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DETHRET LELEDOT, BNEEOHEHEREKIEELEREES 17508
TFBIZESE, Tt BDEHWEZLET,

E_l]l_l‘l

1 BRI B RO T REERCIR I

EERIEENED 7T BRBE2AETIIEMTHY, FIIUVADRIEDOY
Tix, BEOKBONIIEEETHD. T, BERVANEEZNRATLE
FBENOIL, EEENRVANEORE - AERORENBIRDLENATND.
KEEAVENERED Dbt 1, EEICBITARES AVANER
DEARETHS. (WHLNL] X, BAADAAD E7=1ZhD] LHEBLT,
FEREMENEL S TH] THD. Rk 25, 28 FEBIUSRTEEICBWNT,
HEE O —HHIRICB W CREFHERREL, W E - EEBOEKTIEETE
D, REERMBO—ELRZ-oTWS. £ [@DHOHNDL] X, T&RIZRA]
CHELT, MEENES (4] Tho. EmERICBWTH, BEREICIIHRK
BMELHY, MEENSLE WOLhd] ZIRRTEETLZ LiX, BELEED



DR7 E72oTNA.

ABEECIL, AFERBPIOEETEND OIBEOKE E VAN EDORERE
EEOREICHTIEZIIN X 53, FERFMEILIREIGE % 2 7o R
PERTAILEEME LT, ZOBRICHVMEAE. |

ARE T, KSR 2 E RS RKT 570, BEO/NED 2K
FEHITh 5 AF— Y 7 ik & HEEHIRIC F N EhALE T 5 LB LR AT Fors
Bt REERBE (LRER) L BRFEEIEERENEE L ¥ —MEWEES
N—7 (LB O 2 50OFRHICEBWT, HEDORR ABESMTEEIRE
PAEFERERR Y EH UBK L. ZhE TICtRER - LEFICBWTE
NENICKEE VRN ERRBOBTREZED TELD, EEILFERMEORZH
DTN TR o, RERELZERTHIEL T, MBRENETENE
i, FEREMMYE, SERETME, = 2XBERRERESORELE TS
R RERAL LTRHBL, AREOETEBZICA L RERF 2RIt L, &
ATOKEENVANERBOBTRICEF L. £, iBFIEERNTIERL T
WB I AFEEMRR I L, KEEXAAVHNELED (D Hh D] BNiEGiEE
BALTWBZ 0D, [wobnd] HkREE LTaAXRERFERE O
ERBATHDLEX, BFREILEERERR L F—RERERIN—T
WCBWT, I AXBERERT AN XOBLEOFELHB] LIEFEREORK Y
E L. TEBERERIN—TTIE, 2 ,2FBEBRIVANVRACMZT, %
DD HEERMREICE LT, EBENZT TRENTO U A R DHB
LTV, FEIEERMRED U AN ARBREOFEICOWTERZZE % £k
L7-.

SLEOER Y LS, AFREAREEICBO T, BEKTRE T, duiEE
TOERRBRAD D OERREREFHEDORIE L 72 2 R ERERER
WHRTARHE LT 0 FHEERLE. 2055 6 RHtiL, 2024 FKicB»
THEREERERRICHRATTHE. SR INLORKOF L LENTR
oW T, BERABREAEZBRCIEBECEBREEL LTHASHLDZE
DEMEF SN . HEELEREOCBIIZ OV T, BREFHORBEKIIMNZ T, =
LAFXKEERHE T ANV WM DMz S, HEERERECH I 2 LXFERRY
A VA (SBWMV), T AEEYFA 7 7 A VA (CMY), FIEZERE T A VA (JSBIMY) D
HBEFT S & & BT, SBIMV IcoWT, ERD YA /LR D RNA BF|DOFEEIZ DOV
THLNZLE. i

2 WEBEROTELRRE
K%ﬁ%%Ti?K%%%ﬁbti&ﬁ%ktf,%%ﬁmﬁﬁﬁaﬁmm
RT3 10 REFERLE. 205 b 2024 BBV T, SRELERER



BRICHR LTV 5 6 ZMOBRHRERRE L FHEIZUTOEY TH 5.

8% 5K 1%, dERBEFRITE T 2017 FicdbiE 264 /24139 © F1 28, dk
R 1972(HDALR96E) 2R E LTKEZ{To . L, LRERICB VTR,
REBEREED, 2021 EHEEREIC, HBFICBWTEENRE 1FEBICHRAL
7z, ARFIX 2021 FEEDOINHEMIZOWT, LBV TEAVERE ERT
EThoTeh, ZINEARL LTOFRIESEZRBWaiz®), LB TOR R
BRI ST, 2022 FHERE T, LREBRICBWTEENRE 24
Bt L7z, 7, 2021 E0 0 FBFERERBRICHER L.

(MR 5K] 1%, 2 » EOAEIRERBROERIZBW TEEEETHS (9
Hb] CHBLT, HEHIT L REL, BBHIEIFRBETHS (R 1. BRIZT
RS, BRIZPOREL, BT Z WV AEREBE I/ NIV & biER
X Todbd] TACENRL T, FEEIT W bhb] T 108%E %
RThot., TRER Wdbhb] LHBLTREL, BEEICOCKEL,
BRI Z VR BERBRITOOEN. EEHEREIZBWVWTY bbb ] &M
BRI AXRERRIENREEZE L, WS - BRFMECENT D515 ]
IV HENTWE(E. 2). LEEERND, 2023 EHEELY, ER K] ZfTL
R EERERBRICHEREESL L.

