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Epidemiological and Molecular Biological Analysis of Viral Infection of Garlic Grown in Hokkaido, Japan
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1. ¥

il

ABREICRIT D = =27 OAPEL, 1970 FERiTE £ TIIEEAE—(LE Wh, 1974 GO
HOFEI A 500ha, ZEPEELR) 3000t (ILMEEREHFMEET RS, K7 LU RERRMEESS,
19884F) Th o7, HROAFEET 2,600 17t L\, Z0 8HEINFETEEIN TS, 1980
ELRRICERE = = 7 OISR, ERO = =7 APE I8 L7~

ST UANAPEGET D L, WERRD L, wWEIHCT D720, FARR ClImMis
TA RRCUANAT Y —D=2 =7 FFHFEHNCI D A TEY, —EDpEZE HIF T\ 2.
LENNHEE AT DI % & S - ERBOEERITAAR 2257

HEE TIE, PEPEOE EF72 212X, 2010 FE DRSS 3%ha & HEINZER T,
2020 FFEITIT 147ha (RMOKPER  BFRAEREHIMTREEE, 2021 4F) L7RoTW\W5. dWiflE THES S

TWA=r =27 3HERE LR CEMRME BHARY A R BRIGHES 5. BRIy
ANATZ Y —AbEITo T FRERZ G L T DR S 5 0, ARSI L T D,

Loal, a0 D, %< O CIIEERA MR (FICHERE) DOAFEID545720
PHUCH Y, ZOFERE U TERT 5 0 ABRDZ 1T TITUA NV RITEGE L T D b ODMED
NTWDHEBZBND. 2D, ENOWEMEIISINT 565kg/10a (BAMUKES  BFRArEH
fariat, 2021 42) LIFFIURLS 7o THY, HFARROKIN 980 kg/10a (RMAKEEE  EFRAPEN
WERE, 2021 4F) & OFEIFRRE LTWD., =0 =7 [ TEERFBHESEE L CHAEMT O
DIETH Y, SHIEFT 2RI TOL 7201id, BRELTWAD TA LR EB BN L, flil

DIANAT Yk, TAIVAREIEOMNLFDBH Th o7
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2. FFgEE
2. 1. leekyellow stripevirus (LYSV) 33 X U onion yellow dwarfvirus (OYDV)

Leek yellow stripevirus (LYSV) 1%, => =7 (Alliumsatium L) 3 X ORFRIEGT 5 Z &0
BTV S Ponvirus Tiéh%  (Bargetal, 1994 ; Bosetal, 1978;Bosetal, 1982 ; Delecolle, 1994 ;
Sward and Brennan, 1994 ; Van Dijk, 1994) . LYSV ([Z X2V A 7RIt R o= =7 A
TIHFICL LS ABNDIHRET, BFE L= =7 1TV, ZIERB RSN TS, B L=
VI FBECE YA 7R OADRIROIERZ /R L, 0 AT CTEIE L7k I3 i 2 m 3720,
D AEITNES S TR E RV AEEMIME T T 5. ZOREE, INEEWEOKIEREKTFEZH. Zo
JAEIT Briedey (1946) 12 W ERANTEHE S7223, ZOFK T A NV ATEWGEARHTH - 7.
AIROIRIR T A N A &G LA X BOEYA 7 GERIZBIT DI T A /L AOFEA T (Van
Dijk, 1993a; 1993b) , ZHHDOFFHEIL Van Dik 2L > T, = =7 OFVA VR EiexF@mD
EWA 7 IEIROIFI Y A /L AILLYSV, onion yellow dwarf vius (OYDV) ,  shallot yellow stripe virus
(SYSV) , shallotlatentvirus (SLV) , welsh onion yellow stripe virus  (RA/E SYSV @ 1 %) TH 5D &
.

EWNTIIESES (1976, 1977) (2L > T gardic mosaic vius (GMV) & LTI TS &7z,
SIHITEL (1979) , FfhT 5 (1980a, 1980b) , EBEFH G (1992) , (XY, FFE4upH, YEie:,
T 7T KA K DAY EOFEEE A LN ST, Sumi B (1993) 1, =2 =7 By
FERL L7 D A VAR 0N BT B ALTZ cDNA OHEHEESIFRNT NS 7 A VA [RIEZRA TV,
52V C Nagakubo & (1994) I2L > T=2 =7 B H LT potyvirus D 3 A (D nuclear inclusion
protein b O—FRE ML L /X7 B ORIROBEHBSN WG ST\ D, Z0%, HEEIER X
OFA VT T4y vaT ) MEZXK D MIEFHIBERS T A NV ADRENEE, 3 RO

2
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90

o1

92
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o4

29

26

a7

28

29

60

61

62

63

BeAIOL 22 Evh, GMV IZIL LYSV & OYDV 3E ATV Z EAVREA, Van Dik O#E:
EBIUBERSNZ (IUTFS, 1991, 1995, 1997; IUF, 1998) .

RXBHEY) T D #~F KL LYSV OHREFE L IFEZ HALTHRWAY (Katis ef al., 2012 ;
Vucurovic ef al., 2017) , LYSV JERIZ L 5 X v XX OHFEF S —HOH THE I LTV D

(Sharhraeen ef al, 2008 ; Santosa and Ertung, 2020) . HARD=> =7 AFEM TR X172 LYSV I3,
Pl A 7D 200~300 HEIEDKK &9 R o, N (LYSVN) & S (LYSV-S) IZ/3%ET
%% (Takaki et al, 2005 ; Yoshida et al, 2012) . F7=, AINTIZLYSV-N & LYSV-S DiRAEGY
HIE SN TS (Takaki ef al, 2005) . AGMBE TR SN LYSVIE, $XTEIFEDARVE
THIZFEAENRNIITHDH, FIUTNA L SRIORAEY L LS TN 5.

LYSV |7 7 7 LU Lo TsIET 5728, UANAT ) —FEE 2T 55581C@5 T
ARG LCLED Z2E0 b, TOMRNRAIRTHD. LYSV O F L L TRESTND
TTITRNL, FETHT T Ty, XXTTT7LU70E 10 BEETHD (FHHFTD, 1980 ;
Abd El-Wahab , 2009 ; Lunello, 2002) . EWNTIE, =r=7BHICBT5HE!T 77 L ORKH
RIZOWTHEHRR (UTFH, 191) BIOHbmE (Ex kb, 2021) THRESNTEY, duE
TiX 5 A FENS 11 FAEETERT 77 LA PN=r =7 BIBICRKET DV 27 0385 2 &M
HOHNZR STV D.

ARMHE TIZLYSV 28 OYDV £V & M Sh, o Tix OYDV A% < ftisisd. B
RIOWE T, HEO = =7 1B Eiiz OYDV 7Bk D % < 1%, HCPro BI5 1D 5K
(CREBRRKDDY, 77T LT DUANAEGZ LR DRSO TND T EDNmhoTe

(Kim et al, 2020) . Z D=8, OYDV DT 77 LIFEYHTIZLYSV & DRSS EETH S Z

EDVREE ST D (Jayasinghe eral, 2021) .
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2. 2. allexivirus
AARICB T ==L ZHOFRE LT, alexivins HEIHALTWS. ENTIIAID
garlic mite-bome mosaic virus (BIAEIT garlic vius C)  &FEZR 472 (Yamashita ef al.,, 1996) . allexivirus
I LYSV X° OYDV L8720, 777 LTI Fa—l vy 7YX =frcmbng. £,
allexivirus R COWBUUIFEIC L > TERH D K 57243, allexivius PN TOEBIRYL CEELT S
(Caftune et al.,, 2006 ; Perotto et al., 2010) .
== DA NVAIZ L DIERIE, AR 2 FJHO potyvirus (LYSV, OYDV) & allexivirus
(gatlic vius A, B, C, D, X) EDIRARYLT, L == OFVA VIERPERLTDH. =
YEIIZESTID 3 ONFHRUANAEEZ BN TS, = =7 [ 3RERZEH L, 13D
HEND Y AT AEREIC L VGRS LD, B E LT, BRI MO EIZ L~ Tl
O Lnh, UANLVRITY AVERZIE L THIERT 5720, —EHFHARIRAT 2 LB 6

DEREDEE LN LRI L 2o TND.

2. 3. potyvirus D P1 ¥ 737 B ORERE

potyvirus D P1 Z /N7 X, P3 XLV EEREE L, UANVAOERICEAET 5 Z L is
SNTWD (Merits ef al, 1999) . Pl #2327 &5 LEIRFOFASEM T, tobacco etch virus O
Pl 23 60S UARY—A¥Ta=y MIFEAL, ¥/ 30BORRRERMET S 2 & AHE ST
% (Martinez and Daros, 2014) . Hu % (2020) 1%, 3 -2 potyvirus D P1 % FV /= sazibi (IP) £
BRE1TV, LCMSMS ZHAVTiaAa XF X5 Pl FEEX /7 BE R L. %
DFER, FHZ RNA o Lo v FROPUIBURNI RS T 5% O & 7 BEFEE L. £T2,

sweet potato mild mottle virus (Jpomovirus) @ P11E, RNAHA LI v ZTIREOX—T 1 A ¥ —Th
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% AGOL Z o™V LAEGT D Z L HESILTIY  (Giner e al, 2010) , PLITIZRNA YA L
I T EET DR DD LD,

—77, Pl HHIEZ RNA B A Lo v 747 L yth— RSS) MEMZFZ720 7, HCPro # 28
7D RSSTEMAEHET 5 Lo #iA$ 5% (Kasschau and Carrington , 1998; Valli ef al, 2006) . L
7> L, watermelon mosaic virus @ P1 1%, 3E potyvirus Td> % cucurbit yellow stunting disorder virus

(crinivirus) D P25 D RSSTEMZHE T2 LW o b 5729 (Domingo-Caloap ef al., 2021)
P1 7% RSS {EHEARHETE DT A N AD L /X7 E T HC-Pro IZIRHAD G Lt £z, 2
D0 potyvirus FE[H T Pl B %2cH# LT, PlILEME HC-Pro @ RSSTEMEA B2 Z L 23V AlhE
Thb. L)L, plumpoxvirus (PPV) & tobacco vein mottling virus @ P1Bg8T/ng 7Y » KA )L
AENERLTo L 2 A, TRTONALT Y v RUA VAN PPV ORREETHHEEITEYLTE
IR0 T2 Z e, Pl & HCpro DRLAEDY potyvirus O1E FRFEM: 2 7E LTV ATREMEAVR
e Xj17- (Salvadoreral, 2008) .

