PBST buffer & uE AL
§Z > FAIA 100 x| LLECI buffer #F% 1000 {17284
R TR R — KT (alkaline phosphatase-conjugated
goat anti rabbit 1gG; Chemicon, Temecula, CA, USA) » >
37 °C {EF 1 /|\#i% LA PBST buffer i LIz » Btk
AIA 100 x| LL PNP buffer (9.7% diethanolamine, 0.5
mM MgCl,, pH 9.8) #THEACELAY PNP EEE IR (p-
nitrophenyl phosphate, 1 mg/ ml) 2 37 °C {7/ &
40 sydE > FRLARER S0 04T B FIERE (Spectra MAX
340, Molecular Devices Co., Berkeley, CA, USA) &HY
405 nm & 2RO E -

G 7097 (Immunoblot analysis)

A F7iE FE 22 Molecular Cloning ®® i {&dk 4l
T e EEBERLGLL 12% SDS-PAG E4tfit » fEE]
% PVDF y&fj5 (Osmonics, Westborough, MA, USA) - %
PVDF JEIREPE 3 % KEAEWI31Hy PBS buffer &> 12
37 °C EERIEM 30 84 - HUHILL PBST buffer 221
TEBE 10 479% » EHE 2 K - 1§ zaMV PlMIGLL PBS
buffer it Br®Einy 1% blocking reagent (Roche Applied
Science, Mannheim, Germany) Fi#2ak 8000 {5 » %
PVDF JEIEE A% 37 °C FEERIEH 2 /R < SRR DL
PBST AW =30 T IE5E 10 4088 » & 2 X TAIA
LA 3 % BENBWIR e iR 1000 {72 e gt mi i i)
TRYTES - [EIEREY 37 C ME®IEM 2 /N o Z{RLL
NBT/BCIP ##& (Roche Applied Science, Mannheim,
Germany) #1726 » %Ll TE buffer #2(-7EH -

oYW B R Sk 5% SERBHISE N FE(immunocapture
RT-PCR, IC-RT-PCR)

B THIER IC-RT-PCR Hy R » FMERET T Wl E
5]+ ZF2 8 ZF3 » Ll —f& xIa5]+ ZRO (&) »
HEL BRII2IE Wetzel S AR 771E® » Mhn L& -

H/uig zaMV HiimiE L coating buffer FifEak 8000 {77 -

HY 100 x| /% 0.5 ml fHEHLCE T > B 4 °C Uk5d
A - BFEEY ZaMV 2wtk - 7 ERE D B
K JIA 10 {78EF4 1Y general extraction buffer (GE
buffer, Agdia, Elkhart, IN, USA) » LUt I8 vEIB LS t
GFMHN LIRS 2] » P RHIER LA 1.5 ml gyfafe it
LT DL 4,000 g #iEC 5 4rEE > B EIFIRIEEHUR ©
15 EE S PINE < e L& I > L 200 «| /Y
PBST buffer {53t 3 KM AEZ » A0 A 100 x| $1
J o RS 37 °C TRRFERYER 1/ - #LL 200 ] HY
PBST buffer &t 3 KM HEZ < BEEIIA L THEL 65 °C
1 1 % Triton X-100 (10 «l) » MEEIZNEES - F5 A0 A
5 ul DEPC-H,O ~5 x|l AMV RT 5X reaction buffer
(Promega, Madison, WI, USA) ~1 x| ZRO 5|7 (5 «
M) ~25 x| dNTPs (10 mM) ~ 0.5 I rRNasin (40 U/ I,
Promega, Madison, WI, USA) &1 x| AMYV reverse
transcriptase (10 U/ ¢1, Promega, Madison, WI, USA) -

B 42 °C A ER 1 /INRE - LIS RS — M cDNA -

EE 0.2 ml et L HHECEL 20 1] PCR E
R WEE 2wl iEEREY) ~ 2 ¢l 10X PCR buffer ~ 2
w1 ANTPs (2 mM) ~1 x| ZF2 8% ZF3 5|75 M) ~1
x1 ZRO BIF (5 #M) ~0.5 ul DyNAzyme™ 1| DNA
polymerase f[]11.5 .| ddH,O » B &85 1T PCR X
[ - & LI ZF2 F1 ZRO £ PCR 5| TR » SOEMRFU0
T 494 °C5 g s T§LL94°C 35 #4253 °C 45 # »

