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FREDERGIT BRI T A B LA R LR B BB #RIFF) Calavirus & #4931
B3 B 3 (cowpea mild mottle virus; CpMMV) #3 K& 5L & 4 # 4k (CpMMV-V) &4 & 5 &tk (CpMMV-P) » 1A
BMARAE W R 5 8 RAL BT AR R I Fl ke diwm Bl AR 3E s Bl R L o 2 oAbk AR e S AR 0 L
MRS HRRALABBIURBET TR 2RER TRES BB LB FRBRR - RABRET AL S
RAIRRF CpMMV A T35 00 3L % 0 B T BMEER TR 2] kAR R B H 80k - WM 2 428 RNA
YA potyviruses fi #f X 5] F (HRP5/dT) # /7 R34 R oM H R ERE - BRI HL 1 Kb o) DNA 240 £/
ST 3 9144k GenBank 69 7] tb ¥ 0 Hf DNA 2 s MaBm s $Ea iR 2 REAM 3 % -
BRAR MG TG BRSO REHEGRN » kI a2 8% gk E (JX070669) ¥4k 8 45
Ak (0X020701) 2 $5& & KA LA 88.9% 4 HELA8 F) LI 97.6% e KB AR R & » f4gst L i CpMMV #%&
G IR A ok 0 A% EAR B A 98.7-75.7% » e K ER A8 B 5 AN 97.9-91.3% 2 M o 3R o #hAbm 35 1 5 i B4
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) #:fbsz o #5 & & » & %78 & & B fdufe
o LALRY T R A 508 7 G gk RO A R R M T % (enzyme-linked immunosorbent assay; ELISA) #:8]
oo ZEATEEERAE B CPMMV F LA TS E FHREREIH L - A B HLEEH T LTS
B AMEEZ CpMMV BT A ERILERAK BN REA TR WS EHHFR SR -

RAEE ¢ SIS RN - BiED - Pus -

430,359 F-7C > DABRAHRG ~ T EMG R
THEHER-  EEETORER 1,414 ha &
{E 1,086,016 7T > DARI &% ~ BF AU R s i

[l

Al

RIIENARE A e B8k Vi-

gna unguiculata subsp. Sequipedalis > J£ % &y
asparagus bean - yard-long bean » JF N EIREE -
ELMES ~ MR - BB (EES - B(Z (Phaseolus
vulgaris L.) XTERE ~ BT - WF % [{E
N EAEEN—5 B A R B
s EI H AT E A (Kuo 1995) - R
BT TR R B G Hat £ H (https://agrstat.
coa.gov.tw/sdweb/public/book/Book.aspx) >
2018 4F = U1 18 fE A 588 28 920 ha > 7 H

TRIEER GERIIENIZERERERE
T~ B RO R 0 RERBEE UMK - F
R~ B~ SR RIS - RIE R AR
Gam e T TEWEARH - AR - 04
T~ R KR IER % (Tzeng 2019) « B E &
VERWREA 3 > SRS ERSEE (bean
common mosaic virus; BCMV) ~ #f J[ #% &0 55
# (cucumber mosaic virus; CMV) K7 5T i
% 40 % 55 (cowpea aphid-borne mosaic virus;
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CAMV) > Hfi1 L)L BCMV ~ CMV & k% H o &
FZHIA A CMV & E 4§ - BCMV » CMV 7]
FEHME T~ A T 0o i A BRI 1 R 107 e f0
IEE - RILEHEBRZ: BCMV I - {0
i EE G BCMV & CMV I - 2 B EE
F 4~ A TR L R B R
B FERELIE (Chang 1983) - FEfE i 35
BT T B E S £ P AR E BT - AT K R B
HIRESE4 (Chang et al. 1994) -