Pl a7 7 —BIEMIZ L DR Y Z RV Enn0 Pl & HCPro [ CTHIMT S 4L 7ed - 723554,
HC-Pro D RSSTEMEILH F D IS 7ed o7z (Pasin er al, 2014) . [FIREIZ, HC-Pro D RSSYEME
1%, P1 & HCPro Zhllx DX LRV BE UTIRHT D T oAV ==y 7L 0 b, PI-HC-
Pro 2 LNV BEFEBLT D N T AV ==y JHEWO T8> T (Hu et al, 2020) . U A
VA D RSS IEMEITEAERI 218 E~OEEMEZRET LDICEETHL LEZEZXOLNDTZD

(Shimura ef al., 2022) , P1 & HC-Pro ~DEMIZE potyvirus DHEALIZ & > TEHETHD &b 5.
fthd potyvirus D P1 & L/ 7 BT DTS, =2 =2 YT % potyvirus D Pl iE 5T
OFEREIZBE 2 #1372 <, LYSV S OYDV D P1 # /X7 ML potyvirus O P1 # L /37 B L

[FIEEIZ HC-Pro @ RSS{EMEAARET DG NIAHTH - 7.

5
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3. AWFEDOHRY

2013 £EEH LV JHERNA T =0 =7 OFFFEBPFEA ML TS, L, UALRIC
£ L EONDEYA VIRIRROFRBHERD LT L, +072 &G D AVRWIRBLUZ H - 72,
AMZETIE, AEERND =2 =7 1& G 2 0 A NV AZABLNNTT D720, 2019 FEB LT
2020 FHZEAN O EEPEROBIFHAZ1TVY, LYSV, OYDV, allexivirus OF&A: & HIBRA) /347 % B
BINT LTz, RRIER BN -T2 LYSV ZWFekt5R & L, Pl RIS FOXRENLMHI LT N
B SHNZOWT, PR fifT 21T - 7. IRIZ, LYSV DX RXA~DT 7T AN
L BB C= =7 YA O XX B O Ot 2 i L=, S 512 S Fo Pl B0
RNA A Lo ZH 7 Ly BRI OWTHT L, LYSV D272 5 FEA~DBEITDONTE

ZLT-.
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4. FB1E OBECBIT == 0TV 7K  ERE XL OHERN S

4.1. EFE
ENTHEESINZ= =7 D)5 Yoshida H (2012, 2018) (ZX Y LYSV, OYDV BL W
allexivirus 2@ HH Sz, 2D DT A )L ADBEN ORGLRISCOHERA S5 ARIZ DWW T B N5

72, TEWASHIDFEATEREIZ OV T 21T o 72,

4.2. #MEHETFIE

4.2. 1. FAACHLAIS JUBRVEHREL

2019 R3S LU 2020 AFEIIEN THRBUR) (ZFE, A%F, 1R, M, B AR—Y 2B R0
%) o 17 IR (Fig. 1) &3 4B L0 =0 =7 OEFIMERSELZ L, &5 65 ik

Z LR ORERICHEEA L T2
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Municipalities surveyed for garlic cultivation plots in Hokkaido in 2019-2020
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4.2. 2. RNAfIH&E/TA LA ORI

= =7 {5 O RNA 213, RN-Sure Plant Mini Kit (FE4E7 7 77 0) &AL,
ZOFIEFELEL TV b a— /U THEL -,

U A NVAOREIE, £ SuperScript MUYHAEREE (V—FE7 4 v —HV AT 4T 4 v 7
) 2 L OV ERIGEIT 72, FEE0 RNABHE IuL 2 VT, randam primer  GRIFH5HL)
% 1uL, dNTPs Mixture CRPERH) % 1wl iz, ~—#/b 11ul C 55°C, 30min SOt S, SOi%
(2 70°C, 15min ZL¥iZe U TRER 22 it SH 72, SUGHS T#IZ RNaseH (X 0 734 Afh) 2454
77U 1pL Qunit) #INL, 37°C, 20min ZWEE U7z, #5572 SOGIE Z LItk O PCR SOG4 1 ul A
Yt

PCR )i~ 21 TaKaRa Ex Taq Hot Start Version (% 77 /34 A#E) 2 L, 50 uL DR TG S
72, PCR SISICHAWE T F A ~—~7 1% Table 1 IZF & T/RLZ. LYSV, OYDV, allexivirus
OHIRIZANA T, OYDV @ HC-Pro D RIS E; L~V ThH B DL M 2577z, LYSV

DT TA = —=_TNEZ DY A X280, NRE SHIZFEHIFREL > T 2.
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dqoor1 01d-DH
DDALVVLVAVVOVDADILVVVL #*x0SY-COH-AQAO AdAO
renaed IODLLODLLLIVOVODVOVLIDDLD 0CT-&-AdAO
dqpoz i AdAO
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4.2. 3. allexivirus © CP-3’UTR SR DEHAZ it
422 THEBMIZ allexivirus 0O CP-3’UTR I ZA7)(C RT-PCR CTHH/ZIEIREEY %, BRVKEiZIC
B —/F N OWEE Y RO VA0 H L, Wizard SV Gel and PCR Clean-UP System (Promega 1)
IZ&L Y DNA Z[EUX L7-. pGEM-T-Vector (Promega tf) (ZENENTA 7 —Ta L, a7
¥ M VIR LT, Blewhitt 227 U —=27%17\, 178—rH720 12 ag=—/hb
PCRVETA % — | DNA ZHfE L7z, HEEY 2 EX0kE L TR 2GR L, 17—
H1=0 10~11 aa=—DF 72 Wi/i ™ DNA (25T, # L% 5)0 H L DNA GEL Extraction kit
(NEB f1) ZfEHLCENXL7. EUXL7z DNA 253t — 2 = X (V7 ~T NV RY v F Ty
PRUAL) ITHRIE L, XA VU b —7 R L0 RS AT LT
ESICHTIC 2RISR, B 4 2= =27 DY BN, [ RT-PCR 15 THE
gL, YEWRPEmZ 7 v—= 7L, 1 7 a—4 10 MTAEE40 72— AZDOW TR # A L2
R —7 T T K RN AR LTz
OIS IE GENETXver.14 (BT 1 v 7 Ath) % VT BLAST##TIZ &0 GenBank

EoRGRES & P A LT

4.3. fER

2019 FEB LT 2020 FEICARED =2 =7 DT A LV AZOWTHRAMREZITo 72 L 25, 13T
TRTCOMYS CRmEmRTEE (Fg. 2) DO LI, TOWREITEYA ZIER, HEAKECED
W THo7- (Fig 3) . FHEVERBRLIZ=0 =74 65 RIKICOWTHRHETT-> 7255 R (Fig.
4, Table 2) , M SNIZTA N ZRITLYSV S H2<, £DHH AT NBOL R S

723, 2 BRI N LS SHRNFRF SR Sz, S RUBUM TR SHU7-RIFERD Hivieho Tz,

11
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247

248

249

250

251

252

RUNT OYDV At & 727y, HCPro 51D N ARBEE) SR SIVZ MR SEROA T, 224k
TR OHE)STED BRI o 7o, [l THEE STV TV DIRIKICEBW T H 2 < D3Rl K
KLTWDZ LRSI,

E7c, allexivirus 2NENORIGORANG, AREIFIO THRIHSZ. LrbiliEztT- 70 8 kil
RDH5H 6 IREFGTHRIE S TERY, T TITBEPIZIA M LT e, 72, Yoshida & (2018)
DHE U720 AERD G 53HE L T- 2550 BfEk & DY B N OFERPEIX R < (Table 3, 4, 5, 6) , garlic
vitus A, garlic virus B, garlic virus C,  garlic virus D % ANFSE CALHEE O &AL PEH TR H ORI 5
BT D N TER (Table 7) . D AEKY U TN NIRRT & EINHCG OF 4 IFrORS
FA N Z 7= allexivirus DFEALARIL, AAR—> 7 #J5TlE gadic virus C, 1) 11115 Tl garlic virus D,
EFEHTT Tl gadic virus B, 2550, A4F, JEHRHTS Tl gatlic virus B & ZOMORE, G T

IZ garlicvirus A, garlicvirus B, garlicvirusC, garlicvirusD & 72 ~7- (Fig. 5) .
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Fig. 2 Garlic cultivation plots (Tokachi)
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Fig. 3 Symptoms of garlic mosaic disease (Mosaic, Yellow streak, Leaf deformity)
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314

315

LYSV

OYDV

(b)

OYDV HC-Pro
allexivirus

Fig. 4 Agarose gel electrophoresis of the RT-PCR products.

