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Studies on the Pathotypes of Japanese Isolates of Wheat Yellow Mosaic Virus and Their Distribution
in Japan : Yasuo Outo *V

Abstract . Wheat yellow mosaic is a soil-borne virus disease caused by Wheat yellow mosaic virus
that is transmitted by a soil inhabitant Polymyxa graminis. Outbreaks of this disease occurred in 1990’s
in some wheat production area. The breakdown of resistance also occurred and the disease has become
an obstacle to increased wheat production in Japan. The countermeasure to this disease restricted to
the changes in cultural practices by themselves and the use of resistant cultivars. However, the
imformation about the distribution of WYMYV strains with different pathogenicity and the relationship
between WYMV strains and resistance of wheat cultivars to the virus had been unclear. These
information are essential for the breeding program of resistant cultivars.

This study was conducted to contribute to the development of resistant cultivars to control wheat
yellow mosaic disease. For this purpose, the existence of WYMYV strains with different pathogenicity
to wheat cultivars was confirmed in two WYMYV isolates (WYMV-T and WYMV-M). Then, it was
demonstrated that the resistant reactions of some wheat cultivars to these WYMYV isolates varied under
different temperature conditions, and high inoculation efficiency was constantly provided when wheat
plants were grown at 5°C after inoculated with WYMYV. Under this temperature condition, three
cultivars, ‘Nanbukomugi’, ‘Fukuhokomugi’ and ‘Hokkai 240°, were selected as the differential
cultivars based on the reaction of these wheat cultivars against two Japanese virus isolates of WYMV
(WYMV-M and WYMV-T, respectively). ‘Nanbukomugi’ is susceptible to both WYMV-M and WYMV-
T. ‘Fukuhokomugi’ is susceptible to WYMV-T and resistant to WYMV-M. ‘Hokkai 240" is resistant
to both isolates. WYMYV isolated from wheat-cultivated fields in Japan, and the virus-infested

experimental fields for wheat breeding programs were grouped into three pathotypes based on the
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infectivity on the differential cultivars : type I, represented by WYMV-T and mainly distributed

in west and central part of Japan, infects ‘Fukuhokomugi’ and ‘Nanbukomugi’; type I, represented

by WYMV-M and mainly distributed in northern part of Japan, infects ‘Nanbukomugi’; and type I,

distributed in a field of west part of Japan, infects all three differential cultivars.

It was suggested

that because all wheat cultivars which had been cropped in south of Miyagi prefecture in the past

showed resistance to type I ,type I or Il are dominant in this area.

Key Words . Wheat yellow mosaic disease, Resistance, WYMYV, Virus strains with different pathogenicity,
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RHBEBHL72d o0, £<031, 2128y, BB
BrEO~AF v 7K B REHMERO WA L HEET
Hotz M2)e —J, 5TTIIHHIBLILMWIM L
R0 % 3Rt 2, 3Lhotz, E/2, WA

FrrOBOONLE ol D Fldsre, T
MRICHT 2 [Fr7asF] ok T77F8a4
FACHBE LT, ORWRBOWMEZES, @
5 CIXICHARTIO CRTIREBEICEEY, ®5T
X & 10 CROMEDMIZBIT 25 mmAEES &
DB OEVDIKRE L, ZEIEHTH -7
0000000000000 0O0oong
HHS (Kusume et al 1997) 1%, Aui#EEMN TR
WML7: WYMV ¥z 8f: 15 CTRIE LAz & &1
[EHNE] L o 7z &) S 25724
Br, k- RA (1964) 12X 55 aRERY
(BUAIL M ZE Y v 7 —) BT [BENE]
B L2V GRS, ALl WYMV B ¥
FEDHALBENTEL > ¥ —D WYMV fr& 2 5
WREMEZ IR L T b, L L, —J iR,
—F1Z 15 C &) R R EWIRE TORMERERTH
HIEND, TNOLOMMBELEREILET S L3
LWEEz 5N, 22T, JLilO5 vk E ft
FEEWITE 2 ¥ & — B 0508k AS [EHE/NE] DR
IS X VAR T SN DD ELEHEDP D B 720
(2, b i E A E T D B PR A A S BREL L 72
WYMV-Dm #k (BLF Dm#k&§ %) I22wT, M
ML o [EHANE] T 205 % H— 0l
PR CHEEILB L 72,
1) MBI OHE
HS (Kusume et al 1997) DR & DLbED
7o, BB BT CAIREL, ME S
BI%ho7/15TCE, AIfiTRELLBFEIEON
725 Co 2 Bebsiw LCoMmE iR L7z 2 h st
DORBRM - B, WEEHETH S,
2) *e
[EH/NE] X, 5CTIZ, MERE Dm AR I
BTG L 720 —T5, 15 CTIE, M RIS
FE TG L2 Dm MRICIZE S L e dr o 72 (4o
3) & 23
REIZBITDRBOK RIS, O F v 7TasF],
[727FRaLEX] O THRICHT 2 SIZEEDRE
2, QIREORE [77Fa3naF] Ly [+
VTAAFE] TREW, TERHLIERST, T
b, W XD EGUEROG RAE T O
DREEWRLDZEIREINTZ [FrTaLF]
i, THRICERETHS D00, Kidd* 10 COR
1Z, 1 FEAERRET WYMV MISEEE bR, »
DIZEEO L) R RT I EBH L L R



80 WAL REM T £ > & — e

00 mfE [BEHE/AEZ] © WYMV-M # &-Dm #
VXS 2 HHUIE PO D B[]

BERRIL O WYMV-MiK WYMV-Dm#k
TS S =] i *EZ' = = - -

MR SR WMER 1 B2 AR B2

5C Fr7aisx 2¢/7 5/7 7/8  3/4

& H/ N 2/14  3/14 4/14 2/14

15C  Fr7arx 1/8  6/6 4/8  6/7

& H/ N 0/14 2/14 0/14 0/14

a) ELTSATTWYMY 5P (-5 / Bl (A 4%
DR I3 ALHEE DT TERIR & T,

", Kusume et al (1997) »%#i# L7 15 C Tl
FEREIRDHHEE & 7 4 L 2 ORI S 512
Bl bR FHEINL [727F232F ] OT
FRICH T 2 BUS bR & 2 882 Z 1 Tw /78,
[77FasF] F [Fr7arFx] LYiREOE
BEZIFIWTEPHEAS N o7z, T, HER
EBI R0l VWTROWMETYS [Fr7asFx] ik
[77Fka2F] XDHHGERDS L WYMV il
R DOWMASED > 720 Vb2, [Fr7an¥]
E[77FanFx] oTrICHT 5EsMHESE
S X o TRELEHTLEEZ BN D,

Kusume et al. (1997) »7m L7z, dLilE®
WYMV #R & BILEENTEL > ¥ —D WYMV ¥ &
A TEHNE] SR 2RO A B &) RS
MBI HEMEE Dm bkE M MR CRES L7255 5 5,
W WYMV %O B O EE 0@ HKR e 23, 5t
5T, %< Ed Dmbke MRIZOWT, [EH
INE] R aAE & U OmE M2 XS % A Rk
R EH L7z, TRHE/ANE] © M#kE Dm #RIZ
5B B VTS, MELEMIC X 2 8\BUE G
PR ARYIN 5 E =S (Al

Dbo [Fr7anx], [77FasFx], [EH
N ] ORBRORERIL, GRS TOHRIEHTT
DIEPHEREIZ BT, ML A VAKRICK LT,
BRI IE 70 T THRPTEZ R L7221 b 59758
WHLCIIRERNE & S SN2 A ET A L %
REL7z. 7z, LW KiRO 5 CTREIMERT %
TiARBIEBL Y WYMV OB REL TW5B &%
BNz, FHE - FA (1964) 1%, BT ORI
SEWZE Y & —NOWE T & KT O AR b E RS
ARy (RIS B lg, BUAEIE, el [ Dy f 3
Mty —) Nowti250L, Thehoilli
PNIZEE L7z v 7)) — MW oKL CH— o