91 T EE E R 3 (cowpea mild mottle vi-
rus; CpMMV) & 2R AE E[1 & 5 E T 44 HY 91 52 1%
3 (Brunt & Kenten 1973) » Z1& )2 57
SRER I Y IO ah B I N PE D - IR 3 T B AR
FHAERHEY) - WACA (Arachis hypogaea
L.) ~ K& (Glycine max L.) ~ &t5. (Vigna mun-
go L) ~ 5 (Phaseolus vulgaris L.) ~ i[5
(Vigna unguiculata subsp. Sequipedalis) F1 &
7 (Vicia faba L.) » AR EMBIBIEYIM © &
#ifi (Solanum lycopersicum L.) ~ 55 B (Nicoti-
ana clevelandii Gray) BiKJ\ (Carica papaya
L.) (Brunt & Philips 1981; Thouvenel et al. 1982;
Anno-Nyako1986; Mink & Keswani 1987; Demski
& Kuhn 1989; Reddy 1991; Rodriguez Pardi-
na et al. 2004; Brito et al. 2012; Mumo et al.
2020) % - L@ AY R T EE A bt 3
R CpMMV (Iwaki et al. 1982; Tizuka ef al.
1984; Antignus & Cohen 1987; Mali & Nirmal
1987; Shahraeen 1989; Reddy 1991; Yadav ef al.
2013) - CpMMV JE A Flexiviridae ¥} > Carlavirus
& oA s AR £ (Bemisia tabaci G.) >
DLIEK @17 A8 7% (Iwaki et al. 1982; Muni-
yappa & Reddy 1983; Jeyanandarajah & Brunt
1993; Rosario et al. 2014; Zanardo & Carvalho
2017) -

BENRIL T RBEHTA#EH CpMMV
() 3 45 (Chang et al. 2013) » 7B %5 6 8 0%
CpMMV GBI Hibk & T HiE - HEERE
It EEE O Y BEHUIUE - Y
& CpMMV £ G EHEIFIE -

rere

]

0% FH1H

Mk 7S E
RE L D EFTEEE

2009 fEAE 5 FRHTUB IR EEISE LR F R
R RIL G KRG R T BER
4E S I [t 5372 (enzyme-linked immunosor-
bent assay; ELISA) 8] T 4% 4B BCMV
strain blackeye cowpea mosaic (BCMV-BICM)
ZHUME R IE » BEEARS - RIIEHEAR
T 1 77 T 7Y 22 32 (Chenopodium quinoa) ° &
ARER2ESEN 7TdEAHENEIER
BCMV-BICM 5| #E : 524 A 10d £H
I ER AR = B - K 2 FERE Y41 %2 (Chenopo-
dium amaranticolor) B4 & W o] HAY =B -
Z R HAL BT B i 08 3 KER
HESFR B RILE 0 #Ek (CpMMV-V) - &
TR 2582 (Chenopodium quinoa)
FEAE/NEDE - DIZERETT 3 KER T H G5
W BUE 0 BERR (CPMMV-P) © & 73 BEFT 5
HY 2 (B o BER IR RN AL B R % HlE
POE 2 B/ B 50% HB -20CHRT - fE R
BB IRERIE - 5 B EER R
(Nicotiana benthamiana) > E B2y ¥ i B H| E
Z R -

A EE FHE R > B CpMMYV 2 2 9y
HEbk 2 EFHEELL 0.05 M PBS I EER R
DAME R 218 53 Bl X R UL 5. (Vigna unguiculata
subsp. Sequipedalis) ~ 81 & (Phaseolus vulgaris
L.) ~ 4k (Vigna radiate L. R. Wilczek) ~ 4[ &
[Vigna angularis (Willd.) Ohwi & H. Ohashi] -
B% T (Phaseolus lunatus L.) ~B Y. (Vicia faba
L.) ~BiF (Pisum sativum L.) ~ & . (Glycine max
L. Merril) ~ {5 (Phaseolus coccineus L. var.
albonanus Bailey) $1{E4: (Arachis hypogaea L.)
10 fE & FH ERMEY TR - B =T
BB EE - PEREEYAIEE R 2L 4 wk MR EER
WEER - ETREFEARRE RS G BRI oA
(indirect ELISA) (Clark & Adams 1977) 529
BRI ELE FORERREY - AR EE
BT 3 R B R 3 RAVFEE -
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By mEL AR

