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1. YoOdnREREREEM
Y v =2 (Malus xdomestica Borkh.) /%7 F
(Rosaceae) EEHFE (Amygdaloideae), 7 I
(Pyreae), V> 3@ (Malus) 0I5, N7
BHZIEA 90 )8 2500 a2 H 0, A Hulgo b Sk o FE
% '43 DIZ SR B E £ 5 (Hummer and
Janick, 2009). U > =, 7 > X (Prunus armeniaca
L.), &7 +v (PrunusaviumL.), &% (Prunus
persica L.), A% % (Prunus salicina), 7 A
(Prunus mume Sieb. et Zucc.), A I 7 F ¥
( Pyrus communis L.), =& v F ¥ ( Pyrus
pyrifolia Nakai), Y U ( Eriobotrya japonica
Lindl.), £ &= (FragariaXananassa), ~/V A 1
(Cydonia oblonga Mill.) (O RFESLT —F L F
(Prunus dulcisMill.) o+ v, BLIEHDONRZ
(Rosasp.) Lt Wo 22 OFEEEHMNRIBEBLTEY,
RRIZD) e FITERBFNICEETH 5.

EEo2 <1k, =@ (BREA) FvE (SR
F) ICBLTWS., BREIZIE, £F, AU MY,
x%%,?yx,ﬁféhaih,t%ﬁ (=)
v, FY, wAAa, EUEREENRS. WTTh
HERARMICIF 2HET, EREOREEEAREIT S
A, CHREBEOYGBREREIT 17T ATH D, PEIK
HT20OHETE Y ) 2 A XXEEN 2656 Mbp TH

Dlizxt L, V3L 742.3Mbp, A a3 v iE
600 Mbp T&% % (Yamamoto et al., 2016). FHA1EHk
BRI TWwb Yy 3 M pumila & M. sylvestris

(Dunemann et al., 1994), M. sieversii, M.
orientalis, M. prunifolia (Juniper et al., 1999)
PR E L, FEMTIZ—T U7 KREF RO 2 —
Y AMFEIARFAZ M FELEINTND

(Vavilov, 1930).

Va3 Eb I nREL, 2RHTHY, HEBEDO
NWNTUADENTRBEND, EROZZ LT INT M
~OFHb L, EEAEERME LTHEMT S
nTnWa., Sy, 7Ty, B, vx Iy,
IXTN, MIBIEWE CTH DR 7= ) — VERAE
an%L, KB THD. EREAOIEIC, NIF
AL Thy PG, Va—RX, T LH— 7(% ),
Y=k, FIA 7A=Y FORGE~BHEH ST
Wa. HRVEERIL, R TEAATS, BRI
WWTE 3L (FFM 8 F 3140 ) ThH, #HK:
g 1T 4,933,841 ha (2 & K& 5 ( FAOSTAT,
http://faostat.fao.org, 2017). & Mk <o df &
WAEFLICERLEHTEEBEIATEY, TE, (v
K, a7, BRMFEEST A U B CHRIGmBE A AW

(Fig. 1-1a). ERNICBWTIE, HHRED 54.2% %

H 2 19,800 ha &g bR HENIALS, RNTE
PP 7,290 ha, = FURMN 2,340 ha £ 72> T3
(FRMOKPESR KEE RS, 2018, Fig. 1-1b).

HARIZIE 10,000 L EOREERH D E I TWD

(Way et al., 1990). Ik bAFEEN L W ILEIZ S L

i

IR ST
=R il I S S S B
R T T 2= AI R, T TENRBTENDE. AW
PR E L LI, BIROABIOR &, IS
mEOmE L, uzg%ri#fﬁ#@%% 2 EEM 2
EHRLCHEREMTbATE . BETIEIND
W% T, MERIER LI L B MER TRoREBED
A, HEBOWHE ~3ET 27012, BB~
DT D E S, A 1A EE wEE, FHER - T A,
BRI EEHA - H 2 HAEO BN RD
5L TV D

U /:10)%%:%5%%% HEWEA L H D EET
L. BERELT, BIEYAANKRENT L, A
NDELSBNARATLETCREOFMEATE 2V
EnHiFobn b (Luby and Shaw, 2001; Rikkerink
et al., 2007). 10a »7= Y 300~400 & & 73 @5
Tfféf% LERBORRTHY, BRTE DFEAK

BB D, Fio, RKENGRKEE, REEEO
ﬂﬂﬁif X 8~10 E DR 2 4 572, §FlA T
ERVWEETRMEBESS RS, FOMOMRE

T®» Y (O’Rourke et al., 2003),
Lk L LT,

BIZby haHET 5, &6, BEAMAKTH D
O MEREMEN E <, ﬁ%ﬁ:@f%of%%% & Kk
BT —TITh W=D, BRoOBE TR =

YR EERICHETH D, ﬂiﬁ’féf?ﬁ)ﬁﬂt i
ﬂiODTQ@E“C b, RERFEEZFOBRND LI
, BEREERNE OIS MRIImD TR .
ﬁ@fﬂéﬂi@f_ W2, BEMITCT ) AEEOH
EARDONDN, BB OT 7 NETIX Lk o [#E
DDA ET L. RREBEFPFEETE 2D
T O AT TIE, %% D DNA ~— 07 —Z W
LM DIERLL, DNA ~— 7 — LB HE &
DEFHMEHTIZ X > TIRKE BB F D REFT D4 af
REOMEEHWETHILERNDHD. VU TOBMKB~Y
— =PRI T A YV A I EY, RFLP
(restriction fragment length polymorphism),
RAPD (random amplified polymorphic DNA),
AFLP (amplified fragment length polymorphism),
SSR (simple sequence repeat), SCAR (sequence
characterized amplified region) B F|H & T & 7=
(Karp and Edwards, 1998; Pereira-Lorenzo et al.,
2009). 2 b O~ — X —{E#H X Genome Database
for Rosaceae (GDR:www.rosaceae.org) <> High-
quality Disease Resistant Apples for Sustainable
Agriculture (HiDRAS: www.hidras.unimi.it) T2
sh TRy, ME-FHTL2ILBARERTHD.
EHETIE, SSR~Y~— T — LW EHRIRIEL,
AAN—Ty "DODAT Y —=v 7 b EBE~ v
v 7 N W B 72 SNP ( single nucleotide
polymorphism) v~ — A —2HFE N TkH, Vo=
T INlumina Infinium 0 ¥ A7 A, Axiom 2O
SNP 7 LA 23Bi3 & v/= (Chagné et al., 2012a;
Bianco et al., 2014, 2016). F7z, ‘T—LF 7Y



VX ROET ) LAPREHEINTGDRDO U =7 A
N TCABE L7V (Velascoetal., 2010), & 512, f#
IR TH % GDDHI13 % - 7= FH A A B &
U (Daccord et al., 2017), V> IDF ) AEESS
BYEORBICESI> TS, ZhicXy, 7/ 4D
A F72 DNA ~— U —ORFENEE Y, MR
BT FRE L > TN D.

BN E B T EOMBET (quantitative trait loci
T, LLF QTL fi#ht) <k, B2 EE%2 b o8
Wtz ENIC XY B R L 7= 2y BiE4E R oo E 85 [ &
ERk L, DNA 8 L KB LEOBRENGHEE T3
BETOHSY AR EOME, BEDRLOZE B
OHRETIHEMEERNTOERELHEET L L0
T&5. VoracTit, BEAMAEMED O A Fe
HROIEHNRER 7=, Fi iz o7y
2 — K7 A b7 v Rk (Grattapaglia and Sederoff,
1994) 2k > CiliBlo 2 SO B MK % (ERk L, f#
WICHWT X 7=,

R T 7Y ='x7 =220 P ERAE RV
MK A ERR & (King et al., 1991; King,
1994), BEFHEGUE (VH, BE, 77 7 AV
OB RTEN~ v B 7 ST (Maliepaard et
al., 1998; King et al., 1999). ‘7' U ~"Ti% 194 <
— B —842 cM, ‘7 4 = AX’TIlX 163 v — 1 —984
cM D4 17 EEETEAE B N — 9 5 M H [ S R AR X
iz, 7=, WHOMKICIEBET D 67 ~— I —%
&t 290 v~ —H— (124 ® RFLP ~— 7% —, 133 ®
RAPD ¥~— W —, 100 ® SSR~—F—, 17TOT AV
WA &, 4 D AFLP, CAPS (cleaved amplified
polymorphic sequence) & 2 -2 SCAR ¥ — ¥ —)
D7 AR A MK B ERk S, RRORBRKIZH
WT o QTL i@ 1T 7z (King et al., 2000).
Liebhard et al. (2003b) X7 4 =T A X 'XT 4 A H

N Y =0 F14EM % fv &G 840 ® AFLP, RAPD,

SSR MU' SCAR ~ — 7 — % &3 X A 7= ] Bl 0 #h X
EHRAEL, IROIBELAEHLRSBEMK 7o T
W5,

VoaTidInETlr, BEFEIME (Belfanti

et al., 2004), k=~ F L 4 ik (Harada et al., 2000)

Bz (Takos et al., 2006; Ban et al., 2007) % ®
FRZ2EHBEE DWW THREER R EFEINT
BY, INLOBBTHLHFBEINE DNA~—F
—ZVryIoFR T ST AOoHP T — 1 —FH
BYPICFIAE TS (Ru et al., 2015). T,
BMIE CTH DR HEEE (Xuetal., 2011; Zhang et
al., 2012), R EDOKH'E (Chagné et al.,, 2014;
Longhi et al., 2012, 2013a, 2013b; Sun et al.,
2015), HAMEE (Chagné et al., 2014; Sun et al.,
2015), RA O S L #kfk (Costaetal., 2010), UL
1 (Liebhard et al., 2003a; Kenis et al., 2008;
Kunihisa et al., 2014) IZ>WT QTL A ESH T
Wb, £, ZEBEER%Z AV genome-wide
association study (GWAS) HiT7hbih TRV, KA
B, B, ME, FRMESFEO QTL A#E ST
W5 (Kumaretal., 2013). GWAS [ZEMHICBIT 5
DNA~——£H L RBM ORI S QTL & K H
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T5HETHY, HEHMKICE S QTL Mo &
DRI L > THMEEH 2 FR T2 2 L2 <, &
BEWREZOEERAT A ENTE S, £FICE
% AR (linkage disequilibrium: LD) %
ANR—F L @EER~—I—EHRNLETH B,
H MR S < QTL AT CTH OB RIZEN 22 H
STGAIWIERE TE R WAHIEO QTL 21 & »»
T DA END 5.

INOLDOITICE > CERE FREERBE %
T 5 K Efm < QTL N FE &4, DNA ~— 71—
DB IND T LTV, ZELH O E S MY E
MORHEREDRA I IV —=2 T EHRNITITI Z
ERNTE, RHEEAOHBIIRENIIM ETS. £
DI, FlTHEF A XL YA MoOMEL Iz 5%
B EFEICIB VTl DNA ~ — & — O F) A E 1L 3654
WE<, SBERIBENPFFEIND.

2. BEMBE

BRROBFENBEIINB ORI 2 HL > EKX
READBETHY, 2L OMLEETIBEY LIS
KHHhEBERL LTS, BT X0 FEHME N
TFTLCHEEZR> TVWDIHFRDIL, LEXARLF ¥
VEDODEMHIE, A TR (XY HAE, VYA E,
E— k), ¥~val—2L, THRLDK, XFF, 7K
v, Vrd, €, TUVEZRICDREDL. Yy A
ETIEHBAIC L IS Mg, BFw, W, o
WERCTAEERD 20%NFEFEINDL 2L, BEICK
HEMOE A THEKRKTH Y (Whitaker and Lee,
1995), T oy bu—/VZAMOMT, KPR LH
FERMETH 5 (Haruta et al., 1998; Martinez and
Whitaker, 1995) .

BEHBHETESLTORY 7= ) — VENESR
MICiib LRSHEICEARE X ) VIKEA L, T,
{EZM 2 EARIGICL VZEN 2B OO ARZICE
k9252 & Tz (Murataetal., 1995a). #ijd
WNTIX, BETHLIARY 7=/ — VEIZERFIZ,
BILEETHLERY 72 ) —LFF ¥ —F
(polyphenol oxidase: PPO; EC 1.10.3.1) 77
2F FH L TERKPICHETS. Vo IRAT
TR FEDRMIZAfE - T—HF D PPO (LA ¥AL, 2fiF
5t 0D (Murata et al., 1997), RN OKRY 7
=/ =R NTHET DD, KISITEZ S
. UL, MilaoZIC K OEEORES, &
v MEICIDMBOBEIZL Y, REENKDNLD
T TCHEBELBMENEMLCOKIEL, BELTLE
o
BEZBIET DL LTI, BEORE, pH D
FAE (pH 4.0 LLF), B OFME (5~10°CHIKIR),
BWEBIEAIORMARH 5. WA IEAIZIX, PPO R
ERISOIE AN H D, BHERE L TiE PPO OiF
PR D8 & FH T D E L — R Al (NaCl %) <2,
EELHAH LT PPO OIEMHFLEICELEMICHE S
L, £E O %85 19 5 iR L&Al (B R BR S,
PPO O BR/KFEIIZH A L CIEMEE2RET 2 IEH T
BEAD (T2 — %) N b, EOftl, BES
NHREDO PPO FAEMERAZ/RT XTI ¥ A4 RBHAA



SN TW2 (Oszmianski and Lee, 1990). &t Hl
X PPO OfEH CTHEMNORMIZERIND X/
ZFEILLTRICET DT, 7 XA/l VBt

MBEPLL. LrLEMmE LTHERSL LSS,

WMBE &0 b0 EEICEEEZ RITTEE
W5 (Lester, 1995). 7=, B2 LA O RIEL
HTIX, 20%00 v MRBEEHEFICE D 2k
BEETIEIMADZ ENRTE RV,

BRECREMICIT 2Lk T7 =/ — VL, PPO
FIIULOLETEHT7 =) — VHOBALEESE NEET
L0, BEESERILRLTV. TUARF VT
Xraua U, ATy, LT X U% N PPO
DFEREEHEE L THESIN TS (Radi et al,
1997; Richard-Forget and Gauillard, 1997). VU v
ITHE, Zuen o, e LT UEBELEO T B
TV UENERRY T2 ) — VS TH D R
U7 =/ = N3 EEsRBITEEROVGL D
Thodr0n, —HFTEOHRBACIEADBEEIZZNE &
NTEY, etk oE LTEREINLTWS. Hiig
b, PiRIE, PUEER =X ha U EEEE2 A L
THEY, LEBHEOETHIRR TSI TNS

(Hertog et al., 1993; Jang et al., 1997; Steinberg

et al., 1989; Frankel et al., 1998; Arai et al., 2000) .

T, THRLHE, BEIHEOKRSLEY (AK) 12
28 1L T\ 5 (Toméas-Barberan and Espin, 2001).
PPO 1Z—f%iC pH 4.0~7.0 I CTX<EMA L,
e IR FE 1T 25~50°CTH D, T0~80°CTHhiF
THZLERMOLN TS, WK S PPO &%
ENIERIZIE D> TE LT, —EoMp cERIC
T IENHEISNTWVWDHIZE EE B
(Barbehenn et al., 2007; Wang and Constabel,
2004). PPO X —EOMMMEIIIHFE LR \WTZD,
HWMCBWIHAEAETE R EEZLNLTEY,
Yy H A (Bachem et al., 1994) TiX PPODT
v F & A DNA ZHAHIA AT PPO {EMEZHIR L
TR Z A ENEH SR, £EBF~OWHLREIR

WA I TWARL.

FRx 72 <, BEREICHTIRY 7=/ —
NEF KL PPO IEHOBEERRESNA TS,
Tsurutani et al. (2000) X+ &V v T BH LM%
e U, 7Tl PPOIEMEIR Y T & RIRRE D,
EEEN DRV OREREIZRNZ L 2®E L
TWb. TEORAOBE CITMEMENRE I
TEBY, BNHEOREOHLRRE L PPO &M, 7
nnArviEE a7 T 2V rEERE L
FER, PPOIEHIIVWITNHBE LR T DIC+07%
M EH S TWVWDR, BEREDO/NI WG TITE
BThdr/ueunFrBRnELI A b, K
V72 /) —NVEBNPBEOXERNTFTHDLZ N
WEIR TS (FHR5, 1963; Lee et al., 1990)
EUICBWTHLRY 7=/ —LERLEBEDRS

WCEERMABENED 5T (Ding et al., 1998).

¥ &4 % (0Ozo and Caygill, 1986), ¥ v U A &
(Sapers et al., 1989), 7 4&# K (Golan et al.,
1977), # U —7=7 (Sciancalepore, 1985) TlIKR Y
T x ) —LEBEOMIC PPO JEMEIC SIS AT E A

HENTWLZEnHESNTWSE., —F, AEE
T, RV 7=/ —nEL PPOEMEN+HITHD
Wb PbLTIFEAEBELRVRERD Y,
PPO G ZET LMD DEENR R ENLTWVD

(e, 1987).

Yoa<ci, —RICKEETHLHFY 7=/ —VHH
L PPO B+ DICHFAET ORI BE L (KR H,
2007), ‘%LU’ (Fig. 1-2) Z1Z UL LT 21FLA L
ONFEITBET LS. BRRNOBEREIZNEICEL - T
H7275 Z & (Coseteng and Lee, 1987; Murata et
al.,, 1995a), ¥/, REORYV 7=/ — N E&E
PPO {EMEICHLMEMZEZNH D 2 ENMOLNTWVWD
(Podsedek et al., 2000; Holderbaum et al., 2010).
BAREIL, PPOEN, R 72/ — LG8, TR
AL UVBEREODEROMHAETICL TR S
EFEZBNTWS (Janicketal., 1996). #®ZEH% D
VDI BRATERY) 72/ —LVEEDODRKRTHRRE
SN TEY (Amiot et al., 1992; Murata et al.,
1995a), FI{LENIKTTHLEZEx b5,

WA, BROMEL - S o T AETFERAZ AL
DODEANDL, LV FRICEXLNDZEYCMLED A
GREmE-LTWVSE., 2L, VraiddgoTd <R
RARTHEBET L, e OoPmE L E, O~
ESE COEME SIS T, 2o A % H R
THEROOEDEWNWZD. IITTEHHFELERLR
TLEBERRLT VI Y PV ATR RIS D
TENEMNBE RIS 0, B PSR O 8 B
ML > CTHEMMERHERF SN TS, B LEVEE
a2 O MEEELE ZRAT S Z LT, ML
BTOBES ILLBEORBIZEN Y, Lo X X
ANEB OB O H 7257, BEH, L - M ER,
BRI LA oEs, PR - HREETOIHRFNE
AoifFcxs. [BAE LW FBEIHEHEENED
LWERK L TWEMEERRL, 20T 0nr L
—ATTE—LTEDHED, WEILKO—B1 LD
ZENHREEND.

3. BEMICHT I EGENLERE

BEMEITY v IREEICB N THEREBMIZEE L
-G TH Y (Sunetal., 2014; Peace et al., 2005),
MOBEEEMIILE > TADIETHD. BEMEZM
ZT-RFEDOFRKITEE 2 RIEMICB W TEE L 7o
TRY, FNBETOBEHEROMIAIZEL < OWFR
HEBRWMOMA TS, TE T TICAEL 5 1A
ONEBEICHE T2 QTL iro#®E»nH 2

(Ogundiwin et al., 2008). U > T D RPEBLENEIC
B4 2 @A I D W T ik, Mellidou et al. (2012),
Guardo et al. (2013), Sun et al. (2014) X 5
QTL fi##T, Kumar et al. (2013) (22X 2% GWAS ©
WMEND D.

HETHEIRY 7=/ —VICHT 5 EEM@EHTT
x, AV 7=/ — VAR KRKEE L (Fig. 1-3) O#ix
FRES EHboTWnWbZ R RINTWD., 7T
X, phenylalanine ammonia lyase (PAL) F ¥ &
LT 2 ) —NVEAROBEREZEEE (Yan et al.,
2014), 7 v a7 U BRA KRB K O hydroxycinnamoyl



CoA shikimate (PbHCT1 K ¥ PbHCT3) #&fs 1 D
BB S UBEAEOBENRE SN T
W25 (Heetal., 2017). £7=, VoaToRI 7=/
—VEEIZOWT O QTL fi#fr Tik, NI 7=/ —
EARBREY EoEEF OS5 A, Chagné et al.

(2012b), Khan et al. (2012) 2k > THESN
7.

PPO #E{x ¥ (PPO) 1%, £ < OEMREICE W TH
HDH D multi-gene family THDH. F~ FTIE 7
S0BEEBET 77 IV =055V (Thipyapong and
Steffens, 1997), # /32 TiL 10, ETIL 5D
PPO 3 {57E9 % (Cary et al., 1992). 7 % FH
OBBTHOMEAMEIZTEEIKK 50%72458, b~
MV A ETD XD 72t FERM CIZFMEMEL 80
~95% & @m\. Yy A TIE, PPO L L THEMN
»H % Pot32 @B TFIZHOWT, Ba T THE X %
A LBELE Y v WA ERNEF RIS N
(Llorente et al., 2011). £7z, Pot32 % I i&fs+
EFHLEEBERICIDMEETROTREME LRI N
7= (Werij et al., 2007). U > 3 ® PPO ®D% < I35H
5, 5 10 HHEICERT L LINTWD. T XD
{3 Okanagan Specialty Fruits Inc.i¥V > =2 ®
PPO @5+ 77V —% 4 2O 7 V—7 (PPO2,
GPO3, APO5, pSR7) I L, ZinbOEAIZHS
WTHr#FZHBE L T3 (Armstrong and Lane,
2009). 51, Thb 420 PPO DR % s 1
AL % RNAL CHiff| L 72 Arctic® Apples % [
F L7- (Carter,2012). ‘77 =—RAI AT — )L
FTrT U vy AORARD PPO EME 90% i
L, REOBEZRBIZMZA LI LITXY, NS
kI L 580 B0 LIE, % O M3 % 2
KT H5BEICL DM A &2 R/NRICMZ, 7y b
TN—Y OWBEHIEROEREZEHRL, Ve IToh
v TNV —=Y G ~OE K ERET D L TR
LI ENTEXDHEERLLTVS.

REFHECTCERINT-HEBEELEIZIEIEALL
R, WA TIZ T, =L RT v’ NY6BT4
(Khanizadeh et al., 2006; Janick et al., 1996) @
WEICIROND. OB E LT, KBS T 58
HEMEER O BB R DZEY, DV ITHEEERE
CHEIEENEHE L TWDIEORRKIC KLY, HEE
EREOFTRN/HE LN ERNEXLND. BAREN
TiE, Y AZHIZER (FHRREAT) 280N TTY
TALERANS AR > THBE L2, R
Wb DR EEEE L 2D 27 (MHEEEREE
16787, MR R4 [ T5F ) , FMERKESH
5129548 5) NEK SNz (Fig. 1-4). Z0oERT-
FetEIZ DWW TT A Y B CTHReFF 2 BUS L (2008, No.
US 8,704,050 B2; Noro et al., 2009; Igarashi et al.,
2016), ‘Chiyuki’®: L CHE (B&HFHF 20156221,
2015) L #E (B#kEF 5 6239,2016) THRERE I
nNiz. >V 2TORANBE LA WERIZ, PPO
EEND CTIKLS, BAORY 7=/ —E&&ND
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RnwlkEHEEZ65NTWS (Noro et al., 2009;
Igarashi et al., 2016).

‘BB Y 27T1E, 1983 FEI A X<~ T (55 (‘FI
ExI—NT T )y R) XLy RI—)L ) %
AR LT EAEMNS, 1995 FEICERLREKDOR
ET—WREHKE SN, 2004 FEICHRHEL [HD 27 5
& LT EER, 2008 I S Rk &S - (Fig. 1-
5). BRMICE T AINES T 10 A FRET, BIE
T~ MR, REIX 300~350g 2, REOTE
A TESCROREANBESLSRHHO R THS.
T 18 1bs, BEE T 15 °Brix, BRE 1L 0.3 g/100
mL BRE T, HIRTEANZLFERDY, BKE
IFTdH b (Table 1-1). UIHERTHERITA LT, B
BUIHPRRE CAFICRHEIE e <, BERE IR I
MWD WA RN 2R U, = Ot E Ricxh LT
W MR B BR CRIE 22 . BRI B TR 2
H, CA (Controlled Atmosphere) HFE CTH 5 » H
BECTHDL. Iy PLTHT O FALTHLRANS
BLENWZ b, Ty b7 A—UBEL &, i
£, BEAR S TR TIREE L 2s o 7= Bk B 1k ) 48 1500 84
DREL~DORAE Vo =M T HEDE
WAL AN HRF S, ARHFE CIXEEB A MES O T
FRlICIFBEMEMELE ELT D Lo, ‘DB 27
1 CITEAFERBIIARAIRETH Y, BAENGERA
T CTOME L RINHEE O S, KT S 7T EE 7R
FEOBENRVLETHD. B LBV, @O
Bl EfETOFRIIMD THREEZ 7280, BEMRITIC X
> CEBEHRAERENERTHEZHONICL, B
FEARKICFHIA A DNA ~—b — %% T 54
ERBHDL. ZNET, ‘DB 27OEBEREICE
THEMEEXIIAHTHY, BRAEBTDEINES
MHH LN s TWRENhosTe. S BT, DBV 27
DODREHSLET ORI ETHEETLIMETHY, &
DEEMERLRMBHATH-7. ‘bRY 2T, %
D%, MEROSHEREREREZ G L LIZER
fRENT 21T 5 2 & C, AN L B 5 E R Eke
BRRE, RAOBEREZMZ27-DITHLERE
& EZH LT D Z RN TENIE, BRI
~OENETD.

AFETIE, TITBWT, ‘DB 2TZ B &7
5250 FiENMERNT, RABEN, RHBE
Ve, ARV 7 = ) — L& R, PPO IEVE R O ERE
FPHAL, @SN E AW QTL @iz & » T
ERELORREERETFEEEZALNIT LI %
Kotz £, MZBWT, FHREGEFHEROANT
XA TRHIZEY, FOHEEKERTFMHEIZONT
EBETDHELEDIC, BMESOEERE L O#EHEBR
FHOMCILE. E512, VIZBWT, £ 0
HAEAxg e LI-BEAEEEE D GWAS 2175 2 &
T, LYVIREARRRERETEBEOMHEZRR, VO
REBRIZBWT, BEMICHEET2EAR LY
FIRMGME O & WIEBEEY > IR E R~ O F]H
LABDORBREIZOWTELR LT,



AW FE D FAT R ORm LOMERKIZH -0, KihiE
Y72 ZTHE, THitEEBY, £ KRB
Tl o TNTE WS K% KFZEEmBRER
PR BAEBAAHRZ R S I ARB R
BRICESEHOBEETD. £/, BERDLIZHE
CEPWVEEIEBY, FEEKRE O E E o TV
W B R AMBRER S ER TR TH
%, BWEEEE, H0akBow, RRFIHRICRE
SEMOBEHRT .

B OZATICH T2V, WY 7 T8 S & i
o iz (Mh) HFHRREEHENE 2 —0 A ZHF
Fpram M E (M) REH TR, #LEEK
WIEL BB *ET 5.

SRR R R DR (Y ) MBS ERIC
AT OB ERICHTZY, ZREF 2B
D, LIVEHOEEETD.

TR EERFEZEICLY RFERIREBICE LT
SRBDTHBEENETE W, (M) HEREER
it —BFEE () OoBERTCHKZR LTI
RHEBERZIICOBEBREO 2 ICEHOEEE
T5. £, KFEEZITTHICHY, ZHHER
VI XBOZIE Wi, (M) FHRIREESE T #
— 0 A ZTHIERTE (M) OFRAKER, SRKE
K, BEHCKEZIIUDBEDOF 2 ICELEHOE
ERTD.

Table 1-1. Fruit characteristics of ‘Aori 27° compared to ‘Fuji’ at Aomori *.

. Date of Fruit weight  Flesh firmness  Soluble solids Acidity b
Cultivar .
harvest (g) (1bs) content (°Brix)  (g/100 mL)
Aori 27 October 19 325 18.8 15.0 0.32
Fuji November 7 341 16.0 14.4 0.36
“ Average of 2007 to 2017 using five fruits every year.
b Titratable acidity as malic acid.
b Gunmaothers
Hokkaido
Fukushima \

others

Pakistan ’/
Ukraine
Uzbekistan
Iran

USA.
Turkey
Poland
Russian Federation
188,251

Yamagata

€

| Total harvested area = 4,934 thousand ha |

| Total harvested area = 36.5 thousand ha |

Figure 1-1. Harvested area (ha) of apple in the world (a; FAOSTAT 2017, http:/faostat.fao.org) and
in Japan (b; Statistics Department, Ministry of Agriculture, Forestry and Fisheries, 2018).
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Figure 1-2. Apple slices of ‘Fuji’; after cutting 0-h (a) and 24-h (b).

