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AR R D48 R L A B A B3RS X B AT ¥ 4k 89 35 (Plantago asiatica mosaic virus; PIAMYV) it — &
R #% GenBank L & &%k 2 PIAMV M B 5 7] » &t T A kA & a KRB 5 712 5] T # PIAMV-cpup
(5'-CCGCGGCCGCCACACTACTC) Z PIAMV-cpdw (5'-GGCCCACCAGACTTTCACT) @ 4t # it v & 44 3K
Z FEam Bk (3R LV]) X 22 HBR 17 RT-PCR AR » T34 1% 7845 933 bp MR K B & 4 s i &
#—FEBRTFER HET LA PIAMV 22 k& ﬁﬂi%é JA B » H ¥ GenBank k& &4 % PIAMV %
3 (accession no. AB360794.1) Z $5 & g e KB F 21 A8 B L 53 93% A b - # R e 4 R LE & & ST 4 &
Z PIAMV-LV1 # %& G 1 & iR & AT o de 75 R - AT R A m Z PIAMV-LV1 % 7L 84 T A& % J& A 7% Indirect
ELISA (Indirect enzyme-linked immunosorbent assay) & 77 4% 7% 7% (western blotting) % «fn F 4% & ik fn § — 438
M b e 3 0 SEAS LA A B e 8K 48E 7k (direct tissue blotting; DTB) A A4k 7= ] 384 28 4% £ ¥ b E & 9% 31 694
H R IAF G ELISA A &R MR T HRZmFREE > R AB B FEFI I GHERER
& o 3 PIAMV-cpup/PIAMV-cpdw 5] F# » 7T J& A7 1 Fl &t & & 44 PIAMV CP % RT-PCR 48] - &7 E
e RIAT 0 RO RPTHEZ PIAMV ok LAZE AR RIAA] > TR A48 6 PIAMV &€ > L1 DTB i% %
— AT A AR E St PIAMV 09 e T K -

BRSEEA © [ VR TS ORI - AR RT-PCR AR -

E‘fj = virus; CMV) (Derks 1995) ~ }i Fﬁ ?W'Jﬁ%

o (Lily symptomless virus; LSV) X VR =

B R S AR e PR SRS (Lil; v)i}ru]; X; LVX) (Memelink efalr.[1990§ W

ﬁ']g’?%%m[/%ﬁfr Ao RSB EL T | FL\I E'I?J?f?ﬁ‘%%?}’ﬁ% (Strawberry latent ringspot

PSR o 2 R R TSR ET - #Up6 SLRSV) (Cohen et al. 1995; Chang er
Fﬂﬂﬂ%ﬁﬁ Hﬁfﬁf meuﬁﬁ‘ al. 2001) =

R F/\IJ/JFJ = EH}IF[ flm'\ O (Lily Hfy & s 5 3 (Plantago asiatica mo-

mottle virus; LiMV) (Derks 1995; Zheng et saic virus; PIAMV) » £ Potexvirus g}-uﬁgj B

al. 2003) ~ ﬁﬁ i Vﬁ% (Cucumber mosaic A ’ﬁg HERF AR =R 59 490-530 nm >
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il g 1oy <7 B A9 ES 22 kDa (Solovyev et al.
1994; Komatsu et al. 2008) * PIAMV Fi % 7
1976 = T}ﬁffékﬁ'ﬁ’ FIF]% (Plantago asiatica)
R RIS L A iﬁJPJ
fﬁl Tﬁ (Komatsu et al. 2008) - PIAMV = EI Jj
i) TR B > 27 5 oAt ] E#f%@@? T
I 2 AR I 008 5 i
FIg s WEX«”VT“’JF&EJA oPlAMVr éﬁﬁ[ﬁﬂ’?’_‘ ,
& f T B ] BEE[ = ™ (Nandina domes-
tica) (Hughes et al. 2005) ; |14 V| PV #5 5
(Yamashita et al. 2003) ~ F' g E][*“ﬂ =
R ?‘, T (Primula szeboldll) (Komatsu et
al. 2008) - * T H7E V-F* < g FJ‘%?J (Cheno-
podium quinoa Willd.) ~ %7 % (Chenopodium