PEfE CpMMV-V Hy&k & Bl & ¥ & )z CpM-
MV-P (4L & B F AR YA 2= N - 57 BB AE
SR SRBHEEGE - BUNEE TR -
AME 4 EEEE % 100 55 > BENEE
WHELT 2P ek - 5P 1% 2 TEEBLE TRy il
TTRAIZC ELISA # il » JHIEAA s 55 B -
EFREMIRERS

i a4y (negative stain) (Hall 1964) »
HERFEE RIIEEBEER &V —/NR
AR EI F b i 2% WSS [phos-
photungstic acid (PTA), pH 7.0] » LLJ] | VIRE »
HLLBHE RHL > &R HH48 (300 mesh) | »
Rz IR E SR BN T 2P hE -
REHEH M CETIIER A

LLCpMMV-V B4 15 d B s Ry 4252
BRERFEHEALAME > K Gonsalves & Tshii
(1980) #y 77 /A MG L HETT 4L - B re iR B
JIA 2 mL 0.5 M Bk 25 B 4% &% (phosphate
extraction buffer » DL f57% PE 45 &%) (pH 7.5)
DRSO FHEFTHE - IR 0 A& 05 KB (%% 0.5
mL g") JF(b - SRR LR EIEE - [F
WIIA 8% PEG6000 » A4 CT##: 30 min 1% >
SCEC R B L B EC LR ) 0 DL 0.1 M PE % {7
& (pH 7.0) B&0Y » FEURAERE AR TOIE
A e EERNA 8% PEG [ 0.3 M NaCl »
& SRR B L JURPILL 0.1 M PE 4 iR iR
VF o BFIR L 12% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) 77
- VIS B®EDW » DL PE KEIR ML -
EEE 1 mgmL' FIHMEREAREM 50 mL
HIBLITE « FF LA P % di b e Bk & 5
G (immunoglobulin G; 1gG) » B & ¥ & 1
mg mL™" > {F B ELISA (Clark & Adams 1977)
5l Western blotting (Gooderham 1984) 2 F -

SDS £ ZEEE & (SDS-immunodiffusion
test)
fi¢ Purcifull & Batchelor (1977) k& Chang

et al. (1990) Y7775 #7T > BLE&H 0.5% SDS
J 1% NaN, 7 0.8% agar > H{ 12 mL 8] A B
&9 cm ZBEE > KElE & DLFTFLERFTFL >
FLE R 5 mm > SFLEERER 35 mm « 2 &K
el pi e 4 B i 2 2 2 Ao s 1 R B 2 B
%~ CpMMV-V B CpMMV-P 27 55 B - Bil o)
2 R TR BB R LT I THR ST
HESME 16 h » B ZEHuinE B bR S FE -

ELISA

= Ep 22 18 Clark & Adams (1977) # &5
TR G RER M oHr B0l g2
FEAREEAHS > DL 3 mL 2 15 mM BRI SR 4R oK
(sodium carbonate buffer, pH 9.6) i} BZ 15 4
% » B 200 uL A EIA SZFERE A - A% 2
HE BN 4CUKHE 16 hEITE K IE (coating
reaction) ° ZR7% L 1x PBST 45#% (137.0 mM
NaCl + 1.5 mM KH,PO, + 1.0 mM Na,HPO, +
0.05% Tween 20, pH 7.4) ik 3 2 - HIBMA
150 pL R [ERE H B #h A 4i(bry 1gG 1%
JEAE 3TCEMRAGSE 2 h - FELL 1x PBST 4
BRI 3 K& » BALIIA 120 pL S5 0k
Fifs 4201 (137.0 mM NaCl + 1.5 mM KH,PO, +
1.0 mM Na,HPO, + 0.05% Tween 20, pH 7.4)
ZWZEPLR K4 (Goat anti-Rabbit immu-
noglobin, Jackson, West Grove, PA, USA) >
BN 3TCZE R IE 2 h o fi% > HPL 1x
PBST & R 1 8 3 iz » #F 2L 120 pL/fLZ2
ERBIIAERE B 1 mg mL" 7 i1 B FE B % &%
B (p-NPP, Amresco, Solon, OH, USA) #(T
EEBKIE - ZJE% 20-30 min » L ELISA &
{8 f# (PTI max micro plate reader, Mlolecular
Devices, Sunnyvale, CA, USA) 3 UM & 405
nm [ ZWRUE - 18 Ry af A 3RS S R 2K
7o BEmiVEERNEEER 2 2E8F Gk
EXJE -