Phenylalanine
l PAL

Cinnamate

l C4H
Quinate / Shikimate

P-Coumarate C3H
l ACL <‘ P-Coumaroyl Quinic Acid —» Chlorogenic Acid

A/HC¥/HQT

P-Coumaroyl-CoA

CHS P-Dihydrocoumaroyl-CoA
TN o

3 Malonyl-CoA

Chalcones
l CHI Phloretin
l GT1/GT2
Flavanones
Phloridzin
l F3H
F3’H

FLS .
Flavonols «—— Dihydroflavonols

Flavanols l DFR
(Flavan 3-ols)
LAR

Catechin l€———— Leucoanthocyanidins
Proanthocyanidins 4—<GT1/GT2 l ANS
. . ANR »
Epicatechin ¢——— Anthocyanidins

UFGT
GT1/GT2

Anthocyanins

Figure 1-3. Polyphenol biosynthesis pathway in apple. Chemical compounds, synthetic substrates and
enzymes were shown in the pathway. The explanation of abbreviations is as follows; ANR, anthocyanin
reductase (BANYULS); ANS, anthocyanin synthase (LDOX); C3H, p-coumarate 3-hydroxylase; C4H,
cinnamate 4-hydroxylase; CHI, chalcone isomerase; CHS, chalcone synthase; DFR, dihydroflavonol
reductase; F3H, flavanone 3-hydroxylase; F3'H, flavanone 3'-hydroxylase; FLS, flavonol synthase; GT1,
glucosyl transferase; GT2, glucosyl transferase; HCT/HQT, hydroxycinnamoyl CoA shikimate/quinate
hydroxycinnamoyl transferase; LAR, leucoanthocyanidin reductase; PAL, phenylalanine ammonia lyase;
UFGT, UDP-glucose flavonoid 3-O-glucosyl transferase.



Figure 1-4. Apple cultivar “Aori 27 (a), which was bred from a ‘Kinsei” X ‘Mahe 7’ cross at
the Apple Research Institute of Aomori Prefectural Industrial Technology Research Center. The

slice after cutting (24-h) was shown (b).

Kinsei

Aori 27

— Mahe7 [

[ Delicious
Redgold
Golden
Delicious
5-gou —
Indo

Figure 1-5. Pedigree of the ‘Aori 27 apple.

I RAEBEHEICEYT S QTL @&

BAEFNBOWEES AR, MEkEXE, L
(EHERNHEEZE I Lo THMEEZKRTEELIAD
WHRTHD., Iy PRHIZIVMBRAEIND &,
BWERXECHDLIARY 7=/ —NVEEENEZEBELT
% PPO OfiflaN TOR(EEN Kb TRIGL, &
Clex /) VRO P EGKIGFEICL > THAD
BFENA T S (Murata et al., 1995a). U v I o5
WTIEARY 7=/ —LEEE PPO BHSICHEET S
720, MENMEEINZEA, FEA ORI
DTRESTD. VyaRADOREDORE, A 7=
J = EEEO PPO {EVEITAFEIC L > TRZR D
(Coseteng and Lee, 1987; Murata et al., 1995a) .
WEMITIRERBLRIEE TH Y (Coseteng and Lee,

1987; Murata et al., 1995a), {E¥ D ITHFE T
X, REORY 7z ) —LEEEOHBNHE SN
TW5 (Lee et al., 1990; Ding et al., 1998).
VIO RNBEMEICET DBEMITICONT
1%, Mellidou et al. (2012), Guardo et al. (2013),
Sunetal. (2014) 2k %5 QTL f##7, Kumar et al.
(2013) 2L GWAS OHRERH H. 5 3 F, H
9%, F10%F, F11 %, HB14%F, H16%F, F 16
TR OFE 1T BYRAMARIC QTL B E STV 528,
IR s dEEkIEFREEE ETHREIC
KoTERRZEBAENDY, FHHERII/I~FEET,
MEDORKREW QTL 1T RS- TV, BT
HRRBE FEEHERKIIAPTH Y, SEE KA~



OFMATHE LW, BETHLIARY 72/ —LEEIZ
B4 2 &EMTO®RE T, RY 7=/ — VAL
B EOELBTPIESBEb TWD I ERREN
TU % (Chagné et al., 2012b; Khan et al., 2012)
B, WA EOBEEIIRI TRV, PPO EHIZ
DN TOEGRRIT O E T NN, BT HXOME
Okanagan Specialty Fruits Inc.2% PPO @ 3& B30
WX VB L7z Arctic® Apples 15 A O #2842
KWl 7= 2 &2 6 (Carter, 2012), PPO »3
HEERELEERNTHLZENTFHIEIND. BRI XL
DR MTEOBTRITE LW EE X B, FHKE
BT CBEEHRRNORKE L DNA~—DT— 0O
FNARAIRTHD.

DA EFICEB W TR E X' s~ TORRE
THERSNEZDEBY 271, TOTFALERAN B
Al CTHbBEL2WE L RBETHY, A%
TREBEELEOR LRI, EREERE LT
£LZ. ‘bBY 2TOFEBEMIL, PPO IGENIERD
TIEL, BRAORY 7= ) —LEBNR DRV D L
EZ 251 TWwW3a (Noro et al., 2009; Igarashi et al.,
2016). ZOENT-IEBREFFEIZ L > TM LY 1D
BRI T ML 2 2 7= A OB %S, REDHEE
ER~OFEEDNFREIND N, bV 271 HED
AT EEMG IR W2, U L —IRFNATHE
7R U RE T 0 B e 2 R S0 R I BT RR 1) ) O R 0D R
DHETHD. Lnl, ‘bDBY 2T0OHEBERMEIC
BT+ 2@EEEEIAHTHY, E5I1C, BRBRT
BHENEZEZEASLTOH LI ETHEET 5 M
Thdr-w, BENERLRMBHATH S.

‘HEY 2TOIEERHMEICEHL T 2 oD EEHE
RRBEZLND. £7, BRERIZLDZDEY 27
DRV 7= /) —NVEGKRKERS D0 IE PPO AH K
WD 2 MR Ok L, HRETE R O TR H
bhd. HH—olF, BRBREICBWT, MM
BEETHEY 7= — a8 PPO IEHOET
ERlEREIFT T LANEMINT-AREETHS. 2
NET, ‘DY 2TO LI RFEMEHVIZEHTO
AR BT O WA BT 7.

AT TIERNBEEICHET 2 FHKBE -l
MAOMBEO DL, DBV 2TEBELEFT D
Bl (F1-165 L2 H 725 97) 2B LT 22D Fy

ERIZOWT, ZREN DM E OEHEH X &2 A L,

AR EIZSOWNT QTL T 21772, EER
HIZHoWT, BE#H (Millidou et al., 2012; Guardo
at al., 2013; Sunetal., 2014) TITREDODL v Mg
TREREZFML TWDR, RIFFETITLVEEL
WIRILEHETH DTV TALICE s THREMEEZ S
REICHRHE L. 512, BEMHIcEES 2 EHE
B(RHBEM, BRY 7= — a8, PPO iEM)
AOBEEOREREEZMREL, TLZEh D QTL
ERREEEEOMEEBZE LT,

1. #HRUVFE

1) #§

F1-165x‘H» k0 27 50 fH{E (165A27 £H) KW
TOTEA X BV 27 55 il (KA27 £H]) % fit

_10-
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A L7 F1-165 139 A ZHFZEATICE W T 1976 &I
TV TFUTF ) Uy AR E AR LI EBAEE
25— KBRS NTZRAETH D, BEICIIKSI N,
DNA O HRAFE N TUW 5. 2000 4E, 2003 4E, 2005
FEOREFREORETIT (RERT—%), BREE
340 g, HEJ¥ 14.5 °Brix, B2J¥ 0.8 g/100 mL TXX
BN H IRV EEORFTETHY, TV TFTALER
WIZBET 525, BRHOBERETK . 25725
INESUXE o T OXRE TE R S (Soejima
et al., 2012), HEBEM CHRVEEOLETH Y
TOTALIEREARLPEIT IS TRETS.
DRV 27T E F1-165 KNI 5725 5 O ELI
2002 FEICFEHE L, 2003 FICARHERE 2 K L 7=,
FEENPOBRRLAEBEAZEE FERNCEEARAL
T FLEMEERL, VA THIEATRERBES (&
R T R AR AR AT T ) ISR R 4 mx0.5 m CEME
L7z,

2) BRI BT

FEMOEMEE L, REBTHLI HEBY 2TET
‘297 AHNTHONWT, T AL 24 FEfH% KON 15
Stk O RHWBERE (Index-number of brownig:
INB), 24 Kifi]#2 O FHBEMN, AV 7=/ — b
i, PPO VEME, INHERT, REE, B O &/,
WigE REOT U MNUTZUEEO 10 HAORE
& % #F4h L 7= (Table 2-1).

2014 K K201 FED 9 A A5 11 A A
NI T FEAOREORAEEZREL, I—KTA
SAURONTEE (FHREY A ZAEEREEIE, 2014)
2.5 & FEl o -fl{EIZoONT, FEAR 3 Fa2atL
7o, WEFMICIE, RELOEEZEY RO ZREAE
FERAV, KEBEEEORRBEERICEZ2E6S2E 24
ET 572010, £REOK R L kA mmOSRAN %R
Gl RABENHIZTY FALEEIRT CTHREL
TRAITHONWT, 6 BFEOEHTHME L 72 (Fig. 2-
la: INB).

TD T AL 24 B #% o INB (24-h) % 2014 4F
KOt 2015 442, 15 3% @ INB (15-min) 1% 2015
EORPE L, RETLIZ0 (M), 1 (), 2 (&
), 3 (FREE), 4 (), 5 () & L THMmL,
BWED 3 HEHHEEMATIHEH L. §0TFAL
24 Bt @ INB ‘E¥HEICE S X, FiEE %2 EHE
£ (0<INB < 0.5), ##BZ M (0.56<INB < 1.5),
M (1.5<INB < 2.5), f#7Z M (2.5 <INB
< 3.5), MMBEM (3.5 <INB < 4.5), H£BEM

(4.5<INB) IZ4H L. Zhizkv, KHFFETIE
0<INB < 0.5, 0.5<INB < 1.5 X1*1.5<INB
<5 OMFE/MEMRIZONT, TNENIEBENE, B
RO L EH Lz, £72, 2 4EH o INB(24-
h) %M\, Kunihisa et al. (2014) D HFEICHKE -
THEEERZHEM L.

BHBEMEOFEMIZIE, #HH% 0 RN 24 B
M E T? 400 nm OWHE DA AAsoo i & L T
HH L THWEZ (AAso=Asoo (24 FEE%) — Agoo (0
FEfE)). 10g DRAZEZ T A 7 CT3mm AREIZH »
kL, &8 /K 20 mL % 1 2 T process homogenizer



(PH91/SMT Inc., Tokyo, Japan) T 15,000 rpm
T 30 MRk, HBHICIEMKEZ AW CREERL,
EiHE 1 bmL~A 70T a2—72%LT9700xg
T 154y MELAEE L. B3 1mL % 2.5 mL <A
7 F a—7IZB LT 25°CT 24 B A > &% =X —
ML72%, 4% (wiv) A X U VBB 1 mL &%
TEER IS E LS, oK EFH (UV-1800;
Shimadzu, Kyoto, Japan) T 400 nm O W% Y FE % H
E LT Agoo (24 KfEI#2) HE L72. Aso (0 KF[H)
OWEIEFR —REELHNTITY, Ty FMEORAIZ
2% (wiv) A&V UBEH 20 mL #MZ2 T EEE
FERICFA L, 24 B A v F a2 X— MEICEEOD
2% (wiv) A%V VEREIRZ N 2 TWOE 2 JI7E L
7.

MRV 7=/ — LEROWAEE, 3 mm MFREEIC
By PLERA1gH#EBIZ80% A%/ —/L 3mL
MA-S7T-15mL F=—7IZF L, 90°CT 10 4 H&
WL T PPO ZKiE&H7=. D%, physcotron
homogenizer (Microtec Inc., Chiba, Japan) %
W 12,000 rpm THEMEL, 0 —7 % 80% A ¥ /
—3mL TY 4 via Lziike g, REBAKT
10 mLIZE4 L7, 1,600 xg T 10 43 85 04y B L,
EHESHET200CCRTFELE. BAY 7=/ —
JV & f1X Folin-Denis # (Folin and Denis, 1915;
Swain and Hillis, 1959) TE®& L, %KW 100 g H
YD TR EEE LTHRE L.

PPO &M 1% Murata et al. (1995a) ® FiLk% ik
ZELTHELE. FANO0S5gZ2AR) 7YrEL YT =
— I A, KB T TH 100% 7 & k> 2 mL &0
Z 7T Physcotron homogenizer # A>T 12,000 rpm
THEFE L=, Z D%, 4°C, 13,000 Xg T 5 4 iz 0>
SEEL T LRIEERE T, ILEIC 4mL ©H 80% 7 & b
CVEMZTTRBBICEOSHEL T EEEE T,
MERZ 7 P TRESETCTE XX —L L,
SPHTE T-20°CTHRTE L7, BERIEHERIEITIX, 7k
frXo X —28ZkEm L7z 5 mL @ Mcllvaine
buffer (0.1M citrate, 0.2M phosphate pH 5.0) %
nz, 30 BEAETYF A XL T4°C, 29,000 xg T
5 syfili .oy Bl L7z BiE % PPO HIEESEMHR E L
THEM U7z, V&M E R oD B 3 RO R O LA,
PPO HLEEFE i 100 uL, ik 1000 uL,
Mcllvaine butter 700 uL, 1 mM 7 v o %7 > FRIRIK
200 pL & L7z, KINHKIE D 4+ —% — " 2ZH N T
30CTF LA &% a~— kL, PPO HEHMHKE
EVEBEEE AT 2 72, 30°C, 325 nm T W
ZIEMERIEB A2 5 10 B IR T 8 4 fMElE L (UV-
1800, Shimadzu, Kyoto, Japan), HIEYV > 745
RO RR &2 Bk L CERIEHE o F I vz,
Murata et al. (1995a) DO TEFIIHEVY, 1 5 H 7=
DOWKE 001 DK TZ 1unit &L, RHW1gdh
T0ICHBRE Lz (ZOBNA (unit) 13 [E BRE 4 AL
CEERDZVEOTH D).

INHEHI X DB 2T DI R & J:4E (0) & LTH
BeoEERHL, TRLATNZIE S Lo @R (—),
AU HE S - BRI () %k & L TfEfb L 7.
PEE R OCBEOREICITRAE Y 2 —HF—TKY,

_11.

REHEZEMRTEB LD EEH L. #E (°Brix)
W PTHEEE S (PR-101; Atago CO., LTD., Tokyo,
Japan) THIE L, BMBEIIWHEREZ2MER, Vv
g e R (g/100mL) ([CHRE L7z, REDOT &~ R
7 =Y & #% Siegelman and Hendricks (1958) @
FEEFWELCHELE. a7 A —F5— (Od11lmm)
EFRNCHMELOCRAGOREENS 5 K27
4 AT ERML, TNEFN 1%ERA Y/ —VIEK
5 mL 1T 24 FfAIRE BALIC#E L CaF 2 L
2. HHE D 530 nm TOWEEEZBIE L, B
EORmmORMEEY72Y (cm2) O7 M7
SVEEEREHL, 5 0OFYfE% cyanidin-3-
galactoside & BIZHHE L 7-.

T oA O IEB M IE R v. 3.3.3 software (R Core
Team, 2017) % > T, Shapiro-Wilk test (2L Y
B P=0.05 CTHRE L.

3) EHEEHE D /ERK

Fi £ O &KL, bBY 2TRZ 57259’
D % % > &5 DNeasy plant Mini Kit (Qiagen,
Hilden, Germany) % i\ T7%# / . DNA #HhiHi L
7. F1-165 [T 87 L7e 7=, CTAB & T, ##
BLTBWEY ) ADNAZH L. FiERIO Y
=2 ) BAE LTI 54T O SSR ~—H— (V=2
3k 401 ~—F —, F ¥ (Pyrusspp.) H¥K 146 «
— =) KO 1EHEDY > ITHK CAPS ~—H—%
BHLE. Znb0ZXE#HO DNA~——T
& % D% (Table 2-2), Leucoanthocyanidin reductase
1 (LARI) TfRICHERL L7 2 D SSR ~—F —

(LARssr1_02 & U LARssr 1_11), PPO iEf5IZ{E
B L7- 4O SSR ~— 7 — & 1D CAPS «
— & — (‘6563 CAPS: forward primer 5'-
TCCCAAGTTTCCCTACTCACAA-3', reverse
primer 5'-GATTGGCGTTGATTGTGGTTTC-3', 4
WEPEW) % Pstl BER TR T 25 Z &ITE D 222 bp
& 550 bp (Y1) & & e 19 OF M~ — I — & fif#r
Wiz 7= (Table 2-3). SSR ®#EfE X Kunihisa et
al. (2014) O FEIZHE - 7-. PCR HIEEMITZ DNA
v —/4 % — (3130 xl Genetic Analyzer, ABI Life
Technologies, CA, USA) % L T4ydf, i L,
GeneMapper v. 3.1 software (Applied Biosystems,
Foster City, CA, USA) Z#fHALC7 7 7 2 Mi
W&o, 1520~ —"—THEEOE MR SR
eHal, v — W —RAICEFEFEMAMLTEBILE.
WA M 1% JoinMap v. 4.1 software (Van Ooijen,
2006) AL, ¥7 v a— KT AT B RIE

(Grattapaglia and Sederoff, 1994) 2 X D fERk L
2. = =W —D45EET — % 13“BC” (back cross) 4£
FfEHNTE Y = — /L IZZ ¥ L, regression mapping
%12 X v LOD (logarithm of odds) 3.0~9.0 T2
N—Tf Uiz, K OERETY 7 MU = 7 BT
% Kosambi v v B ZHmEEHEH L TR L.
HEI N HEEEE (linkage group:LG) (ZEE# o #h
(Liebhard et al., 2003b; Silfverberg-Dilworth
et al., 2006; Kunihisa et al., 2014) &R L &
& O, SSRIED W WIAD %4 % fEsd L.



37

2025

Table 2-1. Phenotypic traits used for the QTL analysis in the F, progeny of F1-165 x ‘Aori 27° and ‘Kotaro’ x ‘Aori 27’

Traits

Description of measured parameter and assessment type

Evaluated year

Visual inspection of browning degree of the fruit juice after 24 h:

Index-number of browning (24-h) . . 2014, 2015
0, none; 1, slight; 2, mild; 3, moderate; 4, severe; 5, extremely severe
Index-number of browning (15-min) Visual inspecti.on of bro.wning degree of the fruit juice after 15 min: 2015
0, none; 1, slight; 2, mild; 3, moderate; 4, severe; 5, extremely severe
Juice browning (AAsw) Difference of absorbance at 400 nm (24-h measurement minus 0-h measurement) 2014
Total polyphenol content (mg/100g FW) Total polyphenol content of the flesh, measured by the Folin-Denis method 2014
PPO (polyphenol oxidase) activity of flesh, determined spectrophotometrically using chlorogenic
PPO activity (units/g FW) acid as the substrate at 30 °C, pH 5.0. Decrease of absorbance at 325 nm of 0.01 per minute was considered 2014
to be 1 unit of PPO activity
Harvest time (week) Number of weeks after (or before) fruit of ‘Aori 27” reached harvest time 2014, 2015
Weight (g) Average weight of mature fruits 2014
Acidity (/100 mL) Aci.dity ofjuic.e,. measured by titrating th.e sarr_lple with 0.1 N NaOH. 2015
Titratable acidity was calculated as malic acid (g) per 100 mL of sample
Soluble solids content (°Brix) Brix value of juice obtained using a refractometer 2015
Anthocyanin content in peel (ug/cm’) Average anthocyanin content in fruit peel 2015

Table 2-2. Molecular markers mapped on the genetic linkage maps obtained from the F, progeny of F1-165 x ‘Aori 27" and ‘Kotaro’ x ‘Aori 27’

Marker type Marker designation References
Apple SSRs AF, AJ, AT, AU, CN, Hi, U, Z, GD, MDAJ Silfverberg-Dilworth et al. (2006)
CH, MS, COL Liebhard et al. (2002)
CH-Vfl, CH-Vf2 Vinatzer et al. (2004)
LARgsg Present study (Table 2-3)
MEST Moriya et al. (2012), Present study (Table 2-3)
Mdo.chr Kunihisa et al. (2014), Present study (Table 2-3)
NZ Guilford et al. (1997)
NZms Celton et al. (2009)
PPOssr Present study (Table 2-3)
SAms Van Dyk et al. (2010)
U50187SSR http://www.hidras.unimi.it/indexx.php
Pear SSRs EMPc Fernandez-Fernandez et al. (2006)
HGA, KA Yamamoto et al. (2002c)
IPPN Inoue et al. (2007)
NH Yamamoto et al. (2002a, 2002b), Sawamura et al. (2004), AB302413-302421
NB Yamamoto et al. (2002a), Sawamura et al. (2004), AB302423-302443
TsuENH Nishitani et al. (2009), AB621906-621908, AB853161-853256, Present study (Table 2-3)
TsuGNH Yamamoto et al. (2013), AB733186-733293, AB851450-851453, Present study (Table 2-3)

Table 2-3. Newly designed SSR markers

SSR locus Chr_position” Origin Forward primer sequence (5'-3") Reverse primer sequence (5'-3") Motif  PCR product size (bp)
LARgsrl_01 chr16_3352356 apple GTGGATGGGGGAGACTGTTA CTCCCACCTAAAACGCAAAA (GAG)7 135
LARggr1_02 chr16_3352925 apple TGCCATGTTTATGGGATTGA CGTTACATTGGTGCATGAGG (GA)9 248
LARgge] 03 chr16_3408352 apple GGTAGTCCTTTCTCCTCGGC TTAATGGCAGGTGCATCAGA  (AAT)6(ATT)S 280
LARssr1_04 chr16_3409136 apple TGGATACAGGGAACCAAAACA GCCCTTCCACTGCAAAATTA (AT)15 239
LARssgl_05 chr16_3410788 apple GTTCTGCCACCATTAAAGCG TAGCAACAGCGAGTCCTACG (TTTATT)4 275
LARssr1_06 chrl6_3417038 apple TCAGCTGAGCTTTGGAGGTT TTTCCATGGTTTTACTGGCG (AAAACC)4 209
LARssg1_07 chr16_3420761 apple CTTCATGCAACCATGCAGAT CACCCTTTAATTTCTTGGAGGA (AC)9 202
LARgsgl_11 chr16_3424458 apple GGGGATGGATCCCTTCTCTA CCTGGCTACCTCTCCTCCTT (AG)23 264
LARgsr1_12 chr16_3424863 apple TATTTCCATGCCACCCTTTC CGACATGAGACTGAAAGCCA (TC)8 134
LARssrl 13 chr16_3426877 apple ACACGCATGGCTAGTTTGGT GGTGCTGCAGCTATCATCAA (TA)35 250
LARgsr1_15 chr16_3429885 apple CACCATAGACATCTTGTTACACTCG TTTTTGGTTCATTGGAGATGC (ATT)11 270
LARgsr1_16 chr16_3428667 apple CGGGATTCGGGAAAATAAAT TGACTCGGTGCTGAGTTTTG (AT)8 172
LARgsgl_18 chr16_3440092 apple ACGACGGGTAAGGTGATGTC CCCCTTTTCTACTGCCACAA (AGA)5 255
LARgsr1_19 chr16_3442129 apple GGCATCCTAATTCCCTTGGT CAGGACCTGCAATTGTTACATC (AT)9 225
LARgge] 20 chr16_3445530 apple TTGGCATTTCACAACAGTGC TCCTGAGGACAAGTGAGGCT (AC)9 171
Mdo.chr1.02 chr01_11388751 apple GCTGGTTTCTCCACTGAAGC CTCCGACTCCCGACTCAATA (CM10 225
Mdo.chr1.03 chr01_14186381 apple CGAAGGAGGTTTCCGACATA TTAAAGACGTTCGACCTGGG (AT)6 240
Mdo.chr1.07 chr01_15519912 apple TCCTTTGAGGAAAATGCACC TCATCAAATCCTCACCCACA (TA)13 307
Mdo.chrl.12 chr01_28202027 apple CCGTTAGTGCACCAAAACTAAG GTGGCTCACGATTACTTCCC (AT)11.5 338
Mdo.chrl.13 chr01_27442990 apple TCATGGGGCTCTCCATAAAG CAACACGCGAGCACAACTAC (TA)13.5 347
Mdo.chrl.14 chr01_27769117 apple GCTGAGCCTGTTCTTCCATC CCCAATGTCTTCGGATACCA (CTM)15.5 211
MESTO055 chr13_2731944 apple GAATGTGATTTGCCTTGCCT GAAGACGACTAGCTGCGAA (AG)13 188
MESTO087 chr2_ 3489378 apple ACGGTTTTCCGATTCTCCTT CCCTAAAATCCCCTCCCTCT (AG)14 134
PPOgsp_chr10_04 chrl0 38664835 apple TCCTGTCCCTTTCCATCTTG TGCGTGTATCCTTCAATCCT (AT)13.5 269
PPOgsg_chr10_06 chr10_38692774 apple TGACCCCATTACACATTCCA AACCGAAACTGTCAAAACCG (AT)10.5 188
PPOssg_chr10_14 chr10_38760327 apple ACGTTGGGATGCTCAAATTC TGATACGACCTTCGGCTCTC (GA)8.5 110
PPOgsp_chr10_16 chrl10 38774645 apple AACTGGAGAAGGCATTGTGG GAAACAACACCCCCTACCCT (AG)9 165
TsuENHO030 pear TTATCGATATGATGCGTGTGAGC  ATCATAGCCCCCATTTACAGACA (CT)12.5 187
TsuENH237 pear AAAAGACGACGACGACGA ATACACCACCAACCTCCTCC (TC)23.5 333
TsuGNHO077 pear CGGTGCATGCTCAGGTACTA CCTCTCCTTCTGGAGCTCTTT (TAGC)6 337
TsuGNH231 pear TCCAGGTTGAAAAGACGACC GGGGTCGTGGAATGTGAAT (AACAA) 346

“ Apple Genome GDDH13 by Daccord et al. (2017)
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4) QTL @

165A27 HEFIC >\ TIX F1-165 &bE Y 27,
KA27 EFIZ DWW TIH ' ZH AL bBY 27D
EEH M 2 VT, INB (15 45 O 24 B[ #%), R
B ZEPE (24 BEfI %), AR Y 7 = 7 — L& &, PPO
TEPE, IR, FIEE, B, BE, RET U b
To2VERIZOWTFERIEDOBET —4 T QTL
fEAT 24T - 7=. QTL 4T i21X MapQTL v. 6.0
software (Van Ooijen, 2009) A/ L7=. 4K
BOLLIFEERDSMTH o220, ik, v
ZABMY v 7 HETH D Kruskal-Wallis (KW) test
module Z AW TITV, K¥ED B — 7 23 P <0.0005
TholfE% QTL & L CHELZ. KW test TR
Han7z QTL o F 52 FEMT 5 72 DI,
Restricted multiple QTL mapping (rMQM) % L&
TOFIETIT>7=. £ 5000 [F]® permutation
test (CL VY AU A4 RTHE (P<0.05) 7 LOD
OBMEZ R E L, KIZ, interval mapping THE %
Bzsv—rhmbanksy/ 2% D QTL
L, bt~ —F—% cofactor IZEE L T
multiple QTL mapping (MQM) analysis %17 - 7-.
MQM T cofactor Z# &% & L 7= [A—H I, MICH
BE7 QTL "l ashnwzZ L xR Lz £ET,
rMQM Z i L, QTL OEHE KM Mk NE 5 R % i
BL, 3BL L.

2. % B

1) Bl

BB THIHEY 27 2HAHH 0T F
AL 24 % OBEREITIALMNCR - TERY,
INB (24'h) zZnEh 0 & 4 ThH-o7 (Fig. 2-
1b) . AWFZEICEB N THE Y 2713 B LM (0<INB
< 0.5), D72 A NI EME (1.5<INB<5) &
EFINTZ. F1-165 ITOWTIEHBRAE LW O
BTHZ X TERNoT=.

