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BlI1E &

71 % (Diosphyros kaki Thunb.) 1377 % 7 ¥ %} (Ebenaceae) 7 ¥ BICET 2RI CTH 2, h
JBHEYIIEAY 500 L B % & I NE D% TEE, HEEHUSIC T 2205, ¥, TAY
HH* (D.virginianaL.), ~ A7 % (D.lotusL.). 77 77 % (D.oleiferaCheng) 7 & I+
AL TWw 3 (BRA 2015), 7 F OJFFEMITTEE v, T V7., FRchE, ®E, X
OCHATIEEL 20MHINTE L, HALEKRTOIFOEFERITSB TP EEoTED,
HE (399 /5 b vy 73.5%). HEE @17 v, 75%) HR Q375 F v, 43%) Lo Tw5
5, BETIEARAY BLANY), 7990 (16 Hhv) KE, I—u v LEkTosg
FERE D2 T3 (FAO2016),

HAICEWTH R TR © THAERL] cddBMInTs . H oMo REN A
e L CHARNCELENTE 2, REKRICIET CIcRmeE LTlEIINAED, Kt
LCHRIHEINZY L2X 5 TH B (5 1990), FRBHRIT R 5 & /NS A #ET 03 T b,
RBEEAHLT LMICL T, BRELICFHALEZY, REBICLAEY LTV EEZLNT
W5 (P 1994), HARETEEAEA L ko -0 3HBERRIC > TrbTH Y, B
LRER & o FBIED TN OIS D Z OBRICIAE o T b, £ REZEHLLT
FIAT 2720 cidnl, RA»OMEZEELZY, ~722BCCREESEL LAY, ¥t s
FouEEme LCRLZY &, BRAMAMC EMCHIAEhTE L CF 1999), »F oD
EICEREOT A ar e vBBEEINTHWE Z idEL 2o/ on ONI - 7 19725 BK
5 2006). EEDHIETIIAFOEICRF) 72/ —ADPEEETEINTVE L L
& 7o Tw5 (Beiet al. 2009; Lee et al. 2004)

HARTERE I N TV 27 ¥ 34 D0/ I 5 (Hume 1914; 123 1946). T 7ab b
OEaetq* EroRIcBRRCHY) OFTELETF (FF2AS L Hw, T
D EENES) Qe (BTroRMIcBEFRR ) OFR%ERET* (BT25A%
LZDEAYZFEPIKRTE) THDE, ZDIBbQO~DEr IR HAFLELEILD
BB AMIEDHE 2 5k X O 3ETH W24 FWMEIC DV THHE & KEA Table 1.1 IC/RT,

4D Y B TAERBE L Vo RN F | B 5 IT AL L JIREA 7 E DO
R X, WREERTOI2, BE20ETLAFCNLT 20 LAVERRZ LN TE R



Vo ARV TPOARL v EI =1y NTETFORRELRS I TIZ, A FEZENS D
I LIS R 20 72D DE R T =V TRRBZEBS 0D, HARTET A3 —12 gl
IRETHEZIT ) ORI TH 2, TAa—IC X BH%EH2THATRE S 2B
Hikch b (F 2003), W7 < 7no 2B TR 2 ik MBIk 2 k0, BElt 2 A F REDO~ X
Ko ThA L= A RICANMHMBE S ot R LML Tw5, ZHLREIC
X B R TH 2 I TfTh LT & 722% (Yamada eral. 2002) , Bi#kic X 2 #kfbe
FEED A L2\, SEFETIE, REZRHTD o TR L —F LR FRIRE % & < UBRIKFN % 5
{ L7 CTSD (Constant Temperature Short Duration) % (fAES 1975, /NIIS  2011) .
FoRFEET NV a— L TERE T 2R ERBE (D 1975, 1977) 287 X EHCHEAML X
NTW3, L2 LAaRbEUBKETH > Th, Flz dANTE cidiatinfE e L Cr U
HAEELPOBERLEATEHAFORK LKA ZHGT B2, Wi#H D CTSD Fiikid.
KA B ALK TR 100% % 26~28°CC 24 IKF[HLER L 72 1% 26~28°C < 2 HIEMRE S % (LLH
2012a) DICxf L, KK Tl “HEILK R 100%% 26~30°CT 24 RFHEIULE L 7214 26~28°CC 5
HEDIMR L <l %2475 (LUHES 2012b) L woz X Hic, ffl4 o il T3 2 BE 2 H
%

NFEDHERIRY) 72/ —AD 1 ETHEAF 2= VITRRAT S, 7¥ 2y =vidiEs
BMury=v<Thbh), Tehuhrsxy, A hT7FVvHL—F, ZAhATFV, TEH
TEYAL— LD AEHD AT F VI X VR T (Matsuo and Ito 1978), 7 F X v = v 7
HOR Y ANTHEFEVDL & THREMIESREL, Z0fREAEZE L I T b (IR
R 2015), A% 2y =y o PESFREPEEES ORI HICHLAIcIN TRV D
D, TEHHFOX V= VIZEREH A FOL v =V EIFENICKRELS B oTni IR
S IcINTWE CRED 1983), 2 v =villlioRE®ERIZELH 7 * LIeety*
L O THERAERPED ON TS CRER - v 1985), IRt 7¥RETIET 7T HTH
FCAMICE = vIlESIEAL CERMEE R0tk LT, el TEREOL v =V
Ml 6 HTHIZA L DIELAEERL AL AY, /NS WEETREZIFILT 5, 2L
Haxcidzsxy=viillolRRKoE T2 6 A TR, HHELY 202y =y
AR O ERE A58 %2 22 1T L. & O IZ5E2H 7 ¥ ot EToikko i RiBe & i

LT3, T/, AZL2EHFFI1Z 8 H LA F itk vy = /filE5E4ICEE L T 325,



TEHATFIECHEEL CEo T, BV FToOMRARDIEICE v = vIE ORBLHE
BEEEGLTwAnI b, BTeHFF oL ERIZL v = VIO O FE LI
L322V =vYEORENTOFENRIRTH 2 Z LRBINT WS CKREF - VB 1985),
TR A F I EcoBARBICEKTIC BN ERE 225 2L 2HT 5720, HATIE
MM CE G R ST L e b, A FICHRTHOMIE T L2 EETE R
(L 2007) 6

B RORER T vo e A F oMo REILEIICE ST IEZ O E RS
e TES, HAFOMMIEIHACTHACHLLZLE LN, HAFMEL LTI
EHFTXFOMWFL BRI EVDIDEINT WS, BT FEA T F IV 51k
CRELZEEZLNTED (W 2016). 17 HiLIClRE S WA HIT 2 RY & E 2 b (5
ith 1948). FERH N FICHARTELERE G, T2 H T F oERMEEIZ D% <L 1979
FI TN 7 ¥ OLEMB O T T4 * 306 WiEANEE & NEHESRE S Wz 0d, Tl
HAF 23K 10%. ATERH T F 25 35%. ATEREN F 055 10%. TTRET F 3K 45% & 7«
2> TWw3 (LEEFEEERERS 1979), & SIS R->TH Y, T H Fi3hiEurs
2> BT ITIRED b D23% > (CF 1999), /1 F DRE I LI DO X S IR FRdDh o
FRXEEDOLIICHEND DE THRA BZRP A SN 55, et H I3 Hir iR
RREEELZbOMIEEAETHY (Bl Gk & 2013), $72, BREX~L L REOHES
TICBAPEL 27T E 0, ~T L RO OREFICRAPEC S RER KL, ZRL Y
TOHEEZFEO b 02 <, A S A I > Tw 2,
TEHINFERECOL Yy = VERBRAZL L 20 RE L eEZL LN, HRTH
A L7z iR L . CREHET, SHEE 7w & ohEIEE O RS EET 2 (il Ghlk) 5
2013), PFETHE X - EHEHN (Wang1982) 13582 H A FTH 25 2 LRSI (1
H5 1993) 2%, Z OB IFHARFEEDOTERH A+ L1387k 5 Tk Y (Ikegami et al. 2004)
HECHIZICHKEL DD TH DL EE2OLND (Ikegami et al. 2005), 7z, HARDTEH A
FUERZERECH ZoIcH L, FEOTEH 7 FHIIEEPE CEET 5 2 L (Ikegami et
al. 2006) PHEDFTEEH T FIE7 7K 7 4 FERICED 2R T RERFERMAE CRHAL
feld sz BLUR Y=y OHERICED 285 FOFHIMET T2 2 & (Tkegami et al. 2009)
DL 2T T v 5,



PRSI RSE DTS (IR A B 25005 . MR EE & S ea By, R TR S A,
WHZert) i3, M - BIER YD - KESNOEeH 7 X 0BRWELZER T2 2 E
ZEHEL LT 1938 oA XFOFEMEMED TE LA, 2017 FX TICAERHOTLH A M
M 12 afd, AR OATERET F Gk 2 Sl X O ICALIESE A 5 R e 2 B L
TV 5 (IR B ZEMTIEEM 2017), TR HAFOBEREF L2 BHEL LT3 DIk,
TR F THNIB L TRAL AR OMET 5720, INETLEZO0FTAEON LW
SFEERT 2T, AU FEB Lok 2d 00, BTFOA> Tk WwRER
Bl AT 2B CCOREFMY R LEND 52 &, THETFITFE R E—HO
AR VT IR AT L R ZEEFE S T B 8%, ISR H B2 20 2 B i8R o T S
b% K, FPEBRICHRED Lic WX ICGES SIEI ¢ 2 003 NECch B 2 L,
R EVEHTH B,

SR XA EAN T O ICHERBRYR O FELoRMAEICITTbIT
% 7z (Yamada 1993), ZhixZe@H 7 MEAERICHETH Y, B 7 FRLoRMT
BohnzfkizeCcRet N F a0, TR F LEROIETEH T & oML, 1
koA XFALoRMECEECHTELEIF LRI 00TH L, HEROTEEH T+ 1T
RERAIADE S GFEIED ) TH D720, BRUVNITREORLH A FERMMELFKT 5
e FELFHEARE L o (UH 2011, ZohTRADFE (AMS 1971) CHF
A0 B (LUHEHS 2004) & Vo 7z SEEAER I L, RMEBEMORERAHICOWTIER
FAbEK 2 L3 CT&E e, LA L Eiko X 5 a7 I37ERGER DD 7 K HE S -
Thh, BEHERIG, SHICER RO XS ICHEEZEEL RV E - RHKE2H
h  (Yakushiji et al. 1995; ILIAR 5 1991), fEM#iE L CRHW 2 Z & 3T 2018 - RO D
HIRE N2, ZORER, REBDPRIBFHE SN O BE L R E L, HEHE
EEETIBREDOLG VEEHAFRAEEZAHBL L TEIHwE ZLicks (IIH
2011), BB CER L 22 7 F MDY 5 11 MEORMREZ -2 Lz olke i
S TW5DE s WETHE (WIR 2015), FERH A XRLOHEEE VKL TEMER, &
RHBIC X o THIEB-CINEEORENSEL 2 X 51k Y. BT WKL EIEI/N & Wi
FH3% CHBST 2 X5 Ko7z, RRFORELEBENL T CERSI NfiETH>TH
BRI NS ARELPEE LA COTHNTHERG YR T2 AR IR A, 207



DI AOMBEZ LT 2 8lrisr b, TRHAFRLORMEIT 51T L THIRERFREDL 0
b LN EWHAEDE RS, HIVRTELEHTFLITEHTF L O ICLVED
R AH A F IR AT A X e HEM (RLRM) 2. Lok ikBREL R o7

(Yamada 2005).

—RICHARTHEE IR TV 7 FDIT L AL DMEIZANEATH Y (Namikawa and Higashi
1928; Tamura et al. 1998). HEHE OGN IC OV CTIRAMABZ L b oo, Histoidmkk
RICB L CRRHRRICE T 2 HiEEo Mo REREL 5 2, TLHP FRELOH & 2
b, EEEAFLHAEROIETEH T F. 25V IFHAREROIETE A 7 F [+ % 2
Lizgaicid,. EL stk e cdigaetdr*ensd, cohp Bk LI EE2H 7+
TP T F2R LML 56T, B 7 FoMEks 15~20%BE LrEonknC &
BoahoTws (HS 1985), WTHEDIILH, O X, 7% O HEEERT Ast BmFHEIC L > T
I, EhoIELT P FEIET (A) LHhoRLET A F#IET () BEEL. 6 DOX
VBB TOTICAR 1 DT HLLIETLEHTF LR, 6 2T X TaDGAEDARTEHA
FILEBLEZLNTEY (Akagietal 2010), F7-. A B XV a ICHEHET 25HBICOWTS
RIBNTEHEST 2 2 LRSI I T3 (Kanzaki ef al. 2008; Akagi et al. 2012) . FERfFHRE D 7
FEMICEO T, REIC L > TR ONZFE T2 0 DEEZFEFIEED O RAKRICEEE L,
B REEZRET 2L LT, ML > TNl ETELEH A TH I L
IPIIRENEET 2L TH LT KHET 2O DEAERKEEREDLDBEERL TV 2
B ZNTOREDID TRHEET 2 FThR LD I~5F X005, T BREEKEL c#
ERATRE R ST DRI D IS EBLD 720 D H B X B HIRSH 3, HEE RS 5 A
DEEDEETZ OEENTERH N FTH B0 5 5% DNA = —H —IC X V3<% 0L,
gTaHrrofitkorzEE RcE s ichY, TEHTFOMEERAEN b DL
%, LAEDZ & b RIS R FEA ML, R B X Ko & HEF T A
¥ DR ANT OV CTHIHT BB CHIM 233 2 7k LT 5 2 L A HINICtRE 2o
T& 7z,

A OFEEHAFWE IR REAFEICRH LAETHY, BT L RI0RET
DBEF B L o 2BA T, Wihd | DCHhEETHTERL T hb &
b A FIGEFRA O U T 2 0z, RS H T FIE IGE# T 5~ — 7 — i



ThiFXweFZ 517z (Yonemorieral. 2000), Kanzakietal. (2001) . 77 FZ&HEEEOH
26 A R % 3K T %7212, BSA (bulked segregant analysis) %% fl|fH L 7z AFLP
(amplified fragment length polymorphism) 7T % 1T\, Ast {57 HEICHESH L 72 AFLP ~— 71
—DREEAT o7, HETREHA*FTH LD VANPAICTHEEH N F CTH 2B 25 52 L T
fFonI et nF 17026 CRLEHAF 2R LML, BonEHohcBlIcHEE LT
BAEDHE ST B fERA S DNA ZHhiE L. TREAF LIETERHIF 2 ZN Lo
7t LT AFLP AT iciak L 724558, e A $WE ICHE{ L T\ 5 AFLP v~ — /71— 23R
WEE Nz, RWT, TDO~—H—%F\TRFLP (restriction fragment length polymorphism 43
MixkiTo 7z & &5, el H Mk L T 7 ik L ORISR HERR X ., TakRAE
170-26. ¥ X Vs o 2T oI H F AR Tl 8kb £ 7213 6.5kb DN FD A7 &
bR E Nz, RRoEEETE iRl EhAad o7z, ThabBL T
MR HRKD Adst I TPEEHET 2 2 KDV F (ZRZFNAL A2) DI BAHRLED 1
RTHFFO MM - FMIIETFLEH T *, &2<FehVboRTELH X TH 5 LT,
PO R TR T A M EAEMICOWTIEZD 2 KE~w—A—L LCTHwEZ icky,
TETHFrETEEH T X202 TRCHEINT 2 LB fEL kot ChiThi &, TR
¥ 12 fhiEs X OJESE e A F 20 SE % RV T RELP 04723 Th 7z (Kanzaki ef al. 2000)
2. ERHAF BT, RS FOWHIGEHL T~ —h— il I namsr o7k
2. U7 FEMEETIES  oSTBRBRH I, 2CoRfEicEnThRLd 1D
~— N —OEEDPHERI N, FTEHIF ROV P =V ERTREIT R0 o o
T HICZDRFLP v — A —DFHMEZRET S 2720, JEERH 7 F 1702601582 H A F 0
“BE RELHMEL CEo 2B (FU-170) &, FEELH 3 SEEARA ICTEL2H A F K
W aZMEL CELNIERE T A F 275-13 IWEA R LM L <E b8 (FU-275)
ZM\WT, RFLP = — 7 — DML EROREDOH MR —BT 208 5 IO 5N T
(Kanzaki et al. 2008), RFLP ~— 71 —OFHIC X b g2 A F & HW & @k, FU-170
TIE 71 5 (7%). F L O FU-275 TlE 101 flilfkd 23 flF 23%) TH -7z, FE
3% 5 72 FU-170 @ 32 flifk s X O FU-275 @ 68 flfkicownwC, fFEFD 2 v = vififdok
BILAFELR = v ERBICEDOTREOHEMEZIREL 2L T A, RFLP v — /1 —(C X
2R & RO M & 28T 5 T & DR S LTz,



