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NbA¥s &i; RZETaY, L XEITLFICONVT, HHRATIEEHICAE
EENTWAEHTHY (FAOSTAT2023), HRICHIEFICEERMKE T
HBH, N4 Ta@Fdaitb 1 TEAMMTIFIE MNZX->TRBFE LTRIA
SNTEY (Engel1970), ZTNETAMBICLE - TEEREBHRE LTEMSL
MITWBE, TOERO—-L LTIE, RWESE, IX51, 200 E,
EFI CRBEIVEY IV B 2 EURBVWRENMELZF>HLTHD L
EZx2 b b (Kyriakidou et al. 2020), X T, BARZE DT 7 #Hilho 4
REFAET =T, TAYAKE, 3—uy AKEBLOT 7Y b KEOS
RRAEERRICEL L THRERFRERILOREIRERTHSLERXLON
% (Bradeen et al. 2011), |

FTARCET 55V AV aid, AT AYWKREDT 7 A WLARD T REH
FHENREL S, REENNLVA Va biERBFERIIRELS ST 6N, &
THRAB (Solanum) Potatoe TJ& Petota /BT 5 (Hawkes 1990; Spooner
and Hijmans 2001), /S A ¥ a DGEEICOVWTIE, DEFEFEICL->TERF
W& DD, Hawkes (19902 X Y ZFIRERBEINTRY, HEE7 L
BAM 6L SNTNE, —FT, HLOAEDOEXF T, R4
CEFAERE 107 BICHEEINTRY (Spooner et al. 2014), 2 SDHEERIL
RELHFEL TCWDHRINTH 2, ABFF TiX, Hawkes (1990) D5 FITHI Y F
?Eﬁ‘é TEIETB, DL, NS T aDFEICHONTE X T DEWE
HHB, FELZDEREIFEL, ThOPSOARARBEER>T
VW% (Hawkes 1990), TN E T, ZDEBBOAFRLREELZERT 5D,



| RERIT Ko THEETE~DEAMTT o (Ross 1986; Plaisted and Hoopes 1989),
SERABBETIEAVL Y aBIELTEL—2DERTHD LEZDND
(Ross 1986), | '

Hawkes (199002 £ % &, FIERITIX, Solanum tu.berosum, S. ajanhuiri, S.
chaucha, S. curtilobum, S. juzepczukii,S. phureja ¥ LS. stenotomum D 7 FEH
Mo, ZRLEERREEREILS. ruberosum T 3?3_ Y, BiFE & L T subsp. tuberosum
$ & U subsp. andigena 755‘_%“&%50 o) bt R THEX ﬂflﬂ 5 DI,

4 {ED S tuberosum subsp. tuberosum DI TH D, S. tuberosum su.bsp.
tuberosum 1%, 16 R FIZHE K KR CHEIB X N7z S tuberosum subsp. andigena
FRRE LTI —my SCEASH, I—ny ATRAEGELRY S
_tuberosum subsp. tuberosum NS T&E T2 EZEZ b TW3H (Howard 1970), & D
%, S. tuberosum subsp. tuberosum 1% 18 #ATIZ T X Y H~EA S hie (Salamaln
| and Burton 1949), 7 2 U JTIE19 ﬁﬁ’%ﬂfg:#ﬁilﬁfdl?‘ UhbEASINTS
tuberosum subsp. tuberosum B3 I‘Rough Purple Chili’ & L T fElL S
(Goodrich 1863), =D #%{X& L T ‘Early Rose’ »F K X 4172 . (Mendoza and
Haynes 1974), ‘Barly Rose’ JX7 2 U HICB T, FHICEEREREERI &
LCHA S EEnD, KOEESMOITL A LI Rough Purple Chili’
BEEE R, BENSHMERETICH RoTND (Howard 1970;
Mendoza and Haynes 1974), = — R v /3 TId 19 HRICKBEL L
Phytophthora infestans \2 & DERDOFEIZ LY , BRSEENE LIET
L (Provan et al. 1999), Z D%, ‘Rough Purple Chili’ @fﬁﬁﬁ g—n v
EED THAFIZIAE o722 & T (Plaisted and Hoopes 1989), dbk<e 3 —u
Y NREEDTHERE NNV Vg (IS. tuberosum subsp. tuberosum) DBEIREIZ

BIEIXFEF IRV OBHERTH D (Mendoza and Haynes 1974),
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AARDEBE NS VA ald, 19HEND 20 ﬁ%ﬁi:%b‘(ﬁk%m%‘@i)\é
N BEE (R4 ‘Irish Cobbler’ ) ® ‘AL 74—’ (%A 1978)
DREEERHFME 2> TH Y, ‘Irish Cobbler’ b ‘Barly Rose” Dk &
S (Salaman 1926), ‘BBRE’ IXIBADNANL A v a BROEERM L L
THAVLN, BRI RLOEERRESRRE LTERSATV S,
BADALA Y s BERBICOVT S, BIEFHRET R KR, RIEFR
BRGREZRN T, A DOHBERROBLHISREL LB L TRERERT
2L, BHDOBGHISEKREOHRICEEN BER &7 o7 (Igarashietal. 2019),
INBnh, BADA VA Y a FREBIEI & ARICEENSREDOZ L S
BRELR-oTEY, TN LDOREEBNIHIRT D DITi%, BERYIZER
BrEROBET 7~ VICEAT B LT, ERDEEKE < LTV LE
MEAR® EH TV (Hosaka and Sanetomo 2020a), |

SREBIT, ACBWEERDHABRECRE RFEL B, EEMHCR
HMEEORELFN, HE - Tio, BRKEDORIRENAELZLEEND

(Trenberth2005) s % D72, HEMIBIBIZEB WL, REZEMES W 5 7THE
PEASEZ B (Lucketal. 2011), AFEREF L EFEE2RERERL A
D %% (McCarthy etal.2001), ﬁf@%%@b:i % HERIBRILIC L o TRZAI 2
RREBRVBAREO—DL LT, BBRTERVREINIEMRNIZT O
5 (Patil et al. 2012) ,

# AP I 0 R AR B DFERE A K C db B Ralstonia solanacearum species
complex (RSSC) I L 2 LEHRETH 3 (Fegar_l and Prior 2005; Safni et al. 2014) o
RSSC i3, 7k, 1, FEEORETRMAMARL, BENITERDZL
ﬁi&:ﬁ%ﬁ@#é ZEMBTED (Hayward 1991), F D=, —ERBEBIZEA
FBE, ABEREICRET T L IREEL < BIRAE L R o Tl B, A%
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FiX, BEORBEBICERESEE LT, BROBO R EDPLEBALKE
MENEE o CHMT S (Vasse et al. 1995), 2 LT, AHMEEANT
Exopolysaccharide Z EEA L, BEZFHEDLV D Z L TAHRIBNEZEEFL, 17
EEYORE REFTEECKTLEZSEEI T END (Grimault and Prior
1993), _

EREFIL, 1896 EIZ, N AL a, b~ Hsct(ﬁ-rxc::{*smf%ﬁréb
MHDTORERH Y (Smith 1896), FNLAME: 450 L EDEMEEFEEL T
BILLEBRREINTWVDS (Héy&vard 1994; Yabuuchi et al. 1995; Elphinstohe
2005; Karim and Hossain 2018), #¥1Z, b~ bk, 7 X, # o, Nv A vaik
EF ABHED IR A f@ﬁ?ﬁ%%&’%—aié (bHayward 1994), ZD=H, &
BRI EWRBLIOREOT CTHHRAMICHFEICEETHS (Mansfield et al.
2012). FREOBLRE REBEEFLC L 0b, Wi, EHRHBL LR
BRI TEZ DEHICEEL 52 52 (Hayward 1991), 7V T AERAR
YOMR BB THREELLHEER IR CHESBESHTVS (Fegan
and Prior 2005;-Ravelomanantsoa etal. 2018), F7z, BATRALA L2 0DE&E
ERFELLTHLNTWS (BRE 1958; Katayama and Kimura 198455

RSSC 1478 45 D&\ (race: Buddenhagen and Kelman 1964), Ef.%z?é{d)
&\ (biovar: Hayward 1964) , FRMEEERLFONY R %‘"‘ vy 7S BRF
REDBEEDODELBTFICHBIT 6*&%@3&”@%% (phylbtype: Fegan and Pr ior |
2005), BE O RNV HFT—EBEBFICBT 2EEEFIDIEV (sequevar:
Fegan and Prior 2005; Wicker et al. 2012) Rk & F éi WoEIhs
" (Table 1), Phylotype IZ X 2L, ~VF 7L vy s R i’olymerase chain
reaction (PCR) 12 &Y flifEIZHETE (Fegan and Prior 2005), 2> DHiEH)
BAELFIST B2 L b, EERLHBENTVAIAEETHS (Horita et
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al. 2014). AFEIZL - T Rsscl & 1 (7v7), I (TAVL), (77
UA), BEOIV (1> RERUTHl) @ 4 5D phylotype @Cﬁ:}iﬁéﬂ’bé (Fegan
and Prior 2005) (Table1), &4, 7/ AEHFEORRICL Y FMREOE
5 MER BT PRTHEY, REHE LS ARFERICESS, RSSCIE
R. pseudosolanacearum, R. solanacearum, ¥ X O\R. syzygii PO 5B AT
HdHELEBRINE (éafni etal. 2014), Z L5 3 f& & phylotype DHIEIE, R
pseudosolanacearum (phylotype' I 8 X O phylotype M), R. solanacearum
(phylotype T), R. syzygii (phylotype IV) &720, & 51T, R. syzygii 1% 3
DDEFE (subsp. indonesiensis; subsp. syzygii, 33 & O subsp. celebesensis) I
¥ERIEN D (Safni et al. 2014) (Table 1), T D 3 DDIFED 9 & subsp.
syzygii &i;r%7l<0):)’: aUVUEBEELLTAC NTHER XHEZ L, subsp.
celebesensis 1373+ %#TEE & LT blood A& 5| X Z79% BEMREs &k
9 DT subsp. indonesiensis DH T % (Safni et al. 2014, 2018),
AARICBITZERBHEIL, R pseudosolanacearum (phylotype I) & R. syzygii
subsp. indonesiensis (phylotype IV) NEER I TV3B (Horitaetal. 2010), Z
5%, biovar3 & 4 (phylotype I) & biovarN2 (phylotype IV) 243 5
M % (Horitaetal.2010), Z# 5 DRHEHIBIZEANTH R - TEY, biovar
4 & N2 &;‘ré@rm\i’rﬂiﬁ@ﬁﬂjénfwérﬁ, bio.var 313, BRERROH
BRD—EHEHTOBMRE SN TS (Horitaetal. 2010), =0T, EH
DALY s EEICBIT B ERFOEEREEE & 25 TVWB DI biovar
4 & N2 Th? (Katayama and Kimura 1984; F 1L « A% 1986; Horita and
Tsuchiya 2001; Horita et al. 2010), ¥£7, Z D2 2DV — 13872 5
N LA Y ah bl &4, phylotypel (biovard) 1XFEIC AARDEM TIL

A5 10 BRAOEIRLIC, phylotype IV (biovarN2) X 10 B FAMS 11
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A ICHEFR & (Katayama and Kimura 1984; A 11 < KA 1986), BHREE B

LWEIESIC R 575 phylotype I (biovar 4) BEND /S LA & a £FETIE

%%EE?‘@%%&“/@-??&;63%@7&5‘%%3&60 —hH, ThbonR Ay

3 f-\@fﬁ)ﬁjﬂi, BHRIN—TIZCLVENRH D LT 5% (Sugaetal 2013 )
L, BORRWERE (il - KR 1987; KB 2016) 23H Y, I NZHE

BERDRNIELHY, HEL LTWARY,

R LA 2 EREREORETH Y, —EBR SN L I
FEEZZTRICBRETDIZLIIRETH D, RRITHT HHkREE LTE, Z
N FE TIZHEE (Adhikari and Basnyat 1998; Katafiire et al. 2005), & 2 W IiX#H
HE® % A2 HIEREAMAEN 2R A L 2EWHIER (Guo et al. 2004; Ji
etal. 2005; K5 2006; #)I1& 2008; Liu et al. 2013 ;Wachowska et al. 2013 )
BRHIBN TN S, LnL, DRBFRRET, BEOBALA L2 EETE
HEVFRESHTO R, £, LFRRICL D EREBE R EBRA &N T
W32 (Mamphogoro et al. 2020), 1F& A EDILFEEKIZ, BE, FRELMK
1, EEALATR, BEOABMICEZEERIET (Frank et al. 2002;
Navarro et ai. 2007; Rokunuzzaman et al. 2016),

= MZBWTIE, HERFEREL AW LERTHEHBES T /2 26T
Sh,7urbs ) v A YOEREL) b EEORBICHENHMBTE S
EEND (R 2019, ERDOY ¥ T4 EFEREABRIIE L LTiX, WRE
& by & Lf, TEIAFKANC L 2 LBWHE, BEHEBIORIES 28
FCRFZEAMT 52 ERANEUIBRERPEICEASNTHD (A -
AAS 1987)0 LDXLEA DL, TNDHDHIED A 1/4:/3@:3‘5&3‘25%%%@%
AEERREMICIZ 22 LITEELL, [IEEENIC X 2 H5ICE LS 0 EHE
{72 &EC, BERPLLRDAINMIKDO NSV AL a EETRREREEZR
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IELTWB, —F, hv hOF 2T, HLWBHRELE LCEREEARZH
FLESESESTET S (Sh5 2012 BIAKS 2016 H% 2021), +
BNBE L EAADE CAERE CHASNATVS (5 - TR 2014; 8
BIE S 2016; H{R 2021). LA L, AL aDBEEE, BAZABETS
DLIETERVED, EAELAEORAMEIR N THY, RLADTHS
LEZ BN (Elphinstone 1994; Patil et al. 2012; Horita et al. 2014; Muthoni et _

al. 2020),

20 I DFDIZ, FRHIBICWMHEZF OV, Vs AEENMER I

(Salaman 1910), £ DR EFEMRERAERBORRLITLLTETV D
(Thurston 1963; Sequeira and Rowe 1969; Rowe and Sequeira 1972} Sequeira
1979; Jaworski et al.-1980; Tung et al. 1990a, 1990b), L22L, §F THEHFEIC
4L TER RN 2o LA o 3 FERER SN THHT (Patil et al.
2012; Huet 2014), MiOFAREN TH S b~ hRFRTBNTHZD L 3
R DEHREILR VY (Lebeau et al. 2011; Aslam et al. 2017; Namisy et al. 2019;
Kunwar et al. 2020), BFAEREIEIX, EHOBEFICIVEELZZIT I
% T#HY (Elphinstone 1994), V¥ HA TL A KRV FayoV AT Y
UANAEREO L) RBE—BBEFIREDZE TRV, 2D L5 EHED
BELTREEE B X DAL, ?&ﬁ%iﬁ%% PEMMEIEL L CERAKEO®
| E2REETE S (Pilet-Nayel et al. 2017),

ERMIBNT, NbA T ailBT5EFRRIEMETENTOITE R,
5L TIE, 1970 SEED b HICEHF 1 > ¥ — (International Potato Center,
CIP) CHAMIZATHRT S (Muthoni etal. 2020), MR T, 75 P/, X
EH, VAITTARETHEMEBTEIRAL LN TE 72 (Schmiediche 1988;

Quezado-Soares et al. 1997; French et al. 1998; Siri et al. 2009; Ferreira et al. 2017,

7



Lopes etal. 2021; Andino et al. 2022) , /S LA & = 128\ T, KIEHE S. tuberosum
subsp. tuberosum T HFREFICH L T—EDOEMNELE RTRESCRENRE
S TWB2 (Jaworskietal. 1980), ZF L TWHBEBRLRBEENE - T
LEI EHENIEKRT DD, LY BEOCENMELZFOREETHR L \gfﬁp
% (Patil et al. 2012),

_::ni'Gwﬁmﬁ?&ﬁ'ré’%ﬁwif;ﬁmj, ITRRECTRE SN\
EHEEICEAT S LOTH 5, BRFEFNEETRICS O CHAMICHA &
NTNB ERITRERAE L LT3, S. phureja, S. commersonii, ¥ X UF 5. chacoense
728N HBH (Rowe and Sequeira 1972; Kim-Lee et al. 2005; Lopes et al. 2021;
Andino etal. 2022) , EHEHKOE MM Z HERICEAT HHICIE, HTBXR
LIS % CHIEELA BRI SN T3 (Laferriere et al. 1999; Fock et al. 2000,
2001; Chenetal. 2013), & BT, iﬁﬁ%%ﬁ#ﬁ&i&%’m:; D, vefXFRF
® elongation factor-Tu (EFTu) recéptor BLFe LA aDFELEICE
ATBZLT, BOEREEZFORKRERSN TS (Boschietal. 2017;
Fort et al. 2020; Dalla-Rizza et al. 2022), Z DB|IETF X, MESEHEN~R
ALTEBRICREEBES F A5 - RNEET Y V2 — 2R D8
%D (Kunzeetal 2004), h= MTHRWTHBETFREHHFTIORET
BPMATS D L THMEBEAEO M EAERBENTWVS (Lacombe et al.
2mmobmb,a—uyﬂ%aﬁmxwfm,%%%ﬁ@miﬁ%wﬁ%
&:%i%ﬁﬂ?ﬂ?bi‘-&) D, EAENRABIZELS, AR LV ERNOENEFTFRE TIX

BRESSBRLELIFEBFIECRD B OND,
EANTIE, RERZ2PLELTIALS YV a BT 2EMREREERES.
BERETED TE e, T, ‘BBE OBRRTHS BKI1 S 2 1943
ERERIN(ED 1943), BV ERBIEIME2RT - & SERS D

8



B EERM & LCHA éhto*mrm%%?‘éﬁﬁﬂff&'c XFE KD
:ﬁf’ﬁrﬁiﬁz'@&;ét&;, A EDEKRRESLETHBH, BHRIE X
RIEBRRWEZD, BHR1E o L TEHERBHmTOEBRRMELE ¥
FAF L WLRY BERENK, TO%, VLYY BREHELL
THERERE ‘FFU° BEFHRIN, EHIEz0HRELT, BHR1E’
bR L TR EOERME T AL KD 25 1986 FICHR S e (F
- ARAT 1987; RS 1987), LA L, THHEMERETYH, EHEOE
REH TEIRREAHE T & 7b§§ﬁb<_, EORDEHWVIEFMELFORED
BRBLETHo 7 (AL - KF 1987),

BMEOCENELZ R THBERERICMIT T, "B 15 BHIOEAEIZME
T, EACHHAD S. phurcja, S. tuberosum subsp. andigena ¥ & XS, tuberosum
subsp. tuberosum O 3 DDBBEFEN R DAL DD EIH’ (FFHE 2009)
Mﬁ# MERICFA SN, A0 ED’ X 2HEERET, BHERE
CRBWTERWEMRFEREEZTRL (RO 2009), Z0BEEREREILIT 7
x}ﬁ%%ﬁt%zf%ﬁs.phureja ICHET B EE 25N (Morietal 2015), %
Dz, ZNETLRZRD S phureja HXDBAEZFICEA - EFI®
52 LTLY %b\?&ﬁ’&&'&fﬁé’%ﬁi@‘é z &%: B & LT, Pt fAME Qs
LD AVIDODED RAGELLTRERE Vo 77 7% LXE
[P -‘@“@ 35 5 BERINZ (Mori et al. 2012), ‘FEHE3S B’ XEVE
MFRERMEZBESHRE TR L (Morietal. 2012), ZORME ‘BH 15" H
T EREOHFRFEAEETY TH3 B ERELT BRS X Ee
BMER &7z (Sakamoto etal. 2017) (Fig. 1), ‘2B SEEEL X ‘BM1
5 LB L TEHWETMELZ R L (Sakamoto etal. 2017), BFMREIZIB VT
AUA Y s BEORTR LB VERFEAKETT., Lo L, BLRERME

9



ZRTRTIEZ ‘< , BRI BERRMICEERT D L BFAT 2 (Sakamoto et al.
2017), % T, Suga et al. (2013)I% RSSC IZ L 2 FEREHRZITV, ‘MR X
x#H& 2EDEENTERSNIEHIERBIT R pseudosolanacearum |&
5 UCIHERMERTH, R syoygi K LTHEBRMETSH S L2 BEL
T3,

INLHE, BVERMETT BB SEEE RERLELOO, £V
BOBREDEREEED, R soygi K LTLBVEREE RS BEOE
BABEESNB, L L, SbA L aRBBid4BERETHY, 4EE
BAICH W CEROEAE R ET 2 EMEE 50, 2 FAETOREL &
B L CHHICEBETHS (Hawkes 1990; Watanabe 2015), MZ T, 2N ET
PRI ORI EBREICHE - TV 5 (Morietal. 2015), B3R E 34t
RASLRON, B LT VKIEDE 1 EICH 30 RARE LR TS
720y (Table2), & BT, ﬁﬁﬁ%&ifﬁiﬁ%m:ﬁu\&:iféné )iz,
BREIEAORENBETHD, —FT, V¥ HAEL A eV Fa ViRl
RV HTAEY T ANVABEREIIZONWTIE, BREORIKEHIND B DNA‘
< —H— BB SN THEY (Morietal. 2015), RIEHLRRIZIIT 5K 500
REERBICRENAIRETH D (Table2), D& DT, EHIEDFTARAE
BREICIR DN B ABENNOERFIEAEERICS T 5 LE2HRER
L 72> TW% (Mendoza 1988),

22T, RFRTHE, EATHECERFEAEETETE 5 in vio
REEZHE L (B1E), LT, ENOEMFEICLA LS T a~
DHBHICDNT, in vitro REBETHMT 22210k, 5 DOKREAHH
(FRE) 151 T, 4HOBAEEELT ) ETOBBEMILES & L
Tr (BE), BEIETIE, XA val ) r2BBETH—HESLT (Single

10



‘nucleotide polymorphism, LLF SNP & #93) v —b—% A= &5 E#EH
WRZER LT, BRNOFERIERAEOEBERHBFETHS T3S &
BRROFM-BEGEIC OV TRIFEEEFE (Quantitative trait locus, LA
T QTL L #T5) miT&iTiRoTc, TORBRRHSNHEE QTLAZ S\ T
TOEBEHIREZALMILE D &L, SHICEL4ETHE, BERAOEMRE
IN—T2RETD 3 %m:ﬁ LT, 2&“5%@?&&%#?0:?507‘6 ‘Failg 35
5 AROERREHEICOWVWT QTL S 24TV, & QTL DEMAFRMER
BEKREFEEZHALMNILLI ELE, 5 BIZRBWTUEL, BIETES QTL
ELTHE 6 FRBMBICFE SNz PBWR-6b (BT 5 2 IO DNA v —
ww%ﬁﬁ% L, 2 EARBIV4EZRHRIIBITZ2BRE~—I—L LTOHEHES
B pie U, Moo LB EESE DNA ~— 0 — & AR RETE 5
NFFPLy 7 APCREMERE L, 2D DRMRICESEREBLETIX
KIFFE TR L 72 in vitro *ﬁi?ﬁ%i(ﬁ%ﬁﬁ&:ﬁm L7 EHitE QTL 0 EHE
MEBRE LML, A%OERBIER SO 7R oV THET 5.

11
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Table 1 Classification of the Ralstonia solanacearum species complex

Speicies? R. pseudo- R solanacearum R. pseudo- R. syzygii subsp.

solanacearum solanacearum indonesiensis syzygii celebesensis
Phylotype® I 11 111 v Y v
Originated area® Asia America  Affica Asia and Australia Indonesia Indonesia
Sequevar® 12-18, 31, 34, 44— 1-7, 24-28, 35, 36, 19-23, 29, 42, 43, 8-11, unknown '9 10

48, 54, 55, unknown 3841, 50-52, 49

unknown -

Biovar? 3,4,5, N2 1,2,N2 1, N2 1,2, N2 - -
Race! 1,4,5 1,2,3 not identified 3, not identified - -
Disease*® Bacterial wilt Bacterial wilt Bacterial wilt Bacterial wilt Sumatra disease of  Blood disease of

clove

banana

2Based on the report of Safni et al. (2014)”

®Based on the reports of Fegan and Prior (2005) and Safhni et al. (2014)
‘Based on the reports of Fegan and Prior (2005), Hong et al. (2012), Horita and Tsuchiya (2012), Wicker et al. (2012), Waki et al. (2013), Gutrra et al. (2017), and

Jiang et al. (2017)

dBased on the reports of Horita and Tsuchiya (2012) and Horita et al. (2014)
*Based on the reports of Safni et al. (2014, 2018)
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Chromosome
Doubling

Inca-no-mezame

—LLTDmm*

———— ]

Sakurafubuki- |
S54042-15 ="
Norin 1 Chijiwa
Unzen |— Meiho |
Katahdin | Chokei 80
Touya -

Fig. 1 The pedigree of Nagasaki Kogane

Saikai 35

Nagasaki Kogane

Saikai 33

Varieties and breeding lines in bold-lined boxes show a certain level of resistance to bacterial wilt by field tests (Katayama and Kimura 1987;

Sawahata et al. 1987; Mori et al. 2009, 2012; Sakamoto et al. 2017).