(a) Leek yellow stripe virus (LYSV), onion yellow dwarf virus (OYDV),

(b) Allexivirus, OYDV HC-Pro. sample (Garlic collected from field samples in
hokkaido:1. Tokachi A, 2.0khotsk A, 3.0khotsk B, 4.Shiribesh1 A, 5.Tokachi B,
6.Kamikawa, 7.Shiribeshi B, 8 Hiyama, 9.Ishikari)

a, b. PC= positive control (Garlic china), DW: distilled water,

M1 = DNA 200 bp ladder, M2=DNA 100 bp ladder.
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357

Table 3 Sequence homology (%) between the CP-3'UTR regions of allexivirus isolated
in Hokkaido and those of known garlic virus A sequences

No. LC097150* LC097151%
District sequences hokkaido hokkaido
analyzed A-JHKi-3 A-JHTok-1
Ishikari 5 97~99 97~99
Tokachi 1 98 97

*Yosida et al. (2018)
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399
360
361
362
363
364
Table 4 Sequence homology (%) between the CP-3'UTR regions of allexivirus isolated in
265 Hokkaido and those of known garlic virus B sequences
No. LC097159" LC097160™
366 District sequences hokkaido hokkaido
analyzed B-JHOb-3 B-JHN
367 Ishikari 6 94~99 94~99
Sorachi 4 95~99 95~99
368 .
Hiyama 9 93~97 93~96
i 94~97 94~97
369 Tokachi 4
*Yosida et al. (2018)
370
37
372
373
374
375
376
377
378
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Table 5 Sequence homology (%) between the CP-3'UTR regions of allexivirus isolated in Hokkaido
and those of known garlic virus C sequences

LC097170" LC097171%
.. No. sequences . . .
District Miyagi Hokkaido
analyzed
C-IM C-UR-a
Sorachi 7 97~98 99
Okhotsk A 10 97~98 98
Okhotsk B 10 95~98 96~99
Tokachi 3 80,97 80,98

*Yosida et al. (2018)
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Table 6 Sequence homology (%) between the CP-3'UTR regions of allexivirus isolated in
Hokkaido and those of known garlic virus D sequences

LC097180 ™ LC097181%
- No. sequences ) .
District Hokkaido Hokkaido
analyzed
D-JHTok-1 D-JHU-1
kamikawa 10 88~89 95~97
Tokachi 3 99 90

*Yosida et al. (2018)
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431

432

433

434

435

436

437

438

439

440

441

Table 7 Detection of allexiviruses in the garlic field samples from
various regions of Hokkaido

District GarV-A GarV-B GarV-C GarV-D
Sorachi - 4 7 -
Ishikari 5 6 - -
Hiyama - 9 — -
kamikawa - - - 10
Okhotsk A - - 10 -
Okhotsk B - - 10 -
Tokachi 1 4 3 3
- : not detect
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Fig. 5 Distribution of confirmed occurrences of allexiviruses in Hokkaido
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4.4. B

KEDORR, = =7 OFYA 7 RITAMRERSHITIL S EZEL TWD Z EB BN -
7. BIOAFERTY, AHEEICL D O LFFE L TV — 28 IO L. FEEkDZ <
[TFEHR TR & WDIL ORI U A R RPERRNOZBAINTIY, KB CRY
EAERFL CODHUE S D e < o T, ZORER, JENTO=0 =7 FIE TV A LV ANRGIEL

INEKTZ5|ZRILTWEEEZHND.
PCR|Z L AR OFERND, JLBECO= =7 OFE—D 7 A )V AEERTLYSV L Z 2 5
7=. F£77, LYSV X Pl @510 N L RIEDH D STUZKBIIEN SN, tfFElcBIT b= =

7 OLYSVOESFIINALI L EZ D, UL, 2MIEOZ N L STIOBEAFRHZEED
A, ZAUTNALE SEIOIEAEGL L HEH S 7z, NALE SEIDTRABEGCHOWTITF 28 TREL
TS 2.

OYDV 22\ T, Kim & (20200 OHEFIZLY, 0 AERDH OB TIE HCPro SEIEIC KK
INBHHIND T ENTTIZALDE 720 TN, BGOFRTHI Y 706 [FIERICHERR T
LS T TIESEFE L 7o TS Z EAVRIE S V. 72, Jayasinghe © (2021) 12 KV [AlFEIk
ZRKLTZ OYDV X7 7T DAL DA% LYSV ITIKE L CVD Z EAVRB S TRy, %
B, LYSV ORI I#EL L C OYDV O IT D 72 o 7.

LYSV & OYDV I ZFEERESRDBHEDIFDS, 77T AV THAN STUAL BHET 5 2 L, 5
TANAT Y —EROBAZ D TS GHEITNL, FEEHTHOBRI IR 2 < 2 L IR TH 5.
WoT, By MK DM CARIEL T 2 ENAREEEZ HLD.

allexivirus (Z-OVVTIE, Yoshida & (2018) 230 AERNG I T L, garicvirus A, garlic virus B,

garlic virus C,  garic virus D @ 4FEZ B 502 L CUWads, RS THREHI AT D B RIS
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497
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902

903

204

HL, ERTOSZI LN Lz, BREOOIE, Hlic k- T, IR BTV =D
EThHDH. FEKITGENNDRFHIAEND Z ERZV S, M K- THHR T & 72 DR SR
CTide<, YREAL-T L — P CEEh 0D, B 5T, allexivirus (ZEYE L7-FEERD H
SROFAIRTAKE B L TODLO TRV EHEI SND. £z, allexivirus OB IFEERIC
EDEROIFNC, Fa—V v 7P X =L > THANTD 2 BB TN 5. ARFZETOM
BLIATLTTF 2a— U v I EX =ORAFEGIT>TND L ZATHDHA, 2022 FHEHZ
DIEBREHERTE TR ORFER) . D7e< L b, allexivius DIENORAEITF 22— v

X =DENTOEIEIZ LD O TITENEEZ Hb.
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5. H2E Jt¥EE CHER LT- LYSV S BID S FRMMT & 8 E~DBSIZ OV T

B,
PN

0
—

"
I

F1ET= =70 N ERAEYE L7 Tl Sz LYSV SBIZONWT, HRFEN TS
AR N AL S BIANEARG: L6 b0 bz, 2 S AEE ClddE SRCidian S Blic
DN, DR 2T -T2, £72, 777 DU L DR EIT, Z~RENY Y
— =L RD AR AR LT, 51T, S BUCOWTH ~ 3 FRE 4D 3 X B ) b O
RS, BEERMHEZRAE L. KBS, SENFESORKOH D PL ¥ I EHD

RNA YA L oo o TIEMEIZ DUV TR LT

5.2, F18 JWEEIZET D LYSVN B L OILYSV-S D= =27 ~DIBA YU W T

5.2.1. Mt B

52 1.1. Y
ZZTHWAIREE= =7 1%, AT A % FW) ICH¥KT 5. F 1 ECTOFETE
LN ATR—Y VFEL 2019 4B LN 2020 4RIZ T A VA 7 U —ER A A U 7= [l Tl L=+

PEZ FHVN-.

5.2. 1. 2. 2 RNA OffiH

TRIzol Reagent (f—E7 4 v v —Hh AT 47 4 v 7F) ZHNWT, == DENLE
RNA ZfhH L7-. 3G T T, NucleoSpin RNA (#1731 A&t ) 2 HWCH T 2%

AL TCEH|TER L7,
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936

937

238

239

540

o941

942

243

944

945

946

5.2.1. 3. RT-PCR
RTPCRL 1 A7 v 7 EF 2 AT v 7L LIz, 2 A7 v 7 OHA, £9 AMV WilizGEE (Bk
ASth=y Ry - V=) ZHWTDNAZ G LT, RIZ, cDNA OFF% Takara Ex Taqg (¥
1 34 AR THEE L7z, 1 A7~ 7 RT-PCR (21, Takara One Step RNA PCR kit (AMV)
(BT 734 AREREH) 2 L=, Nested-PCR TiZ, 1[EH® PCR KGIEAY) 1uL % 2 [A]H
O PCR SUSNRIZEAN LT, 4T PCR I, BETTOMHERIINES T To 72, B2 ETHWAHET

D7F A ~—F% Table 8 |2/~ L7z,
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522 fER

1B CTH LN AR —Y 7 G OBREOMIZ, HRHT D FW =2 =27 )5 LYSV D5 Hf
FRATER L, RHEE TIIH 5 A LYSVN & LYSV-S OISR 25 L= (Fig. 6) . 185
BT, IEFW O U A NVAT Y —D=2 = TR PR AT S Q0D Bl D REE
OFE A RE R D72, S8 TR ILESC 24ELL Bt &N h, 20 24T 7
T LU LS THOUANVRITEGT 5 2 ENEL, BRICUANAT Y —Of 21ED Z &1
FREE L 72V R ARATRE T D, 2019 & 2020 A HEENDO T A NAT U —D = =7 Tl D
252 TV D[R TG T LYSV OB FHA L7-RER, 2019 43R4 L7z 40 f8FD 5 5 3
DORAGRH ST, LinL, 2020 RI2IE, BETANAT Y —OFEE B3 iET 57280
75, A U CTRd Lz 60 A, RARGu I Sd (Table 9) , 2020 4FHICI3E21Z

LYSV-S JBYYFREDNTAE L7 < Ipo Tz Z AR &=,
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Fig. 6 Representative gels show N- and S-type of P1 from
LYSV isolates indicating mixed infection in garlic plants
(var. Fukuchi-White [FW]) from Okhotsk (A) and Tokachi
(B) regions in Hokkaido. Primer pair LY-5P/LY-2M was
used for RT-PCR. M, 100 bp DNA ladder (A, B).
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523 E%