LAE®D X 51C RFLP v — A1 — S HPEREAICHERI CH 2 C L AR I iz, MEEKICE

WTRHIC X o TR O NS OME O HIVER AT 5 2 L £#F 2 5 & RFLP #1355 77
BHh 5720, RFLP v~—Hh—% PCR ~—Hh —ICEHL, il TE KoY v I Aifkz b &
I LT DS BRIIC IR CTH B, T D728 2 DD RFLP = — # — Z NEICHTE L 72 SCAR
(sequence characterized amplified region) < —7# — DFIF % F#EAE S L TS ARFES T IcH
WL, KiffgEciz, K E N7 SCAR v —h =P EEOH FEFICEWC L OREEMTH
B h. HEOMFEEMEE AV MG RfT) Z e Lz,

LZHTHERMERA FREOHRTH B4, FrinfEE BUCBI L Tl o 5Hef & Fkk, Rz

mE M EX 3 2P RELRHETH Y, HEZIKRTE 3 X5 RERL X 2HomE)
kdoiTwnsg, OB CIIAMIC L > TE o KEMFOREORKICEAL T, H
MR, BEWE, &Y. BEEE R CORE Z POICEHE S ThhTw b, HIRCRABEE L Z

JEYTRERE R R EME G 2 W CHlE T & 7z, EITHEEGHIC X 2HIE i, it
BEIND TP UHCRIEOEIELR Y afiozn gL ALRILTHEZLb, BRdEh
% Brix(%)DfEZFERE & L CEHli L T 5, RIS X > TE TN 2 HEOMAITE Zx o T % 23,
AR D O % e 5 SFEE RS B\ Tl & O iR D BEHIK £ CRHili S~ 2 D 3R %57 )
RS 570, EITHEEEcoMEIC X 5 il cETh 5, TR REMEEHC
WER, 2= N—FARPRFEF LTI —Y T RAE—, w732 RT — FHRIREFEG A L
XY, REORRWIC T I v vy —%2HAIE2E EDOEANMEIC X » THE %5l L T v
5 (KAk 1998), ML HLPATERE LASE o fREHAM 1< BY L C L & 80 2 kR & iRt c b

(Hampson et al. 2000). #E4K % 1243 2 W92 B84 2385 & BREFHMNIC X - TRl %217 > T
5DDBIRTH 5,

PRV D 77 X BT IRk, JERRIE, REE, SR, HErb Ik, MBSz ERH L GE
D CTEz, ZOPTRKICBIL Tix, BREARHICRAZIKS 2 < TRIFSS (L WE1L
LAEVbDZRAERLEZTE L, Fitogd, I abb i REORREIRES 2 HE
HRBERD 1 >TH 203, BB ENIGRMAER L 2K (LIRS 2001) 35
3% LRl X Tl Y | PR 27 I IZREAR 2 HulIC 314ha THE SN T W5 (RIMOKE
A 2018), E7o, EEEMEEERINOREY (S 2018). KME (kS 2016b). BEE
(eES 2016a) b . HAHFEEERD 72 8 O RAEIGE - FEMEBOERBIC BV TRIFA S WV & 3



flidh<sh, RitrL o L 35HBIMEIHA 2 XEHETH L L EXLLNL, Lib
D XS ICSEFAEMARILIERE L T b B, BERERC3I~5 FRICVIREFTE T 5 4, HiEH
L offfge B 03 SEAMK 5 HREORELHCHELITY ., BWRICE L T RAEER.
F 7RO W TR LG &2 o CRUEAL L 7237l b 1T 5 25, B LEHEFiE iz & A
CORBEHCHEZINTEL T, BRZL EOERICX 25HAFLTH L, RRNOAE
CBAL T, RO, . B, BEo 4 B B3R, T, o 3 Bl BEiIx s

L. . 403 BEECHMiZT 5, 2RO wTidd, h, %o 3 B CEBEHEZ T
9o BHERHM T IXFEME A O A2 e ABIC X 0 FHIlFE AR 2 Y . £ 24K
i 2 52\ 7= BRIC I 57 2 e & LRI HEDS N T DT 2 HREE S H 5 (FE 1997), [FAl—D
Sl 23 [F— D ER D TEE I D W TR 2 T > T ChRHli0 LR T h s 2 d b
% (ILUH 2011), ERBOBREICHVTIE, B A~BEABRKCREKFEZ1T S ICITRE
DEERICHIRAE D 570, LHOHEEFIC L 5l CEE AT 2L EAETH S
(Meilgaard er al. 1987).

Bt o BWEEICBEIL Cix. Vv 3 (Malus X domestica Borkh.) T3S PR ICBbH 518
D QTL (Kunihisa et al. 2014; Longhi et al. 2012; Sun et al. 2015) %, R DOHELICEET %
QTL (Moriya et al. 2017) ZAEE SN TE Y, MHEMERE L & DI DNA v —Hh —IC X 535k
DED LTV 5, A FICB LTI HBERER] ZBR Tl DNA = — 77 —IC X % 35008 R
T, 71 ¥ OFHMD T CTRERDOMEERZNHRINGERT 27201013, ZHICK > TEI L WE
Ba2A3 5k & OREENBIT 5 05 % I v 5 il - R o Tl L CHBEEO S
WIHER G R IR L 72 0 . RWRIEE o BB 72 5 77 i % BFE L CRIF 0 %0 % 3l L 7=
DT 2T ERRETH D,

ZZT, AFORKERET 2EELRERTH 2 FiMIcBI L <. AR L BEES
T, TNECTOFMCHRONLERHGO T — 2% d Lic, AL L FIT1% KRR
DS P WEAMROHRLZMET 2 HiEEBET L L Lk, 2. RHEORER
Tl EIC O WTIR N E CHEFI ) v T°EE (Prunus persica (L.) Batsch) 1B L Th
THICHLEDOHRT, AFICBHLCIERTH L, 22 THIXFOBEMEZ X Y AFEMIED 572
W, AFFETRINEITCREREICL VFHIE N TE 27 FoRMIcBIL T, KB - B
WEE RO 2 HIg3 2 & & Lz,



Table 1.1 Persimmon cultivars used in this study.

Phenotype” Cultivar Origin
Fujiwaragosho Originated in Nara pref.
Fuyu Found in Gifu pref.
Gosho Originated in Nara pref.
Hanagosho Originated in Tottori pref.
Izu Released by NARO’. Fuyux (OkugoshoxOkugosho).
Jiro Found in Aichi pref.
Kanshu Released by NARO. Shinshux (Fuyux(OkugoshoxHanagosho).
PORA Matsumotowase-Fuyu Found in Kyoto pref. (a bud-sport from Fuyu).
Okitsu-20 FukurogoshoxHanagosho.
Okugosho Originated in Gifu pref.
Suruga Released by NARO. HanagoshoxOkugosho.
Taishu Released by NARO. Fuyux (Jirox(OkugoshoxHanagosho).
Tenjingosho Found in Gifu Pref.
Youhou Released by NARO. FuyuxlJiro.
Atago Originated in Ehime pref.
PCA Yokono Found in Yamaguchi pref.
Yotsumizo Originated in Shizuoka pref.
Aizumishirazu Originated in Fukushima pref.
Kurokuma Originated in Kanto resion.
PVA
Taigetsu Released by NARO. KurokumaxTaishu.
Taiten Released by NARO. KurokumaxTaishu.

7 : PCNA: pollination-constant, non-astringent. PCA: pollination-constant, non-astringent.

PVA: pollination-variant, astringent.

¥ : NARO: National Agriculture and Food Organization.



F28F FreHHF BERICHEKT 2RXMEEREEFD
DNA ¥~ —H—IZ & 5 HiE MR
=

SRR IC BT 2 7 FoFMHICE VT, RN D720 D DNA = —h —DFFRICETF
THLUHIDP S, e F M 2L F L LCREZAALCE 2, SO
B OfERAE T, KEOARTELEH I FTH 5, O BAEICRMT 25827 MfED
12o& LTRIK (LIRS 2001) 2722 FEZ S E CEML T &7, KK 1258
FELSLTL, ~T b 5220, TR A FOFTCRRETH Y, Bi23% < BRIE
ncwd (URS 2001), Lo T ORMMEEIE, REWMNS K22 LRARL.
DPORKPENLbDEEART V), AFEFETOELLHECAHTE2LDTH S,
DML H T X 2T 2720 0RARL R 2IETLH T F 58K T 2 2 L2 QTHICE
WizbDTHoH, TORHLERAERTERENF 2 AFEZELL, KA BLUTAK L
LCafEESR L 72 (UHS 2012a, b)o KK & KA, & b ICEMKES RERREGLE
Y R ERFHRS BI EMIEE M 7 1 - 1 RIS 1T BT, 1993 4F I BAE I K
WEEZZHMLFONTEEDPOERINEZRRORNTERENFTH 5, MiamfE L b 2009 F
2 HICHER B ICHE D & BRI N, i S B RFEN500g L IR KETH Y INED
%, BEROBKRO R THE Z o I EA TS, TOX) RERBIPHIZIZES
HA R ORMERG T CTE 722 LT X > TE U ERBADME % RIS 2 720 OB
ELTKREARFMEZRAL TS, KR IBeA CHALHL S REEELARE O 71 F F85 Mk <4 < 35
TE2LRAENTEHEY, KA IEHAT, RERESP~LT 2RI LAERELR, &b
IC CTSD iEIC X VB ATRECTH 2 25, S X VLRI 27 DICiZ. LIE L 7= FIHI R E AT
EHFET L nEEN TS (LUHS 20122, b)), 20D fEE CTSD L Tlid: L 72856
D7 FTAT e FERE, KA RG22 HEIC, KR CldEimiEbg 6 HH IR
HIEKTL, chbiZgyv=v 7 v MEDKRT LIZIE L THY, IHITKKF 7TV
s L) vy aBEEM KA LY bE L, PUSEOBKO F7- 5 FRBY v IWThHs I L
VLI NTWE (LFS 2012), ‘KA BX R AR 2EEHFF LML, Zod
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LERAGEEH X EEEZEKT R, BErHC e, REENNI WL Lo TSR
HAFRLORMICBTEREZ Wk L ZERBEEH A FOEREXK S Z LR TE 5,

71 % OHEMEZ NS 5 SCAR v — A — k. RUHERE & LRI 21T o T & 25U Ry B
LI ERFECHREI N DRz, T Z oBFR#E L < — 7 —0FEllic oW il T,
B ETl I e H A R EE ICEB L T\ % AFLP ~ — % —EACC/MCTA-400 (Fig. 2.1)
%M\ 72 RFLP 012> b R & #1172 RFLP v — 4 — (A1 5 X W A2) (Fig.2.1) Xt L 758
ASHEE S . WERYI BT S e, C OHEBSNICHE DS E 7T 4 v —»EKEF - RETE
725, TDHH EAEI I XY Al BT 2K LA S v RfUdke 2 X535 2 &2
T&7: (Fig. 2.2). WoI¥ 9 E4/A2r Zf\»72 PCR T, A2 #H T 2 Ak T LIEIEEY H
B X N7z (Fig.2.3), e A * 18-14 CEA" X CMHPT X FEFT)) LIEFEH A * 170-
26 (et AF CEA X CRECXWHFT)) X PURFRA) & oZic X > TR oz 46
fllf&ic DT, RFLP fi##T & PCR OAER A L2 25, Al BL U A2 OFMEA L T
FY (Fig.2.3). FEseetH F Pkt FA 2 f v 72538 o5 O -8R o H ik 12 B4/E9r 3 X

U E4/A2r IC X > TN TE 3 Z LB 22 & 7 o 7= (Kanzaki et al. 2009) .

XU E4/A2r TPCR 2472722 25, 8fEATIE Al 72l A2 o F i nzd o
D, 2fAFRCTRIFFLEHTFTH I 22bobT Al L 200 TFhb it Enier o7z

(Fig.24), TOZ 26 Z D 2 flfRIE, Ast BIZTFHICBIL T AL ® A2 & iFHIDRSD b D
EHT20TRAVIEFZ LN, BIICHKRT 2BAELEO ML HNT 2 20icid,
oo —A—Ic X 2MHTTEEZ MR T 2 0E R D 2 L EZ LN,

ZZC, BT 235 1 >DoEHEE (A3) 2T 5 720I1c, BC471 (32522 (‘R
BE X KFK) I A F 2 3H L <R O - EKRERD) (Fig.2.5) iK2WT, 71 %0 fFK
VAR AR CH 2~ A% (D lotus) BORERE LT ) L7+ AIF 74770 — (FFKb,
2006) 2> HYERIL 72 7’1 — 7" 5R (Fig. 2.1) % F\»7= RFLP 4347 % 17 - 7= (Kanzaki et al. 2010).
REOHEMEZFECTE 2 24 itk 5 b, IEERH A F 13 Ak TIZART 9kb DWTH 2R
I, TEHAFLHE SN 1 AKRTIEZ OB 2R X L7 5> 5 72, RFLP 20T TD 4y
HE BEOHMMEDDHEL BTEEIC—BL TVl &b, D kb ORHIAH M % kE
T2 ASTHEETFICHEHL T2 EFE 2N,
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PIEoD X5 &R % Fici%Et ¥ /2 PCR 77 4 ~ —7HIF/AST-R (Fig.2.1, Table2.1) %
W, KU-325 OIEFEREH F 10 fIRICD VBT PCR 2175 72, 2o DffAD 5 5 2 fAikiT Al
A2 DnTFhow—h— bR E s o724 (Fig.2.4). TH9F/AST-R % fil\>7= PCR Tl
Z 02 iR % ED 9 AT Ast MR T ICHEFAT 2 410bp OFIKAIENE X 7z (Fig 2.6).