165A27 £ Ti%, 2014 3L #EEE (INB
(24-h), EHwBLr, NV 7=/ —LE&E, PPO
EME), IR, REEICHOWT 49 HEKZHEAE L,
2015 (% INB (24-h X O 15-min) 22T 41 {#
I, IHER, BRE, MEERORET Y T =0 E
BICHOWT 43 A Z A& L=, 2014 X 2015
ED2NFEOFHET, 250 KD INB (24-h) %

¢ -
—

FEAM L 72, ARE£EF o INB (24-h) (X 0205 5 O#HiBH
WIEL AL, 2014 X EMOK 1/312H =2 17
s, 72, 2015 FEiX 1/6 ITH =5 8 ik I
EVEEAR (0<INB < 0.5) CHESn7= (Fig. 2-
2). INB (24-h) OJE#EDOEFRIL 0.826 L &<,
RABEETERNERICE > TH#EIhTW?
Z eI ENT. (Table 2-4). B ZEMEICEAL T
Z, EHO¥SE 5D 25 HIENHEBY 2T O

(AA400=0.1) IV LIEWETH o7, AV 7=/
— /L& ®I1X 22.5 mg/100g FW /> 5 137.2 mg/100g
FW O #iPHIZ /34 L (B 75.6 mg/100g FW), PPO
IEMEIX 12.1 units/g FW 2> 5 145.3 units/g FW @
FH A L7z (FY9fE 55.1 units/g FW) (Table
2-5).

KA27 £ T, EROEEIZSOWT 2014 1T
54 fE{A, 2015 FiX 53 HEZHAE L, 2 N FOMAE
T4 55 fH{kD INB (24-h) ZFEffi L7=. AHEMHT
% 2014 413 2 EERBIFEBLEEMEE (0 < INB <
0.5) Tho7oh, 2015 F1% 0 A& TH -7z (Fig.
2-3). INB (24-h) D JE#E DO BEIELRIL 0.753 TH VY,
165A27 H£H & Ak, BENER OB I Z;R LI

(Table 2-4). HFIBEMICOVWTIFENOKH 1/3
NoHEY 27 (AA100=0.1) XV HLEWEEZRLZ.
MARY 7=/ — L& BT 22.7 mg/100g FW 2> 5
148.0 mg/100g FW &Rz /34 L (hfi 60.1
mg/100g FW), PPO {E 1% 16.6 units/g FW 72 5
139.6 units/g FW (5l 49.1 units/g FW) O #i
PHIZ 445 L7= (Table 2-6).

fioRToORES Fr EHTEWSEHEEZ R L

(Fig. 2-2, Fig. 2-3). Shapiro-Wilk test ¢ 1 M
MEDOHKE, FEALOEENELERSIMTHY,
165A27T EMOMARY 7 = /) — )& &, WEEE, B,
HE N OVKA27 £ @ INB (24-h) (2015 &), %

EHEOLERS M Tho7-. WHEB OMEBBGR T H
BB L, 165A27 £HICH W TiX, BHBLEM,

WARY 7=/ —1a&8, PPO &2 INB (24-h)
ERWHBEEZ R L (%4 HHE%RE R=0.87, 0.78,
0.74), TNOLNRABEROHEERERTHD Z
o EnTz (Fig. 2-4). Zh b 0BE L KA2T £
MIZHBWTH INB (24-h) EHHBEAEZR LR (4
R ¥ R=0.73, 0.67, 0.45), 165A27 £ LV
W Em N H - 7= (Fig. 2-5).

Table 2-4. Genetic variance and heritability of INB (24-h)

Population Genetic variance (o gz) Broad-sense heritability (4 2)
165A27 2.08 0.826
KA27 0.876 0.753
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Table 2-5. Distribution of fruit phenotypic traits of parents and F, progeny of F1-165 x ‘Aori 27’

2014 2015
Traits Fi progeny F; progeny
F1-165 Aori27  Min’ Max’ Median Mean F1-165 Aori 27 Min Max Median Mean

Index-number of browning (24-h) nd® 0 0 5.0 2.0 2.1 nd 0 0 4.0 2.3 2.1
Index-number of browning (15-min) nd nd nd nd nd nd nd 0 0 3.0 0.5 0.8
Juice browning (AAsmp) nd 0.10 -0.09 0.53 0.10 0.17 nd nd nd nd nd nd
Total polyphenol content (mg/100g FW) nd 36.4 22.5 137.2 81.9 75.6 nd nd nd nd nd nd
PPO activity (units/g FW) nd 35 12.1 145.3 55.1 60.4 nd nd nd nd nd nd
Harvest time (week) nd 0 -5 2 -1 -1.2 nd 0 -4.0 2.0 -1.7 -1.2
Weight () nd 365 227 543 339 342 nd nd nd nd nd nd
Acidity (g/100 mL) nd nd nd nd nd nd nd 0.28 0.12 0.89 0.53 0.48
Soluble solids content ( °Brix) nd nd nd nd nd nd nd 14.8 10.9 152 13.2 132
Anthocyanin content in peel ( ug/cmz) nd nd nd nd nd nd nd 52.9 1.7 103.7 19.5 24.4
“nd: no data

”Min: minimum value

“Max: Maximum value

Table 2-6. Distribution of fruit phenotypic traits of parents and F; progeny of ‘Kotaro’ x ‘Aori 27°

2014 2015
Traits Fi progeny F\ progeny
Kotaro Aori27  Min’ Max® Median Mean Kotaro  Aori 27 Min Max Median Mean

Index-number of browning (24-h) 4.0 0 0.2 5.0 33 33 4.3 0 1.0 5.0 3.0 32
Index-number of browning (15-min) nd” nd nd nd nd nd 4 0 0 43 1.7 1.7
Juice browning (AAsmp) 0.48 0.10 -0.03 0.65 0.18 0.23 nd nd nd nd nd nd
Total polyphenol content (mg/100g FW)  73.6 36.4 227 148.0 60.1 68.0 nd nd nd nd nd nd
PPO activity (units/g FW) 177.4 3.5 16.6 139.6  49.1 57.4 nd nd nd nd nd nd
Harvest time (week) -0.7 0 -5.0 2.0 -1.0 -1.0 0 0 -5.0 3.0 -0.6 -0.7
Weight (g) 264 365 104 507 274 278 nd nd nd nd nd nd
Acidity (g/100 mL) nd nd nd nd nd nd 0.43 0.28 0.14 0.75 0.36 0.35
Soluble solids content ( °Brix) nd nd nd nd nd nd 15 14.8 10.9 17.5 13.0 13.5
Anthocyanin content in peel (ug/em’) nd nd nd nd nd nd 21.9 52.9 6.5 82.3 25.2 32.7

“nd: no data
”Min: minimum value

“Max: Maximum value

Score

Figure 2-1. Scores for index-number of browning evaluated in this study. Visual representations of scores for INB
are indicated as: 0. none: 1. slight: 2. mild: 3. moderate: 4. severe: 5. extremely severe (a). Examples of INB (24-h)
of parental cultivars “Aori 27" (score 0. b, left) and “Kotaro® (score 4, b, right) are shown
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Figure 2-2. Frequency distribution of 12 fruit phenotypic traits in F, individuals of F1-165 X ‘Aori 27°. Normality of distribution
examined by using the Shapiro-Wilk normality test are shown in each panel. “Mean value” are also shown for normal distributing traits
and “Median value” are shown for non-normal distributing traits.
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Figure 2-3. Frequency distribution of 12 fruit phenotypic traits in F; individuals of ‘Kotaro’ X ‘Aori 27. Normality of distribution examined
by using the Shapiro-Wilk normality test, “Mean value” are shown for Normal distributions and “Median value” are shown for Non-normal

distributions each panel.
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Figure 2-4. Correlation between
six browning-related traits with
flesh browning in F, individuals
of F1-165 X “Aori 27"

Units are the same as in Table 2-1.
R-value as correlation
coefficient are shown in each
panel.

Figure 2-5. Correlation between
six browning-related traits with
flesh browning in F, individuals
of “Kotaro” X “Aori 27°.

Units are the same as in Table 2-1.
R-value as correlation
coefficient are shown in each
panel.



2) F1-165, ‘C31=%5’, RUHBEY 2T7DEH
ih

165A27 £ % VW 7= B EH X fE ik T, F1-165
1% LOD = 5.0~9.0, ‘%Y 2713 LOD = 3.0 T

N— 7 L CHE S A AL L 7= (Table 2-7, Fig.

2-6). F1-165 O H M X 1% 337 JiE (326 ~— 4 —)

MO S, MHKER 910 cM, FE¥~——
RIEEEE 0.45 %2 /cM Th o 7=. ‘bB Y 27D HEH
XL, 196 & (195 v—H—) Ok S, #ih
EEREE 863 cM, E¥~—H —RIEEE 0.30 ), cM
Thole. TNHLOMKERERD T 4 =2 E°, F
A4 AT NY = CEM RO D RO E

(Liebhard et al., 2003b; Silfverberg-Dilworth et
al., 2006; Kunihisa et al., 2014) & #3345 SSR
v—N—ET - L THELLEZ A, F1-165
OMKIT 4 17 HEREDIF & A EOHEE D N— L
TWER, ‘DBY 2TOMBKITE 3 HEEHE, & 78
SHEE, 55 14 @S O 2ME, KU 13 HEF O K
B MR PE L TNz,

KA27T £ Z AW EH X ERL TIX, ‘29725
5°1X LOD = 4.0~6.0, ‘®»¥ Y 2713 LOD = 3.0~
5.0 T/ N—E 7L, #EEMXEZELE L - (Table
2-8, Fig. 2-7). ‘T 97255 OEFHIXIL 293 )

(287 = —H —) LR S 4, et X BRBE 814 cM,
Wt~ —h —[EIEEE 0.38 £, cM Tho7-. ‘DB
D 2T OMIXIL, 186 E (177 ~—H—) "BV,
Ko Hi [ BEEfE 806 cM, ¥~ — 7 —[EEERE 0.31 JE
cM Thotz. ‘ZTH7%AH OHEMX T4 17 HEH
HOIFIEECOMEEE I AN—LER, ‘b 27T
A< s 6 ook (5 1 EERE, 5 3 HH
BE, O 6 HEHRE, 5 8 ESHEE, & 13 MM O K
Sy OFE & 14 ESEE O ML) AR L TV,

3) RRBEM RA®\ZENH, #RKYI7z/—LE
ERU PPO EHD QTL

KW fEfric X %5 QTL fEfr o fE R, BAMERE

(INB, B84, ®Y 7=/ —L&& KO0 PPO
EPE) ICBI9 A 18 QTL X, MEME L, BN
BO(F1-165 RN Z 9725 9°) O 16 HEHE L
DE—fEE I H vz (Table 2-9, Table 2-10,
Fig. 2-8).

165A27 £ Ti%, KW #1235 T INB (24-h
K OV 15-min) & EH-BEMEICE 9 5 QTL X F1-165
ko 16 @88t (LG F1_16) (Z P < 0.0001 ®

BKYETHH &7z (Table 2-9, Fig. 2-8) . rMQM
fENTCH, TNDHOREICET S QTL iX KW fi# T
LAl —fEIR IS M S A, 2014 AR O 2015 4E 0 INB
(24-h) ® QTL @ LOD fEI% 14.1 X 9.2, %5
(X 73.4 1 66.3% T > 7-.2015 £ INB(15-
min) ® QTL !X, LOD f# 4.9, %53 43.9% Tk
v, BB ZE MO QTL X, LODE 9.9, % 5 % 60.5%

T, TNENRE G BOKE 7 2t L T (Fig.

2-9).

KA27 #£H Tk, KW fi#ric BT INB (24-h }&
W 15-min), FHBEMEICET S QTL N2 9725
HHkDE 16 @A (LG Ko_16) 2 P < 0.0001

_17-

DFEEKETHRE SN, £/, INB (15-min) (2
SWTIE, P < 0.0005 ®AK%HED QTL 2345 15 @44
7 (LG Ko_15) 2/t &7z (Table 2-10, Fig. 2-
8). InbHLDW|EEE D QTL X, rMQM fiEfr Tb
R4 o fE I &4, 2014 4 K ) 2015 40 INB

(24-h) 124 % QTL %, LOD & 7.2 X X 5.9 (%
5% 32.1% &N 40.7%) T, 2015 4o INB (15-
min) ® QTL X LOD f 8.3 (% 5% 32.0%) TH
St £, B ZEM o QTL 1% LOD i 16.6,
FEH 76.9% TH 16 M HE (LG Ko_16) I &
7= (Fig. 2-9).

BRY 72/ — &8 PPOIEMED EEQTL &
i Fr EHOBEMEFROE 16 EEEICRE S

(Table 2-9, Table 2-10). 165A27 #£[H Tix, KW
RATICHB N T IS ® QTL IX P < 0.0001 AT
F1_16 © Lot s iz (Fig. 2-8). A% ® QTL
2N rMQM fEHTCTH M S, LOD EixEthTih
13.3 XL 8.3 T, RIS D 71.4% KT 41.3%
B L7 (Fig. 2-9). KA2T M TIE, KXY 7
=/ —NEBEOEE QTL X KW iric W\
Ko_16 12 P<0.0001 /K¥#E TR H &4, PPO I
SWTIHIEEEIC P<0.0005 K% TR & 17z (Fig.
2-8). rMQM fEHTTH, Zhn EREMEEIC, BARY
7 x /) — & 8(0LOD=17.4; 34.2%) KO PPO &

(LOD = 6.3; 41.4%) ® QTL 2t &t 7= (Fig.
2-9). ¥/, BRIV 7=/ —NLEEL PPO IHHED
QTL NZhnZhnFE 13 #@eH (LG Ko_13) L% 4
KOV 8 gl (LG A1 4 XTYLG F1.8) 12 KW
EATOH TR SR, 25t tMQM fi##r T
ERHE SN o T,

FEALEDOBEICBWT, % 16 HEMH IR S
ni-FEHE QTL 2k b~ —F —1% LARssrl_11
Tdho7-. £Z T, LARssgrl_11 ~—H —Di&Elz+
BNZE B L CHEBERBERE OS5 %~ (Fig.
2-10, Fig.2-11). Mi# ® LARssrl_11 v~ — 7 —i& /{5
FHNZOWTIE, ‘DB Y 277 284 bp/284 bp Y,
F1-165 TN Z 95725 97 284 bp/280 bp B TH -
7-. 165A27 %M TiX, LARssrl_11 Oz
HE X BN ZEME (INB (24-h)) OBE S/ 2 B < i
HLTEY, BEFHICEL-TRAaT 2 KR O2
PlED 7 v—F21FIE 5 s vz (Fig. 2-10a). &
735 284 bp/284 bp HL D 19 fH{ED 5 H 14 A
RN FEBEPEME (0 < INB < 0.5), 3K H®E
ZEMAEA (0.5<INB<1.5) ThHo7zDIZxt L, 284
bp/280 bp B TiX, 29 EAD 5 5 27 {EK 2 2<INB
<5 O TEZL L. LARssrl 11 BNnAREF D F
BRI B D KER > 2 di W U, FEHE 28 M ~ S48 25 (A
& (0<INB<1.5) &, &M% M@EK (1.5 <INB <
5) #XBILIzZ &hnt, REMORABEMNITIZ
FEZOBEBOE—JETHIFHINALTNDIEEZ LN
7=, —J, EELEELE (0<INB<0.5) TH5HD
BY 27OEEEICIT INB (24-h KO} 15-min) @
QTL I SN hnotz. ZOZ b, ‘bEY
27D LARssrl_11 (2387 5 QTL IEHERERIIC A E
mAEEZLN, FEELIILERE T, BEMER
ThHdF1-165 1 EZ~T e AR TH o mOICRKE
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BN L7 EZDNS. Zhicx L, KA27T &£
M CTiE, FEREME R OB AT BI~d £ 0 kK
I, INB < 1.5 R3S 20700, £
M OWE S LARssrl 11 BRIz k> TEL
BB S, INBRAa7 3.5 KL 35 L EDT L
— 7224y T& = (Fig. 2-10c). ZORRENS, K
HEH DR ANBEMEIZIEL, LARssrl 11 FEFZ 1T T <,
MOBERGEBRLTEY, FBEMEZRTZDITIX
HEO QTL 2 5B T HOLERNH DL Z ENRBIN
7.

RHEEMEIZOWTIE, 165A27 M TiX, 284
bp/284 bp BHOETOMEEKENHEY 2TL D LKW
E (AA100<0.1) L7, £/, KA2T M TYH
284 bp/284 bp WD 2K D AAsoo fH X 0.2 Kiili T
»H Y, 284 bp/280 bp B Dl {& & bk L T HE 72 IE
WEMZ R L7 (Fig. 2-10b,d). D Z &b, %
HOBEMITWTNOMERERIZBNTE, % 16
HEEHOH —OBERFICL > THIBENLTWS
LEZONTE. THRIEIERAOBEMEN, £MHIZL -
THIBMNFOBENERD EEZ DN & T
B CThotz. ¥RV 7=/ —LERL PPO M
D4y Ai b LARssrl_11 8@+ R 0 Sy B2 K L T8
» (Fig. 2-11), ARV 7= /) — LGB T LV HE
FIZ S Tz,

4) DT E®D QTL

KW BT & v, 165A27 4 TI%, BRI
%5 QTL 2885 16 #H8H{#E (LG F1_16) &, RE7 v
Py T =rvERICET S QTL 284 9 HEHE (LG
Al1_9) Ik &7z (Table 2-9). KA27 2 TiI,
INHEH > QTL 2% 15 ##H#E (LG Ko_15) 2, f&
o QTL 2355 16 #gH#E (LG Ko_16) &, k7
VR T =roERED QTL A 9@ R (LG A2_9)
2, TnEnmt &z (Table2-10). W o4
Mct, REEMOEEICHET S QTL 3G 5N 7%
N7,

3. % B

1) BEWRE

RHNOBEREITRY 7=/ — L&KL PPO TE
I EBE2Z T EEZLNTWVWS (Gil et al.,
1998). AW TR L2 F14ER TIX, RV 7=/
—LVEBIRALOCEHEBEEOVTHLOEE L
HE WA B BIR R v (Fig. 2-4, Fig. 2-5), 8
EOBRERBR THDLEWVWIRE L —FLEZ. Le
L7236, PPO IEMSE & R L ORHBEEMEIZONT
13, 165A27 £ TIEE WA & - 72203, KA27 4
HTIEReRBEWETH-72. 2Dz Lk, KA27 4
M ¢i%, PPO &M QTL it 0B ZEMEIRE & 13
R CHEB IR SR, AEENME -T2 b
EFBELRY. INLORE, R 7=/ —E
BN PPO IEHITMEROBEHIC KE I HEL
TN, RA2T M TifoR T+ HHF 5L TW5D
ZEERLTNS.

2 >® Fi1 £ INB (24-h) 22\ TEHWIER
RERLTEBY, ZETOHEHEY (Sun et al.,

_21-

2014), FABEMHITIFRECTCLEL-BEBEET
HBHZEEMR L. 165A27 £ TIFEMD 1/3
NHEBETHY, REMONMII - E oMMz r LT
ZEnn (Fig. 2-2), ‘DB Y 27O RADIEEEME
FEHRICERTHAZERHONE ST, £, K
LM TIE, FBEMITHE —~DOEEFIC L > THIE S
NTWBHAEEERE L, BEMBITHMEIE LTHAT
HHEEZLNT.

2) EEHE

T 4 RBLT ¢ AN Y = G X
(Liebhard et al., 2003b; Silfverberg-Dilworth et
al., 2006) MW+ 5 L, KL THE SN F1-
165 L2 H7=A ) OEEMKITE 17T HEREEL AN
—LTHY, RITWHLEBIL LTz, Ll
MWD, ‘DB 27D 2 >DOHEEMX TIX, F 3, B
13 RO 14 BEEHBEICHO W T, Zh b ofEkic JEE
THEHEEL TWEE2ETDO~Y—H—TEHR D45 Bk
NERENT v BT TE R0, 12IEL
TOBEBERRTTL D LRz, ‘bR 27O HH
MM T EBHE REEORENE Z o 72K
i, REBFRER T IA—ATFT T Sy 20T
VXA FELEINGEBETAOMENZHINTE
D, MEHIICHAEEAERNE VWO THILEEZD
n5. Haml, ‘bBY2TTHREERITR->TND
R EETIE, FiERICB T 3RO SEEAL 5] %
I ERWED, ZnboE#EBED RN QTL %
FICIEBEER 2N EEZ DN D.

3) LM, BARYDxz/—IEE, PPOEMD
QTL

AR THEH L7 Fi £ 1656A27 £H 50 &
&, KA27 £ 55 Ak CThH W EMA A XL L Tix
/N SV, NERITO QTL MM XA B &
LB OERENEES . Z D), PPO fEMICS
W 8BS (LG F1_8) 0% 4 B (LG A1_4)
WICHH Sh A EmENE > QTL 1%, #AB 1 o T §E
HEHdHoH., LoLliedd, HEOBEMEREICH
LCH 16 MM O R —sEkicmib Sz QTL I,
BEMEPGVORRLT, 25082 5#H (F1-165
LN H57A9) T, HEELEL THRighizZ
EDD, FHCEEEREL, EEICRERIEN
boHrEEZONT. BEHTIE, VT RABENE
2R3 %5 QTL X5 3, % 10, # 11, % 14, 5 15,
%016 KOV 17 HHBEICHE ST 5 (Mellidou
et al., 2012; Guardo et al., 2013; Sun et al., 2014).
INLOMEIRY 7=/ — LA PPO EMEIC
MET 28BN ENEEZS ER T ETHL
TEBY, KMfECcCINLoRERMICHBER Rz
i, ZoTHEEMNATSEZ LD TH- 2 (Fig. 2-
4, Fig. 2-5).

Guardo et al. (2013) %, XA EH v P L7ZHD
BRI B &2 KRR IZFH A& L, PPO (apple genome
v. 1.0, Velasco et al. 2010 TIX % 10 #HEEHE L) 2
RABELEMEOEMEE T THDHEEXTZ. —FT,
Chagnéetal. (2012b) ARV 7 =/ — L {LEMIC
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Figure 2-8. Significant QTLs (P < 0.0005) for evaluated fruit traits identified in linkage group
16 of F1-165 (LG F1_16) and ‘Kotaro’ (LG Ko_16) in the Kruskal-Wallis test. Marker loci
and K* value are shown to the right of each LG. The P = 0.0001 and P = 0.0005 thresholds

are shown by vertical solid and dashed lines, respectively.
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Figure 2-9. Significant QTLs for seven and eight fruit traits identified in linkage group 16 of F1-165
(LG F1_16) and ‘Kotaro’ (LG Ko 16), respectively. Marker loci and significant QTLs in tMQM
analysis with significance level of P < 0.01 are shown to the right of LGs. Boxes and range lines
indicate 1-LOD and 1.5-LOD support intervals, respectively. LOD and the contribution ratio (% var.)
are presented after the QTL name as LOD/contribution ratio.
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Figure 2-10. Frequency distribution of F, individuals of (a, b) F1-165 X ‘Aori 27’ and (c, d) ‘Kotaro’ X ‘Aori 27’
crosses. Two genotypes of LARggz1 11 are indicated (m 284 bp/280 bp, o 284 bp/284 bp) for (a, c) index-number of
browning (24-h) evaluated in 2014 and (b, d) juice browning (AA,). Parental LARggz1_11 genotypes are indicated as

below; ‘Aori 27’ has genotype 284 bp/284 bp, both F1-165 and ‘Kotaro” have genotype 284 bp/280 bp.
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Firure 2-11. Frequency distribution of F, individuals of (a, b) F1-165 X ‘Aori 27’ and (c, d) ‘Kotaro” X ‘Aori
27’ crosses. Two genotypes of LARggr1 11 are indicated (m 284 bp/280 bp, o 284 bp/284 bp) for (a, ¢) total
polyphenol content and (b, d) PPO activity. Parental LARgqz1 11 genotypes are indicated as below; ‘Aori 27” has
genotype 284 bp/284 bp, both F1-165 and ‘Kotaro” have genotype 284 bp/280 bp.



42 QTL %2, Vo aoRY 7=/ —LAELRKIC
AT 28 EFORLICHEL TWD (Fig. 1-3).
sun oo QTL X, ZOAKEERICHET S
hydroxycinnamoyl CoA shikimate/quinate
hydroxycinnamoyl transferase (HCT/HQT) i&is
FRMUETLE 17T HEBE TR SN, BT
R T e T =V~ —, bODTRVT =
PR/ vl Wol, xR Y T =) — U bE
Yo QTL 1%, # 16 @HE > LARI A0 2K
Ei, LARI %MWL, REERWDOT TN ) — v
MR L BN H - 7=, Khanetal (2012) 7 I X
V3 A =TT T =0 QTL 2 16
B LICBRB LTS, YV afgEoTa 7 b
T =TT TN 3 A= ((+) T F K
O () - ZEITFV) DHEREN, BAY 7=

J = VD 60~65%% 5 % (Perez-Ilzarbe et al.,

1992; Yanagida, 1997; Guyot et al., 1998). AFst
THRAEBENE, EHBEE, BFY) 7 /) —LEE
KOt PPO IGMEICRE3 2 ARt 7e QTL A & vz
%16 EEHEE BT, IhETICHEARRY 72
— IV QTL 75>%&¢éhfb\%>’ﬁﬁiifz§>o7‘_.
“h b o QTL OALE 1L, Kunihisa et al. (2014)
L Morimoto et al. (2014) X o THEI N R
HBEED QTL &b —FK L. ZThbDZ &hb,
%16 WEHEE o LARI 3B ICEEMS 24
N7fEMBETr oL BN, 22T, Aif
Tk LARI Ol SSR ~— 71— %ad‘b
(LARssr1_02 M Y LARssrl_11), QTL #4712
% 7z (Fig. 2-12). INB, %(H%’ﬁ@, WRY 7 = /
— V& B RO PPO JEMHEICET 5 KW i@t o K*E
X LARssrl_11 v —F — TR bENno 720, ARS
7 L5 (Daccoed et al., 2017) & XL = o fE
2 PPO cii’—?&bm\* Eb, 16 EEHO
LAR1 ZRY 7= ) —LEBOHRTR ST PPO &M
CHBMWEEZEZ L2 FRELTCRRNERET AL

DX RN OFBEEDHTH > 7= (Fig. 2-10).

ZoZENL, RRNOMBITETLVEMHTHY,

RANEBEME~EEREIE L 72D A H =X LI,

IV Z<ORFIEELTWD ETHIENS.

KA27$@%%%E‘fﬁ&i:h%@ﬂ%%ﬂ@%b:i
TEELZIT WD REERD S,

LAR AR A 2 = AR oMBEERICE ST %
HELBEEREGFTHD. VoI TE, nAar7
F T =2V TR N ER T ABEE L — R
LTHY, F13FYREHEK (LAR2) KU 16 F Y
ik (LARI) \ZJEF3 5. LARIIX, V> IO FEHE
RV 72 )=V THD T TN —)LEREDH
MBEE T E LT ST (Chagnéetal.,
2012b). 7 RUTIE, 7V o 7T = 2L T
FNRBTNha—VEERKL, 7 rT Y T =Y
VORBESCEMBERETI T EnHMESI AT
% (Pfeiffer et al., 2006; Bogs et al., 2005). % 7=,
AFIATHE, REOZVIR /A FORBELEREES
HET2EEX6NTEY (Almeida et al., 2007),
Y>3 TH LARI BHARY 7=/ — VG EICHE
LTV REEMEE .