*Bacterial wilt resistance not evaluated by field test
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Table 2 Process of potato breeding in double cropping

Year Season  Breeding stage No. of plants/ No. of Note (traits for selection, etc.)

replicates genotypes

1 Spring  Crossing Cross with a genotype possessing potato cyst nematode resistance (/) at least in
one of parents, and obtain approximately 300,000 hybrid seeds per season.

Fall Seedling selection 1/1 14000 Tuber shape and fiesh color.

2 Spring  First clonal selection 111 7000 Maturity, growth characteristics, tuber shape, size, and eye depth, and stolon
length.

Fall Line selection 8/1 500 Maturity, growth characteristics, tuber shape, size, and eye depth, stolon length,
and starch content. Disease and pest resistance by DNA marker assays.

3 Spring  Preliminary yield trial ~ 30/1 50 The same traits as done in the line selection. Field evaluation for disease and
insect resistance (approximately 30 lines are evaluated for bacterial wilt resistance
every year). Cooking tests.

Fall Yield trial 40/3 10 Evaluation and selection for growth characteristics, yield potential, starch content,
_ cooking characteristics, processing quality, and field evaluation of disease and
insect resistance, which are carried out up to year 6
4 Spring  Yield and adaptability = 40/3 S Conducted in multiple prefectures where dissemination is envisaged, and carried
tests out up to year 5.
Fall Yield and adaptability ~ 40/3 S As above
tests
S Spring  Yield and adaptability ~ 40/3 5 As above

tests
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Table 2 Contin_ued

No. of

Year Season  Breeding stage No. of plants/ Note (traits for selection, etc.)
replicates genotypes
Fall Yield and adaptability  40/3 - 5 As above
' tests '
6 Spring . Yield and regional 40/3 3 | Conducted at farmer fields in the n;xain production areas in Nagasaki Prefecture,
| adaptability tests where dissemination is envisaged.
Fall Yield and regional 40/3 3 As above
adaptability tests

7 . New culitivar 1




- =

Nl vallBiT 3 FMEFIEGHEICH TS in vitro IREEDOBRF

[l

B

EAIC R 5 ERRERIER ORI IE, FAERIEREBIC B TRER
Rt Fok L CRPE - EHEL TV % (Morietal. 2015), L2 L, "ﬁ@@fz‘ﬁﬁ
REGHOEDOS AN —CTH 578, FEMEEHERYVRETHLENH Y,
BREHIBRCHRIIIEERIRBE LT VWEBEEMOKEICR O, FMHmicE
REMHELBARDBNE, —FT, Fu—IXF ¥ A—2ANTHBEShE
RETORARICEY, XV ﬁﬁﬁ@%b\%%ﬁﬁ%f;né LIEINTND

(Gonzalez etal. 1_973);, NlA g @ﬁtﬁ%ﬁ%ﬁ%bzﬁfré?&ﬁﬁ@&@:
HETHZ L5 (Gonzalez et al. 1973), Montanelli et al. (1995)1%, HERE
NTEELEZY—REWELZ, ERFREZERE LE I XF v 7 P AICHE
X BHEEME L, UL, COFEE, Fu—2F 1 i DEN R~
—2ELBELL, RRFICMOERIC L ABRICHLEERRZET 5,

F I CARBHRTIE, EEEREMEZRRENCTHERL, H—ICHEIELIE
mik%, BEEAHTORBRENTIHEMCX 5L, EAKEE L BHEEE
FRJTHoICKRERERERE, HENY (Eh), EERONEREL
PONT 5z EIC kY, FFERAEERBREANCITMT 2 HEEMEL
X9 &L,

FEBHS XU I
HAMETRHS kO R R A
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Y, ERREAEEET S L 2 ERRMTHD T 35 5
(Morietal. 2012) B X OBBREDKETRAETE TH D ‘Kennebee’ (Jaworski
et al. 1980) Z AV, THSH2ODRBRELEBT SO0 RBEEEE R
L7, RIZ, RESNT-RESREZ AWVT, BHRECSWV TEGERME
DERENHBLTWAUTOALAL s RERSE M LT, ERAERE
&) MAEL LT "3 XHEE & ‘BR1E, BAREE TEEJ dn 8
LLT mvasn’ r SALSIR , BECEAMEE (B AL
LT ‘TA=2xh’ & —7~/v (Mori et al. 2012; Sakamoto et al. 2017) %
B L, ZhboREE, BIITRZR 52, RIERBHREFEREY ¥ —
DR UEBHESTOR LD 5 EMERKEFELE SO THE, =0
%%%‘%T“&i, RSSC @ R. pseudosolanacearum (phylotype I) & R. syzygii
(phylotype IV) 2M{RFELCW 3, RBRICHRAT 2T XTORKEIX invitro T
HEFF S, 2% D 3 #5% & ¢r Murashige and Skoog (MS) #£# (Murashige
and Skoog 1962) Jﬁﬁﬁ%ﬁﬂ@ WCHEIE S T, IREREHI, F T A& (40 mmx130
mm) FIC 30 ml DA—IFa T4 k& 20 ml O MS HKEHE ARE— F
JV—T7BHELELDOTHD, TEAND 3~4 &m‘%%ﬁoi%%*ﬁ%ﬁ%@l
DERY, MEFZMIZHBAEL, RSSCEKRZHERETOIE T/ —XTF ¥ /13—
P THERR LT, BRAMIT, 3,000~4,000 1x T 16 BRI, 8 BERIRH, 20°C

DIERTH o7,

ERERR

R. pseudosolanacearum @ MAFF327001 # (phylotype I/ biovar4) (Horitaet
al. 2010; Sugaet al. 2013) ZFEMEICHBA L7, ZOEKIL, B K'C“%’B T
BORAENFIE L 72 5T B RIERF OB BT HRRICHYE LS

17



LAY ahboBEINZbDTHD (Horita et al. 2010), KEHE 2,3,5-
triphenyltetrazolium chloride (TTC) ¥ #i (Kelman 1954) i /L —F 4 > 7 L,
REEORETHEEANB 2 R =— 2R L BB ED T I BT
kv Za—2R (CPG) #5# (Hendrick and Sequeira 1984) 12 A#, 30°C%
FETFIBVTRE BT 1 AMES 5 L OIS E 7, BHRRER, BEA
THR L 600 nm D Y22 HE (Optical density, OD) ZEETHZ LI LY
3K ¥ 7=, ODegoo 8 0.1 TIHiIE, = 1 = —FERE{T (Coiony forming unit, CFU)
T 1.13x10° CFUmI" 12 H8Y L7z, ARBIE invito £ETH B, HEEHE
BREZEBEIFTIIRR STV THWNWTH—EILRDLEEZIOND, ZDED
BRETIHBEIIRESRERS 1x102 L Ix108CFU ml! @ 2 EZ®REL
oo R OHEMEETHIIER 45 & (Bt | BREE) L EH 6~8 1
(BT 2 BRIS®) O 2 BEARE L, B, 1 ml OMEEBTE
BREBHOA—IF 2T MCEA LR, BB TERENEET 3 KED
FE Z A3 1T B D H1IR 1349 28°C  (Katayama énd Kimura 1984) TH Y, N A ¥
s DFIBEEEIT 10°C~23°C (BED 1963) ThHIcw, BRIEET, UV
TA TEEABTIRED ERICE 24°CE, HIRIZHY T35 28°CIZREL,
HRROEREE, EHICHEY % 24°CE 21T 28°COA F aX—F — 2B LT,
10 FE%Z 1 REL LT, FHBEICOE 3IKETo7,

B9 FF A

BETER 20 B BICEE CTRAE L RRER (Disease index, DI) & LTHE
ﬁptmmm,%kémﬂwfmﬂﬁﬁﬁbx1(%ituzﬁ%%iﬁ
ERERE D), 2 (26~50% DERERE V), 3 S1~T5%DEREREY ),
BLU4 (76~100% DHERERF V) & L7z (Fig. 2),

18



5 R

FH DI &2, BIZOWTIIERIEE (Leaf disease index, LDI) & LT, ¥
T2 ZEIZ DWW TIIZERIEEL (Leaf disease index, SDI) & L CEBIICRK Dz, ‘T
#35%5° & ‘Kennebec’ O B R F 212, Mann-Whitney U 7 % A\ 7z,
LDI & SDI DFEHEICHBREEXDRFEHEEEBE, N1 A ¥ a DER,
BEEOBRRE L L, ZXRBAESN CEOHE LT, LDI & SDI
O FFEMZEIT Tukey BRE CTRE L7z, MEFHREITT T Remdr Xy &

— 3 (Fox 2005) version 3.3.3. (R Core Team 2017) % F\ 7-,

RS
KB RERME DB

BRERBRERMEEZRD BT, BAMETRT ‘Kennebec’ & BHEH I
CFMEINTWD TR 35 B E invitro CHEREL, BREFOHEMELETY
(i 4~$_ o ovs TR 6~8 1), BB OEEIEE (24°C vs 28°C) B LU
EEEE (1x10%vs 1x108 CFU ml?) %n%%z&&%wﬁﬁmﬂ; ¥ (LDD ¥
TIXZEDFERIEK (SDI) K52 5FB2 LB L7 (Table3), 728, HRX
& bf@iéﬁm%f&ﬁ L7=%4, LDI X 0.00~0.30 & 729, SDI X 0.00 & 72>
7. |

RECEoTRRZZN, 'BE3SE OFHRERKELILLDI T0.30~1.53,
SDI T 0.00~1.13 T > 7= DIZkt L, ‘Kennebec’ D £ #id LDI T 0.60~3.20,
SDI T o.46~3.03 L7pofe (Table 3), 16 LEXF 15 LEXIZE VT,
W35 B DOFHFEMIEEUL Kennebec’ DT E Y biEA o7 (Table 3),

6~8 ZERIICHEAE L CHER BB 24°’C@195/\0)77L ‘TE¥E 35 B :l: ‘Kennebec’
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£V b LDI B FNICEN BRI EEZIRDON ol ‘FHE
35 %" & ‘Kennebec’ DEFRPM CORAEEL, HICHRIEE 28°COL
/BN, HEIRE 24°CTIE, i 6~8 #/10°CFUmI! DFREKX T SDI
DHBEBREEZT LI, AEOFTORR, BREEISBCEELZEXIDOR
YEEREFTHDLZ LR ENT (Table 4), FEPTTLIIZ, HBEE

Bl ‘TE¥E3558° L9V D ‘Kennebec’ ICL VW KREREELERT-, HERER
H (ZEH) CEEEREIX, HEIE3S5E O SDIICDORFEEL L 272 (Table
4), UEDRERNG, FEHREREICESE 2 MELHNT 5 RBEREIX
6~8 ZE D /IMEM R ICEIMEE 1x102CFUmI™ THRE L, HEIBEIL 28°CTH 5

e

In vitro B3 OO SPAEHE E D #23E

3% T OEERE P BEM DO RFEIZR T 5 6~8 FH DR AT 1x10?
CFUmI" BEOCHELRELEEL, SREEZOBRIEESL 28°CL L TRRY
WCTHENMERELRE Lz (Fig. 3), BAMAETHSL ‘RABSETHSE ,
‘Eﬁ35m,‘x4T¢’,k;U ‘BAR 15 1% SDI 2 0.43~0.80 TIE
<3 %{“féunﬁ'c&pé ‘TAazR’, ‘TU<, BLD ‘Kennebec’ I
SDI 2% 2.17~2.80 TwE 27z, WHOUERED ) THD ‘=vagh’ &
‘KA SR EHRED SDI (1.37~1.60) % Uiz, MRS )
DBFEIZEIT D LD IEHFALTRVS Db Ho72n, WMMELTE L BRES
D LDIDEITEETH- T,

%5 | |
FHREEEE ORREE L, BAEAEL BALAEOKIICALE

20



ERRFTHo7, MAT, HEBEOEM S /N4 3 (Gonzalez et al..
1973) BE O F~ b (Nakaho etal. 1996) 1031\ T HERFEHMEIC K < B
BrEZBIERBEENTND, LERST, 6~8 EBDREBEMEIZ
1x102CFUmI" OEMRE THE L, BEEOBRRE S 28°CITRET 5 2 &
}bﬁ, in vitro RE CORBERRREETH D Z L KR B & Rol, TDH
BERETT, BBRETOEAERBESBELSNO LAY 3 BBIZOWT in
vitro tRE TG L 72/ %, BB OEHTMERE (Mori et al. 2012; Sakamoto et
al. 2017) & in vitro @ﬁ@#&mm@%m, RIZE O RFEEM (SDI) TH
b\*ﬁéﬁ'ﬁ%%bfc (Fig.3), N A v aDFRBIZL - T, BEAKEZERL
7= 5t R X CTEE| @bsf%é#%ﬁmaﬁmém‘:f:&p, ¥ (SDI) TOFME T
ROBELERABLNE DL EL LB,

BTk, B MAENSERICTHEEEAT 2 REROLEMRESEY O
AEEECREFERNAICHE L 5 2 T 5 (Chaparroetal. 2012) , —75, invitro
CABTBEMITERICN S <, KBBBORMET CAET B D, £k
HEBRESESRET LT LORRENRLR L LR, UL, in
vitro BEIXNSTHEMTETHY, BHREOHIRMICHELE LN
RBEERAZHRT I LN TES, ¥, 2TOIRSPHBETHOIL
b,ﬁ%%m%iﬁwﬁ%%mﬂﬁﬁﬁéo@;H%TyR%Cbﬁﬁéﬁ
OB ZTAET 5 2 2 1218 & o ¥ RTHETH BB, in vitro BEE AV
NIE, B2 B RHE D RSSC o84 B MM & — 3 — OBIR TH b AT 5 =
LSTREC o B, BRI 5 BYREHMR EHR O XML, ALA s
FRICBITHHIBERDO—2THS (Mendoza 1988), HIE 3 FEIIMNE LT
HZHEROBIBRE & LB L T, in vitro WHIHREEILX, EHZ2 E/NCRR
B THET S BETDH D b 00, EHRES V(B £ 0 3 5 0 72 e % TR
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ETBLOLEX BB,
BBl ~Te & 512, AR TIRERIEICHT 5 BN ORBREARE

WIS BREE & e AR, BT D FABIC I, WO B TS <

BRI~ OB OB b, B2 5 RSSC EHROHRIEIE 2 ¥ 1K < 55

TEDLEFEXDND,

22
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Fig. 2 Potato plants (cv. Kennebec) grown in vitro 20 days after inoculation with a strain of Ralstonia pseudosolanacearum
(MAFF327001, phylotype I’'biovar 4) in glass tubes. Caps were removed for photography. The criteria for the 0 — 4 scale stem disease
indices (SDI) shown from left to right; 0 = no symptoms, 1 = up to 25% of stem areas wilted, 2 =26—-50% wilted, 3 = 51-75% wilted,

and 4 = 76-100% wilted

¥
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Table3 Disease indices, shown as the plot means =+ standard errors among three replicates, obtained by in vifro assay for a resistant potato clone, Saikai 35, and a

susceptible potato variety, Kennebec

Inoculation timing  Inoculum Incubation Leaf disease index (LDI) Stem disease index (SDI)
concentration  temperature Saikai 35 Kennebec Significance Saikai 35 Kennebec Sigpificance
1 week after 102 CFU ml™! 24°C 0.80+0.15 1.17+0.19 0.17 £ 0.09 0.77+0.32
- transplanting 28 °C 1.53+0.39 307+ 0.12. ) 0.90 £ 0.36 2.57+0.12 i
(45 leaf age) 108 CFU ml! 24 °C 0.87+0.38 1.67 + 0.32 0.47 +0.23 1.13+£038
28 °C 1.33+0.24 3.13+0.32 & _ 1.13£0.18 3.03+0.38 &
2 weeks after 102 CFU ml"! 24 °C 0.30+0.10 0.77 £ 0.24 0.00 + 0.00 - 0.60 + 0.30 ks
transplanting 28°C 097+ 027 - 3.07+0.32 & : 0.43+0.13 2.33+0.20 e
(6—8 leaf age) 103 CFU ml"! 24 °C | 0.87+0.07 0.60 + 0.23 0.10£0.10 0.40+0.17

28 °C 1.20+0.23 3.20+0.36 & 0.90+0.12 2.93+0.19 &

* significantly different between Saikai 35 and Kennebec at p<0.05 by Mann-Whitney U test



Table 4 Three-way factorial analysis of variance for bacterial concentration (conc.), inoculation

timing (leaf age), and incubation temperature (temp.) on disease index

Disease index Genotype . Source of variation df F value

Leaf (LDI) Saikai35 * Conc. : I 0.8621
Leaf age 1 - 2.7931
Temp. ' 1 9.3879%*
Conc. x Leaf age 1 1.6897
Conc. x Temp. 1 0.6983
Leaf age x Temp. : 1 0.0776
Conc. x Leaf age x Temp. 1 0.0086

Kennebec Conc. _ 1 0.4794

Leaf age ; | 1 3.3034
Temp. 1 115.1760***
Conc. x Leaf age | 1 0.6067
Conc, x Temp. 1 0.03
Leaf age x Temp. l‘ 3.9625
Conc, x Leaf age x Temp. 1 0.9064

Stem (SDI) Saikai 35 Conc. , 1 4,5756*
Leaf age . ; 1 5.7521*
Temp. 1 26.2227**%
Conc. x Leaf age 1 0.0042
Conc. x Temp. 1 0.3403
Leaf age x Temp. l 0.105
Conc. x Leaf age x Temp. = 0.7101

Kennebec Conc. 1 2.5073

Leaf age 1 2.5073
Temp. 1 104.6172***
Conc. x Leaf age 1 0.3095
Conc. x Temp. 1 13352
Leaf age x Temp. 1 0.5293
Conc. x Leaf age x Temip. 1 0.8077

*, %% and *** indicate significant differences at »<0.05, 0.01 and 0.001, respectively.
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Leaf (LDI) Stem (SDI)
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Fig. 3 Disease indices in nine genotypes (highly resistant, Nagasaki Kogane, Saikai 35, Meiho, and Norin 1; medium, Nishiyutaka and
Sanjyumaru; susceptible, Aiyutaka, Dejima, and Kennebec) after inoculation with a strain of Ralstonia pseudosolanacearum (MAFF327001,
phylotype Ubiovar 4). The error bars indicate the standard error values (n=3). Different letters indicate significant difference (p<0.05) according
to Tukey test. p
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A TE I S Iz Ralstonia solanacearum species complex
DNRVA YV ailHTERENDER

B

[

BARTIX, NbA ¥ alZ/YT % RSSCIZIX 2 2D phylotype (I £ 1IV) £
721X 3 D ®D biovar (N2, 3, BLTV4) BHER N TS (Horitaetal. 2010),
phylotype IV (R. syzygii subsp.indonesiensis) 1XBAR, #E, 74V, A
VR, AVERVT, BEOA XD TR EINTEY (Feganand
Prior2005; Villa et al. 2005; Jeong et al. 2007; Horita et al. 2010; Sagar et al. 2014),
I@ U B4 T phylotype I (R. pseudosolar;acearum) LEBFETBHI L BHERESN
TW% (Katayama and Kimura 1984; f Il « R#f 1986), RSSC DXL A ¥ g
T3 BRI DU T, phyl otypel & - T2 72 5 I (Suga et al. 2013)
L, MU ET5HEF (Filh - A% 1987; EES 2016; Sharma et al. 2021) 234
LEXNTEY, phylotype DEWIC X 5%%‘@&3’3‘“(%%& LTEHLT,
BT E2ED S ETRILZBVTND,

EMHORRRED, BESASEMICAI BB I, BEOFRRHE
BRITATF B S & BB CERICHMET 5 = L XEETH 5, 1A >
s EEFREROESAE LY bES TORENREAKICEDL L5218
AN, T AT BATIE RSSC HBKED A LA & 5 ~DREMENRH & e &
nfm&wzkﬁﬁﬁw—oﬁhékﬁi6héo

% =T, A TIL, phylotypel &1V % & e /A#FHDRSSC #RIZ A L TIE

BNCIERMRE R T T X B inviro REEEFNT, BADASLA an
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5Bk L7 & F EF 2 RSSCHERIZOWT, 2 DDIREARIETOENME BHE
ERBRMERBIINTOREEEZFIMLL 5 & L,

HES L O
W3 X O 3 4t |

BB L LTALA S s SRS TEIS 5, 8L URAIEEE
LLTRIE TAasn OBBENEDY2— N, B 1 BORMICHE
ST, WEENEA—IF=25 4 LKk MS #H# (Murashige and Skoog
1962) &5 in vitro BIEHHITHAE LT S0, HRAME, Fo—2
F ¥ > /N—"T 20°C, 3000~4000 Ix DEAET 16 AK L L, 2 @MAKEL

7’:—
-0

BB |
EMRER L LT, RREALA Y s ORBENE» b HBESh, BHE -
B (2012) IRV FHEST b 26 D RSSC 2 AUz (Table5)s T4
1%, R. pseudosolanacearum (phylotype I/biovar 3, 72\ > L phylotype I/biovar
4), FE721X R. syzygii (phylotype IV/biovar N2) X433 &L Cu 5 (Table 5),
1 EDORM & FERIZ, TTC #E# (Kelman 1954) ED HAFE = = = —H
boyBE LB 2, CPGR{A#EH! (Hendrick and Sequeira 1984) # T 30°C,
1 BRERE 5 SR TS T, 20%, BOOBEICIVEFR2LBY L L
TEM L, EERER 1PCFUm! 235 &5 HEATHE L, ZOME
REVBIR 1 ml & in vitro RTESFHICEREBERE LT,
N4z i ZEB~EXATH 30 ARBO B FHEIERH 23°CEL T Thh
X, ERROBERZFECEYTHD (il A 1987), BEEEZOIRE
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SRMFIZ 23°CE D BV 24°CR L TR 28°CIRE LTz, HFRELRMGICBVWTHE
R TcY 29 T4 30 AHED 6-8 BROBREME L REHRR Lz, #
%20 B HICERCRBELFML I,

52 YA

- RFEERL FEFEORICOVTE 1 L RIS, 0CERZ L), 1(0~25%
ECTHEMERFTY), 2 26~50% DEWERFT V), 3 (51~75% DERERS
D), BLV 4 (76~100% DERERF ) D 5 BETFHML, REEHD
TR e L MERTORFEL (Disease index, DI) & L7z,

7 — & IRAT

R /¥y 4 —¥ Remdr (Fox 2005) & AWT, #EERIIH TS "HEHilE 35
B L ‘TAafH DDInb, NbAfva RBEEEBREREELED
RF LT3 _rEBLOUSH (Two-way ANOVA) ¥ EH L, MET, &
HERERIBEICKITOEBETED DI 28T 5720 Welch D t REETT-
77, & BIZ, Rversion 3.3.3 (R Core Team 2017) % AT, BERBAY (Ward ¥%)
# L OHERBB A (K-means B) 7 7 A # — S 4712 & 0 RSSC #ipk & 448 L Tc.
%FB%EE‘\J& 5 R B — KT, R 2%y — cluster (I\;Iaechler et al. 2021)
? clusGap %% AV T, 100 7— F A b T » 7T Gap # 5t (Tibshirani et al.