MR 5K] 1%, 2023 SERKIERENOEN 4 7 BT CREEIERERRE EHE L
2. T bt LB L CHERIXRE, BT 1 BRETH- (3R, 3).
BEICOCRL, BERFARE, AREBERIRBENLR/NEL, MERMER

MeHHHs ] WHTBA TN, FRED DOH1RDH] RHT 108% & LIX
Thote. TWDbENL) LHBRLUTTRERKRELS, FEERICCREL, K
B Z R BEBRITPREN T, 2 AXEERRETIEL A L, R
BN, BENTHoTeI Lhb, 2024 FHREBTINTH, Mige L TREE
ISR ERBRICERA L TV 3.

#. 1 ERSK OWMBRHMIZEIT 5 EEHBRERBRER (2021, 2022 FHEE)
H 74 =2 & b & F = ¥+ a BN
E£E B REa # # &= = # = B X E B EA

BA/H B/B cm com &X/m2 [£E kg/l0a L g g/L %
2021 dLEBEF woHbEHAhS 5/31 7/24 86 10.4 780 0.3 871 100 389 794 165
2021 JtERF ERSK 6/01 7/25 88 9.4 893 0.0 935 107 443 821 15.8
2022 HRES wHbho 5/31 7/17 79 0.0 879 100 436 830 125
2022 tREH #BHR5K 6/01 7/16 86 0.0 957 109 48.2 833 121
FEig wHHHMS 5/31 7/20 83 10.4 780 0.2 875 100 413 812 145
Fi5 BREK 6/01 7/20 87 9.4 893 0.0 946 108 463 827 14.0




.2 v’ﬂﬁ 5K D MER BB R (2021~2023 FFHEFE)

eI

HER RE- WEHE  FH® RERE  RBRFREE
£E R4 R 14 &R
2021 wHrELS PPF - &) &
2021 #\HR5K G - G:9) G
2022 BWHBHD + L2 (38) et 3
2022 #B%5K PR PPIR C:)) -4
2023 wHBHL PP R [z LS
2023 #BHR5K t P B Xk

wHbn  PPEH & & &

BHR5K S PR i P

) REEFEO O HEGRETRL, S>OHE,

*.3 REUEIL MR ERBRER (2023 FHEE)

RE-RE: M OB OB @m0 O®m @ 7 E F 7B BE
Ev BB ® = £ op &
EE B 2 5 £ E ® B =B ¥ =B =E EA

BA/RB A/B ocm om A&/m2 E kg/loa b g g/l %
2023 hRER wohbhd 527 7/14 85 103 538 0.1 895 100 474 847 136
2023 HREHE BERSK 5/26 7/15 95 10.0 680 0.5 932 104 490 835 137
2023 LIIEE wobss b/27 7/14 77 418 0.0 633 100 475 834 134
2023 LNEBH #EROK 5/27 7/13 84 590 0.0 735 116 523 836 127
2023 Gt@BW wobhas 5/28 7/18 87 10.2 953 3.0 1027 100 40.2 811 158
. 2023 JBEF #ERS5K 5/28 7/17 94 102 1063 25 1042 101 451 833 157
2023 LLRER wobhs 6/01 7/21 87 681 0.0 922 100 452 819 141
2023 JRER BR5K 6/03 89 698 .00
Ty  woHbhS 5/27 7/16 82 102 686 15 830 100 439 823 146
;g BERSK 5/27 7/15 8% 10.2 827 1.3 889 107 487 835 142
HARBOEEGE [PHbH 5] FBERBE A1 2D, PRERITGH S8R
LERED [BRK RETORENELNLZ £HOBERME LPHH DB

(% 6Hl 1%, JERERITIVT 2017 £ 24196/4L¥E 265 5D F1 &/, 4
%1972 (B DILR 96 5) 2R E L TREZIT -T2, ABEORMRIC, JLRER
D HALERFIC F3 #ROEFEHBL, UBRILEBFHIIBW TRREREZED .
2022 EHBRICIERBRICPBVWTAEEIRE LFERICERL, NEYOMES
B - BV RBRPILECER L. 2023 EKERET, BT W TEESN
BRE2EBICHR L. 77, 2022 EDIIKEFERERBRICHHERA L.

(% 6H) I, 2 7 FOAEIRERBROBBIIBNWTEELRETHS (@D
Hinh| LHEBLT, HEH - RBWE BICAATHS (XK. 4. BR - BERIIE



BRET, BEIIZVWHAEREBEI/NEWVWI & OHEREICENTWE., FEE
X THBRE] I T103%E PLZNTH 7. TWwdbHb] LHELTT
REIIKRE S, BREIICPOREL, BRZ VARIEFERIIORCEI o7, £
TERHFEREIZBN TS Db b ] LRI 2 AXRERRESRELZEL, (@
DHEMND] &L THEY - BRIFMEICB WO TENL TV (R.5). B
%, Todbind] HELT, SUrORBREITRR/NIWNTad UV FE AR
5600, BAMFEMIEL, REFMIT YObnb] EARTENL TV
(K.6). 2024 FRIBREL v, MER 6H) 2L, BN 4 7 I CREBEIGHERER
BREEBLTWS.

¥R THI 1%, ¥R 60 & R URBMEAEHERORBERHETH Y, BRFRIC
SWTIX ¥R 6H) LRAETHS.

Y% THY 13, 2 » EOEEIRERBROBRBICBWVWTEERETHS (0D
Lt LHEBLT, HEESES 2 B, KRR 1 BBV (R. 9. BRIIARE,
BRITO0EL, BV, AIREBEI/ NIV I & b EIREICER TY
Fo. FEEE TDHHNE] RET 10340 Th otz TWdbnb] L
B L CFRERRO/N VD, BRERRRERE, Fh¥ v 7 B FIIPLRE
Dol EEHBERBICEBVTY T bhb ) &R o AXNRERRESME
#EL, Twdbhrb) LEBRLUTHESEIIFARE, BEFMEIEL TV
(K.5). BV T bbb ] EHERLT, NUFRIIRRE 500, &
AKEFEHEAR® L, REATHMIX Yo bd] BAIZEN TV Z (K. 6). 2024 F
MIBRELY, MERTH 2L, BN 4 I CRHEEMERERBREZERBL TV
5.