amaranticolor) ~ L% (Nicotiana benthamiana

=

& Nicotiana occidentailis) ~— F'%" (Gomphrea

globosa) ~ ¥ I (Spinacea oleracea) ~ ﬁ ﬁ‘[
(Tetragonia expansa) = (Hughes et al. 2005;
Ozeki et al. 2006) » % I“Jr = i+ & Tu o
2003 =[] A SR TV EH PIAMV
BRBEE F’ﬁ (Takeuchi & Sasaki 2003) ; [ [#
72010 # pHE AR 7% (Protection Service
of the Netherlands) ¥ i UIH'[ IF*JFF NGRS
o I ) [mﬁVﬁwaﬁﬁf%ﬁ
ﬁﬂ@"@%Fw‘@*W (3] 7 FIAfIEE
£ http://www.vwa.nl/txmpub/files/?p file
1d=2001424) - T‘ij%?ﬁ'fﬁ ElfJﬁéiFI%Eﬁ ’ F[ Fﬁ[ﬁj
FiHE PIAMV R g W Fo A RS A 2
bz SR f{JJFJf%fr(Takeuchl & Sasaki 2003) - @%ﬁl
SRR & ?\Ez B TLFF’{T?’F S 7}Flﬁ » FI

ﬁ.’Ju;{lLPﬂJTEJ F‘;'ﬂ‘ NS -ij HREEHRE =
S 1 H%Lﬁeemjﬂg[u
VR AR #$|’£ﬁ+ﬁ%W@
%ﬂf’ﬁﬂﬁﬁﬂ FEA = IBESS 1 09
BN Hﬁ RS E'l?%?&%ﬁ%@“ﬁéiﬁ

ER |*?5F SR AR RO b o P
{m n—ﬁiﬁ‘ AT ng ; /Jig”‘F[Fp“:LI?E‘;jkl—
§FJ] tTIF*JTF%J‘ I/)fﬁ@fﬁjf’[ r’@%’ﬁi/&:ﬁrﬁk
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i ﬁlﬁﬂ;{ﬁq i”J  FE SR ;[ﬂ% o

(el A BT
PIAMYV 3 3 53 £F l’dﬁi%%ﬁ%%ﬁ

W@%*éﬁﬁﬁoﬂﬂﬁﬁﬁv“bﬁﬁt
A5 - ) RT-PCR 3V H PIAMV V3t 2 il i

FIFLPE 3 iU 55 o gL B PIAMY
VSRR 153 T2 53 o 0
PN O AT F‘/—m}i[JP B2 SRR
3o E- Wi L“x["‘—%fi ﬁ;—flﬁit }r}EF,L, r "jF
B PIAMV i3, 1 27 Jufil | o e fiets
W?ﬁiwﬁﬁ*@“ﬁﬁﬂﬁf*%ﬂﬂ
MAMVﬁMﬁ“ﬁf}ﬁﬁﬁtﬁjEﬁ’§ﬂf§ﬂP
R RS

MERGE
REMEIIRER Potexvirus 1488 - ER 1L
RV EE RE 5 85 X

FAEFAT 2011 = BT FL\ T SR
(Gracia fi =) A T ) RO (R B
LVL - VS S 0.1 g o 1) IR R gt
o AR = B PRAC [ F9R( AT RNeasy
Plant Mini Kit (Qiagen, Hilden, Germany) 3%
7 RNA &7 (> - TV LV1 ’TP A VA B PR B2
¥ Miglino et al. (2006) 73 % [ Potexvirus
%ﬁ%ﬂuﬂayi§ﬁ(Pmex4momxs)rﬁ%ﬁ?RT-
PCR ™ s> ™ EME{F |7f‘~EF1 13 (GeneMark
Co Taichung, Taiwan) H.f{l EJH‘%‘?‘U g

550 pL & ik I p Y 2 pL 2 B
[ (RNA) ~ 10 pL 7 5x Reaction Mix ~ 10 uL
J Enhancer ~ 1 uL .V RNase Block ~ 1 pL
Enzyme Mix ~ % 2.5 uL 7 Potex 4/Potex 5 9]
< %}% 21 uL 7 Nuclease-free water o #£! f’F‘l
HY S 1 (GeneAmp model 2400, Perkin-
Elmer Co., Norwalk, CT) » 3£~ [ERd 7 1
50°C N3 R JEES 30 min 0 94°C A& % 2 min ;
Vxi®i= 30 i PCR 7 F%i 94°C7& 1% 1 min 30
s> SZC% 505> 72CH“F/‘ 2 min > & &
fFIIEiJ/ 72CB§'F\’§”AE>1L % 6 min °