20000125V k=1 2B k=10 T THEBEHEOLRWVWEE S SR X —HEHRE LT,

HERIBEE 24°CIZ8I1T D RSSC 26 EHRD I DI (HAZHERRE) 1%, ‘71
2 &K’ TIX 2062023 T, ‘T3S E TIX 1332021 THO, 14 EHHE
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T T3S B OFB ShAETEBIEN ok, Fk, HEIEE 28°C
DFEH DI, ‘TALFH’ Tk 2502017 ©, i 35 & T 1.64+
0.15 THh Y, 17 EHTIX T35 & OFH S%KETHRIEN 7,
o 5H, WINOBERETY DI # ‘T 35 5 THERICED,-STO
(X 11 @R TH o7z (Table 6)0 Two-way ANOVA DfERIZ & D &, HBEIRE
% 26 BT 22 BHTABICES LTRY, HEDIBEICRETHS T
& MR I T,

Gap f FEHICE S 7 TR Z =G Tid, K-means i ETHRBE R 7 7 X ¥ —%%
X5 &BEX b (Table 6). —F5, BBELY 7 R4 —HHF Th D Ward & |
EROBE, 5007 7 XS AT R, Kmeans 1T EBHRLAL
BRSO S he (Fig.4), L7cd3- T, R LI 26 BitkiL, 52 DOHR
#l (PathotypesA~E) & LTHETIDONRZHLEZ LN, REBAILE
T5 5 Bk, SO DI IR W THERIRE 24°CTIEL (DI<1.0), 28°C
THEL, BT ‘TA=22D° TEILroE, Two-way ANOVA DFERERD
L, BEREBEEDEVAASISEELZRIELTRY, ARRAIEELICE
BET, REREL 2D LHEMNE 2HRICHSD 2 L SRR I,
WRIE BIZBRT 2 6 EHRIL, HEEIRE 24°CL 28°COMRBE T, WTH DA
D DI biF & A ED 2.0 Kl & LBEED» o7, FRE CIZRT S 6 EK
X, ‘FEME 358’ DO DIIX28°CL Y 24°C TS, ‘T4 =& A’ TiX24°CH
LV28°CONTNTSH DI>2.0 DEVERAZTFR LTz, Lo T, 24°CiZ
B2 MAE O DLITIEKREREDRH Y, Two-way ANOVA TiL 6 EHRS~
TIBWTHREOEVWSEERER THA I N TN, ¥, ‘Ta4=
5% TIRBRERZENMES, TEISE TREERZEABN LD, £
COWHCRAEANERIC R SAARRONE, BRLD BT 5 5 @
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RIZ, ﬁi%%iﬁﬁé'@ﬁ:%ﬁm&&bgﬁ DI>2.0 & LB E <, ‘THiE 35 5’
IR T4 ZR R LTHARWREABRBO bk, {ﬁiﬁ*” e
 BT5 4 BidkIE, TETELD 28°CE Y 24°CHOFH M DI>2.0 LE<, EbiC
2UCTIE TAIED L CEHEIS B OREMICERR LA, S,
Ward JBIC L D &, B L2 5 2OREEIL, REE A L B, BIUWHREER
C, D, BEUPED2olABIEN, &LICHREC, D, BLUE TR,
JRIREID L E 'C“iﬁfk‘l‘fé?ﬁ%‘?blo?‘: (Fig. 4) .

hbt s f)@fﬁﬁm LDEHKDR iﬁ% WRODEHL BT D &,
phylotypel WO I D EK iﬂ‘«f@ﬁﬁ’*‘%%ﬁtﬂéhézi‘, ¥ IZRIR
Bl C, D, BEWE BT HEHRIZ 1 6% K< T phylotypel THh - 7=

(Table 6), Phylotype I 1% & 51T biovar 3 8 L W 4 ([ZHEH énéo JRIRT E
D BRI TR T biovar 3 ThoTz. FHRE A ITIE phylotype I 23 1 Bk S &
N, FHIL biovard Tholo, FDOMOFREITIT biovar3 & 4 DFHBE
EN Tz, Biovar 4 OEKITTRT sequevar 15 ToHo7=h, biovar 3 D
sequevar [Z4 72 < & b 4 FEMSHA SN TS (Table 6), Phylotype IVid,
3-_T biovar N2, sequevar 8, 3L WNrace 3 TIHBEDFHZ K> TV 7223,
AHERRITRET A, 3EHITFERB, 2LTEY | BHRIIREE CIE
nTniz (Table 6)o |

BB L7 AR, R, BB, B & CEBRTRRS AL bOT,
JRIRE E IR SNz 4 BRI TR TRIFR TERENE, £OMOKRE
BSHKRTRRE N EEAE TN TV (Table 7),

B

#E3R L7z 26 B #k 1, phylotype D&V D> B R. pseudosolanacearum (phylotype
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D) IZBRT 5 I8HE#HRE, R syzygii (phylotype IV) IZJBT 5 8 EKRTH Y,
Z I in vitro %#"F'C“?&ﬁ‘fé?ﬁ%' ‘VEHE 35 B LRBRMESE TAaH
B ACHER L, 24°CH X 28°COBBRER CHMBORBRESBE L
BR, LIRS OORREIENT A LRRE LEX b,

Phylotype I IZJB3 A HEHRIL 5 SOFBEHT_RTIERBNEY, EICHE
B C, D, BIOEIZBLTEY, biovar I & W sequevar IZH W\ TH EikME
MR B5X 7 (Horita et al. 2014) (Table 5)o — 75, Phylotype IVIZB 9 2 E#k
WEREE D & BT, %o, DNA HSHUEEH CR—0 DNA B Th Y

(Horitaetal. 2010), BEE&E B LV BREIND Z L5 (Sugaetal.2013),
phylotype I & LL8¢ L'Ciﬁ(z”:é’ﬂ%’l%‘fibi‘@_b\ EEZ b5,

N A va c?uﬁ;;fi%@:ﬁ"?—%) RSSC @ﬁ)ﬁ?\j]ﬁ:, [/ U biovar <° phylotype
THHEKIZ L - Tﬁﬁﬁ WERBZENHY (French and De Lindo 1982;
Katayama and Ki mura 1987; Tung e;c al. 1990) ,. AW TH RERIZ, %Jﬁﬁ'—l&i
phylotype < sequevar DEV L BEII—KTH T LiFR» o, NSbA Vs
&7 AOFRMEREV b~ kTik (Frary et al. 2016), FHEHEEGUEIZE
T5 2 OOEER QTL (Bwr-6 & Bwr-12) BERHSH, 86 B 5, 17 JE
S+ 5 Bwr-6 I phylotype 1 & I O ICH erpafrm\atmlr%ﬁfm“é
B, %12 BRAEICERT S Bur-12 3 phylotype I D AICHEHMEE (55

% ' (Wanget al. 2013; Shi net al. 2020), [f—® phylotype TdH->TbH, /S A

\'1

3 fnFE R J: S TR DFEMNRE SN TS (Sugaetal.2013),

Sugaetal. (2013) & >T, ‘75¥ 355 i% phylotype IVARICRIFETH 5
EHREINTVEN, AR TITHRRE A @ phylotype IVERIZ % L T 28°C
THETH L 3IEHKRTD2.0 &2 0 BREL 222, WRE B @ phylotype

IVERIZSH L THRW T OB ERIBE TH DI<2.0 Th V&M EZ TR L7z (Table
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6). ‘T3S B %, phylotype I & IVAIRET B EE TRE SN RHT
%5:&#&pmmwdvmﬁE@BKET%%@?%gtﬂ%ﬁﬁ%z
hk,
Bkwﬁ&kiim,Av4v90%ﬁﬁ%ﬁﬁ§@uﬁﬁéﬁﬁﬁﬁ
X, Bfi2S3E (phylotype <° biovar) 727 TIEAR2 <, HEREAEIZ X AN E
BEChBLERLND, E7, BHROBEEIEEL 25 BERHEICL T
%&D,@—%%%E&é&@ﬁ&@bt%éuﬁﬁ@ﬁ%m#éﬂ%&ﬁ
BB, LIethoT, BHROBERERDBDIIE, KSERLTND LD .
RAFE, ERREEARESATHABAMEBERELEEFEIZL L, in
vitro REZ BT, HEDBETHMEETH 2 L BFETH B, —H T, &
MERMOBRICH 2o T, HEHIBICBWTEE L TV D EKRORRE
FHORICIEBT B LABETHELERALNS, HIXIE, FHEEE 2B
FAEKEEBRTOARESN, ERTR EEIS 5 ThoTbRR
Lﬁﬁ?ﬁ%ﬁ%%ﬁﬁ<&ét%i%ﬂéo:@ib&%@?ﬁ,%ﬁ@'
BBy 5HHE EERY L CEMMERRERET 52 L8825,
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Table 5 The Ralstonia solanacearum species complex strains used in this study

Strain? ©*  Phylotype Biovar Sequevar Race
MAFF327048 I 3 14 1
MAFF327049 1 3 14 1
MAFF327052 1 3 - 1
MAFF327054 1 3 14 1
MAFF327062 1 3 44 1
MAFF327065 1 3 17 1
MAFF327120 I 3 13 1
MAFF327121 I 3 13 1
MAFF327133 1| 3 - 1
MAFF327142 1 3 13 1
MAFF327001 I 4 15 o
MAFF327051 I 4 15 i
MAFF327086 I 4 15 i
MAFF327100 [ 4 15 1
MAFF327105 1 4 15 o
MAFF327113 1 4 15 1
MAFF327128 I 4 15 ' 1
MAFF327139 1 4 15 1
MAFF327032 IV N2 8 3
MAFF327040 IV N2 8 3
MAFF327056 IV N2 8 3
MAFF327087 IV N2 8 3
' MAFF327088 IV N2 8 3
MAFF327095 IV N2 8 3
'MAFF327135 IV N2 8 3
MAFF327136 IV N2 8 3

*Provided by Horita and Tsuchiya (2012)
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Table 6 Pathotypes identified by nonhierarchical clustering of disease indices in bacterial wilt-resistant (Saikai 35) and susceptible (Aiyutaka) potatoes inoculated

with various strains of the Ralstonia solanacearum species complex and incubated at 24°C and 28°C

33

Strain Disease index® ANOVA® Patho-  Previous classification!

24 °C 28 °C Geno- Temp. Inter-  type® Phylo-  Biovar  Sequevar Race

Saikai 35 Aiyutaka Saikai 35 Aiyutaké type action type
MAFF327001 0.23+0.08% 073+£023 0.83+0.14* 3.33£0.13 g & & A I 4 15 1
MAFF327040 0.13+£0.06 0.50+£022 2.10£029* 3.30+0.23 e s A v " N2 8 3
MAFF327088 0.37+£0.11 040+0.11 240+027 2.59+0.29 . A v N2 8 3
MAFF327095 033+0.11- 030+0.10 1.24+0.27* 2.60+0.26 & & & A v N2 8 3
MAFF327136 043+0.09* 0.77+0.11 2.40+0.24* 3.43+0.15 0 x A v N2. 8 3
MAFF327048 1.13+0.14* 240+0.18 0.97+0.15% 1.57+0.22 & e B I 3 14 1
MAFF327051 037+ 0.09;" 0.87+0.13 027+0.08* 1.60=0.09 & & & B I 4 15 1
MAFF327056 0.10+0.06 0.10£0.06 0.70%+0.17 1.13%0.23 & B v N2 8 | 3
MAFF327087 0.83+0.12 090+0.14 138+032 1.10%0.30 B 1\Y N2 8 3
MAFF327128 040+0.14 0.60+£0.16 0.33+0.09* 1.87+0.16 s & b B I 4 15 1
MAFF327135 0.83+0.17 1.17+0.17 0.57+0.16 0.30+0.09 & g B v N2 8 3
MAFF327032  0.73+0.10* 2.90+0.15 2.73+0.14 2.90+0.15 i e ¥ C v N2 8 3
MAFF327100 0.53+0.12% 2.50£0.18 2.6740.18% 333+0.16 & * e C I 4 15 1
MAFF327113 127+0.14* 2.80+025 297+0.14 2.83+0.25 & . & C 1 4 15 1
MAFF327120 0.80+0.21* 327+0.17 2.10%£022* 327+0.19 & & & C I 3 13 1
MAFF327121 093 +0.17* 2.83+021 143£0.17* 3.17£0.17 u . C I 3 13 1




Table 6 continued

9¢

Strain Disease index® ANOVA? Patho-  Previous classification?
24 °C 28 °C Geno- Temp. Inter-  type® Phylo- Biovar Sequevar Race
Saikai 35 Alyutaka Saikai 35 Aiyutaka ~ type action type

MAFF327142 1.07+0.13* 2.80+022 1.76+0.21* 3.73+0.10 e & C I 3 13

MAFF327065 2.03+027* 327+0.17 2.03+027 2.53%0.25 * D I 3 17

MAFF327086 2.43+0.22* 3.07+020 230+0.18* 3.53+0.10 & D I 4 15

. MAFF327105 3.27+0.22 3.53+0.16 1.73+£020* 2.87+0.16 & iy e D I 4 15 -
MAFF327133 237+0.19* 3.73+0.14 123+0.17* 2.97+0.17 & =k D I 3 -
MAFF327139 2.17+0.17* 3.43+0.18 2.13+0.18* 3.53+0.11 i D I 4 15
. MAFF327049 337+0.16 240+0.29*% 1.13+0.13* 1.76+0.23 & & E I 3 ‘14

MAFF327052 3.53+0.17 283+0.17* 237+£022 2.10+0.25 & & E I 3 -

MAFF327054 2.17+021 2.60+0.16 130+ 0:18* 1.97.:t 0.24 e e E I 3 14

MAFF327062 2.80+024 2.77+0.16 1.67+022 1.63+0.21 e 'E I 3 44

*Mean and standard error among 29-30 individuals tested per treatment. *Significantly lower disease index by t-test (p< 0.05)
bSignificant at the 0.05 level (*) by ANOVA

‘Five pathotypes identified by a nonhierarchical cluster analysis

4Provided by Horita and Tsuchiya (2012)
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Fig. 4 Dendrogram representing hierarchical ciustering of the virulence of 26 strains of the Raistonia soianacearum species compiex
on potato. Hierarchical cluster analysis was performed by Ward’s method (Ward.D2) based on Euclidean distances using R and th_e
dendrogram was drawn w2<ipR package dendextend (Galili 2015). The cluster number wusdetermined to be five, and the dotted line
indicates the five pathotype clusters.



Table 7 Collection sites and pathotypes of the Ralstonia solanacearum species complex strains used

in this study

Strain Collection site (city and prefecture) Pathofype
MAFF327001 Unzen, Nagasaki ' A
MAFF327040 Unzen, Nagasaki A
MAFF327088 Tokunoshima, Kagoshima A
MAFF327095 . Kunigami, Okinawa A
MAFF327136 Kunigami, Okinawa A .
MAFF327048 Hirado, Nagasaki B
MAFF327051 Hirado, Nagasaki B
MAFF327056 Hirado, Nagasaki B
MAFF327087 Tokunoshima, Kagoshima B
MAFF327128 Ginoza, Okinawa -B
MAFF327135 Kunigami, Okinawa B .
MAFF327032 Unzen, Nagasaki C
MAFF327100 Ginoza, Okinawa C
MAFF327113 Tsushima, Nagasaki C
MAFF327120 Ginoza, Okinawa C
MAFF327121 Ginoza, Okinawa C
MAFF327142 Ginoza, Okinawa C
MAFF327065 Fukue, Nagasaki D
MAFF327086 Tokunoshima, Kagoshima D
MAFF327105 Ginoza, Okinawa D.
MAFF327133 Kunigami, Okinawa D
MAF F32713‘9 Miyakojima, Okinawa D
MAFF327049 Hirado, Nagasaki E
MAFF327052 Hirado, Nagaséki E.
MAFF327054 Hirado, Nagasaki E
MAFF327062 Fukue, Nagasaki E
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%3

Ralstonia pseudosolanacearum (=Xt 3 55V A ¥ a DHE IR
| EHECET 5 QTL M L QTL DEMEHR

E
FREBRIEIAVS Y a g TROEERFTED—D>TH D (French et al. -
1998), LZRHICLZ2TBHEBELANTH I, BRAEREORENER

il

FOBRICE bR 2 FETH S (Elphinstone 1994; Lebeau et al. 2011),
INET, SFEIERAVA T afkiBEfE (S tuberosum, S.phureja 2 &) B
L OEBREAERE (S. chacoense 72 L) IZBWT, BRI T 2 EEHER
MR E X LTV S (Thurston and Lozano 1968; Sequeira and Rowe 1969;
Jaworski et al. 1980; Katayama and Kimura 1987; Fock et al. 2000, 2001; Siri et al.
2%%Cmﬁa&2m@o%Xﬂ@%ﬁ%ﬁé%ﬁﬁ%ﬁﬁ@Qﬂﬁﬂﬂi.
k= b (Wang et al. 2000, 2013; Carmeille et al. 2006), + 2 (Lebeau et al. 2013),
BILUWF N2 (Qianetal. 2013; Lanef al.2014) TEMBINTWBH, LA ¥
a TlX, S. chacoense & S. tuberosum DEFAIIBAE K 44 RFEIZBWNT, S.
chacoense ¥ EB972 109 @ Simple sequence repeat (SSR) ~— X —% H ey
2 BRBMEL LU IFG A LD 3 DD SSR A RSSC # (race 1/biovar
NI T HEMME L FRICEEL TV D Z L HRE &7z (Chenetal. 2013),
Yanping et al. (2014)IZ, S. phureja \ZHE T 5 F1 oBEE R % {ERL L, Sequence-
related amplified polymorphism (SRAP) = — % —#% B\ T Bulked segregant f#
eiTork, TOMR, 3 SOEAM QTL & FELLAS, ThibOERY
BERITIRHATH 7, NP aid 4 BEERTHDI bf)?&ﬁ‘i‘iﬂﬁ_ﬁi@ B =R
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PMES, FEREAEOBEBHEIIRLH LT E TV (Elphinstone
1994)., o |
H A Ti, RSSC D R. pseudosolanacearum (phylotype I/bjovar 4) & R. syzygii
(phylotype IV/biovar N2) 23 & 595 D i%f: EHEEREHE TH D (Katayama and
Kimura 1984; Horita and Tsuchiya 2001; Horita et al. 2010) , Z @ 2 2 ® phylotype
EARA LA aRBABICBWTERLIFHOHHITHEERBRINLTEY,
phylotype 1 1%, EIZHBADBERHIZIBWTI ANS 10 A @‘.%vj?ﬂ%ﬁ IZHH I
(Ka;[ayama and Kimura 1984; F 1L « R4 1986; Horita et al. 2010), phylotype
VEDbREREEERIET (K1l - A 1986),
T3S EH BV ALEVA M F a2y (H) BEVVXALEY
7 A VA (Ryehe) &:ﬁ?‘é?&ﬁ‘f&iﬁﬁ? EROET TR, BWEMRER
HEERYT 4 BEBTERKETH S Morietal. 2012) , AR T, ‘THE 35 5’
D R pseudosolanacearum (phylotype]) |24t 5 B HFEARBET 2015
MIZLED & Uit 4 fBIED S. tuberosum 13~ 0 EAMRE <, Lok
X —E&5t (double reduction) DREBERTD %6 AEIR (tetrasomic |
inheritance) IZFEVY, “H¥fa{Ai&{s (disomic inheritance) |ZH~_HEREHRIC
BWTHEMARELHSBEZ RS (Hawkes 1990), ZD72®, 2 EA LA ¥
5 BV RBRRIOMBATIE, 4 B LA Y3 KD SHENTH Y, Bk
BFRE VLR NVEERTRINT A Z LR TE S (Peloquin et al. 1990; Ortiz
and Peloquin 1994), % & CABFFRTIE, ‘T¥E 35 % B 2 EHE R
BWHL, ZoEAMRKZAVT 2 BROSBER L ERLE, LT, &
J LENEETDHSNPY—HI—52 AT, BEOHEWEGHEZEE L QTL
fRMT 21T o Tz,
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MEls LU HE
Ri-CLZEs _

FRIFICE VIERFM 2R 8355 13, S phureja, S. tuberosum subsp.
tuberosum 3 X S. tuberosum subsp. andi gena \CHFET 3 4 (EEEERHKT
& % (Morietal.2012), :,m:, #%dzkﬁ%'%ffﬁ S. phurejd ‘460’ (=Ivp3s)
DIEBHEZRHTHZEILY, BARBRICLDLBEDPhD 2 BFE¥EEEE
BBRLE, ZD5b “10-03-30° (Fig.5) &3 bhiRKix, RERE
HEMFARE L —To 3 FIChbld EMRIGERES TO RSB & in
vitro BETERE T, ‘WE 355 (AREORVWEMKREIEELRLEL, Z
N IEHES (Resistant parent, BLT, RP) & L, Bt 2 (EERH Fi-l’

(Susceptible parent, LA, SP) #7EM#E LTREF£Be, ‘Fi-l’ i3
S. chacoense ‘chc525-3° & S. phureja ‘1.22° DIERIMEFERH TH 5 (Hosaka
and Hanneman 1998) . %% & 4172 F1 #8F % MS £ i (Murashige and Skoog 1962)

THREBENEREL, 94 RHENLR5 FIEAZEH LEAFRICE W,

B X GRS AT

FUEY) DEFTIEREMIC X, B 1 EORBUTHE W inviro BB E % Tz,
=TE m I R. pseudosolanacearum ™ MAFF327001 #& (}I)hylotype-I/biovar 4/race
LIS A) (Horita et al. 2010; Suga et al. 2013) % L7, Phylotype I i
TOTIWWEL AL TS (Feganand Prior 2005) DT, XRE#HKIZBEAT
BELEMAEORERESBOVRFRTOBF SN LAV Va PO HBES
NEbDOTHB, BEE, $1EL AT, BEEOBREEL 28°C
L Lk, BERBEHICOE 10 BOMMEE 1 S OREE LTHRL, 3R
HEERICH L, BAHEOREIL, #ERE 20 Ei- BiZ, %@%Uﬁ@%ﬁ%)ﬁ%

41



# 1 ELRAKIC, 04 R7—ATHREL, 3 REDOFEH DI 2RO (Fig.

6) .

SNP MEFHORE

Fi A4 0 35 Z S 17> &0 100 mg OFFAERES FE L, CTAB-LICl ¥ (Sul
and Korban 1996) % B\ T4 DNA %Z#iH L7, DNA ¥ E i Nanodrop 2000
spectlrophotometerl (Thermo Scientific, USA) W KV BIE L, &4 7LD
1% DNA1 ng % GeneSeek (Neogen Corporation, USA)- Nt DI, 12K potato
V2 SNP array (Bali et al. 2017; da Silva et al. 2017) 267 —& 2 EW&E L7,
Bohi 12,808 EHEFDO~A 70T LA OERNEET —F1X, GenomeStudio
Polyploid Clustering Ver 1.0 (Illumina Inc., USA) % A W : -h '7‘“’7 )V hXZ
A—HZTITRE “EE%’E&-0.0? ELEBBEFREHELEZ, TOHK, 7T
DEBBLFRPEMRNE S PFREETF=v I L, KIE%&?“? &iﬁ(*ﬁ%“
5L LT, - |

5o 24 [ > R R
B oHi 12,808 8D SNP 7 —ZIZ2WTIE, ATFD & 5 IZE DE VY SNP

BB L, £, MHEOBSFRMNKE LTWS SNP iZEIL, —FD

FOREFHBAEESH (AA 20U BB) Tb 5 —FDBEORETHR

~To#ERE (AB) ThY, FIEFTHREHEFRL~T o ERRIISHET
% SNP 23R E i, EbIT, *ﬁ%éﬁ/ﬁﬁ{ﬁ_&b\ (Norm R<0.2) & DRHEER
F1 RAED 20%LL £ TRIBIE & 72 272 SNP b RS L7z,

AT OEAEOBVERERKEERE L CELNE 2EFEAZANWDS &,

il %X, ABXCD @ Fi M TiE, AC, AD, BC, BLU'BD Bz FRZF
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SEERSEEL, EESHPEML 25, T2 CRRETIE, BESH 2
Befbd 2721z, —FORTATuESR, OB TREHEEE L2 RT
SNP FED FH % FAWT, HR FI £ % two-way pseudo-testcross (= & © Bt
&jwoc L M o 3 45 31 (] %:#ﬁi L 7= (Grattapaglia and Sederoff 1994; Iwata
etal. 2016), EEHHX (L CarthaGene Ver 1.0 (de Givry et al. 2005) %Fﬁb\;C,
Logarithm of odds (LOD) f&/Z 10, '?v—jJ‘—ﬁsﬁI@%j(iﬁﬁiﬁﬁﬁﬁﬁ Kosambi B
. # (Kosambi 1944) T 100 cM & RE LB L7, EHMREROBET,
%f% & 4 % SNP JE 7 Potato pseudomolecules (PMs) v. 4.03 (Sharma et al. 2013)
CRRDZBEKREIZMNETSILDOR, PMs LIZT VA Y VT SRR WEE
LERA L7, | |

QTL ###47
QTL ###71X, QTL Cartographer ver;c,ion 2.5 (Wang et al. 2005) @ backcross
mode TFI EHAZR L XBER L A#2 L, QTL RHEWKEE T Iy T 7
7Y R A X B8RS E D7 composite interval mapping  (CIM) &% AW
TEW L, BFOSTA—FZIETALE6T, Ua4Y ROUPA X2 M,
‘into” DFEZEIT 0.05, ‘out’ DREHIL0.05 & L7z, QTLRHD7=H® LOD
BEMEIE, 1,000 [E D4 Vi LIT X % permutation test T p<0.05 M L~ LG H
L7z, QTL ﬁ@*ﬁ&iﬁ%ﬁ@ﬁﬁéi&lﬁl@%é’b%"ﬂ’bbtob\fﬁ‘bﬂfco S Hh [

iyt QTL DL &L MapChart 2.30 (Voorrips 2002) Z & - CTHidi7z,

KB AT
QTL M %< £ TDOMHEMEIIL, R N— a2 333 @ Remdr /3w 7

— 3 (Fox 2005; R Core Team 2017) 2 AW TITo7, L& (ANOVA)
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X, inviro RBRTELNEZ3 SORET—Z2IEEEHEL, £ QTL 0E
PEMTADICERAINTE,

s
HFREEIC RS 5 B\ OFEE

Invitro BERBIL, FEETEICO = 10 B, 3 KE TEM L7z, ANOVA
DR, 3 REOKICHEEZEIRD bNB ok (P=0.1797). Lids-T,
3 REDFEH DI KB EFEDDI & L=, RP @ DI X 0.60 T, SP ® DI i%
277 ThHY, BRMEREOKREREVWIAERINEZ (Fig 7. Fi R D DI
1 0.17 A5 3.63 D&EEAIZH Y, RP L D{EW F R#ERL, SP LY EWVFI %K
mbdolz, FIEA® DLIZERSMAL, ZOEHEIL 1.69 TH o7z (Fig.