FET5/E4YE (Western blotting)

0.1 g a7 R EEAH & - DURRE SUERF
#% » DA 200 WL 2 B EHAEFR (75 mM Tris-HC
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+ 10 mM KCI + 10 mM MgCl, + 1 mM EDTA +
30% glycerol + 6% SDS + 9% B-Mercaptoethanol
+ 0.015% Bromophenol blue) » i & & i Zh 5z B
1% 45 SDS-PAGE &k » Bfe L2 EHEAE R
PVDF (polyvinylidene difluoride) f& (Merck Mil-
lipore, Burlington, MA, USA) » F DLk B 8471
I #ELT/E S E (Gooderham 1984) -

RNA 2 BN 2 85 £k - 5R & Big 188 5H 2 &
(reverse transcription-ploymerase chain

reaction; RT-PCR)

H{ 100 mg AYHEE - FIFH4E & RNA 4i{bad
Z4H (Total RNA extraction kit, Qiagen, Hilden,
Germany) #£{7 RNA Z ZZH{ > 15548 & RNA -
W RNA (viral RNA) 7 i B EL 4G A B 75 DA
375 3 RNA 4fi{b 547 4H (Viral RNA extraction
kit, Qiagen, Hilden, Germany) #EfTZHY{ - DL
4i{LFTS 2 RNA #1T RT-PCR » RT-PCR DL H#
— 5 B® RT-PCR 3 % 4H (Genemark Co., Taic-
hung, Taiwan) #77 > 25 pL By IERTAIA 1
uL Y RNA » £ 2.5 uL 2 20 uM & ff H 5( +
Hrp5/Potl (Pappu et al. 1998) T EL%f GenBank
B9k 2 CpMMV B/ 77 - satfu & A
BN Bz H—M5+ (S TATTTGACTGG-
GGAGTCTTTCA3")/Potl » RT-PCR 7 # 1T i»
BB FERE (GeneAmp model 2400, Perkin-
Elmer Co., Norwalk, CT, USA) tf » s E K JE
e Ry S0C N #E 1T S # §% 30.0 min » 94°C#
PE 1.5 min 1% » #E17 30 {& PCR fEEE [ JE - 1F
94°C M4 1.0 min > 50CF#E 4 1.5 min > 72°C
TE&20min g —HERZ 2CEE
K FEIEE B 6.0 min - [ JEFEYILL 1.2% Agarose

(Cambrex Bio Science Rockland Inc., Rock-
land, ME, USA) &k » 4y i 3608 E 9 2 5y +

=

2 o
EREERER D

RT-PCR g5~ DNA | B » LUNER
#% DNA [g] U 4H (Genemark Co., Taichung City,
Taiwan) [A] Y DNA » L pGEM-T Cloning Kit
(Promega Co., Madison, WI, USA) #E{T#EME -
Fifi B8 15 B 7 R T PR e HUE 64X PR G EcoRI i
UM EESE DNA K/N& » FHIRHEETTIE P 704

rere

]

0% FH1H

JEFr EZSEHMAEYIRH A 5T - FilZ
¥ BE F %1 LA Vector NTI Suite (InfoMax Inc.,
Madison, WI, USA) 47 #7#§8 81 GenBank FE.
B8R EREFPEIT RS > L MEGA
(Molecular Evolution Genetic Analysis) ver-
sion 7.0 (Kumar et al. 2018) 4& %L 4% BE (4 15
R -