PEEN T 1.2% %‘Hﬁ*@’ﬁ? (Cambrex Bio
Science Rockland, Inc., Rockland, ME, USA)
T e }{ﬁ' il ['Ff, ] 59 280 bp AR R A
F& 5T ﬂf fig iﬁ ] ?[J "] Micro-Elute DNA Clean
Extraction Z4# 5" (GeneMark Co., Taichung,
Taiwan) ~ E g 38 1 & =50~ *}{Tj,{u [~ Fr



270 H SRS

VG BE S LT A

PIAMV # B2 7D 35 F BGEIBEETE
E

FII B Potexvirus Sl 719 =" % Potex 4/
Potex 5 %[ £Hi& i RT-PCR [l [ 1.
LV %87 T F,;"'a\%& VRPEA B (280 bp) GififN
FHEA) o R Y A N B R Porex-
virus V' Plantago asiatica mosaic virus 1 &

18554 F o b H?Eﬁ%”ﬁ%ﬁ@f"ﬂ@ R

GenBank Bl ﬁfﬁ,&j/ 7 {lit PLAMV 53 BEF [ il
§rF 1 (coat protein; CP) &% ({d SRR I
AB360795.1 ~ AB360794.1 ~ AB360793.1 -
AB360792.1 ~ AB360791.1 ~ AB360796.1 *
AB360790 1) GFEFH 2 2

BV lﬁxrplﬁh*ﬁf«ﬁ%’“ﬁdH %t PIAMV-cpup
(5' CCGCGGCCGCCACACTACTC) &~ PIAMV-
cpdw (5'- GGCCCACCAGACTTTCACT) 0}1%'?[ IIL\I
P\éf‘f An A (LV1) 7 = &) & '] PIAMV-cpup/
PIAMV-cpdw 5[~ }«TE & RT-PCR W e » R e
% (F 91 '] Potex 4/Potex 5 o [+ S5~ it o
> s BT I[":fl i 57 l,L['933 bp fUFG R FE -
1N ot 573 GRS R oY ﬁ%‘ i“—ﬁa“’\ pGEM-T Easy Vector
Systems (Promaga, Madison, WI, USA) &b ’F‘E
b PR )
H"”’Tﬂ (Chiang et al. 2011) -

PIAMV RS EH D 5 #IEHERKIR

LV i grp1 (CP) LpEH- FEF?’  HR
PIAMV- LVl J CP RN St 55 ‘Flﬁ.u_'iIF !
KT 3 IJﬁJElf'&H SlIE2i IH[JF% S5} Neol
(CCATGG) Fs XhoI (CTCGAG) ﬁ{ﬁfﬂﬁf% =
o P AR L vr'ﬁﬁpﬁ YT Neol
Xhol =V {59 576 bp I/ CP #i b 4 F& >
‘iﬁ?ﬁﬁ"%fﬂ%&?& pET-28b (+) (Novagen, Inc.
Madison, WI, USA) F > i“d@ﬁjﬁ?‘ Escherichia
coli strain Rosetta (DE3) o #HlE[F£ '] M9 iﬁ%
Eli‘ﬁ% (Lietal. 1998) > I') 1 mg mL"  IPTG
(isopropyl-B-D- thiogalactopyranoside) 55 i
FIET#l (Chen et al. 2002) - IPTG 5 E"i“ﬁ%
SN Eslf&J 8,000 rpm {Efi (Spectrafuge 24D
& » Labnet Inc. NJ, USA) #&= 10 min » ZVEH
JIE¥I#I1 ] 0.5 M Tris-EDTA (pH 8.0) 58k

EF D

He2t 3

TRt = #0385 SDS-PAGE (sodium dodec-
yl sulfate-polyacrylamide gel electrophoresis)
?CTLY’]‘ s PR 1 5T B o FIJFE—L g
il ['Ff,qk ']'%9 21 kDa %‘Gﬁ}jﬂ S $7=0 7 ST
afﬁ%‘iaﬁ (“ ’;-[ﬁj’%%lﬁrg AT [ WLk
£ 1 mg mL™ '] [ERR Rl 252 0 H-E 4 P
EIFLE ) (R £18) &0 fu B

