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BB m A L AU 12l S 1 ) 4 JE - T o AH AR VW1 ] B Potyvirus & ik 77
B — R B PRPURS 7 AR (R HE o 3t — 20 2 A VS 1 fEm Ak 2= 2R - A
Potyvirus J& 2 J& 5151 % HRP 5/Oligo-dT 31T S 8 fk - 535 5 Wi 54 38 [ JEE (Reverse
transcription-polymerase chain reaction » RT-PCR) » 0] H31ig H — B JE {5 AT & WO R 1
F Bk (% 1.2kb) otk RT-PCR V#8335 B € Fr % HE1S — 4 Ma2 ;Z iR - Ma2
BT IR 2 K% 1 B g JE e i 91| B Potyvirus J& 1) 8% V(S - k4509 7 (Muscari mosaic
virus > fEjfF MMV » FEiE EU042752)H 88 8 1 Bk 2 1% H- e FII BRI P 21 B 6 = 2
98% 2 FHIFI L » BRI 3178 JBUE TR 3 5 MMV 2 — 73 i Pk (isolate) o 3tE— 25 1% Ma2
BRI 2 B RIEHHE O R BLEHE pET28b(+) I » #AYfA E. coli Rosetta
(DE3)fd LWl K EA S HRIE R » 0 FEIGE1H) 29.7 kDa o GRS HTEE
USRI 1 A] B T 65 2 Potyvirus — TR THE [ HE » B IEZR3R B 1 48 e e v B
% - 15E%]HEMa2 ¥ & H HUE 2 BUMTE (As-Ma2) o As-Ma2 HIMIL{5E o] fE H] A 1% 34 8
it GRZEk B 49 Hf12 (enzyme-linked immunosorbent assay » ELISA) ~ Y f7iiiE 1F:(western
blotting) » Jz SDS &% H# B < JE (sodium dodecyl sulfate immunodiffusion) B [7] 5 1 R
FEAEICHE > > ELISA S fEH B HAth BifE potyviruses i BERH AR A 1E S E 2 45
o tE—25 DIV 7R A S I As-Ma2 Fi 1M1 B DY T8 7 (BCMV ~ BICMYV ~
BYMV K SMV) ~ fiff KHE#KK #(OrMV J PVY) ~ Fifed IR 25 (MVDMV K
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ZYMV) LUK — Rk PYMV & 28 8&E 570+ EHBOLE A %2 X HE > BUR
As-Ma2 i [fiL {5 S HE Hh ] i 55008 T2 BL S5 potyviruses RIS ARE © FIIF Ma2 EER
Fr 8l a%at Z Maup/Madw 5] 1-%f » i RT-PCR i Jf i ] i 7 ) JB (5 -1 8 Jo L ik o
S b 0 7 A S+ {H A Bl LA A potyviruses PR AH A S IE > BLA[ 12
AERRS MMV 2 S —PEigill - B9 Eacike MMV i B GE » A sTer s
MMV 5 5 2t G RIETT R 3 - ST D& AE Rk 2 R R A HE

ZBg o

(BRSHERA - #7% B[S 1 ~ Potyvirus @& ~ Wataill ~ RT-PCR ~ HlF RIHEH)

%

%% A2 T (B4 Muscari armeniacum)
B HAGE (Liliaceae) %)% A\ {E /& (Muscari
spp.) HY 26 AL B 1 BEBRARAE ST - [ A2
B RE KRE o B EERE AL ~ BN ~ WA H
G~ BFERE o nIEERRALS T ~ TR

H Al O RN ) 2 JA(E - 2 98 F A A
H Witd Potyvirus J@ 1R 75 » ELHE BUE kAL
)& (Hyacinth mosaic virus » HyaMV) ¢
LA A 35 H 8 9122 fi2 e T ) e JL (S £ P
BEIR 7 %51 7% B E iR 2 (Muscari mosaic
virus » MMV) "2 o [gf] (N i fill .2 ] &) [ (5 -+
2 F AT BT EE [ > AK€ R 1 E T B .2 7
%) JAE FHEER - PREE B B LIREURELZ #T
il A 55 B RHASCEE T T IS B Rzl > B8 E
% F AR ME E £ Potyvirus B IR 72T /&Y ©
S P 5 2 R LT K 51
S BHLE 73 BT E RE L0 KEAT o i DU BRI
AER T AFEREREAZRIERS
TCHURE B 2 BT AR » Bl st B g Hi
JE& L = 2 B - M E — gl
o AT R R # A JEE R A 2
}EH o