Do

18 {4 B D FERR

D7z 12,808 fH D SNP %> b REFER/R SNP #RE, I HIZRP & SPD
HTHRERY 4,139 AD SNP 28 E LEEHIK Z /R L7z, RP Tl SNP
EEBS~T uES (AB BEFH) THo78, SP TIXIN DD SNP iX&kE
#E& (AAZVWLUBBHEETE) T, FIEMAATAA (SPE) BSLUAB (RP
) BEFE, RVWULFR£EFANTBB (SPRE) 8L WAB (RPE) EIET
Az 4B LTV 7z 1,476 /B SNP % RP O E SR VBRI AV 2, S ARAT
DR, TNbO SNPE 1250 RP R k2 iBRT 5 422 METFEIC~
vy ENT (Table8), SLF, TP~y P& RP vy 7S, SP DE
SHHIE 1L, SPIZB W T AT u#EAA, RP TIIFEHEAE T, FIZEHANTRP

REHEST L SP AT o EARICHBET S 2,663 D SNP Z HWTIER &

44



7o TH B D SNP FEiL, SP DG 12 A LD 475 AFTiC~y ¥V 73N
72oRP =y 7DERIL 981.2cM T, SP v v F7DERIL 8294cM Tholo,
SNP EE D EHEREIL, RP~y 72 233cM T, SPw vy 728 1.75¢cM Th

27,

QTL ##47
FIEROERBTICHEBITZ DILIZH LT, RPvy7FE SP v~y 7E2HANT
QTL ###7 %1T > 72, 1,000 E D permutation test |2 & 5 &, 5%EEKETD
LOD BAMEIZ RP v v 7 Tix 287 TH Y, SP ~ v 7 TiL 2.80 ThH o7z, “h
HOBEICRBNT, CIM Koz 3, 1, 3, 7, 10, BEO11 &
Rk ElzEznEi 1 oD QTL (gBWR-1, qBWR-2, gBWR-3, gBWR-4, ¥
- K W'gBWR-5) %Rt L7z (Table9, Fig.8), HbEWEIREZR L7 QTL I
RP MR TR Sz gBWR-3 T, HE52IT 184% Th o7z, gBWR-3
DEF KR LOD EIZ &K BTV SNP & (solcap_snp_c2_4555) TiX, RP #f=+H!
ERORME SPREFEEFORMOEH DIITZN LN 1.40 & 201 & 72
D RPELCFETCHRICEAMBENE Rol, fhd 45D QTLIXSP ~
yfibcmtuéhfco Zh 5D QTL D&k LOD I 3.26 425 5.54 T, %
5213 93% 05 15.6%DHEE TH -7z, KA LOD EIZHK HILV SNP EEIC
BiJ5H RP B=FHRRK L SP iﬁ{ﬁ?@%%@%ﬁﬁj DI %, gBWR-1 @ SNP -
(solcap_snp_c2_37816) %%, 5%7&@?75%-%%735‘%@ bi 7z (Table 9),
BRHENZTRTO QTL 2ER & L7 ANOVA Tid, & QTL D% R
T2 <, gBWR-1, gBWR-3, B L U gBWR-5 DFEAEA b HE L 72> 7= (Table
10), T 7245, gBWR-11%, gBWR-3 & gBWR-5 D5 NEHMEELEFED
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NRREEBLCFETHIGEITENEDREZRI 220 o 72 (Table 1), 7z,
gBWR-1 ¥ XX gBWR-5 BEMMEBREBFEOHE AT, ¢BWR-3 BNRHMEE
GEFRTOINIEFERIBEREDREBERINR2 N o7z, LN ST, gBWR-
1 28 gBWR3 L gBWR-5 Dl FIT%f LT= VRETF A v I RPRERT L
BRI LM ST, |

FLEFIC BT, #EHitk QTL Z& < #722\ Fi RFEOFH DI 13 2.83,
QTL A3 1 2D H DT 241, 2 2D B DT 213, 3 2D LD TIL 1.54, 4
SOBOTIE 117, ZLTQIL RS 5D L DTIX 043 L7210, HEDOIE
FitE QTL DEPEREI NS IO N TEY DI IFIET Lz, (Fig. 7).
L

RP L SP » Fi£HITiX, FRBEMEIIENFE LRBO o (Fig. 7),
ZiFiBEDHE (Rowe and Sequeira 1970; Katayama and Kimura 1987; Tung
et al 1990a, 1990b; Watanabe etal_199l2, 1999a, 1999b) & —FT 5%, CIMILIC
X3 QTL o fER, S »DIEHE QTL (¢BWR-1, gBWR-2, gBWR-3, gBWR-
4', BIW qBWR-5) B Iz (Tabie 9, Fig:8)o Z® 5 % gBWR-1, gBWR-
2, qBWR-4, ¥ X1 qgBWR-51% SP v v 7 Tl Shiz Lhb, SPETA
ToEEETHY RP. B TCHREFEEGR THoZ LITRD, —F, gBWR-3
X RP vy 7 TRHEINZI LG RP EHTATaESETHY SPHTH
EHAE CholzZ LT/ D, %, qBWR-2; éBWR-3, B X gBWR-4 1
BOTITIRPEELEFRN SPRHBETFE LY IEFAEEENE L, ¢BWR-1
& gBWR-5 Ti SP BIBEFROENEWIEAMELZ R L7z, Lizdio T,
gBWR-2 L gqBWR-4 (3 &= é/%—é‘ QTL B x b, RPHIIEM AT
AETHY, SPRE~T HEAE, T OMECRHENEE TR R T
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BIRILBFEE TR TA~AT uERRNSBE L EX bND, — 7, gBWR-1,
 GBWR-3, BELU qBWR-5 oW IREMET SED S QTL £ EX BN 5
(Table 9),

SP =y 7 THIE SNTHME QTL TH D gBWR-1 8LV gBWR-5 (§1 &
LB LOE 11 FLREME) I, SP OB R TH D S. chacoense  ‘chc525-
3’ E72IX S phureja ‘122" DWFRNCHETEI LD EEX fohéo—ji,
RP = v 7 TR S NEE QTL Thb gBWR-3, 3L UM QIL Th 5
qBWR-2 & qBWR-4 iX, RP DBRHFCTH D S. phureja, S. tuberosum subsp.
tuberosum 72N U S. tuberosum subsp. andigena \(HET B H D & %715:&25 0

S. tuberosum subsp. tuberosum DIEFUIEITEEETEE R F13EL-TEY
U ARH 1987), TEME LEEL TSI LSRRI TN I(Tung
-et al. 1990a; Watanabe et al. 1999b)o —75, . chacoense & S. phureja i, b
RIEFEOHRIRE LTEFMAINTE TV D (Frenchetal. 1998; Chen et
al. 2013), S. phureja i% 3 omi%&%#&%ﬁ#&wﬁi‘%{ﬁ%%%o L#ESh

(Rowe and Sequeira 1970), S. chacoense Hi ¥ DFHHRFERERETFITOV

THE2ELEIBREAELCHS LBESN TS (Chen et al. 2013),
QTL DEEFELEAKRNER D o X, ABFFR TR S chacoense D &2 RSSC

D biovar WRRDB72DeBExbND, LR o T, BRRATAFETHE X
N FRERETMYE QTL mBEREZHALNMNITIZ LIIRETH B, 7272, K
PUERIS D2 TH RPICHRT 5 LIRET 5 &, RPIHEHAE 2 (RET 5 QTL

30, BUMEMAITS QTL # 2 oo TWzZ itk b, LhL, F
REOFIZIE SP L D bBFEESTND O RP &) BIEFUELS BV RFED

HBHZLEELBL (Fig.7), AHOREAMEGEFNEETDLEXD

FREVRETHD LBEDbNS,
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AMECTHRIE SN QTL IXFER 0.3~184% %R L, BMTRKERPE
5 %% QTL izt & nZedofz, LoL, 5 o@?&?ﬁﬁ QTL 2 & TH»D
Fi 450 T4 DI 1% 043 277 L, RP (DI=0.60) & U b BEHPEAS B > 72 (Fig,
Do Al vz %wﬁfﬁﬁ%%ﬁﬁiﬁ&i, RRLEROERELZEETDIZ L
CRET B TEMNH Y (Tung et al. 19902), FFFRTHE B2 E R 7,
72, QTL MO EAMFR L, BERHEHAED A LIZHFF LT 72 (Table 10).
Tung et al. (1990a)/%, &ﬁﬂ%ﬁ@ﬁ%ﬂ&/ﬁ\bw: KB RNE/FICK T HEM
MICHBERIET Z L ETFRLTVEMN, KFRTFRENE QTL MOk
GHREER b ZD—orELbNB,

qBWR-2 DETIBICER LTINS SNP 1 solcap c2 50637 (Chromosome 3,
15.0 cM) T CLAVATAI #&f5F (CLVI; PGSC0003DMG400016685) IZFFAET
5 SNP Th 5 (Fig.8)o CLVIIE, va— 3L MRS FHEMIC B 2 &
I P ORI EE R EBEE > TH Y (Clark et al. 1993, 1997; Stabl
et al. 2013), ¥ mA X FXFTIX, CLVI BERBBICXHTIEAEEZHD D
Z &M B 2NC 2o 72 (Hanemianetal. 2016), £72, E—F v Y THEEIh
7= CLVI 2 N a T@ERNICRBE I 2 L FHREHTMENM L L7z (Zhang et

~al. 2019), L72d3o T, CLVI L ¢BWR-2 i3 b0 DBEGRERFET 2 b D
LHRIND, Fv ReENVALvaDy ) LFFEECENS VT =—2FD
T IEYH TH D (Tanksley et al. 1992), k~ k Tix, RSSC ® R
pseudosolanacearum (phylotypel) #k& R. solanacearum (phylotypell) #kiZ
Xt DI|HUEICDWNT, 5B 6 BREMR LD Bwr-6 L5 12 BR AL LD Bwr-
12 &£ 2 DDEM QTL ﬁﬁﬁﬁénfb\é (Carmeille et all. 2006; Wang et al.
2013), AFFFECTRIE S NZEE 1, 3, 7, 16, BLO 11 FLEREDQTL i,
F<=bFDQTL LIZRMRBQIL THAZ LALLM LR o, NS a b
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b h T, HBICEFIERCFAERE L TWDEE Y FAR y MEEE (R
L7 TRE—) NE 5FBREE Qo oDFy ARy H), 9%, 11 %, B
FO 12 BIZHFEETDHZ BB TVWS (Gebhardt and Valkonen 2001),
gBWR-S X, % HAEBA L HEEAME (Senl; Obidiegwu et al. 2015),
CXHAEY T 4 VAEFME (Ryadg; Himéldinen et al. 1997), B LY % 4
AFEaYARANEYF 2 (Globodera pallida) ¥HitE (GpaXli; Tan et al.
2009) BEFHRERETIHIE 1l BLROAEOEAKEERTF 2 7;<é7 RO LE
DEFICRES NIz, o 4 2D QTL i3, b\a‘o@é?ﬁ.&# EL{ﬁ%ﬁ T ARH
—LIXRLBHDD, gBWR-11 ;t/a’ﬁ/r%rbwl,@fﬁ%ﬁ?& MBS T (Rse-
1b : Obidiegwu et al. 2015) DITFEIZ, gBWR-2 L qBWR-3 oY A EVR
K& > F =2 7 (Globodera rostochiensis) \Z 5t 3 2 #4711 QTL (Grol.4 & Grol;
Barone et al. 1990; Kreike et al. 1996) D EEEIAr & L7~ AlA Y s ITB
TRERCHT HDEAMEREFIZI T RS — L LTRBFLICERL T
BIENBESENTEY (Gebhardt 2013), AIFFETHZICHRH L7z QTL iX
& DR Eah%77x& %%%?67 EMEDVRIE STz,
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Fig. 6 Plants with the disease index score 0 (no symptom) and score 4 (76—100% wilted) in the in vitro potato resistance assay for the
Ralstonia solanacearum species complex. Caps were removed for photography.
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segregating population, which consisted of 94 genotypes from the cross between a resistant parent (RP) and a susceptible parent
(SP). The number of resistant quantitative trait loci (QTLs) possessed by each F; plant is represented by a color density in each

bar. In the legend, mean DIs for genotypes with multiple QTLs are indicated in parentheses.
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Table 8 The number of SNP markers derived from a resistant parent (RP) and a susceptible diploid parent (SP), and their number of mapped positions and map

lengths
Chromosome  Genetic map of RP Genetic map of SP Total Total
No. of No. of Map length Mean map No. of No. of Map length Meanmap number of number of
SNPs mapped (cM) distance SNPs | mapped (cM) distance SNPs map
positions (cM) : positions (M) . positions
1 239 47 110.5 235 381 57 81.3 1.43 620 104
2 50 20 83.0 4.15 . 324 44 ' 79.1 1.80 374 64
3 95 ) 26 83.6 3.22 309 39 880 226 404 65
4 135 35 90.2 2.58 163 42 69.1 1.65 298 ‘ 77
5 91 28 73.7 263 217 37 69.6 1.88 308 65
6 107 41 73.0 1.78 " 186 35 59.9 1.71 293 | 76
7 121 34 79.3 233 191 39 81.0 2.08 312 73
8 118 27 70.8 2.62 111 29 50.5 1.74 229 56
9 200 65 85.0 131 - 108 38 69.4 1.83 308 103
10 77 28 : I77.0 2.75 179 35 62.0 1.77 256 63
11 136 36 68.9 1.91 - 238 30 58.8 1.96 374 - 66
12 107 35 86.2 2.46 256 50 60.7 1.21 363 85

Total 1476 422 9812 - 2.33 2663 475 829.4 1.75 4139 897
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Table 9 QTLs for bacterial wilt resistance detected in the F; population of a resistant (RP) and a susceptible (SP) parent

QTL Chr. Map Position (cM) Max. Max. Explained Mean disease index + standard error at the SNP locus nearest to the
LOD LOD variance  max. LOD position '
(cM) score (%) SNP Position =~ RP-type SP-type p value®
' (cM) genotype genotype
qBWR-1 1 SP 76.8-812 79.1 4.09 11.0 c2 37816 79.1 1.75+0.09 1.60+0.12 0.067
(n=50) (n=42)
gBWR-2 3 SP 1 1.8—i8.0 15 5.56 15.6 c2_50637 15 1.49+0.08 1.98+0.12 <0.005
(n=56) (n=38)
qBWR-3 7 RP 14.2-26.3 253 5.33 184 c2_4555 253 1.40£0.11 2.01+0.11 <0.001
(n=46) (n=45)
gBWR-4 10 Sp 6.6-11.9 8.8 5.54 15.5 c2_32779 8.8 1.46 + 0.08 1.91+0.12 0.007
(n=47) (n=45)
qgBWR-5 11 SP 31.6-37.0 36 3.26 9.3 c2_12333 35 2.17+0.15 1.54 +0.08 <0.001
(n=20) (n= _72)

aMann-Whitney U test performed between RP- and SP-type genotypes



Table 10  Analysis of variance (ANOVA) representing a significant interaction among three
QTLs

QTL df F value - pvalue

GBWR-1 _ ] 12.87 <0.001
GBWR-2 1 22.88 <0.001
GBWR-3 1 14.58 <0.001
GBWR-4 1 20.01 <0.001
GBWR-5 o ! 17.69 <0.001
gBWR-1 x gBWR-3 x gBWR-5 1 3.97 0.047
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Table 11 Interaction among three quantitative trait loci (QTLs) (gBWR-1, qBWR—3, and gBWR-5)

qBWR-3 (c2_4555) qBWR-5 (c2_12333) gBWR-1 (c2_37816)* P value®
SP type (resistant) RP type (susceptible)
RP type (resistant) SP type (resistant) 1.12+0.10 (n=15) 1.35+0.11 (n=21) 0.072
RP type (susceptible) 1.76£0.16 (n=5) ~ 2.01+0.26 (n=3) 0.653
SP type (susceptible) SP type (resistant) 1.79+0.24 (n=14) 1.9140.09 (n=18) 0.143
RP type (susceptible) - 2.47+0.32 (n=6) 2.28+0.35 (n=6) 0.748

2Mean disease indices and the number of individuals without missing data for the three SNP markers

®Mann-Whitney U test was performed on the mean disease indices between resistant parent (RP)-type and susceptible parent (SP)-type genotypes.
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Fig. 8 Five quantitative trait loci (QTLs) detected on susceptible parent (SP) chromosome 1 (gBWR-1), SP chromosome 3 (gBWR-2), resistant
parent (RP) chromosome 7 (gBWR-3), SP chromosome 10 (gBWR-4), and SP chromosome 11 (gBWR-5). The shaded boxes indicate QTL regions,
and the nearest SNPs are represented. The order of the markers located at the same position follows that of the physical position in Potato
pseudomolecules v. 4.03 (Sharma et al. 2013). '
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Ralstonia pseudosolanacearum ¥ X O} R. syzygii subsp.
indonesiensis \Z X 2 EFEMTIZHTHNNVA T ailBi 5ERMED
QTL &4 & QTL D FetEF%1f

gl&l'
il

BEEBROBBRE L LT, BREMEOCFMANEAMDRCTENLTE
D, BEIZHELVWD, FEFERERZMFETS QTLIXIZLAEHESH
TUWAY (Laferriere et al, 1999; Patil etal. 2012), — 5 T, HiHIEFME RS
LHIE 2 BRBECEZRELERE TR oMo T 5D (Laferriere et al. 1999; Fock
| et al. 2001; Kim-Lee et al. 2005; Carputo et al. 2009; Chen et al. 2013; Andino et
al. 2022), % LT, 2 BHARIETE S, phurgja 1, EARFHERMEO SR L L
T% M & TE 7= (Thurston and Lozano 1968; Sequira and Rowe 1969; French
and De Lindo 1982; Watanabe et al. 1992; French et al. 1998; Fock et al. 2000;
Lopes et al. 2021), S. phureja A DERFZH TFifF 35 & X BRI
miEEH L (Mori etal.2012), TDH%MAE LT, BHFEBERAELE 72
NExEE BERENTNS (Sakamoto et al, 2017),

TR IE LI @i%ﬁ%l@i%ﬁi-?@l X o THif éﬂ’b'( V5 (Rowe and Sequeira
1970;4-Sequeira 1979; Elphinstone 1994), += Flc"::'ufi ‘Hawaii 7996’ TIl, 2
S D EE QTL Tdh B Bwr-12 é Bwr-6, BXTWL oWDOHE QTL NREE
&7, Bwr-12 1% R. pseudosolanacearum (phylotypel) 1Z%t L C 4% RAYIEH
%, Bwr-6 I& R. pseudosolanacearum (phylotype 1) & R. solanacearum --

(phylotype I) DR HFIZxT 3 EGE/2EHIME S 5 % 5 (Thoquet et al. 1996a,
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1996b; Wang et al. 2000, 2013; Carmeille et al. 2006), /3L A Y2 T, S
tubero&um & S. chacoense DB fARLE R #E T race 1/biovar 3 #RIZXH T 5 Fih
RIEAMED MR S, TOESAME QTL 235 2 FLREAKB IO 9 B fal
IZFESN TS (Chenetal. 2013), LA L, /SLA ¥ 3izBWT, RSSC
IS BT B B DEOEKICHT BIEFME QTL OEWIZSOWTIE, 1ZEAY
B & B STV, |

B CIE, S tuberosum subsp. tuberosum, S. chacoense, S.phureja, B &}
S. tuberosum subsp. andi genafi & D 2 fEEEH Z AWV T QIL 2t 21T\, &
1, 3, 7, 10 BL O 11 FYEM LI phylotype I/biovar 4 #RIZH 3 2 itk
QTL ZRE L7z, AETIX, AU 2 FFEHAZAVWT, £/ 5 RSSC #f&E
¥ (phylotypel &IV, 3 X N biovar3, 4, B L IN2) & B2 3 HEFIEE (24°C
L 28°C) #RELCQIL MiraEMm LA, ZhITXY, Etﬁéﬁ@ RSSC
_x]"ﬁ‘é?& E QTL DEEB L OEHZHALNIL LD & L,

MEB I UOHE
Sk

RTE T f\totﬂ , T 35 B LAREOHFMKRESAEEZF TS 2
{%{M&WE%% “10-03-30" ZH|HER (RP) & L, Bt 2 B ERE Fu-
I (SP) BAEHVE L LCRE L Fy i) 04 BREE B LI,

R d L OV HE T S
Fi EFICR 1T 2 EMBIESME % T 572012, in vitro BERER (B 1
BCHB) FEM LI, SLAvanbaBELE RSSC #E LT, R

pseudosolanacearum ? MAFF327001 £ (phylotype I/biovar 4/5%JETL A), R
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syzygii @ MAFF327095 #k (phylotype IV/biovar N2//FRE A), BL T R
pseudosolanacearum D MAFF327142 #k (phylotype I/biovar 3/#7JRE C) % #
BEME Lic, FUBMIIRHEIC 9 $/003 10 Efk% 1 REE L, 3KET
ERRREITR 0T, HEBOBBIEEIL 24°CL 28°CH 2 B ER T THE
Re1Thholc, BREORE L, #fE%K 20 B BIZ, %@%?ﬁliﬁ%)ﬁ%% 1 ﬁ
LERIC, 0~4 27—V TRIEL 3 REDFEH DI ZKD7z,

QTL ###7
AETHEZ X 512, FiI oBESER % two-way pseudo-testcross (Grattapaglia
and Sederoff 1994) IZ L D DBEEF & AR L, SNP v —F—Z AV THES
Nl MBROESFHE RP vy 7L SP vy T &AW (Table 8). QTL
Cartographer version 2.5 (Wangetal.2005) AW T, FiEM%Z2 R L REEH
LT Z, /35 A —# 1% model 6 T windowsize IX 2cM & L CIM % (Zeng
1994) %4F o 72, QTL BH D7D LOD BEIE, 1,000 [E 7 permutation test
(p< 6.01) 1o & o TR, MAFF327142 #h% BV IEAMRE T FI 4
Mo DI BERSAKETIZRL, BAESHER LD, CIMETIIRE
FELVBLWIBITRE L, SBIZT,RY 7Y =7 (RCore Team 2017)
® R/qtl /¥ & — (Broman et al. 2003) 2HWVWT/ U RXFAXA NV w o4V
BN~y BV TERTON ) VRT ANy I AV F—RN~wy
7" ¥ 1% Kruskal-Wallis #% 7€ (Kruskal and Wallis 1952; Kruglyak and Lander 1995)
DILERRTH Y, model=np, 3L Wstep=1cM & FZE L CHE% ‘scanone’
% %17 L7z, LOD BMEIX 1,000 B permutation test (p<0.05) %AV T
ESN, BEEFEOKMEEEL, 1.0-L0D ZRHRHICHET 2 KM
MEBZHET D ‘lodint’ BHR2Z2HAVWTHELL, £, 5%
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‘expandtomarkers’ 12 & ¥ KE D EBEICHE BTV~ —FRE Lk,
QTL fB#TII RP ~ v 7L SP v v 7DENENIZOWNIThil, EHME
& QTL DAL& (% MapChart 2.30 (Voorrips 2002) %> CHiN 7z, HRH X
A7z QTL iX Potato Bacterial Wilt Resistance DEEXF # BV, PBWR- B8