PLEd X5 HdstEicBb 2 ~— A —FFICBIT 2580 6. HEEEZIEST 5 Ast HEUR
THEERPO 2T o TnZand 00, “BER Z 72238 2> b O iR I 2Tl E4/E9r,
E4/A2r. ¥ X U¥ TH9F/AST-R % 27z PCR IC X - T, PEDAFICOWTIIHE 2 54
AT & Zed, AEERKICICH T 2 2o icid. BE AR Lo SRR MIC BT SCAR
R N—BEMTHLHLE ) PREIEL THE L BERDH 5, BT Ast BT I0EH T 2 3 1
FOMEE (AI~A3) ZHLTwed, ZoBRRTHEARARKICOVTIEA2 L A3 %, —/TD
KHICOWTIZAL L A3%HFLTHY (Konoeral 2016), 3 DD FHFED H ¥ MEICBIF 238
B AR A1A2A3aaa, KK’ A2A3aaaa. “KH’: AlA3aaaa & KI5, £ TKRKHA’
LREAHATF L ORMCHEONLMERICONTII AL & A3 DFEHEE, /2, KK %2 H
Kk DO LNRICONTIE A2 & A3 DF#ER 2 2 i~ £ offitko i
Wl cE B 2 kit b, Thabb, KMIC K o TRO Nk HEEICEES 288
FHU2S aaaaaa TH BEGFEETERH N F L L GERT LT X v,

AT D% 1 TiR AR L2t nF L osdtr offohiflkiconc, 352 ik
KA LT H L ORME» LR LNk oOWTHEEZERN L, Btk ~—
71— DREROBELZATS 2 & & L,

MEtE L UO7E

1 AR EEHAXTRRBEOMICLIREEFOH R Y —H—IC & 55

1 AR EHW & ORMEREOHIEIERR

KK EHH L D24 (Fig. 2.7) I X o CTER LB 2EHHMA v A CHREL 1 FHF
H 2 T o7z, "HEKCIZRUTBEREL EC & 184 (B xHEF16%5) L2 L TR L%
EHAFCT, RETRABKTH 22, HEREORELSVWHETH S (ILHS 2006b), D
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Hio O IERICEA7Z 311 ik BRSO B/ MRKICHEEEEE 21T o7, 2009 FK
TICREE L 72 252 AR Ic oW CREO HI M % LWt X OEREFHIIC X 0 HIE L 72,
PCR ICH\» % DNA 1%, &EADIEER 1cm? 2> H Nucleon Phytopure plant DNA extraction kit
(GE Healthcare, Buckinghamshire, England, UK) (€ X 9 fhiHi L 7z,
PCRICAHWE I 4 ~v—iF, ARV A2 BIPAIEZHELTCWEZLh0, 2774
~—- v b E4/A2r 5 X OF THOF/AST-R (Table 2.1, Fig.2.1) ZHWw23 Z LiC L7z,
PCR KGR IZ. ExTag A Y A T —¥ (X} 754 5) 025U, 1XEx Tag. dNTP % 0.2mM,
%774 <—05uM, DNASOng %z & &, WRAHKTEER 10ul Lmd X 5T L,
PCR it 1% 94°C 30 2D 4.
(E4/A2r) 94°C 20, 56°C 30 B, 72°C 290 (35 ¥4 Z A4 DRL)
(7TH9F/AST-R) 94°C 20 #. 56°C 30 #». 72°C 30 #b. (40 ¥4 7 L4 DIRL)
iR 72°CC 5 4y LR L 7=,
RIGHT Hm—2 (2%) 7% 1 XTAE buffer TEXKEIZ T\, F L2 T FV 7 LT 0

~ 4 Py L, PCREVIZHEDRL 7=,

2 BEXARBLORBEAT < KKICK 2RMEREOH KRR

HHEHAA Y ZNOEAH X KK I X RKMHFT X KK DL HEFRLEZ N Z 151 ik, 29
fAfRiconT, 1 LFMDETDNA v —Hh— I X 2 HEE #2177z, “BHIZHA
TROEEDOL ST TH Y (BMOKFES 2018). KIPFHIFT LI RIZCHRA I N BEROE
naEetrn*chz (LEEEBRBEYE 1979),

K2 KA CHWEDORMICLZ2EEEHOH MY — A —IC K 255

KAEHH L DI L o THER LT 2BV A TR LR 21T o 72, Wil
¥, REOHEM M B X O DNA o IcoWTi3E 1 i & R0 5iETIT- 72,

KAE Al BXOP A3 #FLTED. Al OFMICTOWTIE E4/E9r I X W EAIT % %5

(Kanzaki et al., 2009). T Z Tl Ast {5 1HEHH T 5 $HIR D FCA 2> & i 72 i< forward primer

& L Cakal &7z E8.5 (Fig. 2.1, Table2.1) #HWT Al 23252 & & L7, KIGHDOM
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BRI EER 1 EFEIBETH B, PCR Kt iE 94°C 30 &M D%, 94°C 20 B, 56°C 20 . 72°C
2000% 40 4 7 A4 DIR L, 72°CT S LR L 72, A3 IC DO W T EE 1 L FREDGTET

1To77,

R

ER1 AR EEHATRBLEORMICLIREEFOH KM Y—H—IC & 55

KR & HI L DA X 3 252 kD 5 B, 1 lEERITFET % S RNOEIEH S 5> o 7=
720, BRI LA T X ZHINT LR TEhdrolz, TNEFRWMEEKICD
T, E4/A2r 35 X U THOF/AST-R % FH\» T PCR %17 - 7223, A2 B X ' A3 286 & #v7- (Fig.
2.8), 251 fifAD 95 b 205 filfkiZ. A2, A3 DWW TFhr R SN0ty F L HE
I, InofEkoREOHEMIIIETREH 7 F LHES N, ~—Hh =1 X 23R
ELRABICBL 7z, BB 6 ki wIF bl Ind, B F LRI 0 RED
HEETE S b BHEEXITELEH X ThHho T, v—H—IC X 2R L 13158 T 2%
Loty v —h—ICX B3R FOHEI A 46/251 (183%) (Table22) &b, ~—7
—IC X B & REOHENEDS B L -BI& X2k L LT 248 /251 (98.8%) Loz,

BA X KRR B LKA X KK OLMEELEDHEENMEEZ DNA = — 7 —I12 XY a#ls
&, BEHTFLEZLNLHEKOEEZZNZI36/151 (23.8%). 6/29 (20.7%) & 7x
h (Table 2.2), KK X HH b aw oz coRLH A Fo IR HHL

1985) L EELREIZ R o7,

K2 KA CHWEDORMICLZEEEHOH MY — A —IC K 2535

FFEEAIR 4 W], A3 DBREELZIHS 225 2 TERHEL L Tk o72720, T Al DA
WX o Tl ZITo720 AR D 72012872123 L 7= E8.5 #HW/=23, E4 W24
CHEEA L, T HICPCREYORE IR -0 KIGHIEIREL oz &b, #ilic

X ER.S/E9r ZFH VB Z & & L7, FPlakERIC I\ Tld. E4/E9r & E8.5/E9r IT X 2 kA5 5 1

14



—HL T\,

Al ZHT % 40 itk X O Al 26 X 2w 46 fHA 2 BEMBSG O EH BOKICEEE L2,
BEAK 4 LT I Al AT 2 40 Tk 22 [AEIRHEL, REFETIEZOTR
THIRTREH A FTH o7, Al ZFi7z iR 46 ik 26 ik HEE L, REFE TR
FAH A F 23 1A, FEEeHE A F 4 15k L ko7 (Table 2.3), ZDHFE (11:15) IF
1:1 OHREAERAZITR L (I 2 FWRE. P=0.433). 7=, fEL % kD 5 b5%Es
H7*2 11 kL o7z E (11:37) 13, 20% & 3HERZR R o7 (B4 2 FTHE.
P=0.613), Z® 15 fE{RIC DWW THIC THOF/AST-R ICX D A3 OFHEZFE L& 2 A, T
TA3ZHLCTWw, LD s THREFELZ KIAEICONTIE, == —Iic X 230l L RED
HEE eI BT R & o 72,

A3 DIRHTTIEDHET L 7212, H@&S o iz KA L0 & o2y F24: 522 ko HikE%
E8.5/E9r & X UF THOF/AST-R TilkAll L 72 (Fig.2.9)e 2D 5 H Al & A3DWITNHHI o,
ThbbREEH A & EZ O N LML 81 ik (15.5%) TH o7z (Table2.4), T DL,
KK & HI L DM A ICH T 2582 H A F o HEOWIRHE 18.3% (Table2.2) & AR
Fh ot (B4 2FRE. P=0.377),

B

KPR TIE, R ICE T 282 FHERICH T 2 ~—h — @Ko FALIC OO
L7z, FrimfZ B CE 3 X5 RERNGHERICE W TERRELADREL LR L ¥ T,
ZOHEEEZREL v — 7 —BIKOM R ZWGEE L Z28EPT T Tt v, el &5
HAE X, BE, REoREFS REOAKO LSS, FEREHIFEAMAL ZEEH A F 0
MAEHKIC BT 2 HEE RSB L E 2 b, R HRO RO H 2R & 5~ —
H — OB & WEE I Z O MEE R E 2 FENT 2 0 D MEOHITH B,

KH & HRK & DM X o TR O NI TREES A O - fFicow i, REOH
Wtk &~ — 7 — A OFER D TERIC L 72 (Table2.3) 23, KK & HH O3B L <.
SCAR ~— 71 —IC X 2 Hi¥%ME#H & REFAEOHIEL —EL 720 1% 46 flfk+ 43 fHikcd -

7= (Table2.2)s —E L 722> 7= 3{f{&iZ. E4/A2r 3 X 1N THOF/AST-R TlZ A2 BX A3 &
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B o 7228, BRERETIIIETLH T+ Th o7z, 325-22 (HAE X KK I X 3 FE5%
2HAF) X10927 (ERHATF) X2 24 fARDRED HM:IE, THIF/AST-R ZAERS
5L 7r o7z SR AT S 115 9kb @ RFLP ¥~ — /7 — O F ML E2IC—HL T dd, &
[IRRL & U 72K T i Ast SBIn T &~ — 7 —fEIk & DRI TR N D - 72 v[HEMED B 5

T/, ZoMicEZ LN I AL OB L LTid, FRAMNRMNETRKICE TSRO
FAEMEER > T B0 AAN7RRY DIRAICE WV AECZAREED REWEEbh D,
AR, DNA IC X 2 SRR fifT 237 > (Yamamoto et al. 2002), Y v =" (Liebhard et al. 2002) |
51 v %Y (Ahmadetal.2003), ¥ X €% (Sitthereral 2012) 72 EICOWTHEINTE D,
IO OBEEICOWTIRIEFRICEVIEMEZ D > CHET 2 2 L AHEETH L, AFICDO0
TIEERA D720 D~ — 71 =D ODFFE TN T 5 (Yamagishi et al. 2005) DD, i
FHHA AR AL S T B T v 2 37, HEER A5 R — B O AR ICB L CTla s
CXoThELEDOLErRYE., EERBELZREST 2 2 L IIHREcH 2, WHS (1985)
X, EEOH FOBERICE VT 30 LA EICH T2 25 2548 AR ERE W CTHREO HEMED
BRI LTIRE L TB Y. 7 FoHEMOBRCRMEBOME 72 & o SFEE K O FH il % %
ZLEEEEBLERoTwE, LarLZodich PRI 2E8ERA L 3R 5600 & F
NTHY, ZoFIFMcOTH ABIZREY IC X 2 EEED S % 28, Z offiREuI ko
TR TH - T, EROMEERICE T 2K CRRERBITICEELAVEEZD
N5, FEcoOBRICBET 2T, BIERPIRE (L AT ICMED 225720, FFEDK
BICB S s e B3 2 A 0 72 0 72 F IR AR R &2 R - A3 2 © & iR EECH
%, FEICIXERN R MEE KO RMEEE LM% M o GEERROFHZIT 5 08— T
» Y (Haji et al. 2005; Hichata et al. 2012; Iwanami ef al. 2008). % O CiEfnkkX 2 Mite &3
iR\,

Ast BIs I FHHE—EE R CHEEZHIE L, NMERo A2 F 7 7 2t 6 7 Y MFEL T
% (Akagi et al. 2009), AAaaaa X aaaaaa 7> DB D oyBEE % R P& DO DB (0
1982) #ZFICHIT 2 & Qe (FHFER G 1 BHOSZRCEITRICREL . 2 (1]
HORHTE HICHFITH) Tld AAaaaa20%. Aaaaaa60%. aaaaaa20% & 72 % 23, el
ol (AT H ORISR EIMED T E L 2D 23 2 [ D 4324 TR IC /3 HE) T i3 AAAaaa

1.8%. AAaaaa 21.8%. Aaaaaa 50.9% 3% X ON aaaaaa 25.5% & 72 %, SRR TIIRAK X H
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FK'46/251 (183%). “EA’ X KK’'36/151 (23.8%). REHIFT X AKK'6/29 (20.7%) &7V .
NS DMEIZA A 2 FeE (5%KHE) T20%DH 5\ F25% L ARERAET kol £/, &
nHo 3 ooMlGE coROM T EEEIIR . BaHrFikoBl Az, KA
X B3I EEREBLTWS,

e F LIERETHF LM E T, VI et 7 ¥28 4t Bz FIcBAL <
Aaaaaa, AAaaaa, AAAaaa TdH 55E 1L, FIENEROIFGE A HE (Allard 1960) %48
ET DL, FOoNTERHAFOEIGITZNZIL S50, 20, 5% LD, AP 4DOLL EOBGEIC
IO ICTEEHAFERM L R0 NIITeE N FoMKREE2 2 13 TE 7\ (Onoue ef al.
2018) ZD7OZHICH XS LT 2IEERHAFICOVWT At D3 ¥ —FEHEL THL
e, TRHTFOMEENRNICIFL-0ICIZEETH S, At D3 —HOHEEIZ, E
B PCR T X 27575 (Akagi et al. 2010) 7 7 7' A v M@EHTIZ X %7715 (Kono er al. 2016) 2°
WEIN TS, £/ SR (Fig.2.1) OUEfFOEINCHES 2 LM DT IC X 2 SRR
EbHE TN T 2% (Onoue et al. 2018),

RIS con F REFER T, SEEHOVR™ELTTIFELL SHELZEL, REBIV
BIRDORHEE 1~3 FEHIGHE L 7212, —& O EAaRME LB PER S L. O ICE8FEP T
THERE L CREL W& 21T o 210, BUER D B 23 E G IR D 23 5750805 12 35 CRABRAE
ANz, COMCRPEELR LEEABEICOWT, MEOTERSELRE LR L
RBL, BT ERERKEL CRESMTON S, BFEHIEICEL T TS EARIAD 5 L
i & Nzl iR, BMOKESR O MEERHEO TTEREI NI LI FNich-oTwd, L
T=h o TRMED D SR ECRD AL ISERE2ET itk b, ~— 7 — &K%
w76 Tt bk X 5 asdir o fiiE o & ik E coOMMZ M2 2 L I3 TE v,
LhrL~—7—ERKIC K> T, R XL meH L oM cELLIETEHTFIC
TARHNF 2L TR O NIEEEM DT 2 6 B2 H F Otk Ak B icEE RS
5Tl TEL, (BeHHFXIETEEHF) XTEHHF oML S IEFH LT 20~25%
DREEHTFNEC B ERET L L, LN 4~5ELATELEZL LB TE S, fERE
LT, REMEMRFT 272003 X 2HIET 2203 TE S, Lz oTHED LS &l
Betb~— A —ic X 238 HIE, BRHFFOMAMEEZENICHEET 5 720 0B ANIRO S
WERIETH 2,
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=77, R A —BERICE 2 T TR, M X o TH K o EEfAREER L, 2ok
»OBENTFEE AT 2R FOMEEEKT 2 L 35%R T 2 0ERH 5, FE
A (Yamada et al. 1995), RFEE (Yamada er al. 1994), F X CRIEXFEM: (Yamada ef al.
1988) &0/ O OEICE L CIHEEHRAAHHI A TE Y. 2o DIFHRIZH
BN @I HE L 2 2 BLEAIVE % b o A AT 28 &0 FHlic Lo, BHEE
SUCIE B B 72 FRIE %[RRI 2 72 (IR 2 fE 3 % 72 0 I I3 BHAR P R E O B AR AR
THY ., EROZERICY —H —IC X 2 ERE A DE S LT, IERERICHT L WiE
SHAFREOBRICORT 22 L8 TE %,
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7HO9F  AST-R
> <

_li >
ast-linked I - Ik —
region I D
\‘ 1
! !
\ 1
7HOF \‘.' AST-R
_ 9 '
—w
. 7HOF AST-R
Ast-linked > €
region
7HOF AST-R
|1l EX
A3 X Z-ooIoIiIosoInd /| 5

- deletion (ca.11.5-kb)

Fig. 2.1 Schematic diagram of ast- and 4st-linked genomic regions. Arrows indicate the primers used in
this study. The black boxes indicate the initially isolated AFLP fragment (EACC/MCTA-400, Kanzaki
et al. 2001) and the probe (5R) used in the library screening. The sequence of A2r is specific to
retrotransposon-like insert in A2. The dotted region in A3 indicates the large deletion (Akagi ef al. 2010,
2012). The dark gray boxes indicate the retrotransposon-like inserts. The light gray boxes indicate

insertions/deletions (indels). Adapted from Kanzaki et al. 2009, 2010.
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E4/ET7r E4 /E8r E4 / EOr

A1 a A1 a A1 a M

Fig. 2.2 PCR products generated from Al- and a-type offspring using 3 primer pairs, E4/E7r, E4/E8r,
and E4/E9r. A polymorphic product of 2.1 kb was detected in Al-type offspring, with the primer pair

E4/E9r. Lane M: molecular marker (A/Hindlll digest). Adapted from Kanzaki et al. 2009.
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E4 / EOr E4 / A2r
M 1 2 3 4 5 6 1 2 3 4 5 6

Fig. 2.3 The 2 SCAR markers, namely, A1 and A2, generated from ‘Nishimura-wase’-derived offspring
using the primer pairs E4/E9r and E4/A2r. Lane 1: Al-type offspring, 2: A2-type offspring, 3: A1A2-
type offspring, 4—6: a-type offspring, and M: molecular marker (A/Hindlll digest). Adapted from

Kanzaki et al. 2009.
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Fig. 2.4 Segregation of the SCAR markers in 10 KU-325 offspring. A: PCR products generated by the
primer pair E4/E9r. B: PCR products generated by the primer pair E4/A2r. All offspring, except for 2
offspring represented by lanes 1 and 6, showed either the PCR-A1 or PCR-A2 marker. Adapted from

Kanzaki et al. 2009.



r320-22

BC-471-

-109-27 -

Kurokuma

Taishu
Fuyu
- B-17
Okugosho
Okugosho
- V=13
Fukurogosho

Fig. 2.5 Pedigrees of the BC-471 used for RFLP analysis and segregation analysis of the SCAR markers

in the current study. Non-PCNA ‘Kurokuma’ and 325-22 are underlined.
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Table 2.1 Primers designed for detecting the Ast-linked regions. Based on Kanzaki et al. 2009, 2010.

