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R s E AR IR I - T AR RIS B E
PSSR AT S 4 (Deng et al. 2004) - H
95 5 18 & A (mixed infection) » 5 77
AL RBENRE - SR R B ER
IRGZ M H3 » ASCRIR AR E AR & B T Y 4
RFr s L —

MEETE

REDMNSTEHEEEE

2002 % 2007 FAE G B & I EERE
SEAUR W B e kT B B - R
Bz LIEEERMA 10 %8 (W/V) Z 0.1 M-
pH 7.1 Wk % 4% /& )/ (phosphate buffer) jff B %
B FETfE £ 4% (Chenopodium amaranticolor
Coste et Reyn) ~ %22 (C. murale L.) ~ &% (C.
quinoa Willd.) ~ F H 4L (Gomphrena globosa
L.) ~ K[EIEEFX (Nicotiana benthamiana L.) %
TEREY) > ARSI FTRE R A2 WE e - H
o AR LIPRR ER BERYEE A > AL
BEPE o i A E 1540 200 5 2y Bk (isolates) o
W — R A [Tetragonia tetragonioides
(Pall.) Kuntze] ~ % #ii (Solanum lycopersicum
L)~ K5 [Glycine max (L.) Merr.] ~ Takii F
HLFEET (Vicia faba L.) ~ Zik (Sesamum in-
dicum L.) FHEATE B - I [0 4 14E
(Dioscorea spp.) & fnfd (%) © FTA R E 7Bk
RO AR ENERE - ERUT R
i3 A ©
EFHAMERERS

R 77 5 9 5 B RO 5 U BE
ER o UIEUT RS & 2% 35§58 (Phospho-
tungstic acid; PTA) #E {7 [& 4% 1% » [/ Hitach
7000 & - FOY B THIEE -

it e 2% D (Enzyme-linked
immunosorbent assay; ELISA)

FIT 75 975 85 43 ke R BT {0 B 00 4H 4% A1) A I
EH DSMZ (Braunschweig, Germany) HY & &
Z 9% 5 1 (Broad bean wilt virus 1; BBWV-
1)~ B9 ZEEH 2 (Broad bean wilt virus 2;
BBWV-2) ~ 15k 409K 55 (Yam mosaic virus;

YMV) J potyviruses &30 4 o s B 5 K
{5 FH 550 BH #E 17 BB It DU RS 2 %% 73 A7 (ELISA) »
5 DL B ®AYEH N8R 80K 5 (Cucumber mosaic
virus; CMV) $i#g [F] I 2 77 [H $7% (indirect)
ELISA (Clark & Adams 1977)

R - RS EHEKRE (Reverse
transcription polymerase chain reaction;
RT-PCR)

HEA R & o Bk R BT R T
B FRBEETE o B 100 mg fBEEUARE - A
Fi 4 & RNA 40 1t 5 % 44 (Plant Total RNA
Extraction Miniprep System; Viogene, CA,
USA) » # 17 RNA Z ZZ HL 4l {k - H LA &
RNA B # i (template) » F| f Ferrer et al.
(2007) Fr 3% & SR 5 /& (Fabavirus) J% %
fE RS T-%f @ Fab5’RIF (5°-AAATATTA-
AAACAAACAGCTTTCGTT-3) K Fab5’RIR
(5°’-TTCAAAGCTCGTGCCATNTYATTK-
GC-3', N=A,T,C,orG;Y=TorC; K=Tor
G) K [2i#sk - B EBsHE I E (RT-PCR) A
(AccuPower RT/PCR Premix; Bioneer, Daejeon,
Korea) #f7 RT-PCR ¢ 43 AH 1uL RNA -
2 uL 0.5 uM 5 [F (Fab5’R1F/Fab5’R1R) & 15 uL
DEPC-DW Jji A AccuPower RT/PCR Premix
tube HUR &9 5)1% o KR ER E Y MultiGene
TC-9600 Thermo Cycler (Labnet, Edison,
NJ, USA) #1735 1% 52 FE - [ FE O & I If
BN 2 e 70C K JE 5 min » 10°C K JE 10
min > 42°C & J& 60 min > 94 C & Jf&E 2 min >
21 BT 94CKE30s > [ZJE S5 s> T0°C [
60s > 3 35 (H{GER - fefg —(HIGERF 70CT &
% 10 min o [ZJE4E R DNA EY) LB K HETT
g3 At o T A% H] 5 0 Y 354-356 bp (BBWV-1)
5 386-391 bp (BBWV-2) fi%HE H ES -

S3FIF Kondo et al. 2005 45 Bl (LIZEfY
BBWV-2 E—M:5[T-%f : BBWVVSSP (5°-GT-
BTCDAGTGCTYTDGAAGG-3’, B=C, G, or
T,D=A,G,orT,Y=CorT) ;ZBBWVKM-
RM (5°-TDGWDCCATCVAGICKCATTTT-3",
W=AorT,V=A,C,orG;I=Inosine; K=G
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Fig. 1.