55105 75 (2006)

mEEZHWTHRRORKREBI o/l 2 A, T
MO TL, MEARHE MR TORRRIH L
S, BT [Fr7asrF] 23 LoBMETIE,
TR 1120k LTS TR ATRD SN dp o 72
LD S, BRI TIE 90 %L Lok TR A
AOONLZEERELTWD, W TIIANICH
FEEIRATS CULT TROB T 2Bz L A L v
DK LT, EETIX, 11 Aha2rs 4 A
THFH&MR 5 CUToRRSEFsEMICh:25 2
EDS, [Fr7anFx] OB 2K
JEDZEBIAIFKT, 2D X 9 ZFemfLRE o Hud M 2
MPHEUEEZ BN, MEIKFT 238 THL L
Zxobhlz, F72, WUKE - A (1964) O
THEA L 72 WA AV B TRB AT L v oI, &
ER TR S N7z X9 ISR I R R RR TReE 3
BT LICEDRBMARE L CEE L2720 EZD
Nizo FHRMEIZIIM A LM TRELTRISh
LR SN Z D, [Fr7an¥]
TOTHRICNT AN ZEZ2 5L, WEICIRE
WAL T 2 b O X IWPTIE S & Lo a, B
MR AE R DIRBE LM DT & 0 R L 725 RiR
WA R Z W CET, T AFEEB ORI T
BMIND, L72do T, ahlE R0 28 HC BEAR O 3 T-ifl
12720 T, 29 LAt s LTk
BrwneEwnwz b,
AREORERD S, WhtEMfEORliEE L, i
WHEMZ 1T o 720%, O 2 »Htk% HEIZHEH
BROREED 4 ET HFET5 CTHET S, Q20
WS CHIRR T 7 A IV ZAASR I S e o iRl & KT
e LCRHET %2, OBREL L L35 WYMV #
VZREI P O H B AR S b B PR IRIX & L CRIRE L3
ML, ZOmMETEBIZETT S I & THRERDAL
LTWwbZELERTH, L) PIHZRKSL Z &I
X0, WMIHESEEIHMEiCE B EEx bz, #
s OREEEREZRINTIT ) &, HYEBICBIT 2
ABR L AR, IPUHERE D720 O WIRI 2SR & 4,
F2IMELMEPAL R D OT, HHREIZZO
A RKRBRICIEST ) 2950, NTAREHT
TIT) BN D %,

U wymvioooooooooooooooo

Hi# T, WYMV OREEO L2 MEL, 224
SR ZM ORI % L ORRINAT ) 7280
DHEMZEM LI L7, 22T, RETIE, %
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FIC X 2MEZEARL LT, OHBIMFEDRE &
WYMV O ER O g, @ ZRE RS2 5 BRI
L7z WYMV ¥ROJ5E T 3R & 72 & 95 R %)
T L ISR EIROIR, 2l Ahiz, TDDIC
/NHE - AR (1989) AR L7z il s & L7z dh
HoOmH S M ke T #RICK T 2 3P0HE RS &
LW Z RO, RS VW CTHA
FH D E L T A F RGBT ID TS B 12 381
% WYMV O 58 % H5 L 72,

Ooooooooon

1) MEBIOHE

MR OREEL, UTOFIHETBI ko7, £
F, RSO GAE & 7 B T 20 - R (DT,
[fE] Lv9o) ZRILEENZEL Y ¥ —ND T A
FREEMRG RS AT L, 2h s @0l I

MTOFRE T A NV AMIEOH I, S 512, WTER
2B B 4V A DB O A 2D T — Ik
EBIholze RI, —KEHRSNWMEED Tk
A RS &, R X ) R, B % B
LI AN ADBIHOA TSN —F L7z d D% ZRKFEK
L7z ZRBEHR LAWK LT, MM&EHHE
L, BGCTORREFEL»E ) P EiErD, —K
L72b 0% HBlaiE L UCRIRL 72, ok, 15
mIEOREEITIE, FEORS S, Wk, AL
TOFHOWEEMR D ZE L7z 101 HRERT—
TGP L 72013, ¥ TmmE TR ) At 2 & T,
LR S RET SO OMEENREED L S
LERDL S0 TH D, HBIMHEOBE L 252
AFX ORI, ANH - A (1989) O &AL
FWget v v —IC BT B WA (K5) 125

00 BALRESEY v & —FERCER Y BT 2 2 2 FREMIN IS 5 3 2 %0

T - RO S

L4 D95 M PELISA L4 I ELISA
FrTanx + + L =N + +
A. speltoides — — Fuai U a X + +
Ny —F (TAF£) - — FIR T A LF + +
Triticale A Y aLFX + +
Avalon — - Hdk195% - -
Bezostayal + + Hdk19675 - +
Gains + + k1985 + +
PaiE178 %5 - - L1995 + -
PEFE1795 — L2005 — +
HIL305 — — k2015 + +
L E + + HAb202% + +
deiE2515 + + k2035 + -
deiEe525 + + k2045 — —
R71% + + PERARIEW + +
R72% + + PERAR2EW + +
#4k205% - — FREBARISY + +
#4k2075 — + PERAREEW — +
#4206+ — - FranFx + +
#14k2085 — — VETV ALY + +
LwA ko (GRIL2SE) - — INF v a X + 4
HEZ-Z — + NFHYa AF + 4
Ao vr (ALRe6%s) + + EYIany + +
LT + - T =W + +
BE275 — + R/ =ahk¥ + +
B + + RYX alF — +
I RALF + + X F xR - +
JERR105 — + UHwYasF + +
XN IasX — +

T AN LF + +

aaFalbF + +

19964 5 H28 HIZFHAE L7z,
a) tHEHY, —FHEEL, *HEDbLWV
b) ELISAIZT, + (BGtE), — (Fik)



82 RALREM T £ > & —RF e %6 105 %5 (2006)

D&, Gt 54 il - REE L7 (K6-1, 2).
6oL, (M) REAMEREMIEHTO Y — >
N 7 AT I21E, Accession number AR LT
Hbo TNLNOGFEOMEFIL, RKITRL W5k
MIbmiEshzdo, FR3RILEENREL Y Y
— I R EE A E RO b D& v
7oo TNZNOMEE, RETHEMNFREICL )
TR L THh M7z,

WYMV B D ELISA 13, TE1HEFE L HE
THT o720 72721, T EBO AL O BE#E H AR IS
&, TS (1984) DG, 0.05%E %25 &9
Tween20 Z AN L 72 0.IM 7 = ¥ @R (pH7.0)
=iz,

(1) W ¥ & B
35T O BAREGNC & 5 —RaEHUS, HALREDT

I8k v 7 — B TIT o 720 S OEYIE, WY
HoOBRXRZ+ (pH 50) T, I AX% 7THEEEL,
5 R MR IR AT DNz, B
O WYMV R, 1996 4~ 1997 4E (1996 4F 9
H 28 H#%fd, 1997 4F 4 7 8 Hild), B X1 1997
fE~ 1998 4 (1997 4F 9 H 27 H¥%HE, 1998 4 4 A
20 HEA) @ 2 24, WTH250 WYMV O
HIZDWTIE, 1998 £~ 1999 4F (1998 4 9 H 28
Hi%RE, 199944 A 14 HIlE) D1 0EBI -
7oo 1996 fEICHERE L 723 BRICIE 17 WA L,
1997 43R HE L 7258121, Hi4EORERT WYMV
MR SN o7z 13 mfliz &8 50 Al 2 ksl L
720 S 5T, 1998 FIZHRAE L 723 BRICIX, HIED
REECRIBOAES X O EEH S 07 4 v A
DA WD T B > 72 il & Ul 24 Gl % R OY