Tl

ML TSR

R RIR

E A JEUE TRk 2 FT AR SE R b
BB LB AL 5 28 Fr A AR v
BT Potyvirus 5 —1E BAIRIIHES (Agdia,
Elkhart, IN)3E 17 % 35 38 5 o0 28 W B 73 A
(enzyme-linked  immunosorbent  assay °
ELISA) » EHE Potyvirus {15 2.3 1T X HE
LI Fr A ABGEET T R o 8RR AACHE - e
PRl 7 B A v = rh A T R

S iEiEna

U HL A & JBS 2 FEdps 3 v pELAR - B
0.05 M i & 4% (B K (pH 7.5) LA 1:10 (w/v)
LeBIR RS B % > 3 HIEERE R 453 (Cheno-
podium quinoa) ~ $1.32 (Chenopodium amar-
anticolor) ~ FAEL (Nicotiana benthamiana)
HEY) > o PR = TP SRR R I >
Hy 8 Fr AR 1T ELISA Al > J & J7 3540
AT

[ 5 E%-58 & B 5 5 2 & (reverse transcrip-
tion-polymerase chain reaction » RT-PCR)

HL 0.1 A5 2w % BS v MR
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FIFHAEY) 2= SkZ At LEARIRH (RNeasy Plant
Mini Kit; Qiagen, Hilden, Germany) 31T 4 &
RNA Z#iifl o DIFI{EARTTS.2 RNA £t »
FIF AT IR Potyvirus 4= R EHH 8 H (coat
protein » CP) E:[AIRY i (25 [+ AT HRP 5 (5'
-ATGATHGARKCNTGGGG-3")" J Oligo-dT
(5'-GCGGCCGCT,-3") 17 HE DB RT-PCR
[ HE -

5 0 B RT-PCR A B #H (Genemark,
Taichung, Taiwan) Z B2 /5 » AR — 50 ul )X
JE 4 B0 2 pl % & RNA ~ 5l 5x PCR
buffer ~ 5 pl enhancer buffer ~ 23 pl RNase
free water ~ 1 U reverse transcriptase ~ ¢ 2%
2.5 ul .2 20 uM HRPS5 £[] Oligo-dT 5|+ » *
BGIR I 1% (Gene Amp model 2400, Perkin-
Elmer, Norwalk, CT) /1 » 2% E X IERF B
50°C T ETT [ idid% 30 73 i > 94°CHEAE 1 77
B 1 2 1T 28 PCRIGHLSCE < 94°C
TRV a0 S2CRBRE 1 s o
72°C T HEEG 2 i B —EEER < 72°C
FERELRR 6 7 o th— [ HETE{Y AT
HE ANV 1.2 kb 2 KR EEY) 0 R FESS
Pl 1.2%8E k4B (Cambrex Bio Science,
Rockland, ME) 3170 H7 ©

B R B EEN T BRI D1

15 RT-PCR HF g BRI 5.2 1.2 kb DNA
Fr BEBGEA pCRIT-TOPO #i#a I (Invitrogen,
Carlsbad, CA) » FEfEHE&H 1.2 kb DNA
ZHR AP (insert sequence) 35 I 32 22 W
fRAEDIE AR AR > DLE 8% E &
TR > ATiS 2 Ma2 @EhEtk P
HlI| L) Vector NTI Suite (Invitrogen) 47 47 8K i
AlignX F2ZETT 704 » 3lfi B GenBank [ E
& $k Potyvirus [& 1% 7 2 ¥ 8 H1 B K 7 9]