Symptoms shown on yam plants caused by virus infection. (A) Mosaic and malformation on leaves of Di-

oscorea alata cv. ‘Tainong No. 1.”; (B) Yellowing and mosaic symptoms of leaves of Dioscoreabatatas; (C) Mild
mosaic symptomshowed on leaf of Dioscorea alata inoculated with YA3; and (D) Chlorotic spotsshowed on leaf of

Dioscorea opposita inoculated with YA3.
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BEF  Hh - R BERZR - W& RS
HEE LT (R AABUNRE FEFEETFR
A HIRE A 0 H4C ELISA AR 45 S He 2
AEEEE o Kb YA FUEATILEER © Bk D.

alata ) "TERE—F, ~ TREZSE, ~ TR -
EI e TR T AT R EI

K MR E | F ) BN D. alata var. pur-
purea ) " &1, ~ TRIME | K "HEREL 5
J& 1Y D. japonica var. pselldojaponica Thunb.
By TEEFE I8, 5 B Y D. persimilis Prain &
Burkill By T AZsnk L%, 5 BB D. opposite
Thunb. ) "SR LLIEE, - FEfETR LA TR LLIEE,
Fe TSEARLIEE, ARy BIAGE 1C FfE 1D -
RSN REETIERE

DV FH R B 45 m H 4 S 0 HERE - YA
Bl Yam-7 #) {& 4% 3 5 1€ 4J 26 nm #Y B P i
TR KRBTSR 5 FERL o W PR 55 B
BBWV-1 - BBWV-2 - CMV » YMV J; poty-
viruses & XM R A B AV S FEAI R 1 #I B
BBW V-2 5 858 1Y [fiL 5 [ € » 81 BBWV-1 H
WSS AL B E

[EEik-REBER M E (RT-PCR)

Ha 3t 10 @ GE SR I B |+ 3
Fab5’R1F/Fab5°’R1R #E {T RT-PCR 17 45 £ 401

2 > YA3 ~ Yam-7 2 BBWV-2 sesame 47 ¥t
PRED RS 2] —47 390 bp #Y DNA EY) » ¥fE
7Y Fabavirus RNAL /Y 5 Iid % (57 -non-
translated region,5” NTR) & {1 #% £ & 2 51
5 & — 1 5] 7 % BBWVVSSP/BBWVK-
MRM 1 fig 15 2 — 322 bp #J DNA |5 B ¥ Ef
RNA2 YR E R B/NEH (LCP + SCP) Hify
ZE T o

RS B AR R BARR & DT

i _F it RT-PCR 3 & T %5 RNAT Y & {7
SNTR Z & H B Py #ETEE S ROE
2> YA3 Hi Yam-7 7 5| #H 6] & By 94.1% 5 B
GenBank &l F 8 ¢ TIHMH 5 &K HE M
SIRERETTIE Y - YAS B IRSRE] (Bupleu-
rum chinense DC.) BBWV-2 43 B # (Acc No.
FI485686) #H[E & iz = Ky 93.1% ; B BBWV-1
(Acc No.AB084450) K HENE IR 4% 5 (Gentian
mosaic virus, GeMV, Acc No.AB084452) H[d]
[EAE T3 A Ry 62.2% Je 42.0% o HEERLR P 5113E
1T neighborhood-joining bootstrap analysis [
G @G SRR (R EHIR E R R E 3 -

55 HH 3 W BT 5 RNA2 /Y KRB 8 0 BN
H (LCP + SCP) Z #% Bk F¢ 51 #£ 17 L ¥
& R AR 30 YA3 B Yam-7 f7 51 AH [F] & K
88.1% » YA3 Bl BBWV-2 H A HY 73 B (Acc