0000  [F#¥To KRS TOHB ahRE A — JORKEUER CHEA L 2z an O 5690 & EE - M ARIC B

5 WYMV #it

i 19964 FFFE 1 B8 19974EFRRE M LHS  19984ERERE MUTE mrodisk

L W WK RS WWKH RR= Wkl (Accession number)?
k165 35/79%  10/10" 34/39 +o) (00023010)
K205 0/23 0/5 0/15 0/10 0/10 — (00023573)
K265 0/54 0/10 (00023283)
B30 0/8 0/5 0/22 1/10 (00023232)
ka2 0/1 0/1 (00023012)
K435 0/18 0/10 0/7 — (00023285)
FER595 8/75 10/10 (00023287)
P61 0/21 0/5 0/54 0/10 0/18 — FLE MR v & —
BERT45 4/46 2/10 (00023387)
deiE2405 0/83 0/10 0/40 — (00022294)
Hk83 & 0/34 5/5 6/81 10/10 7/45 + (00022521)
ko015 0/43 0/5 1/90 4/10 1/35 + FLE TR v & —
RA 885 0/22 0/5 (00023084)
BT 1027 0/35 0/5 0/22 0/10 (00023204)
Bs107 5 0/72 0/10 0/41 — (00023215)
L7185 17/87 10/10 (00022253)
L7195 67/73 10/10 (00022254)
1t%1693 3/67 2/10 A 7 R S AR
b7 1651 4/79 8/10 A 7 R S AR
LR 69/72 10/10 A 7 R S AR
LR72% 7/71 10/10 20/22 + A 7 R S AR
JER73% 54/85 10/10 B[R S T
bRg 44 5 10/73 10/10 10/46 + (00022928)
BiE27T5 0/13 0/5 0/11 0/10 0/7 — (00022967)
BiE29%5 3/80 10/10 3/46 + (00022968)
RYiE 12/54 10/10 (00022195)
TREEIE 46/66 9/10 (00022865)
R AR5 0/84 10/10 1/38 + (00022342)
THHPaLX 0/27 0/5 0/4 0/4 (00023700)
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Bk L 72

AR, WTROED 2 KEGRETIT- 72, &
BRI ANIC 75 cnMfA TR S 22m OEZREL, 1
BB X IR L Lz, SRABEOWMMOE: S L O
& EERIE T 0 50 cml2 1, oD 35 C W 2 R
RANTENEE [F Y7 anF¥]| ZRamtho AR e L
TR L 720 ABRXIE, 1 RHE2 moESE L7,
W, ScemMIFEONIRE Uiz £ 5hHE I RN
CHEVE A R L7z, K1 SISO & 25 R/ AR
& LT 1996 4121 2 SUERE 50 K, 1997 4EI2id 4
BAEEE 100 KL% 3B R L 720 B4 RIS TOfEKICD
WTHRIRRAEZ B holze TDHK, 1996 4F12HEK
L7223 TIE 1 RO X 2 DD RUHED & IAER
A5 R, 1997 AEICHERE L 22 3BR T 1 SR

RO EFAE R L, ELISAICX D WYMV J&
BeD A MW % P72 0 BAARREATRICT & B i 72
wvinfiilx, 2 TOMEEZRINL 72, 1998 4123
Tl U723 BRC I, B4120> 1999 4F 4 H 14 H IS4
ROFEIFRAE 2 ATV, WHAEFEAR IS & fl 2 212 10
MR % MEAE 2 (RO, YW o 70 — 7z
10 R O T %A LT 13k L LT ELISA
IZE D WYMV Bt oA % <720 s AR A
10 EARICHE 72 e W R X 2k & Fl vz, MLEo
BB OR R S, HALERENZE L v & — [T
W EFBEHTETO Y A NV ZDOBMOA WS L UV
B BLO A WD 7 i % — IR L 720
(2) NTEET TOHRMRR

HRERERBRICL Y, KBRS0

WO EKERMEICDE 2, SEMAKRT D4 RKBEAF10  THICHTZRIGIZE 2 ZKEHKR, BLXUOZ0%
ogooo
Rk 19964FFEFE I LER  19974ERRFE ML 19984ERRRE HUTH Mropk
" RIHE OWWHRHL RRE WWHRH R Wiy (Accession number)?

P 0/29 1/10 (00023536)

L) 0/40 0/10 0/21 — (00023526)

XA HITLF 0/42 6/6 WAt v 2 —

Bl 0/4 4/4 (00022471)

VI X anF 0/5 0/5 0/58 0/10 0/39 — (00023389)

vagra ¥ 0/61 0/10 0/34 — (00023708)

F s 0/63 10/10 (00022981)

HF ¥R 0/63 10/10 (00023276)

PR 0/21 0/5 17/63 5/10 (00023274)

Bravyasyx 0/37 0/10 2/18 — (00023006)

HEGRE 0/39 0/5 0/64 0/9 0/41 — TEMIBIF ST

S 0/73 10/10 (00022877)

FU v anF 14/61 6/10 0/8 — (00023698)

FARZ T LF 72/90 10/10 33/35 + WAt v 2 —

= AP anF 0/24 0/5 JUMN IR 3T e o 2 —

EPN 16/76 7/10 (00023952)

& /N E 0/14 0/5 2/35 2/5 0/8 - JUMN IR 3T e o 7 —

2= ) 10/54 5/10 (00022244)

RS L — 3/89 2/10 (00023368)

/A 77/77 10/10 33/36 + AbHiEIE ST o R R R

A= = WA S 8/69 8/10 29/36 + HALREMIEE L ¥ —

PRSI 0/20 8/10 (00023377)

EINKORN 0/13 0/5 0/13 0/10 (00027482)

Turkey red 64/67 10/10 31/33 + JUMN IR 3 e o 2 —

velvet 6/40 5/5 YEMIFZE T

(Capiy]

FrTanF® 82/96 20/20 48/113 20/20 4/47 + WAt v 2 —

HET AR ZEIITEE v & — N D 2 A R ZERE 5 Ye 3 © B AR T T1T o 72,

a) FEHRBEEE R IEMAE/PAEE LD, Zi3E L7z,
b) WYMV i HISREE  (ELTSA CWYMVEGMER (/A8 8450 . 22 it L e o7z,

c) MTFECOWMVEH OA®E, + : ELISA TWYMVEGE, — : ELISA TWYMVEEHE:,

ZERFHER L 220 o T2,

d) O B2 ERITRRT Y — o 8 v 7R AFFE T D Accession number



84 WAL REM T £ > & — e

D M ARIZH§ 2 S & B RBR o R —HKT 5
POMREB I oz HHHEMEO LT 2 6
LBET, oMY OBEA, TH2HEHET
ATES T CHRIR5 CTIr- 72
2) R
(1) ¥ ToBRIERRERTE T TO—RK#EHK

Pl & 3 D ORBE R AL 6 12K Loz,

1996 4F-H51E o [ 35 3Bk T, e 10 R R AR oD
F 73 AT THRIBEEZ 100 % TH - 7225, 5
W OSIRAS 3 A2 5 F4E L D 2R E oI
BLEDPAHIZADS TS 10 CTRME L2720
FERMEMARI 96 fEfA T 82 iR & 72 o 720 S DSMTF
TWYMV 23 S 20 22 flilg, [k 20
Tl TEMA305], [EM61 5], [HIk101 5],
[BAH 88 51, [BIIR 102 5], [¥E27 5], [7H
HEALF], [VYIHFarnsy], [HhEl i
FREL [=vyH¥ars], TBREMNE] (UET
aestivum), [EINKORN] (T. monococcum) T&
ol TREL, [P FarF] L, BFELEN
o 72 72 DB A e oz [543
ILF ] IRBIIR E o 7288, AEMKTRT
T WYMV 258 S 7z,