.4 ¥ER6H THOWMBERHIZIIT ZEESRERBRRR (2022, 2023 F£#E)

’ H R B B &' A F E F 2® R
g AR OKE- ® B ®- = £ K B

EE B REL # R B B B B ¥ B E EH

B/B B/B cm cm &®/m2 E kg/i0a b g g/L %

2022 GtREBH woHHbhs 5/31 7/17 81 0.5 895 100 43.3 831 125

2022 HREH BR6H 6/01 7/17 83 0.0 383 99 465 836 122

2022 LREH BRTH 6/02 7/18 80 0.0 916 102 422 831 123

2023 JLBHF wobh> 529 7/16 86 9.9 853 10 967 100 40.3 833 159
2023 JuBHF #ER6H  5/29 7/16 86 9.6 1000 03 1025 106 44.6 845 151
2023 JuEEF ¥ERTH 5/31 7/17 8 9.0 1163 05 995 103 37.8 826 149
Ty wobho 5/30 7/16 83 9.9 853 0.8 931 100 418 832 14.2
T BFREH  5/30 7/16 84 9.6 1000 0.2 954 103 455 840 136
¥4 #RTH 6/01 7/17 83 9.0 1163 03 956 103 40.0 829 136




.5 ¥R 6H, TH DEMRERBER (2022, 2023 F#EE)

FREIRE

R RE- [ i 0N BERR  ERIFWHE
£E FH% el 1o P14t B
2022 wHHHI S & =3 P55
2022 #R6H # % PR
2022 RTH PR3 - % PR
2023 BBBEAS  PoH  HERE ® S
2023 #E%6H R et FIETEE = 2]
2023 iEHRTH & HIETBE [ 23
WHHEH S H - =4 s
#ER6H el ] B PR
ERTH th o et 4

#.6 ¥R e6H THORAURBRER (2022 F£odt REREINEY)

B BE K K B ® R ¥ & M T ey BokiE M e
A BE- & & B r ¥ 7 Bk
FE R#a 2 BB ® ®w & B ®H b5 # B Y FRFME FHE FE
%) (4 (cm3/g) (30) (10) (5) (5) (10) (5) (5) (15) (15) (100) (20) (20) (100)
2022 wHbHHSH 676 65 49 208 75 3.0 3.0 65 35 30 105 110 688 148 135 695
2022 #B56H 714 95 46 195 70 3.0 3.0 60 35 35 100 105 660 167 135 698
2022 BRTH 686 90 49 208 75 30 35 60 30 30 105 95 668 153 123 677

#ad

=/ 5F1R % 0.6+ Bok W EPIR+ fEEEAE TP

5% 8K) i, dLREBRICBWVWT 2018 FiTdb% 1984 28, JLR 96 &L
LCREAT o7, P, LRBRICBVTRE, BREED DN, 2022 £
EBICIBRFICBOTAEIRE 1 EBHERAL, NEWORESNZILAE
KT, S8R URBREZICECER L2, 2023 F£HERE T, LREBRIZRY
THEEAREEBICHR L. $7-, 2022 £ 5 3FEHERERRICO 4

EAD

%% 8K) 1%, 2 » FOAEEARERBROBFRICBVWTERELETHD (WD
bbb LHELT, HEIRB, KB 2 BBV (R. 7). Bk - BRIIA
B, ERIRERE, BREEIR (Yo bhb) LRBI/IINIENG TW
DENS | WHRITREREICENL T, FEEIZ (b ] RFHT 108%
LENThoT. [Wdbhb] LB L CFRERRRE, FARERIRRE,
R Z X EEBRIFRBRE o7, EHHREICBWVTD (D Ehb]
LA AXRBERREREZAEL, TWwobhn] LHELTHER - 8%
FMEICBOTERL TV (K. 8). B U T bbbl SHBLT, /S

FANSRBESTEY, RETEL (DD EA5] LYOPER TV (R 9).



2024 FEKEEL Y, NER SK) &L, BA 4 7 BT CREELMERERR Z Zi
LT3,

MEFR 9K 1%, ERSKl ¢ RUREEATHEDABRHETHD, BFEE
[ZOWTik MER 8K] LRFETHS.

MER Kl 1%, 2 y EOEENRERBROBFB BV TEEGETHD WD
Lab] LHBELT, HEY B b2l BBV (R 7). BR - BRITPLR
B, BEUIFRRERET, AREEIX Twdbhd] ERRT/IISNIENE [
DHENS | YHITTHEREICEN Tz, FRERX (Wb ad ) RHT 105%
EZWThHote. OB LEBRLTTRERRCROKREL, FHEE, FAL
EURIBEEFRIFRBE TH 7o, ERHFEREBIZBVTS (b b] &
FRRIC 2 AXRERRIEREZE L, Wb b] LB L TSN - BRF
T BV TENL TV (K. 8). B SV Todbhb) LB LT, SUFF
R, BKEFMEBOCESTEY, BREFHMIT TWHbnb] KVERLTWE
(%.9). 2024 FHKIBEL Y, ER K| 2L, B4 7 CREEISERER
BREEBLTVS.

[¥E% 10K, AL RERIZIBVT 2018 £z dbiE 264 5/27101 (£ DAER 1980)
DFl %&, bR 96 E52RE LTREST-T2. U, LRBRICBWTGEEK, §
REED DT, 2022 FHRBERICALEFNCR W TEENRE 1 FBICHHL,
NSO RE ST E L REBRTITY, BAUVEBREILERMCER L. 2023 4
HKERET, LABRICBVWTAENRE2FEBICHRA L. £k, 2022 £25
R REFERERRICOER L.