ER
RED MRS FEERIE
SRR ER DURRER TRETEME > 1
41 %2 (Chenopodium amaranticolor) BETH 1 IR

s EBE - 2532 (C. quinoa) T al Il B ]

=OE > RIEDAAT 22T 3 WEBL 7 B K -
1% B 5 B BE §X 5 (Nicotiana benthami-
ana) » {E R LAT %5 LHIENE 2 #iEFE - BBt
73 B 97 %tk CpMMV-V K CpMMV-P [a] # &
VY EAERERREE (E 1) -

CpMMV-V k& CpMMV-P £ L) [B] & % 7
R R EE R > oy R HERE 10 S RHMEY) > E
EEZEEE 4 wk L M BERES
T T RIS B L 2 1B » CpM-
MV-V [z CpMMV-P Z F & BRI E4E R AL 1 -

EL 82 > I £ f&E CpMMV-V 81 CpMMV-P
Z HEEERE - DUE R 2R B R b3
BAREEZR > HERER R TET —
SEPREY ~ S (LDEREBIEE R S B LR R A
Ho fFfEE - BT EEER ERIAIRATE
ZE LR LAY BEAEER LI
HIHE > HERZHNEEY T - B - 4L 58
LR HIER MAHEREE

FEPT A R 2 BE /> 778 ELISA f&
A BEEKRREEEY - R&ERER - 5
CpMMV-V i CpMMV-P fF7EH ~ B{H ~ =&
RN 2 R R A 70% DL E > A4k =
B2 Ry 58.1% B 50.8% (£ 1) »

P CpMMV-P 4L H ~ = ~ B -
By fLEKRTE » H OB R S ER
CPMMV-V © 4 « Bl T - B85 RICTHIDL
CpMMV-V 7 B fd R 5 o ML EE - 7%
£ 10 At Y - DRI T BERR I S > &

e —

HZEzERSRE EREEE > &%
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1. LSRR (A) RIS (B) SUE Btk HE R R AR R MR E £ (C) RilEH
(D) B Z ZE 1 PR T T2
Fig. 1. Severe symptoms caused by cowpea mild mottle virus (CpMMYV) infecting (A) asparagus bean and (B)

French bean were observed in the field. By mechanical inoculation, leaf mottle on (C) asparagus bean and (D) French
bean were developed.

x 1. LSRR R Bk 2 SR EAE R

Table 1. Reactions of the experimental Fabaceae crops by mechanically inoculated with two isolates V and P of
cowpea mild mottle virus (CpMMV).

CPMMV-V CpMMV-P

Tested plant Chinese name Sym” DI Sym DI

Vigna angularis (Willd.) Ohwi & H. Ohashi N2 N 11.3 N 72.2
Vigna radiate L. R. Wilczek 3% N 58.1 N 50.8
Vigna unguiculata subsp. sequipedalis KU N 67.1 N 19.4
Phaseolus vulgaris L. B CB 100.0 CB 93.3
Glycine max L. Merril A CB 72.7 CB 90.5
Phaseolus lunatus L. B N 41.1 N 65.3
Vicia faba L. f= 45 N 0 N 38.1
Phaseolus coccineus L. var. albonanus Bailey Tt CB 100.0 CB 77.8
Arachis hypogea&nbsp L 164 N 13.3 N 37.5
Pisum sativum L. subsp. sativum A N 40.3 N 95.2

“ Abbreviations used; N: no symptoms; CB: chlorotic blotches.
” Disease incidence (%): (number of infected plants/totally tested plants) x 100%. Each treatment contained 3 replications.
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B o M E A CpMMV-V K FE - FAZ 1
mEeBEREE  HREEERRILE
ifi CpMMV-P Al 2 DU S R i i HRH
T BHRBEMLEERIIE (FE]D) -
ExwmaE BRI

DL 3 RT-PCR #@ 1% - HEE Ko FEZL Cp-
MMV-V 7 & & 81K 0] 5.8 CpMMV-P 4 5
B G MR E R T - & EL 100 FHER 2%
PR T TR BERNEERES% &

