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S BT
BEESE AR R (Ranunculus mild mosaic virus)

Je H A HIEA R & S L A

PR&H Y BRRE B4’ Blddl’ i’
LS

By ~ BRI~ BEES - ZNRIE - TR - 2022 « 8 IBIRME 2 BEEIEIRAUR &
(ranunculus mild mosaic virus) K E kg HIERE > BUFBLER - S EEEETZE 71(1):73-86 -
R AR 1 P78 (Ranunculus asiaticus) Y176 L5 ¥ER S BkZm 5 RERSATRRREER

B & By ML 5 AT R BT AT o B AR AR SR AR AT B 1 R AE o A0 b T8 R B £ UA Bl iR AT M B
Fik & %97 R MR & (indirect enzyme-linked immunosorbent assay; indirect ELISA) #:38] - < 84k &35 ¥ potyvirus
¥ Uit (Agdia Inc., Elkhart, IN, USA) & A IE R J& » 3 48 ¥ potyvirus ffi #f X 5] F # [HRP-5/0ligo-dT,] #*
RT-PCR R J& ¥ & & FA4E KN #9 1.3 kbp ZAZER R B » BB IA L Z 482 4% » 75 B # ranunculus mild mosaic
virus (RanMMYV) Z A% E& /-7 » it ¥ GenBank t &4k RanMMYV (Accession No. LC387972) X ¥4 % & 4% ¥
B R e IR R 91K & i 98.6% A L X AR L 0 A8 Bl gk g 4 Ak o 75 reverse transcription-polymerase chain
reaction (RT-PCR) 48] & » A#F %P7 %31 69 RanMMV 3] F# (RanMM-u/RanMM-d) 37T i 3 7 2 BL#% LUK
84 e 370 b 16 Fn FE R AR R AL kAR 1.04 kbp X ARER F BLE Y o i — I ARAF X RanMMV %% & AR B 71
825 184 3 B vA IR A & Ak ik A% 550 pET28a(+) R A AE L » B30 Escherichia coli BL21 f8 £ ¥ /T35 & & 2
(5 TFB4 305 kDa) > EM A B3R AE A RanMMV X % 38 - T sk o A 7 1 O P 3 58 b 76 R AE 3R
¥ RanMMV ZARA] © KT 58 & & RA BRI B 51 09 #7098 7 RanMMV » Bl 7 & R A om0
AHR R Z RanMMV AR B A F A B AT » M 7T $2 38 o bk 8 70 2 38 50AR TR 2AE o

RASRER) © PEETC - BELE Y BT - T - RT-PCR AR -

IR R EEER > UfEmE EEY
@782 (Restuccia et al. 2011) - BRI 220 8%

RIS

WEIESE (Ranunculus asiaticus) J5EE Y
HOEHNIE > 16 AL ITE L HH S| ATEEL ; BAl
&2 s A rEek ~ mE3E ~ JL3E - DiESIfiH K
(Turina et al. 2006; Emadzade et al. 2011) ;
PHEEE - (TR R RIEEER » BETRK
B RO HITERF » 2R T EER B
DLy FIZE KA > DI ER M B JH (Beruto et
al. 2018) «

A AR ALY a2 /D 15 (Restuccia
et al. 2011) > G FF broad bean wilt virus 2 (BBWV-2)
(Minutolo et al. 2016) ~ cucumber mosaic virus
(CMV) (Ushiyama et al. 1989; Hayahi et al. 2018) -
impatiens necrotic spot virus (INSV) (Vaira et
al. 1997; Restuccia et al. 2011) ~ plum pox virus
(PPV) (van Oosten 1970) ~ potato virus Y (PVY)
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(Bellardi et al. 1988) ~ ranunculus leaf distortion
virus (RanLDV) (Turina et al. 2006) ~ ranunculus
mild mosaic virus (RanMMYV) (Wang et al. 2008;
Minutolo et al. 2016; Hayahi ef al. 2018) ~
ranunculus mosaic virus (RanMV) (Turina
et al. 2006; Ciuffo et al. 2011) ~ ranunculus mottle
virus (RMV) (Laird & Dickson 1967; Elliott
et al. 1988) ~ ranunculus white mottle virus
(RWMYV) (Vaira et al. 1997, 2000) ~ tomato
spotted wilt virus (TSWYV) (Lisa et al. 1990;
Whitfield et al. 2003; Hayahi et al. 2018) ~ tur-
nip mosaic virus (TuMV) (Ohshima et al. 2002,
Restuccia et al. 2011) ~ tobacco necrosis virus
(TNV) 1 tobacco rattle virus (TRV) (Restuccia
et al. 2011) - H 1 » RanMMV & X §* =& K F
HYPEETE Eass 3R SIREZER 4 > "I H T
a H 1% 0 a7 THEE SR ?EER (Ranuncula-
ceae) (Turnia et al. 2006) » £ [FE 35 {5 & & 1
RanMMV 5 2 5 20 e ik 1 2R 28 i B Y BRI 25
(Restuccia et al. 2011; Hayahi ef al. 2018) °
RanMMV % Potyvirus J& % 3 2 il & »
potyvirus AR K RAIR - TR A NG
680-900 nm ; B 4 T =47 30-47 kDa Y&
FHE AN (coat protein; CP) - HEKEGJ5H 77
T8 R/NEY9.7 kb Y BLRG TEAS P RNA (positive
sense ssSRNA) FR4H % o Potyvirus &% 521 57
AR BAERE ~ B RafEE - ER
GRAGNIIZEE » TR ST EHEE L  TEK
R E 5 2% B9 (International Com-
mittee on Taxonomy of Viruses; ICTV) (https://
talk.ictvonline.org/) FT /AR HY Potyvirus &7 55
STERREAE A Potyvirus [& iR 2 0YTE (species)
DESUE - EEKRE (1) SREREIZ TR
(nucleotide; nt) F# 51 [E] % /N 7S 76% ~ i J
B /NS 82% & Ry A ERE 293 (2) B PARFE
B H &AL B E T LR R P
JEWE /N 58% » [ At & 38/ N 74-78%
HRNERE 5 (3) $t¥ CPRZE BLAH R /N R
76-77% H AR/ NR 80% & Ry [E i 2 i
(Adams ef al. 2005)  [Fb4) » Potyvirus & 5
WA {45 H 3 I JE#EE [ (37 -noncoding re-
gion; 3°-NCR) Z & H B Fp HILL ¥ > £ &R
80% HH [5] & % 8 7 Fy #H [ FE 1Y potyvirus 5 5

rere

]