S TLLE -

ZHRSHEHERCEREBRRERZTT
niERE

AR AT 7 2 R B AL
% 9 2 B — 1k 5] F ¥ Ma-CPu (5-
ATGACTGCGAAGTTTCCATGGAGT-
CGGGAGAA-3' > BlEfRE B Neol YN &
Ma-CPd (5-TTATCTGATAGTACTCGAGT-
CACATTCGGACT-3' > &I EKHR ¥ 55 Xhol
YIAL) » b 5] - 3% &1 5 66 15 89 U) A 22 12
pET28b(+) &4 (Novagen, Madison, WI) ;2
903 2 0 8 1 o0 R A R 268 (A i
BL PR B0 8 T [A)HRF N Ui 5 28 1 A5 2 {18 6K
i LR R o (HA & 8HE LAY histidine
tag o DUWESS < %) J8l {5 1 4 & RNA BfR
Hho 4T B P B RT-PCR S HE » i S0°C bR
G > 30 {1815 B e i o 1 BRI -

HSF T T 15 2 32 3805 2 B B AR
B L Neol Fl1 Xhol Y) & » BIEZ 2 [ £ #E Neo
I Fl1 Xhol Y]],z pET28b(+) #if#E » lfi i
G R R4 E. coli Rosetta (DE3) o i
AR LA MO B RL 55 887 > i DL 1 mg/ml 2
IPTG (isopropyl-p-D-1-thiogalactopyranoside)
5 EE FE 2 KRB o WL 8000 rpm 5
L) 10 47 §#1% (Spectrafuge, Labnet, Edison,
NJ)» L 10 mM » pH 8.0 .2 Tris-EDTA #% {&]
MRS 0 B P 0 1§ fE 1T SDS-PAGE
(sodium dodecyl sulfate-polyacrylamide gel
electrophoresis) vk 7347 » WS PG /7 HE %
LATii 5 .2 Potyvirus 3RS it #2832 11955 2 ¥
FIZ R« e — D@ IR A i H R
ZIETERR - 2T JTES S O T R E
HZREAERE

LIAEAL P 53 2 230 8 1R A ) KR A=
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VIR 3 A FR S RIS T B — 2K+ S
VU3 2 T Tt S - BRIES | mg 2 R
EH - R UE R B GET KR -
T RERAD 30-40 ml DLEL(H 25 TCHTRY o

ELISA

ARER B 2 IR DU 2 W e i 1T
HY 0.1 g 2 fEfR BEAHAR » LA 3 ml .2 15 mM
Tk I 41 4% &% (sodium carbonate buffer, pH
9.6) R Z) 1% » I ELISA [ FEREXA >
100 pl/fL > FptR i —(E & » E15 37C4
FeFa 4/ Nt T IR FE (coating reaction) ;
SRR LA Ix PBST #R LI IE =R 5 H RN
A EHiEE 500 {52 Ma2-CP K HL & H fifr
i 2 % JLihE (As-Ma2) » 100 pl/fL » BUE
1E 25°CREMmAR S IE 4 /MRF 5 [OESE » DL 1x
PBST#REEIHYE =R > FEIIA EHiEE 6000
15 2 W 1 Tk e i 2 S 1 L SR DR — R P
(alkaline phosphatase-conjugate goat anti-
rabbit immunoglobulin; Jackson, West Grove,
PA) » 100 pl/fL. » &> 25°C 2 %€ T Fi I JE 4
/NRF 5 % DL 1x PBST R @R e Y X
% > LL1SO pl/FLZ EEBIIN AR £ | mg/ml
W e i I 5L 8 (p-NPP, Amresco, Solon,
ON)ETT 2t JE - N JER 30 778 » LA
ELISA Z% {i {#(PTI max micro plate reader,
Molecular Devices, Sunnyvale, CA) 3 Ui 5
405nm N W HHE > 15 RS SR 5 R L
R ARIE o AR A B RS R R EE 3 2
f&5E > B IIERIE o As-Ma2 HHg BT
17 M7 BA AR L 2 i B 48 R0 4 JalE
RSP » R IE = LR AF Z AN [F] Potyvirus
& m A AR (R ) -