¥R 10K) 1%, 2 »E0EEIRERBROBEICBVW TEERETHS 1@
HHhMn] HBRLT, HESHIIREE, BRI 1 BBV ER. 7). BRIIPOR
, BERXFABET, Buid72<, BRBERX Iwdbhb] LEERIT/MEWD
ZeEnh bk WAICHBIREICEBNRL TV, FRERX (DO LND0 ]
RHTI101%E FRRE ThoTz. T Hnb | &I U TTFREIZNRY KEL,
BREIICONEL, BRE VAV EBERRIIRABRE ThoTe. EFERER
BNTH Twdbhb] R AXFRERRERELEL, DO L2b]
LB LU THERIIRBE CTH - 20, BEFMECB O TENTWZ (. 8).
BT T bbb EHEBLT, NUFEAIIR0RE5 500, WK
RRREoTRY, REFHEIZ NP ENn] LRFTTEN TV (R 9). 2024
EMBREIY, MR 1K) 2L, EWN4 r T CREBINERERRZ EiE L
TW3,



.7 #% 8K, 9K, 10K OFBERRHICISIT BAEE IR ERBRER (2022, 2023 F

#%1E)

& - R W B B # # @8 F 2 F & R

£E B i B R E &K =B E ¥ B 2 E EAH

A/B B/B ocm om F/m2 E kg/loa Ik g g/L %

2022 B woHbHs 5/29 7/16 71 9.4 1007 0.0 885 100 422 826 14.0
2022 JeBHF ERSK 5/30 7/18 79 9.6 1033 0.0 1046 118 422 815 145
2022 dB#F BERIK 5/30. 7/17 89 103 980 0.0 1019 115 446 810 14.9
2022 JbERF EBRI0K 5/31 7/17 84 95 813 0.0 933 105 479 800 146
2023 GtREH wobhrs 6/02 7/21 87 0.1 993 100 465 804 146
2023 JtREBHE ERSK 6/02 7/22 84 0.0 978 107 447 804 137
2023 GtREH ERIK 6/03 7/22 87 0.0 950 104 48.1 800 141
2023 JtREH ERI0K 6/01 7/22 87 0.0 959 99 510 781 146
Ty wsHbho 5/31 7/18 79 94 1007 0.1 939 100 44.4 815 143

Ty BRSK 5/31 7/20 82 9.6 » 1033 0.0 1012 108 435 810 141

T BXROK 6/01 7/19 88 103 980 0.0 984 105 46.4 805 145

Iy ERI0K 5/31 7/19 86 95 813 0. 946 101 495 791 146

F) 03FEORELBZTNThORRETHRETS (WHbhb] OFREILNT .

.8 ¥F% 8K, 9K, 10K DRERERERER (2022, 2023 FH#EHE)

BERE
e RE - WEE FHU BEBE BRI
£E e FA:) R B
2022 wHBEAD & - G&) +
2022 #EHR8K : - G &
2022 #EHRIK % - (&8) PR
2022 #B%H10K H - () #
2023 HHHHD  PXH & (&) +®
2023 BR8EK PR PR G St
2023 B%RIK PR PR () P
2023 #BR10K PP PR (8 skl
wHbLHML  F 2 () H
#BHBK PpEE PPE (&) el
HEHRIK PP® PR (&) g
BRI10K & X (&) PR~

) REERO O HEDREFR, LORE,



#£.9 MERSK, 9K, 10K DR RERER (2022 FEDILENE O IFEY)

® OBE K Kk B B K T & # F Ny Bk fREE BE
HE o x 2 B EB B 7z 23
EE R X BE B ® €& B HE bt B B Y R ME SME FME

(%) (%) cm3/g (30) (10) (5) (5) (10) (5) (5) (15) (15) (100) (20) (20) (100)

2022 wHbHhb 729 55 61 252 80 40 45 75 35 4.0 115 120 802 16.0 150 79.1
2022 \HR8K 729 48 65 268 8.0 40 45 80 40 45 115 115 828 166 155 818
2022 BX9K 758 45 6.8 278 80 40 45 80 40 45 110 110 828 174 160 831
2022 B*10K 743 38 65 275 7.0 40 35 7.0 40 40 11.0 11.0 79.0 167 150 791 .

A=/ B X 0.6+ ok ¥ PR+ e AL FHE

LERORKEARIT, TOBERBRBE A TOATERBLRIN D, MBRHETE
REED TEBERMEND, AFEOBNICEE L REMEEE %, ZFXD
HEIEALEREZEEDLOTH D, ABREORBICE LT, MBERMAET
5@&7&%‘5&7@%%@@:&@1, 2021 EOREN OAREEICKIT 2B Z1T
07‘: RERFHIEE L Tk, ABZ0EREETLH D, BRIFMMED M LT
2T, ﬂﬁn‘égﬁ WT@JH:&%@FU:L_;D, IR I BN - R EREL, B
ELRBE/NEOEERTRIZARD XS, HBOBTREBZELRE L. REMEE
FORFZIE, BEAREICSEBE T2 TCOMRERSNL, 74 THE
FETV, AERBOBN-BANLRERZBREZEBE L, REHELZERE L.
T B R CRRET L2 RREETENC D&, 2021 120X 19 AW, 2022 GFizik 28
FHAE, 2023 £RITIT 40 AR, 2024 FEITIT 41 HAE (MH CR—MEAEEE D),
DR 128 MHEFORENREL I, REZOBRRBBROBLETHY, S8BT
NoDERNPOCBN-RFEOBKIBFIND.

AEEIZBWT, LERKOBEEODIC, HEEREREEREORRE 21T
L EHIT, TEEEMRECHBICER VAN AD L —ADHE S EH L 7.