1. IR BEREUAL 27 £ AR By Bk Z BRI ORGSR e AT S T (E PR -
Table 1. Comparative ELISA values of viruses isolated from yams and those from other hosts”.
ELISA value (A405 nm) reacted with antibody to
Isolate Virus species Original host BBWV-1  BBWV-2 CMV YMV POTY
YA3 Dioscorea alata 0.220 1.127 0.074 0.184 0.025
Yam 7 Dioscorea batatas 0.277 1.412 0.063 0.110 0.013
DS09-3 YMV D. alata 0.037 0.094 0.004 0.420 0.229
CT-1 YMV D. alata 0.083 0.159 0.089 0.659 0.144
Sesame BBWV-2 Sesame 0.244 1.050 0.066 0.088 0.025
Cucumber CMV Cucumber 0.054 0.146 1.228 0.350 0.003
Lima CMV Lima bean 0.289 0.164 1.956 0.088 0.007
Safflower CMV Safflower 0.468 0.122 2.667 0.092 0.011
+CK 0.324 1.196 2.340 1.092 1.179
-CK 0.046 0.079 0.045 0.047 0.022

“BBWV-1: Broad bean wilt virus 1, BBWV-2: Broad bean wilt virus 2, CMV: Cucumber mosaic virus, YMV: Yam mosaic virus,

andPOTY: Potyvirus.
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Dab5’RIF/Fab5’RIR
1 2 3 4 5 6 7 8 9 10 CK M

400 bp 400 bp

BBMVVSSP/BBMVKMRM
3 4 5 6 7 8 9

M 1 2 10 CK M

300 bp 300 bp

2. Rk - AT EE S E (RT-PCR) Y455 © DL Fab5’R1F/Fab5 RIR f#5 [T ¥ FifS— 390 bp Y DNA
F B (F) > &I BBWVVSSP/BBWVKMRM fiff 5[ % Fir#§— 322 bp #Y DNA |5 B (T) © 1 @ YA3 73 #fk

2 : BBWV-2 sesame 57 #fifk ~ 3 1 Yam-7 43 BEfk ~ 4 0 (UEEZEgRT B~ 5 (UEELRIREAL 09-1 22 -~ 6 1 TR
F-07/11/29-7 ~ 71 4L 07-7-1 22 ~ 8 1 4L 07-7-1 ZHREE ~ 9 © AREHR4L 05-2 288 ~ 10 © HIGHEL & 2 H# Ky
CK : #fllgll (DDW) ~ M : S T2 -

Fig. 2. A 390-bp DNA fragment was produced by using Fab5'R1F/Fab5'RIR primers (upper) and a 322-bp DNA
fragment by using BBWVVSSP/BBWVKMRM primers (lower) for RT-PCR. 1: YA3 isolate, 2: BBWV-2 sesame

isolate, 3: Yam-7 isolate, 4: B bulbil of yam, 5: leaf of yam 09-1, 6: bulbils of 07/11/29-7, 7: shoot of yam 07-7-1, 8:
tuber of 07-7-1, 9: leaf of yam 05-2, 10: leaf of cowpea, and CK: control. M: markers for molecular weight.

Fe2. HEUEANTE 2 Z YA EHERAY RNATL Hify 5 NTR Bz 5 B A 5 500 55 s g 1T LAY A
[FIRE -

Table 2. Identitiesof partial polyprotein precursor (5’NTR) nucleotide sequences of RNA1 between YA3 isolate of
Broad bean wilt virus 2 and other Fabavirus species.

Virus species or isolates (GenBank Accession No.) ~ Host Geographic origin  Identity (%) Contributor (Literature cited)
Broad bean wilt virus 2

Yam-7 Yam Taiwan 94.1

BC isolate (FJ485686) Bupleurum  China (Beijing) 93.1 Sui et al. 2009

chinense

XJ14-3 (FN985164) Tomato China (XinJiang) 92.3 Du & Huang (unpublished)

Sesame Sesame Taiwan 86.4
Patchouli mild mosaic virus (NC_003975) Patchouli Philippines 92.0 Onobori et al. (unpublished)
Broad bean wilt virus 1

AB084450 (ATCC PV132) Spinach USA 62.2 Kobayashi et al. 2003

Gentian mosaic virus (GeMV) (AB084452) Gentain Japan 42.0 Kobayashi et al. 2005
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BBWV-2 (FJ485686)
PatMMV (NC_003975)

99 BBWV-2 (FN985164)
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BBWV-1 (AB084450)
GeMV (AB084452)
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Fig. 3. Phylogenetic dendrogram of sequence of partial polyprotein precursor (5’NTR) of RNA1. The tree was

generated by neighborhood-joining method (MEGA4). The numbers at the nodes indicated the levels of bootstrap
support based on a neighborhood-joining bootstrap analysis of 1000 replications. FJ485686: BBWV-2, BC isolate;
NC_003975: Patchouli mild mosaic virus, Philippines isolate; FN985164: BBWV-2, XinJiang Tomato isolate;
AB084450: BBWV-1, ATCC PV132 Spinach isolate; AB084452: Gentian mosaic virus, GeMV. (Bar = 0.05 changes

per nucleotide)

%3,
fTEEEHIMHEERE -
Table 3.
virus 2 and other Fabavirus species.