1997 AR5 O B35 3Bk CUk,  F0 I o KR AT
AR X D) B OICHERS L7z 72D 2Btk B Al [ >
7 anF]| TIE, BMUMBEIZHTERER 100 % TH >
72 3% 113 AR 48 HARICE F 5720 T D%
T T WYMV A S Nz o 7 bk, [
2050, [EMR26%5), [EMK43 5], TR 61 5],
[eifE 240 51, [BIR 102 %5, [BIR 107 %), ¥
E27%), [7HH¥arx], MLEMIL, [V
BFar¥], [Yartrars) [Eravyyaas
¥], TH#KFE], TEINKORN] TH-7o —H,
FERADIH & 2> THIGM AL & WYMV ERGH 4 40
g ro -0, TEMK16 5], TR 19 51,
ME5 71 %50, THER 72 5 1, TALR 73 5 1, [,
[FHx27arF], [ ], [Turkey Red] T
Hotz

1998 AE4H ML, i 4 0 3BT BT o HPTE
B L ORIRESOS A TH - 72 b 0% HuULI, M
TEH2»H WYMV O 2B holze TOFEDH
I A\ S SR AE & Rl 727200, R4
BIZEMTH oo TOFEMTTRHEIARDLNT
WYMV 238t S o 2zl TRk 20 5,
[B# 4351, TR 61 51, THuif 240 51, [BIE

55105 75 (2006)

107 %], [WE27 %], NLEMD], [¥I79%Fa
AX], [vuaFrary], [RAKRE], Tho7z,
—7J5, A S T WYMV 25 Sz b o,
[ 16 5], TR 72 5], [JeBIR 44 5], [F &
gan¥x|, [ v], [Turkey Red] THo72,
Y FOBGHREBR» S, I EMTEHISD Y A
W AR O A5 U 72 LU O i 2 10 ) iRl oo
— KR E Lz $hbh, RILRENEL Y & —
W c oYtk SAE L LT, [EA20 5], [
43 751, TR 61 5, [k 240 51, TR 107 51,
[RURE], [¥ravyar¥x], [YI¥Far
¥, Tvarrarx], NLEMA], BLIUI-1
T T BRICHERIET M ARICIEPIME 2R3 2 & 2 iy
L7z [727 823 4F] ofaH 11 aHi%#EE L7z,
WAL R TE £ >~ & — Wy CRpME A R L7zl &
LCi&, [Fr7axsFx], [BR#165], W83
T, TR 72 51, THRER], Th7 ],
[Turky Red), [JLRIs 445, [¥E29%] ® 9
il & A7,
(2) ANTAST oHAREIC X 2 15O
35 D HARFERR T T M BRICK L CikbttE 2 R L
72 11 dnfl & B E % R L7z 9 O A5 20 dbliod
T BRISKE§ 2 (MR R BRI B 5 BUs &, #£7
DX I o Tz B L 22 (il 240 5 %
&3 RCoMM - RFET, B TOEIE - B
PEIZB D S TIHRBAHER SN WYMV 25Kl S h
oo TRH107 5], [ 99 Fa2F] b, THD
M B EEAMK 2 5 7225, Btk Z R L7ze S ORR
(2, BREEVE, BREE LRI HMRL T T BRICHT
PxELoTHRRME LT e 240 5 %, 72,
T BRIZH LT A )V ZA BB EE A3 < % B82S B
Thotz [77HRILF] % THhE ML DORHE
WEST A ML LT, ThEhEE L. T
B, MBROWIRHREE 2 bhbmfiie LT,
[Fr7anF] 28 A i, [Fr7a3aF]
PEFRNTEE L TREZ R 2L, ALK
TTOREPBEDHTHHI LR EFEE L, Zh
BAnfEIZ DWW T, M MR B L MM SRECL 728
BCTORRE OBEEEMHRA LA, —HLT
Wiz (7). Ubkdrs, T778aaF], [kl
240 5], [Fv7anx] #HplafEe L, [
205 | #BREST [77F31F], [FrTasF]
R T HRERFMRE T2 1ML, i 240 5,
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00 ALRKTCToONEEM

FABRIZ 35T 2 ) it B A5 Al o A D

WYMV-T #, -M ¥RIZ53 2 B

HALRNT & o & — [l THETIE

HALRMT & o & — [ TR

Wattisg s @ Bt @
. , (WMVERA7) . . (WMVERAL)
uu@ * %WL% THE MH% uu@ * %rwjé THE MH&
TURALX 7/10  0/15 FrTany 4/15  11/15
JEFR2045 7/10 K165 3/10
K435 5/10 H k83 3/10
ER61%E 5/10 JR724 7/10
de#E2405 0/10  0/15 IREEAR 9/10
B 1075 4/10 wr v 5/10
L] 4/6 Turky Red 3/10
HAEGRE 8/10  0/15 JeBd B4 6/10
Yraygvarx  1/9 PiE29% 4/9
I Xasy 3/8

vaixrasF 7/10

BERE L7, ATRET (5°C, 2B AR (BReasbUR 190 1 mol

phton/s/m2)) TKI2 » ARIE Tl

WYMV2S R HE & AU 7= EIR D 2 TIZB W TRIF RO iz,

a) ELISA CWYMV G oD il A5/ fHaf s 45k

00 ERZHEMHEIUERGER Y & 0 08 L7z WYMV ORI L2652 BUS

B4
A L ARE BRI - P B
7 ARarx  duiE2405 ST as¥
WYMV-Dm  dbiEE N 20/17 0/19 10/15 1
WYMV-NC  ZK3IIRH < 1T/ (TEMRIFZEAT) 9/12 0/14 7/12 1
WYMV-K fEhd BT OuNpB R v 2 —) 16/24 0/23 9/21 1

a) ELISA TWYMV G Dl (%% / (e 18 (5 4%
WYMV B PEfE A D 4T TRIFIZRD H iz,

[77RaLF] #B0ST [Fr7ar¥] B
T MBHZRERETLMRO DORER % i
E L7
000D00000000000 WYMVOOOD
ooog
1) MEBIOHE
FULESERIZE £~ & — DAt o deima fEd, 7
WFZERE, JUNIPRBELERTIE © & — O & MeE B 2
SIRM L0 HiRO ~BEA2ERSIIRLAL, &
WYMV #i&, $RECL 72 dhflCHygtfth, &1 BamsE
THZALVZ MAAT 4 7% (DN X YRR
REZMRTHEEH1Z, ELISAICXY, WYMV
Polnig & o etk £ OF SBWMV OREG KGO H
AR L 7zo VEMIIEZERT B X OVJUIN IR B ST I
LYy —OGERTIE, BETHMERSEB LY

ELISA T SBWMV (2 & % ZFHZEHMK O RGBT
WSk otz 22T, SBWMV O BG##ER A
WYMV LD W2 E&FH LT, SBWMV 2% %
W wEEbh s 5 T TOMMNERMZ M) &
L, ELISA T SBWMV 2% & e 20 o 72 FE il
Y B & Lt L7z JBanE (ki 240
T, [77FkanF¥], [Fr7an¥x]) ofivz
5~7HTOEZEImMDTIAF Yy 7Ry MIED
RERZEREL (7 LRZEST) ISHBEL, 20 ~
25 CT3HMETET, Bk LADLFEUSEMT
WAl BAE, WYMV Mtz B2 7% - 72,
2) ES

e EAHETT, KR AXTHEWREZERT, f@ b
VLSBT JUMN AR ST ZE &~ & — o K he M
B oMM LZBKEICIE, WIFndESH
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570nm & 275nm D DO D OB RKT-H 5 2 B it
B2 WYMV K722 S 11, ELISA TWYMV
AR & N 7zo HIPIEAEIC R B E ML, doiE
FHET T8 L 72 Dm #Rid M bk & RIS [kl
240 5], T77KarF] 28033 [Fr7an
¥ 2B LIMEFEN SN, —F, fEWFsE
Ok (WYMV-NC ¥k, DLFNCHEWVI,) &
M - SRR ZE v & — S OB (WYMVK #,
DT K#kE Vo) 13, [HeiE240 7] 2 B0 &7,
[77&asF¥], [Frv7as¥] 2L I1RME
RIS (F8),
3) & £