[TF pﬁ }')*UFE‘
PIAMV 2 TiEE R B AR

I 2 BURE G W [ 7% (Enzyme-linked im-
munosorbent assay; ELISA) : 7_[:@1’41’5*9? BIGEz
= PR En R 1L [ hpE (Indirect ELISA) :& (’?ﬂﬁ
2 ELISA A5l = 2V 0.1 g 7 R s e oy
& 3 mL 15 mMBRJEE 5 Bk (sodium
carbonate buffer, pH 9.6) [F#et5 = i i
A E] ELISA ~ B [*] (100 pL/+%) > H
37 C%%rgﬂ —4 h (J;l‘/4 Cﬁlﬁﬁﬁz) EERPYE
Vil 1x PBST {&¥k 3 7% » & 7%EY 3 min ;
it FIE . PIAMV-LVI ﬁu’ﬁ“ (#184) » FV?F['E/‘
25°C ISR~ e 3-4 h s B l| 1x PBST i1k
3% HOVERY 3 min s BT =IRE 6,000 FFF‘,
VN Prpu = I\ﬁuﬁﬁ‘ (Goat anti-Rabbit immu-
noglobin, Jackson, West Grove, PA) (100 pL/
A7) AT 25 CIV R AT 34 h ﬁl&f—] ']
Ix PBST {E¥E 3 7% » & %3239 3 min 3 91 1
mg mL™" i [ W3 T FL T (p-NPP, Amresco,
Solon Ind., Ohio, USA) (150 pL/7=) 3%+ |4 &
~ s o '] ELISA & fifi 5% (PTI max micro plate
reader, Molecular Devices, Sunnyvale, CA) Ti?
S0P K 405 nm VU - (R o
YLy (5 [ (Clark & Adams 1977) ﬁ,:g,#,
A 8, ARG R 2 5 LT
-

SDS- % HE e S (Sodium-dodecyl sul-
fate immunodiffusion test) : J GRil AL
Hos 2T VIR - 3% SDS I ETE (g
mL : mL) ﬁ% %5 3V 400 pL fi{[%“”ﬁ&iﬁu
1.5 mL piuf% i} N, O F" s K100 CEFIM &
3 min > [%£} SDS BV B FJ?V"Q![’IFJ%
5y Y PIAMV-LVI $lo™ % (#184) 1%~ SDS-#
&4 Tt (Purcifull & Batchelor 1977)

V4 /7 22 Bl (weatern blotting) : TV 0.1 g
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rfﬁ A 11‘” 1.5 mL B BT Tk
& Z ’%‘“ﬁff Jp 200 pL dissociation buffer
(240 mM Tris HCI, pH 6.8, 10% glycerol, 2%
SDS, 4% B-Mercaptoethanol) il =/ o F] 1 %
200 uL . LDS 1%??2 (Laemmli 1970) iﬁi e
> 100°CE <l £3-5 min > I'] 8 OOO rpm
(Spectrafuge 24D %) F&= 5 min i TV F ik
S5 5 VT T © VATV SDS-PAGE 15 -
L3 4 PVDF ' (Millipore Co., MA, USA) -
¥ PIAMV-LV1 ™ 78 (#184) 3 17 kb~
-

% fHL 4% 8 78 1 (Direct tissue blotting;
DTB) : ﬂﬂﬁﬁw'* PIAMV 3E[ TF f,%gl:ﬁg@
USSES fﬁgfs‘qﬂ Vo ST IFVARRAR I g A0
Bl ~ FEFRRA - FHISTHI A 2 Lin
et al. (1990) Frag I i ’aﬁi’ﬁ%ﬁiﬁﬁ W
P4 (Chen & Chang 1999) 37~ i » I

FI5] PIAMV-LVI %7 T}Wﬁﬁ (#184) 1& = Fi
F AR ] A 7 I
}H FriE =] @i 5% Nylon J{ (Stratagene, La
Jolla, CA) F ’}{‘i]’ Nylon A~ e BRIV HA-
(Chen & Chang 1999) (i~ * A7 1,000 f§
J PIAMV-LV1 IgG ?ﬁ’ﬁ%}?ﬁ?f& (1 mg mL™") ~
76,000 fﬁﬁ/p[ﬂ' flepi e SR A1 (Goat anti-
rabbit 1gG, Jackson, West Grove, PA) f[I > f‘l
BN P 1 h o AR BCIP/NBT H &
Ifk (Alkaline phosphatase substrate kit, Bio-
Rad, Hercules, CA) (Blake et al. 1984) ~ /&