HEEZRRHE 2 Z YA3 JREEIRAT RNA2 B 07 R BER B BN 5 A% H I e 5 1 L EL At &5 50079 5 e o 5 148

Identities of partial LCP and SCP nucleotide sequences of RNA2 between YA3 isolateof Broad bean wilt

Virus species or isolates (GenBank Accession No.) ~ Host Geographic origin  Identity (%) Contributor (Literature cited)
Broad bean wilt virus 2
Yam-7 Yam Taiwan 88.1
Nagaimo (AB207244) Yam Japan 86.3 Kondo et al. 2005
Fruit sage (EF392660) Fruit sage Taiwan 82.9 Wang & Lin (unpublished)
Patchouli mild mosaic virus (NC_003974) Patchouli Philippines 83.5 Ikegami ef al. (unpublished)
Broad bean wilt virus 1
AB084451 (ATCC PV132) Spinach USA 53.7 Kobayashi ez al. 1999
Gentian mosaic virus (GeMV) AB084453 Gentain Japan 53.4 Kobayashi et al. 2005
No. B207244) K & &1y /K H B R & (Salvia EHE:]

dorisiana Standl.) 43k (Acc No. F392660)
1% H B Fe 51 AR (5 15 5 i) By 86.3% ¢ 82.9% »
{H Yam-7 B BBWV-2 H & 43 B £k (Acc No.
B207244) k&8 HY /K R &R 5 7 Bk (Acc
No. F392660) 1% £ 7 51 HH (5% 77 51l By 96.5%
F2 85.4% o [ B B A %1 #E 1T neighborhood-
joining bootstrap analysis AV 45 58 - 4@ ik #1 4%
oA 5 A TA il BRI [ 4 - W B % o0 A s 3R
HUR YA3 Bl Yam-7 [ #4955 5 418 it BBWV-2
F EAth 5 5 AR o R B AT BB AT - 1 0 [E JE Y
BBWV-1 & GeMV -

BYZAWm®E 2 (BBWV-2) BN T RS
& (Fabavirus) > 91 5 #2 &0 53 0 1 (Comov-
irinae) * Y /N RNA 5% 5§} (Secoviridae) »
/IN RNA J% 3 H (Picornavirales) < Chen ef al.
(2001) {7 FrEfE ook HE T E RS2 &
EEEBNERRE  BRANRGENKRER
B4 BN BBWV-2 B4% /A GenBank (Acc. No.
EF392660) » {HiZ25 RIEXFEREE - FHAFT
BRI E S Z Hi% 5 (Broad bean wilt virus)
& —TEp % > N7y BBWV-1 EL BBWV-2 i {i
[ 7% & (serotypes) (Uyemoto & Provvidenti
1974) - 1987 F B & i & 77 B Z B G (Inter-
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Fig. 4.

Phylogenetic dendrogram of partial sequence of LCP and SCP of RNA 2. The tree was generated by

neighborhood-joining method (MEGA4). The numbers at the nodes indicated the levels of bootstrap support based
on a neighborhood-joining bootstrap analysis of 1000 replications. AB207244: BBWV-2, Japan Nagaimo isolate;
EF392660: BBWV-2, Taiwan fruit sage isolate; NC_003974: Patchouli mild mosaic virus, Philippines isolate;
AB084451: BBWV-1, ATCC PV132 spinach isolate; AB084453: Gentian mosaic virus, GeMV. (Bar = 0.05 changes

per nucleotide)