1E FH1

(Frenkel et al. 1989; Van Regenmortel et al.
2000) o

578 T DUE O e 16 U C B ER R
FIACHYSIE I B A FHRE - H A stk
HEOME ABNZHHEES > ALOERIIEE
T IgE 7 LU 1B S by s B M 2 35 - BT 5%
ST REZ B GBEYID R RE R T
orlE (LT s bte @ ¥ i o3 /) s pr i
Bl 2 M 1 P AL V) fEAIREER T A Y 2 potyvirus
P T H T TRBE PP B E - MR Ry
RanMMV : #E— kst Rz Bt A 51 1%
LUK & R 42 & i A 236 RanMMV i 55
ZWEAERYUR > BIh L RanMMV %
TeHAR Bt Rt A o ASBR ST TR 4% 2 R B
et IR > AT E R R B A e 2 M 1 i
fEmHERIEDA -

M7 E

MR

AT 2 sk Bk an AR 9 e s ¥ T o
JE > 20192020 4F FHRET 7 i A 12 BF EUBE <2 fef
D (A R AR BEEEUIE - AR
B DLEE | HIBR A R EUEUIR (mosaic) & DL i
CIREBR Ry g A4 ) -
B &R AT EERS

ER 7 e J&3 8 77 93 Jei 8 Ofg T e sk 2 R EE AT
PITER L » ¥125 LT & 2 potyvirus BT Hi A
(Agdia Inc., Elkhart, IN, USA) K EEi= 7 Hi
CHfHZ TuMV ~ CMV HI TSWV 507795 3
PG 17 ] 42 =B 2% 2 45 2R Y R T S JE (in-
direct enzyme-linked immunosorbent assay;
indirect ELISA) fgfll - EiiE Bl <2 1 2 i ie
AR R e Z FEETEVIFE - EITRE 2 IR
i S B A% 1 B O el B
MINBERZ G DITE

Indirect ELISA & @ Ailbns DIk s
#477 (Clark & Adams 1977; Chang et al. 1988;
Chen et al. 2016) = H{ 0.1 gm 7 37 HIE L4H &
PL 3 mL 7 15 mM bRfE 8545 @& (sodium car-
bonate buffer, pH 9.6) WEE 511% - JIA 96 L
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ELISA [ZJERE A » BRI 2 FL (100 pL/AL) Ky
2{HE® > BN 37CEMR 34 hETEBERE
(coating reaction) » ZAT& L)L 1x PBST 42 (137
mM NaCl, 1.5 mM KH,PO,, 1 mM Na,HPO,,
0.05% Tween 20, pH 7.4) 1% 3 20 21575
AR Z s diig % - IEAE 37TCE R
IE2h; B DL Ix PBST &R #n@ ik 3 X
A CHRE 6,000x Z LLIFHLR —RHLAG (goat
anti-rabbit immunoglobin, Jackson, West Grove,
PA, USA) (100 pL/fL) » B J? 37CE i 6 &
&2 h s B 1% 5 DA 1x PBST 4 & /% % 4 X
% > FELL1S0 pLALZ LEBIAIAERE £ 1 mg mL™
Z gV EEBEIF 2 A58 (p-NPP) (VWR Life Sci-
ence, Solon, OH, USA) #{TE AL JE - K JE 30
min 7% » DL ELISA #{H % (PTI max microplate
reader, Molecular Devices, Sunnyvale, CA,
USA) FEHUL & 405 nm T ZWHE - 1F Fabfh
TR E R AR - FR O E RN (R EE
F 2 &% HIEE R IERFE -

P55 ERE L L AL 0.1 gm SZHIER n 2 4HE
BN LS mLigEH0EN Il ARRE ETER
B A 200 pL SR EE S (Chen et al.
2016) » F 0 A 200 uL 2 LDS (Laemmli dis-
sociation solution) (Laemmli 1970) 5% R4 »
7K d R E 3-5 min > L 5,900x g B0, 5 min
LB B R EITE KT » B4 SDS-PAGE
(sodium dodecyl sulfate-polyacrylamide gel
electrophoresis) 5 7k % > HU 2 §5 #8% > PVDF
(polyvinylidene fluoride) i (Immobilion-P;
Merck Millipore Ltd., Cork, Ireland) FFEL5Z M
ZIREDHGETTE -

WE 3 M HER IR BB ER
vaxiil

DA 9% 52 0 ok 3 fE 1% i i potyvirus BE
Tehiie R A R EE i —2 DU B S i 5% -
e NG HEE S FE )L (reverse transcription-poly-
merase chain reaction; RT-PCR) #E {7 H 3’ I
%R B 2 WEE - KRS TR 7 2R/ NYRE
TERL B 7 BEE Y MR TE 1 T R T R E T
M DLEUSA [El 3 o Bk 2 898 8 (CP) #%
Bt 51 o % F > B4 B RT-PCR JE I FEMG (5%
AN

i flifl © B 0.1 g 2 2 HI4H %% » i AR
RREMIES A% KB EZ Y 28R EE
HEUEI4H (Plant Total RNA mini Kit, Viogene,
Viogene-BioTek Corparation, Taipei, Taiwan)
FEE ETHEE ST L 2B
(total RNA) Z£HY -