WA SURSHIR NS X ) B B 2 L b, T
ANWARKOTFAEDE L P HI|HI N Tz, Ml
M - 3% (HIH - 3%, 1935b, 1936) 1, S
s X OENOEE LR T A FWEE ST O+
% U o B FRERY LN /N R D, [
BRI XD dEROS & e L, [VHERER, [Hrp
£, [EHK45] ORKIBIZE I FHEEZVLOhD s
A FZbF, REEGLOTREMEE R Liz. FHE -
B4 (1964) &, LEEMEEETHIC & > 72 b ] R SE R
oW FEBR L2 £, WK% KT %
EIIEZ, BRI O M0 B R ERERY; & O T
T A AR LS & R L 7. ZORER, B8
(LRSI - RBRAERIC K D ARA T, FAMIC XY
BRI MIERZED RO SNE DI, HIZY A VAD
FEEMEDBE VR HIEDENZI BB DOTIZ RV EH
il7ze 29 L2 ehs, BRI LS WYMV
OIREEOEINI MR SNz F 72, HARERD
W TH > 7272012, FHTHEL TS WYMV
PROFERERERIC X 2 B 3 5, FRrEies )
BT OIPUEBR B IR O R b FEEIC IR T E &
Dol AT, HEKOLINE 5 CLROHE
PAEERERIC X 0, BREEIC X B RS OEWEHER L C,
@050 Sl &R IE AL D PesE, (@ T ZERFEROE I3 2
5 O 53 BERR O IR E T DR R % A7z

WYMV RAGH R 0 72 O 5l ih il & 53 512 8 72
D, 3, BV LIS O BOG 25 2B
TE2b0%HBIMAEL T2 ENEELER 2,
/NHT - A (1989) 1, ELISA % Hw T bk ek
B X OO REEEO 168 SO RS IC BT
% WYMV BHOREZ TV, WO mE%x
WYMV A5 S e 2 &1 & ) S s a5
EHEE LT, £2C, ROOFR2Y ELT, /b

55105 75 (2006)

H - fAl (1989) OIEHUME DR 2 k% Ik
LT, BULEENEL Y —BICBIT AN LD
POMBEORIE S S#EIZ LT, ELISA 12 X 2¥)%E
ERRICHNGREOREE B holz, TORRE
WYMV iE [ 72783 AF] 1S 2WEMEOH K
XY, 20o0¥ERNCERITAZLE L, €5
2, [deiE 240 51 13, WIhoORERICHLTH
EHMEBIZERE 2D ) B2 EPHLNIT R -T2,
FIT, L (1985) @ BaYMV O RO H )
ZEIZLT, THERERLE TS [77Fa2L
Fl 2B2L [1LiE240 5] 2 BHL S IR L,
M #HEFE/RE TS 72783 20F], (Ll 240
Tl BRICBPSI VTR EZRE L.
ERRORBIEFEZ VT, EEERT O ER
SEMS A S FIL 72 WYMV ¥R J ik 2 58105 L 72
&2 h, il fHET OMOE R YO Dm #RiE M Fk
S U DAL, FEMEZERT ORoE Y O NC bk e
PIPHE L SERTZE 2 ~ & —MOE I o K i T #k &
FU IR, Zhzhsishz,
WSROI, TBH 107 5] & [¥ o9 Fa
AF] L, TEISH LT [7 703 aF] kO
AR T A EDBHLNE o7z, 51T, Wi
D T MK 51, ELISA TlRIEHMEIEH
RELBVH OO, BEMMEARIED 2 SRR
BOEER [77Fa6F] Ihfv, 2oz Lp
5, WAFEE, TRNIH LT AT S 0PN T
RO LEZ bz, FEBRIZ, MREOHZMRT, v
T Rfl» SIS Z T 2L e sh b
[vafranyx], [F7I34 X3, AN TY¥]
E Vo Ze i, JUMN BT SERTZE R~ 4 — (T ),
RALESENIZE £ > 4 — (IR o & e Fly CHibt
Pl LGERS N, 18, T8oZhEhoiE
eI TP L L CEAMES T 5,
—HT, [ H3aLF] 0XHIT, BHEER
WYMV IZEG: LT HIRBATRD b e WhEmMT
HLMEDHEIENH S kol [F¥HITL
FF, KbE LTRIAZOBEETIEDH 525, £
DR & D RGR O E L AR > Tnd L
ZROND. 9 L7z DRIHERIED w2
B nE, BB ) — I LT 5 &
EAbNb, 5, PEOIKPIICINT T, B
il S 0 7PV O FHI I T 2 L ED D S
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00 HAENIEEDLAFBEGREE D SERIL 72 WYMV RO 55 F
WYMV A5 HH g )
WYMVER 4 £ ik - -
Zr7ARasX  dbE405  Fr T aAF  JRER

WYMV-Tn2 AL i By 1y 0/14 29 /14 10/14 11
WYMV-Kw3 AL Sy 0/14 29/13 13/13 11
WMV-Ng  FHARIR AR AT 0/19 0/18 15/19 11
WYMV-Yb2 & T IRERI AR T 0/12 0/12 9/14 11
WYMV-Sw 5T IREEIR ARSI BT 0/14 12/14 6/14 11
WYMV-Hm3 & FRAEETT 0/14 0/14 7/14 11
WMV-Kk 2 AL B 0/21 12/18 7/10 11
WMV-Kk  H TR B 0/14 3/12 10/12 11
WMV-Tc  HFIR—BH 0/17 0/21 10/18 11
WYMV-Fs & FIRRRIRNT 0/14 0/14 13/14 11
WYMV-Hz EIRIRECKER A HT 11/24 55 /24 7/23 I
WYMV-Ka  BERSIHUIFS 9/14 0/14 7/14 1
WYMV-Yk PRy IR Ak 4/17 0/19 3/13 I
WYMV-Hy P4 SR HCHT 6/11 0/14 8/14 I
WYMV-Ku PRy ST T 9/11 1P/11 14/14 I
WYMV-Tu = EE T 19/20 0/21 8/14 I
WYMV-Un =R — SR I 14/14 12/14 14/15 I
WYMV-Ht  BERIRBEEAR R EHT 19/19 0/21 9/20 I
WYMV-Kt R B B3 i T 9/14 0/13 1/12 I
WYMV=Yt @ ] Y2 | L P AT 14/14 3/14 13/14 111

a) ELTSA TWYMVEL o> 8 {5/ Bt 18 45
b) JES G

b) ZBR< ATOWYMYBGHEE A TRIFAZRD Sz,

0O oobobowymvoooooooDoOo

0000000000000 000000000
OowymMvoooooodoo
3T T, WP EEFRT O E
B3 B % WYMV O 5 R ki BIFR % B & 2
2L 7
RETIE, HRFHWTHRELTWE WYMV #IZ
DWT, KHEMERYO WYMV & Skl okbuik:
WIZERIC L DB ORERMZBEL 2L, £H
BEROSAARNEZT ST 72012, T A FiHE
FrmFELE b O MR 2 AL L, 00 R L0 3
5 OB & 720
1) #MEBIOHE
PEEL 7 WYMV BO—E %2 9 IR L7z, KH
XD 7- WYMV BRI BE L, DN I X 28T
BMEE T CTO Y A4 VAR T O, B XU ELISA
THO WYMV OBEGOHERR L SBWMV DA &G
DR E BT %> 720 SBWMV RA KGRI, A
MiFB R % L7z 2Ok, $RILL 7288
B L CRB SR 02 ML LTl b5

mFEANEEAE L7, B ER - 80 CCORRAE L7286
&, PRECL 7o ~— HIEH LS S g2 b o & 5
FoR & UCHIB) mAs~EefE U 72 3kl X OV
ERFEZNE2EHEFETH S,