EHEE THBESILTZ LYSV DIFEA LD NBID Pl Z2Ff> T\ o2 &b, dtifpEo=r=7
IR L T D LYSV 1, LYSVN DR Lo TnD EB 2 biv/e. Zauxi LT, LYSV-S
I CIIRIHT 5 Z LN TE T, Ah—r 7 M LOHE51235 ) T LYSV-S 1F LYSVN
REBGEL TS EEZX OGN EHR DT NGO O, HEHG DT A 27 ) —FEE ot
FEE T QD B CIARRIC Ko TRIBOFIECEV Y D 2 2 &, BN TOREBEEL DT )
THdHI END, EHNTEESZIEL TS E1EE 2. [iIH230 LYSV-S BY# )3
FFHIAEND D, HOWNTELITHTEL, 777 AU K VAR ST U7z rTReME S HER =
iz, LYSV IZOWT S ORI 2D D720, RT3 L, S HIZH~RF~DT

77 DGRBS A O R X RN D O 2 i 5 Z & & LT,
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5.3. 28 JtHEESHE LYSVN 38 L OVLYSV-S D5 28t

5.3. 1. BrRLE 5T

53.1. 1. &Y

INETIAGONE, AR—=Y 7ER IO TE= =2 KD LYSVN & LYSV-S & Higd
DI, HREE, T AV, HEEO==7BIOT vXa Y (Allium chinense) ZHEXL7T-.
TAVBE= =y, WEHE==7, T a ZIHiTHA L.
5.3.1.2. 4 RNA O

TRIzol Reagent (—E7 4 v v —H AT 4T 4 v 7F) ZHNT, =0 =7 DENLE
RNA ZfhH L7-. 3G T T, NucleoSpin RNA (#1731 A&t ) 2 HWCH T 2%

AL TCE S| TER L7,

5.3.1. 3. RT-PCR
RT-PCRIZ 1 AT v 7 EIL2 AT v 7L Uiz, 2 AT v 7 OHE, £ AMV Wiliz5REE (kK

ASth=y Ry - =) ZHWTDNAZ G LT, RIZ, cDNA OFF% Takara Ex Taqg (¥

1 34 AR THEE L7z, 1 A7~ 7 RT-PCR (21, Takara One Step RNA PCR kit (AMV)
(2B T34 RS 2 L7, 2ToO PCR I, BETTOMERIINES TToT2. 774

~—HcAid Table 8 1Z7R L 7.

5. 3. 1. 4. REAEAT
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LYSV @ P1 fEOIEEALS & GenBank DEEALS A VY, OYDV O 2 SO55HiEE (GenBank
accessions, KJ451436 33O NC 005029) %7 7 k7 n—7 L U TfNT&{To72. 774 A2 M,
TR BESNCE Y, YT FU =7 mafftvi429 (Katoh and Standley, 2013) & HWTHERR L7=. %
TRIOFELO/NZ, Y7 7 =7 RDPS (Martin ef al, 2021) % FVTHBL X T 21TV, ECA
H AR R S A T TREMED & 2 0 BERRIT T~ TERE L 72, Rebthbll L MrBayes v3.2.7 (Ronquist
and Huelsenbeck, 2003) @ Bayes {£% HIVNT, A o~ M OFMNLHIHREAE) & ANEEALOEIE 2+
DR P ET LD FCHER S, v a BT L T A L ALY v
I 3,000,000 [FIDME Y K L TITd, 3,000 27 7 Z LT T EITo T BD 25%D
T T MIN— A o LTSN, SN EERIE, RNy —T0 garee (Yu ef dl,
2017) ZHAWTAE L7z, Bsinbids oot (AMOVA) ZHWTotrL, X7 1A
F RELEEMITY 7 M7 =7 Adequin v3.52 (Excoffier and Lischer, 2010) % AVWCHEH L7=. P&
(DT B X7 VAT ROFRNEL, V7 b7 =7 SimPlot v35.1 (Lole et al., 1999) & FWWTHHT L
7z. LYSV Fa =745k 21 (MH890561) 47 = U —fds| & L THVE, FEEE T Kimura

QRT A=) BT VTHEL, 100ntDY 4 RUHA XL 100t DAT > 7 A X Tr
—Zx L TF v kL7, BrazilTunisia clade (KP236097, KP236101, KP236102, KP236103,
MH890559) & China+Japan clade (AB636327, MN059500, MN059520, MNO059534, MN059543) 7>
5 SEEBSAAAN G-, F72, LYSVN & LYSV-S DfEREE LT, AT T P1EEEES AR

ESNIbRbEEND.

53.2 R

33



692

693

694

695

696

697

698

699

700

701

702

703

704

705

706

707

708

709

710

m

2

A= T MG OIREEGe = =7 5 LYSVO NB (AFR—>Y 27 N) & SHl (AF—>r7 S)
DESTO T A VA RNA Z 5104 RNA 2508 L, P1iE{5 1% PCR CHIE L7-1%, HEAIS4 1k
E L7z (LYSV OfAX% Fig 7 (~d) . £z, BAOMOHEE (hi) CHEsnhiz=r=
I RIOMA= =7 (T AV ABIOHEE) 226508 L7 LYSVN B LT LYSVSS (Zi12
N PLIBEIO SA P1) @ Pl EEFOEERSZRE Lz, £LT, ZhbOis|E
GenBank 77— % ~<— A _EDOZE D P @5 OESNZ vy, Sk 21Ek Lz (Fig. 8) . Fig. 9
2, BHRTH T A — AT D7D, WL DODDT L— REPr0 =77, ik LRt
R LT, ZORHKITCIE, AR—Y I E= =7 OIRAEGUIHET S N Pl (Fh—y 2
N) &SPl (AHR—Y7 S) IFHLNIHER D 7N —TIZRESNTEY, ST P LYSVN
& LYSV-S DIRARGD NAL PLITIZHR L TWRNZ ER3 o7z, kiZ, NP1 & S PI
O P1 BeHDEMZL A AMOVA T/ L 25, 2D 2501 41.6% (P <0001) EAEICHE
%2 EWgholz. 51T, NPl (mean 0413, SD 0.198) OHIEZEREEIL, S % Pl (mean
0313, SD 0.149) LV HEWZ ENHALNI o7z ZHHORERIT, ST PLIAT 7T AT D
T Ko THNED G LYSVNIE = = 7 [T IR DIAENTZ 2 L 2R LTV D. E£72, £
D, NHP1 D 2507 L— K (BrazitTunisia 7 L— K, ChinatJapan 7 L— ) 1%, S P1
IZABNAIEEDOR KT 2L, A BREISOHNA Ly FORFIER LTV, BRI
SEL ST P SAliREEA TR L CUe (Fig. 838X U Fig. 9) . THULORERIE, #7325 NPl

7 L—RI%, PLRRDBFAET DRID ST Pl OMSEENTh 2 FIREMEZ TR L T 5,
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Fig. 8 Phylogenetic relationships of leek yellow stripe virus (LYSV) .This tree inferred from
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cent of posterior probability (only > 50% are shown). Two isolates of OYDV (KJ451436 and

NC_005029) were used as outgroup taxa. Labels in red indicate sequences obtained in this stu-

dy.
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Fig. 9 Phylogenetic relationships of leek yellow stripe virus (LYSV). This tree inferred from the

P1 region of LYSV using the Bayesian method in the MiBayes program. Node values indicate post-
773 erior probability (only those >50% are shown). Triangles denote collapsed clades, with countries of

collection. The original tree is shownin Fig.8 . OYDV isolates (KJ451436 and NC_005029) were u-
sed as outgroups. Labels in red indicate sequences obtained in this study. Note that the LYSV isolate
from garlics in Okinawa (labeled as Okinawa) are almost identical to the LYSV isolate from rakkyo

(Allium chinense) in Okinawa (labeled as Rakkyo).
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Fig. 10 Similarity plot of nucleotide sequences for the P1 region of LY SV against that of N-type P1 of
LYSV Tunisian isolate 2.1 (GenBank accession; MH890561). Nucleotide similarities were estimated
using the Kimura (two-parameter) model, a window size of 100 nt, and a step size of 10 nt. Five P1 se-
quence from Brazil + Tunisia clade (KP236097, KP236101, KP236102, KP236103, MH890559) and
China + Japan clade (AB636327, MN059500, MN059520, MN059534, MN059543)) were included.
New sequences from the isolates in this study were also included as representative N- and S-type P1.
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5.3.3. £

AGHREA AR —> 7 7 RIS N DD =0 =7 IR GG L7 JE TS b7z LYSVN

2

(AF—YZN) & LYSVSS (A7HE—Y78) I22\TC, MiFEDELHIBERE I LN 5728
(2 RIEIC X DR 21T o728 25, LYSVN (AFB—YZN) & LYSV-S (AHh—V7-S)
(TR D TN—TI@T 5 ZEDBBIEN O RENTZ. 2D LG, FHR—Y7-S D ST P1 A
A R—"> 27 N D NP1 /)5 defective interfering RNA & U ClHSS CRA L7-AlREMEIHEW B2 5
b, F£T, ZORGHR & EMERMREND, Yoshida & (2012) MLAATCEAEE FAVTORL
7=E 9l SEPI SN PL 2 BH#b L7722 EAVRBRE L. S 5IZ, LYSVN 23k —
1w 37 SR LT D DITKR L, LYSV-S 137 U7 #EE 72 & X0 BR & 7= ki 2 /A
LTS LI ThD. ZO5Mnh, LYSV-S ITHSED LYSV-N 237 7 #E O FIZH#S T 5
ZETCHBILIZAREENRE 2 DD, F£7-, SHLP1 OMHFFISAFEMEN N P1 OZi L T
N &b ZOGEEFEL TS, E51Z, SHIPI 7 L— R LhlilkEHcH D NFLPL 7 L— K