PPO iFM 0 X8 QTL 1%, RABEMESRIBZE
P, AR Y 72/ —LEREO QTL LR U 16 H 4
BELE@IcHRILENnT. Vo a0 PPOIEE 5 ROE
10 BB K Eic®mERN H DY (GDR:
www.rosaceae.org), & 16 FHRAMK EIZITR 2o
T2V, Guardoetal. (2013) %, Va0 RA
MmN EE LSS, PALOREBRIZEOV R 7=/
— VAEENEE (L EN, Zhd PPO O3B %
%l%t* LTW5 &E#E L TWD. A2 Tt PPO

HME D QTL (% PAL <° PPO O 23 &
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Figure 2-12. Physical map of the top region in linkage group (LG) 16 in apple. Positional relationships between
genes near the QTL and SSR markers (LARggz1 02 and LARgg1 11) on LG16. Mal (malic acid), LARI
(leucoanthocyanidin reductase 1) and PGL (pale green lethal) genes are indicated in adjacent regions of LG16. The
two SSR markers are positioned at sites 3,352,925 bp and 3,424,458 bp, respectively, in LG 16, according to Apple

Genome GDDH13 (Daccord et al., 2017).
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I QTLIZEAT ANT08A4 TRFARVETERE & OEHBERK

N7 vaH# A7 (haplotype) &1, EMNRRAET D
H—ojak o DNA BY (CfEREmchni
BH LIERPoZTHWE o Raikofds])
ZEL, BEMICEE L TVWELIT LLIOMEE LD
WR D, NT LA TE, BEOYREKERRN T
BOBIETEZIZDNAS—H— D7 L /Lo g
RERETDHIETHLNIZTAZIENTES. N
T THRNE, BEERERCELENLEBEO B R
ERFOLOKRERAET ABEARCHEEZRERT 2
G0, HEEARICH AEBMEBEBLETICONTT LD
s THIT A5 A8ICHEHATHS.

HUXRY T, v— I —FERERBHERELRLICL
oo a i A THRITICE > T, “BIRAE SIS R
WIS BEEANT o 2 4 TOHE N T b
7= (Nakano et al., 2008). F 72, Sugiyama et al.
(2010) 1%, Vv a v I B VICHRREN I T )
A FEBICEES T o8B FHEEEO N7 v % 14 71
EEHE L. Uy 27TiE, Kunihisa et al. (2016)
NENOENSRRETH DS U RPETDORR LD
NTa B AT R, I, BE, BA,
KB EALE ST 28 E 20l kT DMk mE
FHOMNZILTWD.

F2EIZBWT, BFAKCRHBEMICET S E
% QTL N AEMEH (F1-1656 L2 97-597°) D
% 16 WIEHFE Lo LARI SEEICKRIE S, o
QTL (X HFRE DB EME A O K5y & il L T
W7, 20O QTL 2B W ThB Y 2TILFEBENET
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LILDOERETHEAKR, F1-165 LI 9725 5 1384
P IEBEMET LA OA~NT oS R THY, EBE
HIXLEMIEE CH D EHESHIZ. £2,bB 0 2T
DERERICE DD TIEARL, HENEICHKT
LIBEET VLVOERBIZED LD EEZE L.
HATIE, BARTERIN-BEAELMELZ R,
Z OMBEN 8 SOMERE(T—AT TV Uy
RHLE, FU oy R0, CHIEE, CEW, ‘v — R
—RT ALY, ‘a7 AF LV EE V) ICH
k4% (Kunihisaetal., 2014). SFEERKRICH WS
FUDBEEE IR RIS Lo TR DN, kARG
FOERBMBEZ VLTV, 16 EERED QTL 1T
WL, 2O OMEMENIFEELET LILEIRA
LTS ZERHERIN, ZOT7 LABRIZARD
RO PFICBEL TWD EEZBND.

e T 28EB7THBEOEHZICHOBEEDERS
FHREHL TWDLIHE, BRE~OEMRILIEL W
AERDD. A FTHRABRFETHD TWHHIF) I
RO T, BBk TWb bR @i
PR DO KFE~DEAN 80 F£LL LA A BN
TENn, BHRPABRVWEEKRELNL TR 2.
Fukuoka et al. (2009) %, [EfE2’ & > BGHEHTIE
BETEZRETEL, KOERE W P21 BB TIF
WCAREZETSIEI2B BT BEETLIZEEZHS
MUz, B0 E#RMERRICESE, 2h
LOEEEEY L Z LT, BAKRTYL S BIRFITHRV M
FOMEHICEII LT WD, K2 T, 4 16 HeH



HOBEMED QTL LHFICHIEICE T2 QTL bk
HEnTw5 (5 2 =), LARI FEICIIBE &K
¥ Mal(Baietal., 2012) & #3ti& {5+ MdPHYLLO
(Orcheski et al., 2015) RFEET DL ENDno
TV, BEBEFIZEHBRY CIKRBESGFEL, ~
THREAGEKPENLREOIZIEAEEZED D Z &0
O, BRICHE LEBEL R EEZLND. BULHE
B IX B AR L BRI NFEL, MO KREHES
ETIFESH LD, LARI ~—h— % HA W T RfE L
YO LBNREELT-DITIE, EBEET LLNE
EROBEBEFICEHLTEDEME TR L EH L
TWDONEEFELRITRIERL 20,
FZTARETIL,QTL O T u & A TN L -
THBEMET LANHRT2MELRESE, ZhEx
FHENTW D FEEZ B 52 L, JEBEMELTES K
DIODOREB LD 5 D5FMOBREEIToT. S
HIZ, % 16 B O QTL TfE D N7 v X A T fiffr
WX, FEEHEET VL EBEROELEEMLET T
e OBEBARERLNICT S L ERART

1. #EERUVAE

1) ##

‘HE Y 27, F1-165, ‘2957259, T b oMk
WKH7ed b (TY vy R, ‘A=A FT T Y v
¥ A, CHIE, hLE, EY), RO Ih b ikl
TA514 BB (HL, T—LFr2a’ 4350,
IO B X, VDOMNE, WhhI', ‘@R, <=~ T7,
T, OCFEM, Ly R oL R, R, HDE, o
MND) B 16 BEREOMKBEIRDONT 0 7 A TN
2 L7z (Table 3-1, Fig. 3-1). 7=, LARI1 %
WICIRE LT v XA THIICiE, 6 2 %= Cfi
L7ZHBY 27O F1EMO TN D, BEREICED
»H % 28 fH{E (165A27 £ 5, INB (24-h) <0.5
® No. 60, 65, 67, 71, 75, 76, 81, 84, INB (24-h)
> 2.5 ® No. 68, 74, 79, 88, 92, 96, 100, 101. KA27
£ 5, INB (24-h) < 1.5 ® No. 19, 25, 26, 41,
INB (24-h) >4.0 ® No. 14, 18, 27, 32, 37, 40, 46,
54) EMEM L=,

Table 3-1. Apple cultivars / selections used for haplotyping of Chr16

) ) Pedigree Registration / =
Cultivar / selection L a Origin
Seed parent Pollen parent Publication year
Delicious - - 1880s USA
Golden Delicious  Grimes Golden Golden Reinette - USA
founders Indo - - - Japan
Jonathan - - - USA
Ralls Janet - - - USA
parents used for Aori 27 Kinsei Mahe 7 2008 Japan
. F1-165 Golden Delicious Jonathan - Japan
QTL analysis . .
Kotaro Fuji Hatsuaki 2001 Japan
Fuji Ralls Janet Delicious 1962 Japan
Golden Melon Golden Delicious Indo 1949 Japan
Haruka Golden Delicious Delicious 2002 Japan
Hatsuaki Jonathan Golden Delicious 1976 Japan
Himekami Fuji Jonathan 1985 Japan
cultivars or selections Iwakami Fuji Jonathan 1985 Japan
related for parents Kinsei Golden Delicious Delicious 1972 Japan
used Mahe 7 5 gou (Golden Delicious X Indo) Redgold - Japan
for QTL analysis Megumi Ralls Janet Jonathan 1950 Japan
Orin Golden Delicious Indo - Japan
Redgold Golden Delicious Richared Delicious 1946 USA
Sekaiichi Delicious Golden Delicious 1974 Japan
Toko Golden Delicious Indo 1962 Japan
Tsugaru Golden Delicious Jonathan 1975 Japan

“Registration / Publication year: Year of cultivar registration or appearance in commercial / test production.
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Indo Delicious Golden Delicious Ralls Janet Jonathan
| I
5-gou*
. Kinsei
Orin Redgold Sekaiichi F1-165 Fuji Hatsuaki Megumi
Toko Haruk Tsugaru
Golden Melom aruka |
Mahe 7 Kotaro lyvakaml'
Himekami
[
I
Aori 27
[
F, population 165A27 F, population KA27
1 1
Eight non-browning | Eight moderate- to extremely Four non- to slight \ Eight severe- to extremely severe-
individuals | severe-browning individuals individuals | browning individuals
1 1
INB (24-h) < 0.5 : INB (24-h) >2.5 INB (24-h) < 1.5 : INB (24-h) > 4.0

Figure 3-1. Pedigree of apple cultivars, selections and F, individuals used for haplotyping of Chr16. The Bold
indicated the ancestor of the populations used for QTL analysis. *5-gou was not used for haplotyping.

% g Marker name Position GDDH13_genome® Kunihisa 2015_map”
> § _--"" CH02d10a 554,954 22
® -7 TsuENH205 720,270 44
-y TsuGNHO053 842,899 54
3 TsuENH022 2,229,990 7.6
@ CH02a03 2,427,811 7.6
NS
(@) N Mal 3,179,256 -
~| & -
= . S - - LAR1 01 3,352,448 R
= 8 - LARI1 02 3,353,100 -
—  F LARgg1 02 LARI 03 3,408,452 .
=) ) LARI 04 3,409,282 .
— LARI 05 3,410,880 -
= o LARI 06 3,417,149 B
E LARI 07 3,420,638 -
: LARI 11 3,424,514 -
o LARI 12 3,424,905 -
2 {LARssal_l 1 LARI 13 3,426,986 -
2z ~ LAR1 15 3,430,077 -
o - LARI 16 3,438,576 -
& Sso LARI 18 3,440,146 -
E’ a3 s LARIDY 3,442,183 -
=7 ~< LARI 20 3445 424 -
- NE MdPHYLLO 3,762,382 -
= CH05¢04 4,367,809 9.2
" CHO103a 4,512,186 73
Hilsgl1 5,966,413 16.7
TsuENH054 6,209,697 17.5
Hi04e04 6,905,393 18.9
TsuENH182 9,636,461 234
Hi08f12 9,521,764 243
Hi01a08 9,521,568 243
TsuENH052 12,340,093 26.5
CH05a04 12,645,931 32.1
M Hi08d09 13,957,450 37.3
N NZmsEB147967 15,594,538 355
AN Hi02b10 373
s TSuENH042 17,703,361 406
N TsuENH214 25,166,944 455
AN Hi0lcl1 25,258,361 45.1
S CHO4f10 33,600,024 432

N

Figure 3-2. Infomation of positional relationships between physical map for
genes near the QTL and 39 DNA markers used for estimate haplotype of Chrl6.
“Position GDDH13_genome: marker order according to the GDDH13 (‘Golden
Delicious’ doubled haploid #13). *Kunihisa 2015 map: marker order according
to the reported linkage map (Kunihisa et al. 2014). ¢-: no data.
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2) NTRa A TR
%16 Btk amiko T a ¥ A4 TETICIE,

LARI1 T I2HBICIER L7 156 @ SSR ~—H —
(Table 2-3), Bf#R (Baietal., 2012) 7T 1 <
—T WA ERE L BEEICET A Mal~—h —,
HWIZEH T 5 MdPHYLLO ~ — 71— (Orcheski et
al.,, 2015) &, # 16 @EAREICERT S 39 D
DNA ~— 7/ — %M L7z (Fig. 3-2). DNA fiith &
V=D —OZMBHERE 2H|ICE L. ~—
—ZMoONTu s 475 ORFEIL Kunihisa
etal. (2016) O F{EE —HLEL, WO RHL L~
—H—ROHEEEBREEBB L CHELE., ~—F—
AL E DO EFF X GDDH13(‘Golden Delicious’ doubled
haploid#13) %~/ L — /> X5 — 4 (Daccord et
al., 2017) X, BE@ o ##[¥ (Kunihisa et al.,
2014) ZBEIZIREL, "NTuF A THRFELEE
BT HERE Lz, £72, LARI A1 ® 0.1cM
AN o#EMIcHET SNz 156D SSR~— 4 —[H Tl
M ZITE > T ARWERELE. BENSEET
XhwnredA7Tay 7 PEEFEORES 10
M KRBOEE, T—ZITFENRVIRY BEET S
NFTagATTay s LER—OBKERFDLRKE
L7z, £72, % Fif{ko LARI SO N7 v X A
TORIFIE, LARI OWMIZEEFINT 2 HEHO
SSR ¥ —# — (LARssrl_02 X" LARgsrl_11) %
ERHL, WETHDIIBEBY 27, F1-165 L2 9
A TIREESNTAT O R A TEBRLCHE
L7z,

2. % B

VBEY 2TRUVFDRZLE - REO/NTRA
A T

%16 EMHBEICRHE SN RABE MO EE QTL
NEEMEBHOEE M TORrBEENTZZ 0D,
BBV 2TITEBLEET VLDOREESETH Y,
F1-165 L ONZ 5 72A 5 IXBEM/IFEREET L L
O~TufEERTHD EHEINT (B 2 %), K
ETIL, EBEMET LANHERTHIHEMRELH S
M 5720, T8 QTL 25847 /) AEBONT
n4A47EZXTOHKE, ‘DB 2TR T DFE R
- RFEEZ VTR E L7z (Table 3-2). #H4EMHE
NHDBY 2TRNED Fi fKR~OIEBEM®ET L
NOLIEE Fig. 3-3 IR L. RXFTlE{ N7 m
A A TR MEOFHIT (FIE, L 7 U vy A,
D; 2—1AFrF Uy A, G EX, R fLE,J) &
LARssr1_11 v —F —HI"CTET. ‘b v 271FT VY

Ty R (D284) K UOVEIEE’ (1284), F1-165 X4l E’

(J280) KT —AF T U vy A (G284) (ZH
KT H AT A TR o TV, 165A27 £ T
%, WA FiEARE (INB (24-h) < 0.5, No.
60, 65, 67, 71, 75, 75, 81 K U* 84) I% F1-165
M= VT T Iy AHRKONTa X AT
(Fig. 3-3, #\h—%, G284) ZMkALTHY,
‘PR 2T BT U vy 2 (Fig. 3-3, AL v P,
D284) F7-I1%‘FIE’ (Fig. 3-3, ~N— =, 1284) @
WENLDONTaH A T EZIFHRNTNTE. 2
*t L, AN FiEA# (INB(24-h) > 2.5, No. 68,
74, 79, 88, 92, 96, 100 & * 101)i% F1-165 7 5
“LE’ (Fig. 3-3, fkfh, J280), ‘B V 271 51X
U vy 20 (D284) FILENE (1284) o'
2 AT aMAL TV,

N0 ENG, ‘HhEY 27K 165A27 £ H
DB FilKIE T — LT F Y vy 2, F Y
X AFEFILENE DT e & A 7 (G284, D284,
1284) OMAEZLHOZ ENFRENT-. IEWEMEN
SHEEETHHEEBETHE, TD 3OO
Tuas AT, SOFDT—NFTLFTY Ty R, T
Ty A RNENEORITOT LN IEREMK &
EZzbhbd. —J, F1-165 "L E Ak N7
247 (J280) ZMkA L TW5D FifEkix, ‘b
QTH KD IBEMER 22 T TVW DI LB D
LTHEELE. 202, HEDORFFOT LV
FEENICRERBEZSIERT LB LN,

2HEAINE, EHHEKDOANT v X AT (Fig.
3-3, Tk, R280) L‘T—AF U F U vy X HEKD
n7a kA7 (Fig. 3-3, W7 —%, G284, F1-165
LHR) Ao T, KA2THEMATIE, ‘295724
VB A= T T Y REKONT X AT

(G284) ZMkALTWD FifE{E# (No. 19, 25,
26 KM 41) (X INB (24-h) <1.5 TH Y, ‘FEH’H
ko7 a k47 (R280) %A L7-@AERE (No.
14, 18, 27, 32, 37, 40, 46 KX 54) X INB (24-
h) >4.0 TH-»7= (Fig. 3-3). 165A27 H£ ] & FkE
W2, E~HEREIIEMERETHY, I T T
Vo x ZHEONT O XA T (G284) 1TFIEE LM,
‘EYHRRONT o X 47 (R280) 1T EMT LU
LEZLNT. LLAERDS, ZoHEHTIIHEEE
HETLVLEFREHEATLD Fifiifko 6, EBE
MHE (INB (24-h) <0.5) Z a9 EAE <
ThoTeZ &b, 16 HEHAE O £ QTL LSt
LRNBEEICHG T IR TREFETDIESZS XD
ni-.
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LARIg, 02 |299 2] 378 | Dalicious’ |26 2| ‘Golden Delicious’ ‘Ralls Janet’ ‘Jonathan’
v (g 0 ose 2 “.3) (.0 (37
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]
| |
5-gou | c )
378 289 289| ‘Red Gold oo . .
84| (4.0) |284)284) (4.0) S| FUji Hatsuaki
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¢ , 2‘I:9 289| ‘Kinsei’ I |
378 || 289 Mahe 7 284 || 284 I
w4 ama|  (5.0) wr (3.3 . ,
v e | | Kotaro
“.3)
F1-165 X ‘Aori 27’ ‘Kotaro’ X ‘Aori 27’
population population
Fl br E br R br i
289 , 289 |
284 ! 284 .
Nos. 67,71,75,81  Nos. 60, 65, 76, 84 INos. 68,74,96,101 Nos. 79, 88, 92, 100 No. 41 Nos. 19, 25, 26 iNos. 14%%,27, 40, 46 Nos. 18, 32, 37, 54
INB (24-h) < 0.5 | INB (24-h) 2.5 INB (24-h) < 1.5 : INB (24-h) > 4.0

Figure 3-3. Genetic information and definition of haplotypes for ‘non-browning’ in F1-165 X ‘Aori 27” and ‘lower degree of browning’ in ‘Kotaro’ X ‘Aori 27
crosses, estimated using two SSR loci in LG 16—LARggz1_02 and LARgg,1_11—positioned immediately either side of the major QTL in LG 16. Br and br above
each haplotype of F, individuals indicate the browning and non-browning effect, respectively. Visual inspection of browning degree of the fruit flesh (INB 24-h) in
2014 is indicated within parentheses. F, individuals were classified according to haplotypes. In F, population 165A27, non-browning individuals have haplotype of
‘Golden Delicious’ in common, and moderate to extremely severe browning individuals have haplotype of ‘Jonathan’ in common. In F, population KA27, non- to
slight-browning individuals have haplotype of ‘Golden Delicious’ in common, and severe- to extremely severe-browning individuals have haplotype of ‘Ralls
Janet’” in common. The haplotypic information for Mal and MdPHYLLO marker genotypes is added, referring to Table 3-2. Ma and ma link to high and low acidity,
respectively. The pgl links to pale green lethal, in contrast with wild type (WT). *‘Fuji” showed extremely sever-browning (INB = 5.0) in a previous report (Noro et
al. 2009). **The recombination had occurred between Ma/ and LARggz1_02 in No. 14.

a 3 b 2
A G284-Ma and D284-Ma A G284-Ma and D284-Ma
* © G284-Ma and 1284-ma © %gg'M" a“(‘ii 113228;4; i
= & 1280-ma and D284-Ma = A & R280-ma an Ma
g @ J280-ma and 1284-ma g @ R280-ma and 1284-ma
=) o
= =
= =
2 B
> > O
=1 =
32 32
Q Q
< <
o
O‘ T T T T T
0 1 2 3 4 5
Index-number of browning (24-h) Index-number of browning (24-h)

Figure 3-4. Relationship between index-number of browning (24-h, 2014) and acidity of F, individuals from the (a) F1-165
X ‘Aori 27’ and (b) ‘Kotaro’ X ‘Aori 27’ crosses. R-value as correlation coefficient are shown in each panel. Four genotypes
were identified around LARgg,1 11 and Mal. Two alleles of LAR1_11ggg, detected as 280-bp and 284-bp fragments, were
classified into five allele forms according to founder cultivar of origin, i.e., G284, D284, 1284, J280, and R280 (where G =
‘Golden Delicious’; D = ‘Delicious’; I = ‘Indo’; J = ‘Jonathan’; and R = ‘Ralls Janet’). The dominant allele Ma showed high
acidity, whereas the recessive allele ma showed low acidity.
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2) TEMBELOE#HBR

% 2ED QTL fifricB W<, RAKCRTBE
M2 B4 %5 QTL & eI+ % QTL X F1-165 &
W2 HAHDHF 16 HEFEOTET HMNEIZK
H & N 7= (Fig. 2-8, Fig. 2-9) . ¥ & Ix +
MdPHYLLO K OVEE O X8 @G+ TH D Mal i
INHDO QTL EfFIMET DI &R TnD.

KEDONTaZ A TR THOENE R T —
NFUF Yoy X (0 —%, G284), ‘T VU v
(AL vy, D284) R OVEIE (R— =, 1284)
DIFBEMET LIVITHEAROIERILET LV (W)
LHEHEH L TV BEOBMEBTIZOWNWTIE, ‘I—b
TUT Iy RARNT Y Uy AOFEBEET LV
(G284 K1 D284) FmmtET vv (Ma) &, ‘I
E DI BENET VL (1284) IZKEEPET LV (ma)
LiES LT/ (Table 3-2, Fig. 3-3). ¥ 2T, =
DEBEEERT A7-0,2 50 FirEH O L@EKIZH
W T LARssrl_11 XN Mal @iz a=F#|{E L, #
BE oMz~ (Fig. 3-4). LARssgl_11 &
Mal OB THBEZ AR S 1 AR OV TIEfF
BB RV,

WEMICBWT, ‘=TT Uy R, T
VA ATKOHME RHRKROFEBEET L L
(LARssr1_11 ~ — 4 — T (G284/D284 £ 7= 1%
G284/1284) &, > 7 N — 7, BEMT L (J280
F721% R280) % &2/ L — 7 L 0 1B EE BN K
S 7-. G284/D284 V)N — FDEEIT 4 DD EIET
BMINV—TOFTiRbEL, 207 NV—T D Mal i
TN MalMa THHEWVWIFER L —FHLTEY,
INBDIBEMET L (G284 K Tr D284) M ik
M7 L (Ma) LEB L TWD Z ERHREINT.
—7, Malma #fx 18 % ~3 G284/1284 7' v —7
X, J280/D284 K T* R280/D284 7' /L — 7 L [Al/K #E
OWEERBEEZRLTEBY, ‘HEHZDOIEEEME
T UL (1284) &REEMET LV (ma) & o s %
NiER T 7.

3. % B

1) EREMBEORER

I & QTL fEHTIZ L » T, 5 16 HEHFE D EFE QTL
WHIE SN TV IEBEERE XIS EERT 5 2
EWRENT. 1656A27 £ @ INB (24-h) <0.5 ®©
FERBZEPEE R K OV INB (24-h) > 2.5 D48 728 M {E &
IZoWT, K QTL AN NNTur A4 TEEHZL,
EFNbDONT S AT OEKT DMk NEE R
A, 3Oo0MERFE( AT T Y vy R,
FU vy RROHIE) BN, ThEhba b1
OO BELET LA ERALTVD EERIOT D
7= (Fig.3-3). £7=, 2L DIEB/EMNET LT
S, OMB, EMNE, L OMTEICHEA I T
£ (Table 3-2), A QTL 2B+ 2R Y, FEWEM
MR EBRT OIS TLHE DY 27 % K2 H
ELTHWZRET R L, JRWBEEIR OB
RTHDHZENHLNE R ST,

LL, BV 2TOEMBEBETHW O L MFE
(i, ‘e ~T KLy Ra—)L R7) X KA27 £
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M@ LARssrl_11 ~— 7 —i#Efz A A 284 bp/284
bp B Ol (R D #4401k, A QTL 22>\ TIEBENE
TULLVOKREHEAEKRTHDICHLEDLOLTRANE
BITHZEbhmolz. 2O Lht, RANERS
EME 7570121, X QTL O EHEMNET LR
REBEARE 2D ZENMASRMETIED DN, fhic
FAETHHRBEEO QTL 2B W THEE R 7 LM
AENMETHDLZ EBRERINE. B LEVE
faF## 2 U > = Arctic® Apples 73, PPO D3 Hl
EWHETELICEoTHESRLTVWE 2 0D,
PPO WRWBEMEZHH XL IIHLNTH
v, QTL O F hfEMTH 5. KEFZEICB W T PPO
i QTL B S hanomBERE LT, B
WICHWEH O PPO PEENICAEHEATHY, #%
RTCRFAMRSEE L 2o W REMERH D, FD T
W, ZHERTERE AV QTL Mr=e, H8/EV ik
@ % WS GWAS I L - T, #7-7 QTL % A
ETHLENDD.

2) BERUBEEGFLOEHBREARLE
EERME

e E o R KN®EMR T Mal & B % & 5 1
MdPHYLLO 1%, AW CRABEMEICET 2 QTL
N & LARI ©ir < iZfFE L (Fig. 2-12),
WRCRTORE, FRNEIZET2 QTL b /20
RIS S Tv b (Kumar et al., 20135 Longhi
et al., 2012; Tazawa et al., 2017). Chagné et al.

(2012b) 1%, H A7 LARI 7 VIV DEKIZ K » T,
HEHICL 2R EREEOEANS E R I N D AT
RS DHETHLTEHY, EREMEY v TOF KR
BTLRBFEOLRENBEIND 2, #SEARE
EETOILENDD.

B2 ETHOMME R TLIEBEMT LVIZE 4
BO(WT) OEFET LALLHEHEL TV d, K
QTL TOBRKIC L o TEENGI SR I D AER
P2z ERnREnz. —J%, BEORKER T
Mal 2B L T, Khanetal. (2012) (‘7 V ~"&7
Y TZAZNWZONT, @A) 7=/ —VEREICET
BT LE, KEBICET 25T LV L LT
W5 EidE L TWwb. Kunihisa et al. (2014) &
Morimoto et al. (2014) 1%, ‘® 2K S LT
WC, 2516 BSOS AT VoL & E
TUAPRHEHE L TNDEBRRTND. 2 b DA
Wk, FEBENY TOBFERETIE, WA
VARFRENDLAREELNH S

AW TH, BB O£ QTL I35 16 MEHFEO R
W ZEMED QTL fFickiian Tk (Fig. 2-8,
Fig. 2-9), £ < 0B & —& L 7= (Kenis et al.,
2008; Liebhard et al., 2003a; Xu et al., 2011). #
WS PE L BRE © QTL oM E{BIfR 1%, INB (24-h)
L (g/100 mL) OB (Fig. 3-4) Ik ->TdH
MRS, L, "TaX ATk, 5
Jyy RN I—= T T ) vy AHEDERE
7 L VidEBEO T L (Ma) L@ L TWA R

(D284-Ma, G284-Ma), ‘HIEE’ Mk DI EMSET
JTIREEED T LV (ma) E#EL TWVWD (1284-



ma) Z ENHS MM E o7 (Table 3-2, Fig. 3-3).
‘B0 ATHIEREMEIC L b b T~ AL 2R
B & D% (0.3g/100 mL), ‘FIEICH KT 5 IE
BEMET LLEFEALTWDEDEEZ N, 3
BAEMD v IREOERICEB VT, FHIEHEKD
FEREMET VL ERAT S Z LTk - T, #E R
WOMBEERIRTD2IEDAETHDI EEZDLN
5.

) E

%16 EEME D QTL (LARI) T8I 5 BN
TULAORFEEHRLMIT 57012, QTL #1124
Wiz 2 £ & oM R OGRS OV,
QTL B o T o & A TRHF 24T\, FEBEET L
NOBEKTLIMEMEEHE L. BV 27T Kk
VIEB LM Fi liKIL, ‘I—AFrF Uy 27,
TV YR RO CHIE ICHKTHIEBERT
LADOWTFNNERTHELSTEH-TEBY, 2k

DBERENEKLS o TWVWBRZERHLMNE R -
7.

AR QTL EFFICIIRRE K OB EIE T NFETD.
MAEEFRTIE, LELWHEICHET 2BET2EA
THE, TNICHEHETAIAREE DL —HICIY AR
TLEHIZEDRDHED (VT —Y KT 7)), JE
BEET LV EBEROEEERTOT LILED
HEHEBREWH LI L., KES0EBEMET LV
D@7 LA L#EE L TWD—5T, HIE Bk
DIBESET LLORREEMET VL EEE L TW
7o, WBET LAV OREBRAEITBE N &< 56
MAHDHZ NG, A/ITE L7 E R L TE
EERT D00, HIE BROFEBEET LI
NERATHIEEZONE. £/, WThOIHEEBE
W7 VL BAROIEZIET LV EEE L TEY,
FEHEET LLORBFICLIVEENF TR S
HIEMRMET N ERHAL N E R o T

IV GWAS [Z &k 2 RABEREEERFREBOFER

ONVCIMEY, ‘HBY 2TR OB DOIEBENTE
B 16 EHEMHO QTL IcBWT'T— LT 5
VxR T Y vy AR OHIE B RO IEREENT
DX A TONTNNERETES THESOZILNLE
SZfrchAEHEINT. —HT, o~T, ‘L
EIEFREANANTOE AL T EFREESTHESICHLED
LTBETHI Enn, thoRKH QTL O 52N
EZEz2bNT-.