5 CRELL.

SRR |

QTL f##7 & i < £ C DHEFHARHT I, R 73— a > 3.3.3 (R Core Team 2017)
‘@ Remdr /¥y 7—¥ (Fox 2005) B X TFEZR /%y 77— (Kanda 2013) %
A THHE L, FlEMOAMER 3 5 ERBOMEE, Spearman 0
JERZAE BEAR S % BV THEE L7z, 4 QTL ICE by SNP EEIZ 1T 3 & s
FHEI D DI % #3572, Mann-Whitney U #RE 24T o 7=,

FER
F R ETUE O

Fi £ D 94 RO EMBEAMIZOWT, RSSC @ 3 EH#H (phylotype
I/biovar 3, phylotypel I/biovar 4, 3 X OF phylotype IV/biovar N2) & 2 D D#E
FIEE (24°CETeld 28°C) DMABBDEIC L D EE 6 LB T TR L
7co RP @ DI i 0.00 2 5 0.73 DFEE TH > DIT% L, SP @ DI i 2.00 4>
5347 THY, T RTCOMAEX CHEB O DIICHERENRD bhi (Fig.
9o FIEE®D DI X, § X TOLAEK TRRMERID bIETIIERHT~EREH
KERL, £ABEKOEH DX 121 25 2.88 DHEHICH -7 (Fig.9), =
7o, BB CTIXTENCHERMBENBED 5Nz (r=0.25-0.61, p<0.05)

(Table 12), 28°CC D 3 1L 3 =T D CHRIEICE W DI 257 L, 77,
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TRTONEX TSP LY HEW DI 277 R#°, RP LV IEW DI 2777
FHSBES N, FEEICLY DI OATHIEAE<RARY, HEE C 0
MAFF327142 # (R. pseudosolanacearum, biovar3) IWZ#f3 % DI IXEE S
FTRE <AL L, 24°CTIZARRBYITIR DLICR - 72 31 & 72 5 7 23, 28°C
TIXMEXINCE W DL R o T2 & T2 o Tz, — 5, R IR EL A © MAFF327001

# & MAFF327095 #RiZxt9 5 FIEF O DI X ER SR EZ T Lz,

QTL D&

FHAEAETMcB T 5 FEEAO B, LBRIZX Y ERSMHEEL
FERDARORRDINBEL /R LIz, & FiiEiH o DLW T CIM &
ESURFANI I =NV B TEORE 2 £ L Tc, CIM ik
&Y 7 o0%EE I 10 D QTL (PBWR-1a, PBWR-1b, PBWR-3, PBWR-
5, PBWR-6a, PBWR-6b, PBWR-7, PBWR—]Oc;, PBWR-10b, ¥ X U PBWR-11)
PR ENT (Table13), —F, J U NTA RN w7 AV F =TV
JHEIC LY, 3 oDREME EIZ 420 QTL (PBWR-3, PBWR-6a, PBWR-6b,
BELOPBWR-7) B Eh, WPhb CIMETREEAEZ LD LT QTL
ThHofz, =D > %H PBWR-6a, PBWR-6b, ¥ X PBWR-71X CIMiEL /v
RIZAPV I AV E—=NNey U S EOMETRTLABR TRE SR
}‘: o —FH, PBWR-3 I3 CIM ikiZ & ¥ 28°CD MAFF327001 # (R
pseudosolanacearum, biovar4) WX L TRHEW, /52 Vv o Ay
H—N\)v= v BV FIE T 28°CD MAFF327095 # (R, syzygii, biovar N2)
Wt L TR S e (Table 14), b D QTL DERME %, ﬁﬁﬁﬂﬁ!ﬂd
ENhi- QTL DERME b A b Fig. 10 RN R L, BFIETRHRE SH
72520 QTL IZIAZETHRE &7z QTL & EREHRN —FK LBV, fIET
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R Ehiz gBWR-1 (SP % 1 BLAMKD 76.8~81.2 cM DALEIZFESR) 1
PBWR-1b 12, gBWR-2 (SP % 3 ZFRGED 11.8~18.0 cM) X PBWR-3 IZ,

gBWR-3 (RP % 7 ZREIED 14.2~26.3 cM) .ix PBWR-7 |2, qBWR-4 (SP
10 FLAKD 6.6~11.9cM) X PBWR-10a 12, % LT gBWR-5 (SP % 11 HF L

54K 31.6~37.0 cM) |X PBIWVR-11 & BRHE L THIE LTV,

RSN QILIZ L B %ﬁﬁﬁmﬁ«@ﬁ%
£ QTL W& K LOD fEIZ& T\ SNP FEIZ 81} 5 RP Bl E R FH & SP il
BEFRIZOWVWT, EOFH DI Z 8 L7z (Table 15), 3XTD QTL I3,
BREOEIHBbODOHR LY 1 DL EOBEKICH L THBRIEHIED
R%EZR LTz, PBWR-6b DEIRFIEIL 24°C& 28°COTEH 7T MAFF327142 %k
(R. pseudosolanacearum, biovar 3/EERE C) 1Z% L COHIERICHERE
PIEZTRL (p<0.001), FERRZENETNOHERBESRMLE T 40.5%8 L O
17.6% Cd o7 (Table 13), PBIWR-6b1ZRP = v ZTRILE NIz 2 & o,
FALEE SNP BEICH 1 5 RP DBETRIL AB ~7 n B THAMZRL,
SP 1% AA (R L BB) HEBAM CRFIETH o LB SN, FIARIC
BWTIIRPEEGTEITH D AB & SPEERTE TH S AA(Z2\WV L BB)
DBOBEL, BIED X DIEVWES DI EE R L%:: & BIEHMEIT RP B3ED
BT ek BB bz, £72, PBWR-6a 1% 28°CT, PBWR-10b i%
24°C T MAFF327142 #¥RiZxt L THERERELZ R LT, PBWR-éa'ci SP =
v 7 TRHEINZZ L b, FIALEE SNP EIZH 1T 5 SP OEETFEIL AB ~
FuEARTRBEMELTRL, FREFICB W TIE SPEEEFHTHSD AB &
RP HEERFETH S AA (72 L BB) BBt L, AIE M &V {EVWEH DI E

BRLIZZENHEPIMEIX SP BEDOBEMET LML D EE X BN,
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PBWR-10b %)IEJE%&: SP =y 7 THRH SN, Fi /T 51 T SP HE(ET
BB L VIENWES DI EHEZ R LT L2 DA SP HROEMET LLIZ
KB LEX bz, PBWR-3 % 24‘°C'C“ MAFF327142 #RiZxt¢ 3 EHAMEICH
5 U, PBIWR-7 1%.28°CT = DHKICHT B EAMICEE LT, S5,
PBWR-3 & PBWR-7 1%, WEE A ICHHB & 5 MAFF327001 % (R
pseudosolanacearum, biovar4) & MAFF327095 #k (R. syzygii) {Zxf L CH M
ARECHEAMKICFE L TWeE, LT, PBWR-3 DIEHMEIL RP ARDEM
T VATHY, PBWR-7 DELMEL RP HROBEMT LA L E X D,
» 5> QTL (PéWR-Ja, PBWRI1b, PBWR-S, PBWR-10a, 3 X 1% PBWR-11)
%, 24CEY b 28CICBVT LV IEAMEIFELTHY, TOBEAER
PBWR-10a @ % RP HROBHET LA THY, ZHLSND QTL iX SP AR D
FET LARFE LT B L EL b (Table 15), |

EE

Ri’ L SP i, phylotype I/biovar 3//& JRE! C, phylotype I/biovar 4//7 JRE! A,
¥ & O phylotype IV/biovar N2//FRE A D 3 éﬁm:ﬁ LTRE Lf%fa%“h
W & BRMEE R L, — 7, FIERORRBEILRESRMG L BEHKD
BOMZ LD EAL, FREFEAEIEEORETICHE S TWD 2 & 238
Gt ole, ¥, FIREDOREREEIT 6 DONBXMT NTTHER
EOHENRHY, NLAalzBi} 3 R pseudosolanacearum (phylotype 1)
& R. syzygii (phylotype IV) /] TR M FELL Lru\% T EMRENTE,
L, Rl A T allBif D RSSC D R. pseudosolanacearum (phylotype 1)
& R. syzygii (phylotype IV) Dff], BLUR. solanacearum (phylotype II) &

R. pseudosolanacearum (phylotype III) O CHEIEHEIZEN RN LER LT
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BEOMAEBIOUE 2 BOFRE—H L (HIl - A% 1987, BH 2016;
Sharma et al. 2021), Suga et al. (2013)i%, phylotype IV X phylot};pe | I 2
AUA Y LTRRARBENLREL TS, b b, 72, BLV
P TRBENEZE DI (Lébeau et al. 2011), phylotype IZ & % 733
NLA 2 a~DRENOREIIRISELRNVWEEZEZ N D,

AHETIE, FEHOFRFEAMEZ CIMBEBLV/ VT A MY v
AVE=I=y B TEEZRNTITY, 10O QTL #RE LT, nb
D QTLIZTRT, HEEI10%ULER L, 2D 5L, FiFEEE SNP EICE
i} B SNP BEFHBTE< ONBRICB W CHEREL TS PBWR-3 1A

% T, p<0.001 05 LAV TCERRERZ T QITL #EEA QTL L AT &,

| 5 5D X QTL (PBWR-3, PBWR-6a, PBWR-6b, PBWR-7, 3 X 1% PBWR-
10b) & 5 D>D#{8 QTL (PBWR-la, PBWRIb, PBWR-5, PBWR-10a, :Fsotd“
PBWR-J-J) RRES Nk, AFETIE, BRAO L L O —FITERAET L
RAFuEAR L LTHEL, Th) FIEFNTHBENEZ LItk ~
SELIFBL BCET, LAoT, MRO LD bh—FICERMT U
ABERHEEBE LUTHFELTOREE, TAREHSEEEBTHS ) &
BHERETEAATHAI LRHETAZLEITERY, ZOLOAMETRE
L7 10D QTL X, “O FERMZAVWTHRHTE 3R/INROKTH o7
LRBbid, 72, RP &V HIEHUENRE W F1 RFEL, SP LV & BHMEMN
BWF RS FEFARNICFEL T2 &2 n, EBHET LI, BIET
YA L VICENERORROTEFORICHKLZLE X bhvi, R
iz, 6 2D QTL _(PBWR-]a,.PBWR-Ib, PBWR-5, PBWR-6a, PBWR-10b, ¥
X ONPBWR-11) DIEFHET LK SP R THS L %2 b,

5 >ODEE QTL ® 5B, PBWR-6a, PBWR-6b, X N PBWR-10b IXHE#
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%%%bso?ﬁ)ﬁi&ﬁﬁ@f;%m%?&wﬁ%/% L, PBWR-3 & PBWR-7 IXHE R
BECEKEFETDIILRIEE Lf:%&ﬁﬁ&% L7, MAFF327142 # (R
pseudosolanacearum, phylotype I/biovar 3//GRE! C) 1Zxt3 B LML, BE
KAFME QTL R EICFELTRY, RPEXRLEXILND PBWR-6b & SP
60 PBIWR-10b 1% 24°CT & D S RE T o2, FiEFITI, 24°CTIIE
HFEV DI 2R3 RENEL L, 28°CTIEAEW Df%?ﬁ'?‘f%%?bi‘§< BEIh
7= (Fig.9a,b)e ZHITBEERGEHEZTL, DOBWEFERERL = PBWR-
6b @’?ﬁ% (Table 13) WL BbDEEXOND. S phureja 1T HF REHEHIED
BIGRE LTE<MbNTRY, TOEAEIIEKRERNTHY, 1 OoEIE
T CTIRERESMET T 2EABAERE I N TS (Sequeira and Rowe 1969;
Sequeira 1979; Ciampi and Sequeira 1980; French and De Lindo 1982), L7228
T, PBWR-6b 1%, ‘EHE3SH OFBTHDZ A H0DED’ OFRHRK
M DA & 5 X 5B S phureja (Morietal. 2015) 1CHI3RT 3 & HEH
S D, PBWR-6b 13 24°CT 405%DHFEEEZRT I L5 (Table 13),
Elphinstone (1994)1% S. phureja OB RSF RAEFAMEITER IZ BV THMRE
BRAZRTLEEXZOTHA I,

PBWR-3 & PBWR-7 1% R. pseudosolanacearum & R. syzygii DEEFEE#RITIK
5F, BB EBRTRE LLERMEER Lit, Thb0 QTL IXSHAREE
FETIZBWTHERAKEICFET 2 HEESTRRIN, N A Y a BT
EMHEAERBEOETRICERT 522 LNRBEND, b~ FRFRT
X, BRRET CEAKZ LI RENFEETHZ LBHMLN TV S (Namisy
et al. 2019; Kunwar et al. 2020), k< k<G, QTL O Bwr-3 & Bwr-6 IX1E
THREL TV BN (Carmeille et al. 2006; Kunwar et al. 2020), Bwr-12 I35

BTHILTBZ L 7).5‘/7?9*&“33’1«'(1/‘5 (Kunwar et al. 2020), B, BEIIHE
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RERIE S & R & > T R R DA E A S T oA
HEBEBEZDEBERERTHS (Muthonietal. 2012,2020), LizA->T, &
FEFEPUE QTL DRIBICE 2> T, R TIT o L 5ic, BR2EE
KT CEAMTIEHEZITILERH D LELXDND,

Chen et al. (2013)i%, S. chacoense FA¥ D race 1/biovar 3 ® RSSC B IZ Xt
TOEMRESME QTL 28 2 BREFB LI UE I BLRAEK LITRE LT,
AR TH W SP IX, S chacoense & S. phureja DFEFEIHERE (Hosaka and
Hanneman 1998) TH 52, RIEL RARICE 2 BFLARIIUVE 9 FLRARE
(21X QTL ARE S nigpoTle, Z DME, %@%Eﬁ@éw% S. chacoense
DR (Hawkes 1962) BREEE X b D,

ﬁﬁﬁ@i, MLT Fi £HIZxF LT, RSSC ® MAFF327001 # (phylotype
I/biovar 4//RIRE A) R L 28°CTHELLMESR, $£1, 3, 7, 10, 1F
Yefafk iz 2N gBWR-1 (=PBWR-1b), gBWR-2 (=PBWR-3), qBWR-3

(=PBWR-7), qBWR-4 (=PBWR-10a), B X qBWR-5 (=PBWR-11) H#&
HEhic, ACEETToARICRBIT PHER BT B L, 5 BREK
FIZHFEROMEN PBWR-5 B3E 2 IcR I &N, PBWR-11 I3 Sz h -
7z (Table 13), PBWR-11 I3[R UIAJREL A ® MAFF327095 #k TidR it &4,
BEFELZT TR, BR2E®REERETS Z Lz k D X Iz < OEYUE
QTL 2R TELFEMEN HDZ LEFBL TS, LL, Z0OLk54
QTL HVFh b QTL Th Y, FEELIES, RECEASNETIE
Enb, ﬁiﬁ*tﬁ’é‘@&:%b\ﬂiy@] QTL NERMEABBAINITLLZ AL
%,

EMRESME QTL (X, F< FTIXE3, 4, 6, 8, 10, 11 BLT 12 FSR

BRI 4 (Thoquet et al. 1996a, 1996b; Mangin et al, 1999; Wang et al.
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2000, 2013; Carmeille etal. 2006), T2 TRE 1, 2, 3, 4, 5, 6, 7, 8Bk
VO FRAETHRHINTWVWS (Mimuraetal. 2012; Lebeau et al. 2013; Salgon
et al. 2017, 2018), _thﬁéé{N\.ioﬁélfm_ﬂiE’m BT 5L, B
Fr R % "9 PBWR-6b 11X, B 6 %ﬁééﬁ&t'@ k= k@ QTL (Bwr-6)
BLUF 20D QTL (ERPRS) DEERMEL —F L T2 THMESE (Fig.
11a), L# L, Bwr-6 & ERPR6 IZ & HIZ R. pseudosolanacearum (phylotype
I) & R solanacearum (phylotype II) (2%t it 2595 (Carmeille
et al. 2006; Wang et al. 2013; Salgon et al. 2018; Shin et al. 2020) 23, PBWR-6b
1R pseudosolanacearum (phylotype I/biovar 3) \Z D HZEHMEZ R Lz, Bwr-
6 DERMEILEMERCEHEEDEN L > THFIICELL (Wang
etal. 2013), Z DHZII ERPR6 TH FIRIZHLIZ S 7z (Salgon et al. 2018),
INDOMED L, Bk R BEEBRAMRET 2R CREAFRIRKICE
FE L T (Meyers et al. 1998; Andolfo et al. 2013), REHIZIX Bwr-6 X° ERPRG
PHE VBRI T BRI T & LCRABTIRIERHZ bk
(Salgon et al. 2018), |

B3 B/LRAMAELEIZE, b~ MO QTL (Bwr-3) £+ A D 2-5M QTL (ERPR3a
b ERPR3b) B & XN TV D (Thoquet et al. 1996b; Carmeille et al. 2006;
Wang et al. 2013; Salgon et al. éOl8)° Bwr-3 & ERPR3b IZERM BN —E L,
B UEBRFETHDARMENSH S (Salgonetal. 2018), /XL A I 3 ® PBWR-
31X ERPR3a L ERMEN—FK L TWB & Ebh (Fig. 11b), PBWR-3 L[HE
B, ERPR3a IXEIMKIEMSRIG TLBREKICENI L RT QTL TH5 2
L 5 (Salgonetal. 2018), PBWR-3 & -ERPR3a lX[F—® QTL TH D Z &
TIN5,

AIERBLUARETHL MM ZTE R QTLY IXETRDBEY N A 2 a OF R
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BB L - ThHdLEX LD, PBWR-3 X° PBWR-6b 13 b= bR
CFROEEAR QIL LERMCES—H L L b LEETSL, v ho
QTL TH D5 12 FREMD Bwr-12 (Wang et al. 2013), FTADHE 2 BLRE
&> EBWR2 (Slalgon et al. 2017), BXUVE 9 FREAKD EBWRYI (ERsI)

(Lebeau et al. 2013; Salgon et al. 2017) T2 QTL AL A T3z
THHETHWEERE L OND, BOT AR QTL OIERLEEE X T,
£ QTL & LCHEL, B MICFIAE LS+ W EIED QTL 2 BF L T U
QT LMEELELLNS, |
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Disease index (DI)

Fig. 9 'The DIs in the F; population inoculated with Ralstonia solanacearum species complex strains MAFF327142 (phylotype I/biovar 3) (a, b), MAFF327001
(phylotype I/biovar 4) (¢, d), or MAFF327095 (phylotype 1V/biovar N2) (e, f) and incubated at 24 °C (a, ¢, €) or 28 °C (b, d, f) :
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Table 12 Spearman's rank correlation coefficients among disease indices in different trials

Trials MAFF327142/24°C  MAFF327142/28 °C  MAFF327001/24 °C  MAFF327001/28 °C MAFF327095/24 °C  MAFF327095/28 °C
MAFF327142/24°C 0.60%** 0.25* . 0.39%%* 0.33%* 0.25*
MAFF327142/28 °C 0.36%** 0.61%** 0.36*** 0.56%**
MAFF327001/24 °C _ 0.38%** 0.60%** 0.51%**
MAFF327001/28 °C : ' 0.38%** 0.58***
MAFF327095/24 °C : ' 0.47%%*
MAFF327095/28 °C

¥, p<0.05; **, p<0.01; ***, p<0.001
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Table 13 QTLs detected by a composite interval mapping (CIM) method for the resistance to different strains of the R. solanacearum species complex in the F,

population
RSSC strain Temperature QTL® Detected map  Chr. Position (cM) Position of Maximum LOD  Explained
maximum LOD  score * variance (%0)
(cM) o
MAFF327142 24°C PBWR-6b RP map 6 10.8-23.7 21.7 14.17 40.5
(Phylotype I/ PBWR-10b SP map 10 53.2-56.6 55.6 4.32 14.5
biovar 3) 28°C PBWR-6b RP map 6 13.8-23.7 21.7 5.51 17.6
PBWR-6a SP map 6 0 0 393 13.6
MAFF327001 24°C PBWR-7 RP map 7 12.2-27.2 253 6.86 ) 20.5
(Phylotype I/ 28 °C PBWR-1b SP map 1 79.0-79.1 79.1 - 3.83 - 1 1.4“
biovar 4) PBWR-3 SP map 3 13.8-17.0 15 43 130
PBWR-5 SP map 5 54.7-55.7 54.7 3.76 11.2
PBWR-7 RP map 7 152272 253 6.64 219
PBWR-10a -  SP map 10 - 6.6-10.9 8.8 4.93 15.1
MAFF327095 28°C PBWR-1a SP map 1 74.6-75.7 74.7 491 15.1 o
(Phylotype IV/ PBWR-7 RP map 17 25.2-26.3 253 4.39 153
biovar N2) - PBWR-11 SP map 11 32.6-33.6 32.6 3.94 12.4

2 Detection threshold determined by a permutation test (1,000 permutations) at a 0.01 level
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Table 14 Genetic factors detected by a nonparametric QTL mapping method for the resistance to different strains of the R. solanacearum species complex

in the F1 population

(Phylotype I'V/biovar N2)

BW strain Temperature QTL® Detected map Chr. Position (¢M)*  Position of ‘Maximum LOD
maximum LOD  score
(cM)
" MAFF327142 24 °C PBWR-6b RP map 6 10.8-33.6 28 8.66
(Phylotype I/biovar 3) 28 °C PBWR-6b RP map- 6 10.8-42.0 21.7 3.42
PBWR-6a SP map 6 0.0-26.4 2 2.59
MAFF327001 24 °C PBWR-7 RP map 7 12.2-31.1 27.8 4.82
(Phylotype I/biovar 4) 28°C PBWR-7 RP map 7 12.2-65.5 289 3.17
MAFF327095 28 °C PBWR-3 SP map 3 54-364 18.8 291

#Detection threshold determined by a permutation test (1,000 permutations) at a 0.05 level

bPositions were indicated by the 1.0-LOD interval.
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Fig. 10 Locations of the bacterial wilt resistance QTLs on SNP-based genetic maps for the resistant parent chromosomes (R) and the susceptible
parent chromosomes (S). The black boxes on the genetic maps indicate the ten QTLs based on the results of the composite interval mapping in this
study (Table 12). Shaded boxes indicate the five QTLs previously detected in the Chapter 3. Lines on chromosomes indicate loci on the genetic
maps.
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-Table 15 Mean DIs in resistant parent (RP)-type genotype and susceptible parent (SP)-type genotype

QTL SNP: Mean DIs in RP-type genotype vs SP-type genotype®

MAFF327142 - MAFF327001 MAFF327095

(Phylotype I/biovar 3/pathotype C) .(Phylotype I/biovar 4/pathotype A) (Phylotype IV/biovar N2/pathotype A)

24 °C 28 °C 24 °C 28 °C 24°C 28°C
PBWR-1a c2_4943 1.47 vs 1.25 3.07 vs 2.67* 1.40 vs 1.29 1.71 vs 1.53 1.46 vs 1.40 229 vs 1.69**
PBWR-1b c2_37816 1.46 vs 1.19 3.05 vs 2.64* 1.41 vs 1.30 171 vs 1.51 1.45vs 141 2.31 vs 1.68**
PBWR-3 c2_50637 1.10 vs 1.75** 2.76 vs 3.05 1.15 vs 1.64** 1.45 vs 1.88** 1.23 vs 1.74** 1.80 vs 2,32
PBWR-5 c2_10291 1.47vs 1.15 2.91 vs 2.83 1.44 vs 1.26 1.82 vs 1.36** 1.49 vs 1.39 2.12vs 1.90
PBWR-6a c2_55554 1.63 vs 0.98* 3.15 vs 2.48%** 1.39 vs 1.29 1.74 vs 1.45* 1.55vs 1.26 2.08 vs 1.89
PBWR-6b cl_12696 0.73 vs2.19*** 253 vs 3.31%** 1.32vs 1.38 1.59 vs 1.68 1.46 vs 1.39 2.01vs1.99
PBWR-7 c2_4555 I.11vs 1.57 2.56 vs 3.16** 0.98 vs 1.73***  1.3] vs 1.90*** 1.23 vs 1.65%* 1.74 vs 2.29**
PBWR-10a c2 32779 1.45 vs 1.27 2.72 vs 3.05 1.24 vs 1.46 1.45 vs 1.80* 1.38 vs 1.49 2.00 vs 2.03 -
PBWR-10b c2_22699 170 vs 0.90%**  2.96vs2.75 1.40 vs 1.32 1.71 vs 1.51 1.41 vs 1.45 2.24 vs 1.76*
PBWR-11 cl 7668 1.54 vs 1.29 3.22 vs 2.77* 1.61 vs 1.27 1.93 vs 1.53* 1.77 vs 1.32* 2.47 vs 1.88**