(BrazitTunisia 27 L— R, ChinatJapan 7 L — R) OfFEIE, Pl SO KD Z HRTOMHITED
LYSVN EFADMFELIZZ EARE L TWD. IHIT, ZiubOMbiIc /e d N A Pl Ak
O SHI Pl BRI HIEFALUE A SimPlot 2 WV T2 25, BARZ NAIPL 7 L—FK

(BrazittTunisia 77 L— I, ChinatJapan 7 L — R) D4R, fihod NA P13k CldZe < S
P1 GyBERR & DFEIEEIA S HIZE <, FHT Pl BEIROBAI ORI S 250 T OHIATE ST B>
o7= (Fig. 10) . Bampi & (2015) %, 77 /L LYSV 2ffkDS LYSV-S ORI CTH 2 ArhENME %
WELTEY, FrxofERE—HLT\D. £, F2=U7 LYSV #ED Pl ESINIET TV
JV LYSV 53BERED P ERH L ERBIRICH D Z & vh, F2=U7 LYSV kD LYSV-S O

Jel7e 552 ERHLMNTR-TZ (Fig 8) .
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5.4. F3H F~RXXIIHT D LYSV OEG: & AHRE OB A DR X BAEY > b D LYSV i
5.4.1. BB HE
5.4.1. 1. &

TAY ==, PEE=C=7, Zvxx 7 M0fE FLEE SY) , YLy valb iy R,
WAREREE, ALK, R4 - TR, Tr—h A, HERAR) OfL, TS THEALLZD
DTHDH. Flz, F~FX (W :SY) OFL, EEOREERFE LA L. BADX
XEfEY (2 ev (llium macrostemon) , 7Y % (Allium schoenoprasum var. foliosum) , X 2 73
Y =r=7 (Allium victorialis subsp. planphyllum) ) X7 v a v (Allium chinense) & U7

(Allium fistulosum var. caespitosum) 1%, BFHIS L O B E I EFVERIR - BigA LTz,

5.4.1.2. 4 RNA OHiH
TRIzol Reagent (V—E7 4 v v —H AT 47 4 v 7%h) ZHNT, =0 =7 DENLE
RNA Zfit L72. RNA-seq (Zi% NucleoSpin RNA (¥ 5 T 31 AAStE ) 2#HWTH T L%l

LTEHITHERLT-.

5.4.1.3. RT-PCR

RTPCRIL | A7 v 7 E2F 2 AT v 7L LIz, 2 A7 v 7 OWA, £9 AMV WilizGEE (Bk
Astt=v ARy - =) ZHWTDNAZER LTz, RIZ, cDNA Ol % Takara Ex Taq (¥
T T 34 R4 CHIR L7=. 1 A7~ 7 RT-PCR(ZI%, Takara One Step RNA PCR kit (AMV)

(B T3 734 AREREH) 2 L7=. Nested-PCR TiZ, 1[HH® PCR UGIEAY) 1uL % 2 [HH
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@ PCR FSKRIZEIN L=, &7T? PCR I, RLUETCOMFENES T ToT2. T4 ~—I, first

PCR (Z LY-5P/LY-2M, Nested-PCR (Z LYSV-5-278/LYSV-3-278 Z JH\\, £ DEFI|IL Table 81T L7c.

5.4.1. 4. 77T LINT KBS R
Jayasinghe eral. (2021) OIAKIETFTOEEENZ, 777 LA OHNREREToT=. EET W

T 7T N OERIE, 25°CT 16 BRfE/8 B (BAME) @ Nicotiana tabacum Fe¥) b CRE Li=. 77

N\

T A e — UIEED, 3 HFEIAARIRRE S L=, LYSV-S 24 L7- ¥~ 3% (% 14 H

G

H) 1255, Wit &8, Z0%, 2007 75 L% LYSVNE#EfE= =27 (7T AV JFE)
B L, 24 FERBIOEER AT L C& R L2 (Fig. 11) . B5E 20 H2IZ LYSV Ofaf#,

Nested-RT-PCR TF = v 7 L7z,
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China garlic (LYSV-S infected)

Sap l
. . Aphids
Onion (Fresh- | Aphids | on USA garlic LYSV
Red) 14 dpi on o'nlon (LYSV-N infected) 20 dpi detection
(5 min) (24 h)

Fig. 11 Flow for aphid transmission of LYSV with S-type P1 (LYSV-S) to garlic infected
with LYSV with N-type P1 (LYSV-N). Steps for aphid transmission and detection of LYSV-
S to LYSV-N-infected garlic. Sap from garlic (China garlic) infected with LYSV-S was used
to mechanically inoculate onion variety Fresh-Red (FR), then 14 days postinoculation (dpi),
aphids were allowed to feed for 5 min on FR and transferred to another garlic (USA garlic),
which was infected with LYSV-N, after 24 h, the aphids were then killed with a pesticide
spray. At 20 dpi, garlic samples were processed for PCR to detect the N- and S-types of P1.
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FTTITRATZ L 91T, LYSV IR FRBOMMNEG T 5 2 L BHESNTWDR, ==&
FEXLIMNTIE & A ERERIZRBRT M T TR, Z = X R LW NS E ST
2720, RETHRANIEEE SN TV w2 FITEH Lc, £Z~1Fawmflls, N Pl 28
D LYSV (LYSV-N USA) F7-i1% S Pl ZFF> LYSV (LYSV-S China) %&te LYSV (T L7~
=V = EOWIRESBINHRE Uz, S L7 7~ 3% 7 50H (PLEE SY) , 7Lvva
Ly R (FR) , MBS, bR, A4 -7 —X, 74— A, BEREAH) ©56, SY
& FR O 2 fWFETCIE, FERFREEED EIC OYDV A% PCR TR & 7=, LYSV & OYDV DL
INT 7T BV FROFEFIEEE R E 20N E DI, OYDV ITHENBERESIL TV D4
Y%, LYSVIFERETR 30 H % THle L TR SN2 DIXFR DA TH 7= (Table 10) . IRIZ,
LYSV-S China DYk A #4% L7z FRAEMIZIS1T 2 OYDV (34t 2 M TR S e < e o723,
LYSV Id#iH &7=7-% (Table 10 3L Fig. 12) , LYSV-S &Y% FR ZH5E & LT LYSVN
USA = =7 Zx 957 77 AT LD LYSV BYER A2 To7- . TOfRE, = =713
LYSV-N & LYSV-S O GIARR LN B L (12) Le. 777 AUIC L DREYL T LYSV-S I
AYRFIEGE L, SDIZ=r =7 MYt D AlREMD 5 5 Z & AERITRE N (Fig 13) .
ARHE CHEE SN2 2~ RF 1D LYSV 2RI TE DM E I DEFRLT720, THRD SY ¥~ %
FHZMEAL, PCRIET LYSV O FEARAE L7z, A& LZEO 55 40 A 1 AT Nested-

CR |25~ TC LYSV-S 2 &/ (Fig. 14) . Lo, AEOKHIT Nested-PCR CTHiH L7=
BERTANALNVTHY, 77T LV DFEGII L > TH YR FND = =712 LYSV-S 23¥F
BiAEniz L 13E 2z, ABETIET Y % (llium schoenoprasum var. foliosum) <P =1 77 Y

¥ =>=2 (Allium victorialis subsp. platyphyllum) 73/A< BAEL TRV, WRIEoHEEE HITHOI TN 5.
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AINTIE, ¥V (Allium macrostemon) , U7X (Allium fistulosum var. caespitosum) , 7~ % =77
(Allivm chinense) MNEEFZTZITREE SN TND. 2L OB EDX X B LYSV ORI &
20 9 DME D DEREIT DIz, AARBHITERE L 72 286 OFEIZ- OV T LYSV TG L T
WA E R, ZORER, AN TIET > 7V PCR (NestedPCR 72 L) (2L 0 /2 EL, T4
VR, TyFkavy, UrX, XavuTlx=r=r7EORAEORTRY) G LYSV AR S
LarL, AWfpETIET Y% QUG 4/IE) BROF a vy =r=2 SHUNLA 4
FRIK) Gl SinglePCR C LYSV M ENT, 7V GbuBEsE/ ) 1805 Nested-PCR C
LYSV-S M SNT=DIHTH -T2, AMED ) N, Th A, TuFxay, THIYXREDR
TR & LT, dpEO 7Y X &% 5 7Py = =2 T LYSV MR SN2 > 72 DI,
i L7 PCR 7' 7 A ~—IZRKNT 2D TH e E T2, 2T, WIEOHADT Y x4
EfA7 5 RNA 24 L, —46 LT RNA=seq (ZfkL, T _XTO DA NVRESNEMT LIz, Z O
R, GFF 23,636,713 HONT = U — RAEGHN, ) Q30 1% 89.6% Th 7. LYSV I~V v
v — NI, Feftio==7 7 A /LA (alexivius, OYDV, garlic latent virus,
garlic common latent virus, - shallot yellow stripe virus) D77/ LI~ v B 7 STz — Ry 7eho Tz,
SF Y, WEEOHADOXFEMEML, ZIDDOTANVAOREFRIZIT > TN EEz b
L. =705, ANTIE, ZHEDOXRFROEANEMNG 7 /L PCR TESHIZ LYSV MM Sh