2) *

HHOGEERRO R, JLHEEN 2 bR, HRE 1R,
AFRTRIITRC, [7748a5F] 28037,
[Fry7arx] 2B, L7k, —F, SBEDE,
SIRELL WYMV #iE, 3XC [727 83 4F]
EBNLT. 72, WO D WYMV #TIE, #
Bl L 72 [Hb#E 240 5] 525 WYMV 2358 S vz 23,
b VL CRREL S 7z Ye R DAAEC ) SRR 2 S8 S &
MR o ($29),

Yt #RiE, S ETHL [P alta sy
DI S oSNz, [ AR T AF] DI
Pk, T o9 Fans] clkd s Liigsh,
T2, I EPOICERTS [F7 T4 X3
OIPUHEIE, TR 107 5] CHRT 2 &g s h
5o FZT, THZ IMoOMEELT, B&LUL
MO TRKETHS KikE YtHROMT [P 7% Fa
AF| X [HH 107 5 Z0hd 295 5o B %

{
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010 W [¥o9Faa¥x] [BKR 107 5] OFEERECTRINS 7z WYMV BRISHHS 2 KOG
DA =T BIH107 5 T RALE
(WYMVHR4) - : )
WYMVARHY 5898 LR WYMVAR %895 LR WYMVAR %895 ETE: S
WYMV-Yt 5/6,5/6 5/6,5/6 D,YM,N 6/6,5/6 6/6,5/6 D, YM,N 5/6,4/6 5/6,4/6 D, M
WYMV-K 6/6,5/6 6/6,5/6 D, YM 3/5,5/56 3/5,5/5 D, M 5/6,5/6 4/6,5/6 D, YM
WYMV-T (TZUtfERR)  4/6,3/6  4/6,2/6 D, YM 1/5,2/5  0/5,2/5 D, YM 4/6,6/6 4/6,6/6 D, YM

PIBRIL 2 BT o 7, X, A RIOWYMVAR T (WYMV BSEAE (R 3/ ELISARE RS , 890 (BIn B/ SemEiing) 2£7,
RO, UT, M BEYFA ZROBAER, N 8EER, D ERIERBRBDO LN L EH DT,

(7782 0| RIS S RO R T 5,

WYMV=Y t AR (30 ] U2 1L PR, WYMV-KRR 14 [ IR S T TUN B 3 e v 4 —12 ¢, ZhEnEmREns,

O 11 [HeifE 240 5] 1239 2 MR 2 SRS
72 WYMV kD95 %

0 12 HPIMEO RIS ZIHIC Lz s FmzEwmo A
WA (WYMV) 9k BB BIA %

JEHE240% 7 U R 3 AF (Bt ) 3] i Pl 4
WMVERAL)  WYMVEREH®  J89%Y) WYMVERHE 580 Fr7ak® 77kan¥ L2405
WYMV-Yt  5/6,3/7 1/6,2/7 5/6,6/6 5/6,4/6 I (WYMV-THEZ A ) g S DR
WYMV-K 0/7,0/8 0/7,0/8 5/5,5/6 4/5,4/6 oA (WMV-MER % A1 ) S R R
A (WMV-Yt Bk & 1 ) S S S

WYMV-Y tRE V34 e 2 L PR, WYMV-KI 348 [ B 25 4% i L
MR E Y & —I10C, FRERERRENT,

a) BLISATHEMEDE A%/ (L (E 5k

b) I (A K/ AR A (5K

Nizo 61T, KRR E LT, ZOT T
240 51 X BB AR AR, FORE, Yt
BRIE Ty Faasx] & [MHE107 5] 3L T,
T e K BT SN WHIBERE % 19 i L Vi
BarAa L3 THERIcmtish, s 2 B
THMENDRL D Z EDRENz (£10). F77,
Yt BRI, [HeiE 240 51 A 5@k S, ([
FICIME 2 M2 E L X852 805, KKz
UMD 53 fErk & AXTREED TR 5 Z & H3d T
AEhi (F1D.
3) & 23

KRBT, HAKHO LA EERR DS
RINL 7= WYMV #i3, BUEsyo WYMV dE R
2, (7783 A5F] IS8T 2WEROFRIZLY,
IR, TDAENCHENT L LN TER, X512, M
BAZBWT, o [ urhas ¥ oRwmk
D ORMS N7z Y bRiE, ARERCHEK L 7R THE
— [dbifE 240 5] WSR2 Lehns, ML L
THEH L7z Bk, Bl THARENO WYMV @
FREEE, [7 2R3 nF] & (b 240 5 (2%t
FTAHREMEOFRIZE Y =ZDDF 4 FIZHTFonb
CEDBMSNE R ST (FR12), [l 240 5] 13,
FEWEBMBOKRTINEBLT LD LD -7,

a) S FERRME (WMVICEEZE L, o, HRRREEELT )
b) R: HHME WMVICESE L2 b 0, BB LU L)

AL, —#k#ESg2 6 o0 kohizix, b 240
GRS DR EAE L2 2L, YtHRDSET
1Z, ELISA THMETH > THRIKERDOLH -7z
TEn5, JRVHUR TP ER AR L LR
RELEZ bhiz,

[V IHFanF] ITHIRT S LEE S 58t
WEAETL [PurrasF¥] o BERELICE
VT B MM O ERE LS M AW DTTH S,
[YIHFarF] ETHRIERL, TRICHLT
AL TR W E SRR TR S
7zo KRBT, Y99 Faax] & [BH 107
FLEYtdkE KBRICHES L. L2L, [YF4
Fasx] & [BW 107 51 13 Yt PRICEBIEE I
e, BRREZEIBLOEHEDET A ZERER
L, TH, KHRICHT L6 L 138 %572, LA
5T, YtHRIMo TRICHRT, ZhdomfdElc
FLTEDEOHEZ2HT 52 EATRBE NI,

OOWYMV O0O00000000000000

0o

I (2000) 12 XX, BaYMV OFFER & @3
OVERHT i OB O N BIRATRED S & v
Jo HIFiT, TAFHEMMBOYE, 1A
N7z Hulgid, BUEE TOMERT FE D E4RHS [
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0 13 \FIIBEEICB W TEN T SN FELFEDO WYMV-T £, M #RI2d4 5 ]0s

(e DA 1)
WYMV-T WYMV-M#k
fnfE4
KiE1 AE2 KAiE3S R4 RAE1 iE2  AE3 iE4
X7 FahF 01/2 1/1 3/3  2/2 3/3  0/4  3/3 1/4
A=A = A S 2/4  2/4  2/3  3/4 3/4  2/2  0/1 0/3
BBV anX 2/4  2/4 /4 2/4 2/4  1/4  3/4  2/4
FRT ALE 2/4  4/4  3/4 1/4 /3 2/3  2/3  3/4
TR a X (TRRERSZ M%) 3/3 3/2 4/4 0/3 - - -
FUT an® (MERESMEXTR) - - - - 3/4 2/4 2/4 3/4
&I DA )
WYMV-T kK WYMV-M#E
fnfE4
KiE1 AE2 KiE3S R4 RAE1 iE2  AE3 iE4
X7 FahF D1/2 1/1 3/3  2/2 3/3  0/4  3/3 1/4
ru ) any 2/4  2/4  2/3  3/4 0/4 2/2  0/1 0/3
BBV anX 2/4  1/4  2/4  3/4 2/4  1/4  3/4  2/4
FRT ALE 2/4  4/4  2/4 1/4 /3 2/3  2/3  3/4