Leaf Stem

L SR L R
B TEFI)F;FF[[EI:I% FE| BT Bl 1 g 2 s
(kS 28720 (N (i ).
ELISA B2 DTB A ¥4+ Al
WERLLER
B 07 B ELISA = DTB SEMER RN
AR A RS st
Jﬁ,‘¢%“q*'mﬂb%% yh)
B R T ] AR o
,gx,%ﬁﬁw1PMMv*%%Wﬂﬁwﬂ%
P VR A
a;yr L & bﬁ” v 5y H[J | Indirect
ELISA@ DTB &l - 5347 i Vo
i (O o IRE AR < 100%] -
7_1: ¢ E Y| ConcaDor & Manlssa ij {fi Eﬁ#, 7=
T RRE 5 3R R T A ]
H Vﬁ% Ao S By ] SAS JMP ?}‘;’*“ (ver-
sion 10.0, SAS Institute, Cary, NC, USA) &+
=A@l g5 M (factor ANOVA) (Steel et al.
1997; Tukey 1953) » ¢ lﬁ,ﬁ%iﬁ [RIPESN [ﬁ
@ﬁ]ﬁ”:ﬁ{z =R ﬁj'):[% gl J/EJ‘?K

PIAMV-LV1 ZTTMERKEES | T E
— 4R

J# PIAMV-LVI % 7 ffc J§ % PIAMV }ﬁ“u
FUAZ A ) o PR A H S ] [fl R A A
V' Potexvirus FET}“’TFJ Eljfﬂ Fi F U Lily virus X
(LVX) ~ 7 &&=V Cactus virus X (CVX) ~ 1]

& PIAMV 2

Bulb Root

H-CK

LI NRY

IR 1
Flg 1.

a1 [ f [k 4553 Plantago asiatica mosaic virus (PIAMV) V H € i5&H 4 -
Direct tissue blotting reveahng presence of Plantago asiatica mosaic virus (PIAMV) in different parts of

symptomatic lily plant but not in those of healthy plant. D: Diseased tissue; H-CK: Healthy control.
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% [ 1 Cymbidium mosaic virus (CymMV) .
&1V Potato virus X (PVX) ~ F1 = 3 I
Nerine virus X (NVX) » I'| B @ gef F a0 Po—
tyvirus FET}”TF 4 (Lily mottle virus; LIMV) >
Indirect ELISA Jo [/ il ph pl& 5 ks> T ;
HIZ PIAMV-LV1 %71 PR R Ry - 1

# RT-PCR 3 f[1 > I'| PIAMV-cpup/PIAMYV-
cpdw 9] =" #f > £ ] PIAMV R%F[F A (w }}

He2t 3

Arf VB PR Iy 93% FUATF]E (identity) ©
[Fﬁdj Srf RS PR (55 A B T T Fﬁ,ﬂ’?
5] BB [/ff A F&’J{ﬂ | % Potexvirus "Bl
PIAMV Jﬁ Uy -

b I'}) PIAMV-cpup » PIAMV-cpdw 9| ~
SR PR EI Gracia ~ ConcaDor I'] ¥ Manissa
FFI#I;J/F fi PIAMV F'»Eéiff RS N L
53 =) kﬁﬁ EAT By TR L B [’:{ PIAMYV #il

Gracia-LV1 ~ ConcaDor ¥ Manissa %7 F 1 F/‘, Fﬂ{[

rvﬁé? um@),riylfﬂjxgﬁi Hy R
)T,FJ_T” w5 oRT- PCR‘fjfi‘I%}“LK/ VE%EFT i/ I B o

=g =7 Sz X O HIAY Potexvirus ’TE =) (Eli?ﬁ
LVX » CVX » CymMV ~» PVX ~ NVX &) I'| ¥

’%‘E% = T, FE T qgﬁl
F[ I;L\I LIMV:"'E\"U&933 bp Y ~\-| 5 & ( 2) ’
Fjl\':ﬁl\/g%V1lgﬁﬁﬁzaEl DIEE  ET adi fN B PIAMV-cpup » PIAMV-cpdw 9|~
5 — A/,