i BE RT-PCR i © DL4I{EFT{S 2 RNA
FotRAR - (o F AT B4 0 Potyvirus R HLEE 3°
U (3°-terminal region) &Y 1.3 kbp Z fff=(5]
T3} HRP-5/ Oligo-dT ;4 (5’ ATGATHGARKCNTG-
GGG3/5’GCGGCCGCTTTTTTTTTTTTTT3?)
(Pappu et al. 1998; Chen et al. 2006) #E{TED
B¥ RT-PCR [ZJiE = [Z JE & {1k #5 i & RT-PCR
Z8 7 4H (Invitrogen Co., Carlsbad, CA, USA)
ZEJ - e 25 uL IERF o HII0A 1 ul
248 RNA ~12.5 pL 7 2x Reaction Mix ~ 0.5
uL 2 SuperScript III RT-/Platinum Tag Mix -
& 1ul Z 10 pM EJFERI N ES|FH8 9 uL 2
DEPC-treated water - fiTA s\ BE & A 1% >
A B0 B 2 JE 4% (Biometra T3000 Thermocy-
cler, Germany) H#E{T » 3¢ & K EFR P Ky
50°C N #4758 §% 30 min ~ 94CE 1 2 min ;
Z 1% #E1T 30 {iil PCR fEER S JE : 94C &M 1
min » S0CF4E& 1 min > 72CFE & 1 min
we—{EER 2 12CE AR ELE Ry 6 min -
K IESEE DL 1.2% kI8 (SeaKem, Agarose,
Cambrex Bio Science Rockland, Inc., Rock-
land, ME, USA) #1773 i HIEEEAS F -

Bl P B NI e e 51 50 # ¢ &8s
T ¥t HRP-5/0ligo-dT,,,, * RT-PCR [Z J& 1
HEBE YRS T2 AR/NG 1.3 kbp HIRZEE 7 B
#E JH 7> pGEM-T Easy Vector Systems &k f& [
(Promaga, Madison, WI, USA) » Efi# &4
FrE R AP (insert sequence) EEFEPRIEZIIL
Bz E P A E (AMEYIRIRERAE » GBS
k) - LE S E P & E H i1
fff 15 F¢ %1l LL Vector NTI Suite (InforMax Inc.,
WI, USA) $RAGHETT oA » BB B R AL VIRt
&4y (National Center for Biotechnology
Information; NCBI) R & F}E (GenBank) &,
B8k Potyvirus [& %5 % 2 CP f% T B F1 e &=
Be P 5 HELTELE S 4T -
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RanMMV Z 5| 5 ¥§ 5% 51 B2 RT-PCR &
Bl FE TR AE 5

(I8 106 o 35 T R AL FIT 28R B E 7 5 R Y
RanMMV 73 @k 3° Ui 2 1.3 kbp Z #% H & /7
HlEtat RT-PCR i I HH —5 (7% » 5+
RanMMVu (5° GGACAGTTGACTTGGGAGC-
TA3’) ~ N5+ RanMMVd (5° CTGTGATT-
GAAAGGT GGGTTCC3’) » T8 { 0] 3 g H &
Y53 R AN 1.04 kbp - LR R TTEE S
£ & RanMMV-CP ¢ H [ I 1% £ % 2 J7 51
H e 3 (E PR R A 4%, > dli L H 2 B R (F BB
HEITHPER RT-PCR K JE - SERIERF & ¢
50C T #EfT K8 EE 30 min ~ 94°CE M4 2 min
Z 1% HEAT 30 {E PCR JEIR S IE © 94C &M 1
min ~ 52CF3E& 50 s » 72C T E & 1 min > £
% —(EI5R 2 T2CHEE K EIE R Fs 6 min » [Z
FEGER DL 1.2% Bk IEB T /i HIEESSE R -

RanMMV-CP RIFEHFER X T
R

{3 RanMMV 73 ik JE &5 5% > BB U
2 RE CPIZEFMFII /ENR - Bt R LR
EVFRIERGERAE (GEGILT) #iT2
& RanMMV-CP 1% F i & B > WS SE R &=
T8 & 4% pET28a(+) 2 & #& I (Novagen Inc.,
Madison, WI, USA) » & & 1 5% & pET-Ran-
MMVCP - fra i Z %l R B BafHER
% CP 825 {Elf% T % k. CP i H & 4% 115
(TAG) ~ 2 TR HIEG VAL (53515 5 Ui Z Neol
13 W2 Xhol YIfiL) -

% pET-RanMMVCP & #5 8 &I 5> Esche-
richia coli BL21 15 XN » #{7 RanMMV-CP 2.
FIREQFEELgL > HERE T ESBE
W9E e 47T (Chen et al. 2018) AR DL M9
R % > WL 1 mg mL' 2 IPTG (isopro-
pyl-B-D-thiogalactopyranoside) FHEEH'E 2 3=
B (Li er al. 1998) = £2%& 2 BREL 5,900% g
L 10 min 18 0 JUEYILL 0.5 M Tris-EDTA
(pH 8.0) % fE R A9 5] » Wi #1T SDS-PAGE
Bk oy M 0 AT 7 25 B A DT & potyvirus
B TLPLEE (Agdia Inc., Elkhart, IN, USA) =2
RanMMV-CP #iJH 2 £ -

B71E B

2k E—EHERERRHCP 2
pET-RanMMVCP EFE M ET R ERHEL Z
FHEELAL (Li et al. 1998; Chen et al. 2016) »
b RIFEQEE B | mg mL DU ADT
J& o W B ARE VIR AR AE (B
B #ITEE 1 X H#EE 4 wk (Y REEEH
BT LA L TR -

RanMMV-CP Z T A~ EEHmE Y
Jﬁ'rﬁz R JE J

Fyebfd B B hiie 2 iR o At
Pl indirect ELISA JE#ETTHIE - ZEFI AT =
DIERTFEZ 15 fER[E Potyvirus B 5 < FETA
4H &% L H B 2 RanMMV-CP % T i #8 #1T <
J& > HL 0.1 gm 7 52 JIAE 4 4% #1772 o Indi-
rect ELISA JEA 0 BREE A0 AT - B Ot E

RKINRERREER 2 FEES - FIEBIEKIE -

RanMMV-CP 2 T e fE R IRREEE L e
rﬁz AA/ J

7 5 HLA 2019-2020 4 Hy [ 1 J= % 7 43
Jo I i A e e BURR 2 PR 3 AE VT AE R R ER » R
0 0.1 gm ZYJ{EHE R SiEEk4H &, - DA indirect