Primer Sequences (5' to 3") Detected marker
E4 CCCACTTACCAAACTAGGCTTCCAACACAAG A2
A2r  CTTGTAGTGAATTAACGGATATGGTG
THOF  CAATCACTCATCTCACTTGCAC A2 A3
AST-R CCCCTCATGCTTTGCATACTTAATG ’
E8.5 CCAATGGAAGAAGGAATTGGAGAGC Al

E9r

GCTTAGTCAGCTTAGCCACGCCATTTC
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Fig. 2.6 Amplified fragments using primer pair TH9F/AST-R in progeny KU-325.
Offspring in lane 4 did not show the expected 4S7-linked fragment with 7HOF/AST-R.

M:100-bp ladder size marker. Adapted from Kanzaki et al. 2010.
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Taiten X Kanshu Taiten
A2A3aaaa A2A3aaaa
A2aaaaa
A3aaaaa Kanshu
aaaaaa aaaaaa
Fuyu X Taiten Fuyu
A2A3aaaa aaaaaa
A2aaaaa
A3aaaaa Taiten
aaaaaa A2 A3aaaa

Tenjingosho
daaaaa

Tenjingosho X Taiten

A2A3aaaa
A2aaaaa
A3aaaaa Taiten
aaaaaa A2A3aaaa
Taiten X Kanshu Taiten
AlA3aaaa AlA3aaaa
Alaaaaa
Alaaaaa Kanshu
aaaaaa 422332

Fig. 2.7 Pedigrees of the 4 pseudo-backcross ((PCNA % non-PCNA) x PCNA) persimmon progenies

used in the current study. Genotype of each progeny or cultivar is shown.
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aaaaaa

Kurokuma
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Taishu
aaaaaa

Kurokuma
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dadaaaad
Kurokuma

Al1A2A3aaa

Taishu
daaaaa



E4/A2r v

1360

- A2

658
489

(bp)

7THIF/AST-R
2016

1360

658

489 “_/\3

Fig. 2.8 Segregation of the SCAR markers A2 and A3 in persimmon progenies from ‘Taiten’ x PCNA.
Lanes 1, 3, 4, 6, 7, and 9: offspring presumed to be non-PCNA (they show A2, but whether they show
A3 or not is undecided). Lane 2: offspring presumed to be non-PCNA (A3 shown). Lanes 5, 8, and 10:

offspring presumed to be PCNA. Lane M: pHY marker (Takara Bio).



Table 2.2 Observed ratio of PCNA offspring in persimmon progenies from ‘Taiten’ X PCNA.

Marker Genotype Phenotype
Progen Total no. of No. of Rate of P value foma No. of  Rate of
S offspring  offSpring showing  the expected . PCNA PCNA
) ) chi-square test i i
neither marker PCNA offSpring offspring  offspring
(%) 20%  25% (%)
Taiten X Kanshu 251 46 18.3 0.634 0.070 43 17.1
Fuyu x Taiten 151 36 23.8 0.420 0.815 - -
Tenjingosho x Taiten 29 6 20.7 0.948 0.696 - -
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E8.5/E9r (bp)

500

250

150 A1

THIF/AST-R (bp)

500 As

250

Fig. 2.9 Segregation of the SCAR markers in the persimmon progeny from ‘Taigetsu’ x ‘Kanshu.” Lanes
1, 3, 4, 7: offspring presumed to be non-PCNA displaying both the Al and A3 markers. Lanes 9:
offspring presumed to be non-PCNA displaying the Al. Lanes 2, 5, 8: offspring presumed to be non-

PCNA displaying A3. Lanes 6: offspring presumed to be PCNA. M: molecular marker (50bp ladder,

Roche Diagnostics, Tokyo, Japan).



Table 2.3 Comparison of the Al marker genotype by the E8.5/E9r primers with fruit astringency

phenotype of the grafted and fruit-bearing offspring.

Number of Number of Phenotype
A1 Genotype grafted fruit-bearing
offspring offspring PCNA non-PCNA
+ 40 22 0 22
— 46 26 11 15
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Table 2.4 Marker genotypes observed in the offspring population derived from ‘Taigetsu’ and ‘Kanshu’

by PCR with the E8.5/E9r and 7TH9F/AST-R primers.

Number of Marker genotypez The rate of the
) expected PCNA
offspring o
Al+ A3+ Al+A3- Al-A3+  Al-A3- offspring (%)
522 100 162 179 81 15.5

“ Four genotypes are represented as follows. A1+A3+, which exhibit both the A1 and A3 markers;
A1+A3-, which exhibit only the A1 marker; A1-A3+, which exhibit only the A3 marker; and A1-A3-,

which exhibit neither marker.
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BI3E NFBRBRICEIIRADZ T TCERARE[/EOHREK
DHEEL LORTOZIDOREREE

]

|

R OB ClE. M 2 BOMEORHEMED & € LWtk z Fio A MK
BEORERIT 2002 HET 5 2 L, BEEZENICHED 2 ECEHE TR, 7FOD
BRICEWTIE, REE, RELMM., BEO LI AERT — 2L <, T2 Mm# %R
LT ARRICH T BFMES O IEMAIC L7205 > CTolfEs 3 2 & AL LEETMICK
b | SRR D HBER A O E CREEUE) 2 b LITHEE T T 5 (Yamada e al. 1994,
1995, 1997), REHED X 5 %7 — X THIITHESEL - IEBID i & BiFRIC L 72 T 23 v HE
ZH, BHERHM ORI/ T TR L 72 7 — 2 B L Tid, SER - IEMIOMR R EIR & L
72T NVTIET O REE T B 5,

ZZT, INFETHIFEREICE W TE L NAEREHHEIC X 2 Rito% s X CRARBE O
F—=RICDWT, HENR - ERMZFHEE LAVWETATH 2 HLEET L (v 2
74 v 7)) ZEH L RAAERE X S R EARROHEERHEST S 2L & Lz,

R oL PiconTix LRlo X 5 ICHREHE 2 1T o 72 & 7228, B Rt 0% »icBid 2
HEWFHE S ECBEL TR, 2hET) vIBIREEZHA N 2 2D X 4 7O EIHE
IhTwd, —HIEREZERZIGEOCL BEOERZHE L., RYOREROERICHNT 5
HAH L LTERTDHDTH S (Lill and van der Mespel 1988; Von Mollendorf ez al. 1992; Crisosto and
Labavitch 2002), Z @J7iE% HVCHRZ 2B CTIFEIL 72V v T RE O ST D RS 17
bNTWD (Tuetal 1997). b 9 —77 XM L CTRAZBEI L 2 OREMKO R BINEIC X -

TaHili3 % b D TH % (Brookfield et al. 2011; Harker et al. 1997), Z @ 2 DD J5iKIC X 2 7

B RERTAM & AHBE Y 5 Z L 2SR E T B (Harker et al. 1997) . AL CIXERTRGTIC B 1F
ZRITMED Y v TN OB T IO, S, HiEOTECEISwThFORTOL D) %
Al 2 iE R T s s L & LT,

B REAH CIXRADIE X 23Rt 0 % D OFHINC B 2 C L MR I T\ 5 (Harker et
al. 1997,2002), % ZTHFXRITDL P DfHICOTH RAMEIC X 2 EXHL 2 ICT S/
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. [l REOWEEIE L, FAREE & FBito% L 25HEIT 2 2 & & Lz,

LZAT, RSV RPEEROES R A L LA, FHRMICHIE X BN AZ R %
R RPECTH 2, MEER LENEE IS S 2B B FHEICOWT A Y 7 OE AR
DVDORTIIEWPE LRI TH 52, B5 T 28R TFHEAL VR, IREEZZERIC X
> THIEMD 72T K ZDb 5, ThbbERIEERND 3 HVENEE L ORERRENTDH
% (BB 2002), % D 7= WEEBICE T 2 #E K Tk, BUFEICO W OBRE R & RIEA
BEAMET 20ENRH Y EDOL S WEMRERATOI TS 2 HENICHEEST 2 2 &2
HETH S (UH 2011), % 2 THRBWHIERIC X 2 Bt 0% oI D W T, FReH
EEL CHEZITV, FRERB L UBHARERD 2L L Lz, $ebbe TRt
A¥OFEZMEOFHZME L, RitoL o RERERZHO»IcTs L & LT,

X 5Ic, EREEMIE 2 VT RHEHA T IC B LTRSS L 7 2RO R A HEE L
7= H, BHBIFHE I X o TR S 728Ul Z FV CRBROHEE 217V, WiE O R % i3 2
e L7,

MEts L OFE

KRl RADLPEH TERGEREMEGROHIRER

PR TR S S ERMTIC B 0 2 1 B O T, 1987 £205 2002 FDMICKAL L T
B oncMiEE G4 s A S, FHAE 30 k) oREIcOWT, BRAE L Bito%
VEERICE o Tl L 27 — 2 2z, 2o BRAKROELEZHBEMED =D FH
TS RO EH MARICEREE L, BUEFRICHEEI i onRETH L, 2nZ
NOAFIC OV TREOECRE 2 HEICREZIE LIPE2MEL 2, Zodicit 26 &
T RSB LTHOONT W B2, TNORHER O M - ZfIcowTid, 1985 4
225 2009 FEDODHE IR 5 3 FM, ZNENOBAD» HIEL 72 REELFAE L 72, 7272 L, A
T, KEFT. B X O RAEFTICOWTIE, 1989 4525 2009 FEDORIDE TR 5 2 H4F D FH
AR E V7, RAREICOWWTIE 5 BRI (18R, 2 P8R, 301, 41 20l 5: )
TaHli L. 0% 3 5 B (1: 4, 2004, 31, 4:9%%, 5: %) CiFffiL 72,
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KB OMERICONWTIE, 220 E 133 WEOFYfHE LTRLZ (Table 3.1),

R & Rt o %4 o FREFHNIC X 2 FHIHifEIC S5\ T, Bartlett I % X UF Kolmogorov—
Smirnov ME % Ei L 7= & & A, FH BRI OHIHREH BB I E o hh ok, TDT
B DRHEEREAMBEL LAWK ET LD 1 9Th 5 —RLETEE T L% 2 b o FEiif#E
CE L. RAPKDS 5 RIS WA R AR MBEL#EET 2 2 L & L,

RAREEIC DWW TiE, BMEH AT 30 kD 5 b RAMELK (1) TH 2 EEOH G
ML 72, 34 A IC oW T, TFIgBIEEZ SRS L, AR 2SR O fE ik o 13
KaHWERE LT, —LiEesA (e 25 4 v 7)) Z#EH L <217 - 72,
RitoLPiconTdh, EMEE T 30 kD 5> b RIERS (5) Th s ftkoH &%
B L. RABEE & [FER IR 21T 5 720

Y AT 4y ZERET VI, ZNENOBEICO W, DattHER A L cUR 720256 7
% e 7 v, )RR £ 72 (2RI 0 %) O FIBEUE % HHA R L 35 E 7 v, 3)RAREE
LRI 0% YD T O RIEE AR L $5ET . D3 OERMEL L,

7 VHE O FHE X HARE (Crawley 2005) 1€ & o TIT o 7z, SHHAERD 1 D TH % 2)D
ET NV, DOREET VL DRI ZITV, SIHERZ 2 2B 3)DETAMIT 2)DET VL

DB % 1T > 720 MalfETiE R (2.9.0) (R Developmental Core Team 2009) % 7=,

X2 RtoZlromEMER

HEEAMRL & U< BRI ZERT 7 B Y - A IR RIS L 22 F RFEZ 72,

1 RADRE

REORET»ORAZREIMIcOoZ 4 HTar s R—F—TL WikE, thxzs v

O CMERE L om0 F 2 — 7 AR, &0 (12,000rpm (13,300Xg). 1043) LT iR

L7 (Fig3.1), @RRHEICNT 2 LiFoERQOEHAEZHEH L, Rito%bofsiEes L=, B
AT 3 SRS 5T KM-5 GREJRVERT) 1 X 0 BN OTE Y O D 4 257 %2 HIE L 72,
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2 NEDOREIC L DRE

S F 4 miE CER . WP, Bl REP) . AT F 1ol (RS AR,
SEANEA 3 M (BE . CBEE. PU-0W) OFF 8 Wil A H v 7o, &R E O RN IUERTIC
4~9 HIEWE<T 3 |, F—#»5 4 RIOUHEL., 1 O ETRITERRMEEZRAE L 2, %
NENELNMEICOWT, UTFOEF A XY ShE & IURER % BN & 3 2 JCilE o0 8y
Wrad7 o7,

X0y = u0+ CO; + S0j + (CS0y) + EO
X0y ¢ i FHHOMEICH T 2 j FHOUHERE T D k FH O REOLRFHE

uo o A

Co; : i FHDREDE
S0, jFEHOUFER O F)E
CS0; * iFHHOMEL j FHOIHER & DX AEH
EOy : iHHOMEICE T2 j FHONER O k FHORFEORRE

3 BIFZRDRE
et A F 40 CARREEE. B4 WP, B) & 2815w, 2008 Fic
B O KA 1 ARG T 2 BN L 725385 (5% 8 ) 2. 1 Ok X0 Bt
RUE Lz UTFOEFAIC L Y B 2T 5 72,
Xl =pul + Cli+ Tl + El

Xl ¢+ iFHOMBEICE T 2 j KHOB T k% H D RED R E

ul + HPEE

Cl; ¢+ iHFHOREORR

Tl : jAHOBOME

Ely @ iHHOMHEICE TS j AHOBCO kFHORFEOR

4 FREEEDRE
2007 £ & 2008 £EiC, e H A F 5 adE CIRARRAEER . EAE BREPT. BRI, KER)
IZDOWT, Al O B 1RSI L 72589 (%83 ZHWw. 1 D/FEIC X W HE L
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Teo UTFDETVIC LY ZICERED BT 21T 2 72,
X2y =p2 + C2;+ Y2y + (CY2); + E2y
X2p ¢+ iTHHOMEICE T 2 jFEHOBTD k#HFHOREDKRBAE
u2 t RREfE
C2 : i wHDMEDIR
Y2; ¢ jEHOEORR
(CY2); :iFBEOMMEL jFHOIGER & D2 AEH
Ey ¢ iBHOREICE T S jFHOB T k HHOREDR

b saHA¥mEomEBEER

SEaHA* 14 B CRREEPT, =6, M0, TEEpr, e, oRET, HRC, AR
AEA CBEE 20 5. CBREPT . B, COREC. RFMEPT. B iIcowT, a0 K
PHNCE 1B SINEL 72 E (% 8 ) VT 1 OFEIC K VMPE L 72, &ifED LA
B L Bt o % bofEicownT 32 i (8 x4 21 OF v 7 AOFEHE % H T Tukey-
Kramer i£1C & 2 % &K% 1T 5 72,