I AXERE Y A VR (soil-borne wheat mosaic virus, SBWMV)IX, = AXHE
FEHE 7 A VA (wheat yellow mosaic virus, WYMV) & REARICTEFORaT S
V¥R Polymyxa graminis \ZHEA &, 2 AXWHEL - 6T HE YT A
NVATHD. BARIZBWTIX, 2010 FiZLiEE TRAENER S (BB - £«
A 2011), FO%., F)NRTHLRAENFER SN2 (Ohki and Matsunaka 2024).
SBWV D5 ) AEEFNIX, TILVE TOREMNT TKR X < Nebraska-like group (NE 7' /v
—7) & New York-like group (NY L —7) @D 2 2DiToninbd I ERBEIN

TV % (Koenig et al. 2002). &I C, Jb¥E® 2 DBER (Hk-Is. Hk-Tk) &F&F
ND 158k (Kgw) OF 7 AEFIZETL, BIADOOBER LEBEES 2 B LT
(Ohki and Matsunaka, 2024). FDO#558, Hk-Is #k& Hk-Tk #RDEIFIIX RNAL &
RNA2 & HIZ NE S —T W& EhT-5, KewBRiX, RNAL OEFIX NE 7 A — i
D o723, RNA2 DEFIEINE ZA—T L NY FA—F EEBICLBERMoT



(K 1). E~OBERERBRTII, SBWMV SBEkHE TREEOEWIIRD LT
RO, BlEREEIEBRBRE CREMOBITEZED ILNERD S.

a. RNA1

100 . SBWMV Hk-Tk LCE50568 @

100

SBWMV USA-NE L07937
SBWMV Hk-Is LC741349 o

b. RNA2

SBWMV USA-OR MG554563

SBWMV USA-NE L07938

100
SBWMV Hk-Tk LC741350 @ NE )

100 NE 75
SBWMV USA-OR MK290758 SBWMV Hicls LC650569 @
SBWMV Kgw LCE50566 o SBWMV USA-OH KT736089 NY
SBWMV USA-OH KT736088 Ny o0 | SBWMV USA-OH2 MN241033

106 | SBWMV USA-OH2 MN241032 SBWMV Kgw LCB50567 o

CWMV CHN-Yantai AJ012005 [ CWMV Nagano-A AB935554
[ CWMV Nagano-A ABg35553 100 - CWMV Yantai AJ012006

100

H

0.050

—

0.050

1 aAXEHUANLA (SBIMV) 5/ AEFIOLSFRFM NJ&E 77— X
k7 v 7 1000 () ,_

3 20RBOERL - RIS TOSEOER
ABEORBNERL SN B DTN, BRSNR/EED, EEOER LR
PLTHRASNBZLARDONE. —RICKREESMERERBR CEN R
BRLUERRIL, MFEERMNESH, BRABRERE~MRIBEHBIND.

EARBREATIT, EAREL UCERT - pRExR, HIBR, HBER,

LRERTREBZIT, TORBEERLZIHIIERSERERES MR
SEn, WHEEN DR 20 » FFOBRHBEBICE T 3RB % 2 FRITO LERD S,
7, BRBEREATICARESLE, IEERAREIEFESICBNT,

B AR L OEE N ERELSCSETHERBRCHAR LESE L5 TR LA
NTORETMABRETO. EARE L FEICMLT, BHRR 2 £OAF 346
BoRBROBRICZ, LEEEESETEREL TOEESE O LETERR
FERNG, BASHIZBOCTEEOKEE A VRNERED Wdbrb] LE
W FTRER BEEMR LR EREEET 3 LB ShicBaic, RFERME
BB EHT 5. ARERERRIL, EREICL 3 THRER CORETMEITD
LOTHY, THEEMT B-DICLER 40t BEOEERITY, MHTHCX
ARy - BB ZITY, BRLICHERW B SN0 h, LEmEOEBR &
e LTRANKRNINS. BRAEL LTRARIT, BFERELOBRIO:
DOEENEICESEBFAEESBB SN, BERORIC WD bhd] HoH
RE~BEXHIPERERSNEI L LB,



ARETR, ZhETicdbRER, LB 2 DOFRMOELEZ P.LICED
b T&lh. AREEZBULTC, TNECRLRIBTELSH CEREEDTE22
DERMOEEEFI 2L 52 &0 0ED b, ABEIZEV TRFEEIG R
ERBRICHRTTERRZELERTELIAETO, RERBLATWS. £%1
EOBEREL LTERL - TRE2ED D ETITE, AREOCHEE LZERD
B ARL, FEFOHEBZOWIENY ThHD. ARBETELNKESL L2
DX RERL - EREZED D DI, ARETEELE 2 DOBRMOEE
EIBIC, BICRILTH L L bIC, SR OLARECES LT ESBER L b LI,
TEB OB YA ZHMEE L TV ZERRHEEICRS.

4 2DHRROEERDERVCEREZ~DOER

nITIEB VI TA4FREL, RN EOTRICKEREELEX, /N
ZOEBRMEOBRCHAN 2 BEAREFIEEILTWS. BRIV 74
FRLMEZHBALTHRWVWEOO, WNEOCEHEMEOERIIBARICHRER
FEZRIZLTWS. BN TRABER/NEMEOEB 2 KT 572012, 2022 5
10 B IZBUFISmANEDBIFREMEOBABERLEOMREZHE L BOOD,
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Me35 EARORERFLTHY, BIAMSERIMERD NV - REDA
BoONEOEEID R, ARETEREL TV, ALBEOKEE VANESR
BTHD [Wdbhb] i3, BEEEDCERLEL LT, JLmEED/ VAN
FEOENREER-oTRY, EBEONAVRANMNEL LTRROEEEZ EDTW
5.