SDS &£ B #EE X & (SDS-immunodiffusion)
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A RELRRAIT A 25 ) - 1 57 Il B — R
KB 3% SDS &R LA LL BE 519 2] »
I UEH hSwh K i 3 0 8 - {E £ SDS Jig
B, 2 LR FEL As-Ma2 fUIM I 3EE{ T SDS-
SRR HE - il K BRI 2 Ma2 g
F > R & VB RS A R B Bl 3%
SDS DI g fe LU BIRE & » S HEAH A Y 20aE
BRL£S SDS B L HU ©

Ph 75 #%;& % (western blotting)

HY 0.1 g . s BEAH AR > DI RE RUE
% > MILA 200 pl 2 5% i B PEE (240 mM Tris-
HCIL, pH 6.8, 10% glycerol, 2% SDS, 4% (-
mercaptoethanol) » H{ 100 pl A & 0 A 25
HEfE . LDS VSRR 2] © J P 1% 2 Bk i A
12% SDS-PAGE k% » HUBHE R H ##iE
i PVDF [l (Millipore, Billerica, MA) » 2%
3R LLE 82 As-Ma2 (ke 500 £ ) Kt
i H Agdia 23 F].Z Potyvirus BLERHIES (Fh
FE 200 fE () HETT SOME » DL Ma2 2 R3]
B EE R IE R IR -

Ma2 E—115| 3 #5251 BRI
B Ma2 Z B B LR Y] 0 33

AT H E O R R R Bz 5 - Maup
(5'-CATGAACCTCGACCACTTAC-3"/
Madw (5'-TCGCCCTTTGTTGAGATA-3") »
TEAL TG IE H 77 F &) 540 bp Z KX R E
P o BUAS T ELISA )25 Al Hi Bil As-Ma2
PUIMTE 2 A2 1 I 2 7 e JB\AS - 8 ok EL A
FIEAth B As-Ma2 HUHEAEPY 7 #HE A
IF & 2 Potyvirus [BIR 2 » E15 Bean
common mosaic virus (BCMV) ~ Black
cowpea mosaic virus (BICMV) ~ Bean yellow

mosaic virus (BYMV) ~ Soybean mosaic virus
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(SMV) ~ Ornithogalum
(OrMV) ~ Pterostylis virus Y (PtVY) ~ Melon

mosaic virus

vein-banding mosaic virus (MVbMV) ~
Zucchini  yellow mosaic virus (ZYMV) ~
Pepper veinal mottle virus (PVMV) 5 2 HE iR
TERH AR TT RT-PCR » [ RERRAFA0 EOf -
— DG S | 5 2 R & — 1 -

EEAEER

e 0 JBV M5 555 A tH 8 s s L
TR T (1] —) » LURE R T v B o 422 AL >
ik o WP 5 B RLEE K it
IR R BT - R AR H A R R

o

R N

& — ~ i (G AT A B R AR
LI

Fig 1. The chlorosis and mosaic symptom ob-

served on the young leaves emerging
from a bulb of grape hyancith.

RAFBRAEFMa2 REDHIKBEELE
REJE R E B FES D1

W B Potyvirus B —VEHURE 7E AF 1 [ FE
% JAE F R EER AR » DU 4 B RNA L
W 1T RT-PCR [ 1% » 3275 & FH AL
{HRH 1.2 kb ZJRZ %R Fr B (Ma2 20l
BR) » #E5E Fr o9 Wit R - 3EEE Ma2
3% Fr ER BB 1200bp » HE A —1H
HEHERZ0RE (open reading frame) » B —fE H AT
Potyvirus F[RIH8 3"t B 28 B (28
$k1°> GenBank HUf5 758 f5 HQ400612) o ]
[EMa2 2 885 H 7914 804 (% FH ik » i
A%t 268 (Al ELE - TEIL H BRI 29.5
kDa ; 3"l JE#HGE R 2 206 % K
poly (A) » HER 190 #%Hre /Y J& 7> ¥ [ NIb
£ 4 (Nucleous inclusion b) C ¥ B % H-EE
%l o Ma2 #}fE NIb & CP 2 Zfi# {3 & ) 1L
AR B8 - 41| VEH Q/S » H N Ui EE 4G 2
5 {l i B0 1 533 #IHE Potyvirus CP
N Uit i 5L i 558 2 DAG triplet  Ma2 3385
PR B GenBank | (28 £k o i) 4 Jl {5 - Hx AL
7% 7 (Muscari mosaic virus * MMV » % 5
EU042752) 2 48 H AR K i B AR - H
R B B e 91 77 B R 98.9% % 99.3%
ZARIREE (R —) » RIB L) 7R R A
B 7% i 2% B 4 A ) JB(E - 2 6 = E RS
MMV Z AN 7y BfERR - 5 Hoam 44 5% MMV-
Ma2 ; 1 B H{th ffi £ X % 2 potyviruses Z
B H IR 70 B 91 2 FH IR B R 65%
AR (ER—) -