72 °C 90 ¥ - 31T 35 {EIEHR s mA&h> 72 °C WHE 7 7>
B o NIESTRAREL 5 1| B PCR EEVIEIT 1 % BEIEE
YKIIHT o B2 LA ZF3 f1ZRO 5| F#1#1T PCR B »

HIS FEMR B 94 °C 5 70f 5 22 94 'C 35 1) » 53
‘C45 1> 72°C 50 ¥ » I 35 {EEIR : HeikmLL 72 °C
ST s - HH PCR ZEEVICLLL 2 % SEHEHEITEKIT
r -

o I-ELISA E IC-RT-PCR 2 kil g i

Fs 1 LEE 1-ELISA 8 IC-RT-PCR (sl R » 3%
MRS S ZaMV iR EIR MRR » IR &2 1%
PREURR 3iilh - Hrp—0yEAIA 5 {SHERERY ISE buffer
ACAULARHEE » SRILHIERRAA. 1.5 ml BB Bt L8
> L4 4,000 g #bL 5 5788 - AU EIRTRTERIF aaHAR
HUg - 7 AR B v R O A R 1T 5 (5 R I
e 5 IMRARIRATI /5 325 LLFRE 8000 {5/ ZaMV ik
VERS —RIIRY » MEIT I-ELISA RYEBE o TS —rkH A%
tRan ILL 5 (5 #88RY GE buffer METTHTEE » [[IERLA
4,000 g b0 5 48 - BUH _EISHRIERIRIAIR - LU
B AR R TT 5 (5% JUMEE » L& ARIRAT S



HEEIT IC-RT-PCR &EEs - &5¢% RT NIER » HEWY
5YRILLZF2IZRO 91 ZF3/ZRO R 5| T4 47 PCR
R > ik LUGEIE 5vk 5347 IC-RT-PCR 7Y » LALL#R
LRI T BRI -

LSS

ZaMVHHHE A 2 RO L

MUFIRME SoE Z Al LAY ZaMV-ZAN 4R
FI] (AF332872) ¥ » F&a1 I I@EHT ZaMV  SEREEE R 5L
[RZ ZCPF2 4 ZCPRA4 5| T} (£—) = FIIFHLLES |7
ET#E PCR [EH pZaMV-ZAN g H —14 855 bp »
FF&TEEE AUV DNA 1§53 (R /RIIERD © #E it
DNA Fr B L& hE 2 pET-29a (+) H#ilY - KEEHE N E
Frtk o EIES I Y KB #kEE pET-ZCP (R RV E
Kl o % pET-ZCP #&1U =m] X i 11 E Y ik E. coli
BL21 (DE3) » &M & A AT Z LB &R T » £5
SEIFRERLL L mM IPTG B E BRI > AR A
RPfEIEEER 1% > ZIRHETT 12% SDS-PAGE &Ik 53HT ©
FRYIHEL ZaMV SRR 1705 &5 36.7 kDa» 1M
SDS-PAGE #Byk ffi SRaim i 7> TRIEHE 36.5 kDa
FEIE - ] RIA IPTG 53m HERAABAIET - 1B
ZaMV EFEEEEEE - & IPTG 58 1 /MR VR &
o Takss 2 /RN RIERLES g - HIERES
EIFEIZE 4 /N - H K R RS < s (B —) -
FHILLE A ZaMV  EHER 5 P e S S REIRIRS 2-4 /)
IRF = (RUEFRAFIEY 10 ml 3588 1% 3 /N Z FHCEI TR AT
BT - (SRELEMME OO ERARTE R
RITEED o BFFIFA ZaMV EfE8HE AT C intsH 6
& histidine gYFfH: - KIR RERGRT 8 5% > LLaf
FAET-H Ni-NTA Agarose #fifkHi ZaMV EfHEATEH -
R AT L2 ZaMV EREER & AT KR A R
FATFIE R T E T o > B4 ZaMV HLimid o