FO%, AEEICB W TCHEFEOIEBEDKE X VANERE DD LR ]
& B L C, FRFMMERLM S M L U, LIEEN ToJRkEkEE Frae 2288t
PHETHRERBTRESN, MEEOERREL RV ERTE I LI, BEFOK
BEOBER, RERECLIEEODREEV R ZETIRLZLICEND. 25
L7z BRENERORBEM CTHIIMEETERT S Z L1, EENEN



DEBEOKESZ EDZEEORVANEOEEELHEDOREICERY, &
BENPLOEED NVANEOFENALEL, 522 VA/NREDEEDYL
KICHDRRS. FREOHEICL Y, EREBORECHFETE2bDLER
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Multiplex One-step RT-PCRIC K %
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Detection and Identification of Four Soil-borne Viruses of Wheat
by Multiplex One-step RT-PCR '

Takehiro OHKI ! *

HEDIAFTRELTVR4BOTEEIE YA VR (I LFEEHYANK, AXEEHFIA NI
TJLXEWIANVA, TAXENFAL 2 T4 NVA) 123§ 2 Multiplex One-step RT-PCRIZ X % [FJ R -
BAEEREB L. Y4 VADRNAL & RNA2ICH LCREILAZBEN T 94— 0ok b 77/ <—
Ty 2 2EEAERLRT-PCRICHRELA-E S, 754~ —ky PEBICHBLARNANS4EDY
ANVARBRBTE, WIEEYOREZ XLOBONTYANVABZRATE . BErORRL-BREZHY
7HETIX, ELISATEHREHESNAT Y IV, 94 VA 2EFRERBRE LY Y TV o4 VA%
BEBL, BAUTLZ2ZILNTER LoT, BRATERAETAIATOTEEREY A VA4BOBKICBY

LAMRMEOR AR S

Key words: bymovirus, furovirus, soilborne virus, wheat

BAROIAFIIRETAIBEREYAINVAELT,
RF 4T VABNSL ETT AL VABO 2L FEERY A
v A (wheat yellow mosaic virus, WYMV), YW 4
ANVZAR 7T T L VABD L FEENRY 4 VA (Japa-
nese soil-borne wheat mosaic virus, JISBWMV), 24 ¥
M7 4 VX (soil-barne wheat mosaic virus, SBWMYV),
IAFEHYF S 774 VA (Chinese wheat mosaic virus,
CWMV) DABEFHFEIRTVS (8). wTFhov s
NVZbD, RIT 7 EROD Polymyxa graminis |2 & - Tl
FENL—FRETTAYERNAD 2T ) &KoY
ANWATHD 4). ChHDTA VAR LZaA
I, BRCEOEL ¥ 7ER BoBHLLD
FPL7-%8ERY. BRIEBIBEIANVACILH
B AXBERLEREMFICL-oTREEY, WYMV E
7T VAFRERLTWIEELHLZ LS, B
WREBRESANVIABOHFEZELY. Zhboyf v
ADREIC—RMICHWS N5 ELISA I RZMTHET

1) BEREILEERENELY ¥ —

HLRHE, ABOY L VARRET 570101, ThE
oA NVZATHT A5z ARTALENDD, »o
RO VZIDS L, ISBWMV & CWMV IZRZER
%R L, ELISACRH2EOBNGEETHS (6) %
COMEBANDL. LREOTANRAFIIB VT,
WYMVET7aY 4 VARBOY 4 VA TH Y EHE
OEELREBLEEZONEZE, THT7094 VAR
THHREBIEWEDLZ AL NELRoTETVS
Zr (10) 5, YA VA ERBELOLEREICTH L
B TRETDOIVANVAEZHRETEILPEETH
4. #Z°T, Multiplex One-step RT-PCRIC & 5 T A F
DOHBEPME T A VR AT 4 VA DO REFRE - %513
OHBEETo 7.

HH s LUH*E
1. T4V
WYMV iddb#EE R, Rikk, BRI, JISBWMViZ

Hokkaido Agricultural Research Center, NARO, Sapporo, Hokkaido 062-8555, Japan
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Kigtk, SBWMV iZdbiEdEtk L Fk, CWMVIZEF
P& BHAETHRM L 7-RT-PCR % &R ft3R L 72
By ANAIE, FEEREO%ERBRF YT AE
EL0IMY VBN y 77— (pH7.0) TERL. 20
HHABZOcmBERY VBELY S ABREBTHE L
25 3KREHOILFE (BB YI74236FHLL
BEMKGLE) AH =K FALEICEEL, WYMV
210°C, 7o 4 VASEBIZISCOALRERT
124 AEXEL, B -80°C TR L% PureLink
RNA Mini % v b (Thermo Fisher Sci., MA, USA) # H
WTETANAOEBREFEPORNAZHH L,
NanoDrop3000 (Thermo Fisher Sci.) T % 4,
RNase-free &K T 100 ng/uL 1258 L T, RT-PCR D4R
ELCHER L.