ELISA i [ % RanMMV-CP % ¢ 5y B iE 1T |7
JE > RIEFEARIAL o 55 LATH & 2 potyvirus B

TCHi RS A sE R ELER > - DR E AR 2 3
B TS B T E R AR AR -

HUFI BA indirect ELISA i H 1F [ JiE 27 2 3
fEREdn > #E— D HAPE 75 2 BhA 1 B RanMM V-
CP % IUhi B TR IE » DLSEAE A VE )7 SR B A
T e S AE PR A ) 2 R

AR

EBIRREC RREETCUTCHRENL
#E

Indirect ELISA ¥ : Az 5# LA indirect ELISA
SEAEHN 2019 5E 1 CHH AR R 1 47 o s s A
T AR 2 [ s AE UIAE AT » =200 21 { B¢ i
2 AUEUIR (B 1) B2 BT &~ potyvi-
rus EOTHIRRE A IERIE (£ 1) BRLEY)
{GHE dn N AR B potyvirus A L5 B4 HH T HY
P o BB UIERE oy R4 ~ B/ AITE

\—H
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1. EEIE 2 O PRV fEEBRIER R4
R A A BE AL (i 0% (ranunculus mild
mosaic virus; RanMMYV) »

Fig. 1. Mosaic symptoms on leaves of the border-in-
tercepted ranunculus cut flowers positively detected
with ranunculus mild mosaic virus (RanMMYV).

# 3 {E iz B potyvirus FITHIAE I IE - &5 R
RN IE 21 {8 45 A e Y potyvirus I 35 2 B
REE A (R 1) EfCEEL AT 28k i
ELISA IE 7 3938 E 1.508 ¢ B4t
EEBim o EREFHEEE 0.630; RER
AR R R D o B 128 TR B
18 .0.295 » DL E4S REUREREETEEE Ry AL L -
AERGE = AP e B EEE -

RT-PCR ¢ 3° U4l b BeE e o #r - FF
B potyvirus BTG 1F S IE 2 FEE L VI{E
SHEEE i o HE— 2T DL potyvirus B HF 205 T
HRP-5/0Oligo-dT,,) DA RT-PCR $gfig H 3° I %
B B MR E A BT S > T 249 1.3 kbp K
NI B (1B 2A) » i I 5 3 i 7 ) A8
JE > pGEM-T 5 #8 f: #E 17 1% 5 Bk i€ Fr 70 17
FTEETE FHY 4 (8 7 Btk (RanMMV 1 -2 ~3 ~ 4)
2% R By > Y95 F potyvirus 3° I BV R4
B & poly(A) Rl - H CPiZHHEEITR
825 nts ; H nuclear inclusion b (NIb) 1 CP

1. DUEHE RS 228 4E G e W 2R AR e 1 sk
fEVEA AL A T AT
Table 1. Detection of potyvirus on the different

portions of ranunculus cut flowers by indirect en-
zyme-linked immunosorbent assay.

ELISA reading (A smm)”

Sample” Flower Leaf Peduncle
1 0.340 0.140 1.981
2 1.096 0.367 3.174
3 0.589 0.104 2.205
4 0.951 0.210 1.041
5 2.235 0.293 0.828
6 0.352 0.168 1.912
7 0.399 0.133 1.187
8 0.158 0.110 0.255
9 0.464 0.245 2.556
10 0.166 0.106 0.619
11 1.336 0.227 2.461
12 1.355 0.177 1.305
13 0.345 0.158 2.163
14 0.220 0.069 0.338
15 0.342 0.102 0.631
16 1.443 0.107 0.952
17 0.535 0.094 1.103
18 0.122 0.085 0.333
19 0.507 0.110 1.758
20 0.131 1.013 2.655
21 0.157 0.410 2.201
D-CK 3.413 3.413 3.413
2H-CK 0.110 0.110 0.110
No. positive 21 12 21
Av. positive value 0.630 0.295 1.508

“ Tested samples are cut flowers collected from imported Ra-
nunculus in 2019.

* The absorbance values were an average of two replicate
wells. Samples with enzyme-linked immunosorbent assay
(ELISA) readings lower than twofold healthy control (2H-CK)
were considered undetectable by indirect ELISA. Positive
control (D-CK) is the bacterial expressed coat protein of a
potyvirus. The monoclonal antibody of potyvirus (Agdia Inc.,
Elkhart, IN, USA) was used for detection.

Wil B9 % VFHQ/A (& 3) » B GenBank |-
EL B #% 2 RanMMV (Accession No. LC387972)
FHIE 5 CP % H B Al e B i 2 #H (5] & #9 82 Ran-
MMV (Accession No. LC387972) #£ 98.6% LA E
(%2~ [E3) > [ 3°-NCR #%H Bz Fe yIHH[E &
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(A) kbp M 1 2 3 4 5 6 7 H D
3.0

2.0
15

1.0

(B)

0.5
0.4

ShE b

2. FE S [ K {E B R S0 9 (ranunculus mild
mosaic virus; RanMMYV) 7 [ E4H SR AT R 5% - 2
Bl H I ERE VK& - 73 AILA (A) potyvirus fifif =
5 T#HT (B) RanMMV B—£5 [ T-H#HEfT .2 - 1T M
B T2 5 17 1-7  PEEE(E RanMMV i 88
G 1T H  EFEREECEAS 17 D f RanMMV
PR AR IS -

Fig. 2. Agarose gel electrophoresis of DNA products
amplified from reverse-transcription polymerase chain
reaction (RT-PCR) of the ranunculus mild mosaic virus
(RanMMV) isolate by (A) the primer pairs of poty-
virus-degenerate primers and (B) RanMMYV specific
primers, respectively. Lane M: molecular marker; lanes
1-7: RanMM V-infected tissues; lane H: the healthy
control; lane D: the positive control of RanMMYV. The
predict amplicons of A and B were 1.3 kbp and 1.04
kbp, respectively.