55 TIEBUELSOE(T 2 X ELISA #3l » 3
ST R T -
fE TEEBUELSE 2 T BLISA RIS Heh » 4

BMESEETESR  GERBEES —RTE
fafl > 25 7 8 2 BERAGEBE T 7
2 (R 2 M BERM > BAESE 2 REERAE
SUEIL RV EL (R 2) o RS R AN
F| CpMMV-V > & 7 i &k G 81 & §1 & 5 CpM-
MV-P £ B4 G BT 2 1 EHE 2 H -
EFREMIRHREREEE

R B RILEZ BT ER (EHE2
Fekp o DU T B % CpMMV-V B
CpMMV-P [ 73 B bRy 35 BURL P R (18] 2) -
AEHE ERSIR > REL R 600 nm > LR
PR BN SRR B RE T & Carlavirus 1K 358
ZHRHE

2. TEIREMRIRE TSR TR

Table 2. The germination and transmission rates of
seeds collected from CpMM V-infected plants.

Germination Seed-transmissibility

Virus/plant® rate (%) 1* 2%

CpMMV-P/Adzuki bean 74 0/74 0/74
CpMMV-P/French bean 72 7/72 0/72
CpMMV-V/Mung bean 69 2/69 0/69
CpMMV-V/Cowpea 62 0/62 0/62

* Seed-transmissibility: enzyme-linked immunosorbent assay
(ELISA) detection of 100 seeds collected form infected
plants.

¥ (Number of germination seeds/total number of seeds) x
100%.

* Detection of cotyledon: (number of infected seeds/total num-
ber of seeds) x 100%.

“Detection of compound leaf: (number of infected seeds/total
number of seeds) x 100%.

G (B)

2. BB UL MO RN 5 (cowpea
mild mottle virus; CpMMV) [y 43 Bl 2 I8 T Efr ©
(A) CpMMV-V 73Rk & (B) CPMMV-P bk -

Fig. 2. Electron micrographs of flexuous filaments
viral particles of cowpea mild mottle virus (CpMMV)
prepared by leaf-dip method. Bar represents 200 nm. (A)
CpMM V-V isolate; and (B) CpMMYV isolate P.

TIBEETEEZ fEH

SDS Ga il e

%48 SDS 1 R %2 CpMMV-V 2§

B LIRS BERAS 16 h IV RIS E > 45 R
FILUE E] CpMMV-V ~ CpMMV-P ZE 525 71/l
BRI 7 ) 23R FR IE R JE - 38 BLGUIIIR &
AUUBRWES - BIURT OIS > WIS
CpMMV-M 8 CpMMV-G ] Z #E &k il (7 (1 3) -

fi] 22 I 3 T 1 o 928 W AT ISz 3t e £
IgG i FHRE

R £ 8 H DL coating buffer fff & -
KPG8 P e R % - AR ERE
IgG (1.5 pg mL" ~ 1.25 pg mL™" ~ 1 pg mL™" ~
0.8 pg mL" ~ 0.6 pg mL™") ZJE > FEAIA 24k
bile > TR EBKIE (B 4) - AL 1gGRE
&A1 pg mL7 8% 0 {5 0] Cp)MMV-V Kz CpM-
MV-P 2 73 BRI UEED S 1.0 o REEfEZEEE
HIE 2 WU EARTY 0.2 > BREE W] & o) 7 e 2L
CpMMV - filfil 7% LASli{E CpMMV-V 2 8 & H
bR e E % - RIE(E ELISA JEH » 1gG
Bl CpMMV-V {7 fEGE(EEL CpMMV-P 5 -

PFIEREA

PAVE 77 78 2 7R HE AT 53 AT PR ER B AN [ R
RIEHA > HEEAS TENMNEARES
27-41 kDa Z [ » e ffi 55y T 849 % 32 kDa
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3. SDS REiRAUA R E ST HUINE < R IE
RS - T B I : 5YRIRANLE SDS
HEHEZ B ST - (A) 13 CoOMMV-V ZE52055 78 ¢