ZaMVii i,z /fEEE -

AT ZaMV FlmiE 2 S8 > 7R R ERRE R
B LIBEST ZaMV ZAsHIFEHE » 32 DL I-ELISA ST T
i o FAMHE ZaMV iiniE LL ECI buffer #7585k 500 -
1000 ~ 2000 ~ 4000 ~ 8000 ~ 16000 F 32000 {7155
FEIERE - SR1% LLI-ELISA 43I EHEEER C 4l ZamV
LI RERRE TR o E sl GL T ELISA FE{E S
R EEAEY) T 8 WG LA ERY - BNE2E BIE X HE - B
Ehath SR B LUK ISR E A8y ZaMV SRR R
FRELAHAIHT I > BRI S5E 32000 {5%1)5 e EiE 1E

VEFEAUREIIIE 2 SRR 39

(kDa)
200 _
974~ -
66.3 = ==
55,4 - ==
36.5 = v

31 -

M1 2 3 45

S . W -— 36.7 kDa

B — ~ &f pET-ZCP Z KNG BL21 (DE3) #§ IPTG
R PRI > LL 12% SDS-PAGE 7p#T .24
£ oM 17 » Mark12™ Unstained Standard (Invitrogen,
Carlsbad, CA, USA) 51 17 » R IPTG Fa 2 trhh 5 2
£ 5 1T AIEAL IPTG 58 1 £ 4 /N 28R, -

Fig. 1. E. coli BL21 (DE3) transformed with pET-ZCP
was harvested at different IPTG induction time and
analyzed by electrophoresis in a 12% sodium dodecyl
sulfate polyacrylamide gel (SDS-PAGE). Lane M,
Mark12™ Unstained Standard (Invitrogen, Carlsbad, CA,
USA); lane 1, without IPTG induction; lanes 2-5, one to
four hours after IPTG induction. Molecular weights of the
markers are indicated on the left. The position of the
expressed protein is indicated by an arrow and the number
is the deduced molecular weight.

HIH zaMV » BRIl ZzaMV FLiyE SERS - W H g
T REY) I FER B S R (B ) - & 58 P Bfd
F& > IR EEEREYEL ZaMV  HERERLAY ELISA LbE
g - QLIRS 8000 1152 ZaMV PLIMIEETT I-ELISA 18
Hl o AT B EZ R - B iE#% I-ELISA Il IC-RT-PCR
EERPT{HEAN zaMV PLING - B LIFERE 8000 {55 1E -
BHEL ZzaMV PiE 2 H—1 - DURER DUk oy 71|
ZaMV ~ DsMV Fl1 ZaMMV ZiEFAEMRITFEZERGE »
EHE{ERy ZzaMV EHHEREE BRkGL 0 oLl 12% SDS-
PAGE &yt » ##F1%E PVDF 185 » 1 LL ZaMV 1
MIFE 1T R SEHEE AT » #5588 HAES Zavyv &
PR AR e B — 16 T840 32.4 kDa Yy ZaMV
BRI - o TR ZaMV EHHEHE T (36.7 kDa)
W%/N ([B=) - f pET-ZCP FiE 4Ry zaMV EFHBHE
H o H N &K H pET-29a (+) #kig Ry 30 (i
fig » C Wt #%A 6 1A histidine » Fr LIESy B8 AR
ZaMV BHIEA o HEEEE ST RISR TRl > ZaMV $iii
HAEEEEEE Y ~ 28 DSMV Il ZaMMV A5
HRIE » BRI E k-

i -ELISA BEIC-RT-PCR Z ¥l & i o
5 T g I-ELISA €1 IC-RT-PCR Hytaflag s -
A ZaMV iR o B DY » 43 BILL
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Fig. 2. Titer of ZaMV antiserum analyzed by I-ELISA. Healthy and ZaMV-infected calla lilies were used as test samples.
Different dilutions of ZaMV antiserum were used as first antibody and alkaline phosphatase-conjugated goat anti rabbit
IgG was used as secondary antibody. Each dilution had triplet wells. The absorbance was measured 40 min after the

addition of PNP substrate.