GWAS 13 HE & LRSI S M & o B 5, R BL
MEHHT 5 QTL E W REzHET 2 FEOVOED
Thy, MERICHBEERZERT L EnTER
WE FOFRKICET A EE TR OZDICHE S
, B L T&7 (Hamblinetal.,2011). QTL fi%
MO XSICHBEERAEZERT H2RENRL, BEFD
BB QTL AT iR A & vk 9 22/
FEEMNZMEA L CHITT 2 2 N Th D, i
HEHICBWT, v—F— & BEE T HE R P
# (linkage disequilibrium: LD) IREEICH 5 Z &
ZHifEE LTEBDD, DNA ~— b —IZ k> THhX—
TELHEBOILEE 1T LD OREICIKET D, T
VB~ — N —FEEZHW T 5701, LD ORE
DEEQREHR L 72 5 (Flint-Garcia et al., 2005;
Slatkin, 2008; Uchiyama et al., 2013). LD DO
MEWEMTEYT ) 22K EDN—T 57201
Hip~—h—8T Vv, LD ORENMENER
THEBERRE~Y—DT—DNMELERD. iz,
QTL ¥ o fiffg S LD OfREICEAFE L, LD N
WERBENE D, £< O GWAS TIEY / A
EREBBETCOIAN—THE2H0~—h — %
FTAHLENRHY, SSR~v—H—= SNP v —H—n
AnbsnsgZ &ngu. SSR ~—h — T MM T
BtES | <, FEREAREFRIE b aTRE CRIE A Z VD
(Miah et al., 2013), T4 TIESSR~—F—L% D
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BRSO RENELS, "M ANLV—=T v bOEBEE~ v
VU RARE SNP ~— 7 —RNER STV 5.
Y > 2 TIiX, Illumina Infinium 0 ¥ X7 A, Axiom
47 SNP 7 L 4 (Chagné et al., 2012a; Bianco et
al., 2016) BB INTHHHRSITFE LR > TE
D, GWAS IZFH & T3 (Kumar et al., 2013) .
BRI ITD GWAS X, U =2 (Kumar et al.,
2013), J 3 (Iwata et al., 2013) % TR O R
2% 5. Kumaretal. (2013) (X7 %%® 1,200 &
4, 2,600 SNP % IV 72 ff AT IS & - TREEE, 1828 1,
B, AREO 6 A THER SNP #RliL, %
NEONWL OIIBEFm O BERMER FEE —F LT
W7z, Iwataetal. (2013) 1%, HAF > 76 Ml
DWW T 155 @ SSR ~v~—F—, 4 ® RAPD-STS ~v—
H—EEEAE 162 O~—h—% M- 9 JBE
DFFHTIC & - T, IHEH], BEEHmME, R

FEZRQTLZHRM L, A2 ERL7. £72, Cao
et al. (2012) HIiXEE 104 %#, 53 ® SSR v —

H—FHNTRAECKRE, KBEREZED 10
BIZOWTOMHT 21T\, BE#HE —HT5L< D
QTL LT 5.

GWAS T, ke dHkz b S IL&EH O BB
— VB MRERTICH AT 2 & S TATRE 72 72 0D, L Hi1 ]
WZHS< QTL AT CHBEER OB O T L LR IC
NP o T GA IR TER VWL 57 QTL &
HONERDATREMADH S, Bk L i, Vo=
DOREANBENEIZIT PPO HEEBOR T OB E513E 2
LN, BEMITICL DBRIEE 0 & TV 2.

T TARETIE, ZHA2EBEEREZ AV 72 GWAS
Lo THEMERE (RALKTETBEME, B
Vo7 x/—)vE&, PPO &) ZMATL, #Hi-/k
QTL #RET A EEHME L.
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1. PRV AE o DREROZREIL, DA A (M9, JMI,
1) ## IM7, M26 DWW nn) £~ A "B RICEEAR
BHEARTHEEINLTWD 2 ROV > T3k SH, VA THRGET O BA S E T AR IR K

AR, K OVENS T O 86 i R A LI L, a7z 10~20 F4£D0 b0 &R L. vk, #

2015 4F 1% 59 L FE, 2016 4F i 85 SHFEIC DWW T 1 5 B R ETIEITIRICHE S 2.

HH=D 1 BoREHRELZIT>7= (Table 4-1). =

Table 4-1. Apple cultivars / selections used for GWAS

) ) Phenotypic evaluation Pedigree Registration / .
Cultivar / selection . b Origin
2015 2016 Seed parent Pollen parent Publication year

Aikanokaori @) O Fuji Tsugaru 2001 Japan
Akagi O Golden Delicious Jonathan 1975 Japan
Akane O Jonathan Worceter Pearmain 1970 Japan
Akibae @) O Sensyu Tsugaru 1993 Japan
Akitabeniakari @) O Orin Sensyu 2005 Japan
Akitabenihoppe o Sensyu Sansa 2009 Japan
Akita Gold o o Golden Delicious Fuji 1992 Japan
Aori 3 gou o] Toko Richared Delicious - Japan
Aori 11 o] Kitanosachi Jersy Mac 2004 Japan
Aori 13 o] o] Richared Delicious Tsugaru 2003 Japan
Aori 15 @) O Fuji Aori 3 gou 2004 Japan
Aori 16 O 67-45 (Akane X Rero 11) Natsumidori 2004 Japan
Aori 21 @) O Fuji Rei 8 2008 Japan
Aori 24 @) O Granny Smith Rei 8 2013 Japan
Aori 25 @) O Mellow Liberty 2013 Japan
Aori 27 o] o Kinsei Mahe 7 2008 Japan
Aori 29 gou O Tsugaru Sansa - Japan
Benihatsumi o] Tugaru Sansa 2018 Japan
Beniminori o] Tsugaru Gala 2019 Japan
Chinatsu o] Akane Stark Earliest 2001 Japan
Cute O Sensyu Tsugaru 2003 Japan
Delicious o ] - - 1880s USA
Elstar® O Ingrid Marie Golden Delicious 1950s Netherlands
First Lady o] Sansa Tsugaru 2009 Japan
Fuji o] o] Ralls Janet Delicious 1962 Japan
Gala o] o] Kid's Orange Red Golden Delicious 1974 USA
Golden Delicious o o] Grimes Golden Golden Reinette - USA
Golden Melon @) O Golden Delicious Indo 1949 Japan
Granny Smith ) @) - - 1868 Australia
Gunma Meigetsu O O Akagi Fuji 1991 Gunma
Haruka @) O Golden Delicious Delicious 2002 Japan
Hatsuaki o] o Jonathan Golden Delicious 1976 Japan
Hida o] o Fuji Golden Delicious 1985 Japan
Himekami o] o] Fuji Jonathan 1985 Japan
Hinoazuma o] o] Sensyu Himekami 2006 Japan
Honey Queen o] o] Megumi Sekaiichi 1995 Japan
Hozuri @) O Fuji Jonathan 1996 Japan
Indo @) O - - - Japan
Iwakami @) O Fuji Jonathan 1985 Japan
Jersey Mac O NJ-24 July Red 1971 USA
Jonathan o] o - - - USA
Kanki o o Sensyu Tsugaru 1992 Japan
Kaori o] o Richared Delicious #111 - Japan
Kinsei o] o] Golden Delicious Delicious 1972 Japan
Kio o] Orin Sensyu 1994 Japan
Kitanosachi o] Tsugaru American Summer Pearmain 1981 Japan
Kitaro @) O Fuji Hatsuaki 2000 Japan
Kizashi O Gala Stark Earliest 1991 Japan
Koukou @) O Hirodai 1 gou Fuji 1999 Japan
Kotaro @) O Fuji Hatsuaki 2001 Japan
Mahe 7 @) O 5 gou (Golden Delicious X Indo) Redgold - Japan
Maoi o Mantet HAC 6 2004 Japan
MclIntosh o - - - Canada
Megumi o ] Ralls Janet Jonathan 1950 Japan

“For juice browning in 2016, we investigated 84 cultivars and selections except for 'Elster".

bRegistration / Publication year: Year of cultivar registration or appearance in commercial / test production.
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(continued)

Phenotypic evaluation

Pedigree Registration /

Cultivar / selection T b Origin
2015 2016 Seed parent Pollen parent Publication year

Mellow o] ] 19 gou (Golden Delicious X Indo) Golden Delicious 1990 Japan
Miki Life o] Sensyu Tugaru 1992 Japan
Morinokagayaki o] o] Tsugaru Gala 2011 Japan
Morioka 68 O Sansa Sensyu - Japan
Narihoko O Golden Delicious Fuji 1985 Japan
Orei @) O Golden Delicious Delicious 1951 Japan
Orin ) O Golden Delicious Indo - Japan
Ralls Janet ) o - - - USA
Redgold ) O Golden Delicious Richared Delicious 1946 USA
Rero 11 o Toko Richared Delicious - Japan
Sansa o Gala Akane 1988 Japan
Sekaiichi o o] Delicious Golden Delicious 1974 Japan
Sensyu o] o] Toko Fuji 1980 Japan
Shinano Dolche o o] Golden Delicious Sensyu 2005 Japan
Shinano Gold @) O Golden Delicious Sensyu 1999 Japan
Shinano Piccoro @) O Golden Delicious Akane 2006 Japan
Shinano Pucchi ) O Tsugaru Sansa 2010 Japan
Shinano Red O Tsugaru Vista Bella 1997 Japan
Shinano Sweet ) O Fuji Tsugaru 1996 Japan
Shinsekai o] o Fuji Akagi 1988 Japan
Syusei o] o Fuji Tsugaru 2005 Japan
Slim Red o o] Fuji Akagi 1995 Japan
Telamon o o] Wijcik Golden Delicious 1989 UK

Toki o o] Orin Fuji 2004 Japan
Toko o o] Golden Delicious Indo 1962 Japan
Trajan O Golden Delicious Wijeik 1989 UK

Tsugaru @) O Golden Delicious Jonathan 1975 Japan
Tuscan ) O Wijcik Greensleeves 1989 UK

Worceter Pearmain o - - 1870s UK

Yoko @) O Golden Delicious Jonathan 1981 Japan
4-23 o] o Fuji Mahe 7 - Japan
230-1 O Tsugaru Sansa Japan

2) BEMEOE

BABEREE LT, ¥V FAL 24 BFE%ZED
15 4y # @ INB (24-h } ¥ 15-min), BB (%
Y BE 400nm), ARV 7=/ — A5 &, PPOEHD
5 HBOREWEZFM L. 2015 4L 2016 4
(B ABZEMEIT DWW TIEL 2016 FED ) D 2 EEH
HL, HFhMELE bBEACELEPTHEREE 3 20
ALz, AEFIRILE 2 BEOREREFIEITED,
RHBEMEOH—HEE L TITo 7.
BEHBEMEIX, RHAN10g2EVE->T3 mmf
FRECHIBT L, &R®AK 20 mL 22 Cr Vo4 —
THERE (15,000 rpm, 30 B) #RiE HICEMRKE AW
TWHSIIEBL, 1.4 mL 2~ 27 0Fa2—71ZBL
T 10,000 rpm T 10 piE:.0 L7z, E¥E 1 mL % 2.5
mL~A478F2—7IZ8 LT 25°CT 24 FF 1 >
Fa_X— %, FED 4% A XV KK N Z
THHERICEEILLSE, SXEEE (UV-1800 UV
spectrophotometer, Shimadzu, Kyoto, Japan) T
400 nm DOWEEE 2 BT L, M (Ao (24 FFRE]
%)) &L=,

EOEHMEZTE 2 & & [FAEKIC Shapiro-Wilk
test IC &L VB P=0.05 THRELZ. 2FEML@EL
THA L 7= 58 D INB (15-min, 24-h), &NV 7
=/ —)VE &, PPO EMIC 2\ T, Kunihisa et al.
(2014) OFEIZH > TEEBEREFHFE L. £,
INB @8k i, Bl m» o es

.39-

(ANOVA) #HWTHEE L T-.

3)SNPCx/84EVY

77 &5 DNA Ofithix &4 7 rohiE LY
DNeasy Plant Mini Kit (Qiagen, Hilden, Germany)
ERWTIT-7-. 86 MMl iEis 1A% Apple 20K
Infinium (Bianco et al., 2014; Illumina, San
Diego, CA, USA) =M L, Illumina O 72
Ta ha— s TIRE L. BETRT — 21X
GenomeStudio Data Analysis software (Illumina)
% )T GenCall threshold of 0.15 TEMT L 7=.
GenTrain score 0.6 LA F & 2% \ (& cluster
separation score 0.4 LL N SNP X H W CHER L
T/ IAZ—E@/REL, URRSBEEZ ~T 0%
BfE®RIR L7z, £z, RfEMTER O SNP b
HIBR L 7.

4) E#FFH (LD) O#FEE GWAS

LD o#tE & GWAS 1Z1% 20K SNP array T 5
72 11,796 SNP O£ 5 — & %\ 7=. SNP DL
BT — X2 XA &4 CTuv % SNP 15 # (Bianco et al.,
2014) 23T, GDDH13 2] E %] (Daccord et
al.,, 2017) ~~ vy U L REEHERL L.
GDDH13Icv v B 7 I n o7 SNPIZHNT
X, GDv1.0p (Velascoetal.,2010) ~D < v E
JRER F 720 Infinium (ZFFRET B AL E G HIZE S



&, GDDH13 t WA~y B 7 T&E LD
SNP %7 > #—& L TGDDH13 EONEZHE L
2. TR EVLEFRAE LR o7 SNP X
RN S BR &, RAABYIC 11,730 SNP % T 124
L7,

~— % —f o LD 2 (r2?) iZ R package “genetics”
DO“LDHREIZ LV, WEEEE2 5-Mb LN D2 T O
SNP ~— I —THHLE., ~—I—HD r2fE L
Wy PREY BEEE O B4R 1%, R package “KernSmooth”®
“locpoly”#$fE % W C /AT Z A Tl L 7.

GWAS X, R package “rrBLUP” (Endelman,
2011) IZRE I NT-“GWASHEEDRAET L (Yu
et al., 2006) % \T{T - 7=. [f] package ®“A.mat”
##E (Endelman and Jannink, 2012) (2 Xk v, &
BFRTF—2nbiEEAGRO~ MY v 7 AEHH
Lz, EF I aihééﬁél%Lﬂ) PC (Fk45)
O#1%, R ®“prcomp”HEHEIZ L W B L7-F 5%
10%LL LD PC 0¥ % &% E?é Ll ~AF
—7 LVBEEED 0.05 KD SNP XM 6 ERu
7.

2. % B

1) REVOHmELEBEE

2015 1% 59 f 7, 2016 413 85 MAEIC OV TEE
L, Zﬁﬁzk%uﬁﬁbf_ 1% 58 M TH o 7=,
W OEICE, INB (15-min) & OV INB (24-h)
X0 (4%) 75)% 5 (#) £ THEEL=2 (Table 4-2,

Table 4-2. Ranges in phenotypic data collected from apples used for GWAS

37 2025

Fig. 4-1, Fig. 4-2), F®ZEM (0 < INB (24-h) <
0.5) CHEEINTZDOIX, ‘BB 2TOHRTH-T-.
WARY 7= ) —LEREK PPO {EMS WE & bIE

Ji < 434 L= 2%, Shapiro-Wilk test Tli, 2015 4
DRV 7z /) —NERBEERSETOREENIEEH
A E R LT,

=,

EEMOMBBFZRE RS L, RARY 7=/ —1VE
1%, INB (15-min) & OFBEE (RE) X 0.35
(2015) KT 0.06 (2016) THDHDIZ%K L, INB
(24-h) L OMEIX 042 R 0.27 THY, T8
AL 24 Btk O RABENE & O FBI A LB & 2
7=, —7J, PPO &M%, INB (15-min) & OAHM
2% (RE) 1% 0.36 (2015) K& 1X0.39 (2016) T
HDH0IZx L, INB (24-h) & OMBEIE 0.30 KXW
0.26 720, T VA LKA CTORENBENL
OMBENE N>, ARV 7=/ — &R E PPO
EMEE OMEBITIELS, § 2 E T QTL f@#ric vz
FiEME TR A TH -7 (Fig. 4-3, Fig. 4-
4).
IS R OVE AR RIT 2 MERERA Lz 58 4
Fi-RMDOT— % %M H L CFHHE L7 (Table 4-3).
JNF D@ F L, INB (15-min) % 0.71, INB (24-

h) 12073 &, HE2ECTHMALE Fi4EM & R
BETHTZDIZHL, AR 7=/ —LEBDE

x#1% 0.43, PPO {&¥
LB L TR o 72

12056 THOH, RABEN

2015 2016

Traits

Min Max Median Mean SD Min Max Median Mean SD
Index number of browning (24-h) 0 5 4 3.8 1.1 0 5 4 3.9 1.0
Index number of browning (15-min) 0 5 3 3.0 1.5 0 5 3 2.6 1.4
Juice browning (A400) 0 0.70 0.27 0.29 0.15
Total polyphenol content (mg/100 g FW)  20.3 132.1 71.5 67.9 23.5 19.5 178.6 63.9 66.0 23.9
PPO activity (units/g FW) 6.5 287.1 76.3 91.7 57.6 11.6 337.5 75.0 105.7 75.3

Table 4-3. Variance components and heritability of browning related traits over 2 years

Traits Variance component Estimate Percentage explained (%) Broad-sense heritability (4
og (genotype) 0.88 72.6
< . .
Igi:_xh;lmnber of browning O_yz (yean) 0 0 073
oo’ (error) 0.33 27.4
og (genotype) 1.60 70.9
I?fse_xn?i:)nber ofbrowning . 0.06 26 0.71
o’ (error) 0.60 26.5
og (genotype) 209.3 43.3
Total polyphenol content )
o, (year) 20.1 4.2 0.43
(mg/100g FW) ,
o.” (error) 254.0 52.5
o og (genotype) 3145.7 56.3
PPO activity 2
. o, (year) 595.1 10.7 0.56
(units/g FW) ,
o, (error) 1843.6 33.0

.40-



Table 4-4. Significant SNPs identified by GWAS for browning related traits

Traits Year  SNP name’ -loglO(p)  Chr Position (bp)”
INB (15-min) 2016  SNP_FB_ 0598996 6.93 5 45098730
2016  SNP_FB 0049856 4.12 10 39839876
2016  SNP_FB_0935827 6.30 17 27359258
Juice browning 2016  RosBREEDSNP_SNP_CT_1540624 Lgl6_LAR1_MAF40_1618769_exon2 5.61 16 3409834
Total polyphenol content 2015  GDsnp00047 7.19 16 3856528
2016  RosBREEDSNP_SNP_CT_1540624 Lgl6_LAR1_MAF40_1618769_exon2 8.14 16 3409834
PPO activity 2016  SNP_FB_0599012 8.32 5 45095152
2016  RosBREEDSNP_SNP_GA 49250482_Lgl5 01707_MAF20_641093_exonl 4.40 15 50579830

“SNP with the smallest p -value among those exceeding threshold in identical chromosome.

?position were estimated referring the GDDH13 ('Golden Delicious' doubled haploid #13) genome sequence (Daccord et al., 2017).

a b
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Figure 4-1. Frequency distributions of cultivar / selection in browning-related traits evaluated in 2015: (a) index number of
browning (24-h), (b) index number of browning (15-min), (c) total polyphenol, (d) PPO activity. Normality of distribution examined
by using the Shapiro-Wilk test and mean value (or median value for non-normally distributed traits) are shown in each panel.
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Figure 4-2. Frequency distributions of
cultivar / selection in browning-related
traits evaluated in 2016: (a) index number
of browning (24-h), (b) index number of
browning (15-min), (c) juice browning ,
(d) total polyphenol, and (e) PPO activity.
Normality of distribution examined by
using the Shapiro-Wilk test and mean
value (or median value for non-normally
distributed traits) are shown in each panel.

120

20 40 60 80

Figure 4-3. Correlation between
four browning-related traits with
flesh browning in cultivars /
selections in 2015. Units are the
same as in Table 2-1. R-value as
correlation coefficient are
shown in each panel.
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2) EH#HAESM (LD) OHEERVERS ST

LD OREZHET 5720, 86 dhfl - RHICT OV
T 11,730 SNP 0 £ M5 — X i L T~ — 7 —[H
DOr2EEREHL, ~—b—HOWHEH 10 kbp &
LI o¥¥fEE 7 my b Lk (Fig. 4-5). £ DOk
B, AEMICEBWTLD 87N Tn5 (12>0.2)
HiPH XA 700 kbp EHEE &4, 750 Mbp © Y
=45 7 AN 11,730 SNP #EE L 72K GWAS T
~—F—FE X 10.9 SNP/700 kbp & 72V, fihric
TtHoThirEEZLNT.

—J5, ERSGWORE, KEMAOE—, H %
By DOFERIZIZNZEN 8.9%, 7.0% Th-==®
(data not shown), #EMH O E&ELITMAD & ¥ L,
PC=0CGWAS #1752 &t &t L7

3) GWAS IC& 2B EMERED QTL DR H

GWAS 1T 11,730 fHD SNP ~— 1 — &, 2 MED
WAEEBEIEEST —4# (INB (24-h ¥ % 15-min), #
RV 7 =) —LEBKEQNPPOFEME), KO2016 4
DRI BENET — 2 HVWTHER T EIITo 2. B
H L7242 SNP ®-logio(pfiz ek Z LICHEEY
HALEIEIC 2 v b Lizs 2 A (Fig. 4-6, Fig. 4-7),
INB (15 -min) 22\ TiX 2016 4Ei12 3 DD Y@k
W2, BHBEMEICOWTIE 2016 £ 1 DD EAK
W, AR 72 ) = VEBIZOWTIE 2 nEL LHE
— YRz, PPO EPEIZ DWW T 2016 B2 2 5D
Yu e R 2 (False Discovery Rate=0.05) % i

_43-

0 100 200 300 panel.

5 QTL i &z,

KB THREENT QTL IZ>W\WT, QRfak L
Wb AZMEDEV SNP % Table 4-4 (2R L7=.
2015 4EITIARY 7= /) — L E B T1o0 QTL 3 &
H &4, GDsnp00047 (4 16 FY ik LU, -logio(p)
=7.19) N b A EMENE W SNP Th - 72. 2016 4
WICRABZEM (15-min) THRHE &SN 7= 3 20 QTL
WZoWTkbAHEEMENEG W SNP X, T ¥
SNP_FB_0598996 (% 5 & 4 {k k& K 5,
logio(p)= 6.93), SNP_FB_0049856 (&5 10 &HH:ta
KT, -logio(p)=4.12) K% * SNP_FB_0935827 (4
17 BY R THE, -logio(p)=6.30) TH-o7-. 2016
FEICRHBANETHRE S QTL Ttk LARI ki
# 3 & L7 RosBREEDSNP_SNP_CT_1540624_
Lg10_LAR1_MAF40_1618769_exon2 (% 16 &Y.
Bk LR, -logio(p)=5.61) Mk b A EMESE»
o7, 2016 EICHRHEINTEZRARY 7=/ — V&
O QTL 2>\ TH, K~—h—Nt—27 &RLT1

(-logio(p)=8.14). PPO iF#: T 2016 EITH i &
72 25® QTL Ti%, SNP_FB_0599012 (55 5 &4
R EE R WG, -logio(p)=8.32 ) K U' Ros
BREEDSNP_SNP_GA_49250482 _Lgl15_01707_
MAF20_641093_exonl (% 15 & 4 {0 1K K i,
logio(p) =4.40) N LA BEMEDOEH VW SNP TH > 7-.

Inbo~v—h—BETE (AA, AB, BB) 24
DSWTHEHE D 2015 4 O 2016 F D KRB 540
Z i L7z (Fig. 4-8, Fig. 4-9). RV 7 =/ — )L



ERO 2015 F£0 QTL (3 5 GDsnp00047 T
X, MR Y 72 ) = VEROREEFHMICAEE
B o7, 2016 I SN 725 5 FY KD INB
(15-min) ® QTL (Z##{+ 25 SNP_FB_0598996
OEE TR AA B, ABBEE OV BB # TliE, INB (15-
min & O 24-h), PPO IEMENRAEICR - TEY,
AA BETHR LBLEM KL PPO ISR EL, KWT
AB#, BBHOIETH -, 28, BHBEMER W
AR 7z ) — VERTIHAEENARONLE N -
7o 810 FRAKICHRE N7 INB (15-min) @
QTL IC# 3 % SNP_FB_0049856 ® B 72 % s+
B2 IL, INB (15 -min & O 24-h) ([ZHEREN
RN, thoEEIC W TIEER ehoTm. &
17 FY: (Ao INB (15-min) @ QTL IZES T 5
SNP_FB_0935827 Ti%, INB (15-min) O & #/ix
FHRBICAEEZRH Y, AA BRIZBEERNE L, &
WT AB B, BBE Th o7z, RIHFBEMER MR

V7 =/ —EEO QTL MR S7=H 16 &G
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1K » RosBREEDSNP_SNP_CT 1540624_Lg10_
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Figure 4-5. Genome-wide LD decay estimated from 86 accessions. Plots of average linkage
disequilibrium (LD) values (r?) against physical distances in increments of 10kb. Curves show local
polynomial fits obtained using kernel smoothing regression.