EPUERf - IR PLAMY SR VAR
iTJI?J” ([~ GenBank = E’%‘V PIAMV JTE

W
) e - 5 FE . PIAMV-cpup ¥ PIAMV- e o e
cpdw 9= %f ’F’:%E‘Jiif‘ PIAMV # k55 ="V RT- WEIREHRRA
PCR A » [l 1785 (LVI) it E] PIAMV Rl
N F\f‘é”ﬁ A HTRc [t 2 B RN I [ ERE S 2 H Neol/Xhol Hr <4 3V 576 bp - /| fiu
RT-PCR ~ &> f T f JFE,' jivEEy Il":fl |1EI H"\ PIAMV-LV1 CP?Z A It T ji/\ pET28b
74933 bp ViR (q*é#ﬂ 2) ALY ] P e R (+) *H &?E’# HTE. coli | F’lg [IIL:I_’_EIIE 1%
NEE EEE ’ﬁf:f VGRS ﬁ o Hplispls FEE - SEMPEE 5T B 21 kDa VA iy
W S ﬁl[ W 621 bp » T EEFIA RS Gen- FIo IF‘%IEIEEEI%‘?F){JEj@iiﬁ}]‘f%égiﬁﬁL“L‘T”E
Bank =1} {: 555'1 YV FU & Plantago asiatica mo- PIAMV-LV1 CP iy % 7 PuB (#184) - BN
saic virus 77 BEFK (acc. no. AB360794.1) I fiii 15?‘7 [ﬂjﬁwj’{ﬁﬁ%@wﬂﬁ EIJ?F, ELISA (% 1) ~ SDS-

_\D-EI”I NIGIRE ||g 933 bp I/m“vfz (' 2) >
- P PR B A A

HF"‘JPIAMV NS Qﬁ[ﬂ:(ﬁ:%\[ =) e

ST R E I8

kbp M LV1 Ma Co L C P N Cy Li H
1.5

oo~
~Nowo

2. F|¥] PIAMV-cpup/PIAMV-cpdw o [ =" S5~ gl g - R 2 T i se > 13 = Plantago asiatica mosaic
virus (PIAMV) ~ {ﬁ] Potexvirus Fﬁ% W Lily mottle virus V%55 < fgH] o = M @ ffk5T < EUEEE S S LV
Ma * Co 7j ]| ¥% Gracia-LV1 ~ Manissa » ConcaDor T | Fﬁ' J PIAMV Fﬁéﬁﬁ A 9 Lot Lily virus X5 5 C
& Pt Potato virus X ; 7 Cy  Cymbidium mosaic virus ; % Li © Lily
]ﬁﬁf SE S

Fig. 2. Reverse-transcnptlon polymerase chain reaction (RT-PCR) detection of the Plantago asiatica mosaic virus
(PIAMYV), different potexviruses and Lily mottle virus using the primer pair PIAMV-cpup/PIAMV-cpdw primers.
Lane M: molecular marker; Lane LV1, Ma and Co, PIAM V-infected lily tissue of Gracia-LV1, ConcaDor and Man-
issa, respectively; and lane L: Lily virus X; lane C: Cactus virus X; lane P: Potato virus X; lane N: Nerine virus X;
lane Cy: Cymbidium mosaic virus; lane Li: Lily mottle virus; lane H: healthy tissue of lily. The predicted size of DNA
fragments amplified from PIAM V-infected tissue was 933 bp by PIAMV-cpup/PIAMV-cpdw primers.

Cactus virus X ; 7% N : Nerine virus X »

mottle virus s 7 H :
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Eﬂ@%ﬁ'ﬁ/ Tk (I 3) > bR (R 4)
K ﬁl A 1%9151@? = (ﬁ?zﬂ[ 1) = o #* Indirect
ELISA Bl R #1843 5 b SR 1 1gG A
(“E > ') 1 mg mL" VR 5% & Al AR
T #184 1gG #7478 1,000 l’fﬂ TR R
ek Gk A ) o B SDS- Eﬁj@#?ﬁ(f’@ UISHES
HIEJ A 0 #184 TITEE [JTF”H%S-I =

El%%pu?ﬁfﬁﬁ A w@wﬁ%% » =
r@zﬁ i ”WL?E%WFE‘J%&EI P B RFRR R i
3) o I'Jp '“”a\%&é’;ﬂiﬁﬁ (DTB) 3 = sl ViAgnf]

I'J BCIP/NBT [ &> s - #A% T [ % [
PIAMYV R A 3 [ U 050 > =2 R
SRR R <1 PO PRI 53 A AR
o S 53 ) T%"/ff R > el W RS
AR 3Ty COags SRt ([ 1) -

PlAMV 1771 ﬁu’ﬁﬁﬁ/‘ Indirect ELISA (% 1)
RPCHIEETE (| 4) (e == TR RY Potex-
virus FE’;}”TFJ (W ?ﬁ LVX » CymMV ~ CVX ~
NVX ~ PVX) W EREFI A Potyvirus Fgfrvﬁ%_;
(LiIMV) = 151 PlAMV PRRGE SR 2 1