= 99.5% PAE (R 2) (BRI 5
— & potyvirus (ranunculus mosaic virus; RanMV)
(Accession No. DQ152192; Turina et al. 2006) >
CP 1% H e M Ak e 2 M 1) 15 73 1l Ry 60.7% 2
56.4% » 3"-NCR {2 EF 8 3 IE R HIE 25 44.2%
(% 2) © {5 Potyvirus J& 7 55 i K B 17 51 Ff
14 (Ward et al. 1992; Adams et al. 2005) » §F
AR T RS 2 BRI BB Y 0 39 R
Potyvirus &2 RanMMV -

PABE{17% 5t 2 RanMMV 5| 5 ¥ ] RT-
PCR #& 8 A A 5
A B RanMMV 43 BERR Y 37 05 1.3

kbp Z 1% & Fi7 51| At 55 51 #Y RanMM Vu/Ran-
MMVd 5[5 #f > j* RT-PCR [ > 53 5l 7]

Fe2. 1B BT 2 [EE E TE R Bk U B ranunculus
mild mosaic virus (RanMMV) 43 & 1 81 2 & §% 7
GenBank 2 H Al Poryvirus 75 55 8 8 A A R F 55347
EL¥ -

Table 2. Percent identities of the nucleotide and ami-
no acid sequences of the coat protein region of ranun-
culus mild mosaic virus (RanMMYV) isolates to other
ranunculus potyviruses available in GenBank.

Percent identity of”

Virus isolate” CP-nt CP-aa 3’-NCR
RanMMYV (LC387972) 100.0 100.0 100.0
RanMMYV (EU684747) 99.8 99.6 99.5
RanMMV 1 99.8 99.6 100.0
RanMMYV 2 99.4 98.6 100.0
RanMMV 3 99.4 99.3 100.0
RanMMV 4 99.5 99.6 99.5
RanMV (DQ152192) 60.7 56.4 44.2

“ The sequences of various Ranunculus potyvirus coat protein
genes used in this study were obtained from GenBank, in-
cluding ranunculus mild mosaic virus (RanMMYV) (Accession
No. LC387972 & EU684747) and ranunculus mosaic virus
(RanMV) (Accession No. DQ152192). Sequences of Ran-
MMV 1-4 were molecularly cloned in this study.

¥ Sequences analysis was conducted using of the program of
Vector NTI Suite (InforMax Inc., WI, USA).

FPEEETE VLAl &k (18 2B) MRSk (& 4) >
RS T BR/NY 1.04 kbp HYIZEZ R BLE
V) HEERRERFER o B RanMMV 2 fr
B (GERARE7R) - B 21 (HE RS - fad
7 {6757 RanMMV - fg %4 33.3% « AREER
BUR - Fraat By [ 3w 0 e A R e e Al
GEVRR M > CHE B M CIREER PR FL A A
]t LR 25 -

PEETE RanMMV-CP 2 T 1882 B figed
B R

KT E. coli 41 18 TN 5% 2 > i
fE RanMMV-CP RIHEH - KA B &E EHIE
2 EE CP 2275 ([HF AR A HEES [CP
Y N Ui S A 22 37 B pET28a(+) HY 1 {E f#
FBE] » # SDS-PAGE fYE K ot o] R &
MRFEA 5T 2L 30.5 kDa > BATEG({E
T > A &%H RanMMV-CP % i 19 3% B &
&% pET28a(+) (M Z L ¥ FE R (8 5A) -
AP T s AT 0 THE Potyvirus &R H IV E
JLPUAE AT B2 RanMMV-CP R 3 & H E 4 IF



LC387972
RanMMV-1
RanMMV-2
RanMMV-3
RanMMV-4

LC387972

RanMMV-1
RanMMV-2
RanMMV-3
RanMMV-4

LC387972

RanMMV-1
RanMMV-2
RanMMV-3
RanMMV-4

LC387972

RanMMV-1
RanMMV-2
RanMMV-3
RanMMV-4

LC387972

RanMMV-1
RanMMV-2
RanMMV-3
RanMMV-4

FE#EE RanMMV #5E K kgl 79

1 60
(1) YEHQANDQNLNAGQQVPSKQKEPQPPGDQTPIQKEPTTSSGKDKDVNVGTAGTFVVPRLN
(1) YEHQANDQNLNAGQQVPGKQKEPQPPGDQTPIQKEPTTSSGKDKDVNVGTAGTFVVPRLN
(1) YEHQANDQNLNAGQQVPGKQKEPQPPGDQTPIQKEPTTPSGKDKDVNVGTAGTFVVPRLS
(1) YEHQANDQNLNAGQQVPGKQKEPQPPGDQTPIQKEPTTSSGKDKDVNVGTAGTFVVPRLN
(1) YEHQANDQNLNAGQQVPGKQKEPQPPGDQTPIQKEPTTSSGKDKDVNVGTAGTFVVPRLN
61 120
(61) AMASKLSLPSVAGKSVMNLNHLLTYNPQQVDLSNTRSTKAQFATWYEGVKADYDVTDEQM
(61) AMASKLSLPSVAGKSVMNLNHLLTYNPQQVDLSNTRSTKAQFATWYEGVKADYDVTDEQM
(61) AMASKLSLPSVAGKSVMNLNHLLTYNPQQVDLSNTRSTKAQFATWYEGVKADYDVTDEQM
(61) AMASKLSLPSVAGKSVMNLNHLLTYNPQQVDLSNTRSTKAQFATWYEGVKADYDVTDEQM
(61) AMASKLSLPSVAGKSVMNLNHLLTYNPQQVDLSNTRSTKAQFATWYEGVKADYDVTDEQM
121 180
(121) AILNGLMVWCLENGTSPNISGMWVMMEGEEQIEFPIKPLIDHAKPTFRQIMAHFSNVAE
(121) AILNGLMVWCLENGTSPNISGMWVMMEGEEQIEFPIKPLIDHAKPTFRQIMAHFSNVAE
(121) AILNGLMVWCLENGTSPNISGMWVMMEXEEQIEFPIKPLIDHAKPTFRQIMAHFSNVAE
(121) AILNGLMVWCLENGTSPNISGMWVMMEGEEQIEFPIKPLIDHAKPTFRQIMAHFSNVAD
(121) AILNGLMVWCLENGTSPNISGMWVMMEGEEQIEFPIKPLIDHAKPTFRQIMAHFSNVAE
181 240
(181) AYIEKRNYERPYMPRYGLQRNLTDMSLARYAFDFYEMTAKTPIRAREAHIQMKAAALRNA
(181) AYIEKRNYERPYMPRYGLQRNLTDMSLARYAFDFYEMTAKTPIRAREAHIQMKAAALRNA
(181) AYIEKRNYERPYMPRYGLQRNLTDMSLARYAFDFYEMTAKTPIRAREAHIQMKAAALRNA
(181) AYIEKRNYERPYMPRYGLQRNLTDMSLARYAFDFYEMTAKTPIRAREAHIQMKAAALRNA
(181) AYIEKRNYERPYMPRYGLQRNLTDMSLARYAFDFYEMTAKTPIRAREAHIQMKAAALRNA
241 280
(241) NTRMFGLDGNVSTQAEDTERHTTDDVNRNMHTMLGVRNI*
(241) NTRMFGLDGNVSTQAEDTERHTTDDVNRNMHTMLGVRNI*
(241) NTRMFGLDGNVSTQAEDTERHTTDDVNRNMHTMLGVRNI*
(241) NTRMFGLDGNVSTQAEDTERHTTDDVNRNMHTMLGVRNI*
(241) NTRMFGLDGNVSTQAEDTERHTTDDVNRNMHTMLGVRNI*