PEREFREBHEEIKRIERERINE
R el

Ma2 §fi55 H 7 RG> pET28b(+) &
etk » EEAIGAE. coli Rosetta (DE3) g £/ »
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R— ~ f % EUE T REUH = Ma-2 SRR EL Potyvirus J895 75 18 85 H 3 A% B R (nt) R
W (aa) > 41| LL 3 2 MHIRTE (%)

Table 1. Identities of the nucleotide and amino acid sequences of the coat protein of Muscari mosaic
virus isolate Ma2 (MMV-Ma2) compared with those of other potyviruses

) Identity (%)
Potyvirus'
Acc. no. nt aa

MMV-Ma2 HQ400612 100.0 100.0
MMV EU042752 98.9 99.3
BCMV NC-003397 58.8 54.2
BICMV AY575773 57.6 54.2
BYMV AB029439 61.4 56.8
CVMV DQ854962 53.9 54.5
CypVY AF185954 63.0 58.9
JYMV AB027010 61.6 61.2
HyaMV EF203679 59.4 54.5
OorMV AB079656 64.9 63.6
PePMOV AF440801 60.4 59.9
PRSV AF344650 57.9 57.1
PtVY AF185965 63.2 61.9
PVMV AJ780970 62.2 63.7
PVY S74813 63.3 63.9
SMV AB100445 60.3 58.5
TuMV AB189015 60.3 58.7
TVBMV L28816 64.4 63.5
WMV AY437609 60.6 57.4
ZYMV AF127929 57.9 56.1
MVbMV HQ423412 60.6 55.8

" The abbreviations of potyviruses used for comparison are: MMV (Muscari mosaic virus), BCMV
(Bean common mosaic virus), BICMV (Black cowpea mosaic virus), BYMV ( Bean yellow mosaic
virus), CVMV (Chilli veinal mottle virus), CypVY (Cypripedium virus Y), HyaMV (Hyacinth mo-
saic virus), JYMV (Japanese yam mosaic virus), OtMV (Ornithogalum mosaic virus), PRSV (Pa-
paya ringspot virus), PePMOV (Pepper mottle virus), PtVY (Pterostylis virus Y), PVMV (Pepper
veinal mottle virus), PVY (Potato virus Y), SMV (Soybean mosaic virus), TuMV (Turnip mosaic
virus), TVBMYV (Tobacco vein banding mosaic virus), WMV (Watermelon mosaic virus), ZYMV
(Zucchini yellow mosaic virus) and MVbMV (Melon vein-banding mosaic virus).

? Identities of the respective nucleotide and amino acid sequences were analyzed by the AlignX pro-

gram of Vector NTI Suite.
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#& IPTG #F5E% R .2 B H'E KR/ 29.7
kDa (55 7 8 8 11 N it 26 15 2 {8 22 B i
ML) (8 — > A) o LIPS JTHEREE 0 #
I FRIR B F v Bl H Agdia .2 Potyvirus B
RIS H B SOHE (8 — > B) » HLEIMa2
Z ZEBLE F B 2 BT (As-Ma2) thiE 4
IESCHE (1 — > ©) 5 As-Ma2 H7 8 B 8 %) 4l
18 - Z TR IR AHAS AT S TEAL B iR = iR B )
B AN E A E R E > (BB
7] JRE 2 VR R AE A8 et B i e 2 I I (L]
=) [> SDS fiZ R fEH > As-Ma2 Bl
Ma2 i B 2R B & AT 7 AR R TR X
FE > {HBLRE SR 2 ) 4 JRE 1A 2 B
R AN IR i LB SR (RS SRR R -