national Committee on Taxonomy of Viruses;
ICTV) % Broad bean wilt virus 1 (BBWV-1)
B1 Broad bean wilt virus 2 (BBWV-2) §F & Fa-
bavirusgroup YWY {EF#H (species) » FHNEEE
T Bk 40 JF 3 (Patchouli mild mosaic virus;
PatMMV) fJ RNA #% ¢ 52 i (Ikegami et al.
1998, 2001) > £ 1998 £ /i1 A By Fabavirus &
T —{EHrfE > {2 2005 1% 50 Fy R BBWV-2
f9—#% (Fauquet et al. 2005) - [ BE & % 4095
% (Gentian mosaic virus) H 2005 F 1% B #
PR E & Fabavirus |& T HJ — f& (Kobayashi et
al. 2005) « (KU ICTV fz ¥ 0y 0 AR A > K
B 5% A R A% B Fe 51 bE 3 B8 45 70 AT AV 45 2R
BN YA3 Bl Yam-7 R & fH2T » H# B8 R
BBWV-2 fy H At 5 ik (ELHE PatMMV) 7345
A7 #RE R AT > O Yam-7 B H AR L& oy B
& (Acc No.AB207244) i BT - MRS FE
() BBWV-1 & GeMV - &R &%k 2 5L ~ B
Gorin ~ MBI E - WEE kT T RIES
PR > YA3 B Yam-7 73 J5#0 8@ BBWV-2 -
] % P L e [ O A s S 4S A J  f
% » I &5 B FAO/IBPGR fE 1989 4 ft 2 K FY
10 e ER A 6 f{ERE - 7AlE:
Chinese yam necrotic mosaic virus (CYNMV),
Cucumber mosaic virus (CMV), Dioscorea
alata virus (= Yam virus 1), Dioscorea bacilli-

form virus, Dioscorea latent virus, Yam mosaic

virus (YMV) (Brunt et al. 1989) o Hrf1 » ff
BBWV-2 5|4 » {H 1985 £ H A H1H BBWV
JBk L1 L1 2 #7 2 Ishikawa er al. (1985) » ZAH
724 Kondo et al. (2005) 7 1% 23] BBWV-2
AL ZE B S > T H S GBI g A
LA H R - NIt L ZEN RS S
B2 R EZ BBWV-2 fF1E

=}V
A RAZTBEREEZRGHGTE
100 2H-9.3.1-2-C2 5T L HE 1% - 58 20
i -
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Comparative Characterization of Two Isolates of
Broad bean wilt virus 2 Infecting Yams
(Dioscorea spp.) in Taiwan

Ting-Chin Deng"”", Yi-Ting Lin®, Chin-Hui Tsai’, Jye-Yann Liao’, and Ruei-Lung Kao®

Abstract

Deng, T. C., Y. T. Lin, C. H. Tsai, J. Y. Liao, and R. L. Kao. 2014. Comparative
characterization of two isolates of Broad bean wilt virus 2 infecting yams (Dioscorea spp.)
in Taiwan. J. Taiwan Agric. Res. 63(4):282-290

Leaf samples with mosaic and malformation on Dioscorea alata and that with yellowing and
mosaic symptoms on Diosocoreab atatas were collected for inoculation tests. Both of them devel-
oped local lesions on Chenopodium quinoa, and two virus isolates ‘YA3’ and ‘Yam-7’ were obtained
through single lesion isolation. YA3 and Yam-7 both with spherical visions were observed by electron
microscope and they reacted with antibody to Broad bean wilt virus 2 (BBWV-2) were detected by
ELISA. When back-inoculated to Dioscorea spp., tested plants of some cultigens with latent infec-
tions showed symptoms only in the following years and the virus was detected by ELISA. With Fa-
bavirus common primers Fab5’R1F/Fab5’R1R, reverse transcription-polymerase chain reaction (RT-
PCR) was conducted to amplify a 390 bp DNA product from both of YA3 and Yam-7. The nucleotide
sequence of this fragment sharing 94.1% identities between YA3 and Yam-7. Comparing with other
isolates, YA3 shared 93.1% identities with Bupleurum chinense isolate of BBWV-2. Moreover, with
BBWYV-2 specific primers BBWVSSP/BBWVKMRM to conduct RT-PCR, both YA3 and Yam-7 ob-
tained a 320 bp product. The identities between YA3 and Yam-7 of this nucleotide sequence fragment
were only 88.1%. Comparing with other isolates, YA3 was 86.3% identical to the Japanese isolate of
BBWYV-2 infecting yams. However, this Japanese isolate shared 96.5% identities with yam-7. Results
of phylogenetic analysis also show that YA3 and Yam-7 are closely related and belonged to a BBWV-
2, which is different from other species of fabaviruses. This is the first report of BBWV-2 infecting
yams in Taiwan.

Key words: Fabavirus, Primer, RT-PCR, Nucleotide sequence, Phylogenetic analysis.
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