2, /BIAIWADKENT 7147 — DG

WYMV i, E#H OB %2 1T - 72BN 14 53
B DRNAL L RNA2 D ELHI (AB627806-19, AB627821-
34) (9) #FEHALE. 7uv 4 VA3HEIX, JISBWMV
121058 (AB033689-90, LC475518-27, LC481571-
78), SBWMV X 4 4 # #% (L07937-38, MK290758,
MG554563, KT736088-89, MN241032-33), CWMV
445 8 B (AJ012005-06, AJ271838-39, AB299271-
72, AB935553-54) ®RNA1 & RNA2 DiEREF 2 7 —

FR—APLRELE. ThOOEFOSEH, SBWMV
Z 4% ARG EER, CWMV O 1RGP ESBERT,
FRPHNZER TS NIROBANE o/, BiIFY 7
b = 7MUSCLE (2) TWYMVE:T7T7A4 VADR
Rl ZhTh7 54 2~ L7z, BASREShTY
LERICETAVAORIBENORSIVPRLZ S L) IHF
BWR 794 ~—%@etLz B1E $2F). 7O
v A VA3FEIL2WTIE, RNA1EZRNA2ZhEFNICE
W, UN—RAT7 54— %3BORBBS I/ <L
L, 7479 —F7 54— %2 ZhZThBERENTS 1
=& LTREI L7z, Ay V7 BB a—-F3hT
WA WYMVRNALE 7074 VARNA2EIH E L
F94vw—ky AL, WYMVRNA2E 7E% 4V
ARNAl#8&E LTI 4<—ky FBEAERLL.
3. Multiplex One-step RT-PCR O R iS%&#F

RT-PCR &, PrimeScript One Step RT-PCR Kit Ver.2
(Dye Plus) (¥ 71 554 ) R iV TiTo /2. BUBRI,
Istepbuffer 7.5uL, 75 A< —t vy PAFZIABHEHR
0.6uL (8 1%, % 23), PrimeScript 1 step Enzyme
Mix 0.6 yL, RNA ¥ # (100 ng/uL) 1 4L, RNase-free K
56uLEMAT, 15uLICRAB L 7= KIS GeneAmp
PCR Sysytem 9700 (ThermoFisher) T47v», 50 °C 30
T, 94°C24 D, 94°C30%, 55°C30#, 72°C

B1%E aAXOTEEREYANAABOBREEA TSI 4<—y PA

T - s WiEEY
T54<— BWERES (5-3) BRIRE HEIREE FEFA X HEEER
(M) (uM) (bp)
SBWMV-Rn2-F CTCAGCGYTGGCGATCATTG 2.5 0.1 411 3013-3423
JSBWMV-Rn2-F AAGTCTAARCCTCTGTGATGTRTG 2.5 0.1 227 3165-3391
CWMV-Rn2-F CTTTCCTGGTGGTTACAGTGTG 1.25 0.05 892 2493-3384
Furo-Rn2-Uni-R TTCGATTTAGGTGAAATARCAAGC 5 0.2
WYMV-Rnl-F TTGAGGCAGATCGTGTTGAG 1.25 0.1 685 65967280
WYMV-Rnl-R CCTGTGCCTAAAGCAGCAAG 1.25 0.1
1) SBWMYV RNA2 (L07938), JSBWMV RNA2 (AB033690), CWMV RNA2 (AB935554), WYMV RNA1 (AB627807) DBELH I
BIFHHE
ok aLFOIEEREIANAIBOBRBE IS4 <~—kY B
T4 <— rany:d TRy
VA I e WRER (5-3) BIRE HIRE FHEFAL X BEEERD
M) (uM) (bp)

SBWMV-Rn1-F CGCAATGCCARACRAAAATCAG 25 0.1 348 4969-5316
JSBWMV-Ral-F TCTGAATGAAGATCTGATTGACAC 2.5 0.1 854 4520-5373
CWMV-Rnl-F AGGAAATCAATGAGCGTATCAGAA 1.25 0.05 588 4819-5406
Furo-Rn1-Uni-R TCAACTTCAWWGGRTCAGGTGC 5 0.2
WYMV-Rn2-F TATGCGCCATGGTTATACATGTC 2.5 0.1 449 322-770
WYMV-Rn2-R TCAGCTGAGCCGACAATG 2.5 0.1

1) SBWMV RNA1 (L07937), ISBWMV RNA1 (AB033689), CWMV RNA1 (AB935553), WYMV RNA2 (AB627822) MHEEF]IC

BT HHAE



17%230%4 7 ViTo/z, BIBEWIE, 15-20%T7 4
o — X7 WV CERKEIE, Midori Green Xtra (NIPPON
Genetics Co., Ltd., Tokyo, Japan) T % & L, Print-
Graph 2M WSE-5200A (ATTO, Tokyo, Japan) T # %
L7
4, (FBY 2 7 L0 Multiplex One-step RT-PCR & ELISA
ICkBHE

20182022 DFICIIFHTHBER L 222X E%E
FIL, -20°CH LLIZ-80°CTHRELTWAY YT
VERWCREZT-o7:. LEEE3IY 7V, EFE
E1V Y7, RBREESY 7N, RBEE2Y VT
VOEIIY Y 7V E R vz, RNAME, Multiplex
One-step RT-PCR i3 LEE L 2 FETITo72. 2hbH o
¥ 7 NVid, ELISAR X 5 BREDL T o 2. WYMV,
JISBWMV, CWMV O ER, BES (7) b0l
BUECIT ok REBTHWISBWMVHEiX
CWMV I LTRERISEZRL, JISBWMV & CWMV
DOWHFIWRKIET 5. SBWMV @ ELISA B 5122021 48,
2022 WHREL 12 ¥ TNV D AT, ELISAreagent

A

M1 234567 8 91011

set for soil-borne wheat mosaic virus (Agdia Inc., IN,
USA) 2HWTiTo7. BEEELZMA TERT2RHE
BELZOLHMEEASmEREL, BEEHTHD
2R EOEEBELHZE L. )

#s R

1. 72147 —t vy MOBEMORS L &5
T4 —ty M, FThEhNgEsy T ERa—
FENTWBEWYMVRNALE 70 £ VARNA2 %
WHEELETF5iv—ty PAL, WYMVRNA2: 7
Oy A4 VARNAlZHR L L7754~y +}B%
e L7 (B1FK, $2F). FHABRIBVT, T=—
Y ZIREIZS50-60 )COMTHRE ATV, T HEIE
EWHE o IR RN R BIEEY P L h 57255 °Cic
REL: (F—54E8). /7, SHWEEYOENTE
BRF—EBERDBLIILETSAT—DOBELREL
7z. TS O4AF T Multiplex One-step RT-PCR % 17>
s, AFBOY A VACOWTFRINEARE XD
WIEZEYIERIN, Y4 VAREEORNAZEET