4SNP identity given without the prefixed identity “solcap snp ™

bStatistical difference tested by Mann-Whitney U-test; *, p<0.05; **, p< 0.01; ***, p<0.001
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Fig. 11 Comparisons of bacterial wilt resistance QTLs among potato, tomato, and eggplant on chromosomes 6 (a) and 3 (b). SNP identity
was given without the prefixed identity “solcap_snp_.” The physical positions of SNPs in the PBWR-3 and PBWR-6b regions in CIM
analysis are presented in the potato DM v4.03 genome (Sharma et al. 2013), the tomato SL2.50 genome (https://solgenomics.net), and the
eggplant HQ-1315 genome (Wei et al. 2020) using the BLASTN program (Zhang et al. 2000) in the Galaxy/NAAC
(https://galaxy.dna.affrc.go.jp/), with a cut-off value of 1 X 10-15. The physical locations of Bwr-3, Bwr-6, ERPR3a, ERPR3b, and ERPRG
are shown based on Salgon et al. (2018). '
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RlA Y a8 5 EMFEETEICED 5 =8 QTL CHEST 5
DNA v — X —DB% & A

2

[

SbA s HEITEWT, RSSC T 5%&%@%&%%%?&#5 =iz,
X FE IELER, EMEN, HENTFEEWIAVONTVDER, Z0OF
ShEIZBR 5N TV D (Muthoni etal. 2020), BEE TOE =5, ZOHRER
BEERS 5 &% %f?jﬁﬁ%é’a RERI, HAEKEORA THS (Huet 2014; Muthoni
etal. 2020), LA L, FMHICH T 2EAEOFTREIL, BRI EHERT
I k0 ZEE N, RSSCIREVEZRCSHIELHDL, &5 ICREETF IR
FEORRICKRESHEERET 2 ERESZ Y (Tung et al. 1990a, 1990b;
Hayward 1991; Thoquet et al. 1996b; Fegan and Prior 2005),

EATHE, 2@FERE A V0D’ BEAROERIRE LTHANS

n, BERICATI2HVWESERELFT2EERR TE3SE BFK
CER, SBKRINED AREEESE LS REAEREATVS (Mo
Iet al. 2012; ‘Sakamoto et al. 2017), RIEIZI VT, R pseudosolanacearum

(phylotype I/biovar‘3 ¥ & O phylotype I/biovar4) 35 & O R. syzygii (phylotype
IV/biovar N2) DEFEEHE AV TG L ‘#3585 BEKD 2 EiEkK
EEBRRME2EEPOFONTCFEFICBWTIOE®D QTL BARIE Sz,
Z0HL, BAMBRICHXT 2&ROELSR QTL X, F 6 REMB LICUET
% PBWR-6b T, LBIHIIKIR T T phylotype I/biovar 3/ R AL CIZxt 3 2 EHk
HRELIEAEETR L, 0%UEOROFERER LI, ALAva by
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LOREMEREY b~ FTIE, FRHICHT S 2 SOEER QIL zﬁiél“m“é
NTEY, 12038 6 LEE (Bwr6), b 1 DIEE 12 LAaK (Bwr-12)
ICLEB L TN B, Bwr-6 1%, phylotypel & T I3t LC, BEEIM bISELIC
TR S B L S AR (Cammeille etal, 2006), FIBEIC, % I2#
WT%, R pseudosolanacearum (phylotypel 38 X VI X BIEETEE
L2 B e T T QTL 2% 6 e fh b ICH H SH TV 5 (Salgon etal. 2018),
6 REMEKICBTZEREBODTHRENT, R72 5 HEMHK L RBEMH
D3R (Wang et al. 2013; Salgon et al. 2018) % L < (ML L7 QTL ® 27 5
A —{ICERT 5 (Salgonetal.2018) &F X b5, RICESIE QIL 2
75 2Z—{LLUTNDLEXD L, PBWR-6b DIFEBEI IO EERIEHM
QTL BEERLTWAH MEEEDTREN, TR EOMENI®HNEEX LN D,
RUA s it 4 BETHERD, BRNOVERESERTHY, B
FMEPNEEEGRFICL o THEEN TV EHE L, BRTEHREDOHHEE
MIETFT 5 (Watanabe2015), & biz, HEAMEETET LI LISFAHME
CEHLTWHHAENH D (Muthoni et al. 2020), FD7z¥d, BWL T 5H1E
EFRHEOCEAL, BE LAVBETFAERT 5D, SELER
DNA ~—A—2HEIHh, MBEHRELDRALTLI2DRFAAENA TS
(Gebhard et al. 2006; Mori et al. 2011, 2015; Ramakrishnan et al. 2015).
AFETIX, PBWR-6b \ZHE$ 95 DNA ~—V— %R T 5720, QIL &
BRNIZMNEBTAHEHELRFD 1 2ICOWTEFIEZELMNCTIZLIZLY
PBWR-6b DT L/VEEEL, £0 ) BL\EFUET LIVITESH T 2/ RH DNA
v —H—EER LTz, fERRL7ZDNA~—H—%2RW\T, NS affER
MERELLOFEHEELZRALNCT DL LB, EFOIATFT T Ly I A
PCR % (Mori et al. 2011) 1C &= — 0 — % MHIAH, r%%ﬁ (<3t
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DR B EOMES X BIE LT,

BB X OH R
TR

~— A —BRIZIX, PBWR-6b DEEICRWE FIEHADORTH2D RP (K
ﬁﬁzﬁw%%jumav)&w(%%ﬁz%%%%ﬁmr)%ﬁwto

‘10-03-30" X PBWR-6b D~T u#ERETHD (F4E), FIEFICBITS
| 13A-3138° RAIEEDEAKOBVRA—2T, Fi-l’ »HZITHVE
HZAFAMHEEREF (S (Hosaka and Hanneman 1998) DHEEEIZ L » T
HAEMRFRETH D, 13A-31-38" X PBWR-6b \CMZ, MOBEKITH L TH
WP % R PBWR-3 BEPBWR-7 % ~T n AL LTRALTNS,
%%Ltv—ﬁ—@ﬂﬁmm%3ﬁ;v4ﬁﬁﬁwtﬂﬁﬂvwmaw
x ‘Fi-1’) 94 R L ‘13A-31-38° OBMICLVIEH L F. £ 63 Rt %
MLz, S0, ABLE—I—D4BFETORYEEZRIET S0,

WIS H L TAEN (BEARANE $28) oXELLELR
- 4EEFIEF 70 R EHR L,

B IZB% L7z DNA ~— 2 — % AWV, 107 OHER I OERRME % 5T
-ﬁbto:@5%,E%%%%ﬁ%%%%y&—@R$C@R
pseudosolanacearum (phylotype D) 35 £ U R. syzygii (phylotype V) 781835 L
7B T 3 VB LIRSS % S4E L - REEREIC DV T, Table 19 i
ﬁﬁ@&g%%bto&%,E%F@ﬂﬁdﬁb@%?ﬁﬁ%%&%ﬁtb
T RNIEES L BRIE &, BREMEEESELLT TA22D’
BREEREL, HRAMBERROBWERE LUK T I LiICLiThhi,



WS DR

TE# 15D DNA %, DNeasy Plant Mini Kit (Qiagen, The Netherlands) %
WTENDHE L, SXXER (NanoDrop 2000, Thermo Scientific, USA)
ZAVTER LT, AL, PCRIZKVEBIE L, $_XTOTF T A ~v—
I% Primer3Plus '(htt-ps://www.primer3plus.com/index.html) ERHWTEREHL, €
DBECLF % Table 16 1278 Lz, HIEMRGIL, 10ng OEFE DNA, KOD-Plus-Neo
1xPCR /Ny 77—, 0.4 U ® KOD-Plus-Neo (Toyobo, Japan), 2.0 ul ® 2 mM
dNTPs, 1.2 ul ™ 25 mM MgSOQ4, 3 K T 0.3 pmoles 0)77-3‘ J—KFo74~—
LYV NR=RF T A~ =572 5 R 20 ul TIT o 7o PCR B O RIS R,
94°CT 2 i D 1&, 94°CT 15 #fd, 60°CT 30 #ffi, 68°CT 5 s D¥ A 7
M 35 ERR DB LTH, 68°CT S DEHERIGE LV A 7 VToT, IR
SN 7-Wr A1, TOPOTA Cloning Kit (Thermo Fisher Scientific, USA) Z />
T, A= —#Eo7a s aiZHW pCR4-TOPO R #—iz/n—= 7
Lz, Yo ZVaa=—Mnb07Z A F DNA %, NucleoSpin Plasmid
EasyPure (Macherey-Nagel, Gerrﬁany) ZRWTHRBEL, SMEB%EE (FASMAC,
B ICHRIE LT o H — v i U R BRI & 0 BB R 3 LTe, BE1E S iz
Bi%ik, GENETYX ver.15 ® ClustalW Alignment (¥X7 4 v 7 X, HA) IZ

LoTHBE LT,

ST USRI S A < —% IV ie DNA v — 0 — R

T VUNWEERHT T A ~—% v b Rbwé-1 iX, 10ng D EEE! DNA, PrimeSTAR
GXL DNA polymerase 1x PCR /Sy 77—, 0.2ul ® PfimeSTAR GXL DNA R
) A7 —+¥ (1.25U/ul) (TakaraBio, Japan), 0.8l ® 2.5mM dNTP mixture,

BEIW®03pmoles DT 7 A v—%EFLHE 10ul TPCR XIG%1T>72, PCR
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B8 O e IX, 98°CT 2 D%, 98°CT 10 #f, 55°CT 15 Wi, 68°CT
1 SO A 7 A% 35 BT, REIC 68°CT S HMMERIE2To%. K
i, HIBS NI PCR EHD 3 ul (0100 ng) %, A—h—R#FEOFH ko
VIZHE- T, 1l (10U) Ofi|fREES BtsI-v2 (New England BioLabs,” USA)
EMAME 10 ul CTRISE®72, HIREESRLEY, PCR EMIT 1x TAE &1
7 (40 mM Tris-acetate 38 X ' I mMEDTA) 2L 3 1.4%7 Fu—X 5 V% B
CWTEBREKBTOM L, T VAVBRNT T A < —+F ¥ b Rbw6-2 i, 10ng
D#7 DNA, 5.0ul @ Ampdirect Plus (%iﬁ%ﬂsﬁﬁ, HA), 0.05ul @ BIOTAQ
HS DNA Polymerase (5 U/pl) (Bioline, UK), 35 & U 0.3 pmoles DT T A =
—%ETeiE 10 pl TPCR KIE%1T 272, Rbw6-2 v — N — %I T 3 I%,

RIOT 4T ay ha—e UTEREBRE S MREERESF (GBSS, Table 17)
DT7FT—FBLRY R—RFTF A <—%&KIM L7, PCR HIHED K Jitx 54
(X, 95°CT 10 D%, 94°CT 30 #RH, 57°CT 30 B, 72°CT 1 Mo

YA 7 N% 35 ERRVIE LK, KHIC72°CT S SRMBRERISZIT -7,

PBWR-6b \Z3&ES{§ % DNA v}ﬁw%bﬂif:v»?#lw 7 A PCR ik

TRO 6 EED /LA ¥ 2 1B 2R AFEAMERETF OB DNA <
— A= RPT 4 Tarba—LELTO GBSS ZREL, AT Ly
ZP PCR LTI ODF 22— THIBI®TZ,

o FRFEHIME QTL Toh % PBWR-6b D Rbw6-2

0 UxHAEVA M UFaVIERMEET HI ICHEET D N195 (Ff

P 5 2008)
0 P UAEXYUANANAREIUERSTF Rxl ® PVX (Ohbayashi 2019)

o BIRIET &S F RI ® R1 (Ballvora 4 al. 2002)
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o EJHMR MROBFEFRET R2 IGEHT B R2-800 (KA
& 2010)
® VrHAEY V4 NREHERIET Ryone ICESET B Ry186 (TS
2008) |
PCR #4181%, 10 ng D#5% DNA, 5.0 ul ® Ampdirect plus (&= BERT,
H), 0.1 ul ® BIOTAQ HS DNA Polymerase (5 U/ul) (Bioline, UK) S X
U Table 17 I RT T T4~ —%E T E 10 ul TIT o7, PCR HEIEDKEHS
i, 95°CT 10 D%, 94°CT 30 7, 68°CT 30 [, 72°CT 1.5%
%5 *;L/r INVRVIEL, TOHIZ, 94°CC 30 R, 55°CT 30 # M, 72°C
T 1.5 \Fﬁ@ 35 %4 70, XL TREZIC 72°CT 5 SMMERIE 21T 7,
PCR E#IL, 1xTAE /Nv 7 7 — (40mM Tris-acetate 3 & U ImM EDTA) (Z

B 14% 7 Ha— XA AL TOERIKE CHBEL T,

E RS S O AT

EHERHMIZIE, in vio BEHERE (58 1 ETHR) 2AV, BEREK
2% R. pseudosolanacearum ® MAFF327142 #k (phylotype I/biovar 3/%% R
C) AT, 22 4 BHDEFZER L, RHEI 9 7013 10 B
TIRBELT, SREZITo, 0k, BEEBEOREEIREIL24°CITREL
oo HWUUMEOFMIT, BER 0 BEKC, EORFABREZE | ELRKIC
0~4 R — )V TRIE L 3 REDFEH DI ZKRDT,

SR AT
EHRRATIZ, 2 BB IV 45K FIEH (Aavsaa $771% Aaaa vs aaaa)

22OV Welch D t 82 7E, 2K Fa M (AA vs Aa vs aa) 2 DOWTiE—
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TEE SR ST (ANOVA) 2170721 Tucky REZITVY, ZNTNDE
BFEODI ZEFEMLZ,RAN— 3 2 3.3.3 DNy 7 — Remdr(Fox 2005)

3 & 'EZR (Kanda 2013) (R Core Team 2017) % Z b DEEATICA VT,

PGSC0003DMG40011779 E15% D EELF| D ¥ E

PBWR-6b IZ& i%’bé SNP J& |, solcap_snp_c1 12696, solcap_snp_c2 43113,
B & O solcap snp c2 43121 @ 3 D Th o'z (¥ 4 E) (Fig. 12), S
phureja ‘DM v.4.03°  (Sharmaetal. 2013) & S. chacoense ‘M6’ ' (Leisneret
al. 2018) D&y ) AEFIEER T B L&, QTL fEIEMIZ Nucellin-like aspartic
protease EIEF (PGSC0003DMG400011779) BEFEET DI LB G hrolz, &
BAXFAFITBNT, FW & N7z Aspartic protease 13 EICRTE SN2 #
BX NI ERYW L, HIE ToH 5 Pseudomonas syringae @EE&%BE%T%)

(Xia et al. 2004; Wang et al. 2019), & LT, Aspartic protease IZAE & D
FURER B TEECH Y, HEWBEICET 5 RERED 1 52 LT
BN TWD (Figueiredo et al. 2021), TN HDEHEMNL, RFFTIX, Z
DEBEFRBEEZ~ I —REEONHEL L,

PGSC0003DMG400011779 1%, AP11779_F2/AP11779_ R1 (BT, 774~
—ty NI4T — RS54~/ U RN — XS5 4= —TEKET3) BLO
AP11779_F1/AP11779_R26 % A>T RP (°10-03-30") R L V'SP (‘Fi-1°) @
R G AR % B S, pCR4-TOPO Ry F—lZ7u—=7 Lickk, BEIl%
BRE L (Fig. 13), TORKE, ThEh 2 BEOERFINFEIE iz (Figs.
14,15), ZT® 5% 10-03-30° MARD B 7 L e ‘Fi-1” H¥EDB T LViL -

BEWIZFR—T, ‘DMv.4.03° DBFIEHmWHEEELRD-T=, Fi-1” O I
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—FDCT LN, ‘M6 OEFNCHFEMENTEPo7, Tk, ‘Fi-1° 2
S. phureja ‘1.22° &, ‘M6’ & [E%72 S. chacoense ‘chc525-3° (Hosaka and
Sanetomo 2020b) & DHEHE B TH DI LEX BN D, 10-03-30° O H
—FD Al T LMD 3 0DT LADEF L IZRZSTRY, 10-03-30°
BEWEREEZRTIEND, TOT LAESIN PBWR-6b LEHEHL TWVW5D
LEEH SN D, 10-03-30" D Al 7 L LD EEF L, DNA Databank of Japan

(DDBJ) Z accession &FH LC750324 TREZK 177,

BT VAREN~— T —DOR%
3BEOT LABFIORIZIE, WL O»nD SNP A - REBXR b
(Figs. 14, 15), Z ™5 H, ‘10-03-30° DE 67 Y iZHD Al T LI
BENRSNP DO 1 22FALT, Al 7T LAOATREAREREEAKRSE
X519 % 72 ¥ 1T Cleaved amplified polymorphic sequences (CAPS) ~—4 —%
BI%E Lz (Fig.14), 7J 4 ~—% v k AP11779_F34/AP11779_R31 & A\ 7z
PCR RIRIZ &V 3TN T LV IZ3E L T 479 bp DN FEAER LIS,
HIRREESE Btsl-v2 i Al 7 LAVEISED PCR EM DO H 2 G L, 289 bp & 190
bp DRV R ELTEESNE (Fig.16), Zhiz kv, 10-03-30° DRI
BWT AL 7 VBT o a1 (479bp/289+190bp /N> F) & REHEAHE
(289+190bp /N> F) 2 XBIT B Z L BN TE B, Z D CAPS ¥ — U —% Rbwé-
1 (Resistant to Bacterial Wilt) &S Z L1293,
Al 7 VLV DERFITIE, 9B 7 YV DO THIZ 20bp DR KN A S N7z (Fig.
15), T DREKEREENCTF 4 ~—%& v b AP11779_F33/AP11779 R30 %
REILIZETZ A, Al T UADB DR 440 bp 'm#ﬁ)#ybs‘t%rhaénto T D 440

bp D/ N% Rbw6-2 & LT &Iz L7z (Fig. 17),
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INLDT LR~ — I — &AW, 2BEF£F (110-03-30" x
‘Fi-17), 2 £ (‘13A-31-38° OB, BELO4EEF £ (‘F
i 35 50 [HEHHE] ><I ‘FAasH [BFE]) 2WZE L7 (Table 18),
2 M FIEENITR 1T 5 Rbw6-2 DF L, Rbw6-1 1285 479 bp/289+190 bp
AT AR E T 479 bp R EEAE, BLO solcap_snp_cl;l2696 &)i%-iﬁ
FHEIL =R —F U, SBEEIT 53:41 T, ¥REICLY 11 TEALE
(P=0.216), ~Tua#EA FIEETHD 13A-31-38° ZHIE IV 2 A F,
£ TliX, Rbw6-2 #7948 {@EH Rbw6-1 12 & » THREHEAE (289+190
bp) 18 B L ~F o ESHE (479 bp/289+190 bp) 30 EKIZ 5y HE L 720 Rbwé-
2 BBRHEIN o7 15 ERIE, Rbwé-1 @é_J:IO'C“S”“\“'C 479 bp DR EHE
BRERY, 1:2:1 ONBEEKE o7 (p=0.807), L7z - T, Rbw6-1 &
Rbw6-2 i PBWR-6b 2SHETET 5 ©10-03-30" O Al 7 L E B REICIR T
% 5T L BSHRENI, 4 HEF EE TR, 27 B Rbw6-2 & Rbws-1 D
479bp/289+190bp /N> FDRj 5 % 7% L, 43 fE{EIL Rbw6-2 % K & Rbw6-1 D
479bp NY FDBER L, PPERIIHBHOD, PREICEV 11K
BETHDT (p=0.056), ‘THE3SE’ XAl T L& —EK (Aaaa) TH
DEEZ 6D (Table 18),

Al 7 L)V REY~ — b — & TR o BB

2REEFEH, 2FE L, BEIUC4EEFEFIZOWT, invitro 1R |
EIZLY, FEAKOEAHEERELZAE L (Fig. 18), 2EF FEAR LIV
4 fE ik PR ES, AR & BRIER ORM TER MR O 582 R L, Rows-
2 3 & (Y Rbw6-1 0 479 bp/289+190 bp /32 FEF T (Aa E 71X Aaaa)
i% DI 2MEWEEINZ H Y , Rbw6-2 & Rbw6-1 @ 289+190 bp /X2 KD Y H b
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bR S RVMEE (aa £ 7213 aaaa) 13 DI REWEMBIZH o7~ (Fig. 18a, ¢),
2 R FIRE O Aa BARTFEIS LUV 4 K FI RE O Asaa 5T E OF#H DI
IXTENEN 149 BLV 135 TH Y, aa BE U aaaa BIETFEOFEH DI (£
NZN 2.81 BIL2.44) ITHA_REFEIZEN 72 (p<0.001, Table 18), 2 &
E LEMZRLEREOE W FIEFD 1 >THD ‘13A-31:38° ZHIEL
TELNELDT, EFHANOYEEIEX 13A31-38° IGEWVE, T2bbEN
DI iffi»Tuo e (Fig. 18b), 15 FIED aa METHD 5 & 7 B DI<0.S
L 0 SEGEE A L B ST, e, aa BETFHOTH DI b 139 Th
Bt (DI<1.5) 2R Lic, ZORETIE, B3> PBWR-3 X° PBWR-7 7¢
EPOMOERME QTL bAMLTWEEEX N5, LaL, AARBLWV Aa
BEFEEAEOFH DI i & 6&:4&% , TNEN 0.69 BLO0.72 &2V,
ANOVA LV EBETFEMOYEY DI WEEBERENRDD Z LAHEBINT

(p<0.05) (Table 18),

Ny a GERKICBITD Al TV ADORE

107 DRV A 2 3 mFERFICK LT, Rbwb-1 B XU Row6-2 v — I —%
AWTAL T UVLVOREZRZE L. (Table 19), €DFER, wa.6-I1 %-727
— T, ‘WIS ET, A ADODID’ (FRD 2009), 1LY £5° (Fujimatsu
etal. 2018), ‘223 & EEH&  (Sakamoto et al._}2_017l), A8 ET (A vh
. 0)&53“&)’ DEEIR), ‘10H17  (Hosaka and Sanetomo 2020a), % LTHER
RETHD, ‘B, ER1425, BR1505°, BLO ‘&% 284

(Wb TEHE 35 B HEE) T479 bp & 289+190 bp DFHH D KA
| Rlah7z. BSRECLIVERNEZFTFMINZRERED 55, Rbws-1
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T 289+190 bp NV FEZETHMERKITV T FRFENEOREMN
(%) Eid () REOEHEET L (Table 19), ‘A2 b Db E D’
DHERBHETHD ‘TA~VV’, ‘T3S, WE3IE, BIV ‘A
¥E 428 T, Rbw6-1 M 289+190 bp v AR & T, THHE 39 &
ZRWCRAETH o7, '—77,-wa6-2 ~—H—%HW5&, Rbwb-1
289+196 bp NV RSN TRTORERHET, Rbw6-2 D~ —J— 3
Y RBBRE IR, S5ICRE L7 (PI527974) TH~Y—Hh— U R

DFEFR X L7z (Table 19),

Rbw6-2 ~—H — B HBALTE~NLF T L v 7 A PCR %D HFE

EROBET 875 AT, EREAEEET RI BEY SShih’
(CHET D R2), VY HAEX VA NABHREREBF RxD), V¥ HAEY
U 4 VAERAMBETF Ryo), BEORT Y AL EVR bV F a2 vikiik
BEF (HI) 0FE22E7T 5 DNA "7‘—‘73“‘%7(@}7)‘57_\/\./7‘:“’7./1/"7&701/‘)7
A PCRENHFESNAIA S TVS (Mori etal. 2011,2015), = DREFED~
NFF VY7 APCRIETIE, VA MEYF 2 VERERET () 2
EH{~—H—N146 & N195 (FTN 5 2008) D FBHEAREN TSR,
N146 i3 Rbw6-2 & N\ ¥4 AENZ & L, N195 Th HI BNRHTE 5
Z &M b, N146 &4+ L PBWR-6b \Z1EEH T % Rbw6-2 Z M2 7z (Table 20),
&bz, ﬁﬁ,o)vwwwcbf?%%—?%)i% Table 20 ™ & (< B@L L