T Bi5 R PERATEILY PIAMV-LV] %5
PRERAE =S g R Al o 5 ”EJEJ* A ]
VIR

NEEMARB LA REAER B E

IR LR
ﬁ%ﬁﬂﬁf~fﬁ@@:@ﬁ¢ﬁﬁ
b 32 R T i PIAMV Al VR 2 > 32= [
=" Fh BBy P % (Three-factor ANOVA) » 5
AR ‘¢’FEJIZJ“ LA SRR F‘ #?El ConcaDor ¥
Manlssa & ]ﬁlfl} TJFF ﬂ 1 ) j '%g[%
Eﬁ(?%%@ﬂ)fﬂP¢F{ﬁ S
e T L A AR o 5
~ WP 4% (ELISA % DTB ) »
M Z NS A E g5 #7 (Two-factor ANOVA) X
%%ﬁ’ﬂﬁ%%{Tﬁﬁ@%ﬁmﬁﬂﬂ
¥ (plant portions x detection Method) = [X
Q'F'Eﬂfﬁiz’IF“*?"’f‘ TrER] (Fy5 =264, P <0.0001)
G 2) )P B 2 S
PlAMVﬁ%L[' IR R fxl[i BF7% SELS
i~ [ %?L?ﬁyﬁ H I it

”ﬁﬁﬁﬂﬂ¥mEWJﬁw;@f*m%$

PIAMV

# 1. Plantago asiatica mosaic virus (PIAMV) % Lily
mottle virus (LIMV) Hiiye [l [ Shosgluad o e ik
FIe 2o A8 T [ 2 /R

Table 1. Reciprocal cross reactivities of antisera pro-
duced against Plantago asiatica mosaic virus (PIAMV)
or Lily mottle virus (LIMV) with their respective anti-
gens and others determined by indirect enzyme-linked
immunosorbent assay”.

ELISA reading (A sum)”

Antigen® PIAMV LiMV
PIAMV 1 3.44 0.12
PIAMV 2 2.96 0.13
PIAMV 3 2.75 0.14
PIAMV-LL 3.24 0.13
CymMV 0.03 0.06
CVX 0.03 0.04
LVX 0.08 0.09
NVX 0.04 0.09
PVX 0.03 0.06
LiMV 0.03 2.18
H-Lily 0.05 0.14
H-quinoa 0.04 0.09

~

Indirect ELISA was conducted to compare the serological
relatedness between PIAMV and LiMV infecting lilies and
other potexviruses. Immunoglobulins of the tested antisera
were diluted at 1/1000 ratio to react with antigens which was
diluted at 1/30 ratio.

Reactivities are shown as the absorbance readings (A,osnm)
taken 40 min after addition of enzyme substrate solution.
The absorbance values are an average of two replicate wells.
Those reactivities lower than two times of the healthy control
(A4psmm) are considered as negative reactions.

Antigens of PIAMYV isolates (1-3) obtained from diseased
lily tissues and PIAMV-LL from the local lesions of PIAMV
on Chenopodium quinoa, different Potexvirus isolates in-
cluding Cymbidium mosaic virus (CymMV), Cactus virus
X (CVX), Lily virus X (LVX), Nerine virus X (NVX) and
Potato virus X (PVX),and the Potyvirus isolate-Lily mottle
virus (LiMV) were used. Healthy lily tissues (H-Lily) and C.
quinoa (H-quinoa) were used as control antigens.

«
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Fig. 3. Sodium dodecyl sulfate (SDS) immunodiffusion test of the antiserum produced against bacterial expressed
coat protein of Plantago asiatica mosaic virus (PIAMV). The central well was filled with antiserum (#184) against
PIAMV. The peripheral wells were filled with SDS-treated antigens including D1, the PIAM V-infected lily tissue; LL,
local lesions on Chenopodium quinoa caused by PIAMV; HL & HC, the healthy tissues of lily and C. quinoa, respec-
tively; and B, KPB buffer.
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Fig 4. Western blotting of the antiserum produced against bacterial expressed coat protein of Plantago asiatica mo-
saic virus (PIAMV) for the detection of PIAMYV, different potexviruses and Lily mottle virus. Samples were reacted
to the 1000x-diluted antiserum to PIAMYV. Lane M: protein marker; lane H: healthy tissue of lily; lane L: Lily virus
X; lane C: Cactus virus X; lane P: Potato virus X; lane N: Nerine virus X; lane Cy: Cymbidium mosaic virus; lane Li:
Lily mottle virus; and lane D: PIAM V-infected lily tissue.
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2. P i IR T ﬁ?z[ AP N AR B A EL S5 Plantago asiatica mosaic virus fgH VRV T [
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Table 2. Effect of detection methods and different portions of lily plants on virus detection rate of Plantago asiatica

mosaic virus by two-factor ANOVA”.