3. IR s S0R 3 (ranunculus mild mosaic virus; RanMMV) 53 Btk 2 B2 (1 B SERE LR -

Fig. 3. Alignment of the amino acid sequences of different ranunculus mild mosaic virus (RanMMYV) isolates.
RanMMV 1, 2, 3, and 4 were collected from the imported cut flowers of Ranunculus asiaticus; The RanMMYV isolate
(LC387972) is available in GenBank was used for comparison.
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P ATSE 2 RanMMV-CP £ Pl indirect ELISA J£5F{f RanMMV-CP %

EHBA Potyvirus T ZGURRE LRI JTHURR MR EETE R 7 40 A A0 L At A€ JHY po-
HH RBPUFATE M Z RanMMV-CP ZItfifs tyvirus 52 J| £ & 89 TR L » RanMMV-CP %
AL [EJR Y RanMMV-CP R EHELIE  ThileHNHAERR ZHEAFEEGURE (D-
K (Il 5C) - CK) f RanMMV R &I B A = 1.5 6
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4., DIEHE#EICHER4UE S (ranunculus mild mosaic
virus; RanMMV) H—5 [ 73 Tl fCRE Bk A 4%
[T - T TS S FENTBE K [R5 (A) [ (EfdRk
A1 (B) Bk [E - 4 RanMMV 3 1] f: 1 1.04 kbp.
IR BEEY) o 1T M iy T2 5 17 1-5 ¢
HECIPEREEAERK © 17 H * (EFFPEE A 7D
RanMMV ffizH 4k E e -

Fig. 4. Agarose gel electrophoresis of DNA products of
ranunculus mild mosaic virus (RanMMYV) amplified from
ranunculus bulbs in reverse-transcription polymerase
chain reaction (RT-PCR) with the RanMMYV specific
primers. (A) The picture showed ranunculus bulbs and
(B) RT-PCR amplicons; The 1.04-kbp amplicons were
detected from those RanMM V-infected bulbs. Lane M:
molecular marker; lanes 1-5: ranunculus bulbs; lane H:

the healthy control; lane D: the positive control of Ran-
MMYV; The predict amplicons was 1.04 kbp.

IER EEE (% 3) » BLH 2 HI/Y potyvirus
VB2 978 4H 48k S E 45 SR 1% B gomphocarpus mosaic
virus (GoMV) » TuMV-YC5 ~ bean common
mosaic virus (BCMV)-BICM -~ zucchini yellow
mosaic virus (ZYMYV) F1 papaya ringspot virus
(PRSV) HIERJE - HEEEN R 0.3-0.7 2
[l » #17~ RanMMV-CP % T 51t 85 B % H Y
potyvirus 7 EL G &M% S7 > B DLAEL[E]E 2
RanMMV [ JEE# 5 (& 3) -

RanMMV-CP % 7t it 8 B i i Jeg 7> 2019—
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it 0.86-3.01 fi] (% 4)» HEABRIAR®E
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Pkt B E (58 4) 0 E—H DI JT S B A i
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o B e A IE R FE R ([ 6)
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5. JEFI4H B K B 3% B A9 R AT Uik U 5
(ranunculus mild mosaic virus; RanMMV) 47 Bl 4 fil
EMRHEE R Z SDS-PAGE K 7477 s 8575 53 1 -
(A) RanMMV Fil & M =25 E 5 (30.5 kDa) 2 SDS-
PAGE & H'E & IK[E 2k AL (B) Agdia 24
H]HidnZ potyvirus BLTTHUAGAI (C) H#LZ RanMMV
LR TIE T A - T M EEE
TR 17 pET : KA REHED AR
pET28a(+) ; 17 BEP : MiER| ZMmEHED 17
eBEP : 4lifLi& 2 MRV HFHES -

Fig. 5. Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and western blotting
assays of the bacterial-expressed coat protein (CP) of
ranunculus mild mosaic virus (RanMMYV). (A) A 30.5-
kDa bacterial-expressed fusion protein of RanMMV-CP
was observed in the SDS-PAGE assay. The tested sam-
ples were reacted with (B) the purchased monoclonal
antibody of potyvirus (Agdia Inc., Elkhart, IN, USA),
and (C) the polyclonal antibody of RanMMV-CP pre-
pared in this study. Lane M: protein markers; lane pET:
IPTG-induced bacterial cell lysate containing the ex-
pression vector pET28a(+) without RanMMV-CP insert;
lane BEP: IPTG-induced bacterial cell lysate containing
pET28a(+) with RanMMV-CP insert; lane eBEP: the
purified bacterial-expressed RanMMV-CP.
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3. FIFHYHE PR 2 B fE ik 07 55 ranunculus mild mosaic virus (RanMMYV) g@h& 48 8 5 P 84N %
TCHUR A T 228 4 R R AR [E] Potyvirus Wi a5 2 RS ©

Table 3. Detection efficiency of the polyclonal antibodies produced with bacterial expressed fusion coat protein of
ranunculus mild mosaic virus (RanMMYV) by indirect enzyme-linked immunosorbent assay.