(Table 17), ¥7z, FIMIZEMIREIL 94°CH 6 95°CIZER L, 35 ¥4 7 V4
HEADOT =— )V TIREE 58°Ch b S5CITEET H I LIT LV #Hich~ v
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FTU v 7 APCREZHE L, R 2REERO—F% Fig. 19 1T
‘g_o

BE

PBWR-6b X RSSC @ phylotype I/biovar 3/race 1/JEEM C DE#RIZx 5
RiEH RO FR/FIENED QTL T, MEMERTHEVWHIREZTT (B 4
BEZR) Zihn, EADALVA ¥ a MBIZBOD TKIEORFIZHFIZENT
HHEBEXOND, B 6BRAKLED PBWR-6b LIZIERILAEIL, F=h
DHEEFIEHME QTL (Bwr-6: Carmeille et al. 2006; Wang et al. 2013) 8 L Ot
F RADERRE OB QTL (ERPRG: Salgon et al. 2018) 23R I TV 5
C(B4E), LERST, T0F ) AERIRFABOEREICHT 5 EER
IR ET AR LTV 5 TAEMEAS A\ 28, IRBEIRTFIESS RSSC D 2/ L —
 FOBRNNCE S TEARORISE I A bOENTRES (B4EBE), &
WFFE T, PBWR-6b DEMELRTF D—2TH % Nucellin-like aspartic protease
(PGSC0003DMG400011779) DEEERFNZE SN, EHRET L2 FFR
(T B 2 BIEOD DNA ~— % —Rbwb-1 & Rbw6-2 &M% Lie, & bic =
NHODNAT— I —ZRWCTAEHLRMBERREEZRE LTS5, MDD —
H=DBRHEENTZDIE A IOHED’ IKHRTDIRERROLTH -
% (Table 19), ZDZ Enb, Al FLAIZAKORETHSE ‘AL HDOH
K CmRT B HRERIET LA LB BIS,

‘LT-7" 121X Rbw6-2 @sz’;‘itﬁﬂj Xz, ‘LT-7 Z_v—n Y <=mHich b
EERT her 4 —CHEINELOT, HE.REETE 2 LR b TH

% (Tung et al. 1990a, 1993; Watanabe et al. 1999b), ‘LT-7" 1T &HF K E CIP-
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204 # (race 3) IZBFMETH 525 (Watanabe et al. 1992, 1999b) ,- WP-17 %
(race 1) IKMWIEMMEEZ R T Z B3 E I T35 (Tungetal. 1993), &
7z, CIP-204 #k% &te race | 3L Wrace 3 DIREH TIH R I NEH IR
T, BVIREMESER SN TV S (Watanabe etal. 1999b), & D Z &1, ‘LT-I
CTBEBCBNTHEHRERGROBTSERL TV S TREEE TR L,
Rbw6-1 vewwi*ﬁtﬂ I oleb DD PBWR-6b & DELEMR R X
N5
| Table 19 IR L DI, ‘BHE3IIH ZERS ‘A HOHED” ORNT
X, A1 T wv%%o%mﬂﬂ@%if:m%w%?&#ﬁ&%%vﬁﬂ, Al T L
NEREZRNLDIIRBREEZTT, A 210D’ AROEMH QTL TH
CDEBERMEZETS Al TLALBEBERAKICEELTVE L EL LA
Bo T2 L, BIBICBVWTHLONZLEZEIIZ, ‘CrI0HEn’ OFt;
FEHUEIZIX PBWR-6b 121 T72 < ,I PBWR-3 & PBWR-7 £\ 5 b EE %
QTL bMb-TWB, ZOkd, ‘EHEIE OLHIZ, AlTLAREL
TV T IR R R T REMSEE L TV e R ORET 2 £8T 5 -
& CHEPMENME E L (Pilet-Nayel etal. 2017), /S A ¥ a OFRHEFMHEIC
BWTHEH 3 FEIZBWT PBWR-3 & PBWR-7 DEFIC & 21EFMED 1 £
garxhiz (Fig.7), Lizd->7T, 5%, PBWR-3 3L U PBWR-7 L #HEET
5DNA—F—OREENLEND,

W, RbAva TR 2EERER, WbYHFNAAT )y REBRMTD
NCT Y (Lindhout et al. 2011; Jansky et al. 2016; EAK 5 2023), H7 7 ) &
'é&‘i%®’r§ﬁ7°ﬂ T7L5DBNEHNENRTERINTWS (de Vries et al,

2016), Rbw6-1 iZHEEMHE~— I —THV, 2 FEIZBTS 3 DOELGFE
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(AA, Aa, BEUaa) 2 ERICHINT ST LSTHETH Y, PBVR-6b #Ix
| FIED AA FEEREGBEZERICBRT D LN TE D, SbiL, KFET

, BRIZIBIT B PBWR-6b DHBARIZ 2 HHE REFICBVT AV F LD
AlC &5 FHRME LIRS, FRFEA%ICEL CREEREZTL, BERET
REDHERLFLOEHIIRONR NP o7, LMo T, PBWR-6b D Al
TVNVCEET B F<—F—Rbwé-1 & Fi A7 Yy RERS 075 A
IZHLAATe Z & T, FEHIENR r&mﬁ%éﬁf;%&yﬁ:ﬂﬁa&dxé EEZbND,

AFRCHICEE SN LF 7Ly 7 2 PCRIERE, FTEARKREHRIE
TMEBEFEHFOEEODRNLRBEELFET D LELLbND (Fig. 19),
BARTIIRE, DY A EVR MV F 2 VEAERETF (HI) O 513
TR ECEEMT LN, DY HALE Y U4 A REAERET (Ryene)
EHREICHEA R LB EENT VWS (Mori et al. 2011, 2015), #7 7z
IBESE ShjewAF T Ly 2 R PCR ki, BEEMN HI R Ryac M, &
MEYRF AL a R b & TICERRERERET (PBWR-6b) 2H 3 5
EOBEETEIZ LTV EATLIVEEHZEDEEILNS,

PBWR-6b 1%, Fi2EM (°10-03-30" x ‘Fi-17) IZIBWT, ‘10-03-30" IZH
KT HIEPUET L L LTHERINZ (Table 18), ‘10-03-30° L ZDHTH
5 ‘T35 B OFMBESERE, 2 FEREO A A0HID’ ITH
kT DELMEESNTND (Morietal.zms)o AADHEID’ DEREH
12X, “US-W1’ (“Katahdin’ @ 2 &M 504&) , S.phureja‘114’ (P1225683),
% LT 8. tuberosum subsp. andigena @ 2 0575 (EBAEF b 5
—EX) BHY (FED 2009) (Fig.20), TD 55 S phureja T FREHIEHIE

DHFRIRE LTEHEINTWA 7Y (Thurston and Lozano 1968; Sequeira and
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Rowe 1969; French and De Lindo 1982;I-Watanabé et al. 1992; French et al. 19;98;
IFock et al. 2000; Lopes et al. 2021), ‘A I DD I’ OFEREHMEILE]
BTHBARZ X DTS phureja ‘1147 L E X b T& 7 (Mori et al. 2015),
LaL, “10-03-30" @ PGSCOOO3DMG400011779 ZBITH AT I/'II/UDEE,;U
%, S phureja ‘DM v4.03° BLU 122" DOHUHEESIL ERo Tk, &5
Iz, USIPotato Genebank D7 — & ~N— 2 (h';tps://www.ars-grin.gov) 2X 5 &,
S. phureja‘114° (P1225683) b;t%ﬁﬁ‘%&:@%'rif% B ., & BIT S phureja
‘114’ & ‘Katahdin’ 121X Rbw6-1 2 SR d> o7 (Table 19), L7223
5T, S. tuberosum subsp. andigena B ‘A I DHE D’ OFRFESAME QTL
T D PBWR-6b DHAGIRTH D FREENT L EZX BN D, S. ruberosum
subsp. andigena DEFEFEHHEICETIHRIZIZLALRES LT LT,
FEHREREEE~OFHIEIR LN TV, UL, AHETHLMNZR -
7= X 91T, S. tuberosum subsp. andigena i R. pseudosolanacéarurﬁ izt LT
B RIEDE PBWR-6b DIRFIET LALEFLTRY, —EDEBERMLS
%T&%i%hto:@:k@%,%ﬁﬁ%ﬁﬁ@%t&ﬁ%ﬁ&bf&
tuberosum subsp. andigena ZFIRA LI-BEEEM CRRTD CLEEECHD
LEZ Z)o- HA T S. ruberosum subsp. andigena NEREE TNV DIEK
WIERA &N TEY (Hosaka and Sanetomo 2020a), + D —IAS PBWR-6b % 1%

E B A 0 AR IR QTL 2o WA E % b5,

9]



Table 16 Primers used for development of the allele-specific marker

Primer name Primer sequence (5°-3")

AP11779_F2 TGACACACCCTTAATTTGTCACA
AP11779_R1 TTCGGCCTTCCATGAGCAAT
AP11779 F1 - GCCGTCGCATAACGTGAATT
AP11779_R26 AGCAGACCAGGAAAGATTATCTTCA
AP11779_F34 AGGAGTCAAGGGTCTTCCAA
AP11779_R31 ' TGTACCGTTCAGTATGCCCA
AP11779_F33 ACCTACACCAAAGTTATCGGGT
AP11779_R30 CAGTTATCCAGAAACTACTCAACTTGC
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Table 17 Markers and optimized primer‘ concentrations in multiplex PCR

Marker Target gene Primer Primer sequence (5°-3°)® Size (bp) Final conc. (uM)
R1 RI 76-2sf2 CACTCGTGACATATCCTCACTA 1400 0.25
76-2SR CAACCCTGGCATGCCACG 0.25
PVX Rxl RxSP-S3 ATCTTGGTTTGAATACATGG 1230 1.5
RxSP-A2 CACAATATTGGAAGGATTCA 1.5
GBSS GBSS (positive control)  gbss-01 . ATGGCAAGCATCACAG 981 0.3
gbss-02 CAAAACTTTAGGTGCCTC 0.3
R2-800 R2 (Saya-akane-derived) R2SP-S7 TACTAACCTTTTCCTAGATG 800 0.5
R2SP-A9 AGAACTTTCTCACAGCTTTT 0.5
Ry186 Ryene RY186-11 TGGTAGGGATATTITCCTTAGA 587 0.5
RY186-12 GCAAATCCTAGGTTATCAACTCA ' 0.5
Rbw6-2 PBWR-6b AP11779_F33 ACCTACACCAAAGTTATCGGGT 440 0.15
AP11779_R30 CAGTTATCCAGAAACTACTCAACTTGC 0.15
N195 HIl N195-09 TGGAAATGGCACCCACTA 337 0.2
N195-06 CATCATGGTTTCACTTGTCAC 0.2

2 Primer sequences cited from Mori et al. (2011) except for those of the Rbw6-2 marker
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Fig. 12 Schematic representation of PBWR-6b on the reference genome DM v. 4.03 (Sharma et al. 2013)
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Fig. 13 Schematic representation of PGSC0003DMG400011779 and the positions of ‘AP11779_’ primers developed in this study
PGSC0003DMG400011779 consists of nine exons. Empty regions within exons are untranscribed regions.
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AP1779_F34
10-03-30 A1 allele  TTATTTGATGGGCAGGCCACAGGAGTCAAGGGTCITCCAATTATT TTTGACAGTGGAAGTACCTTCACTTACTTTAGTTCARAAGCTTATGA
10-03-30 Ballele TTATTTGACGGGCAGGCCACAGGAGTCAAGGGICTTCCAATTGTETTTGACAGTGGAAGTACCTTCACTTACTTTAGTTCAARAGCTTATGA:

F,-1 B allele TTA‘I‘TTGACGGGCAGGGCAC?SGGAGTCAAGG_GTQT@CCAATTGTTTTTGACAGTGGAAGTACCTTCACTTACTTTAGTTCAAAAGCTTATGA—
F-1 C allele TTATTTGA'.l‘GGGCAGGCCACHGGAGTKAAGGGTCTTGCAA{ETA‘-I‘TTIT.GACAGTGGAAGTA’CCTTCACTTACTTTAG'I‘,T-CGAAAGC’I'.TATGA
DM TTATTTGACGGGCAGGCCACAGGAGTCAAGGGTCTTCCAAT TGTT T PGACAGTGGAAGTACCT TCACTTACT I TAGTTCARAAGCTTATGA
M6 TTATTTGACGGGCAGGCCACAGGAGTCAAGGGTCTITCCAAT TATTTT TGACAGTGGAAGTACCTTCACT TACTTTAGT TCARAAGCTTATGA:

TATTTTTCTATCTTCGGTAAGTTGGGAAAGTGTTGTTATAGTCCTAAATGCTTGATTCTTTTCTGTGCTCTAATAATAGT TTGTCTTCAGATAATGARAAACATARA:
' TATTTTTCTGTCTTCGGTAAGT TGGGGAAGTGTTGCTATGGTCCTARATGCTTGATTCTTTTCTATGCTCTAATAATAATCCGTCTTCAGATAAAGARGAACATARA
I TATTTTTCTGTCTTCGGTAAGTTGGGGAAGTGTTGCTATGGTCCTAAATGCTTGATTCTTTTCTATGCTCTAATAATAATCCGTCTTCAGATABAGARGARCATAAA
| TATTTTTCTATCTTCGGTAAGTTGGGGAAGTGTTGTTATAGTCCTARATGCTTGATTCTTTTCTATGCTCTAATAATAGT TTGTCTTCAGATARAGARRAACATARR
TATTTTTCTGTCTTCGGTAAGTTGGGGAAGTGTTGCTATGGTCCTARATGCTTGATTCTTTTCTATGCTCTAATAATAATCCGTCTTCAGATAAAGAAGAACATAAA
{TATTTTTCTATCTECGGTAAGTTGGGGRAGTGTTGCTATGGTCCTAAATGCTTGATTCTTTTCCATGCTCTAATAATAATCTGTCTTCAGATAAAGAAGAACATAAR!

TGCAAAGCAGCTGACTGATGCAACGAATGACARAAGCCITCCCETCTECTGEAGTEGTTCCARACCCTTCAAATC TETTARTGATGCCACAATCTACTTCAAGCCAT
TGCARAACAGCTGACTGATGCAACAAATGACAAAAGCCTTCCCGTCTGCTGGAGIGGTTCCARACCCTTCAAATCTGCTAATGATGCCACTATCTACTTCAAGCCAT;
| TGCARRRCAGCTGACTGATGCAACARATGACAAAAGCCTTCCCGTCTGCTGGAGTGGTTCCARACCCTTCAAATCTGCTAATGATGCCACTATCTACTTCARGCCAT,
| TGCAAAGCAGCTGACTGATGCAACGAATGACAARAGCCTTCCCGTCTGCTGGAGTGGTTCCARACCCTTCARATCTGTTAATGATGCCACARTCTACTTCAAGCCAT:
TGCAARACAGCTGACTGATGCAACABATGACABAAGCCTTICCCGTCTGCTGGAGTGGTTCCARACCCTICARATCTGCTARTGATGCCACTATCTACTICAAGCCAT
TGCAAAGCAGCTGACTGATGCAACAARTGACARAAGCCTTCCCGTCTGCTGGAGTGGTTCCAAACCCTTCARATCTGTTARTGATGCCACTATCTACTTCAAGCCAT
... Y Btskv2recognitionste ... : ; ; :

TG TTTCATGARAGCCARGARTGTTGRGT TTCAGC T ECCGCCIGAGGCETATC TR AT TCTTACTGTAAGCACCTTTTCAACTGTTTCTTAGGTATTARAT
| TTACACTGAGTITCATGARAGCCAAGAATGTTGAGTETCAGCT ICTGCCTGAGGCC TATCTTATTCTTACTGTAAGCACCTTTTCAACTGTTTCTTAGGTAT TAAAT
TTACACTGAGTTTICATGARRGCCAAGRATGTTGAGTTTCAGCTICTGCCTGAGGCCTATCTTATTCTTACTGTAAGCACCTTTTCARCTGTTTCTTAGGTATTARAT
| PTACACTGAGTTTCATGABAGCCAAGAATGTTGAGTTICAGCTTCTGCCTGAGGCCTATCTTATTGT TACTGTAAGCACCTTTTCAACTGTTTCTTAGGTATTARAT
TTACACTGAGITTCATGAAAGCCAAGAATGITGAGTTTCAGCTTCTGCCT GAGGCCTATCTTATTCTTACTGTAAGCACCTTTTCAACTGTTTCTTAGGTATTAAAT
RTACACTSAGTTTCATGARAGCCAAGAATGTTGAGTETCAGCTICTGCCTGAGGCCTATCTTATTCTTACTGTAAGCACCTTTTCAACTGTTTCTTAGGTATTARAT

. ~__ AP11779 R31

TATGGTTGGACGATATCAAAGACTGAT TTTTGCTCGTGTTCTCTTAGGAGCAT GG AR T GTATGCTTCGECATACTGAACGGTACAG
TATGGTTGGATGATGTCAAAGACTGATTTTTGCTCGTGTTCTCTCAGGAGCATGGTAATGTATGCCTGGGCATACTGRACGGTACAG
TATGGTTGGATGATGTCARAGACTGATTTTTGCTCGTGTTCTCTCAGGAGCATGGTARTGTATGCCTGGGCATACTGAACGGTACAG
TATGGTTGGATGATGTCARAGACTGATTTTTGCTCGTGTTCTCTTAGGAGCATGGTAATGTATGCCTGGGCATACTGAACGGTACAG
TATGGTTGGATGATGTCARAGACTGATTTTTGCTCGTGTTCTCTCAGGAGCATGGTAATGTATGCCTGEGCATACTGAACGGTACAG
TATGGTTGAATGATGTCARAGACTGAT TTTGGCTCGTGTTCTCTCAGGAGCATGGTAATGTATGCCTGGGCATACTGAACGGTACAG

Fig. 14 Sequence compafison of the 5th, 6th, and 7th exons (shaded) of PGSC0003DMG400011779. Nucleotide substitutions were
indicated in bold. The PCR products using a primer pair AP11779_F34 and AP11779_R31 were digested by BtsI-v2 to distinguish the
Al allele of 10-03-30 from the other alleles (the Row6-1 marker).

]
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AP11779_F33 >

10-03-30 A1 allele ATATATTACTGAAATGTTCTCTATGACCTACACCAAAGTTATCGGGT'.I?‘I‘ATCCCAAACACATACAGTAGTACACGTTTAGCCTACATCACAAGA
10-03-30 B allele | ATATATTACTGAAATGTTCCCTATGACCTGCACCGAAGATATCGGGRTITATCCCARATACATACAGTAGTACACGTTTAGCCTACATCACAAGA

F,-1 B allele ATATAT'I’ACTGAAATGTTCCCTATGACCEGCACCGAAGATA’IZCGGGTTTATCCCAAATACATACAGI‘AGTACACGTTTAGCCTACATCACAAGA
F,-1 C allele | ATATATTACTGAAATGTTCCCTATGACCTGCACCGAAGTTATTGGGTTTATCCCAAATACATACAGTAGTACACGTTTAGCCTACATCACAAGA
DM ‘ATATATTACTGAAATGTTCCCTATGACCTGCACCGAAGB&@TCGGGTTTATCCCAAATACETACAGTAGTACACGTTTAGCCTACATCACAAGA

M6 . ATATATTACTGAARATGTTCCCTATGCCCTACACCARAGTTATCGGGTTTATCCCAAATACATACAATAGTACAGGTTTAGCCTACATCACRAGA

{TCATCTCCTAGCTTTGARATTTTGAAT GTTAGCTGTAGACTTTEGA-CCCCETTATETCTGCT T T TATAT ARAAT T TGGECCATTTACAACTGCAATTCAGTTE
' TCATCTCCTAGCTTIGAARTTCTGAATCTC-GTTAGCTATACACTTTGGGCCCCCGTTGTGTCTGCTTCTTATATAARATTTGGGCCATTTACAACTGCAATTGAGTTG
- TCATCTCCTAGCTTTGAAATTCTGAATCTC-GTTAGCTATACACT TTGCECCCCCGTTGTGTCTECTTCT TATATARAATT TGGECCATTTACAACTGCARTTGAGTTG
"TCATCTCCTAGCTTIGAARTTCTGCATCTGAGT TTGCTATACACTITGGGCCCCCGTTGTGTCTGCTTCTTATATARAATTTGGGCCATTTACAACTGCARTTGAGTTG
*TCATCTCCTAGCTTTGARATTCTGAATCTC-GTTAGCTATACACTTTGGGCCCCCET TGTGTCTGCTTCT TATATAARATTTGGECCATTTACAACTGCAATTGAGTTG
TCATCTCCTAGCTTTGAAATTTTGAATCTCAGTTAGCTATACACTTTGGEECCECGTIGTGTCTGCTTCTTATATAAAGT TTGGECCAT T TACAACTGCAATT G-~~~

TécéATTéé6@%AATAECTG&&AGAAATGGEAACTACATKT?K@XTETA?TGEAAAEAATTTCTTGAGGGTTG&AECT@KTETTKGTGTAGTGTTGAAAGTTGAAAEA
TGCAATTCGCETAATACCTGECAGARATGGARACTACATATTAGATATATTGARAACH AT ITCT TGAGGGT TGTATCTAATATAAGT GTAGTGT IGRAAGTTGAAACA
TGCARTTCGCGTAATACCTGTCAGAAATGGARACTACATATTAGATATAT TGARAACAR TTTCT TGAGGGTTGTATCTAATATARGTGTAGTGTTGAAAGT TGARACA
TGCAATTCGCGTAATACCTGTTAGARKTGGARACTACATATTAGATATAT TGARAACARTTTICTIGAGGGLTIGTATCTAATATTAGIGTAGTGT TGAAAGTTGAAACA
TGCAATTCGCGTAATACCTGTCAGARATGGARACTACATATTAGATATAT I GARAACAAT T TCTTGAGGGTTGTATCTAATATARGTGTAGTG I TGARAGT IGARRCA
| ~====--——GCATAATACCTGACAGARATGGARACTACATATTAGATATATTGARAACAATATCTTGAGGG T TGTATCTAATATAAGT GTAGTGTTGAAAGT TGARACH

fCKGBAETCATC@TTCAAATAAATAATACTAGTGTTGCCTTTGATATTTTTGGCTTCITGAGATCCCAAGTAAATTTCCRTCTBCATTTTAATATGTACTGTTTIGCCAT
'CCGARTTCATCITTCAAATAAATAATACTAGTGITGCCTTTGACATTTTTGGCTICTTGAGATCCCAAGTARATTTCCATCTACAT LT TAATATGTATICTITTGCCAT
fCCGAATTCATCTTTCABATAAATAATACTAGTGTTGCCTTTGACATTTTTGGCTTCTTGAGATCCCAAGTAAATTTCCATCTACATTTIAATATGTATTCTTTTGCCAT
-:CAGAATTCATCTTTCAAATAAATAATACTAGTGTTGCCTTTGACATTTTTGGCT%CTTGAGATCCCAAGTAAATTTCCATGTACATTTTAATATGTATTCTTTTGCCAT
' CCGAATTCATCTTTCAAATARATARTACTAGTGTTGCCTITGACATTTITGG GAGATCCCAAGTAAATTTCCATCTACATTTTAATATGTATTCTTTTGCCAT
CAGAATTCATCTTTCAAATAARTAATACTAGTGTTGCCTTTGACATTATTGGC_ 'IQGHGATCCCAAGTAAATTTCCATCTACBTTTTAATATGTATTCTITTGCCAT
AP11779 _R30
TTTGATATAAB—GAAAATfECAA GTTGAGTAGTTTCTGGATAACTGAATTTTACTTCTA
TTTGATATAAA-GAARAATTGCAACTTATAGTACAATTGATCTAGTTGAGTAGTTTTIGGATATCTGAATTTTACTTTTA
TTTGATATAAA-GAAAATTGCAACTTATAGTACAATTGATCTAGTTGAGTAGTTTETGGATATCTGAATTTTACTTTTA
TTTGATATARA-GARAATTGCAACTTATAGTACAATTGATCTAGTTGAGTAGTTTTTGGATATCTGAATTTTACTTTTA
TTTGATATAAA-GAAAATTGCAACTTATAGTACAATTGATCTAGTTGAGTAGTTTTTGGATATCTGAATTTTACTTTTA
TTTGATATAAAAGAAAATTGCAACTTATAGTACAATTGATCTAGTTGAGTAGTTTTIGGATATCTGAATTTTACTTTTA