21 CpMMV-P 205510 5 3 ~ 4 REEfERH 24
R 56 fiEEK o (B) 1 1 CpPMMV-V &
B 3 1 CpMMV-P 81 3 2~ 4 1 RIE
TR H 2 ERER R 5 5~ 6 ¢ MEEIK -

Fig. 3. Reaction of polyclonal antisera against cowpea
mild mottle virus (CpMMYV) in SDS-immunodiffusion
test. Central well: polyclonal antisera of CpMMYV; pe-
ripheral wells: SDS-treated antigens. (A) 1: CpMMV-V
infected Chenopodiun quinoa; 2: CpoMMV-P infected C.
quinoa; 3 and 4: healthy tissues of C. quinoa; 5 and 6:
sterile water. (B) 1: CpMMV-V infected C. quinoa; 3:
CpMMV-P infected C. quinoa; 2 and 4: healthy tissues
of C. quinoa; 5 and 6: sterile water.

([ 5) » 7F& CPMMV Z B2 53 T & (Naidu
et al. 1998) -

CPMMV DB REFEHERRER <
S22bapiinet:|

B2 975 B S Hf7 E 42 & RNA - FI] FH {5 78] Po-
tyvirus 7 £ ff 2, 5| 7 Hrp5 1 Potl (Pappu et
al. 1998) [{73# 4T RT-PCR » Ji7 JE %5 51 1.2%
Agarose Bk i EAMEZ FHE L 1.0 kb
Z DNA Y (& 6) - HiE2 DNA |5 BEEEJE 2
pGEM-T BEJHEL - ATfe 2 BEIARE P 1%
15 965 [Ei%HE: > BaWB L HEDE
PO L AA 37 JEEEEE - fREE CpMMYV 2
ZE YR E O RN E 5T 0 B
& [l Potl 5[+ #1T RT-PCR » DNA ZE Pl
DUBIEE P o3 i BRI REHEDER » &
EH 867 1% T M B SR i 289 B Kok - Hop o
CpMMV-V [ 43 1 GenBank & & £y Acc. No.
JX070669 - BA PG #EfR (DQ444266) 1% ik
MHEE S 2 98.7% ; CpMMV-P (Acc. No.
JX020701) BB 73 Efk (MN908944) #%H 1k
FHIE S fe s 0 2 94.7% » BLHE{ CpMMV 2

1.8
16 —t— CpMMV-V
E 14l —&— CpMMV-P
0 ++ %+ Uninoculated
Q 12t
®
© 1
o
& 08 |
3 g
2
2 06t
<
04
........... I..
02 ;e »
0 1 L 1 1 1
0.6 0.8 1 1.25 1.5

Dilution of IgG (ug mL™)

el 4. Pl 22 A SR e R B S A RIE L S BE BOP 75 L 5] 1 G OB (1.50 ~1.25 ~1.00 ~0.80 J2.0.60 pg mL™)
WRUE 2 5%, o == @ P2fd CPMMV-V EEZEES | —— @ {3l CpMMV-P £5525E 7 © - Mo R 45

BER -

Fig. 4. Effect of concentration of immunoglobulin G (IgG) (1.50, 1.25, 1.00, 0.80, and 0.60 ug mL"') against cow-
pea mild mottle virus in enzyme-linked immunosorbent assay. The dilution ratio of plant sap and secondary antibody
used in the assay were 1:30 (w/v) and 1:5,000 (w/v), respectively. =—#== : CpMMV-V infected Chenopodiun quinoa;
—&— : CpMMV-P infected C. quinoa; «+#++ : Uninoculated C. quinoa.
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Pingtung Chiayi Tainan
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5. DIPEUTEAWEENBREE ARG - Rk
ARG RII TR SRS Z R -
Fig. 5. Detection of cowpea mild mottle virus (Cp-
MMV) on infected asparagus bean plants by Western
blotting. Antiserum against CpMMYV coat protein was
used to react with the crude saps extracted from the as-
paragus bean samples collected from Pingtung, Tainan
and Chiayi Counties.