(kDa)1 2 3 4 5 6

100-
T2-
25)=
4=

Ll Ld
et
FEN
=X
& &

= ~ DAy & o IR BUR SPMIE L H—
T o ERHBRER AR 2R S LA 12% SDS-PAGE
vk ot - #EIE PYDF % - HELE FREUR FPT
MG & -1 17 » flLAE S REURZ E AR 5 2
17 » PageRuler™ Prestained Protein Ladder (Fermentas,
Hanover, MD, USA) ; 3 £ 6 {74 Al #EEE ~ FEAMAL
TRER G ~ T IR I RN TR R P 75 F g
ZIFTFRHAERGE -

Fig. 3. Specificity of ZaMV antiserum analyzed by
immunoblot analysis. Recombinant coat protein and crude
extracts of callalilies were separated by 12% SDS-PAGE
and transferred to a PVDF membrane and reacted with
ZaMV antiserum. Lane 1, purified recombinant coat
protein of ZaMV; lane 2, PageRuler™ Prestained Protein
Ladder (Fermentas, Hanover, MD, USA); lanes 3-6,
healthy, DsMV-infected, ZaMV-infected, and ZaMMV-
infected calla lily extracts, respectively. The native (32.4
kDa) and recombinant (36.7 kDa) coat proteins of ZaMV
areindicated by arrows.
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Fig. 4. Sensitivity comparison of I-ELISA and IC-RT-PCR for detecting ZaMV. ZaMV-infected calla lily tissues were used
to prepare original crude extracts and then 5-fold serial diluted samples were prepared with healthy plant extracts. (A) I-
ELISA andysis of different dilutions of original crude extract (1, 5%, 57 5% 5% 5% 5° 57, 5° and 5°fold, respectively)
(columns 1-10), healthy control (column 11), and buffer control (column 12). The values indicate the absorbance at 405 nm
after substrate incubation for 40 min. (B) IC-RT-PCR products amplified by ZF2/ZR0 primers and separated in 1% agarose
gel electrophoresis. Five-fold seria dilutions of origina crude extracts (lanes 1-10), negative control (lane 11), and positive
control (lane 12). Lane M, 1 kb Plus DNA Ladder (Invitrogen, Carlsbad, CA, USA). The expected 1221-bp amplification
product is indicated by arrow. (C) IC-RT-PCR products amplified by ZF3/ZR0 primers and separated in 2% agarose gel
electrophoresis. The same samples as (B) were tested. The expected 260-bp amplification product is indicated by arrow.
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ABSTRACT

Hu, W. C., Lin, W. F*, Huang, W. Z.}, Huang, C. H.%, and Chang, Y. C.*? 2007. The production and
application of the antiserum against Zantedeschia mosaic virus recombinant coat protein. Plant
Pathol. Bull. 16: 31-40. (* Department of Plant Pathology and Microbiology, National Taiwan
University, Taipei, Taiwan; >Corresponding author, E-mail: ycchang@ntu.edu.tw. Fax: +886-2-
23620271)

Calla lilies (Zantedeschia spp.), the bulbous flowers in the family Araceae, are very popular
among consumers, hence they become the international important flower crops. The cala lily plants
are frequently infected by viruses in the field. According to recent reports, Zantedeschia mosaic virus
(ZzaMV), which induces obvious symptoms and seriously affects the flower value, has much higher
infection rate than Dasheen mosaic virus (DsMV). In this study, ZaMV specific primers were
designed based on the sequence of ZaMV-ZAN isolate. The full-length coat protein gene of ZaMV
was amplified from its cDNA clone, and then cloned into the expression vector. Recombinant ZaMV
coat protein was expressed by Escherichia coli and used as antigen to prepare ZaMV antiserum. The
result of indirect-ELISA (I-ELISA) demonstrated ZaMV antiserum had high titer. In addition, its
specificity was confirmed by immunoblot analysis since it did not react with healthy, DsMV- or
ZaMMV-infected calla lilies. To compare the detection sensitivities of immunocapture-RT-PCR (IC-
RT-PCR) and I-ELISA, ZaMV-infected calalily extracts were five times diluted serially with healthy
plant extracts, and then treated as testing samples. The experimental results indicated that |C-RT-PCR
with ZF2 and ZRO primers was about 25 times more sensitive than I-ELISA. However, when ZF3 and
ZRO0 primers were used, the detection limit of IC-RT-PCR times could increase 125-625 fold. In other
words, the detection of 1C-RT-PCR could be 3125-15625 times more sensitive than [-ELISA. The
ZaMV detection methods developed in this study can be applied to virus certification scheme of calla
lily and help to produce healthy seedlingsin Taiwan.

Key words: callalily, Zantedeschia mosaic virus, I-ELISA, IC-RT-PCR