6 BEWIHHEOMBER L. BHES & A ZEKOR R DT

F2k 1 TG A D 5 b, BB IC X 2 58 27> 2 HA % 14 ffEohic
DORMBNRL D ICEETNL TV AHATICOWT, BH DL Ic o CHH L 72 i % A2
B, HHEET 30 ko 5 b RiHESS (5) ofitkodlar HIVAKE L, £l & Rk
C—RHUAIEE T A (R YR T 4 v 7)) %8 L CRN 2T -7, HELzET Lo
B S N7z 720, BHEERE S IR I R E L 7 — IR LA E 7L 2 SR L, Sl
FE T 24T - 72,

7 BEETARMT

DL b 2~6 offat#EITIciZ, R (3.3.3) (R Developmental Core Team 2017) % F\ 7z,
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TR
KR 1 RADSH TEREREBGOHRRORE

MG IO VT, RADH E B X CRITFDOL D O FHEIE & 30 8O & D 53 Fi
% Table3.2 5 X U Table 3.3 IC/n T, RAADHE X CRUEFOFHIE2 1 (k) ~3 (h) oHipd
ICH B2 (Table3.1), 4 (Cff) 5 () ORMMEAD HHL T2 (Tabled.2), 7%
HEICOWThH | MBI OFHTEEZ 3 () ~5 (%) D#HifiTcH-oTH, 1 (B) £2 (£
) DAL L Ty % (Table 3.3) o AR A 0 S il 238 58 2> D JA K T34 L TH D .
2 DODIFENERNRBELEERL TS, /2 2 2OBEITLE b ICEFIBEORE L Z T C
BY . RO X OFHME O A 1 FEBUE NS {7 5 LR 2K R 2 7 ~E) &, it
D% O FHIE D 73 A8 12 FEBUER K Z 2 5 L BRI DB W ~BIWTEH Y | HINRIER S
RO LD,

RAOI L CTHEL 2T v 09 b RAOE S O VFHHUEZ FHEH. BRI O
IBMOARO HBFEZ HWAER 2z L 3 20IRET AV ZRD S &, KD XS AR
23537z (Table 3.4),

1
P. .. =
soft = 1 + exp(—(0.6238 — 0.8326MPf))

Pop * RADTEX A1 (K) Offlfk2 IR 5 %K
MPf : RADHEE X O EE

15 5 7z e UL P BB DM 13 & RIS 238 D FEA IR I B A3 i & 2 1A &2 7R L
725, 2 DMEHE IR S0k bDTH o7 (Fig.3.2), ZoMIER26. RADEX D
PEPREDY 1. 3 DA TlE, RADH X 25D AR Z L Z 1 44.8%. 13.3%1%
JEHES 2 L HEE S Tz,

R0 PIcBL THEEL 27 v Tld, Rito% b o FIEEIEZ SAZE & LEIT2 %
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DfEEDINBRZ HIER L T 5TV, R0 % D L RN ORE X O VIEHE % Sl HZ
. RitrL ofiko R HER L T 270 2Kk0 2 L. UTIORTHE R
BF O NIz, HI#F LD b REDTTHEAEEMEDS/NE (L X VBEEERSHET A TH -

7= (Table 3.4),

1
pP. .. =
juicy = 1+ exp(—(6.5186 + 1.4833MPj))

1
Piicy =
Juicy = 1 4+ exp(—(—1.5906 + 0.8862MPj — 1.0375MPf))

Pjuicy : %%+i]§% @{{Z’Siﬂﬁjfﬁ'ﬁ“%ﬁ%%
MPj : it D% b oI EHE

MPf : A DRE X O3 EE

Fito% bt RNOEE & 23HLK L LERE T LT, Rit0% offitko HIRE L
RADH X D VFIGPHEDHE % T, Rt DL OFHEI A RIEE O FIgRETH > Th, R
WO X D PIGEHEMR T & Bt A% otk o R A& £ 2 (Fig.3.3). Z ol
bl RitoL b oFaifEs s (%) TRADHE X O FERIEY 1.5 () DM E
T T, RS offko HEEIZ 7183% L %5, $RiT0L Vs L CRAOH X D
B2 & b2 3(h) oM A TH RIS DR 115%EREHIRT 2 LH#EE S iz,

X2 RtoZlromEMER

1 NEDORKICL ZEE

8 MhfEIC DV CTUVERIC 3 (Rl L TR & RAREE & 2 HIE L 7255 % Fig. 34 1, %
Toy i & AR & & SR & 3 TICRCE BT 2 1T o 72 A & Table 3.5 IS T, Rt
L /PRI DT IR C IR E B AR 1R 7 o 72, RSO T O it o SEARE 13 BB 25
b 47.5%TH o723, TRHANF T EAR D 44.0% T d H o 72, 8 ddd D¢ Byl

D DKL 27.5% TH > 72,
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— 77 RABEFL T D TIZERI 5K & e K3 2 L AL D T o 7z, 1T
L72RFEIZR L TR 2 WHEZ R S, £72, 5827 F il o FIEEEE O sl i 13 IR
EHAFEEOZNLY B KREDL ST,

2 BEZEEICOWT
4 SRS 2 BIOBREEZHCCTHIE L 28558, Wi X 3858k <, BoghRIzIEE

INE D> 72 (Table 3.6),

3 EREER
5EE 1820 2FINEL 2REDORY v LDl Z W CHEUOH 24T - 7228, Ghfl
BoEE X ERBDBUT 2D F NF 1 81.8%. 0.09% & 7% v . SN 75 BT b R FE R[]

BT+ /NE B o 7= (Table 3.7).

4 TEHHF 14 RBORTHICET 2 RERER

ITE1EEHCCER2T A 14O Rt 0%V X CREE OFER % Fig. 3.5 IR,
14 FFEFREK D (61.5%) 23R D Eid> o 7228, Z ORAFEE K< . R DAKAH - 72 Bl 20
S LAMED 1.20kg TH o 72, TRHFF 4 Wi (BE . MABAEEE. HK. HE)
D FHIE 1L R L VRS 272D DD, 40%%EX BHE o7z, T OH TGS ORNTEE
252.70kg & 72 Y 4 WHEORI TR D @D o 7z, — 77 B & TERIAT 134 30% & 72 0 . it o
%Y DEDMENN T E DAL D & T o7z, )DIFERHH OB CH W72 4 SO Rt 0% %
BA > CREY > MY > BRI L7a b, Fig 33 WWRIERLE D B L Tz, BE
Hy*xsifl (R, Ba. B, B, KaET) oRito%d L Bagskiicofi &

DAY T < VAN BRI 0.866 TH - 7=,

5 BENHMENMEICL 2. RS LR 2EGOEIGOHTE

34 &2 (Table3.2) @9 b, 2 DDOIHEBORBINFHE OfEi2s & dicfFoh0ld 7#M4E
®THY. O VIEHE% Table 3.8 18T, T 7HATICEL T, BRgaHliz o DfE L 7=
FRBIIEEL 2> 5 O & Byt 23% & 72 2RO BB L o v 7 < VIERMAHBIREIE. 2hE
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1 0.461, 0.954 TH -7z,

BRI 2> & D il X CF BN 2 & D% SHAZLE L L. Rit03% & 7 2 ik o 3
FhHWERE LTHEL T ik, BI#FIFEREICE L CRETE R o k2, #
HIZAETHY (Table3.9), UUTD X5 aEFEABGEON, T, HIE LY DBEEFEDOTTH

PAERBER/NE L, X 0EAEREHVWETLTH -7 (Table 3.9, Fig. 3.6),

FHEINFHRiic X 271

1
P, ... =
Juley = 9 4 exp(—(—7.87164 + 0.16750MP)))

Pruiey * 532 (R 28 IS 3 e

MPj : it D% b oI EHE

ER

AW TlE. De PR T 4 v 7 ElEEZ v, BREaHEI O 9 8HEL & . RADKS 22 R
To% MAKDOHBEEZHEE T2 2 LA TE, I X VEEDRMOTIER R b ERET
fiofEE DS eic, EELWIEEEZE T 2EKROHRETHT 2208 TE 5, )RR X
23, B 0% M3 E R 5 2 5. ) RADEE LRITFDSE DL vwo 2BEICOWT
FREE O TH 2 R 5 b RAOHW S LRITOL D2 UR L k%2152 2 &3 T
ZAFBEECOBRRFHADI R ZRBMT LI LB TEL, Lo/l L ZHLHICL 72,
INECIKRAPKS 2> S RIFD S 7 FEAED B OHEE IS 2 Mt 372, A*0
BN E RN T b0 EHEZ D,

RADEEE & Rt D% Vo FIgEEZ T RAPE DS 2> < i35 Wik o HBER %
WET 27200 FERB VAT Ay ZHIRETNVEMLT 2 LR TE Tz, L2LAEDDL,
W EAE X v, MR 2B R R UM O BER O ERH 2 L E 2 bz, ThbDHE
We LT, 12oHIE. HMHGEHCOBEHIDHOENTH 2, BN HEAFE U P53

fii (Fig.3.2,3.3, Table3.2,3.3) ORMMAE T DO THEAE > TE 0, RMMEE IR B 28
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P OBEI iR B ATHE LR RBLTWS, ZOZLDFED 1 2& LT, FADHE
IR DL P BAKILER ST 2 RVPECTH I bbb, BRGHE T 1 25
5 OHEBUECEHE T L5720, HREHMECHRLEL o729 v 7D TH RO X 5
DL PITECNHE DL LHETON5, 2 DHIC, ZHBOFHIIA T2 TldRwI & ThH
%, 7Bl D »TlE, KiFER 2~3 L2 2T > Tk nizo, FHETHE o
7= EE . EOFEBEEZ FEICR L T LWAREEDEZ2 NS, 3 0B LT, &
PR OB TH 25, TR O—T7 I HIK Z V72854 (Table3.2 iICB W CHlAE
F5 03377, 395, 422, 427) T, RADOHE X OVFEUES 2.0~25 L koG TR O
%o RAOWE X OFEFUED 2.0~2.5 TH 5 DA & T, H 0 —77 DR HERL
7o T B HEE TR, RRPKS 2 WO HIERE o T, IHILINHD
3O D CEHRERHIECOMRECHERMA R R LORBARNE TN T B AREEY D 5,
PlED X5 nEROBSG 2L 2 ICT 37201013, SRMMERE ICE T 280 FHE
CIEMERBUEZ KD 2 720 DREFE R E2fTIRERH 2 LEZONDL 0, ZORRICK
2T, BREIHEIC & o TR O N RFEVE BT 25HiifE >0 r P X7 4 v 7 HEET L
DIEZRRTEILENTELTHS I,

R oL BT 27 v ofFICE TR, BiFo %oz RN OWE X o 8%
SUHZABUCIBINT 2 C & THEAKEILE I, BB O WTh . SIHERBRT0% b0
FIGBUED B DET N3 3.71 TH % DB, W7 OVIIBUEHLHHER TH 2 €T VTl 2.75
IR L7z (Table3.4), 2D & IZRAOMH X OFFUEA, it D% W EK D HIEKICH
BERITTEERLTWS, )7, RADH X 0T AT, W70 FIHHE % SiIAZRL
LT B2ETNIRAOHE X DR EZFALE T 2ET LR TZRIZEENRTEL T,
0%V O VIHRESRAO S > MEFDO HBRICEE L 2wl LR LTWw5, L
> C RO E L Fit 0% L oBFRSEGERINERZ R o Cw s X ciEFzond,
RAOEX 1, Rito% o EREIHEIC—HNCEET b0 ExONE, L VEWRE
BRIV ARVERKEONE ZLiE, VI THHE TN T3 (Harker ef al. 2002, 2003),
ZOBRRIZ, MEBREORGW 2 HAECHE S, Uy BT 2%, Iz 20
BRI DA ) 2 P MRA DT 7 AF v — (crispness. crunchiness ¥ X Uf juiciness) D7

% UM ISR T B 7200 id, RAREE &\ 2 Effigi 7 v — 7 (RAREER) iIcX - THIEL
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RFICON I D KREL AT NIERS W LB I N TH Y (Harkeretal 2002), TDZ &
FRADIE S BRI DL DO EREFHINIC BT 2 2 L 2 RB LT 5, T EREHiiD <
F YA, EEORFBICEBRL, MO VWEELZRETF SISV EKL 2HASH B &
DR ST\ % (Harker et al. 1997, 2002).

TP FoREERICE TR, BT FALORMEEYIEL TE MR, BiEo
FIPREO/NSIBMEL o TH Y ERFHAZENEES 2 2 L ARREOFETH 2, <
NEBIRT 27DICIFAVCELRIERZ D > = RUEHAAZFIHT 24525 % (Yamada et al.
1994), T OHICBL T, SEIOMIERERNH FOFMEERICE W CUIEMRERE RS2 TH
295, RAOHEX O PFHFEIMEC M AL, B2 IR0 %D O FEBUED & 2
HEEICK o T, ZNZNRADBKDS H ik, Fito% WEEROEIGREE 5 2 & B34
KTHOL L o228, 2D Lk, RAPKS 0 EFE - Zf-CHRIT 0% 0PI HE S
BRI E VL, BRI L R0 Dol Ic o CRIENHRE 259 &
L7 b, SKBONZHOTEET A X M@ 5. 2 DDFHEICE L CackE % X < HlBR 3
ZClichh, ERHBOBEBMIEL T Lichs, L LAWIETIE. 25 hi-[mlF
FROME & DI C b D TH B Z L 2n i (Fig.3.2,33). 2O L IFRHNOMX &
R DL PICBI L TIRRMETR O N OB DEEAE N L ZRBLTEY, ZDC
&1% Table 3.2 F XU 33 IR THERICK o THEMTFONT B, FERIAH (Yamada er al.
1995) L i3%Aab, RAME L RHOL LML bicheFHicn s TH 2RI O TH-
Th, HEKIIEL 2200 L 2 Rt 0L WRAZET 2k %2132 2 L3 TE 3,
RO O H R E A — /TN R D % D O EREFHEfH I 2 5.2 5 L v I iR 5
F. BRSNS 20 WA A 5 2 L2 X o TRIFO L W kD H
BEFEODLIENTELEEZLND, RitD% DO VHEHED 3 CRADH & O FHE
28 1.5 O3ETIE. RitoL W ifEkEoE &R, Rito% D o FEBIES 3 TRAORE X
DFIGHED 3.5 DRZHEDZED 53 f5Icm b e THEIND, L7722 > T, UM ORI %
ICfRD B Z L KR DL D RADHEI BT 2UREZR 2T 2L TE, ZhiCX ik
KHEBDY 227 MR BB TELLEZLNS,

REVPRBRTHZ L3 AT OMERRICE T 2RDEEAHND 1 2TH B, Vv
TR DO VAHIET & L HICHBEEN ) v I BIRT 2 L CORBEAERER>THY,
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Rt oL d L HilE S 2 FBNICEHE S 2 /752, RECHEEOFEEX @D 5 X 5 A fHnff
%D 2720 HAFLEZLNTWS (Iwanamieral 2017), 71 FICBAL TIFHATIEMH
BRIIIL TS 2 RS WRENIFE N, Fhdifitbom R e EEST 5 2 e
FFEFITE > TR % b 72 5 372 (Yamada and Sato 2003) . &% FEHEZE OHERS - BB % H
8L 7= 9o B KICIZ, Bt 0% %5 T 2 720 OKBINFHTLE OBFEARAIRTH b |
N 2T & ThERIITAT 5 720 icix, SR E LT W 2 5l - Rk R 0% 4% 5l 3
LRERD B,