DT, =2 =g ~DT 7T BV EYEDRARR L 7o TV B AHEED B 5.
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OoYDV LYSV

Fig. 12 Detection by PCR of LYSV from onion (cv. Fresh-Red)
mechanically inoculated with the sap from China garlic infected
with LYSV-S. At 21 days after inoculation, the partial sequence
of LYSV was PCR-amplified from the upper leaf using primer p-
air LYSV-5-130/LYSV-3-130. The detected bands (arrow) wer-
e excised and sequenced to confirm the S-type P1 sequence.OYD-
V was not detected in this onion at 21 days postinoculation. M, 50
bp DNA ladder.
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Fig. 13 Aphid transmission of LYSV with S-type P1 (LYSV-S) to garlic
infected with LYSV with N-type P1 (LYSV-N) and RT-PCR detection of
S- and N-type P1 transmitted by aphids. Representative result of PCR d-
etection. Primer pair LY-5P/LY-2M was used for the first-round RT-PCR,
and primer pair LYSV-5-278/LYSV-3-278 was used for the Nested-PCR.
Among 12 plants, two had a mixed infection with both P1 types as confi-
rmed by sequencing of the excised P1 bands. M, 100 bp DNA ladder.
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Riankng. Nested-PCR

M 1 2 M from lane 2

Fig. 14 Detection of LYSV by Nested-PCR from commercial onion seedlings’cv:Sapporo-Yellow’.
LYSV was detected as a faint band (arrow, left gel) by the first-round RT-PCR using primer pair L-
YSV5-130/LYSV3-130, but a distinct band was detected at the expected position (arrow, right gel)
by the Nested-PCR using primer pair LYSV 5-nest200/ LYSV3-130. The band was excised and Se-
quenced, revealing that LYSV actually had S-type P1. M, 100 bp DNA ladder.
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5.4.3, E%

BAERBROFREFRD, LYSV-SS 137 7T LN I <RI L, I b= =27 ~al:

2

T HRREMEN S D Z ENFRITR SN, e, TIRSNTWeZ ~3x (nff : fLIRE) o
HND, DTNTRHT D LN TE UL, X EEY E L O3bmE Ca < s n <
WD A ZRFN, == D LYSV-S DFEYY & 72> T D8 D JUICHOWTE, Aok
I¥ NestedPCR T LTZE/R VA VALV THY, 77T AVORGUI L > TH w10
5= =271 LYSV-SS B HIAENTZ L 13E 2. e &L BB CIIdEE T4 ~ % X
25 LYSV OUREER TH D 2 & 2RI & T 2B I b o L b s, L, LYSVSS 734
TAFTERIEOIEZ RIS, LYSV-S &Y S ~ 2 F 5 LYSV-N =2 =7 ~DT 7
T LUEPENFEZ B 2 & HFEA STz, LYSV ISHERINBSZ D ~ 1 X R A 5R L7 4
BlE, AR ENL = =2 LYSV B LAWK S ITHER T A0 ERH D LB Z Hb.

ABHEE TIIFERHD T2 4~5 HICH X FDPER B, =2 =27 MO < IZH v X FDEZ
bIDHZ LMD, LYSV I Table 10 ITRT L D ICF v R FDO—EROMIRI bIEYT D72, =
V=75 LYSV ZARAET D72 DITIE, ¥~ KX~ LYSV IO AIReE A Mt 2 MR H 5
3% LALZRUN,

WP E DA A5 0 LYSV ORI ORER, AWfEE Tld=2 =7 T LYSVN 2 EIZRH S
D DI THAEOX X BN HITIEE A ERIH SN2 5T, ZHUTK LT, AINOMED /2
NV, AR, TuyFay, THYxeEOHAORTFMEMIL LYSV-S BWES KR S, A<
AL TND ZENHE NIRRT, A0E TITEADORF B I — RN T LE .
F7o, = =7 LRICHUIE CHEE STV DR R & LTS, dWE Clx s ~ R X Ofb5m
FEDRREZVD, BN THERF S TN D FE R X~ REIC LYSVIZEYLT 5 2 L3 TERL.
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—J7,  AMNOMHRETIIATHREE SN T DEIRH Y, =2 =7 MOELTIXFEDORFE
) HESEL CND 2 EDD, AT LYSV-S BYAEM AL AAAEL TV D EIEbh 5.
LLEDZ Lnh, JEHEE Tt &7z LYSVN & LYSV-S OISR, JENO Y < 1508
O F Y2 EMMBYR L 132 o TR 5T, LYSVN ORYLERIZHNE S LYSV-S 23EFD
AENTZTOTHD EEZBND. Bz, = =7 AFEEDPAN, &I LYSV-S

WG L T- =0 =7 I PR HIAAT, dbE CHEE L W22 E R EM R S 5.
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5.5. 48 LYSV SEIPIORNAVA LU IH 7L oGk

5.5. 1. AEkEHiE

55 1.1. RNAYA LU FLyd—T vkAa

RNA YA Lo 737 Ly H— (RSS) TEME, Kim & (2020) , Shimura ©H (2022) D HiE
IZ & DENT L7, HCPro 38X FLAG ¥ 7' f1& Pl # L /0B % 22— K9°% DNA Wil % Xbal 33
F O Sacl 1 REITC pBE2113 7 A Rz v—=27L, ZNHLDOKTTAI RTT 7 an
77 VU LG EEAS Y. . REEEEMOWREL, N. benthamiana % FINZT A Tl
ODeo=10 12, Z~FXEANT v A T 02 1THIE Lz, WIZ, Nbenthamiana DIEE =134
VI XORBEIS, FROSEZ 7 E (GFP) 2 AT 7 b, Pl L HCPro DA R
7 b (1:1:1 k) OREGHERERZEELT-. GFP 8L, Nbenthamiana TiX7 7'vA 7
4V hLb—a % SHE (dpa) , Z~RXXTIE2dpa \IC UVIEF TRl L7z, #~3R2XRED
GFP #Of58E1Y, LAS AF (Leica) MW TERELTZ. Pl OFBEMRT 57201, Pl A B
T NeBETDHTIanNITIDAL T 4V R L— a3 Uiz N benthamiana Bk 45
TG % 10%SDS-PAGE ToffiL, HLFLAGE / 7 a—F gz iz =A% v 7n

> Mtz X VW PI-FLAG ZAaH L7-.

5.5.1. 2. 4 RNA O#fitH
TRIzol Reagent (f—E7 4 v v —Hh AT 47 4 v 7F) ZHNWT, == DENLE
RNA ZfhH L7-. 3G T T, NucleoSpin RNA (#1731 A&t ) 2 HWCH T 2%

AL TCEH|TER L7,
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5.5.1. 3. RT-PCR
RTPCRL 1 A7 v 7 EF 2 AT v 7L LIz, 2 A7 v 7 OHA, £9 AMV WilizGEE (Bk
ASth=y Ry - V=) ZHWTDNAZ G LT, RIZ, cDNA OFF% Takara Ex Taqg (¥
1 34 AR THEE L7z, 1 A7~ 7 RT-PCR (21, Takara One Step RNA PCR kit (AMV)
(BT 734 AREREH) 2 L=, Nested-PCR TiZ, 1[EH® PCR KGIEAY) 1uL % 2 [A]H
? PCR FUGNRIZHINL7Z. 4TD PCR 1%, BLGETOHMRIHE> TiTo T2, 7T A ~—Bdhli

Table 8 |2/~ L7~

5.5.2 fER

potyvirus @ P1 1%, HC-Pro ® RSS{EMEAAEHET D Z &AL TV D23, Pl HIAL RSSTEME
HET DLV, LYSVITR SO N E SHIO Pl 28572, F£7 Pl HIAN
AR RSSTEHEZFF- 72 07y, NELE SHID Pl 3EN 4 HC-Pro D RSSTEMEAEETE 5D
DN OWTHHT L7z, LYSV @ RSS fE/NEFIZ HCPro IZ X > TRIESND EBZ BTN DA,
% L P1 @ HC-Pro filiiEMEA N L STITHRAQR D725, Pl ORKIIN72VEHEEZLEZ B

£, N benthamiana DT 701 A 27 4L b L—3 3 L EFWRERED RSS EM2HIE Lz
HC-Pro [358\ Y RSS{EM:ZFFH, LYSV-S Hi3koD HCPro (O-HC) O N. benthamiana \Z33\F HIEMIT,
LYSV-N H2k®D HC-Pro (K-HC) DFNL D b5502->72 (Fig. 15A) . —J7, NEIP1I°SH PLIT,
fth®> potyvirus D P1 & [FIERIZ RSSTEMEAIZ & A 2720y, FFo TW T HID THHWNZ L2050
o7z (Fig. 16A) . P1 & K-HC Z#HFEHIE-5E, Pl & FE 720 2 2Oy T K-HC O

RSS {EEIZ K o CRIFEE D GFP L CHIZR SN D EMRBE I D 3, FEBRIZ ST P1 2 HW=7 7
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a7 4V hL—y g 8y FIENE Pl 2V Sy FH 0 00080y GFP 2 R0 2 L A oR
L7- (Fig. 16B) .

L7235, N. benthamiana TiZ N P1 & S P1 & RSSTEMHNIZEAERNZ 2B XD L,
SHY P1IZ NA P1 LV $58< HC-Pro @ RSSIEMEAEME L T D K 5 icllbisz. FkkIZ, O-HC
Z ST Pl LIRHLIETH, RSSIEMHITHT N ER L7z (Fig. 17) . N. benthamiana \Z331F %
Pl X R EORBIY, Vo AX T ay ML R L= (Fig. 18) .