TR ALK (TRRIESZ MR IR) 2/3 2/3
FrTaAF MRS METR) - -

4/4  0/3 - - -
- - 3/4 2/4 2/4 3/4

ELISA CWYMVEG {8 A4/ (a8 (A k, — 13 3RBRIE L

a)
b) FEE AL/ SR S, — 1R L

— Pk AR ORRRR L 722N, FEEFORRINC K 0 BRE S SE V&2 E U,

6151 HH5VWE [77FaLF] THHZERD
ISR SN o2 L FHWTE D, —HT, &
FRUAE2 S TR, TRBHICEWRED [T
aLF], [z v] o THMO WYMV B AD
FMEN T2, BFERBIOHFREHERO 1R %
PRI 7230380 CUE, BRI D [F 7 aaF]
MPERHF EN TV SRS, JLiETlE, BnEoZE
b, IhHOREED TR E TR 2 Ko
RNHTH 5o T RE G IO VR Rl & R o
PR Z RS 72012, deipdE o8O ERHT aiED
AL, TRNIXT % JUG & 7z,
1) MEBIOHE

PR L7z il a2 A < RBBLCVEA
ERTwk [ 27 42arF], [FadyarF],
[4Yas¥], [Fhrar¥] Thsb, 1EH,
DAL 2 MmEdRafEE LT [7 274834
¥, [Fr7arFx] 22zneghflvniz, L
72WYMV #kiE, IT#MELCTTH, I#HELTM
WAV, Shfliz 184720 4R3O L,
SHEMFE CTH Croo TOMMPN KR A THER L,
THBEIRREZREL, BWRAEEIRE L7 BB
THLEERD S D WYMV OMHH % 3k 72 o 35F8 15 85,
AR, ARESHEFABOFETEBI o7z,

&G DD ELISA S AE 3HiE AMRICBE I 2o
2o RBRIZ A AETIT, SENTIIERES 20
T DNET % WAE 2 b L 7zo
2) # ES
A L7z [# 27230 F], [FuvyanFx],
(4 varF], [FR7arF] &, wind
TA(T #), TR (M BR) ISR TH - 72 (K 13),
3) % £

HAZH O BaYMV O3FFE I D 5347 122w T,
R (2000) &, FNZFNOHg TREFRE SN/
FRl - SRS 2 IR R AT B R LT
Wh LML TWS, AFERDILS X OHiEED S
i, WIS THOARIRRE NIz, T OHIETH#E
FATPEHF S Qe 7z il TR X 2 T
HMEOHE, TCTI, TOMEIZBEHRETH -
7oo L7235 C, ZOERDLIF, THEPERNS I
THEWETTHL, TRIRNSNLZVERKE L
T, OISO ITRMOBAIRS > Tk
v, HBWIE, @TEIAIBLL 72575 2O B HIC
X0EH, BELEDP 2 ENELZOND,

v 04gono

I A FREEMRIL, TP OFAAEY Polymyxa
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graminis \2 X D A SN DA, HAEOEHIC X
BERBEDES TRV &, BT ES T3
BRTEhwna enn, BikRiie LCid, Haitkaml
PR BREE DS AR E 2 5 82 % 2 R VIRIC D
50 LAL, |MPCEMAEDFHIZY 725 T,
WYMV OEEHED LR AR & % 2 52 itk
AR E ORI S TR B o72e HAEND
WYMV IZDWTlE, FIH - 3R¥F (1936) A -
FIA (1964) 12 &2 WYMV 0¥ EVEE R 0 R A A
B o 7278, WHEROS DOAEE & 2> S 3PUPE il D
BRACFIH SN B ICH 5 b o 7z W AR ILAIE
Tld, Chen et al (2000) &, W& ELISA |2 X
BRI LY, RO L 5 5Bk OAEAE % ik
L, E5I2FNZEFNO WYMV BO@EE T O
By 2 gLz LA L, ZoHMEd S TcolHR
BHRICLDLDOTHY, 11ENOARDRBRETH %72
B, FHE - WA (1964) HMEH L7245 K R kB
B OBBE M OE NI X 2 MHERSOARRE S & v
IEFRPEREN TRV, BHREBOEAIZLY
HARFEI BRI BT 2l oA L e ER 2 PR L,
7 AV A OB EE S ARG U 7298 M O R O 3k A
&, Kusume et al. (1997) 25L& Tt Tl L
72 WYMV BRIZOW TR EMEA R 2 B & L 7zl A
WA TH o720

29 Lzrh, KBFZEICBWT, FHEHL, HESN
% 5CIZT 52 &I X B MER R &2 5
PIZL7ze TOEMGTT, MOT, BHAKICLDY
FHEHAEC X AR e UL, [H—
DOBRETF THAZIO WYMV #Z KT 5 2 &1
WL 7o ARBETIE, PO MTEDF B IS,
WYMV O EEOER & WYMV o955k
DWW TEKEMIZET %0
OOwWYMVODOOOOOOOOOOOOOOO

ooog

I 2 FREMRIEIUEM OB RIS BT, HiiE
7 AV ADIFFEMEDE N & Z IS 2 KU
EEROBROEI LI TH 5 &) FEIE,
LS Twiz (FH - %% 1936, 1937,
FOE - A 1964) o

Z o MEE, WYMYV & U Baymovirus J& ®
BaYMV T, F¥®HIN (TS 1985, F
5 (1985) &, W< 22RO KIS D E
Mo [HER] v £BZH v BaYMV O¥F i
HOFNEBI holze 22T, AHIETDH, 29

L7z BaYMV OBy, BEHUPE SR O F K
D7D WYMV Bk O E %, HIBI S o S
JEDFENIIEDWTRER L LCHEHITZE L L
Too WRELT 7278325 & [HtilE 240 %5
ZHSAIRE L, ENOEELR I AFERDS
SEEL7: WYMV #k% Z oHI B SAEIC & D R L
PR LT RTOWYMV B [7 2783 4F] 12
T BIREMEDHEED S ZDIFT N5 T L ER
L, Shoa TR, TRE L7z, 2612, [dbil
240 5] BT -EHEON, IheFEkKE
LT, [deifg 240 %) Zfp)mie LTI % &7,
G ET 3 HORIFERN 51T 720 $RPUE O MR D TR FL
MT D20, WhikoE®kE LT, YA VA
PR EShnwZ 2 REARE L, 72720, THIC
LT WYMV 238 & e WIKHUE 54 IR
LRTWZRWHIRAD S, [H6il 240 5| 12B1) % i
TR BRSSP ROS & L CORERL A F 3 2 2 &
& L7z WERLE, BAGELEIRRY, HET
EHBEEO 72O OMEWERIEETH Y, 5K
AL, ZhUSH L CHR R IRUERE T () @
EWIZEWEINENZTA NV ARKOERTDH S,
L7zA5 T, HLmEORKRIZL Y EN s z—D
OIFETI D I E 512 S0 2 KB D
XD eNDE N —THELET LIRSS
, FHRL (1985) 12X D RMIC 3245 SR
BaYMV OFFEBIE, 25126 HoRIHME ST
T (Hl 20000 IAFICBIFSE WYMV I
DWTh, BaYMV ERWIEF L TH 2. 5%, #
e IRBUER IR E RSO Sz ), Pk ER
FOBMHPEL LT, INOREMZERLET
VEDLH LD, BT TR RENSTE 2%
250

BaYMV OJgJE AL & F 7 4 R0 M ZEhim Kot
PEET & OBRICOWTIE, ST TRHLLWIE
ENTHB Y (Kashiwazaki et al. 1989, /M5 1995),
I AXREMHE T, ThZhoy 12D
RN L7245t O F B, P is T o i
MH#EATYS BIHS 1992, Konishi et al 1997,
2002), —75, WYMVICEIL TIE, X9 LM%
PHENZDOVEZATH D, WYMV O TR & TH#
ZIANAOHIOAMIZI Y 3T B ENTED
[77FkaAF] OBGEERFIIONT, AHS
(Hatta et al. 1997) &, [77&Fan¥] & [+
TaAF] OLBICE D Fo gt R85 %
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(DHLs) % fEB LA L7245, Pt d 3k
WL A oSO RIAT AR5 352 & 2B
5,2 L7z @ DHLs @HIid, HIL AL
Y vy — YT A R S OIPUE R R TR
INTWz, TOZ L, EHEETOERIH
EHR IR E RIS B W TER L ERERIKETH H 2
LaEL, 2518, fEHO/NS RIS T TH
5> Th, ZOMMEE HERITL > TIE ELISA TV 4
WADHH T E R VB ERIEYUEL b 725 3k
R U720 —J, [dLiE 240 5 213 LMo ik
PSR D RO PR IZ FI2OVW TR, ZOHRE
EHREAW LT ETHY, ZOMIIR N5,