ep M 1 2 D H
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6. FIIH potyviruses HYFE (5[5 (Hrp5/Potl) #E
T RT-PCR 5T TR ARG EY) o i+ B0
RSP 3 Ry IR - i 1.3 kb DNA Z) (D)
S S ABEE R EIE 1.0 kb DNA Y] (1,2) § R
FHVELE AR RS IR (H) -

Fig. 6. Reverse transcription-polymerase chain reac-
tion (RT-PCR) with degenerate primers of potyviruses
(Hrp5/Potl) to detect cowpea mild mottle virus (Cp-
MMYV). Products of 1.3 kb DNA amplified from total
DNA of bean common mosaic virus (BCMV) infected
asparagus bean plant shown in lane D and 1.0 kb DNA
amplified from cowpea mild mottle virus (CMMYV) in-
fected asparagus bean samples shown in lanes 1 and 2.
Non-infected asparagus bean samples as healthy control
shown in lane H.
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Fig. 7. Phylogenetic relationship of coat protein gene of cowpea mild mottle virus (CpMMYV). The tree was gener-
ated by neighborhood-joining method. The numbers at the nodes indicated the levels of bootstrap support based on a
neighborhood-joining bootstrap analysis of 1,000 replications.
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Identification and Biological Characteristics of Cowpea
Mild Mottle Virus in Taiwan

Ying-Huey Cheng"’, Chin-Chih Chen', Lan-Yi Chien’, and Chin-An Chang’

Abstract

Cheng, Y. H., C. C. Chen, L. Y. Chien, and C. A. Chang. 2021. Identification and biological
characteristics of cowpea mild mottle virus in Taiwan. J. Taiwan Agric. Res. 70(1):67-79.

Sample plants of asparagus bean and French bean bearing putatively viral symptoms were
found in vegetable gardens in Chiayi and Nantou Counties, Taiwan. The symptomatic plants were me-
chanically inoculated to Chenopodium quinoa and two virus isolates, cowpea mild mottle virus (Cp-
MMV)-V and CpMMV-P, were isolated after 3 times of single lesion isolation. The virus sources were
established by inoculating local lesions to C. quinoa or Nicotiana benthamiana. By back-inoculation,
plants of asparagus bean and French bean developed symptoms similar to those found in the field.
When two isolates were inoculated on other legume crops, there was no obvious dwarfing or stunting
in the whole plant, but some mild symptoms such as mottle and yellow spots can be seen on leaves.
CpMMYV has not been detected to be transmitted through seeds by growing out test. Total RNAs
extracted from diseased asparagus bean and French bean used as templates, and reverse transcrip-
tion-ploymerase chain reaction were performed with degenerate primers for potyviruses (Hrp5/Pot1).
Unexpectedly, an 1 Kb of DNA product was amplified. Comparing with gene sequences on GenBank,
sequences of this amplified DNA includes part of the 3’end of the coat protein gene of CpMMV. The
complete coat protein gene was cloned with specific primers based on the reported sequences and then
for sequence analysis. The coat protein gene of CpMMV-V (JX070669) and CpMMV-V (JX020701)
shared 88.8% and 97.6% sequence identities of nucleotide and amino acid, respectively. Comparing
with other coat protein genes of CpMMYV, the nucleotide sequence identity is 98.7-75.7%, and the
amino acid sequence identity is 97.9-91.3%. Electron micrographs showed that carlavirus-like parti-
cles were found in the leaf dips of infected asparagus bean and French bean samples. The coat protein
obtained by partially purified viral particles and through sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) was used for antiserum preparation. The antiserum was available for
Western blot and enzyme-linked immunosorbent assay (ELISA), especially are suitable for field de-
tection and investigation. Therefore, we found that CpMMYV is commonly infected French bean in
middle Taiwan. In addition to asparagus bean and French bean, whether CpMMYV affects other legu-
minous crops needs more investigation.

Key words: Cowpea mild mottle virus (CpMMYV), Coat protein, Antisera.
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