WIS, A~IFZXEHWEREDT Z7aA 7 40 hb—v a7 v A Bi7o720, FOH
HIZ22&%. 1DHIE, ZHNETONEND, UANVAZ L7 ED RSSIEEZHGIHT 2720
(21, ATRECHIUDIE E T IO 2 VD Z LM E LB % 7= (Kim ef al, 2020 ; Shimura
et al, 2022) . IKIZ, Shan & (2018) DEND, SHL P12 NAY P12 bk L7z FlREM S 8 % &
Bz MBI, plum pox vius D P1 O N K ona MY I 7452 LT, UA /L ADO#E R
NNEEY, HFEIEY (F2v)) IUERTED LI ool 2 WE LTS, £2T,
MOT e AW ERNT, Bied RSS EHAZRHTERVINEB R, X2 HWeT
ruaA 7 v kb= a7 yiA ORfER, HCPro 1% N. benthamiana Crr ST K 9 125V
RSS {&MEZ 7~ L7z (Fig. 15B, 15C) . —J, TRIIK LT, #~RXXOREMETIE, Pl 2AH
MTHRVY RSSTEMEZFFD, ST PLIZ N PL LV &2 0 Ry NEMEZ R LT (Fig. 16C, 16D) .
Pl & HC-Pro Z HFEH S 72454, ARIIRO® 5V NIHEEM7: RSSTRMEITIZ & A PRI ST, 4

< XX RIT D Pl HEAMOIEN: L [FIRE CTh o 7=,
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Fig. 15 RNAsilencing suppressor activity of LY SV HC-Pro (K-HC derived from LYSV-N; O-HC from LYSV-S).
(A) RSS activity of HC-Pro in Agrobacterium-infiltrated leaves of N. benthamiana. Two HC-Pro proteins (K-HC and
O-HC) were tested. HC-Pro proteins from LYSV, OYDV or tobacco etch virus (TEV) were co-expressed with GFP
in agroinfiltrated leaves. RSS activity of the HC-Pros was assessed by comparing the intensity of GFP at 5 days post
agroinfiltration (dpa). N-terminal-truncated HC-Pro from OYDYV that lacks RSS activity (Kim et al., 2020) and GUS
were used as negative controls. TEV HC-Pro was included as a positive control. (B, C) RSS activity of HC-Pro in on-
ion epidermis at 3 dpa. HC-Pro proteins were co-expressed with GFP in onion epidermal tissues after agroinfiltration.
GFP images of three different onion scales (Scale 1 to 3) are shown. (C) Mean fold-change in GFP intensity in onion
tissues when the value of GUS was set to 1.0. GFP intensity was calculated by LAS AF software (Leica). Fold-chang-
e values were log-transformed then compared using Tukey’s multiple comparison test (P < 0.05). Different letters abo-
ve bars indicate a significant difference.
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Fig. 16 RNA silencing suppressor activity of LYSV P1 protein (S-Type and N-Type). (A) RSS activity of
P1 proteins in Agrobacterium-infiltrated N. benthamiana leaves. Either N- or S-type P1 was co-expressed with
GFP in leaves transfected by agroinfiltration. The RSS activity was assessed by comparing GFP intensity at 5
dpa. GUS was used as a negative control. (B) Effect of co-expression of P1 and HC-Pro on RSS activity at 5 d-
pa. HC-Pro from LYSV-N (K-HC) was co-expressed with P1 and GFP after agroinfiltration. GUS was used a-
sanegative control. (C) RSS activity of P1 in agrobacterium-infiltrated onion epidermal tissues at 3 dpa. P1 an-
d GFP were co-expressed with or without K-HC in onion tissues by agroinfiltration. GFP images of four differ-
entonion scales (Scale 1to4) are shown. (D)Mean fold-change in GFP intensity in onion tissues when the va-
lue of GUS was set to 1.0. GFP intensity was calculated by LAS AF software (Leica). Fold-change values wer-
¢ log-transformed then compared using Tukey’s multiple comparison test (P< 0.05). Different letters above ba-
1s ind-icate a significant difference
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Fig. 17 RSSactivity of LYSV P1 proteins (N-Type and S-Type) in the presence
of LYSV-S-derived HC-Pro (O-HC). N. benthamiana leaves were confiltrated with
Agrobacterium suspensions carrying GFP, O-HC and P1 at the same ratio (OD =
0.6). GUS was used as a negative control. Image with GFP fluorescence was taken at
5 days post agroinfiltration.
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Fig. 18 LYSV P1 (N- and S-type) expression in leaves of N. benthamiana infiltrated
with Agrobacterivm containing the P1 constructs. Total proteins were extracted from
agroinfiltrated patches in Fig. 15A, and FLAG-tagged P1 proteins  (N- and S-type) w-
ere detected by westem blots using anti-FLAG monoclonal antibody. GUS indicates t-
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potyvirus D P1 (%, HC-Pro ® RSSTEMAAEHET S Z L1TH->ThH, FAILEKIZ RSSTEMENH D
L, TNETEZLNTWRoT2. LML, N benthamiana DOV IZH~ 31X 2T vt A
iy & LT RSSTEMEZ TN/ E Z A, PLITI B2 RSSTEMEA R > Tz (Fig. 16C, 16D) .
IOl E, NAWPESZ KK LT PL (SBL P 1%, HCPro &[RI%D RSSIEMHEA LTV,
%, Shan & (2018) [FLARN, PPV @ Pl @ C KI5 Zfile L7z HC-Pro 23 Cucumis sativus “C
RSSIEMEZFFOZ L 25 L TRY, 58472 PLIZHLS L7- HC-Pro 13 RSSTEMEZFF- 722 &3
Do TS, ZOFERTIE, HCPro 7217 T/ <, W PLEVIC BB O RSSTEMEN -7 2
ENEZEZBND. SHIZ, P1 O N RKif-natlViidsd &, PPV OHFELETHLHF 27 UITEK
YeTE DT EDVREN, Pl A potyvirus DFE EHH 2R ET 2 EHEREEIZH - T D Z EVR
e, UA/VADRSSIE, UANVANEEEZART HBRCEE 2 &EH %2 L7279 (Shimuraetal,
2022) . potyvirus CTi, HCPro (22T P1 ¢ RSS & L THERET D Z &vh, MBI U TPL Y
N Kz U 74528 T, Hilc/e RSSTEMATEET 5 Z LAVRES, ZOHHL RSS O
TEPEAEDS potyvirus D FIEISOBREN /) & 725 TN D FTREMEDE 2 BTz,

PIONKIiz MU 27925 & UANAEEREIGICRE < TS5 L0 D Shan 5 (2018) D
L, HL< ETHERBRIORIGECHo 7. —J7, Fxr ORERIT, LYSV OEALGHEERD Pl ZfE
FrLTiRoNzbOTHY, Shan & (2018) IZLAEERAZFEHT A2 HDOTH 7=, FH2HITRL
72X 912, JLEE TIX LYSVN OB 038IEL S, PLAKIR L7z LYSV-S IFAMNSOMHRIZIA < 434
LTS, AINHHRD LYSV-S 1L, Pl 28 RSSTEMEAFFO STITH D720, Hx DRI H R
<HIGL, < ORFBHDIEG L CODRHREMN DD, DB X 2 FFT 2 BUOBIESRERN
—obhb. MBTIE=r=2 T vXa Y (Allium chinense) H[F UK, [F UMl CHs S <
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6. HEBE

ABHEIC BT D = =7 OFFEE, 2010 FUTE TIIHFIEEENFEF D7, TAILZADLF
TEZZE BTN, ZOREIZ DWW TR E L, FEHIRT ORAERLOFIAE
SIEINETITONT I Rn o7z, 2013 LA IR HREMEA M LTIV 228, EWNOE
PEMICH D FRRNOAF LB D S 22157, LB ASRITEERAIEE SN2 b0 T
X722 WFEDME DN CTWND DORBRTH D, TANVAT ) —LIZ LY =2 =7 OIEDKIEIZIEN
T2 LIFMBNTNDA, AEBL CII oS TV LITEAT, VA LRICKD
FYPA VIERITAEFEE LFER I TND LW ORBUR Th 7. dWfpED = =7 DILEM:
(IERRD 6 BIREE (RMOKPES  BREAEPEIGTRRT, 2021) &S BURAFTIET D728, AP
RS EA S TANAT ) —FEE OAEFEETT-C, KAFEERMEET 2B MAD-HHT 72 & C
EDHNTND.

AWFZETIE, THE THLNTIER Do TeAEEN D = = 7 FIEOB TRAEL T\ H =
=T DIANAEHOLNI LT, UANAT ) —FEREZE L CAERET 5720, ZhbDy
A NVADBEERF NIRRT D, AFERTHOLZ LT VAV A L OB RS G Z Tl
K, RmrHr ®) , ) ARERERSFIUHEC K D ILFFZECTHEN L T 2% FITC-before
Amay {EIZ X D72 HEOBR 2D TnD (HH G, 2022) . £/, =2 =7DUA /LA
7 ) —FRE AR 2 e F 22 o TR B DO—DIZIE, U A VADEREIIOIND T, B
72 A MIEEL S H o7z, EREOFHREEIROBARST 2Aav e i) b U U L7 E 2R
ALz A NA7 U —bDh3(t  GERS, 2016) DEKICL Y, FEEOHHEIMEESNS
EEHFELIZV. F£72, allexivius DFEZEI S LIRS, BRRO &30 BUEDENOFEER DS
< allexivius DFAENRFIEE 725> TOWDFERBROEFEDIMEKEL TND 2 END, HHINLE
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DEJENEIREN TN E ZATHD. EW, VA NADEN B THLTF 2—Y v 7 es=
[TERNICEE T DITTE > TUTNRWNE D TH DA, FEROBANGERY F2—V v 7Y es
ZMRA CTEET DY AZIFENWEEZ BN, 5% b TRERPINELEZ BND.