PIVEEAR T DR & R D 720121, HWhitko
ENEERWICEHMET 2 b UEE b, Sk,
PEHUME 2 2D X CHRRICIY Ao 12id, Kt
VBT DR E L~ —h — ORISR L Rk, $H%
DFHEOH RS UETH L EEZ NS,

OOowYMvOODOOOODOOOOOOODOO

L 7 AV 2 DIFFEEDBFR TR S BE E %
L0\, EIHEORETHL, L, TA VA
BFOERICE Y F-RAME LD, BRCY
A W AR O TR B AFAETE o 72 Rl s
M DZBIC X Y B LT A IE0RIKIC L hilEZ %
LEZBHND, BaYMV IZBWTIE, fEfF&ShTX
7R ZRE OB D LEBICL 2 EEZONL Y
A IV A DIFEHED LI DOV THRE ST W B A
Wl DondHsH (Ml 2000, LaL, 25
®D BaYMV 1215 ST 5 #3512 2 095 RS
o AP EZEA L2 L 25, W U/EICT
TIZZ OIRPUE A TE % B3 i 72 IR L D F A 23
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Studies on the Pathotypes of Japanese Isolates of Wheat Yellow
Mosaic Virus and Their Distribution in Japan

Yasuo Ouro

Summary

Wheat yellow mosaic is a soil-borne viral disease. This disease was first reported in Japan over 90 years
ago. Though the area of land used for domestic wheat production has increased recently, the major
cultivars being planted are still susceptible to the disease. For example, the cultivar “Norin 61,” which
was developed as a resistant cultivar over 50 years ago and is still one of the leading varieties in most western
prefectures, has become susceptible. Under such circumstances, yellow mosaic disease of wheat is an
obstacle to increased wheat production in Japan. Resistant cultivars are the most effective countermeasure
to wheat yellow mosaic disease. It has been speculated that there are strains of WYMV with different
levels of pathogenicity. However the difficulty in comparing the pathogenicities of WYMYV isolates has
prevented breeders from investigating the problem. The pathogen Wheat yellow mosaic virus (WYMV)
and the basic ecological aspects of the disease have been studied. However, the pathogenicities of different
virus strains, which is essential knowledge for the breeding of resistant cultivars, has not been determined.
Consequently, up until now, differences in the pathogenicities of viral strains have not been considered in
breeding programs.

In this study, I first present details about the inoculation tests to check the resistance of wheat cultivars to
WYMYV. Secondly, I determined differences in the pathogenicity of Japanese WYMYV isolates based on their
ability to infect different cultivars selected from resistant gene resources. Finally, the pathogenicities of WYMV

isolates from the principal areas infested with WYMYV in Japan were determined using differential cultivars.

1) Confirmation of the presence of pathotypes in WYMV

The difference in pathogenicity between two WYMV isolates (WYMV-T from Ibaraki prefecture and
WYMV-M from Iwate prefecture) was confirmed by determining the resistant reaction of some wheat
cultivars employing mechanical inoculation under a controlled climate. WYMV-M did not infect cultivars
“Fukuhokomugi” and “Soujyukuakage,” whereas WYMV-T did infect these cultivars. This showed the
presence of WYMYV strains with different pathogenicities.

2) The effects of temperature on the resistant reaction of wheat cultivars to WYMV

It has been reported that the resistant reaction of some wheat cultivars including “Nanbukomugi” in
the infested soil taken from same field was different between northern and southern Japan. The winter
climate, especially in terms of temperature, is very different between the two areas. The effects of
temperature on the resistant reaction of wheat cultivars were investigated by using two wheat cultivars
(“Nanbukomugi” and “Fukuhokomugi”) and two WYMV strains (WYMV-T, and -M). The reactions of
those two cultivars to the two WYMV isolates were compared at 5 C and 10 C. “Fukuhokomugi” was
susceptible to WYMV-T both at 5 and 10 C, while “Nanbukomugi” was resistant to WYMV-T at 10 C
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but not at 5 C. “Fukuhokomugi” showed immunity both at 5 and 10 C to WYMV-M, while “Nanbukomugi”
was susceptible both at 5 and 10 C. When a cultivar showed susceptibility to any of the WYMYV isolates,
virus incidence and disease severity were higher at 5C than 10C. These results suggest that temperature
affects the reaction of wheat cultivars to WYMYV, and that the effect of temperature is different between
cultivars. It was also suggested that continuous low temperature (5C) after mechanical inoculation could
promote sSymptom expression in susceptible cultivars. Consequently, this temperature is recommended

when the resistance of wheat cultivars to WYMYV is assessed.

3) The establishment of a differential cultivars system using resistant gene resources to
discriminate the pathogenicity of WYMYV strains

Based on the resistant reaction to mechanically inoculated WYMYV isolates, the three cultivars“Fukuhokomugi,”
“Soujyukuakage,” and “Hokkai 240" were selected from 54 cultivars as differential cultivars that can
discriminate the pathogenicity of two WYMYV isolates (WYMV-T and WYMV-M). Cultivars “Fukuhokomugi”
and “Soujyukuakage” showed resistance to WYMV-M, but were susceptible to WYMV-T. Cultivar
“Hokkai 240" showed resistance to both isolates.

In the next part of the study, the pathogenicities of Japanese WYMYV isolates from three principal test
fields for WYMV resistance were tested against differential cultivars. A total of five isolates including
WYMV-T and -M were divided into two types. Type I (which included isolate WYMV-T) can infect
“Fukuhokomugi” and “Nanbukomgi” but “not Hokkai 240”. Type II (which included isolate WYMV-M)

can infect “Nanbukomugi” but not infect “Fukuhokomugi” or “Hokkai240".

4) Classification of Japanese WYMYV isolates into three types based on the reaction of
the differential cultivars

A total of 22 WYMYV isolates were collected from Hokkaido to Kyushu. Their pathogenicities were
classified into types based on their pathogenicity to the differential cultivars. All the isolates from the
northern prefectures (Iwate, Hokkaido, Aomori) were classified as Type . All the isolates from south
of Miyagi prefecture were classified as Type I except isolate WYMV-Yt from Fukuoka prefecture.
WYMV-Yt was collected from the resistant cultivar “Shiroganekomugi.” It was classified as Type II
because it can infect “Hokkai 240.” This isolate can also severely infect “Kanto 107" and “Shirasagikomugi,”

which are supposed to be resistant gene resources for resistant cultivars for western Japan.

5) The resistance of cultivars that had been cropped in the area where only WYMYV Type
I was isolated

It was reported in Barley yellow mosaic virus (BaYMYV) that the dominant type of BaYMV in an area
and the resistance of cultivars cropped in the area were closely related. In the case of WYMYV, cultivars
resistant to Type I (mainly “Norin 61" and “Fukuhokomugi”) were cropped in areas where only WYMV
Type I was isolated. However, the resistance to Type I was not clear in cultivars which had been
cropped in the area where only Type II was isolated. To clarify the relationship between the distribution
of WYMV types and the resistance of cultivars cropped previously, four cultivars (“Takunekomugi,”
“Horoshirikomugi,” “Chihokukomugi,” and “ Taisetukomugi”) cropped in Hokkaido prefecture, and“Nanbukomugi”
cropped in Aomori and Iwate prefectures were tested for their resistance to WYMV Type I (isolate WYMV-
T) in mechanical inoculation tests. All cultivars tested were susceptible to Type I in the mechanical
inoculation test. From this result, it is difficult to determine why WYMYV Type I was not collected

from Hokkaido, Aomori and Iwate prefectures.