ELISA reading (A,s,,,)"

Sample”

Agdia-Potyvirus Anti-RanMMVCP

Ranunculus mild mosaic virus (RanMMYV)
RanMMV 1
RanMMYV 2
RanMMYV 3
RanMMV 4
gomphocarpus mosaic virus (GoMV)
turnip mosaic virus (TuMV)-YC5
East Asian passiflora virus (EAPV)
telosma mosaic virus (TeMV)
soybean mosaic virus (SMV)
potato virus Y (PVY)-potato
bean yellow mosaic virus (BYMYV)
bean common mosaic virus (BCMV)-BICM
gloriosa stripe mosaic virus (GSMV)
lily mottle virus (LMoV)
zantedeschia mild mosaic virus (ZaMMV)
zucchini yellow mosaic virus (ZYMV)
ornithogalum mosaic virus (OrMV)
papaya ringspot virus (PRSV)
lycoris potyvirus
D-CK
2H-CK

1.425 1.630
2.389 2.496
1.501 2.095
2.384 2.090
0.838 0.682
0.853 0.465
1.098 0.098
1.292 0.110
0.084 0.128
0.075 0.117
0.351 0.131
2.718 0.621
0.125 0.188
0.923 0.172
1.535 0.258
1.869 0.348
0.826 0.153
2.514 0.403
0.132 0.244
2.292 2.284
0.098 0.112

“ Tested potyviruses are preserved diseased materials in the laboratory.

¥ The absorbance values were an average of two replicate wells. Samples with enzyme-linked immunosorbent assay (ELISA) read-
ings lower than twofold healthy control (2H-CK) were considered undetectable. Positive control (D-CK) is the bacterial expressed
viral protein. The monoclonal antibody of potyvirus (Agdia Inc., Elkhart, IN, USA) was used for comparison.

FI|[E] )8 51 | RanMMV 7 A & Fi B> e i 76 |
EHHERFERIROH] -

E]

KT LB 7 T A VRl AL 52 07 74
5 7E FH S R b Aty U 2 M 1 [ s fE DI B
K BERREEHEABNEREY B
% (Potyvirus) BN RanMMV » [ ILfK 5 H
HITE BB A A LA - HhERRERET
B3 o AUFERI P e S ARt AT
RanMMV 1% B fg Ol FH 5 [ 7 3 2 5% &t DLRGEE

HItWESEEQ®ET SR A EERN
R D) L RanMMV g IR g - AP 5B 3
R A SRR -

Bl EEEREEE S B AR
RanMMV » &8 H A i KA BLAE T HY P 2E
& EHEETE R IMNE U D 8RR
ot o MEEBEF MR L > BESFES
CEARRES AN R > R ET )5
ARl - R s LR s S R B - £%
BN B P P EL i E - TR SRR
JE 1 TE e B 955 25 b W 45 5 (Ward et al. 1992;
Adams 2005; Gibbs & Ohshima 2010) » JH &t
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F4. FIFIHERER Z FEE R AP 5 ranunculus
mild mosaic virus (RanMMYV) #5728 [ AT L5 26 0T
B TA I R e 2R A o P R T A A R B i e e
HACTRRAH S 2SR -

Table 4. Detection of the border-intercepted ranun-
culus samples with polyclonal antibodies produced
with bacterial expressed fusion coat protein of ranun-
culus mild mosaic virus (RanMMYV) in indirect en-
zyme-linked immunosorbent assay.

ELISA reading (A s,m)

Sample” Anti-potyvirus®  Anti-RanMMVCP
108-1 2.770 2.698
108-2 3.114 2.784
108-3 2.697 2.499
108-4 1.953 2.056
108-5 2.643 2.698
108-6 2.475 2.333
108-7 2.860 2.709
108-8 0.775 1.255
108-9 3.176 2.865
108-10 1.648 2.075
108-11 3.335 3.013
108-12 2.970 2.804
108-13 0.949 1.405
108-14 0.703 1.548
108-15 2.488 2.402
108-16 1.720 1.958
108-17 2.537 2.438
108-18 0.589 0.860
108-19 2.670 2.594
108-20 3.006 2.795
108-21 2,612 2.546
109-1 3.003 2.022
109-2 1.957 2.654
109-3 3312 1.163
109-4 1.374 2.517
109-5 3.134 2.113
109-6 1.605 1.982
D-CK 3.595 3.210
2H-CK 0.060 0.101

“ Tested samples are collected from imported cut flowers (108-
1-108-21) and bulbs (109-1-109-6) of ranunculus in 2019
and 2020.

¥ The absorbance values were an average of two replicate wells.
Samples with Samples with enzyme-linked immunosorbent as-
say (ELISA) readings lower than twofold healthy control (2H-
CK) were considered undetectable. Positive control (D-CK) is
the bacterial expressed coat protein of RanMMV.

* The monoclonal antibody of potyvirus (Agdia Inc., Elkhart,
IN, USA) was tested for comparison.