LYSV [Z2WT, SAID LYSV 23D # ~ R hnfdi 2 Bt p X RN IR G5 2 &0
ANz, =0 =21%, SRR ERFRBICHET 2REPMONTEY, HFHRRTIEX
X L= =M CEOHRED EWNBYIRE 725> TS Z ERMBN TS, JREENICIEY ~
FROKRPFEMM S 5720, HIRIZ Lo TILRTL W v 31 ¥ & =0 =7 OEFES & BRI T
TEEE L THEF SNV E D ITRE L TS — A6 H 5. LYSV 1L, Bt THdE ST
WA XX SR LIS WEB X BNDHDOT, EBITMA SO FHAD TR
PCIEIE, LoL, ERNIEEFEDT Y X E2II U & T XX BN FECND. £,
FROFEDOIRE LR B =— T ZAOSRECRBREN 3 M L L TN D 2 &mh, BN THEIL
VATT 7T LV ZOET L2 B LI RWIRIUCH D, 5% bERIINELEE X BILD.

OYDV (22T, HC-Pro SEIKD 23K LTV BRI T[S L~ L CHEIEREIZ /e 5> C
WD ZERHBLNIAR 572, Kim B (2020) 1%, %V HC-Pro (3 DR\ HC-Pro I[ZEE~T RSS
TEMMET L CERY, LYSV LORGEGZHNM L TAEFEL TWD AR Z TR L TN, &6
(Z Jayasinghe & (2021) 1%, %V HCPro 212 OYDV (X, LYSV & [RRHEGL LIZ5E8DHRT 75
DRV BIT D2 L a8 L 0D, LR Y, WERZIT=0 =7 b U A L A %M
L7241, LYSV £V OYDV O HHERMMENZ L3R5 LTV eh, SEIOEE S O
OYDV ORHE CHIFRIEET, EFHIZ OYDV 23 LYSV & OIRAEYAFIAT 2 CAEF L TV D

ZEHERLTWS. E£o, RSSTEMHEMETFLTWS LT85 L, = =728 5 ORIk
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SNDHT EITRY, I X D U A NV AEGROHR E B OB LI <7225 Z &b,
TORTITHEE 222,

AS%OMBEE LT, WBEED= =7 OUA NVAZONWTOHRE, ENO= =7 PR
BUZED L NENLTDD, TANAT U —EKIZ K DFEF R Z LR SETWHL BB His.
SEITR AT FITCbefore Amay VD=2 =7 DA )V Afg#EEF ~ FOFIH « HkIZOWTIE, K7

v BR) ICRDFEEETHIST D TETH D, BB ~EN - BN CTHENE S FTREZe iR 71k
Lo TEY, VANAT)—bDF =y 7136 HAAD I L, BMITOHREIY OE2 £
HIEHTE 5 ke L TOELEZHIEL TV 4.

== DTANAT Y —UZONWTL, 7T (R SFREA—F v B () 7pEndk

& LTHD A EED TS, TA VAT U —EROFEHRRICOWTIE, HEEND JA
KIZIAMBEB LA BT E D=2 =7 OIRBAFERGIZ L, R W ERFZT, R4
—X v R KK , FADO AT IrEESLTO V2 hF—0%E5L Y, TEKETRIC NIZAICL
Ty M) —] BREL, REEGRTYANAT Y —EROEFEEZED TS (A, 2022) .
72, JALZATIE, TLZAEUTIZAICL ] 2 BIIZFTR (GD) PRaEHIEE~ 2022 4= 3 A28
WL, SRIIVANAT U —UICERO T Z L2 AR LTS (L, 2022) . flizb2Eme+
BN O RBIRAFEE N CREEOEL MAED b C0D. 2oL ) IIbBEICR T ==
7 HPESDENE (I A RTETEA TN D, WS U A LA T U —FlE OFIT 2 i 2 AEPED S T
DHITEY, ([ZATL DA INVAREROVENEDNEFEBRSHI HIRE L TE L EBEZTND.

TANAT Y —EROFM LY, allexivinus [FHS TR THLTF 22—V v 7V EX = TERN TEA L
LTWRNWZ b, FRERNDRIY A N A ZRETZIUIFERINICIIERTE 5 B2 6N 5.
LU, HEITHEEEEREICE DT 2— U v 7YX = RITFEMT 2MERHHTEAH D .
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LYSV (ZOWTIE, UANATZ Y —FifaZOE FRIET D720 TIE, BHFO=0 =7 [l 6

N

T 7T LN E DI Ko THERGLTLED. bk, 7% (R , Gl bk

ERFFERERE D IERIFFFEIZ 31T 2 3R TIIAE 30%RE O FEYEZ R L T\ Z &b (GR%
), BEFEOHRETT 100% DB 0 EHEESILTW D, UA VAT Y —DORREFHRRIZEBNT
(IR E TIET 77 LV MO AR Y MK DBEENP VAL BEZ TS, FBk, BEERN S5
(CHER LTEE1TIE, ¥ v A B0 1A B T ThdL T2 BEBE) 7 FRBE C 1 2 SR RS2 & oD
FEZI ANDVENH . OYDV IFAMHE TldZ < O%E, LYSV kAT 2 CT=r=2
MIZBNTRIEL TWD EBEX 6D 20 b, [FRORR T EEZ N5, Fxe DT
WD == OFEERROET V% Fig. 1918 L.

AIFFEORERIT, =2 =7 DT ANV AEGAT BT DREF « o3 AW IR & L CEHELZRIE

WD LB, ABEEICRT D=0 =7 OEFERBO—I/e b EEZ Hib.

Garlic Cultivation System in hokkaido

Virus-free by tissue culture . _
(Hokusan, Plant Breeding Institute, - Virus detection by FITC-

Akabira Orchid, etc) before Array

(JA * Agricultural Production Corporation)

{ Original strain ] '

) D Prevention of
[ Seed( g rr?ncilrlf tion ] <::| re-infestation with insect
= - nets
cultivation
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Fig. 19 Cultivation system with virus-free seed management
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D) AGHEICRET D=0 =7 OFYA ZIERSOEEAKRBHER D VA VA% L, leck yellow
stripe virus  (LYSV) , onion yellow dwarfvirus  (OYDV) , allexivirus Zf&H L7=. ZiIH DDA /LA

DB =2 =7 HIERIG TR BIE L TV D Z E BB~ Tz,

2) dtfER T A== OUA NAOEERIX LYSV THY, KT OYDV, allexivirus DIIET
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EWNCTORPBER A 2B BN LTz,

3) ALE THEEL 72 LYSVN (A7FB—Y 7 N) & LYSV-S (AH—>7-8) ORMHE LSO
AT MR, BRI N— BT 5 2 E DRI NI, £T2, ZO%Nk & SR

KUEDS, STIPI SN PI O LT- 2 LSRR E 7.

4) LYSVSIIZZ VR I L, FDOXZ VRIS LYSVNIERL = =7 ~DT 7T LY
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Summary

Epidemiological and Molecular Biological Analysis of Viral Infection of Garlic Grown in Hokkaido, Japan

Jun Sasaki

In this study, we conducted field surveys in the major production areas on Hokkaido in 2019-2020 to identify viruses
in garlic, and to invertiget infections of leek yellow stripe virus (LYSV), onion yellow dwarf virus (OYDV) and
allexiviruses. Molecular phylogenetic analysis, was conducted to characterize LYSV isolates. In addition, the

infectivity of LYSV to several allium plants was studied. Finally, RNA silencing suppressor activity of the P1 of the

S-type was analyzed.

I . Garlic mosaic disease in Hokkaido, Japan: symptoms and geographic distribution

We confirmed the occurrence of garlic viruses in Hokkaido (2019-2020) in most of the fields, where we observed
mosaic symptoms, yellow streak spots and leaf deformities. The most common virus detected was LYSV, and in
most cases, only type N was detected. In only two samples, we found mixed infection of type N and type S. OYDV
was the second abundant virus, but the N-terminal region of the HC-Pro was deleted in most of isolates analyzed.
Allexiviruses were detected for the first time in the fields of Hokkaido suggesting that they are already widely

distributed in the area. They were identified as garlic virus A, garlic virus B, garlic virus C, or garlic virus D.

II.. Molecular phylogenetic analysis of LYSV S-type identified in Hokkaido and its adaptation to the host
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LYSV N- and S- type P1 sequences were present in the same plant and that they belong to different evolutionary
phylogenetic groups. To investigate how LYSV with S-type P1 (LYSV-S) could have invaded LYSV with N-type P1
(LYSV-N)-infected garlic, we examined wild Allium spp. plants in Hokkaido and found that LYSV was almost
undetectable. On the other hand, in Honshu, LYSV-S was detected with a high frequency in Allium spp. other than
garlic, suggesting that the LYSV-S can infect a wider host range of Allium spp. compared to LYSV-N. Because the P1
proteins of potyviruses have been reported to promote RNA silencing suppressor (RSS) activity of HC-Pro proteins,
we analyzed whether the same was true for P1 of LYSV. In onion, contrary to expectation, the P1 protein itself had
RSS activity. Moreover, the RSS activity of S-type P1 was considerably stronger than that of N-type P1, suggesting
that LYSV P1 may be able to enhance its RSS activity when the deletion is in the N-terminal half and that acquiring S-

type P1 may have enabled LYSV to expand its host range.
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