fERA Ma2 fIEREIFEREFRRR
R[E Potyvirus fx e A5

LL As-Ma2 HIMIE 1 1.2 ) % 8 (E
FIRIR AR AR Potyvirus J& 9% 7 41T
ELISA {Hifll 2 5 2R » As-Ma2 $ 1111 B Ma2
[F] 5 978 = 9% A2 1E X - {H B2 BCMV ~
BICMV ~ BYMV ~ SMV ~ OrMV -~ PtVY -~
MVbMV ~ ZYMV %[l PVMV % potyviruses
i A2 IE I i 2 ELISA GEAE (Aus) (35 ) o i
— AT o S [P ELISA HhEd
As-Ma2 FE4E F K 2 potyviruses » 1 &y Bil
As-Ma2 AR &5 B I SOE R (&
=)o BRI Ma2 HUmig bR 7 [R5 &
PURIE » B HAhAE potyviruses thA IM1E
FEPE ) B E o 2R — 20 L BCMV ~
BICMV ~ BYMV ~ SMV ~ OrMV -~ PtVY -~
MVbMV ~ ZYMV Jx PVMV £ potyviruses
B R R e A G R GRS SRR
) WL EZ N b /Y E s R o
e £ DR I Y AN [F] Potyvirus $8 8

& — ~ il 22 MMV-Ma2 # % [ SDS-
PAGE B VK [E 28 (A) j B Bl Potyvirus
J& S — 1 Bk P2 (Agdia) (B)RIIF]
HUIIE (As-Ma2) (C):E 17 74 /7 #E X
[Et% 2 B3 - T M EEHE S &
fRI 5 17 pET - #li K 3.Z pET28b
(HEH ;171 MIFE R Z Ma2 §
HH AT 2 bR Ma2 RELE
H o

Fig 2. The bacterial expressed coat protein (CP)

of Muscari mosaic virus isolate Ma2
(MMV-Ma2) was examined by SDS-
PAGE (A) and reacted with the commer-
cial Potyvirus-specific monoclonal anti-
body (Agdia, 200-fold dilution) (B) and
the homologous polyclonal antiserum
(As-Ma2, 500-fold dilution) in western
blotting. Lane M, protein markers; lane
pET, IPTG-induced bacterial lysate ex-
pressed by pET28b(+) without Ma2 CP
insert; lane 1, IPTG-induced bacterial ly-
sate expressed by pET28b(+) with Ma2
CP insert; and lane 2, the purified bac-
terial expressed Ma2 CP. The predicted
MMV CP is indicated by arrows.
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R~ HE I # JEUE - REUR 3 2% e hURg Bl potyviruses .2 ELISA Z fiE
Table 2. ELISA readings of the antiserum against the coat protein of Muscari mosaic virus (MMV)
reacted with various potyviruses

Potyvirus' ELISA reading (Ays)
As-Ma2’ Agdia-potyvirus

Muscari spp.

MMV-Mal 1.85 2.58

MMV-Ma2 1.90 2.89
Zantedeschia spp.

CLLV 0.19 1.28

DsMV 0.07 1.34

KoMV 0.12 0.91

TuMV 0.09 1.64

ZaMMV 0.13 2.52
Ornithagalum spp.

OrMV 0.36 3.35

PtVY 0.32 2.70
Solanaceae

PVMV 1.08 3.89

CVMV 0.10 3.27
Cucurbita spp.

ZYMV 0.83 3.89

MVbMV 0.99 3.89
Leguminosae

BCMV 0.71 3.89

BICMV 0.94 3.89

BYMV 1.45 3.29

SMV 0.42 3.77
2x H-CK 0.22 0.21

" The diseased plant samples used in this study including Zantedeschia spp. infected with Cally lily latent virus
(CLLV), Dasheen mosaic virus (DsMV), Konjac mosaic virus (KoMV), Turnip mosaic virus (TuMV) and Zanted-
eschia mild mosaic virus (ZaMMYV); Ornithagalum spp. infected with Ornithogalum mosaic virus (OrMV) and
Pterostylis virus Y (PtVY); Solanaceae plants infected with Chilli veinal mottle virus (CVMV) and Pepper veinal
mottle virus (PVMV); Cucurbita spp. infected with Melon vein-banding mosaic virus (MVbMV) and Zucchini yel-
low mosaic virus (ZYMV); and Leguminosae plants infected with Bean common mosaic virus (BCMV), Black cow-
pea mosaic virus (BICMV), Bean yellow mosaic virus (BYMV) and Soybean mosaic virus (SMV).