TAOYS OS[e ST UROS OPIAM-0WOUas wolj sanfea (d)°130[- pajoadxo pue paAIasqo dATIR[OWND I} JO
jo1d amuenb-omuenb ot “y1e1n yors 10,] 'S0 = d J0F SPIOYSAIY} H(T.] O} 2IBIIPUI SAUT] [BIUOZLIOH “A[oAn0adsar «(d)°130- ot} pajeoIpur soxe-A pue “ouwosowoIyd
yoea ur uonisod [eorsAyd Aq paropIo SINS POIedIpuT SaxXe-X oy [ AyAnoe Odd (p) Jueuod jouaydAjod [e10} (0) “(UMU-G 1) SUTUAMOIQ YSO[} JO Joquunu Xopur (q)
{(U-$7) SUTUMOIq YSO[J JO JoqUINU Xopul () :G[()7 UT SIEI) Pje[aI-3UTUMOI] PUE SIONIEW JNS U90M}oq UOTIRIOOSSE aUf} Surjensny jo[d uepequey ‘9-f 3InsLy

ST'¢ = (d) “301- <00 = YL
[urosourony)

<1 = (d) *'Sor- *¢0°0 = MAA
QUIOSOWOM)

9l vL. ¢k 0L 8 9§ € 3

-0
0l8 AT &N
(d) °'30[- papadxyg = ) Sopppi
14 € Z 3 0 ’ K : : ; W” 1
, _ . s Lo o <3
[ e Cnm o . mD
Fs o Fez = 2 0 Ly B
o
L. & D g s
o M ~ W
Wm [
Fa = 3
v 2 B | g . -9
=] ._m\v.lr .. .\M)\ ®
\ Ly = . e .
-St | w . o~
b sy & Ly P L g
91u00 JouaydAjod d
A1anoe Odd JUSRUOS JousydA]
<1 = (d) °'80F “¢0°0 = YA <1 = (d) °'801- *¢0'0 = A
[urosourony;) [UIOSOUTOM] )
9l vl 2L 0L 8 9 G € 3 9l vl ZL oL 8 9 ¢ € 1
— O
(d) °'30[- pajoadxyg o () B0 Beetie
14 € 4 3 0
(2 € 4 ! 0 " I 1 L L L
, : ; : L Lz LOM. [ .mo.u.o om. - =3
o Z o "3 :og. . ]
L. & - =
L] L] ™
. 2 Fe B w3 o © Le =
5 m S : 7
Lo = F s 'y
.. s
. & L g Lg
q (U-+7) NI E

(urw-g 1) gNI

.45-



2025

37

“UMOUS OS] ST
ueos apm-owousd woiy sanjea (d)°'3oy- pajoadxa pue
PIAIASqO dAnE[WND 2y} Jo jo[d a[uenb-s[nuenb oy
“IWBI} YOBD 10, "50'(0) — & 10] SPIOYSAIY) (T Y} Aeo1pul
soul| [eyuozuUol A[eAnoadsar ‘(d)°'8or- oy pajeorpur
soxe-A pue ‘owosoworyd yoes ur uonisod [eorsAyd Aq
PaI19pIO SINS PoIBOIpUl §9XB-X 9] "9[(QZ Ul AjAnoe
Odd (o) ‘wuauod jousydLjod [ejoy (p) “Suumoiq
som[ (o) “(un-g1) Sumumoiq ys9[y Jo Joquinu
xoput (q) ‘(Y-pz) Suumoiq yss[j Jo Ioqunu XIpul
(®) :s)1EN PoIR[RI-SUIUMOI]Q PUB SIONIBW JNS U99M19q
uoneroosse oy} Junensn| joid uepeyue "L-p NS

€ = (@ "'Sor- 500 = AL
SLIOSOLLIOND

9 vL 2t O 8 96 € |

(d) "'Soy- poroodxy

z
PaADSA0

T
€

0o

@

Gurumoiq somfl

16°¢ = () "'Sol- '50°0 = AT
SLIOSOLLIOILD)

(d) "'Soy- poroadxy

(ur-g1) SuTUAMOIQ JO IDQUINU-XIPU]

¢ z i o
\ . : [ § 4
: !
v @ 3
H
-9
i J
5 .
/ I :
- S : ¢
Ajanoe Odd
607 = (@) "'8ol- ‘60'0 = U@L
SLIOSOLIOILD)
9L vz 0L 8 96 € |
(d) "'Sor- poroadxy
L= © - |-
g L] v
oof H .
« g ¢ 4 L
P W 2 . H
g /7 [" @
o T e o9
. i = . Ly

(d) OISOI_

() "'8of- poroadxy

Szp=(d) "'8ol- '¢0°0 =AW
SLIIOSOLIOND

g
M =
2
! L
Juauod [oudydAtod
1 =(d) "'So- 1600 = AAL
SISO
9l vl 2L 0l 8 9 G € 3
Fiv
_ , -M;

% . ‘e -..‘ % LR
e b
v P
L&

.S :

(U-+7) Sutumorq Jo 1oquinu-xapuy

(@) *'8or-

(d) OISOI_

e

.46-



“IJI[INO dJB SQUI| AY) IPISINO S}OP PUEB ‘SANBA
WNWIUIW pue WHWIXew oY) Juasaidor xoq oyl M0[oq pue 9A0QE SQUIT "dUI[ P[0 B SE UMOUS dNJeA UBIPAW JY) pue ‘so[ntenb piry) pue
1811} 9y} Judsardar sa8pa xog °1$9) Wins Juel SUOXOI[[IA Aq sdnoi3 Fuowe d0UIJIP JUBDIIJIUSIS OU $AJeJIPUl  (IN,, PUB SO0 > d YyIm
QOUQIJJJIP JUBDIJIUSIS )BIIPUI SAINTIJ Ay} Ul s30qeydie UYL "ST1(OZ Ul uajuod joudydL[od 8101 JO SYAMD UI JUBDIJTUSIS Sem [oIym
‘Ly000dus@D 911yD ANS Jo 2dA10ud3 m G (7 Ul Syen) paje[al Sulumoiq Jnoj Jo uonerdosse oY) Suimoys sjoid xog ‘g- 3ansiy

qd av Vv qad av Vv ag av vV ad av Vv
_v Lo 1 I , e | | | o _v
B g |
— , 83 T — s kE " - .
— — ¢ — B .
7 Lo m 14 o ”W Z —_—
— T = m | ° w o @
| L < ° =] - -
W \% \n) . o \% .0|. ﬂ |
' 5 : —~ 1
m B B re B
, ° 3 ! — '8 3 | . ]
= — ] | :
g -4 BT | =
aN 5z an | an
8 - I o _—

Aianoe Odd JouoydAjod Telof, ur-G 1 gNI Y-+ NI

(U-v27) aNI

.47-



37 2025

Chr 15_RosBREEDSNP

Chr 16 _RosBREEDSNP
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Figure 4-9. Box plots showing the association of five browning related traits in 2016 with genotype of SNPs, which were
significant in GWAS in 2016. Chr 5_SNP_FB_ 0598996, Chr 10_SNP_FB_0049856 and Chr 17_SNP_FB_0935827 were
significant for INB (15-min); Chr 16 RosBREEDSNP SNP CT 1540624 Lgl6 LAR1 MAF40 1618769 exon2 was
significant for juice browning and total polyphenol content; Chr 5 SNP_FB 0599012 and Chr
15 RosBREEDSNP SNP GA 49250482 Lgl5 01707 MAF20 641093 exonl were significant for PPO activity in
GWAS. Different alphabets in the figures indicate significant difference with p < 0.05 and “ND” indicates no significant
difference among groups by Willcoxons rank sum test. Box edges represent the first and third quartiles, and the median
value shown as a bold line. Lines above and below the box represent the maximum and minimum values, and dots outside
the lines are outlier.
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3. % &

2 EMTHDOET 86 fhfl « RMIZOWNWT 520D
ARSI E 2T ML, & COREIXELEWDAhE
& L7 (Fig. 4-1, Fig. 4-2). L2>L, FHE#®ZEM (INB

(24-h) < 0.5) ZRL7EDITHEY 2TOHTH
ofz. F2ETQTLMNICHWE FMMERE, A&
T GWAS ICH W LR CTHEBE O F R % Lt
#95 &, 165A27 £ INB (15-min) % 0.5,
KA27 #£[Mi% 1.7 Th B DIzt L, GWAS £ 1% 3.0
EEWERP TH o 7= (Table 2-5, Table 2-6, Table
4-2). INB (24-h) {2\ TIix, 165A27 £MH1% 2.0-
2.3, KA27 #£[H1% 3.0-3.3 TH D DIZx L, GWAS
LML 4.0 L E 2o 7. PPO iEMIE 165A27 £ &
RNKA2THEFHTIZZENEN 55.1 1 49.1 TH - 7=
DIZxt L, GWAS 4£H 1% 75.0-76.3 L BHE & o
.= T,RARY 7 —)VEEIL 165A27 £,
KA27 #£H, kO GWAS #H < 81.9, 60.1, 63.9-
715 L& TV otz T DK HIT, KED GWAS
THW/E M - RFELEMILE 2 EBCTHWE Fi £
L LT PPO TH P & OV SR P8 28 1 28 i O R f0ns
» - 7= (Fig. 2-2, Fig. 2-3, Fig. 4-1, Fig. 4-2).

BN EMIZE T 5 GWAS (X Kumar et al. (2013)
OFRENDH Y, 9 FROE 16 FLAKIZNEE
ZIWZET 2 QTL ’RianTnd. —F, =v e
UKD, B3, 8 10, B 11, i 14,
% 15, 5 16 ROV 17 #EREIC QTL At s T
W25 A (Mellidou et al., 2012; Guardo et al., 2013;
Sun et al., 2014), WFh LRI/ PI~FREDO L
DTHDH. R TIEHE 5, 10, % 15, & 16 &
O 17 B aRICEZREFE O QTL A S
#u7z. INB (15-min) THi & 725 5, & 10, &
17 ZBYEDO QTL O H B, 5 ROH 10 FLM
KoFEX, INB (24-h) CTRMEICITELRN-720
OD, E-logio(p)EE < L7z (Fig. 4-7). Zhb
DL, mLEBWHEMEE R LEZE b BLRAKD
QTL (#4454 %5 SNP_FB_0598996 O % i fx %
INB (15-min) F¥JfEi%, AA TO0, AB T 1.9, BB
T3.2ThHo7-. £7-, INB(24-h) O F¥E, AA,
AB, BB# T4 %0.4, 3.6, 42 THYV, BT LN
BMEOFHFHEIZHRSBEHEL TVWDL I EERELE

(Fig. 4-9). FEBLEMITEH L TWVWE 7 LIV AT,
B3 EONT LA THHFTTHWEZ 5 DOk
DI L, ‘T—=T T RAORITHELTW
7= (data not shown). —J, PPOJEMEICH>WVWTH
B b FBROEKEHKEMmMICAEEDH W QTL

(SNP_FB_0599012) i & 7=23, A SNP (2
BWTE PPO IEMICE S T2 BT LV, ‘9—b
TrT U vy R, HLE, CERKOHIEICHE L
TV, BB ZEM KO PPO &0 QTL 3% 5 &
Y RORAMEICHRE SN L, 72, B L
Wil s 2 U > = Arctic® Apple TR EMH &
hi= 4 >» PPO (PPO2, GPO3, APO5, pSR7) O
5% (Carter, 2012), PPO2 KO pSR7 73K QTL
WCHFEET D Z 0D, PPO WS B8 ZE M o R K s
FOOESTHDAREMENE . LMLATERD L 9
2, FEB|EET LV LK PPO IGHET LV O HRIT
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SERIICIT—FH Lo 7= PPOEMIC W THEE
BT AL, A=A F Ty AHEOT L
NEREEATRHES DR 2TER A0 1%, Fh
DA DL PPO TEMET LV B R EHEAS CTRO Y 7 —
AN LT 0% L L TR T PPO IR EDME <,
HRIZE s THRESERITREERDD. Fiz,
PPO OHAEBERFEMENEAF TREICKREIFST
RV 7= )=V &, PPOTEMEREDOIEE & L
THWEZen X oige TR 2> TR
Ezohb.

o a2® PPO # /%7 (X Murata et al. (1992)
WL o> CTHBEESH, cDNA BLUS 7 . DNA &4
EENTW?S (Boss et al., 1995; Haruta et al.,
1998). U » I ® PPOIIBH OB T 77 IV —%
L CH Y (Boss et al., 1995), ABH»F /J A

(GDDH13) 7 /T —3 a U IFRICE S L, 2
AWHIEE 5 FRV 10 FLRAMKIZ 18 ETHAFIEL
TW5., — T, o237 OEXK KRN TrLE—
DR FLBREER Ty (Murata et al.,
1992; Haruta et al., 1998). Kim et al. (2001) %
Vo IDORET 2 D20 PPO OFRBRH 21TV, %
RTCRBELEBERICHE > TARICRAENEB LTS
EHELTWD. BED PPO HHICH>WVWTH, 4
RoEmL, BX, R#ALLBITETTAZ G

(Murata et al., 1995b; Holderbaum et al., 2010),
PPO O KEDIIHFEOEB TERHIN TV 5 A fE
WndHs. UL, #HEDO PPO WNFIET 5 Al fEME
DHHC LN LT, BERFHCRERDOZR %
BELEWREITVRL, EBICHEEL WD PPO
RFFEICE > TR, 4%, S HIZFEMZ20E
R T RBUENT, & /87 B L ~L OBEEEFRAT 23 &
BThD.

‘B, DT R RNT —RE =T AD
PPO {EHHEIZ‘H R Y 2T RO A 1 —"WITLD > 72 A

(data not shown), AKMEMNTEM Tld~1 F—72tl
FIWZHEELTWD 20, IO L OHRKEZ
T AR SRS, b oA IX INB (24-
h) BRZENFh 2, 4.7TEP37THY, WTFd R
o—"5 0 &, AFFED GWAS TH S5z QTL @
MR EZEET S E, ZhboMTEIE INB (15-
min) CTHREENZEH 17 BROEKEO BTN E
EHEOBmN AABFETHDHZ 0D, A QTL OJFEK
BETOHELFHALGASBOBETHS.

%16 FYAR EWITIIRFROBRAY 72/ —
NEEO QTL M &4, Kumar et al. (2013)
DRE R ORFIEE 2 T QTL T DOfE R & —
L7z, B RY) 72— g8 QTL ITEWE
BEET2MELLEEL THRIBENT. ZomEikic
X LARI NEEL, THETY VIO EERY 7 =
J)=NTHDHT IR 3 F—= AR a7 T
= (Khan et al., 2012), 7o a 7
—VrvEWVWo e T2 ) —LVERARED
QTL A#HE & Tk Y (Chagnéetal., 2012b), H
HHBAE MO QTL b #iA STV % (Kunihisa et al.,
2014; Morimoto et al.,2014). A& QTL THx b A &

P @ & v RosBREEDSNP_SNP_CT_1540624_



Lgl16_LAR1_MAF40_ 1618769_exon2 D % i&/ix+
BMOWE N (RHLORAEY 7/ —VER) T,
WG ABHOMES BBRLIVAREICELS, B7
VAR EERABEELTERFRY 7=/ —LEEIC
WL TWDBIEERLE. BT LA, TU vy
R, =T T Y vy R, CHIE, SRR R OVE
Ko MoOT LVIZEEL TV, TY VxR,
=TT U Yy AT KCOVEE K o ¥R 18
EPET L, B2 ROE 3TFED FiEMZ AV
QTL f@fr ko7 a % A TfITCHLIEBEET L
NELTHREEINTEBY, 2NUHDORFIXR—TH
heEzEZbNE., L»L, RV 7=/ —LEBEY
RIS $ 2 R0 QTL 1%, Fi£H% M
Wiz QTL f#H TIZRWB LMD QTL & —H L=
DR L, SEEREEZHAVWZ GWAS Tix—% L2
Sl b, A GWAS HEMICEB W TIX, #A
WEME~DEENRRKEZVWDOIL PPO EETHY, R
V7 x /) = VEBOEBI/NINWEEX L.
INB (15-min) @ QTL I35 10 HFufafk & 5 17
FRraFicbmRB . #£HET D
SNP_FB_0049856 K (® SNP_FB_0935827 ® 4% i&
o+ O FHFA45A71E INB (15-min) THE =05
BEi (Fig4-9), ai#F X INB (24-h) THLAEE
FaRLTZ., IO OEBICRARY) 72 ) —VEE
PPOVEM® QTL X SN o7-2 L b, i
ORFICHBZRT 28K TH 2 ATEEME D & V.
Mellidou et al. (2012) & Guardo et al. (2013)
X, 10 B IC RABAMEICET 5 QTL &+ @
LTHY, &H#&KE T+ % GDP-L-galactose
phosphorylase 1 (MdGGP1) LH#EL T35, &
512, Mellidou et al. (2012) X5 17 @ T EB
WCERRBEMN, FRNOT7 A2 Ui (AsA) KO
BT 2anrv o8 (DHA) &80 QTL %
LTEBY, BEMITICEL > T AsA R LEBLERE
WIEDCHERALNT-Z ED, Zhbd QTL T
% > dehydroascorbate reductase 3-3(Md DHARS3-
3) EEMELETFELTETF TS, 72, F 178
SHAE R AEIRAF UT 121, Sun et al. (2014) & HA1H
M0 QTL 2% L CTE Y, Chagné et al.(2012b)
FrmnromEREO QTL ##®E&E L TW\Wb . K
WL, b Re o7 A Rlg/x T BEsiREIcET
%5 HCT/HQT =, p- 7/ ~uaA VX FWMEkruul
g ~EHI HEEFE L a— L TW5D  p-coumarate
3-hydroxylase DAL{E L CW5. KRBFIETITHE 17
FYRAEIZHRARY) 72 ) —LEEDO QTL ITHH &
Nl BTEMOFEMAe R 727 — v
BIEARHTHDZ b, KU 7=/ —VAEAKE
BB E L TWv D AEE I HERR T & 72 . PPO TR
HIZB3 5 QTL 135 15 BRAMKIC LM Sz,
AR RIZ1E, Sun et al. (2014) (2 XL 5 RHBE
o QTL X°, Changeetal. (2012) 12X b p-7 ~
oA XD QTL OWMENH 54, PPO #IET
HIRIZEESRE LTz, PPO IETEICIER 3 2 11]
OOORTNIFET S AREMENE 2 HivTz.
DL S, RKIEFTER ToORABZEM (15-min &
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W 24-h) 12135 5 BYREAKDO QTL N RE < EEL
TRy, ZOFKEEETFIZ PPO T, PPOEM %@
CTRABEEICEEBEZRITILTNELEEZ LN
7o, H 2 FD QTL AT I AWz Fr £ CIrag &k
DODEFARFTHDIEEZONTZE 16 ZLAKD
QTL (LARI) 1%, GWAS MM TIZREIBEM &
CRARY 7= ) —LERBICRKREEEL TR,
RHRBEE~DOEBITIZEALERON -T2,

E 5 EROAD QTL ICBWT, LR FT
HH D= NT Ty ZHEDOT LA R
ETHOMMEE, i 86 M - BZHD I BBV
KRR AT —=DHTHY, Zhbn PPO iHHIT
fz b T2 - 72 (2015 13 6.52 & TN 21.67 unit/g
FW, 2016 413 18.27 & U* 18.10 unit/g FW). ‘b
BY 2713 %E 16 FYAA D QTL IZ5WT b IEBE
T VLVOREEAETHY, RAY 7= /) — 5
1315 < (35.53 mg/100g FW, 2 7MEEHME), I
2 (INB (24-h) =0 (2015) KO 0.2 (2016))
Thot-. ‘Au—"1220 QTL N M/IFEHZ M
TLLONTaHERETHY, AR 72— Vg
BT T (54.98 mg/100g FW, 2 7234E Y fE), &
D TFALERRIZDPNICHZE Lz (INB (24-h)
=1.0 (2015) X r 0.7 (2016)). > T, % 5 &Y
ko PPO X2 (0.5 < INB < 1.5) &
THEERNTTH DN, EHLEM (0 <INB <
0.5) Z A S ¥ D700, 3 16 FY ko LARI
HLIFEBEMT VLOREEAS LT ALERD D &
HHMEND. 55 KOEH 16 HERAOED 2 SORF
EHA L~ — 7 —FIA&EE, BEEY IO
FRIZESITHD EEZBND.

L, A GWAS TR U2 EM i b i)/ N
BboTho, BHME - BREOFREEDLEET
V. SBIIEMY A X0EAL, 250 QTL
OHBEERET D ENLETHD.

3. =

BRE R 85 M fi i R ZE V7 GWAS IZ L »
THLEEEEE (RENEOCRTFELENE, RAY 7 x
J — g &, PPOIEME) ZMATL, H5%E, 10F
KON 17T FBYBKR EICRREEEOH -7 QTL %
FIE L. REMORANBEMEIZIT 5 FYtalk Lo
QTL A K& E L TW/=. PPO iHME o QTL % [
IR SN2 Z & D, RERIZAME T S PPO
2N QTL R KMz Exobh, A QTL T
= F Ty R BHEOT LANKEES
LB LT, PPOEMER RN OBEMENK T
HIEMmRBENT., £, RV 72 —LEE
EORMHBEEICET S QTL 1T 16 FBRMAKD
LARI Bzt &, % 3 ED QTL firofE R %
HA T2, BERETHARY 7= /) — LG REIK
T&¥% LARI 7 Lvix, ‘T—nAFT o5 U vy
A7, Ty R, CCHIET O3 MEICMAT A
EOED EYE LA L TWAB AR TRIR S
7=.



\%

BETRERONEB A E L HEARW, e % e
KIEDZ D, £ER, MEMEE, MILEEZ
LOoTHKRADBETHY, Toary br—idk
BHONMT, IR EEEZRPETH 5 (Haruta et
al., 1998; Martinez and Whitaker, 1995). R
TIES<HFEEENTWEHL, ‘=TT U vy
R, TV R, T T == RAI R, T TR
TWIFntBET L METH D, TEIT, BROMEE
LA HILET RELT, Iy b7 —IYRRNTA
B OMTROBENEE> TWVDHN, MTEHICIT
Bl Bh IE LBk pdE b W o o a A R, LT
BRoOMOEK/PHEEOND. HEHIZESTYH,
NBOFREIEZHESTZODIZIE T v NEOEAKEIC
XA IEAEBNAEE 20, BERLESC A
T FALEGAIRIRICBED A Y — RBH L,
R ZE B I T EE L v B IR AR T A
LCoMBAE b 2D LEIE, U AR K
EEGIRT D2 —KATHY, 1BZFIE LR 1
FFCEDIE~HEEMNEY IR BEOEENE ST
5.

RELE IR 5 I~ A M MEDF R HIX
W TH7e <, hWERAEHT LDITIE, BB
X & JRRBET O, KO DNA~—H—DH
RENRAIRTHD. U0 RAEEMNDE N
WZOWTIEWLS 20O HENH 55 (Millidou et
al., 2012; Guardo at al., 2013; Sun et al., 2014;
Kumar et al., 2013), AW S TW A EHE, FEAR
MIZBET 20 - BRTHY, TOBERE TR
Ly PETIME SN TW D 72D IEREZFHH & &
WAL, ok QTLIZ/~FRETH - /-,
ZTORED, RINBETREBEERAIIFESINLTED

F, MEERICIENT A O O EIEIARE L TV,
AT, FE~HEEEY I REBFTROTZDI

FABEN O R R E R 1 HIE R 2 o sk &
FHEBENEDORST LM EWL NI DI LEZENL
LT, OQRABEEOFMIZBWNT, LV ELVEE
IBEETHDHT VTS LICED ERED KR 2R
B, QBEMELBEERTRINSIELERE (RIT1B
B, ARV 7= —VER, PPOIENE) %[RRI
ST L, @ R EREERETH L DB
27D Fr M &M B E L7z QTL i &K 012 QTL
DONTaEALTENE (F2ELVE 3 E), @F
B EEEREF M L7 GWAS 217 o= (B 4 &) .

0T, ‘bR 27BEMEZET L8 (F1-165
LN H57AH) © F1EH%ZH Wz QTL f##Hr1C
L0, RRNBEHICHEETZEEPE (RAKOTRE
WHBEM, R 7=/ — &%, PPOTEM) o1
QTL R LM O 16 M LD LARL I
MHENEZZ NG, VoadoR) 7 ) —VES
Rk E (Fig. 1-3) O ifs 1 LARI BN ERE T
LRV 7z /) —LEEEHBELTND &L
. R QTL IEWEMATHEEFELE L TRl
TEY, 5 EEERE L, FFEFICKERDEN
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borlBExb-. FEBEEBTHLI DBV 27
BEEZ2 QTLIIMmt S hianotzZ &, 165A27 £
WEBWTBAKHIZIZZHEN TXETHIHZ Enb,
FBEEOBEHKXNIZLEEBEETHD LTI
7. 72, XWMHETHD F1-165 XbB 0 27D%
RTIEFERZWVIZHLEDL T, 2HOEBENE Fi EK
EHBLEEZ LoD, EBETEE oML MNE
HEDHEBEMET LILOEREICEIEZLDT, BV
QT DRRERIZLDZ DO TIIRWVWI ERRIBEN
7=.

MTiE, 6 16 HEICRH I QTL o7 =
XA TN LY, FEBEM.D LART 7 L VX 3o
DHERTE (T—LFrF Uy R, Ty R
FOVHIE) ICHEL, 2o 0MAGLEIZL VI
ERENMEL b txHONE L. IEBEET
LV ST, “oOMND, ENRSE, ORIk
ShTEH, K QTL IZBTA[RY, FEHE M MHE
EHERTDHZOICEVEEEROBRNAETH
HIZENHLMNMNER-TZ. —J, K QTL EfE 121
ERLLOBEERETBNEFEELE. MEF KT,
ZELWEEICHETIERTEZEAT DI E, ZTHIZ
T2 RARBEDL — B ARTLEY 2 &
NHBEO (Vo r—Y T w 7)), EBRE®ET LIV
CEEROBEBBLETF T LLEOBESEHERLHL
ML ZORR,‘T—=LF Ty ZRBT
Uy ZHEOHEBEMET LIV ITEREDOT LIV
(Ma) &L T\, ‘FIEEHKEOIEBEMET
LVVITAR M E D 7 L L (ma) &8 L TEBY, ‘H
EHREOFEBEMET LAERATAZ LIz - T,
WERBROMEERNATRETCHDI EE XL LN,
—7, WFNOEBEMET LA EEMOT LV L
HE LTz, K QTL ToEEkiz L v HE
N ERZEINDERMET ARV ERHALMNE R
> 7z

VT, EEEFE 8 MEEORKEE H W
GWAS IZ L » T AR E (AL R H B4 M,
WARY 7=/ —1a&8, PPOTEMN) 2T L, £A
ML 5 FY kD PPO tHEE SN D QTL
NEVRESEBL WL ZEBNRENT. B 5E
Petafko QTL TIHBEMET LA E L THRE S
DFT—NT TV Y RAEHEOLOTHD,
GWAS i OFTZDOT7 LA 2 AEHELS THOD
B 2TENA v —"0 2 FFEIZH S I & FE X
D PPOTEMENKL,, BERE LR N2 &b,
E s BROKOEBELET VLR FEESLRD
ZEC,PPOEMHEREOCRADCEEENME TS5 Z &
NRBINTZ. F/2, #R) 7=/ —LEEBEORE
HHBZEMEICET %5 QTL 1355 16 FY@ kD LARI
iz sh, $ 2 2o EEHEMTE. S5,
HETHHIHARY) 7= ) —LVEBZERTEES
LARI o7 L uiL, ‘9— LT oF Uy R, KU
Ty A0, CHIE'D 3 BRI 2 THL B K OVEE b
BRAELTWDAREEDRRBRINEZ. 2 b 2/ FIC



Mz, RABEEICO W THREBENLSE 17 BRE
K Eo QTL biEk~— b —L LTHETHY, &
%, RINBIETERNET DI ETHERBED A D
=X LDOMPICORNDEEZLND. 5%IF, £
B mEROEMAEMHERHLT, # 5 FLV 16
FRER Eo QTL OFRABEEICH T 2R %2R
FEL, DNA ~—Fh —(C L 2@ B E2HRBL TV
SMERDHD. 12, xR BEEELZ TR TMLES
JAWT LAR1 X° PPOS D REBMGIT 2175 Z LI &
D, BEMDOFRKERETFORESY, BT (EEH
1) Sk OE LR N ERT D LS
5.