Treatment’ DF* F Ratio Prob >F
Plant portion 3 46.3012 <0.0001*
Detection Method 1 97.5262 <0.0001*
Plant portion x Detection Method 3 26.4029 <0.0001*

* Data of detection percentage of Plantago asiatica mosaic virus were analyzed by SAS JMP 10 (SAS Institute Inc., USA).
¥ Four portions of lily plant including roots, bulb scales, stem and leaves were sampled for detection. Two detection methods includ-
ing indirect ELISA and direct tissue blotting were conducted. Plant portion x Detection Method represents the interaction between

these two factors.
* DF, degree of freedom.

* Values are significant differences among levels of treatment at P = 0.05 according to the two-factor ANOVA.

3. it Indirect ELISA E@I £ 1&%&3@@ IRE/N
{H Fl %ﬁ Pk F2 58 B B Plantago asiatica mosaic

virus 1

Table 3. Comparison of the detection rate of Plantago
asiatica mosaic virus from different parts of lily plants
by the indexing methods of indirect enzyme-linked im-
munosorbent assay and direct tissue blotting.

Detecting method/Plant portion Detection rate (%)

DTB
Leaf 99.5+24a
Stem 100 a
Root 985+7.1a
Bulb scales 89.3+£253ab
ELISA
Leaf 76.3+30.7b
Stem 89.8 £ 18.4 ab
Root 89.1 £20.8 ab
Bulb scales 15.8+254¢

* The detection rates (%) [(No. positive samples/No. total
samples) x 100%] of each plant portion were compared by
the methods of indirect enzyme-linked immunosorbent assay
(ELISA) and direct tissue blotting (DTB).

* Means with the same letter are not significantly different
from each other at P = 0.05 according to Tukey HSD test
(Tukey 1953).
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Serological Reagent Preparation and
Improvement of Serological Method for the
Detection of Plantago asiatica mosaic virus in Lily

Chin-Chih Chen"’, Yu-Ling Jhang’, Bi-Yun Lin’, Fen-Lang Chiang’,
Ying-Huey Cheng’, and Ting-Chin Deng"

Abstract

Chen, C. C., Y. L. Jhang, B. Y. Lin, F. L. Chiang, Y. H. Cheng, and T. C. Deng. 2013.
Serological reagent preparation and improvement of serological method to detect the
Plantago asiatica mosaic virus in lily. J. Taiwan Agric. Res. 62(3):268-279.

In early 2011, a viral nucleic acid fragment belonging to the Potexvirus was detected by RT-
PCR in imported lily bulb. The virus was identified as Plantago asiatica mosaic virus (PIAMV)
and that was confirmed by nucleotide sequence analysis. A predicted 933-bp DNA fragment con-
taining the full-length sequences of viral coat protein gene was amplified by RT-PCR with the
primer pair PIAMV-cpup/PIAMV-cpdw (5'-CCGCGGCCGCCACACTACTC/5'-GGCCCACCAG
ACTTTCACT), designed based on alignment of seven PIAMYV nucleotide sequences in the database
of GenBank. The deduced amino acid sequence of coat protein gene of the virus found in the imported
lily bulb is 93% identical to that of the PIAMV (GenBank accession no. AB360794.1). The viral coat
protein expressed by bacteria was prepared for antiserum production. The antiserum was shown to
be able to specifically detect the PIAMYV in indirect ELISA and western blotting. For detection of the
virus distributed in lily plant, the indexing efficiency of direct tissue blotting (DTB) was significantly
higher than that resulted in ELISA. The rates of detectable PIAMV from roots were significantly
higher than those from the bulb scales. As well, different isolates of PIAMV CPs from various lily
lines could be specifically detected by RT-PCR using the primer pair of PIAMV-cpup/PIAMV-cpdw.
Accordingly, serological or molecular reagents developed in this study are both useful for virus-index-
ing; moreover, DTB is an effective serological method to improve the detection efficacy of PIAMV
from lilies.

Key words: Virus disease of Lilium spp., Plantago asiatica mosaic virus (PIAMV), Antiserum prepa-
ration, Direct tissue blotting, RT-PCR detection.
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