» ELISA was conducted as previously described . The absorbance values were an average of two replicate wells.
Samples with ELISA readings lower than the healthy control (H-CK) threshold were considered undetectable by
ELISA.

» As-Ma2 is the antiserum against MMV while the Agdia-potyvirus is commercialized Potyvirus-specific monoclonal
antibody (Agdia) and was used as the positive controls.
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kba M CP D1 D2 B1 B2 B3 B4 H M CP D3 O P S1 S2 Za C1 C2
B

43 g

34 o ia

26 - “ ] pa— . . a Py

17

[l = ~ I I B 2R B2 6 V(5 - RSO 22 Ma2 LIS 2 PG 5 s 2 A 0 F S e 4 B (=

Fig 3.

Ak e HoAAE potyviruses TR A 1T M @ EEHE 0 EARB 5 17 CP @ flifLiz
Z Ma2 RBIEH 5 17 D1 ~ D2 fl1 D3 : i < #%) J8l {5 1 FE#H#AS 5 17 B1 ~ B2~ B3
B4 : 4755 BCMV ~ BICMV ~ BYMV J SMV J&4s 7 iR #Hf% : {70 : OrMV 2
TERAHAR 5 17 P> POVY ZFEAHAR 5 17 ST AIS2 @ 73 BIF PVMV K CVMV . Z fE i
FE% 5 AT Za @ &Y ZaMMV 2 FEfRFLES 5 17 C1 A1 C2 @ 435I MVBMV | ZYMV
ZTESRARA 5 1T H : BEERA R EE R -
Serological responses of the antiserum As-Ma2 against the bacterial expressed coat protein
(CP) of Muscari mosaic virus (MMV) reacted with various potyviruses in western blotting.
The tested samples were incubated with the antiserum As-Ma2 at a 1/500 dilution. Lane M,
protein markers; lane CP, the purified lysate of bacterial expressed Ma2 CP; lanes D1, D2, and
D3, MM V-infected tissues of different grape hyancith samples; lanes B1, B2, B3 and B4, di-
seased tissues infected with BCMV, BICMV, BYMYV and SMV, respectively; lane O, OrM V-
infected tissue; lane P, PtVY-infected tissue; lanes S1 and S2, disease tissues infected with
PVMV and CVMYV, respectively; lane Za, ZaMM V-infected tissue; lanes Cl and C2,
MVDbMYV and ZYM V-infected tissues, respectively; lane H, the healthy grape hyancith con-

trol.

LR RS H Ma2 88 1 M
Fr 3l LB MMV 5 5 R 2 90%HAH [A] FE
(F—)e

fEF RT-PCR E— 1R E % B S 38R
RELBE

B Ma2 2 3'Unthile e AT atat 2
Maup/Madw 7|+ ¥t » fAEEDEE RT-PCR J¥
FE R > R RS FH ) A SRS - FE o 5 A
g H FE YT 540 bp 2 #40E F ER (1&PY) > {H
AN (R A 7 JELAS - AH A S il A
potyviruses 5 2 (1 4= & RNA £ A Fh i H
TEMI R B > R Maup/Madw 5[ ¥} » a] i
T2 K% e 73 - T 425 ) 7 JEA S - R A0