KFE O RN D% VDI T EIZ A 7 2 ) v OBYEACEHE D 72 0 12 BFE & = )73k (Lill
and van der Mespel 1988) ICHDL b DTH 2, TOHETIEA 7 2V v OB E FHREICEE
O 228, RAZRBEREL CEOL REEZMET 2 2 L IXIEETIEH 2 A 2220 5
EWIRMDBDH D EDIERMEIN TS (Infanteeral. 2009), LA L., KifFEic B 1F 2 Pk
BRCld, ZoERH FRAEZR S L CIERIBINO EL Y L CTw b L S i 70,
ZOITEERRAL 720 AWFZETlE, THCHEA CHIBL 72 &L 2 O R DE U 2T 2 729,
- CERERE O TRAZH R L R TELT 228 iC Lz, 2Oo—HDERET
IR 7 B AR e I & ¢ TR AR E e v b C e eRAe T SRRSO R0 %
D& EEICEHS 2 2 &3 TE 7,

TiABIC L CRAR LT QMEMRI L L2, SR AFoFEMNETH S
PIRNFA DRI ZIEL LS5 Lzdbo, FHICRALZREDRATH-TH Y Y v
TS 2 2 LB TERWVITEM G20, RitH2HEST 22 L ERETH - 72, SEIDTE
. KA OENEIEE, bW v 2 HT I ATRENFORITOL D LT 2 DI
B L TWwiaWwEEZ HNz, 23t Lilland van der Mespel (1988) D J5iEA, B VRAD Y
v IRKF ADFHI AT D DI L Tz (Harker et al. 2006a; JEIT + -4 2009) @ & [A]
CBHIC K 2 b EZ b D, VIR IR EREGHEIC X b RitseedbeInTsh (BER
SetEbRY 1979). O EREGEHEICIZRADI I B L T2 tEx b b8, RADH
ED-OFTLEHTF LWL L 21 F L URTBWELS 2 L T3 (Yamada 2005), <
D=5 HOTEN A FOBEMICH V-, PEINFE O XS B RAZHE T 2 MLk &%
SHEICH W AR I v EZ b, AEEEHT X ORI DL D % FHII© % 72 < THAE
HlihwdbolEZobh5,
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AifFgecidseat 7 FIcA <, EREAF 3 M LRy F 1 2L 2, H
KTOBIED 71 F DEFER DK II5ERMEN F L R5ERMEH F CTH % (Yamada er al. 2002) .
INOLDORBEFMUREN AL IZ T X — AR X > TSR L 2%, B8RO
RELLTUHET LB TE 2, BB ORI CRIMEICER D 5 AlREMED & ) SHR
HNBMVETHBE2, SEOHERHASE ZLIckoT, BEHTDREEN B L ORELE
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ZER L., B L L CREEE R CH T ¥ 2 v REED D B,

ZNZ oGO IE R cR, . Mo 3 BIRELUE L, RAEE & Fito %
% Ll U 72, [l — S fH o IHERS A 23 52 70 2 BRFZIC O W CTHEFE D 25 533880 © L7223, 3 [|] D IR
K & SO Rt OEICHEES I3 h 5 72 (Fig.3.4). L7228> T, &bl o i 2 IR
Bl L 2R EThiuE, IHEH2 L VHEiIR L THRiFoHEICHITE 2 LRI T 5
Nz, EE#EO 7 FEECIE. OATE2L 2 A L2 Gl 1A, REFEEORED
INHE % BLEZ -2 I O WAL R & FEIC L T T » T B ZHER AR o IS HA o 1
X, K5 LIRS THUR IR CH 2 08, IEEEII X 0 1~2 85 < 5 I INE L 72
BATHRTDOLVOIRICIZHER T D EEZLNS, LALAELRTDS ) LR
b, BRI LT, IUEARICAR 2IZERADPKL 2L hoTni, D7D RAM
FED 52 2580 K & » & Bbi 3 R OME O %8BI 75 3l % 17 5 Sié i id. IVERER %
B ICIRD DREDR DB THS I,

REORNZEICE L GERERCBRE
DETH Y, RAACRERE R SIICL T
RIFFRICECTRIDLDICOCCTHRBEEREHET 2 2 & & Lz, “ICRES T T
RIS DI 2 MEOMEBIEFHICHETH 2 LB HL IR o7, MEOZNRIC

X 27800% 803% TH o723, [F—RmEOBHNC X 2 0EIMETZE AL LDy DTH o7~

DREIZEPET 2 e MEERICEBWT
SEL

SAE
BEELZEAHEE I N TS (Yamada ef al. 1993),

44
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Table 3.1 Cultivars and selections of Japanese persimmon used as parents in this study and their sensory

ratings for fruit firmness and juiciness.

Sensory rating

Cultivars/selections
Firmness® Juiciness®
Cultivars Fuyu 3.00 5.00
Hazegosho 2.50 4.50
Iz 1.67 433
Kanshu 3.00 3.67
Macekawajiro 3.67 2.67
Mikado 2.33 3.67
Ogosho 2.50 4.00
Shinshu 2.67 4.00
Sunami 3.00 4.67
Taishu 1.33 5.00
Tenjingosho 3.00 3.67
Uenishiwase 3.00 5.00
Yamatogosho 2.00 4.50
Youhou 3.00 3.67
""" Selections ~ Akitsu-16 267 433
Akitsu-19 1.00 5.00
Okitsu-20 2.33 4.00
Okitsu-21 3.67 3.33
Okitsu-24 3.67 3.67
18-14 2.67 5.00
66-5 2.33 3.33
84-9 2.33 4.00
109-27 1.67 5.00
129-20 2.33 5.00
177-15 2.67 3.00
195-21 1.33 5.00

1 = soft; 2 = slightly soft; 3 = intermediate; 4 = slightly firm; and 5 = firm.

® 1 = juiceless; 2 = slightly juiceless; 3 = intermediate; 4 = slightly juicy; and 5 = juicy.
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Fig. 3.1 Sample preparation for juice content measurement. A: Four columns obtained from a slice of
the fruit using a cork borer. B: Homogenate after centrifuging. The weight of the supernatant juice was

expressed as a percentage of the total weight of the sample.
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Table 3.2 Mid-parental value of the sensory rating for fruit firmness of Japanese persimmon crosses and

the number of offspring from each cross in each rating category®.

Mid-parental Number of individuals in each sensory rating

Cross code Cross combination

value 1° 2 3 4 5
203 Izu X Taishu 1.50 9 13 8 0 0
436 Yamatogosho % Taishu 1.67 14 8 8 0 0
447 Mikado x Akitsu-19 1.67 12 9 8 1 0
276 Okitsu-20 X Taishu 1.83 3 15 11 1 0
453 Mikado x Taishu 1.83 16 8 6 0 0
280 Hazegosho  x Taishu 1.92 4 6 16 4 0
387 Ogosho X Taishu 1.92 5 17 8 0 0
204 Izu x 129-20 2.00 5 12 9 3 1
218 Izu X 66-5 2.00 5 8 16 1 0
224 18-14 x Taishu 2.00 12 10 7 1 0
238 177-15 x Taishu 2.00 5 8 16 1 0
241 Shinshu x Taishu 2.00 8 10 12 0 0
345 Mikado x 109-27 2.00 3 9 18 0 0
419 Tenjingosho X Akitsu-19 2.00 4 11 13 0 2
427 Shinshu x Akitsu-19 2.00 17 8 4 0 1
227 Fuyu x Taishu 2.17 5 11 13 1 0
307 Tenjingosho X Taishu 2.17 3 12 14 0 1
349 Shinshu x 109-27 2.17 9 12 9 0 0
377 Kanshu x Taishu 2.17 15 11 4 0 0
395 Kanshu x 195-21 2.17 12 11 7 0 0
350 Tenjingosho X 109-27 2.33 4 2 19 1 4
422 Kanshu X 109-27 2.33 13 9 7 1 0
221 18-14 x 66-5 2.50 5 9 14 2 0
272 Okitsu-21 x Taishu 2.50 1 7 18 2 2
305 Maekawajiro Taishu 2.50 1 9 20 0 0
470 Akitsu-16 x  Hazegosho 2.58 2 13 15 0 0
302 Okitsu-20 x Fuyu 2.67 3 10 14 3 0
343 Youhou x 84-9 2.67 2 4 21 2 1
344 Uenishiwase  x 84-9 2.67 8 6 15 1 0
457 Youhou X Mikado 2.67 5 4 16 3 2
291 Shinshu x Fuyu 2.83 2 10 18 0 0
346 Sunami x Kanshu 3.00 6 10 14 0 0
495 Fuyu X Kanshu 3.00 11 6 13 0 0
381 Kanshu X Okitsu-24 3.33 3 9 18 0 0

® Data are in ascending order of the mid-parental value.

b1 = soft; 2 = slightly soft; 3 = intermediate; 4 = slightly firm; and 5 = firm.
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Table 3.3 Mid-parental value of the sensory rating for fruit juiciness of Japanese persimmon crosses and

the number of offspring from each cross in each rating category®.

Mid-parental Number of individuals in each sensory rating

Cross code Cross combination

value 1P 2 3 4 5
381 Kanshu X Okitsu-24 3.67 4 1 15 5 5
457 Youhou X Mikado 3.67 4 5 11 5 5
218 Izu X 66-5 3.83 0 0 4 10 16
305 Mackawa-Jiro  x Taishu 3.83 2 0 8 13 7
343 Youhou X 84-9 3.83 5 0 18 4 3
238 177-15 X Taishu 4.00 1 0 3 6 20
221 18-14 X 66-5 417 0 1 4 5 20
272 Okitsu-21 X Taishu 417 2 2 11 5 10
346 Sunami X Kanshu 4.17 1 1 10 8 10
307 Tenjingosho  x Taishu 433 1 1 8 7 13
345 Mikado X 109-27 433 1 0 9 9 11
350 Tenjingosho  x 109-27 433 1 1 10 5 13
377 Kanshu X Taishu 433 0 0 5 2 23
395 Kanshu X 195-21 433 1 1 6 4 18
419 Tenjingosho  x Akitsu-19 433 0 0 9 10 11
422 Kanshu X 109-27 433 0 2 11 6 11
427 Kanshu X Akitsu-19 433 0 0 3 1 26
447 Mikado X Akitsu-19 433 0 0 12 6 12
453 Mikado X Taishu 433 0 0 9 4 17
495 Fuyu X Kanshu 433 1 1 9 8 11
470 Akitsu-16 x  Hazegosho 442 0 0 16 2 12
241 Shinsyu X Taishu 4.50 2 1 3 5 19
276 Okitsu-20 X Taishu 4.50 0 0 5 8 17
291 Shinsyu X Fuyu 4.50 0 2 13 8 7
302 Okitsu-20 X Fuyu 4.50 2 0 9 8 11
344 Uenishiwase X 84-9 4.50 2 1 12 6 9
349 Shinsyu X 109-27 4.50 2 0 9 1 18
387 Ogosho X Taishu 4.50 0 0 7 6 17
203 Izu X Taishu 4.67 0 0 2 5 23
204 Izu X 129-20 4.67 2 0 2 6 20
280 Hazegosho  x Taishu 4.75 2 0 11 6 11
436 Yamatogosho % Taishu 4.75 2 0 3 3 21
224 18-14 X Taishu 5.00 1 0 4 2 23
227 Fuyu X Taishu 5.00 0 0 2 5 23

® Data are in ascending order of the mid-parental value.

® 1 =juiceless; 2 = slightly juiceless; 3 = intermediate; 4 = slightly juicy; and 5 = juicy.
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Table 3.4 Summary of logistic regression modelling for fruit firmness and juiciness in Japanese

persimmon.
. Degrees of Residual  Residual deviance
Model Parameter estimate friedom deviance /Degrees of freedom PCF)’
Intercept MPf MPj

For firmness
Null -1.2228 - - 33 136.64 4.14 -
Firmness 0.6238 -0.8326 - 32 114.84 3.59 0.0261
Firmness + Juiciness -1.3946 -0.6946 0.3919 31 112.77 3.64 0.4590
For juiciness
Null -0.0667 - - 33 171.66 5.20
Juiciness -6.5186 - 1.4833 32 118.86 371 0.0006
Juiciness + Firmness -1.5906 -1.0375 0.8862 31 85.2 2.75 0.0015

2 Calculated values when the parameters were added sequentially to the Null model. For the models that
contained only one explanatory variable (the Firmness and Juiciness models), the values of the models
were calculated by comparison with the Null model. The values of models containing two explanatory
variables (the Firmness + Juiciness and Juiciness + Firmness models) were calculated by comparison

with the models that contained one explanatory variable (the Firmness and Juiciness models).
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Fig. 3.2 Logistic regression line obtained from the Firmness model with observed data points
representing the proportion of offspring of Japanese persimmon with soft fruit. The regression line is
represented by: Pson = 1/(1 + exp(—(0.6238—-0.8326 MPY))), where P is the proportion of offspring

with soft fruit and MPf is the mid-parental value for firmness.
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Fig. 3.3 Logistic regression lines obtained from the (a) Juiciness and (b) Juiciness + Firmness models
with observed data points representing the proportion of offspring of Japanese persimmon with juicy
fruit. The equations for the regression lines shown in panels (a) and (b) are: (a): Pjuicy = 1/(1 +
exp(—(—6.5186 + 1.4833 MPj))) and (b): Pjuicy = 1/(1 + exp(—(—1.5906 + 0.8862 MPj—1.0375 MPY))),
where Pjuicy i the proportion of offspring with juicy fruit, MPj is the mid-parental value for juiciness
and MPf is the mid-parental value for firmness. Lines in panel (b) indicate the regression lines when

MPfis setto 1.5, 2.5, and 3.5.
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Fig. 3.4 Measurement of the juice content and flesh firmness of eight Japanese persimmon cultivars

during their harvest period. Bars are standard deviation.
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Table 3.5 Analysis of variance results for persimmon flesh juiciness and flesh firmness, evaluated 10

using four fruits from one tree of eight different cultivars that were harvested three times in one year.

Flesh juiciness Flesh firmness
Source of variation df Expected mean square"1
Mean Square F Mean Square F
Cultivar 7 537.30 4716 2257 3498 o4} + 12K
Sampling time 2 1.90 0.170N° 1.099 17.03" o2 +32c,
Cultivar X Sampling time 14 6.20 0.547~8 0.117 1.814% 6,2 + 4ok’
Residual 72 11.40 0.065 e’

** Significant at P = 0.01; ™ non-significant at P = 0.05.
2 50” : residual variance. Ko’ : variation index for the cultivar effect. Ky : variation index for the

sampling time. kcs0® : variation index for the interaction between cultivar and sampling time.
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Table 3.6 Analysis of variance for the instrumentally-evaluated flesh juiciness (IFJ) using four fruits

from two trees of four different cultivars and one year’s data.

Source of variation df Sum of squares  Mean squares F Expected mean square”
Cultivar 3 4599.64 1533.21 131447 6,7+ 160,°+ 320,,>
Among tree within cultivar 4 32.82 8.20 0.70NS 0.”+ 160,

Residual 120 1399.75 11.66 6o

el

** Significant at P = 0.01; ™ non-significant at P = 0.05

2 612 : residual variance. o2 : variance associated with trees. 6.2 : variance associated with cultivars.
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Table 3.7 Analysis of variance for the juice content of Japanese persimmon using five cultivars, one tree

per cultivar, and two year’s data.

Source of variation df  Sumofsquares Mean squares F? Expected mean squareb
Cultivar 4 3852 9629  113.5717 64" + 804,  + 160,°
Year 1 11 11.0 1300™ 6,7+ 80,,” +400,,”
Cultivar X year 4 28 7.0 0.825"° 0,7 +80y)

Residual 70 594 8.5 O’

** Significant at P = 0.01; ™ non-significant at P = 0.05
% 6e2? : residual variance. c.y0? : variance associated with interaction between cultivar and year. 6.” :

variance associated with cultivars. 6,” : variance associated with years.
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Fig. 3.5 Varietal differences in the juice contents of 14 cultivars of Japanese PCNA persimmon. The
numbers on the x axis represent the cultivars; 1: Taishu, 2: Fuyu, 3: Matsumotowase-Fuyu, 4: Kanshu,
5: Youhou, 6: Izu, 7: Okitsu-20, 8: Fujiwaragosho, 9: Tenjingosho, 10: Gosho, 11: Jiro, 12: Okugosho,
13: Suruga, 14: Hanagosho. Bars = standard deviation. Columns with different letters are statistically
significantly different according to the Tukey-Kramer test (P = 0.05); each column represents the mean

of 32 samples (four flesh columns x eight fruits for each cultivar).
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Table 3.8 Mid-parental value of the sensory rating and objective evaluation for fruit juiciness of Japanese

persimmon crosses and the number of offspring from each cross in each rating category®.