DBV 2TDO LD RIFB|ENY X, BE{LBAIE
FORBELBETEIMZ LN, MTHEOD v F
BESICE2 ROBRBEICHLRIET S Z BT
5. ¥, TOTALICLDEEAL BN #ER, 4
RRBIZE BT 47— b, BEMOM L&

(Hy POV AT, Pa—R, Yy —_v }) Z~D
IR E W2, Fi-lRbHfETcEd. —FT,
BECIVWVEENLTVDEI I THF R BT =
VEDKRY 7 = ) — /L& & (Eberhardt et al., 2000)
DIETFTREESND. L, 7 F o, AWk,
EHZIv, IRTI, UAY—LEBEY o IDMO
MREMERK %> (Slavin and Lloyd, 2012; Hyson, 2011;
Andre et al., 2016) IZOWTITHHF SN 570, 3
BEMAAEICL 2D vy IOREEO R 1L, BHRE
OWRZELTCRERECEST2AEELDD. — 7,
‘Ao —"0x ) REEEEY X, bTMICBE
THENKRY 7=/ —VERITHERFIND. TOVTA
Lok B IR EA TofMMIZE LSOO,
PPO VG T, R T A LIz Wit
B, MTRRMBEEEE COE ARV, EREEER M
HRENZ2NAY y bR D, F5EBMD 16 &Y
@ik o QTL OHAEE T, RRBEMEICET S Z
NEOZATOMFENERTE HA[EENTIN
7= (Fig. 5-1). % 16 FYfafk Lo QTL IZAL T
X, FBERE LR S & BEERO VTN EE
T o0, EEEEEZUMIZL CRKEITDLR TN
X722 57220,

BRHzZB TS GWAS 3V v =2, Fv, £E%T
AN HE S (Kumar et al., 2013; Iwata et al.,
2013; Aranzana et al., 2010), 4% % 72t T 87
TWE %2 %5247 T = 7. Nishio et al. (2018)
X7V @99 MFE K R T, 162 D SSR ~v—H —
L7741 ® SNP~—H—%FEH LT 5HREIZON
TENT ATV, IWHEHE BOBAIZOWVWTEMRICH
A7 QTL Z## & L7-. Imai et al. (2018) &4 >
XV 110 MEK ORBEICHOWT, BHADEROEG WA
A A)—7 v k72 GBS (genotyping-by sequencing)
WXk~ THEBNZ 2,309SNP # i L, £&E, B
B, FHEVOLEIDIDEISITHNT, KRB
WZHZ 72 7 oD QTL #[RE L7=. 7=, Farnetiet
al. (2017) XV > = 162 M % AT 9,142 SNP
TENT L, FAE & F D RIS D CE 7 A i
B EERE L. RIFFETH GWAS THEMED
EVHTH O QTL 2 &4, GWAS 28 i
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THHRMRTFETHHI LD LD THER
Nie. Sbr—r A RomEE L BITIEFRIC
RS, BREICHEHAYL QTL " oht b &
NHHIND.
NRIBPRBICBT D~ =D —FHRKITY 2
LA R THENH D (Ruetal.,2015). U o=
TIXEEFEPIEIZ DWW T Rvib (V) BT M U#
WMTCHORAY ) —= 7% 1,000 BRI ETEM L
~— N — OfF M & FEGE L 7z (Tartarini et al.,
2000). F£ 7z, L% OITREMEIZ DWW T, £ 3,000 &
KD Md-ACS1 # AR 1 BH E 24TV, 18 A O )18
RICE > THER A FDOK 60%NEHTEDHZ &
NrE N7 (Edge-Garza et al., 2010). F 7=,
Kellerhals et al. (2011) X2 2O FEAEMMHE Y
v kBRI EME (FB-F7), BEREEHIME (Rvid &
W Rvi6), 2 EAZHOEEEPE (P12) 280
AP EZ DNA~—H —IC k> Tk L7
T U T, BEMAELEOCREY A IO T
92,300 AAZMENTLCRY, =22 b OHIBIZS
Mo T2 (Haldar et al., 2010; Rowland et al.,
2012). 7 AU B THEBEBEHERSY — L EISHALT
NRIBEHOBERNELEZRKD -0, 2009 Fn b

2013 FFicE RSN R T B V27 |k
RosBREED ik x4, UV ao~——EEN

RS, Vv bV I EMEFHE T 9,000
EAZZICIFEME, S, K, B, BEICHo
WT~—F—@KNBITHONTEY (Sebolt, 2013),
IRV HRZY O AEMEE TR A, BE, B
X —E v b, BEFEMEIZOWT 1,700 EA Zxf
BIZEm I TWD (Peace, 2013). HFHRE TIL,
2008 FIZHFY 4 B L REFBIMELE DY 25
(Kudo et al., 2013) D A3 3£ A4 228 fEKIZ DWW T,
HEFEREEE T (V) IC#ET 5 DNA ~—7
— &AW T 112 ik % # 4k L 7z (Kudo et al., 2009) .
F72, 2015 EIHEBY 15LFHFY 14 5OXHEA
1,176 fEk 2 R o (Rf) ~— 7 — T 563 fiil k2%
P, 2015 £~2016 FEICREFREAMERKE TH D F
D 28 B L EAXORHIEA 2,104 fHKkE VEE O
ACS1 (Harada et al., 2000) ~— % — T 435 f#{k
ICEK L TE Y (data not shown), [ CHEAHT
LA E 1/2~1/4 TR VIAR, BRODFELE K
STWNA. £ XX LF TIEHBEIC~—h —F &K
THERENTZREOERF N H S (Tomita, 2009;
M, 2013). U v It RfHZOWTHIFERIZHE
IR TWbZeEns, SHOMENRIHIND.
ARHFZEIC &0 BEME OB & RN E R
DHABLMNERoT-Z G, KRB ORE L IEEHE
PEAE AR O H Bk =R O F 1l & O DNA ~ — 7 — B0
Ehirae L 20, FIAR L E N LAM/FTE S,
BElClm G0 dH A F L oAk (Harada et al.,
2000), fif & L ikfk (Costa et al., 2010), X 7 b
(Liebhard et al., 2003a; Kenis et al., 2008;
Kunihisa et al., 2014) ® QTL 2B+ 25 A & fF&
TEETDHZ LT, BAE~WEDOR 2 RINHEY T,
PRI EN I E~ A RERNER S HK
T&, FRMICITY L —IRIBIT L 5 JE 45 25 7T e



ER B ERHFEEEIND. il LT, LAR1, PPO
Tk QTL R = F L v A ks 1 (ACSI) @ 3 &
WBWT, TE KRB OBE TR ~T a8
AERTHDIREBERIRLZHAO~—h — &g
EFNETRT. TRNETIXACSIZ#FM LT 1/4 %
BIKT DI E->TWVWER, S%BIZTNICMZT
LAR1 }¢ O PPO 4% QTL O 2 JFEIZ 35\ T IEMB 25
TUVLDREEARKRLE L DEKRERET D & 1/64

ETHEEEEZRLD AL Z A Alae L 72 % (Fig. 5-2).

Luby and Shaw (2001) IR OER L ~— T —
FIAEE cCOa X bk L, iIFEHOEWY v I
RT RUICBWTHEHERETOEMBITAY » bR
%<, BRICH — W aFE CREBIRATRE R B E ROl a R
OEWEE TR/ RKENE L TR, BHERE

R TRELTOHIEA AR TE L. HDWVIE,

B HAEZHERF L7284, 64 FHEBTOERMN A
ey, BERABOHBMBIIKEIIEEDL B
b5,

BREICHW S 2B EEICIE, FRBE 0@+
FNZMZTATa & A4 7OHERLHEMEBEIR L EE
TOHVEND L. RilktE®AEHTEN, REMEE
WHRENELIHLH Y, BEMITICL > THIES
NI IEM2 BB RN KN > TV D (Abe et al.,
2006). % 16 HFY K Lo QTL OIEBLEMET L
T oM mREICHSR L, BEICHARDRE ~ 72
WK SN TWD Z ERHEBMNE e ->7= (Table 5-
1. BidhB 27, ~~7, ‘BN, ‘8, Ly
Fa— L RIIEBE®T LLDOREHELSETH Y,
EWHERTIEBEEOBRANGE LN D REH & L
THIR/HTED. BELEE2TOEBEMT LI,
WAMOIEHET L EEEHL TWD & AHH
L, EEEMMEAORKICEIVEENF RSN
LGBV ERHL N, — 05, BRE
BETICEL T, AIEREOFEBEET LV E
BRWNT, £ TOHBEMET LD EEET L VICHE
BHL Tz, BRIZET 2o QTL L D3khas»
L AN, BEET VLOREESKRE, BENS
SARBLLTHEIZRWATREENH 0, IEBEMEN
DO E ERT A OIITEHEREDT L
NNERARERE 25, HE BRkEOEBEET L
MIbFY 270, T—AF o Au L, FH K
W ~THEALTEY (Table5-1), Zh b0
RiICHLZTMEIN T D ARERE V. —F T, §
16 FYefa ik FERICIE, Z Ofic s, SRR, B A
MEE WEICET % QTL o0& 5 %5 (Kumar
et al., 2013; Longhi et al., 2012; Tazawa et al.,
2017). F0®, MEFHRIZE W CARMHEE TEAE
BEEITHOBECIE, INOOBE~DOEEIZOWN
THEEBEICRIEZIT> TS BERH D, F 5 FLRG
& QTL DI EBZEWET L b RIS, BEICHE 4 Db
FICEHEL TR, DBV 2T REHES, ‘T,
HER—, Ly Ra— L K, ‘B, ‘=T R
RO RIS T m S THBENET VL E AR
ALTWB LHEEIND (data not shown). Zi
LOFEBEMET VL ERA T D MM E AR ICH
W, ST ICRE L DNA ~— b —I12 &
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v, FWEET VLVEREGRERKTLHZLET, &
o F M 2 IS 7 WIER A Y v IO FE RN A
BThIEZZOLND.

— & LT, ENMES D ERRBICH WS IE
WEEMTEO BRI OWTRT. 5L LS
BT VNVERETHIHERETDHI LT, 5L
DENT-BWR L IFMEEZ S IR EELFED
BRBHETE .50 0% 16 Kk Lo QTL
B EMIFEEEET LLOANTaEE TH L0,
FEICIHEBEMET LA OB ERET D2 &1
Lo, PR TIHBEET LLDORERENRE SN
5. oL, U085 FYREHRED QTL IFHE
T VLDREEETHDHED, HFBEET LD
FEMAKEGSDT-0IE, FBEET LILEREOB
EOREEDLI LD 2BV IETHLENDH Y,
BHREVWHMZETLIEEIOND.

Uy aOEEREMETLH-RTELELT,
B BAEHENORMMBIHE SN TV D
(Flachowsky et al., 2011). BFAFE 2 & 95 EHHL
HEETEZEATLIEHE, REOMEEZW LT 57
DI 5 AT EHFEHFE L OR LR AR L
MRZEDZMVLERNL D, VT 1 R
10 52 EFT 5720, EAME CITIIMEY2RRRH %2
PWE B, FI T, YT A0 BpMADS4 & 151 % i
RS2 RHMAERTEZEBFHBIICL - T
EH L, AR L ~—0 —FHRKEAARAS DY
HZET, KEW, BEBRKOD EAZIHKPER
BrERNICRE~EAT S PIEDELINTE
O, AN OBEEAS, HEEE OER L
W5 ETIHEFICHFHSNL TS, BEMEICE LT
S UEFIA LAk o B 041 2 ifichbz
RN BLETH DN, RHMBAEHEKOFAICLY,
BEMTORMBHEMAFROBENRLIAD S .

WA, 77 AREETOERLERELLS, Zh
FCHAINTEEATHEBELVHRODES
72 CRISPR/Cas9 BAREHR I N Z & T, WILHE, A
, MW e RAEMICERA SR Lo IC o
(Pennisi, 2013). ZHARER v~ b (Uetaetal.,
2017) 0, VI =VEELRWI ¥ A EREH S
U (Nakayasu et al., 2018), 7 A /L ZJFMHIED H
ZRTFTTFOFEHR~OFBALHEINLTND
(Tripathi et al., 2019). U > 2 Cl%, Nishitaniet
al. (2016) X7 4 = Rfafi{vEEs% (PDS) Hhe
EWELCOeT ) A REBRKREIH L, ERFEO
HEIZCL D TV E JAKEEHRL, IREEQST /A
DNA BHr ORI TH ) ARED R & R LT-.
MR I, ANTHIREZEZEV AL TELE LCHE
5T M 2 B 2 FV T 5 2%, A I BR R
FEEATIHHELED SN TS, RRBEMIC
TEBEOERTPEEGTDZERRINTZRN, v /b
TV T ATY ) LAREDFARETHHLZ LN T
~ FTHEEINTWADH (Hashimoto et al., 2018).
=45y NOENEZ D LERDRIFELIRBLD
O, FEBEEHESCTZETIEATELEEZ N,
BEBERE - OWREREICL > T, BFEOENMH
FE~FEREMEZMEGETEDAREND D.



RO B, BEMERMEE 22TV
U EMIED ~DSH b HF TE 5. GDR
(https://www.rosaceae.org) Web A FTiTV >
TaGlekk 2 RN T RRBIZ BT D LAR kU PPO
DEBAE T OMLECE SN A SN TWb. LAR Ot
LA ZE M T3 2 &, N TR RR TR
MG oL@k Sy (Fig. 5-3). 72, £ T
ITAEHEETH 5NFTBED QTL MBHroOf -6,
Ty MY T = EARERBIIRBNY TR AV T =
D EVT VI ERMTOIMALE - NT D
leucoanthocanidin dioxygenase NJRINER T & L
THAHEEHL TS (Ogundiwin et al. 2008). B
P BEMAE S o ME® T8, LARX PPO & [Alkk
DL b OBMETNIRE & 725> T2 ATREME D
Ex i, BETES OBELIMECHAE b, FE TR
Wz &k T, BEMEORREE 2 522,
T LARETHBEBETE2RET L7 e —F N HE
L 5.

Okanagan Specialty Fruits fE23BH 3 L 7= B AN
WA LN EML B XY > Arctic® Apple 1%
2003 £ &R 2 Bl AA L, 2015 12 KERE
BOFREESETHEREZHBLEZ. RKER MU E
pavEnoMIRICHHINSEDTIERL,
RT3 THHIED, BRI E2E<THE
BENLL, BELHRAMEN S &K ITRE.
DD, BELBRWY ¥ A EIX 2 FMTRATS
iz dizxt L, Arctic® Apple 1% 5 4F o FFAf 1 %
BL72. 2017 FICRERELBREBSN, By MDA
IRy sFEONMT A bIEL T Y, R
2019 A ~2020 FIZ 21T THI 3,600 k> DAEFE % FL
AATRY, 5% LEEZZHEOTELTND. 1H
#35 @ public acceptance 23HF TH L IiXik 8972
P THIN, BBRTIEBRBEORVWAKETH -
To ERETHHZ ) RLZRODFILZ V. EU T
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AT ORI REELZFHE LBV IED T
v, FEELKRINEZENE~OHBBIZIR#ETHY, K
BILKDEOVIZHR L. EFEEDZVHETHE
R TR T 2B 28 & 137 <, AR A
H U RAFRENT WY, Bt &G EY
D RRBBFITIE, ~NT A TEBL T S YR
HHEO 8HZ2 5D D HHNH D0, EXICHERN
RWEEGZDRNRALAYY T ARy hUA LR
HA~OBRPFEEENBHOT-D, TTANLS L 25
RVWEWITERRDHD. KEBFREIZE > THEHE L
7Tl Bk X5 RlEA LT, ‘b 2T
BRI H L ST,

INET, BaHBEXTRTVZER TS LY
EEZONTELIEOEELEREDR, L2286
FHEE B EEAE SN E Y, DNA ~— 7 —
DRHAESNFEZET, REBRICEHMEHEO~ —
I —FIHEREOEN T =, ‘S0 27 1 M T
VU —RETET, JEBEMY T LRAAC
FBIEHIB SN CTE 720, BF B EICH - T% QTL
TE2EF LVWELGETFHEzHEAEDE TN LT, £
B HE~HBEMEY v I EENRNICERT D
TEMTEDEEZLN, MIEEDHERD EH L,
AT AIE 2 > 7o BT B S IS K B T 7 2 TG R B 3
HEEns. HWEAEICE-STH TBELARVL] L0
I & 0 FECTORHDOENIEN D Z &
Nh, REMAHEEOR LS TES. 72, H
AEGHY) v T0OL =27 R EVWEBE% ClIIHLE
OFRENEMLTBY, HIEECHL Y T L L
THEiH~EHIRCTE 2L L 5. ITHEIX, KEFH
MNTICEBELND, FRIINARVY, AR VE,
LU FRICOICHRAMERRCHREDOALINE . 4
%, AFFROMAERAL-ZEREICLDY, BEMES
WIRLZM DS oHmENEAEL, Vo TOWHBL
RKEVEEZDOIEEIL~BERT S R MHFIND.

Table 5-1. Haplotypes of non-browning alleles on Chr16, and cultivars inheriting them

. Marker types near QTL
Origin of haplotype cultivars “
LAR1 02 LARI 11 Mal MAPHYLLO

Indo 378 284 ma WT Aori 27*, Golden Melon, Mahe 7*, Toko*
Aori27*, Fuji, Himekami, Iwakami, Kinsei*, Mahe 7*

Delicious 289 284 Ma WT ori27*, Fuji, Himekami, Iwakami, Kinsei*, e 7*,
Redgold*
Haruka, Hatsuaki, Kinsei*, Kot: Orin, Redgold*

Golen Delicious 289 284 Ma WT Arua, Hasuad, ssel”, fLotaro, Ui, Redgod”

Sekaiichi, Toko*, Tsugaru

“ Asterisks (*) represent cultivars having non-browning allele homozygously.
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Type of Aori27
QTL on Chrl6 B INB O
B Total polyphenol content: 20~30 mg/100g FW
(LARI) B PPO activity: 20 unit/g FW
_ ' - Non-browning and convenient
for Polyphenol content Seedling selection . -Low polyphenol content
by two QTLs ”; *?- 4 - Useful for grated baby food.
~ nursing food, additive-free processed
Selection of parents k food, ete.
with non-browning
alleles / = \
Type of Mellow
m INB: | -
QTL on Chl‘ 5 B Total polyphenol content: 70~80 mg/100g FW
( PP 0) B PPO activity: 20 unit/g FW

- No need for antioxidant treatment

Seedling selection - gm.:s nlot l)i‘(?\\l‘n in la Sh(;ﬁ ttune
for PPO activity by one QTL - Normal polyphenol conten
K in a hurry during processing /

Figure 5-1. Strategy for marker assisted breeding for non- to slight- browning apple
with various polyphenol content.

conventional strategy new strategy

Select 1/64

[ cultivar release probability ﬁ ]

management costs

Select ¥4 of seedlings based on
Select ¥4 of seedlings based on each genotype of three markers
genotype of ACS1. » linking to ACS1, LARI and PPO
(QTL on Chr5).

Figure 5-2. Marker assisted breeding for non-browning apple, using together with
ACS1 (low-ethylene marker). Cross parents are assumed to be heterozygote for all
QTLs. We select seedlings which are homozygous of low-ethylene allele for ACS/,
and homozygous of non-browning allele for LAR! and PPO (QTL in Chr5).
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LARI 1X892057 Malus X domestica (Royal Gala)

28100 LARI 1x892954 Malus X domestica (Hetlina)

96/100

99/100

94/95

98/100

LARI1 Guossess Prunus avium

LARI 1x892951 Malus X domestica  (Devonshire Quarrenden)

LARI1_DQ251190_Pyrus communis

LAR2 DQ139837 Malus X domestica (Golden Delicious)

dols

[ LAR _DQos7253_Fragaria X ananassa

LAR2 DqQ2s1191_Pyrus communis

99 100|— LAR _DQ834906_Fragaria X ananassa

—
0.20

LARI1 _1r433916_Glycine max

Figure 5-3. Neighbor-joining (NJ) tree of LAR genes of Rosaceae or other crops constructed by
MEGA version 7.0. NJ and maximum parsimony (MP) bootstrap support (BS) values are
indicated at the nodes as NJBS/MPBS. GenBank accession No. are noted before the species

names. The tree was rooted to Glycine max.

VI

U r 3, R0 APERN B THE 3 L0
WCEELRHEEDTHY, ZBOEFNMITFHAL &
MATHD. REEI Y P LEEXITAL DI RAR
BN EZELEARY, BHafifEsELsEsE
READBRRTHL. EHRETHERINTLY a5
kY 271, ¥V FALHELREANELL
RWTE R IENS, - REEALRET 5
AR S LCHIFENER, DBV 271 S TIEE
FRETHZENTERWY. VL —IRBER AR
MW N R 280 dEBEMY I REOEHO
T2, FEEZE R o JF R R - 58 kS0 s R
DOfEH, DNA ~— I —IC L 2 BHEBFENRAI KT
HBH. FZTARMETIE, ‘BB 2TRF D%,
MERMEE OEELRERERZSS L LB MR
Mr24Tvy, B8 2 M o 5 R B 5 1 S8 Ik Kk OV 5%
KEHLNCT S EZHMME LT,

‘HBY TEHEMEERETDIH (F1-165 L Z
57259 X LT 2 o0 Fi4H (165A27 4
50 ff & & OV KA27 £ 55 f@l{K) % 7= QTL
FRFTIZ L » T, BEMICEET I28EPE (RRE
VR BEME, BEY 7= ) — L& 8, PPO &)
DOFQTL NEEMH D% 16 HEHHE FE o LARI
EHECREnZ., — 5T, EBENBTHI DB
D 2TICAE QTL T S hZeiro>7-. 165A27
HEMTIE QTL D HFE RN 66.3—73.4% L m<,

H~— D — 0BT EBERED DEEN B —
BL-Zenb, REMICEB W THZEMHITIZITHEK
FHETHY, FELEHOBGERITILERETH
HEHEEENT.QTL EICiETARY 7= /) —)b
BB EOBEIET LARI B, BZDOERETH D
RV 7 /)= VEBREZHBEL WD EHEINTE.
F1-165 Z‘HB Y 2TOHKTIERWICHEDL LT,
L8 DOFBENE Fr k2 HE IS D, I
BEMITER OB LN FEHEDOIEBEET LILD
ERIZLD2LDOT, ‘bR 2TEADERERIZK
HH DTN ENRBEINT-.

FEREMET LLORFEEZRLNIZT D720,
QTL fR#Tic v iz 2 £ & & O 5 5 Bl & OV %
mAEIZ DWW T, 3 16 MO QTL J@iao 7 r #
A TIRITZATV, FEBEMET L L O kT S 4
FoNTed AT E L. ‘DB 2T R OIEE
EVEFEEE, ‘S— T Ty R, T Uy
AR OEEPIZH KT 2 IEBESET Lo T
ZRTHEASTHETEY, ZhICk W BERENK
KB ERHABMNE R 5T, QTL T IC X &
O ER T BEEL, KD OIEBEMLET Ln
EEMET LLEEE L TS —FT, ‘FIEHRED
HBEMET VA OBAREMET LV E#EE L T,
BT LLOREEASKRITITRER G &5 Hm
NHDHZ D, ARICHELZEE 2RO MEE
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BT A 702X, HEHREOEBEET LR
FHTODI EEEZONT-. £72, WThoOIEREM
TULEBHAEMOIERET LLEHELTEY, 3E
BAE®T LLORBKICE Y BN END
fEBRMEIZ RN ERHEL N E R o T2,

F7-, QTL f##r & W4T L ¢, B=EIR 85 ffE &
VR E AV GWAS 12 L > THLEEE (3
W ORI EEME, BRY 7=/ —1LEE, PPOTE
) AT L, & 16 FYAKDMNMIC 5 E, 10 BFXK
W17 Bk BIlcH7-7 QTL 2R E L7z, FHHE
EPEICITE 5 B/ YD QTL I/ &+ 5 PPO R
FVRESEEBL WS EHESH, K QTL T
— LT UTF Uy AHROT VAN KREES LR
5Z LT, PPOEHEKOCRADCBEENKT T2 &

Wl S, QTL @O R4+ BT, HRETH
PRV 7/ —NEBEEFERTSES LARI O7T v
WL, ‘=N T Ty R, T U vy R L OVH]
B 3 RNz THELNERBERTLTW
DA REPEN R X 7.

ARFIEIC L0, BAEVEE HE T D RN &S T,
BMEBREOFEEET LLOBEENE S E R
Sl D, KEHORE L IEBEEMAEO B
WMeR DT} O DNA ~— 5 — 2 A £ nl §E & 7
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BElCHE 0D 2N ENSCE /LS ICE T MR
EPFEC~— I —BREICHAT 2T, B4~
L OBk x I T, PRI EN 72 IR A M
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AMEIZE T 5 QTL 135 16 HY(kd LARI XOBEIREHBL TV LERDLD.
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Studies for Genetic factor of flesh browning in apple

by comprehensive traits analysis

Junko Tazawa

Keywords : apple, flesh browning, juice browning, non-browning apple, polyphenol content, PPO activity,

QTL analysis, GWAS

Summary

Flesh browning spoils both the appearance and commercial value of apple fruits (Malus Xdomestica
Borkh.). Market demand for non-browning apples is increasing, but such cultivars rarely arise in cross-
breeding. This makes marker-assisted selection indispensable, but the genetic causes and the patterns
of inheritance are not known. The purpose of this study was to identify causal genetic regions and
patterns of inheritance of the non-browning trait and how non-browning apples might be developed in
order to facilitate cultivar development.

By QTL analysis using genetic linkage maps constructed for two F1 populations (165A27 and KA27)
derived from crosses between the non-browning cultivar ‘Aori 27’ and two different browning lines, we
detected major QTLs for multiple browning-related traits—flesh browning, juice browning, total
polyphenols, and polyphenol oxidase activity—in almost the same region (upper part of LG 16) in the
browning parents of both populations, but few in ‘Aori 27°. The flesh non-browning trait of ‘Aori 27’ was
inherited by its progeny, notably one-third of the 165A27 population. A QTL for flesh browning detected
in the 165A27 population explained most of the phenotypic variance (73.4% and 66.3% in 2014 and 2015),
suggesting that the non-browning trait was inherited through a single recessive locus or gene. The most
probable candidate gene in that QTL region is leucoanthocyanidin reductase 1 (LARI), the key gene in
polyphenol synthesis. We concluded that the origin of the non-browning factor is not a mutation in ‘Aori
27, but a mutation in a common ancestor of the multiple founder cultivars, because of the incidence of
many non-browning individuals from the cross between ‘Aori 27" and F1-165, which is a line having a
common ancestor with ‘Aori 27’.

To determine the origin of the non-browning alleles, we analyzed haplotypes around this major QTL
in the two populations and their ancestors, and showed that ‘Aori 27" and non-browning F1 individuals
were functionally homozygous for non-browning alleles derived from ‘Golden Delicious’, ‘Delicious’, or
‘Indo’. Genes for acidity and pale green lethal disorder lie near this QTL. We consider the non-browning

allele from ‘Indo’ to be a valuable resource for the breeding of apples with moderate acidity, because
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unlike the alleles from the other cultivars, it is not linked with high acidity. All non-browning alleles
are linked to wild-type alleles of otherwise lethal genes so there is little risk of lethality by the selection
of non-browning individuals.

Genome-wide association study using 85 of various genetic resources detected other QTLs for multiple
browning-related traits on chromosomes 5, 10, 16 and 17. The results suggest that PPO on chromosome
5 might have a large effect on flesh browning. The non-browning allele of this QTL was derived from
‘Golden Delicious’, and cultivars homozygous for this allele had low PPO activity and low flesh browning.
QTLs for total polyphenol content and juice browning were detected near LARI1, corresponding to the
result of the mapping QTL analysis. The alleles for non-browning might be derived from not only ‘Golden
Delicious’, ‘Delicious’, and ‘Indo’, but also ‘Jonathan’ or ‘Ralls Janet’. The QTL detected on chromosome
17 might also be useful for breeding selection.

This study clarified major causal loci and the inheritance pattern of flesh browning, and the origin of
non-browning alleles, allowing selection of parents, calculation of the probability of appearance of non-
browning individuals in cross populations, and DNA marker-assisted selection for breeding of non-
browning apple. The effect of selection of non-browning apples by DNA markers linked to identified
QTLs should be validated in populations with various genetic backgrounds. Information about QTLs for
flesh browning obtained in this study and for harvest day or storability previously reported would be
helpful for the breeding of new non-browning cultivars with excellent storability or various harvest
times. In future, it is expected that new cultivars bred using the knowledge of this study contribute to

the expansion of consumption and the revitalization of industry for apple.
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EREE D AT BRUR, EMRNH L, EAf.
Ty SRS RIS D TARICTI . FEs, RN H Y, &,
HRE R RABRANLD O TR,
; B2 AN LT WA TAREFNRNL . N —FRE 2 £ <
TOMRTE o oy cramrmn L.
L Y I ARA T HEOREMITEFM. REEEIENED EEHEV.
) “hBV 24, ‘HBV A TFLTFTEa— AR MIBITLT o — ML 0B 694 LA,

3. HEELogE s A FAICHEL, WHED 20~30 ARNICKHRET S L
BEANERTHE, REEMTEALHARLS Y, KHAMEEEZDREMICEB TS (FHREEE A

FEHONEL 25720, IVERLEANDRELT, THF2023). £, B0 0RO TIXBIN S

BEAEZMFE T LAV ETHD. BAMEEE N BRORBEOERALND (HFET).

HeH, FlX o TRAEL, BIZERIZEZWVEE 10

#£, BH6). MKELT, H—EHRE6 HATH~7
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24

25

FI10F  HBY 24 OB EEEEI AR
- Hin /B A BERMEREERARE (%)
AR A R 2009 2010 2011
SLATT A &7 HEAE /AR 0 10 3
DOWNBHTH ETEE/IRN NN Y 0 4 0
D AZTHFL L1044 /M. 26 1 0 0
D A2 L1044 /M. 26 2 0 1
SLATTH B & 7 A /M. 2690 £F 3 10 4
D AZHES = 1844 /M. 26 3 12 0
JER I} 1T 8 A4 /M. 26 9 9 3
D AZTHF4 1344 /M. 26EMLA 14 0 1
KA my BT AREAE /N AN Y 18 5 1
BLETTH CHE & 7 EA /oI Y 32 9 4
S BT/ AN 50 11 3
5LETT D BT AR /M. 26700 ) 62 0 0
BAah &7 EA/M. 2690 ) 90 0 0

W) SHOSNERIZOWTEAN ML E, &5 W IXER5nm
PLEDOBESAN 1M ERAEL TWDEREOE S 2 A

4. BRIk

BBV 2 T ED=—ADNHBELOD, BEIRD
FEHT SR 2 B L T 2 - B8O i TiE
W RITHE L W2, AFE - FIA - IRGEE —ILICE
BT 577 7HIcL2ERERALTND. 2010~
2011 FIZHFHRREXERE L F—DETVEED
FC, BFOBMEFERBEE 21To TWAHEER
ORI LR, WmELTENEFE, L FIH,

5. BRMYE
AMEOBFERMHYFILHE 11 EBOLEBYTHD.

A INEDEESE D B, AEREOHE,
- Mo —oifk, EMORELZ A L7 T
HRIECHE AL, RBRREELEERELITo 2.
012 FIZENSEZRIELE LT THEBY 24 £ - F
JARFZe 4] RS-, 2014 I “HEBY 24° D
PFE NI <Y Ay (BEk 5684167 ) ZHufF L,
2015 FEIC R DLFHE IOV AD] LWL
7= (B Ui 2023) .