A E MR BOR (B DY) -

¥

1280 A9 Fife o5 AL ) ] 76 V(S 1 26 1l 1ol
[ o CATAT R G &) & J8E IR SRR 1
{8 FIRAURE (HyaMV)FE " 2 2007 4
FH Pham £ A G217 8 ) 46 78 JBl (5 1 58 3 —
BB R TR R BLE A
H VS i 270 J8 N [FIFE Y potyvirus »
& H 1 2K A 44 B Muscari mosaic virus (18
MMYV > GenBank 75§ EU042752) " o [t 4R
7 (MMV) 825 [ HH 268 {al i LA Rl > %
Jf€ NIb (Nuclear inclusion body) J¢ CP i & [

il
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kb M D1 D2 D3 B1
1.0

B2 B3 B4 O P S1 82 C1 C2 Za H

0.5

[&PY ~ I Maup/Madw 5[ -3 17 f5 %) JBUS 1 78993 3 Fr 'R [R] potyviruses 7 5% #H %

Z RT-PCR 7347 = 17 M @ #4185 1 &A% 5 17 D1~ D2 F1 D3 @ 4L 4 S ik
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Fig 4. Detection of Muscari mosaic virus (MMV) using the primer pair Maup/Madw in reverse- tran-

scription polymerase chain reaction (RT-PCR). Lane M, molecular marker; lanes D1, D2 and
D3, MM V-infected tissues of different grape hyancith samples; lanes B1, B2, B3 and B4, dis-
ease tissues infected with BCMV, BICMYV, BYMYV and SMYV, respectively; lane O, OrM V-in-
fected tissue; lane P, PtVY-infected tissue; lanes S1 and S2, disease tissues infected with
PVMYV and CVMYV, respectively; lane Za, ZaMM V-infected tissue; lanes C1 and C2, MVbMV
and ZYM V-infected tissues, respectively; lane H, the healthy control. Total RNAs extracted
from virus-infected tissues were used for analysis. The size of 0.54 kb DNA fragments ampli-

fied from MM V-infected tissues are indicated by an arrow.
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ABSTRACT

Chiang, F. L., and Chen, C. C.* 2010. Identification of a grape hyacinth-infecting virus
and the production of its serological and molecular detection tools. Plant Prot. Bull. 52
(3) : 69-82 (Division of Plant Pathology, Agricultural Research Institute, Wufeng,
Taichung)

Grape hyacinth (Muscari spp.) is an imported bulb ornamental crop mostly from the
Netherlands. Chlorosis and mosaic symptoms were observed on the newly emerging leaves
of some bulbs. A potyvirus can be detected from the crude saps of infected leaves by the
Potyvirus-specific monoclonal antibody in enzyme-linked immunosorbent assay (ELISA).

A cDNA fragment with a predicted length of 1.2 kb can be amplified by using the
degenerate primers (HRP5/Oligo-dT) specific for potyviruses in reverse-transcription
polymerase chain reaction (RT-PCR). The amplified cDNA fragment (Ma2) has been
cloned and sequenced, and compared to those of other potyviruses available in the GenBank.
The percentage of the nucleotide and deduced amino acid sequence identities of the full-
length coat protein (CP) of Ma2 are higher than 98% to that of Muscari mosaic virus (MMYV,
Acce. No. EU042752), indicating the virus associated with grape hyacinth chlorosis and
mosaic is an isolate of MMV. The full-length CP gene was amplified by RT-PCR and
constructed into the bacterial expression vector pET28b(+), and then transformed into E.
coli Rosetta(DE3) cells for large scale protein expression. An expected 29.7-kDa over-
expressed fusion protein (Ma2-CP) was purified and used as an immunogen to prepare
polyclonal antiserum (As-Ma2). Antiserum against Ma2-CP was effective on detecting the
homologous and heterologous potyviruses, including BCMV, BICMV, BYMV, SMV,
OrMYV, PtVY, MVbMV, ZYMV and PVMYV, in ELISA and western blotting. The designed
Maup/Madw primer pair was specifically applied on the detection of MMV isolates in grape
hyancith tissues by RT-PCR. MMV s first reported in Taiwan. Our results revealed that
MMV-Ma2 antiserum can be applied to detect various potyviruses with its broad-spectrum
serological properties, and the primer pair (Maup/Madw) can be applied to specifically
detect MMV from the imported grape hyancith bulbs based on its specific molecular

identities.

(Key words: Grape hyancith (Muscari spp.), Muscari mosaic virus (MMYV), Bacteria
expressed coat protein, RT-PCR, Polyclonal antibody)
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