M1234567891011

«4IsB
4cw
4wy
4sB

F1E 280754 ~v—+t v %7z Multiplex One-step RT-PCRIC & 5 2 A X O HBEEGMEY 4 VX 4B OB RNA A 5 O

H - ER3

A) 794 —ky PARZXBHBE. B) 754 —ty B 2HHE. WY WYMV, SB: SBWMYV, JSB: ISBWMV, CW:
CWMV. M: 100 bp ladder (% # 5 754 %), Lanel: SBWMV dt#:E#k, Lane2: SBWMV &/I|#k, Lane3: ISBWMV K igitk,
Lane4: CWMV E5F &, Lane5:CWMV E F#k, Lane6: WYMV kB, Lane7: WYMV JLig#E#k, Lane8: WYMV &R,
Lane9: SBWMYV L #E B #k +ISBWMV K ik +CWMV REF B +WYMV R34k, Lanel0: SBWMV & JII #k +ISBWMV K%

BE+CWMV AR +WYMV ILiEER, Lanell: &%

A
M123456 7891011

d4cw
4wy

4sB
«JsB

M12 3 4567891011

4JSB
dcw
4wy
4sB

BoR 130 ST L - BRED 5 O Multiplex One-step RT-PCRIC & % 2 A X0 LEELMEY A VA 4BOBRH - 385
A) 794 =y PAILL BB, B) 79 4~—% v FBICX B2, WY: WYMYV, SB: SBWMYV, JSB: ISBWMYV, CW:
CWMV. M: 100 bp ladder (# # 5 /54 %), Lanel: dt# 38 1, Lane2: dt # 38 2, Lane3: 5 F, Laned: K% 1, Lane5: KR 2,
Lane6: 3k3% 3, Lane7: k3% 4, Lane8: 5% 1, Lane9: £ 2, Lane10: &JIi 1, Lanell: FJlI2



H3R 1IHH LML A BHHED b OELISARERR

4 HFTNV
A NVA

EE1 kgl BT OFRL O KH2 KE3I KR4 BRE1L BB FN1 &2
WYMV - - + + + - - + + - -
SBWMV - - nt. - - nt. nt. nt. nt + +
JISBWMV/CWMV - - + - + + + + - + +

ELISABRGEMR : + Bk, — Btk +BBE REXO2ENROM) nt RRE

DBEELEZRNAKBWTY, 4BOT A VA E K
BHL, BEEBPOARSIICIOVIANVAELBINTE
72 (BIN). 754 ~<~—ty }BEHAVWLESR =

BOERRN L BIBEEYFRRE SN HETH o7 (B
1KIB,Lane 3-5) 7%, BV A NVADHEEEDY L ITKE
EFBRRS>TBYHBEEYORM VI E2S, HE
IRl

2. F1/; Y 7 IV O Multiplex One-step RT-PCRIC K %

R & ELISARRRE & D8

BEY IV x5S & L 7> Multiplex One-step RT-
PCR DR, WYMVIZ6¥% > 7V, SBWMV i34
F, ISBWMVIZ2¥H 7, CWMV i34y 7VT
BHELHES R B2K). 5F KE2, EF1oY
VIV TIR, WYMV & CWMV OEEREVHRE SO
72 (82M, Lane3,5,8). #@E20H 7V TiE7
54—ty b ATIHSBWMV OEIEEYHF L b¥
PICHRB IR, 794 —ky FBTCIIBRESRE
ol (B2H, Lane2). #RUMNZL, T4 ~—%ky
PALBTHRIBERES—BLA.

ELISAICX 2BEHRE L BT AL, dhiEBE1L 20D
2 FWVIZELISA Tid 7 4 VAP E iz do 7225,
RT-PCR Tz 4 M AHMM S hiz (2K A, Lane 1,
2, 883%K). 72 BF FKH24, REF1oV I
JISBWMV Hifkic X 2 ELISA TRBEHTdH - 7275, RT-
PCRIZ L B #HZRISBWMYV & CWMV iCE&B & iz
(2, Lanes3,5-8; E3K). FNl1t20% > 7L
Tit, JSBWMVHEIZ X 2 ELISA TH#: (E4Ed
THoO2EHBOME LHES NP, RIPCRTE
JSBWMV & CWMV 2B &z o 72, R HAD
¥ 7Ivit, ELISADKEREL —F L7

Ez B

4 BI% L 72 Multiplex One-step RT-PCR 1X, FH#®
BERICIZ2HUAFE LI 2 FOREREREY A VA4
FE2RABCKREBL, 2OoBEEYORE SOEVEILY
ANAEEBATE 7 BREILAT oS4~y M,
BEOBRSEROEF 2 Hv TREEOBVWRIRICR
FLTHEY, BAREETHREL TV ARICHIETES &
Z2z26hb. T/, ELISATRYA VARKREBERE
ol I bBTCE /2L, ELISATO®

AL 7RI VAOEBERNTE-Zehb, £
FicElL, YA 7R EOERERT I AFOBENIE
HTE5.

3% > 7 v © Multiplex One-step RT-PCRIZ & 5
ETiE, ELISA TEMEHE INEED2H Y TV
ZonwT, A VASBKREEN (52K, Lanel,?2).
EED 29 ¥ 7 VICOWTIL, B S PICEIL: E0%
BERLTWb oD, ¥V 7)) VIR EORET
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TRNAL X 83.3%, RNA213 94.1% & i 0+ R %
PEA, SEREF LTI Aw—ky b TRTFA
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