L Mid-parental value Number of individuals in each sensory rating
Cross code Cross combination X . d

sensory’  objective 1 2 3 4 5
302 Okitsu-20  x Fuyu 4.50 42.0 2 0 9 8 11
495 Fuyu x  Kanshu 433 44.8 1 1 9 8 11
307 Tenjingosho x Taishu 433 494 1 1 8 7 13
276 Okitsu-20 x  Taishu 4.50 49.8 0 0 5 8 17
203 Izu x  Taishu 4.67 50.2 0 0 2 5 23
377 Kanshu x  Taishu 433 52.6 0 0 5 2 23
227 Fuyu x  Taishu 5.00 53.8 0 0 2 5 23

? Data are in ascending order of the mid-parental value obtained by objective method.
® Data are same as those shown in Table 3.3.
¢ Data are calculated from the result shown in Fig. 3.5.

41 = juiceless; 2 = slightly juiceless; 3 = intermediate; 4 = slightly juicy; and 5 = juicy.
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Table 3.9 Summary of logistic regression modelling for fruit juiciness in Japanese persimmon.

Degrees of Residual  Residual deviance

Model Parameter estimate freedom  deviance /Degrees of freedom PCE)
Intercept MPj

by sensory evaluation
Null 0.7218 6 27.471 4.58 -
Juiciness -8.2705 1.901 5 18.926 3.79 0.1878
by objective evaluation
Null 0.0072 - 6 27471 4.58 -
Juiciness -7.8716 0.1675 5 7.352 1.47 0.0138

® The values of the models were calculated by comparison with the Null model.

61



o | 9

© H 1S
57 0T 5 e
3 [y
i =
= o
[=a™ € o |
& © 7 E o
£ ¥
2 g
=3 &
= =
S = s =
5 o7 5 °
5 5
B -
o [=3
o o
o e
- n o~
o g, ]

P [—
g A S 1
T T T T T T T T T T T
35 40 45 50 35 40 45 50 55 60 65

Mid-parental value Mid-parental value

Fig. 3.6 Logistic regression line obtained from the Juiciness models with observed data points by the
sensory test (a) and the objective method (b) representing the proportion of offspring of Japanese
persimmon with juicy fruit. The regression lines are represented by: Py = 1/(1 +
exp(—(—8.2705+1.9010 MP)))) (a) and Pjuicy = 1/(1 + exp(—(—7.87164+0.16750 MP}))), where Pjicy is
the proportion of offspring with juicy fruit and MP;j is the mid-parental value for juiciness. The area

between two broken lines in each figure is 95% prediction area.
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fe, 2v=vinEr%lGEn, MR ANTEEREL L] LI EIEFICHK
FAfCEN TV B, EEFERAKE RSB L o TR BIES, BEFICHF 2 A
NZBHOH . REKD 7 F O L 1T5ICZE N ICHE L B2 BAERIC ORI 24
WD 5,

oL kil e RIC, AWK TlR. REKOTEEHE AR i@z N 272 03F
FEHAFEZMAL 72T *F OB LTS 27200 DNA v — 7 —IC X 558K
JikoRF L. BRERD 2 KEABERTH 2 RHTOL DI L T, RHHEE2 L ORI
D% RO MBI O Tl S X ORI 0% A 0 B BIFER /5 0BT ICH Y A, B2 &
TIRL DA D H M % PRI A TE 2 SCAR ~— 7 — DR E R L, FEEDH 2554
BREICE T ZEEEHICE T, HEMEHN~— 7 — 1 X 282 REOHBEME & 13183

VIERICHEMTH B EEIR Lz, 25 3 BT, S E TOERETHE O R 2 & R A
DS A L Rt 0% WEEO HBRE Pl 2 HikEHEEL, b ThFAWPEOEE
HRD 1 2TH 2RI DOL D% ZBINCTHIE T % 2 5EE2 7R L CRERIZEREZAS I Lo
O, THFEISHT 22 LT XV BEoEWTHTEZRL 72,
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VrmfEE D70 DFEKICHE VT, REHRCEIK, ~72 T 2P REXR LR FE ]
SBIRILHEL 72 228, A XD NS OHEICOWTIRBF A Tl DNA ~—Hh —I2 X 238k
WEECH 5, Lo CRMEEZBEERUME LR 2 VI RERFELHE L GBS
2ZLEARAEETH L, L LAaromelrF eI et 7 e 253 L, @KL 7=9E5%
ST FEEICTER T F 2 RM L 256, SEFRAEERIC B W CRe T A RS 15~
20%EENTWE EIRET 3 &, HiEMEZFicowTd DNA ~— 7 — T+ niE, £To
Az EB S ETRHET 258 LD D 5~6.6 tERIHENR L5 2 LT 2, RIS
TFSEERFT CHEaR L 7=l i 13 A o0 23 37 3B I C o S Al L0 P R P M 5B & A% O &
72 % 05, TR e St ofEfk & Lk L 2 o BRI L 72 ik i3 5e e H o7 F [l
DEHMIC L o TH LR EH A F 2L, REGEPRIFTOBBOFH I CRED/NT I H
ZORBRICE T 2FAEER»OEMEINZ LB, MEERICEL RV DBL Do 72,
KA F 723 RR T L %5k L TR BAEMRORFEE ICOVWTHHE L 25, C
o EHOTERH A FEAERD FIGREREILIEFR LT H RO PHREEL Y /NI h o7
bOD, STEHAXORCREENER LFERED 280g L ETH Y 20 RTAAE L 7n
R o HIRRER I 72 < (Satoeral 2013), T b DEMD b EFEAFE ICO W RS
iz 2 R A B 2 TREME 1T K & W,

AW ClEMER KO T 1990 FRA1 IR A F Oz e L THWTE 2 gD
BROFEEMEZWFIE L Lze HAICIZAS F25 1000 LA EO REATEE L, £ D% 3%

FHL L CTHEHIREPEHZE T 2EAFHEEHENIE, ZNHICOWTH Ast BELTHE
O ICHE T 2 BB 2 EH A A S 2 L 72 %%, ST BUC B O & LT
L. HitE~—7—%2FH L2 BESWRECTH 2, T E TRMEICH W2 o 72 IEEAeH
A F M 5 C & CRMEBLOERIRIEBICIA %2 5,

2014 FF Tl GEReH N XTELTHF) xXTRH A * 05 r 28 AL TITV, 1§56
N7z ST24 kD o it~ — A — e X o THAHH F % 1346 f{AEA 72 (Sato and Yamada
2016), BUERHOEISHEE R ESERNIC DNA = — 7 — CT#A L 7256 & H 7 * CRENE 2358
RemfEie 2 2 AL REKREZMERAL T 22, ERFBOFELZ TS, BELIE
72 E DM THES LRED 2w 7 FHaEs it 5,
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HADEL2H» FRLOHD b I3 Fofitko st L, HARDERH 7 * &4k
DIFFEEH A F L OZHIC X o TR N RIS TIFRERH T F L2, —77, HETH
Ran, BeHFLIns @AM (Wang 1982) & HADTEEH 7 * & ORMETIE, 7T
A F LIERETHF EEL (Ikegami ef al. 2004), = 5T FEHGHA & IEEaH ¥ &
DIHETIR, HET 2D 50% 2R H T FERoTwBE L hb, A oEat
AEEE, FEREH T FE IS LEETH 2 L EZ 5N D (Ikegami et al. 2006), il Z T,
TR o 2 v = VA HADEEH A FDOb DX Y KE W & (Ikegami ef al. 2005).
FRITHAT 25 Ast EInTFEE D 727\ 2 & (Akagi e al. 2010). HADTERH# * L IEEeH
Hx DML IR FBEC RV E HHS 1985). HRDTERH A F 23 E D
hEERO T FBIE T 2RV EEIZONLZ L, BEEEZAEDE L L, HADES
HAxxhEOFEEE A F &IEEMIce L Tl b R of 3 2 PElRO5E
SHAFEIIHROTLEH A FIWE L B ozbDEEZ b2 (Sato and Yamada 2016).
PR O 7 3 BTl 1990 F£00 & FREHEHT %2 28I v T % (Yamada2013) 23, ‘7§
FHE DR FE IR TH > TH D FHICEHL RS 2 L 235 Y (Sato and Yamada 2016) .
FRHTHH & HARDERH 7+ L ORMIC X 2 H A 2K DSL K BB ICHE AR E D > T
22LHH2 (ILHS 2006a), D78 Z DM H DOFEMAN R MEOBRICITE > Tk
Vv, TEHRROEEH T FEELZHANTE 2 DNA~— 7 — bR INTEY (kegami et al.
2011). HARDFTR2H A X FELORMEZ T, HEHEH 2 FIH L7224 b et 7+
RO I ICFIFC&E 2B & 72 > TH Y (Satoand Yamada 2016), S HE5HEIC X - T
HREELTHTIE, XY 2 v =vERPID AL BETRTELEHF F oK 03 W EE 72 5L
WA B TH I AD WL A X2 ER T 2Rl 5 5,

LZAHT, AFDRERKRICOVTIIRABESCRIT DL V72T T, RNOHE b EHE L
ZRTH 2, RHOMEICOWTIZY YT THAOWICHIZEE I N TH Y (Harker er al. 2002,
2006b; Ballabio et al. 2012) . ¥ 72 REI Tz \2s, RADH S L BEPIB®E LA T2 F 27
U ¢l s ERIYERANE & 2 F TR O 72 ED © RO ICE D S RITIRIC X o TR
BTtz GELS 2004), 7 FORANOHFEICOWTIE, PIkFA R MFAL 0 X
S UTHI D @A & TEHHFT PRI (Btisktk) O X5 ICEDbDETH Y iofiEl Eic%
B ->TH Y, TRWEBEEDHADRAMEL HbETHERDIDOLRoTE, WHED
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MEz ) v ah ELRMRICT 2 2F 20 2 — x5 ERYIPEHIERRIC X - THIE LEBIIIC
i3 2 b AREL b 24, ZhE CIEN RS EMLIN TR, SBRIVRE
R A ¥ %5&EK - BT 27201k, Rito% iz, RAOHE BT 2 &8 7 3l
TIEDMEL D ETH 5,

A v xY (Citrus) Vv T3%  OFEEMEL —ERch b, AHAPEICEHT 2 DNA
~ — 71 — D FAFE S = EEE B X D FAFE ARG I IC D S 41T & 72 (Omura and Shimada 2016;
Igarashi et al. 2016), V v TORMERETIX, 4 HHOEBERIEE Z WX NEH 2 -8R % #K
279D DNA v —A—BEALINTV2Z (FRA 2014), DNA v —7 —IC X 5:# KD
BOBEFBED2REICIRON 225, RNOWEHEFENWPAELZEAZ LN, $HIROELZH
BOBLEFICL s T EINE 720, HE~— " —DOFEVLNETCHZ, LErLAEELY vV
I CTIHRERDOAEICOWT D QTL N H fTH 3T Y (Longhi et al. 2012; McClure et al. 2016)
FRICRA O X I1CBI L TI3E% < © QTL 2A[FE & 1T % (Chagné et al. 2014, Kunihisa et al.
2014, Marondedze and Thomas 2013, Sun et al. 2015), FIETIX, BGFOMEEOMICE T 5 31
FHE EOREDE VL KED DNA AlFloiEw & oBGREHA TR L - Fille T V2B
L. TOETIEHZICER L ZEEICHET L Z D DNA BFI2 & % OfE2B R o Rt % 7
BL. ko 2FEERFo L EX ONHAKEEKTZ, ¥/ IvreL 2y avofRgtkc
DVWTH AV FYTHE SN T2 (Minamikawa et al. 2017).

WFNICE LA FOFRICE T 2 ELH A FOFERICE LTk, HEMEOM%Z DNA ~
— A=K o TITAD LI ICro/z T & T, ZHMBLE L THVE Z LB TE 25 - Rt
R2SKE QA Y . SRAREAE T 2 k2 AR TAREESKE R0k, L LA
LHMEMEERROTIE DNA ~— 7 —%2FIH L7258k %2175 c i3 e, ERMEKDERKIC
BTz o Tl SHEBLOETE L MR AR OHE - REOFIE % h O BIFELL F1cHl 4 & D
LB D, KT THIEL 2R 0% > 0RBINGHE T kR 0—Bt b TH A 5,
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LS

7 ¥ OFFEIIBEAREEO HEELEFORMICL Y 40024 FICHHINE A, 2o
TRAEHA X2 T EFOEMICERE CRESRAT @RI BB EThidkd 2,
D7z ORREFEICIFEEETEPIRDLE L, HARHERo 2T 7 i3Ik att 7+
R LTS B, et F LIRS X L oM. b LI at R oM
TEHERT 2 HBAERIECHERLEE I F LR 200, TP F2EMT 2 ETIIELE
EHATFELORMBITONTEZ, Lr LA FRLORMEZHEVIRIT I LIckoT
ERFHAOREL A U, a7+ LIEELH N F & osMic X v A URIEEat 7 ¥ 5
EHATFELMT 2 i X o TRONZEBERMELOEEH N F 2 ESLENAE T, L
2L Z OGN B BAELEDFICTEREH A F OERIETFE T 1IS%RE L2272 L
HA*Th20E»2HHT 203 EEOEEE SHEE LEET 2 THRE2» 0 IEME
MTH 2, BAEAEOH % DNA =~ —7 —IC X - THHEREcilplc 2 g, el s+
kD H 2 BEREMGICEET TN W it b, 22 CANE TR, HikMmcEsT 3
DNA ¥ — /1 — 3% B O % T 5 REEO BB CHMITH 50 &5 2 REEZ 1T - 72,

¥l X0FM TR, oL AKCRAKTH 2 L PROEEAHED 12
TH2, NFICEHL TIRADPIKDS 2 K RITF DL WRERRIICITIHER ICIHFEN S, H
BB DUEIFIC B > 7 FT IR 2 R IICHE R+ 2 720, BRADEK DS 2> < it 23% W HAEED
HIREAZHET 2 HEEMET L L Lz, SORKINETHETOAFMiENTE L
To% L <, BB - IS RO I E Bis T & L, CoHEERAWTRES
Hr¥oFE i coRiEomlZRERZzHoMCT s L L L,

KESCEEIC 2 DDOREED B Y 2o T2, JFamichi < 55 2 Tk, A FHICE W T
TRHA X TR F oI Lo TRbNLIETRH A L7 F L o
136 N7 BORHEBRRMEMARIC O WT, SCAR ~—h =2 HEWZHAN T 201cHMTH
B8 PRI EIT o 72, HE3ETIE, BEDOH X OMIC X 3 REOFELH, L. BN
DD 2> K Bt oL WA R A Pl 2 kA% L, $2bbe T, RRNO %
Bl L7t BiEEBIE T 2 MR E TR0 %D 25T 2 TR EHBEL . 2 LR
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BETIE, AR ZRIE L5807 FEREICBS 2 EIC O W TRET L 7,