B71E B

kDa M R1 R2 R3 R4 RS R6 R7 BEP H
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=

il 6. A 4H B 2R B 2 BE G FC iR U B
(ranunculus mild mosaic virus; RanMMV) 5 APE
TSR EA NI E RS - T M ERE ST
SR ¢ 77 RI-R7 © fEX: RanMMV 7 PEIETCAHES
17 BEP : 4HE# B~ RanMMV &1 : {7 H © {&
R LA, -

Fig. 6. Western blotting test of antiserum against bac-
terial expressed coat protein of ranunculus mild mosaic
virus (RanMMYV) and the virus-infected ranunculus tis-
sues imported from Netherland. Samples were reacted
to the 1,000x-diluted antiserum against RanMMYV. Lane
M: protein marker; lanes R1-R7: virus-infected ranun-

culus tissues; lane BEP: the lysate of bacteria expressed
RanMMV-CP; lane H: healthy tissue of ranunculus.

B S A RRE - AT REET T
e DLEEREE SR W RFEHEIME A
W5 5 FHEEC Aol oA > AR R
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PHEAMEHR BRI AMET RS - 912 AT &R
potyvirus BT HLAG S H A B 41 et 25 N AL e e £
HmE LR (BFE CMV ~ TuMV f1 TSWV) »
IR B EEGR Y EEEFE V) IE DL indirect
ELISA £ &% & potyvirus » #— DL potyvi-
rus fOF 5| HRP-5/0ligo-dT #ELT RT-
PCR Hlig » HEEEEINFHHE 3 ing) 1.3 kbp %
% R B E 45 R BN T B TE B AV B CP X
W IR B % ~ 3°-NCR #% 5 B 55 Fy 51 B 2 A0 #Y
RanMMV A &2 98.6% L EHIAHEE (F 2 ~
3) 0 Bh 5y 8 G 45 S FEU BT I A E A B i
fEkkdn B A B0 E Y BECE RanMMV 5 &
EKIBE &R 2 RanMMV-CP Il H#ET T %=
W DR & MEE A BPURE - AT 2 TTht
e RE BRI A E R E - ILE S E e
{EMEZYH RanMMYV » R4 » BEETEEER HERNY
i SRR BL B Sh 2 22 2 RanMMV 5[ £ 2 9
BUHTF (Wang et al. 2008; Hayahi et al. 2018) -
B Ry # E Potyvirus &R #7327
7% 2 — (Moghal & Francki 1976) » % 35 %
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TLHURE R MR R ERA 5 A IFE — R4S R
(Shepard et al. 1974; Shukla et al. 1989; Jor-
dan & Hammond 1991; Souiri ez al. 2014) » 11
RLFR AL T B A [ER B Ry A et - AR
I 9% £ B8 AT 5856 #Y RanMMV-CP % H % /7751 »
SR RILEAG pET28a(+) » 1R E. coli &
ZHh A E A KRG & N #UR T A RanMMYV /Y
PUEFFME (B 5) » DU RFLE A KPR M T
RHIZ TehiRe - Bl indirect ELISA FIFg
75 B REF e g AR RanMMV (3% 3
4 [E 6)  BRETHEVRFEEN AL - il
GoMV » TuMV-YC5 ~ BCMV-BICM ~ ZYMV
1 PRSV Z5 Potvirus 955 40 4% A 11 Y 0.3-0.7
HYIESZ FESEME (% 3) » #1/K RanMMV-CP %7
P H H A potyvius R EA BRI MERAIRT -
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RanMMV {£ [ (E VIAE ERY AR > R in-
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Identification of Ranunculus Mild Mosaic Virus on
Ranunculus asiaticus Collected from Border Intercepted
Ranunculus and the Development and Application of
the Virus Detection Reagents

Chin-Chih Chen"’, Jia-Yi Liao’, Ming-Ling Liao’, Yu-Chi Liu’, and Fen-Lang Chiang’

Abstract

Chen, C. C., J. Y. Liao, M. L. Liao, Y. C. Liu, and F. L. Chiang. 2022. Identification of
ranunculus mild mosaic virus on Ranunculus asiaticus collected from border intercepted
ranunculus and the development and application of the virus detection reagents. J. Taiwan
Agric. Res. 71(1):73-86.

Ranunculus asiaticus cut flowers with mosaic symptoms imported from The Netherlands were
intercepted by quarantine at the border customs. The potential causal agents were identified and the
detection tools were developed in this study. Indirect enzyme-linked immunosorbent assay (indirect
ELISA) was performed with various antibodies against different ornamental viruses preserved in the
laboratory. All the tested samples were positively reacted with the commercial potyvirus monoclo-
nal antibody (produced by Agdia Inc., Elkhart, IN, USA) and could be positively detected with the
potyvirus-degenerated primers (HRP-5/0ligo-dT,,, to amplify a 1.3-kbp amplicon in reverse tran-
scription-polymerase chain reactions (RT-PCRs). Sequencing data showed the nucleic acid sequences
of the amplified amplicons were similar to that of ranunculus mild mosaic virus (RanMMYV). Both
of the nucleotide and deduced amino acid sequences of the cloned cDNA shared more than 98.6%
identities with that of RanMMYV coat protein gene (GenBank Accession No. LC387972) indicating
the intercepted virus is a RanMMYV isolate. The further designed RanMMYV primer pair (RanMM-u/
RanMM-d) can effectively detect the RanMMV on imported mosaic cut flowers and bulb tissues of
R. asiaticus, and generate a predicted 1.04 kbp amplicon. The cDNA of the RanMMYV coat protein
open reading frame (CP ORF), containing 825 nucleotides, was constructed in the expression vector
of pET28a(+) by artificial gene synthesis, and then the fusion protein (approximately Mt. 30.5 kDa)
was expressed in the Escherichia coli BL21 host. The resulting RanMMYV coat protein was used as
an antigen to prepare a polyclonal antibody against RanMMYV. The produced polyclonal antibody
against RanMMYV can successfully detect RanMMV on the imported R. asiaticus in immunoassays.
RanMMYV has not been found in Taiwan and this is the first interception case of the virus at the bor-
der. The detection reagents of RanMMYV have been successfully developed in this study which might
be helpful in improving the efficiency of border quarantine and inspection on imported Ranunculus
materials.

Key words: Ranunculus asiaticus, Potyvirus, Polyclonal antibody, RT-PCR detection.
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