Fig. 15 Sequence comparison of the ninth exon (shaded) of PGSC0003DMG400011779. Nucleotide substitutions were
indicated in bold. The primers AP11779_F33 and AP11779_R30 were designed to distinguish via PCR the A1 allele of 10-03-
30 from the other alleles (the Rbwé6-2 marker).
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Fig. 16 The Rbw6-1 marker segregating in the 2x F, population. 1-9, F, genotypes; 10, the
resistant parent 10-03-30; 11, the susceptible parent F,-1; and M, a 100bp ladder marker
(Nippon Gene, Japan). 4
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Fig. 17 The Rbw6-2 marker segregating in the 2x F, populétion. 1-5, F, genotypes;
6, the resistant parent 10-03-30; 7, the susceptible parent F,-1; and M, a 100bp
ladder marker (Nippon Gene, Japan).
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Table 18 Segregations of markers specific to the A1 allele of 10-03-30 in the 2x Fy, 2x F5, and 4x F, populations and the genotype means

of disease indices (DIs) and standard errors given in parentheses

Marker Marker genotype 2x Fy (n=94) 2x F2 (n=63) _ 4x F1 (n=70)
Rbwo6-1 289+190 bp - 18 (0.69 +0.18 a) -
479 bp/289+190 bp 53 (1.49+0.12 a) 30 (0.72+0.10 a) 27(1.35+0.13 a)
479 bp 41(2.81+0.14b) 15(1 394034 b) 43 (2.44 £0.12b)
Ptest 1:1 (p=0.216) 1:2:1 (p=0.807) 1:1 (p=0.056)
Rbw6-2 Presence 53(1.49+0.12 a) 48 (0.71+0.09 a) 27 (1.35+0.13 a)
Absence 41 (2.81£0.14b) 15(1.39+0.34 b) 43 (2.44+0.12b)
X2 test 1:1 (p=0.216) 3:1 (p=0.827) 1:1 (p=0.056)

Significant differences in DIs between genbtypes, as detected by t-test (p<0.05) or Tucky test (p<0.10), shown with different alphabets
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Fig. 18 Segregation of bacterial wilt resistance in a 2x
F, population derived from a cross between 10-30-30
and F;-1 (a), a 2x F, population derived by selfing one
of the most resistant F, genotypes, 13A-31-38 (b), and a
4x F, population derived from a cross between Saikai
35 and Aiyutaka (c¢). Genotypes were determined using
Al allele specific markers.
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Table 19 The presence of the A1 allele of 10-03-30 determined using the Rbw6-1 and Rbw6-2 markers for cultivars and breeding lines that were evaluated for

bacterial wilt resistance in the Japanese field

Category Rbw6-1 Rbw6-2  Cuitivars and breeding lines
Resistant + + Aikei 284*, Inca-no-mezame*, Nagasaki Kogane*, Saikai 35*
- - Meiho, Norin 1, Saikai 39%
Moderately + + Chokei 142*, Chokei 150*, Saikai 43*
resistant - - Aino-aka, Chijiwa, Saikai 33, Setoyutaka, Unzen
Medium - - Nishiyutaka, Shimabara, Tachibana
Susceptible - - Aimasari*, Aiyutaka, Dejima, Eniwa, Fugenmaru, Hanashibetsu, Haru—ékari, Konafubuki, Saikai 31, Saikai 38*, Saikai
42* Sanjyumaru, Sakurafubuki, Saya-akane, Sayaka, Star Queen, Touya, Toyoshiro, Waseshiro
Foreign cultivars: Irish Cobbler, May Queen
Not evaluated + + Harimaru*, Hokkai 98 (a sport of Inca-no-mezame)*, 10H17*
- % o ‘Foreign cultivar: LT-7

_Inca Gold, Red Andes, 97H32-6

Foreign cultivars: Alowa, Andover, Astarte, Atlantic, Atzimba, Bintje, BR-63.74, BR-63.76, Capella, Cherokee, CR-2,

Cynthia, Desiree, DTO-33, IEarly Gem, Early Rose, Gineke, Green Mountain, Greta, Hindenburg, Hudson, [-822, 1-853,
1-1039, IvP35 (S. phureja), Johanna, Katahdin, Kennebec, King Edward, Koral, Maris Piper, Matilda, Multa, ND860-2,
Noordeling, Norchip, Norking Russet, Norland, Ona, Pentland Ace, Pentland Crown, Pentland Dell, Pike, Prevalent, P-

7, Russet Burbank, Saco, Sassy, Sebago, Serrana INTA, Shepody, Snowden, Superior, S. phureja 114, Tawa, Tunika,

‘Urtica, USDA 96-56, Wauseon, Yankee Chipper, Yukon Gold

_Cultivars or breeding lines marked with

descended from Inca-no-mezame, the original source of the A1 allele of 10-03-30



Table 20 The newly developed multiplex PCR method for simultaneous detection of diagnostic

DNA markers for six disease and insect resistance genes in potato, compared with previously.

published conditions (Mori et al. 2011)

Marker Target gene Size (bp)l Final concentration (uM)
This study Mori et al. (2011)
R1 RI 1400 0.25 0.25
PVX Rx1 1230 1.5 1.5
GBSS GBSS 981 0.3 - 0.15
R2-800 R2 (Saya-akane-derived) 800 0.5 0.25
Ry186 Ryche 587 0.5 0.1
N146 Hi 506 - 0.05
Rbw6-2 PBWR-6b 440 0.15 -
N195 Hi 337 0.2 0.05
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Fig. 19 Multiplex PCR to detect multiple markers for resistance genes to late blight (R1 and R2-800), Potato
virus X (PVX), Potato virus Y (Ry186), bacterial wilt (Rbw6-2), and golden cyst nematode (N195) and for

'GBSS as a positivecontrol. 1, Hanashibetsu; 2, Aiyutaka; 3, Saikai 35; 4, Aimasari; 5, Saya-akane; 6,

Harimaru; 7, Inca-no-mezame; 8, Chokei 159; and M, a 100bp ladder marker (Nippon Gene, Japan).
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Fig. 20 The pedigree of the potato cultivar Inca-no-mezame (Mori et al. 2009).
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2T\ QTL TH5 PBWR-3 & PBWR-7, —F CREFMHICHEBLE
TRT VR FERE 40% L 5B X 58 QTL TH 5 PBWR-6b DRk A
L &hiz, & 51T, PBWR-6b DIEHUET L VICESH T 5 2 FEFED DNA
<%~ (Rbw6-1 % KT Rbw6-2) %BIR3 52 LIk 0, PBWR-6h HSHME
BWEEZ LT, 2HER IV 4 RZEIZBVTY R pseudosolanacearum W59 %
BWIEREEZRET S LB SN (8 5%E), PBWR-6b DIEFMET L
LI AT ADDED CEKL, BHERECLEE LTS 2 & AR
Eh, A4 v aBREOBWEERRSZ, 20, BEIES T A

WERREREO~— I —RBENEATES LY, EERFHAERIHE
DNA v —XW— %&b </VF 7L v 7 & PCRIAEIC Row6-2 ¥ — 0 — & HHA
B¥lela~NF L v 7 2 PCREERFE LT,

Nl A g RERBICH LT, FHAREITIE phylotype [ & IVIZ X % B
@%ﬁﬁ®§“ﬂ@<@%®MmKﬁﬁbﬁw§§@ﬁﬁ@ﬁﬁETél
L ISH B AT o 2. = U TEIPIO TR IEHTRE (B i 0 K 13 R R A
HABIR L v 4 — DR BN BH TORTHN (Mori etal. 2015), KBFZT
RENTEETORRBICHE LIRS EARITOERES 27 A Tl
LW ERER B, EORD, inviro BEERBAOEEL AT A
ZTCHALTWSBLE®HD LB END, BT, biovar3 DAL THERK I
TR B ICEMN SN 5 EKITHBHEKIRECTREABEE S (Table6), E
NOBBRECTIIHENSHEER L I NLETEZLATWS D (FLUS
1983), FWEE E B SN B ERICH L TIE in viro REEZ AWV TRE
TOMLENRD D,

NALvallB b‘IZ) F ARSI 1, Host-pathogen-environment interaction

DEE R ST T (Tung et al. 1990b, 1992; Watanabe et al. 1999b), #EHiHERF
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EHALNIT DI ENERETH - (Patiletal. 2012), RFFFR TIL, & QTL
MITERFZ VA2 ZOEKERMBERECREREFEERERZRTI 2%
B BT L, TORR, RSSC OROBNSREREICHD b TEE L
BRAME2 ST QILNEFEETHILERLE, 2NDHEL D QTL DHTHE
B QTL IXfFZEL, F~ FRTRICBVWTEERCEERINLTVI2E6F
GuaRIZLE T 5 QTL (Abebe et al. 2020; Kunwar et al. 2020) & #)FEALE A3
BT B PBWR-6b MEE S i, = D QTL mze T L VITESET S DNA
Veja—&1%#&%?&%&@%@%%3@foci%}zi%mn 2T 5, & IR
EEHMME~— D —F v ALF T Ly s R PCR LT 5 2 & CREDSHERE
BEBRMEEREOBRBIENFTREL 2o, ZHIZLY, ERIZEENTEAR
&%éhé@ﬁ30“F@&Lm%ﬁr®%#é%5%f&motm
(Table2), B3 Lic~AF 7L v 7 2 PCRIER VB & RFRKRRICH
HREN2EM 1,000 RAEREIZOWTHERRIENEZFMTESLLE32 0
, BREREELETROREBERDELLHAFTE B,
UERNRTZE T, RFRIIAVA T az2@d T AR OEEED I
TAERRIBRMEICETOF MR EZE®T I L LI, SBROERNAD
NUA L allBITHEARFTRICKVICERT 2 b0 L#MFTE D,
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F AR R BT B A LA 2 BRI 7 L B AR 226 A S
NEEBREEAERL2ED, ZO)LRAEHAF TRE SN TVEDIE
Solanum tuberosum subsp. tuberosum TH D, ZD X I ILEZEREBLEHERE
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HRASEE L b o o, EAIC B 5 IEH AR 6 ORI RSSC 2153 S i A
BEFALEEMBRECE > TR, EEFORBFICIREERNKREE
BERIET b, BAEIECRIE 3 ERGEL 2> TND AINEREE
BOREREBER L R-oTWNE, 20O KD REEICRIET 3720121, ?&
#ﬁwﬁﬁjﬁ?ﬁ@&% RSSC DRFE N K OHEAKIC T 584, T LCFH
REICR T HPEABRIKEFEEICT 5 DNA v — VI —DOBREBLETH 5,
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B1ETIE, NbAva OFEREAEICET S nviro REEZERT
B, EHMERE 355 BLOBFERE Kennebec' & invitro %
TG L, R pseudosolanacearum 0 phylotype Ibiovar 4 0 Kitk & HE/E ¥
b LR ORBIHE ¥ BRI CE 5 M R BE L, Z0RE, B
RRRESMEL, 6~8 EHIOEBEEY IR L, HEETHSHEEEIX 102 CFU ml
|, SREGOBREEIL28°CThH -z, BREEDOFMIBAITONTIE,
RO BEEFTEARL LEFOBERREN -, ZOFELANT, B
| COBMMRESRRD 9 SO REEFM Lk, T 0/E, BH COER
PR REIE 8 RFERE <, ARERITHE S h e BE T OFRRESR
HOFMEYTHD LEL LN,

%2 E T, RSSC OBBEHEHb0ICT Bicd, ERTRRS AR L
4 s CHEE RIS 26 B (phylotype] 3 L T IV) I2oW\T, HEMEH D
ERIBE R 24°C2V L 28°CE L, BHAMERSE ‘WE3S 5 BIURAER
B TADEH TR BRIBE S in viro BRI THAE LT, %< ORI
T, T3S B OBRERAS TAash EOABIENoT. FE
ﬁm%%miof%ﬁam&t&@%@ﬁgmiof%k%<%&ofm
o 10, TNENOERDBES L ERBE KT 5RFELEIC, B
BREEIOHEME Y 72X S eiTol b5, 26 BHkiE 5 SOFHEAHE
(FRE A, B, C, D, BLUE) WHREhiz, i phylotype & &
INFETOREFEL T B LE»o7, LER-T, ABHB TEE L
M S A TR B 7 DI IE, 7 U BT A B X B R %
175 LER DB,

110



BIETIE, S4BT 3 ENRICT 3 ERED QTL AR 77
o e, M 2 FERRHFE 10-0330° (RP) & BB 2 (B RS ‘Fi-1° (SP)
EREL, 94RMNL2D5 FIREEZFR L, ZOREE two-way pseudlo—
testcross & &7 L, —HEEZLA (Single nucleotide polymorph.ism, SNP) ~—
A —% AT, RPITX L TIX.1,476 SNPs 2% 422 FEIZ~ v 7 &4, SP ITX
L Tl 2,663 SNPs 2% 475 FEIZ = y?“éﬁf:i%ﬁ‘)?éisﬁ.fﬁi&@ BHEE L, F
& A OI|BUMEFLMIL, R pseudosolanacearum (phylotype I/biovar 4/race 1/9%/R
B A) BV in vitro BEEIT o_t'@ Tbhl, XA a1, 3, 7,
10, BE V11 HFREE LIS DD QTLs (¢BWR-1~-5). BRE &4, & QTL
DFE X 9.3~18.4% % 7r LTz, EHUEH 1X gBWR-2, gBWR-3, B X O\ gBWR-
4ICIERAET LV 2D, gBWR-1 & gBWR-5 c:%%ﬁ'r&?’ LvERFEo TV,
500 QTLs IZHEMET VAMNEFEIN D Z & T, BHUHHR & B L TER
HREXMELE, £, £1, 7, BLO 11 FLRAEMKITEIT S QTLs N1E
EERIC I 2EAMBREDCR LR LER SN, FFFRIL, &/ AUA R
T A= ANTA VA Ve OFMFEAEICET SHR QTL ZFE L1k
NHTORETCH D,

FBA4ETIL BIEOBREHLET D720, AL 2 FAE Fi1EEB LU SNP
v —H—IZ& D RP & SP DEFHKE H e, Invitro REZANT 3ED
A2 DEH (R pseudosolanacearum @-phylotype I/biovar 4/ RE A ¥ &
phylotype I/biovar 3/JRFE C #&, ¥ L O'R. syzygii @ phylotype IV/biovar N2/
R A BR) REEREL, 24°CE it 28°CTH L S IRHME B T4 L7,
FORER, &1, 3, 5 6, 7, 10, BEXO 11 FBRAEKEIC S5 DO EMH QTIL

a2t AF 10QTLs ZRIE L1z, Ff8 QTL T& D PBWR-3 & PBWR-7 1% R.
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pseudosolanacearum (phylotypel) & R. syzygii (phylotype IV) 12 L TR
L f:?&ﬁﬁé%b 7‘5 B, ML EM@ QTL T& 5 PBWR-6b % R
pseudosolanacearum (phylotype I/biovar3) 2% 4 5 @k RiEZ L, BiE
TIVEWEREEZ R L, Lo T, AHEAREAK L2 RT QTL & EHK
% RAIERIE QTL 25 AbE5 T & T, AR EHFERIERESHE
cEBILATRENSE,

%5 BT, MBCBVTRESNAEREEMELTL, BETEIE
WiEH 2R3 QTL T%é PBWR-6b D~—Xh—M%E %17 o7, QTL ik
WIZHL B 3 5 E#E =T D 1 -2 Nucellin-like aspartic protease iz T DR E
E2F|%, RP & SP T L7, ZOME, RP OEHMT LICEH OEF

O Al TUARREL, ThE2BENCRETS 2 208Fv—Dh—

(Rbw6-1 & Rbw6-2) % Bi% L7z, —w—%ﬁﬁwf RP @%%%a‘got&
A, ERRIETM® QTL TH D PBWR-6b 1%, ‘A ADDEID’ OREH
T¥ B S. tuberosum subsp. andigena BT B LR AN, Ei2, 1070
Ny a BERREFELTLLIA, AV I0DID OBRKRKTD
% Rbw6-1 & Rbw6-2 B S Z D% < THERAMLAHER I, 2 FFB
LU 4 REOREERICE T — b — OFE & S ORER—5 L,
PBWR-6b IZHMEBIRICE W ERICBDLDZLVHLNLERoT, T BT,
Rbw6-2 v —H—EBEBEDTNLVF I Ly 7 2E Y A 5—FPEERIE (PCR)
WIS, MR (PBWR-6b) , Y HAEVA MRV F =2 (HD ,
VX HALEY VANA (Ryo) , V¥ HALAEXTANA (Rel) , BLUE
- (RI, @ CERHHDRT EEO R2) T B IEAMEEET SRR
TEBLOERo7212, %*ﬁﬁ?&ﬁﬁ%%ﬁ@iﬂ%f;%?ﬁﬁfﬁm& o,
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BLE~TE 5 bz, ABFETIR, 7 22 AR IR 0 SR 5 1 A B 38 &
N, D BRSBTS D T L AT L 2o, MR T, EAO
RS 5 SORBEARICHES NI Z L b, S%iF, ThbRRENE
BN HEHME & BB 5 = & T, DR OBE VS TR E L R R 5
RERSTRICRD LEX NG, $h, BRFEAEOEMH QIL 2FAE
L, #DO—2TdH 5 PBWR-6b DIEHMET LIV DK EHF|ET S DNA < —
AN—RE L, TOT—H—%RXKONF 7Ly X PCRICHIAA
LT, EER 6 DORAEERNMEE L FOREZBKEM LT L7,
IRLOELNIMR L ER LEIL, S LA U B B E RS
BROHFELIZKNVICFET LI HOLHFEINS,
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Summary

Potato and its relatives are classified into 7 cultivated and 226 wild species
inllthe Solanacgae famil‘yT Among them, Solanum tuberosum subsp. tuberosum is
only species currently cultivated worldwide. The fragility of the genetic diversity
is concerneFl for the gene pools in Western and Japanese potato breeding programs,
despife its diverse genetic variability existing in closely related wild species. On
the other hand, to grow potatoes under diverse environments, useful traits such as
tolerance to biotic and abiotic stresses have been' introduced from primitive
cultivated and wild potato species. However, climatic changes due to global
warming are progressing, which make challenges to continue stable and safe supply
of potatoes. One .of the significant challenges is agaiﬁst increasing damages caused
by bacterial wilt, which occur frequently at high temperatures. However, pptatoes
are mainly tetraploid, resistance to bacterial wilt is controlled quantitatively,
_ bacterial wilt is ‘caused by a corr_lplicated speciesl complex (the Ralstonia
solanacearum species complex, RSSC), and the virulence of RSSC varies widely
depending on strains and potato varieties, altogether making it difficult to rapidly
breed resistant cultivars. Since selection of resistant genotypes to bacterial wilt is
conducted in the heavily infested field and affected largely by environmental
conditions, the resistance assay takes at least three years 1n Japan, which is
considered a major limiting factor for resistance breeding. To overcome these
problems, it is desired to develop a simple and reliable resistance assay method, to

understand virulence types of the various RSSC strains and resistance types against
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different strains, and to develop DNA markers for rapid selection of resistant

genotypes.

In Chaptler 1, to develop an in vitro assay for resistance to bacterial wilt of
potatoes, the resistant breeding line 'Saikai 35' and the susceptible variety
’Kennebelc' were cultured under in vitro conditions. The inoculation conditions were
examined by culfuring the phylotype I/biovar 4 strain of R. pseudosolanacearum as
inoculum. The optimal conditioﬁs were; inoculating plants at the 6~8 leaf stage at
a bacterial concentration of 10> CFU ml! and an incubation temperature of 28°C.
Stems were more reliable as the site for evaluation of disease severity than leaveg.
This method evaluated nine cultivars with different degrees of resistance in the field.
The results showed that varieties with highér resistance in the field had lower
disease indices, suggesting that this test method is effective for evé.luating bacterial

wilt resistance in a controlled environment. .

In Chapter 2, virulence of vari.ous RSSC strains was investigated. Twenty-
six strains (phylotypes I and I'V) of RSSC collected in Japanese potato fields were
evaluéted by in vitro assays for virulence against the resistant line 'Saikai 35' and
the susceptible variety 'Aiyutaka'. The effect of environmental temperature on the
virulence of RSSC strains was very diverse, and virulence varied greatly among
strains. Hierarchical and non-hierarchical cluste-r analyses classified the 26 strains
into five virulence types (pathotypes A~E), inconsistent with previous classification
methods, inéluding phylotypes. Therefore, selection for breeding stable resistant

varieties in the target region should be based on virulence types.
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In Chapter 3, QTL analysis was performed for resistance to potaté bacterial
wilt. The resistant diploid line '10-03-30" was crossed with the susceptible diploid
l‘ine 'F1-1' to generate an F, populatioh of 94 genotypes. Resistance evaluation of
the F; population was performed using an inoculation strain of R.
pseudosolanacearum (phylotype i/biovar 4/race 1/pathotype A) in an in vitro assay.
Five QTLs (¢gBWR-1 to gBWR-5) were identified on potato chromosomes 1, 3, 7,
10, and 11, with each QTL contributing 9.3 to 18.4%. The resistant parent had
resistance alleles at gBWR-2, gBWR-3, and gBWR-4 and diseased alleles at gBWR-
1 and gBWR-5. The accumulation of resistance allele;s at all five QTLs resulted in
increased resistance compared to the resistant parent. The effect of interaction
among QTLs at chromosomes 1, 7, and 11 on the degree of resistance was also
observed. This is the first study to identify novel QTLs for resistance to bacterial

wilt in potatoes using genome-wide markers.

In Chapter 4, a further expansion of the QTL analysis performed in Chapter
3 was conducted using the same F) population and the linkage maps with different
RSSC strains and temperature conditions. An in vitro assay was used to inoculate
different strains and species (phylotype I/biovar 3, phylotype I/biovar 4, and
phylotype I'V/biovar N2) and evaluate resistance under controlled conditions at 24
or 28°C. Ten QTLs were identified, including five major QTLs on chromosomes. 1,
3,,.5, 6, 7, 10, and 11. PBWR-3 and PBWR-7, the major QTLs, showed stable
resistance to R. pseudosolanacearum (phylotype I) and R. syzygii (phylotype IV),
whereas PBWR-6b, also a major QTL, showed strain-specific and more effective

properties at low temperatures against R. pseudosolanacearum (phylotype 1/biovar
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3). Therefore, it is suggested that effective bacterial wilt resistant cultivars can be

developed by combining broad resistance QTL and strain-spéciﬁc resistance QTL.

.In Chapter 5, to develop DNA markers for PBWR-6b, thé nucleotide
sequence of one of the candidate genes located within the QTL region of PBWR-6b
was comparedl between the parents used for QTL analysis. The resistance allele was
identiﬁe(i, and resistance allele-specific molecular markers Rbw6-1 and Rbw6-2
were developed for PBWR-6b. PBWR-6b is thought to be derived from S. tuberosum
subsp. andigena, the hybrid parent of 'Inca-no-mezame'. Both markers were
detected only in the 'Inca-no-mezame' progeny among 107 potato cultivar and
breeding lines. The developed resistance allele-specific DNA markers demonstrated
that it is possible to select resistant individuals from- diplbid and tetraploid
populations and inferred that the mode of inheritance of PBWR-6bI is dominance.
Furthermore, Rbw6-2 was incorporated into an ekisting.multiplex polymerase chain
reaction (PCR) method to select for resistance to bacterial wilt (PBWR-6b), golden
cyst nematode (H1), Potato virus Y (Rycnc), Potato virus X (BRx1), and late blight
(RI and 'Saya-akane'-derived R2). This method is expected to imprc_we the

efficiency of breeding for resistance to bacterial wilt in potato.

In conclusion, the in vitro assay method developed in this study is reliable
and enable to evaluate bacterial wilt resistance more efficiently. Since the.RSSC
strains in Japan were classified into five virulence types, varieties with stable
resistance in a wide range of regions in Japan could be bred by considering these .
virulence types. Major resistance QTLS were identified, which made possible to

develop DNA markers. One of markers diagnostic to a major resistance QTL,
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PBWR-6b, was ‘inc’orporated into the existing multiplex PCR, which enabled to
simultaneously detect six major disease and pest resistance genes. Based on these
findings and the developed technologies, it is expected to breed more efficiently

bacterial wilt resistant varieties.-
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