FBILE BV 24 OBFRHEYE
K4 =l

“wk EE 1984. 4. 1~1990. 3. 31

Al IEfT 1984. 4. 1~1991. 3. 31

| TGN 1984. 4. 1~1996. 3. 31

g B 1984. 4. 1~2002. 3. 31

T AR 1991. 4. 1~1995. 3. 31
- 1992. 4. 1~2000. 3. 31, 2002.4.1~2012. 3. 31
Tk 1995. 4. 1~2012. 3. 31

I GRE) BT 2002.4. 1~2012. 3. 31

HEE I 2009. 4. 1~2012. 3. 31

) AH SR,

6. fif%=

1) ‘B 24 L1984 FlC VI =—23I R’
WA 8 (XA E) #HML, Bk Lz
FET,2013 43 H 6 HfF I CHMERENRBD AT,
BERT 1T 22367 B TH D.

2) BOMEEIX, HEAORT “EMR IZEITRY,
RN, HBPCRENT DN, KVIAAT
XHLEBBRELEX, L7 5.

3) BEMVEHEIRICH LTI oN B iR VR HT
MERL, ZOMoNEEIXIEITHR CREZ V.

4) BHZEARMEM ) EE AT S2S2s T, EE M
BTHD 5L, DONDE, “ENR LiIMAETH

ZZBL 7 B i B gk L RE S C o0 TR S 7 035 R BR S (R AR ) TE £

%,

5) REDOKE IIL300g BE, RBIIHE T, £
BWARL, REGIE, LRODDEESCHRIEET
b5, BEEIL 181bs FRE, FEEEIL 14%RE, BE I
0.7~0.8g/100mL F2E T, FRBRIZTRVHEE & & <,
BRRITIBETH 5. BEAMERENE MO8, Fi2X
STHRETD.

6) UXFERF B R (RATH) 2BV T 10 A H
T, BrMitEE, HEAMT3INPHRETHD.

) EFE-FIR R E - EICERET S TIEoR8
SHADE] TZITTHICEAERZRAETNS.
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II

1. BREGRRIE

1985 AFIZ 0 A ZHFZEAT O B2 IR - BE M IS R E A
BHEMEERRBRICB T “Ar—" 12 “UNRT
47 ERBEE2K) L, ERLEFRGRET, B2
RIETEMR E % D 43RO EA D 5 1998 2 —
W, 2004 4Fi2 T3V 25 51 & LT REK
S, BHESERBRE SO EEFE R T,
2011 9 Hichhfii4 “HIs v 257 & L CHFiRek
HEEL, 2013 -3 H 6 HIZMFEBRENEB DO LT,
BEkE 51T 22368 5 TH D (LHES 2013).

o L
Aa— —[ F

HIE V25
Macoun
U7 4
L b
o A
Fo2 BV 25 OBFRRKEX
E) GD.: 2—nF v - F Uy R,
2. Rtk
(1) #HE

BIS3SS, ORI ER, BREHEE, o
A&, @iHEES, RREOZDEH, EHO
REFRPPR, EHORS REIIR, EHOHKE
DRI, ENOR IITORHE, 2IEHDOEAIT

Wbk, FEORKEZ SITFTH D BMKES 2013, &

‘HHY 25

37 2025
BOEBRMET HE (LB TR Y My
R, YEBIETES 5. BFEERNLELER

FTCOAEBTBAT VTS0 L0 3ARERNVGH
13%). BHIEE, #HMERIILEBICHALRR.

(2) =¥y - i

HFEARMEME ) Bz +8IE S3S5 T, “HSU7,
ONDT, ENREFTELELEMEIETH DD,
Try—AFLT 4, ‘BH1E Jrnvr) ik
ARAMETHDL (FE 14K). WMEOMSIET, 4THIE
W1 ROBELET, LU BENEYTHD.

(3) REDFME

REOKRE P, REOFIRHE, RED
FROBIFIIEE 1355, REON L OBHIX
N, REOASEOZ T, Fim o Mg g,
REOHEILER, REREHE>GOmBIIR, %
BEEE D AT, REEH O ORKITF, KK
RS ORI R BB AR 2 o T i A
B, ZOHLRAVOEVOREIFKR, REMEDO SO
ORIIEE 7213/, BPLHELO SO &I E
73, RRoHiEd, RAoRE I IH, 2D
—T7AX L DEVITE, RORIIEE, B0
KEWEKR, ZT2bOBERIIT00E, 29 HOIEIX
H, B BHOBREIIH, B HOWEETKRTH D (JE
MOKFEE 2013, BHEE 10, 11).

IR L, B (B ics\nwWT 10 A T4
ThHdD. KREIT20gBELORNETHS. B
O ITE AT, L 161bs 2B, BEEIT 14%
FREE BREEIE 0.6~0.7g/100mL Tdh % (5 15,16 ) .

Bk 35S, RIFDZ L, WEIFZ VAT TH 5.
DLEFL, LIV, BAYD ROFEAE T DR, R

HAELS, 22 SORMNBAEST L. RrEE L, &

12%, BHS8, 9). WHRMTINARETH D (G 17 R).
E12FR DBV 25 O, EORE (2010 £)
B4 o EHy  FEROOEE ERO ot HEHO fEoksxs HEFW DE R &7
K& (em) (cm) DI S8 EL (cm) DI Dl DI
HIB Y25 o 9.4 5.4 & #ili 3716 Fk Ly 5.3 19.9 9211 #%Hk EM
fE N 7.0 4.1 £ i 3708 IRk % 4.2 20.0 9211 ¥k EM
F ) AA — b /h 7.1 4.3 & $ili 3716 H% o 4.4 20.0 9211 ¥k EM
)1 Eo0f, DIFAOE : F1RICETS.
2 EH, EIR:F1IRIETS.
3 HOREE, TV F1RICESTS.
4 ZFOMOERE::F1RICHETD.
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PZ 25

%13 F# ‘B 25 DEFAT—Y

. PAAE A i B H AL R
bHEn2s 5HU bBh2s 55U 25 5L
2008 4/29 5/1 5/2 5/4 5/8 5/12
2009 5/2 5/6 5/6 5/9 5/12 5/13
2010 5/10 5/15 5/16 5/18 5/21 5/22
2011 5/11 5/15 5/16 5/19 5/19 5/23
2012 5/7 5/9 5/11 5/15 5/18 5/20
1 5/5 5/9 5/10 5/13 5/15 5/18

) FERIL 2012 4 C 8 FE4A D M. 26 & .

E14FE BV 25 OHmMA M

afE 4 SEEFIE ZZ#EMSH
»HEBD25 S3Ss5 -
5L Si1S9 @)
oYt SaS7 O
EH S2857 O
T7—ARVLT 4 S3S5 X
=E 1= S3S5 X

) DNA~— DU —Iic L 5.

EIsE bRV 25 ORENE
B H INHER wmaeomE JRE O OWE O FE  BRE  I-FTAEA

F (A/H) (A/A) Fcoa%k®E  (g) (bs.) Brix¥) (g/100m) K (0-5)
2008 5/2 10/23 174 267 15.4 13.9 0.63 1.0
2009 5/6 10/26 173 266 14.6 13.5 0. 60 0.6
2010 5/16 11/1 169 263 16. 8 14.1 0. 66 0.6
2011  5/16 10/26 163 284 16. 2 14. 8 0.75 1.1
2012 5/11 10/26 168 267 17.6 14.1 0.59 1.4
¥y 5/10 0 10/26 169 269 16. 1 14. 1 0. 65 0.9

FE) 1 PR 2012 £ T 8 AEE D M. 26 B
2 F—FTASARIE : B6RICHET D,

¥16E£ HHMESGZICBIT D HEBY 257 ORFELE (2010 4F)

A [EZN o e IRE ME OREE [i:3is EEEIE I—-FTASA
WA - EEEOR (g)  (bs) (W (g/100mL) (%) B (0-5)
SLATTH T 1 M. 26 (i) 10/27 311 16.6  14.3 0.74 82 0.3
SLATTE S buks 10/27 281 16.3  12.8 0. 66 84 0.7
BAT =5 M. 26/ () 11/4 235 14.9  11.9 0.55 81 1.0
ST IR < LN 10/28 262 15.3  12.9 0. 60 78 1.0
N akE ~ VN () 10/27 189 16.5 13.4 0.63 79 0.6
ONRATHAREITREE <A NGE) 10/27 221 15.6  10.9 0.55 80 0.2
KT & 1 bukEs 10/27 273 16.5 14.0 0.70 83 0.5

) I—FTASAKIE : H6RIZET .
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37 2025
FITR BBV 25 OIFEEORERY (2010 FE)

. . mwe 1RE OBE R i35S s
i WHER R A (g) (1bs) (%) (g/100mL) i
DATHE (BAD 11/1 2/1 92 273 16. 4 13.1 0.51 O
0 ATHE (BA2) 11/2 2/1 91 217 16.5 13.5 0.43 O
DA ZHE (IR 11/4 2/1 89 194 14.2 11.5 0.39 A
SLAETTT RS A 10/30 2/1 94 284 14.5 11.7 0. 48 A
SLATTT RSB 11/2 2/1 91 267 15.7 13.8 0. 56 O
BAT=R 11/3 2/1 90 213 17.3 13.8 0.52 O
S| T IR 10/28 2/1 96 245 14.3 1.1 0. 54 A
P aE 11/2 2/1 91 188 15.7 12.3 0. 39 O
ONRDARBETARE  10/29 2/1 95 164 14.7 11.1 0.45 A
KEGHT )& 1 10/26 2/1 98 264 14.7 11.8 0. 47 A
W) 1 EEAE (0 C) T

2 FEE:ESRICETD.

(4) HEEM

‘HEB Y 25 TEEFEMESYE Rvie (HA
VH BETODNA~—H—%5FL, DAETOHE
FEFBR TP A2 R T L RERSNATWVWA (T
BED 2012, 18 %, F3IM). BEHRITITES

PEERTH, H>EATKITITVFEETHD. B
EI8F BV 257 ©REFEHME
o 7 R NI
i i 44 20054F  2006%F ] E
HE 25 1 1 Gty
EDe 4 4 59
DIND — 4 55
50 3 — 55
i 2 — G
S A — 1 5
7~ 0 — 5
77 — 0 bEd
) BEEMREIC X HMA.
0 : M.
1:Z7uan v AFRBETRFEMAZ L.
2 7B Y ARMTHIERDY.
3 TR BE CHEmFE D 50% A .
4 TR TR O 50% 8L k.

ACS6

PEHEIF ISR L CIiE 208 5 WITs W KHitE 2”4
(8 19 %) . 2013~2015 G (24T XU 7Z s Pk i fE
B HLD NI B B A E R B T, BRI
ZHNTZN, S EALIFREMZADZ EIXERER
WTHDZ ERRB I (B S 2016).

ACS7

—

%3 BEFIEHE Rvié B15F O DNA v — 7 —

%)

WL DMRE
L—r1:H50 45 (BREBVIHME) .
L—r 2 hBh 25 (REFHEHME) .
KHENL, Rvi6 @iz FOEETHHESINT 6
D~v—A—%RT N,

FI19FR DBV 25 OB EEEREHM
0 FIHEER %) B | e
fi FL 4 20054F 20064E  20054F 20064E e
HI Y25 0 0 0 0 i
=%)"Y A 93 100 51 89 55
BN 33 53 10 13 05
ONG 0 0 0 0 G
E) 1 HEEREBRICI A,

2 WEE BIRICETS.
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PZ 25

(5) L@tk THBR~OHEENDH D, HE - MTHE L TOFF
FERFMARHBE L TCHLHANICL, 2 aH fiEm <, ABEME L TH ARG EED L L
RV — RVEE, FRBRC R R & A LB T—EO=—ABNRiIAEND (5F 20 %).

F20FR DBV 25 EMEE LIZRAER O (2012 4)

ENET REA - = A b5

S SoE0 L LMmkT, BWEADHY, LA

v— R BURSTEN S, B BRHY, Tox0 & Lktkbl. &,
SEPA ROk, SRR B 5. BT, RV Y AIRERS Y, .

LR AT FRUk, HOBR, BN HD. R4

Ty IS RAVERNETITERD, BUKRAHY, BRI
GBS REABEMN LRV D . Rt Al

) HBORICHETD.

F2lkR  HIEBY 25 1TxT D NAC KFH O i R 2hH
At H fLg AR

AR (%)

= 7 NRIE=—=
FOOREE ) meem O/ g paop ORHE
2010 HE025  6/4, 2W 13.1 6/18 AILFR 44 0 R L
ML 46 0
5 U (k) 6/4, 2W 8.9 6/18 AL R 68 0
ML 37 0
2011 HEH25  6/2, 2W 12.1 6/16 ALFR 35 10 R L
MEHLFE 39 0
5L (CePHR)  6/2, 2W 9.5 6/16 AL ER 27 0
MM 11 0
W) 1 fEEE 2011 ETEBEX SEH O M. 26 B, BRI
2 WE  ESRICELS.
3 HAiH : HESRICHELS.
3. #HEE EoBEEN 4. HRAEYE
oA (NAC KFnAD 1%, FEAEBER LN ARBFEOBFRAYFILFE 22RO LBV THD.
(TRED 2014, H21 %) . BEREWED, E6
BHTEERLANETSHS.
22 & ‘hHBY 25 OBFREYHE
K4 H Y
Bk ER 1985. 4. 1~1990. 3. 31
Al IEAT 1985. 4. 1~1991. 3. 31
| TTTA 1985. 4. 1~1996. 3. 31
Vefg B 1985. 4. 1~2002. 3. 31
BT Al 1991. 4. 1~1995. 3. 31
N 1992. 4. 1~2000. 3. 31, 2002.4.1~2012. 3. 31
T/ R 1995. 4. 1~2012. 3. 31
YRR GREDEAF  2002.4. 1~2012. 3. 31
TemE B 2009. 4. 1~2012. 3. 31
E) B 11 RICHET S,
5. 22368 B ThH 5.
1) ‘“®»FY 25 1%, 19854 ‘Auw—" (T ‘U 2) BHOMEEIXBEET, FE IC00BTE
NT 47 BREL, BRLEREAGLET, 2013 43 DHIDNEER S . R EIETETS.
H6 Hft T CRFEREIRO N, BEEFIT 3) BEAFAEME ) &AL 8385 T, ‘5
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L, “9ON5’, "ENEFTEHELMEETHD
B, ‘Try—RAbMLT 47, ‘BH1E LIEAR
arThsb.

4) BFEOREX I1T260g BELORLNET, I
BITAL A CTRARHKICAY, BEEIRMECTH
5. GEEEIX 161bs AR, MEEEIT 14% R, BEEEIX
0.6~0.7g/100nL TdH 5. BEEENRVD, RyF1N%
<, BHITRW.

5) INHERFHAIX, BRkH (B Aam iz T 10 A
THETHD. MBI S @G T3 NHRET
»H 5.

37 2025

6) BEJFEMEESE Rvi6 B2 F2F L, #E

R CHEAMELZ RT Z LR ERINL TS, S5 &
ATIHIZIEVHRETH D, BEREERICE.

973 P Ol R & B N 7 WA AR HR AR BR T, B
EBFREIMzx o, >80T EMADZ EX
EHERBETHDZ ENTRBREINT.

T) BRWRSCEE 2 A L 7= BRI T &~ D i
WRHDH. B - MTHAE L CoFMEmL, &£
BEALELTCHLRBRERERENE L T—ED=—
ANFRAEND.

v HTiEoOH
1. BRRRIE 2. B
1992 42D AV ZHFEEFTICB W T, /R OKR LR (1) #Hk

BEAARICHEIS L, g icEn-RAE - hAEBOF
(A M mEERRR) 2 FHEAZEIC SN D’
W EAE BRI ER L (5 4 ) Rafh T,
207 EADFEAD TR NS —RBEKZZETIC 2003 £
W THY 26 5 LT oREEL, BHEGHER
B G o F A A2 BT, 2016 4E 3 HICHTEA
oA L L CHFEEEEREL, 2018 5 H 21
HIZARENE O DT, BEkE 51X 26826 5T
b5 (THED 2018).

DND ——[:

AT U TV xR

BE T, SRR, BZIEME, RoX
SiEh, gIMERE, FEoS i, EHoRS
W, EHOR I IEIEIO0K, BEHORAORE
W, ERoOE X3, 230k, oK
T XN TH D (BMOKFES 2018, F 23 £, TE
12, 13).

B OAEBRMEIL, BAROFIIFEIIRLR0N bR
THHN, HFERENSLRDHICONTHEL, #
BIIABICEDLENTTIRE~LOHD ERD
oML AZBITL b, BIEENGLEIEBETO
EFEAT =50 L0 1 ~4 HREER W (B 24

WE #)., BHEE, #MERIEBICALRRV. B
AN EEePS MEBEIRICR LTI 0N 57 WA iR WP &2 7R
7 L, ZOfoRE T EITHR CRIBEZ2 W (F 25
émé% - %)
(2) =8y - iR
FaAK IO HR OBFHRARMKK HEARREMS) B 70X S3S5T, ‘&L
OND, EMRERELFEEMAMETH DN,
‘Y25, ‘Tr—RAbFLT 4, ‘BEEF1E L
IR FAEMHTH D (26, 27%%). FEOKR I,
4TEHFIC 1T ROEET, ‘SURBRENEYTH
%,
23R HIEoR O, EORE (2015 4)
. ED ey EE . , fEORES . B D EFED
T T e A e T TV
I o & i 9.8 6.1 h 5.5 3.5 BE BRD T Az
ONR D N 8.2 4.9 LR 5.9 4 =Pk i A 5%
KA TA47 )\ 8.2 5.4 i 4.9 4 TEHk "D DA
)1 OB, EEE1RICETS.
2 FORETE  FH1RICHETS.
3 DIEFEAREOE 1 (A)~4 GBI ~7 (5R), BERKEL MFEREREERFERORE L
4 ZFOMOERE::F1RICHETS.
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24’ 25’
524 F KT OB ODEBAT—
= BEfE B e H E 1B
oA 50 ﬂ:’;tozf L FHiioAH 5L
2014 5/8 5/8 /12 5/11 5/18 5/15
2015 5/1 4/30 5_.’-1 5/4 5/9 5/7
2016 5/7 5/4 5/10 5/9 5/18 5/13
2017 5/9 5/7 5/13 5/12 5/19 5/16
2018 5/5 5/4 5/10 5/8 5/16 5/13
iy 5/6 5/4 5/9 5/8 5/16 5/12
W) PRARHX 2018 4E CTEIEEE 11 4D M. 26 A 4.
Bob R AIToOA OB EREKUE
FEIR I (%) By -
=
fin FL 4 20154F 20164 20154 20164F e
N YA 0 0 0 0 G
A=%/)7 7 VA 93 100 41 81 55
BN 73 93 37 33 SRS
SOND 0 0 0 0 G
) 1 EERABRICLIHAE.
2 BREREEIRICETS.
o6&k ALITOART OMERATE (2016 4) BoTk RERABRICED MEoOHR O
AL, ST SR AT SR (2017 )
IR ECO P S3Ss - A bE A S (%) RHEFIA M
5L S1S9 O 5 U XfLIE-oH 54 @)
DN B S3S7 O fLiz-oAHA X5 U 87 O
EHK S2S7 O HE D 25X FL 1T D I 0 X
HIED25 S3Ss X XA XHED 25 0 X
Ty —AMLT 4 S3Ss X ) 30 BT & % Al B
1A S3Ss X
#) DNA~—Hh—IZ X 2%,
(3) BEORKM FEAS 2018, B E 14~16).
BEOKRESET, REOBIIMEER, REOT I HERE I L, B (BRam)icBWT9 A LAT
FORIFIIMEE 721395, REONLS OBRMIE/N, F HY, ONDB KPR, K& XX 300~350¢g

FDHIEDLDITEE 134, R o gL,
REOHMEILER, EREWECOmMBITIR, RE
WD I EEAL, %&m&a@m%ww%, R x
B 5 DB A A,
REMEO SCoRmITT, B HEDLO IO REIT
L, RAOKITH, RFROREIIF/N, AAT—T7 2R
XFUDOEIIE, RIOE S ZH, RO K S EH,
TODDOBEEFIRRE, 2o botEiEh, B Ho
IO, DL DHORITPLRIETH B (K

TOHBABOEVDOREITT,

T, EHORENFEWVETHLRELSEFMOT D (FH28%K).
REOEILE ARG T, AL 161bs 2, HHEIT 13
~14%, BEREEIL 0.4g/100mL FEEETH 5 (5 29, 30
). HEB#EMm <, BAR L L TCHBERRTH S.
AEIX ‘205’ LooofE T, £Hrs<,
IV #EEE O B D13 20°C T 7 B BIFREE, By 8 /1 3
WA CIPARETH D (B 31, 32 ). RHE,
BEAMEREE, LDOVOHWOREETIEEAERLNR .
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37 2025
Hog R HIToL OEMAHERE
4 GANESOPS DN B (xHHR)
WHER AtamfE®% IR A %)
2014 9/2 84 9/4 72
2015 8/31 83 9/4 70
2016 9/4 88 9/9 72
2017 9/4 90 9/6 80
2018 9/3 89 9/6 72
¥ 9/2 87 9/5 73
) “oNBT T EERK.
H29FK oL ORERHE
P EER R UNHER AL 1T fHE BERE FepE  a—rcass BBR
(H/B)  (A/B) zcops@E  (g) (1bs) (%) (g/100mL) & (0-5)  (1-5)
2014  5/12 9/2 113 350 16. 1 12.7 0.41 3.1 3.3
2015 5/4 8/31 119 321 17.2 13.9 0.38 3.7 3.7
2016  5/10 9/4 117 334 16. 7 13.8 0.34 3.2 3.2
2017  5/13 9/4 114 298 15.3 13.9 0.38 3.1 3.6
2018  5/10 9/4 117 328 18.0 13.7 0.36 2.5 3.4
D55 5/9 9/2 116 326 16. 7 13.6 0.37 3.1 3.4
W) 1 AR 2018 FETHEEE 114FE£E 0 M. 26 4.
2 F—RTAEARIL : FoeRICHET S,
3 B : 5 GEEICER4A) ~1 (F#) & L7fEHK.
B30F BHHBEBICET D MiEosr’ OREME (2015 4F)
- B IR K&x&x @ E Fiie J& - RTASA -
WER ok mmom (1/R) () (bs) (0 (g/100m) Rik-5)
BLETTHE » S = LN () 8/25 302 17.0 12.7 0.39 3.9 IV 1[5 B
9/3 312 16.9 13.5 0.41 3.2 I FE 2 [a] H
LR FHR M. 26 &) 8/25 298 16.9 11.8 0.38 3.8 DA
9/3 348 16.2 13.1 0.36 3.2
SN T B hE M. 26 (&) 8/25 285 16. 2 12.7 0.32 3.4 IV 7 1 =] B
8/28 344 15.8 12.3 0.33 3.4 I 2 [a] B
HFINER4IL <N () 8/25 276 18. 1 13.3 0. 45 4.0 F=!
9/3 294 17.3 14. 6 0. 40 3.4
W) a— R TASRAMIG : H6 RICETS.
iR OHIToOAR OHFLMEROLS )
- a—rFTasA R pEE FeRE  HWHMNY /R
g A [JE0-5) (bs) (%)  (g/100ml) (0-3) (1-5)
INHERF  9/6 3.1 15.0 13.3 0.39 0 3.0
’ 3H#% 9/9 2.6 14.6  13.7 0. 40 0 4.0
ALIE 2 % 5Ht% 9/11 2.4 13.2  13.5 0.39 0 4.0
7TH% 9/13 1.8 11.1  13.6 0.38 0 3.5
ILFERE  9/13 3.4 13.9 13.0 0.34 0 3.2
ONLHIE 3 HE 9/16 2.9 13.7 13.4 0.31 0 3.6
(%IA8) 5 H#% 9/18 2.6 13.5 13.6 0.32 0 3.8
7H#%  9/20 2.4 12.5 14.0 0. 30 0.1 3.8
H) 1 HEBLMERBROGES S 20°CHE.
2 AER: AWERL D 30 F.
3 F—RTABAIL, B F29RICHET S,
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New Apple Cultivars, ‘Aori24’ , ‘Aori25 , ‘Benihatsumi’

Tsuyoshi Kudo, Tomoyuki Kon?, Chozo Suzuki?, Masayuki Ishiyama?, Takashi Sato?,
Hiroshi Kitayama?, Ikuo Machita?, Tomoko Fukasawa-Akada'’, Satoshi Goto,

Satoshi Kasai, Junko Tazawa

Apple Research Institute, Aomori Prefectural Industrial Technology Research Center
UHirosaki Industrial Research Institute
YRetired

Key words: New Apple Cultivar,‘Aori24’,‘Aori25’,‘Benihatsumi’. Plant patent.
Self-incompatibility gene. Middle harvest variety. Scab resistance.
Early harvest variety.

Summary

1. ‘Aori24’

(1) Origin

A new apple cultivar ‘Aori24’ was introduced by the Apple Research Institute, Aomori Prefectural
Industrial Technology Research Center. It originated from the cross, Granny Smith x Rei8(Toko X
Jonathan) made in 1984 and selected from a population of 67 seedlings in 1993. It was released on
March 6, 2013 under plant patent 22367.

(2) Fruit

‘Aori24’matures in middle October at Kuroishi, Aomori, one week after ‘Jonagold’. The fruit size is
medium, being about 300g. The general shape is globose. The hue of over color is glossy green. The
refractometer index is about 14% and malic acid content is 0.7 to 0.8g/100mL. The fruit flesh is cream
in color, medium firmness and juicy. Taste is high acid and moderately sweet.

(3) Tree

The tree is vigorous and upright like ‘Orin’ when young but become weak and spreading after fruiting.
The blossoming season is one or two days earlier than ‘Fuji’. ‘Aori24’ is resistant to Alternaria leaf blotch.
Self-incompatibility genotype is S2523.

2. ‘Aori25’
(1) Origin
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A new apple cultivar ‘Aori25’ was introduced by the Apple Research Institute, Aomori Prefectural
Industrial Technology Research Center. It originated from the cross, Mellow X Liberty made in 1985 and
selected from a population of 43 seedlings in 1998. It was released on March 6, 2013 under plant patent
22368.

(2) Fruit

‘Aori25’ matures in late October at Kuroishi, Aomori, two weeks before ‘Fuji’. The fruit size is a little
small, being about 250g. The general shape is obolid. The hue of over color is dark red. The refractmeter
index is about 14% and malic acid content is 0.6 to 0.7g/100mL. The fruit flesh is cream in color, medium
firmness, crisp and juicy. Taste is high acid and moderately sweet.

(3) Tree

The tree is weak and slightly drooping like ‘Jonathan’. The thickness of one-year-old shoot is thin.
The blossoming season is three or four days earlier than ‘Fuji’. ‘Aori25’ is resistant to Apple scab and
Alternaria leaf blotch. Self-incompatibility genotype is S3S5.

3. ‘Benihatsumi’

(1) Origin

A new apple cultivar ‘Benihatsumi’ was introduced by the Apple Research Institute, Aomori
Prefectural Industrial Technology Research Center. It originated from the cross, Tsugaru X Sansa made
in 1992 and selected from a population of 207 seedlings in 2003. It was released on May 21, 2018 under
plant patent 26826.

(2) Fruit

‘Benihatsumi’matures in early September at Kuroishi, Aomori, one week before ‘Tsugaru’. The fruit
size is medium, being about 300g. The general shape is globose to conic. The hue of over color is blight
red. The relative area of over color is larger than “Tsugaru’. The refractmeter index is about 13 to 14%
and malic acid content is 0.3 to 0.4g/100mL. The fruit flesh is cream in color, medium firmness and juicy.
Taste is medium acid and sweet.

(3) Tree

The tree is vigorous and slightly upright when young but become weak and spreading after fruiting
like ‘Tsugaru’. The blossoming season is one to four days later than ‘Fuji’. ‘Benihatsumi’is resistant to
Alternaria leaf blotch. Self-incompatibility genotype is S3S5.
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