2% [JEseatt 7 % BRI sk 3 2 2 LA D DNA = — A —ic X 5 Huk M0

SCAR ¥ — 7/ =2, EEOHFEEICE VT L OREEMTH 20>, LRORMEREMAE
W7 BGEEZ{To 720 SO BAEICO VT, JETELHH FIE ICHEE T 2 3 fi%D RFLP
~—71— (A1~A3) LTV LREITTE2MIETHL 2L > T/,
FEFEEHA X AR GEREH T F B XTEEAFARK) LReH»F H L D
X MR 251 R ZH Wz, ARDVPA2EIVAIEZFELTWEZ 20, 20774
~—- v } E4/A2r 3 X OF THOF/AST-R % F W TRl 2 1T - 72, 205 fE{RIZ A2, A3 DV R
A E N0 dEEet T LHEI NS, Ch b fifo REoHEM RIEREEH Y
FLHEE SN, v—H— I X BFIFER TR L 72, FRY 46 flfRIL A2 & A3 DWT
Nyt I nFmedrF LI i, REOHWEETIE S b B HEk1ETELE T+ T
HoT, v—N—ICXBHIER L IZIT T MR L hotze v—A—C k252 HT*
DOEIA L 46/251 (18.3%) (Table2.2) & 72V, ~w—H—IC X 50l & REOHEMEHL-~—
HCehozElfidatke LT3/251 (12%) tikoiz, BA X KK I X O RKMETT X K
K OZHRICOWTHEH X L Ex b2 lk0EI&IZ. ThZ36/151 (23.8%).
6/29 (20.7%) L7 b, KR X HK bED L OFERIZ T TOFEETH F oK

CEHEEREI R o7,

X BRIV TEE, KA AlLBL A3 ZALTEY, mHIC ESS/EIr VT Al
THA L7, Zo% Al ZHT 5 40 k% S E L7225, fELE 22 Rk dbxaet
HETHoT, Al ZHI B\ 46 ik ST L 26 kD HEFE L, e 7 F 235 11 fEfk,
R T EFRN 15K E o228, TD 15 fEKICDOWTHIC THIF/AST-R I X D A3 OF
MARELZL A, TRTAIERL T, LD s THELZ BEKICOVTIE, <
—H =X 2R L REOHE ML TR T MR L hoTz, BlESELNA KA L H
K& DGR 522 AR D H ¥ % ES.5/E9r &5 X UF THOF/AST-R Tkl L 7228, SE&H 7%
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EZ N AT 81k (15.5%) THotze TOHEIZBEL T, KK & HIK & osgi

HETICB T 22T A FORHOIMFED 183% L AEEITRD o7,

FIE (A FEMICET 2 BRI Hc R AR EAEME OB S X R0 %4 o S fE-
PR

RADKDS 5 B0 % W FEEZZNENICER T 2720, A F0EELZAERVECTH IR
RO X L B D% PDOEREHEIC X 2EIcn Y 2T 4 v ZEEZEMA L, RRSHS 5 <
Rt 0% o EED R OHEE 2 il H 7z, BREFHE<IX. RREOME L 70 % PiconT
ZINEN1~5 ORECHE CRADHEX 11 () ~ 5 (). RHo%d 1 (D) ~5
(%)) ZfTo T3, vy A7 4 v 7EEfHT 570, BAMEKEZZHZOFH
flick>T, RAOEXIZ1 @) &2 Eofitkic, Bito%dizs (%) L 4L TFicy
L., A TORRAONE X O VFIHIE £ 72 13 R 0% D OV HE % SHZE 5L RN
DREE 231 DR 72 13RI D% H 5 & 7 2tk R Z HIVER L L, RADH X
LDV THE S 7z AR P EE MR 1 ERARK D ER O HER A E £ 5 #if %R L7
2. FitogSiconcliz, RHo%Lose@lHZBICT2 L0 b, Fitosb LR A
WX D7 Z AR L L 2Bl o7 2l GRS &2 o 72, 3o L bllid 6k, KA
DI & OFHUEAMER SR G2, B 2 W IZRH D% A O FEHUE A O RHEL A2 28,
ZNZNRAPKS RO HBEE, &2 BT 0% WEEO RS b L& L
bz, L LEbLoRIGHOMEZ IEA7Z00TH Y, M DOEICE L R HE
BIEWEFE 2 5Tz, 72 DIFEICO W THOFHIECH 3 A 5 T b RADH S 2
RS WHERIEEAREOND EEZ LN,

B 0% > ORBEFHE IR, RAZBRZIGED L TRTFZ L, ToRRICHT 2R
HoElGEzEHL TifTo, RiTOINEDFEIC X 2B ZHO2rICT 570, TRETF
4 S, AR X 1M, SER%EAF 3 RO 8 SEICRAL T ZhZ h oI
W 3 [EIUHE U SR 2008 L 7228, IEEREIIC X 2 H R b o 7z, BIRZEREZH S 21
T 570, 4 MG 2 BOREORITZHIE L7225, WFEIC X 2R PKRE L, BoziFit
IFFNTNE > o7z, HEREERICOWTH 5 @R 1A 5 2 FFINHE L 72 R E CHlE L 7223
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DRI & [FRRER DRYRIT/NE < mfd - SRR OFHM IE 14 1 Kofls o o CrlhE
Fz bz,

FTRHHF 14 BEICOWTRADIEE L /DL D% IR L 7z, K DR o FHiffifiE 1%
RbE. RRNO S 3R Er o7, 45 (BH . DARESEH . HK. BHE) o
FHPEE R LY DECD DD 40% Z A T\ Tz, — 75 BRI & TEREAT o F -1 1349 30%
THY, FELh T2 o7z, SEFE CREC. S B BE KT oFF
fifififl & BEreaTll & DD R v 7 = VHHBAREUL 0.866 TH o 7z,

deovw V2T 4y ZEllEE T AICBIL T, 7 M AR IC O W CEIIAAE A B RERH I X
256 L RITOL VP OEDOGE L TET NV EHE LK EZ 1T 272, #%E&E DA FERHEICE
LCHERERD, EREEENENNE L, X VEAGEREVETAREL N,

FHaw  [HRAEEE]

SCAR ¥ — 7 —IC X o CTHE DO LR LR O HE M Z2@AIC& 2 2 L 2R L7z 2 L,
ML LTHW 2 2T 250 - FOEERILK L. SHAE 26T 2 Eik% £
KAt 2 E0 7200 E2oN5, $727XORWICE L, BHEFHL O FEEHES, 5.
vy RT 4y 2 EEE G TRADEKS 5 Bt oS WAKRO B2 HE S 5 2 L3t
i, TS XV BEOZHOTER T, O BEREGHE O R L D i, EELWEEHZAET
LR DOHBIRTET 2 2 B TE 5, o, Rt 0% DO RBUNGHE 75 % BT L e H
H¥OFEE R MEOMERNAZRAHAL2ICL, LR IOFEMFHIZHAV2 2 LT, £it
D% MEARD B Z HREHH L O dmVBECHET 2 2 LB TE 7z, AED X5 =%
R TELH T FOMEFTRK RN I 2L EZOND,
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Summary

Persimmon (Diospyros kaki Thunb.) cultivars are classified into four types depending on the
astringency of the mature fruit and the effect of seeds on the loss of astringency. Among the four types,
only pollination-constant and non-astringent (PCNA) steadily loses fruit astringency on the tree as part
of fruit development, irrespective of seed formation. Thus, the PCNA-type is the most desirable for fruit
production. The inheritance of the PCNA trait of Japanese origin is qualitative and recessive to the non-
PCNA trait. Therefore, crosses of PCNA genotypes have primarily been made through breeding, but
repeated crosses among PCNA cultivars lead to inbreeding depression, a serious condition which hinders
fruit weight, vigorousness, and productivity. To avoid inbreeding, non-PCNA cultivars must be
incorporated. Almost all persimmon cultivars of Japanese origin exhibit hexaploidy and are assumed to
be autohexaploid. Thus, the elucidation of its inheritance mode is complicated by the duplication of
alleles and others.

The PCNA trait is controlled by a single locus, 4st. The presence of one dominant Ast allele is
sufficient to express the non-PCNA trait, and the PCNA trait is only expressed when all the alleles
present at the locus are recessive alleles. Almost no F1 PCNA offspring are obtained from crosses
between PCNA and non-PCNA local cultivars of Japanese origin. The backcross of non-PCNA F1
offspring derived from PCNA x non-PCNA to PCNA yielded on average 15-20% PCNA offspring.
However, it takes many years to determine whether each offspring is PCNA or non-PCNA, as one need
to wait until it beard fruits after it had been grafted. DNA marker-assisted technique is thus expected to
greatly increase the number of PCNA offspring grown in the selection for the backcross. Previously,
non-PCNA-linked RFLP markers have been developed. They could distinguish the trait effectively, but
the RFLP analysis is time-consuming for large sample sizes involving hundreds of individuals. The
purpose of this study was to confirm whether the SCAR markers, developed based on the non-PCNA
linked RFLP markers, can reliably distinguish PCNA and non-PCNA genotypes in a large number of
offspring derived from the backcross of PCNA x non-PCNA to PCNA.

Meanwhile, high tasting quality is one of the most important objectives in the persimmon breeding

program, as with other fruit species. Consumers generally prefer soft and juicy fruits, and producing
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fruits with high marketability directly benefits growers. So in the Japanese persimmon breeding program,
fruit firmness and juiciness are targeted attributes. In addition, an objective and instrumental method for
evaluating juiciness is required.

This thesis consists of two main parts. After the preface, Chapter 2 reports whether SCAR markers
practically distinguish PCNA genotypes from non-PCNA genotypes in a large number of offspring
populations obtained from the backcross of PCNA X (non-PCNA ‘Kurokuma’ x PCNA) in practical
persimmon breeding. This chapter also examines the prediction of the segregation of PCNA and non-
PCNA offspring in offspring populations from those backcrosses using SCAR markers. Subsequently,
Chapter 3 describes a logistic regression method for estimating the proportions of offspring with soft
and juicy from the past survey records on fruits. And an objective method for evaluating the juice content
of Japanese persimmon by weighing the supernatant after centrifuging the homogenized flesh is
developed, and additionally, the varietal difference in juiciness among 14 PCNA cultivars has been
evaluated. Finally, Chapter 4 summarizes the significance of this thesis relating the persimmon breeding

system and proposes directions for future research.

Chapter 2: Practical marker-assisted selection using three SCAR markers for fruit astringency
type in crosses derived from non-PCNA cultivar 'Kurokuma' in persimmon breeding.

The objective of this study was to confirm whether SCAR markers practically distinguish PCNA
genotypes from non-PCNA genotypes in a large number of offspring populations consisting of progeny
derived from non-PCNA cultivar ‘Kurokuma’ in practical persimmon breeding. ‘Kurokuma’ has been
reported to have three types of AST-linked markers (A1, A2, and A3).

A total of 251 offspring, obtained from ‘Taiten’ (‘Kurokuma’ x PCNA cultivar ‘Taishu’) x PCNA
cultivar ‘Kanshu’, were tested for phenotypic astringency type identification, PCNA or non-PCNA, and
marker identification. In total, 205 offspring had the A2 and/or A3 marker(s), as determined by
THOF/AST-R, and 100 offspring had the A2 marker, as determined by E4/A2r (Table 2). All of the 205
offspring were of the non-PCNA phenotype, as shown by the sensory and brown specks tests. The
remaining 46 offspring had neither marker. Of these 46 offspring, 43 were PCNA and the remaining 3

offspring were non-PCNA phenotypically. The discrepancy between phenotype and marker
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identification was 3/251 (1.2%). The ratio of PCNA offspring obtained was 43/251 (17.1%). The PCNA
offspring segregation ratio was 36/151 (23.8%) for ‘Fuyu’ (PCNA) x ‘Taiten’ and 6/29 (20.7%) for
‘Tenjingosho’ (PCNA) x ‘Taiten’. These ratios were not significantly different from those of previous
crosses.

Offspring obtained from ‘Taigetsu’ (‘Kurokuma’ % ‘Taishu’) x PCNA cultivar ‘Kanshu’ were tested.
The primer pairs E8.5/E9r and TH9F/AST-R were used for detecting the molecular markers A1 and A3,
respectively. A complete agreement was found between the SCAR marker genotype and fruit
astringency phenotype of the 48 offspring. The result confirmed that the marker-assisted selection using
those markers was highly practical. In a larger offspring population (522 offspring) from the same cross,
81 offspring showed neither marker. The percentage of offspring expected to be PCNA was 15.5%
(81/522), which was slightly lower than 20% and not significantly different from that of ‘Taiten’ x

‘Kanshu’.

Chapter 3: Estimation of the proportions of offspring having juicy and soft fruits in persimmon
breeding program and varietal differences in flesh juiciness of persimmon cultivars.

To facilitate the efficient production of cultivars with soft and juicy fruit, a logistic regression method
for estimating the proportions of offspring with soft fruit and juicy fruit from the mid-parental values
(MP) of these attributes derived from sensory evaluation. In that evaluation, fruit firmness and juiciness
were classified respectively on a scale of 1-5. The categories for firmness were 1 = soft, 2 = slightly
soft, 3 = intermediate, 4 = slightly firm, and 5 = firm; and the categories for juiciness were 1 = juiceless,
2 = slightly juiceless, 3 = intermediate, 4 = slightly juicy, and 5 = juicy. The sensory data for the fruit of
offspring were collected in a single year during the period 1990-2008, while the fruit of parents were
evaluated in three separate years during the period 1985-2009. To be able to use logistic regression, the
sensory data sets of offspring were divided into two categories. The firmness data set was divided into
soft (sensory rating = 1) and others (sensory rating >2), and the juiciness data set was divided into juicy
(sensory rating = 5) and others (sensory rating <4). The proportions of offspring with soft fruit or juicy
fruit were calculated as the ratio of the number of offspring with soft fruit (sensory rating = 1) or juicy

fruit (sensory rating = 5) to the total number of offspring (30 individuals) per full-sib family. Then the
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proportions of offspring with soft fruit or juicy fruit were used as the response variables in the logistic
regression model. The explanatory variables were the MPs of the sensory ratings for firmness and
juiciness. The best model for estimating firmness contained only the MP for firmness (MPf) as an
explanatory variable, whereas the best model for juiciness contained both the MP for juiciness (MPj)
and MPf as explanatory variables. The regression lines from these models suggested that crosses with a
low MPf and high MPj can increase the proportion of offspring that have soft fruit and juicy fruit,
respectively. However, the slopes of the regression lines for both firmness and juiciness were gentle,
indicating that genetic segregation of offspring is wide for both attributes. It was concluded from these
data that softer and juicier fruit can be bred from parents with only moderate ratings for these traits.

An objective method for evaluating the juice content of persimmon was developed. In this method,
columns extracted from the flesh of fruits were homogenized using a disposable syringe, and then the
homogenate was centrifuged. The weight of the supernatant was expressed as a percentage of the total
weight of the fresh column sample. The fruits of eight persimmon cultivars were harvested three times
during their respective commercial harvesting season, and there was no significant difference in the juice
content among the fruits picked on different days. Genetic and environmental variances were estimated
by ANOVA and the results showed that the effect of genotype on juice content was highly significant,
whereas the variance among trees of the same genotype or between years was negligible. This indicated
that in persimmon breeding, the juiciness of one cross-seedling could be evaluated using fruits from one
tree in one year.

Subsequently, the juice content and firmness among the 14 PCNA cultivars were compared. The juice
content of ‘Taishu’ (61.5%) was by far the highest, but its flesh firmness (1.20 kg) was the lowest.
Although the juice content of four PCNA cultivars (‘Fuyu’, ‘Matsumotowase-Fuyu’, ‘Kanshu’, and
“Youhou’) were lower than ‘Taishu’, they were still all above 40%. The flesh firmness of “Youhou’ (2.70
kg) was the highest among these four cultivars. The juice content of ‘Suruga’ and ‘Hanagosho’ was
about 30% , the lowest among the four cultivars. The Spearman correlation coefficient between the juice
content and the sensory ratings of the five PCNA cultivars (Taishu, Fuyu, Kanshu, Youhou, and

Tenjingosho) was 0.866.
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For the previous logistic regression model, the comparison was made between the model with the
sensory evaluation value as the explanatory variable and that with the juice content, for the seven crossed
combinations. In the latter case, the model with higher fitness was obtained because the mean-parental

value was significant, and the residual deviation degree was small.

Chapter 4: Conclusion and future perspectives

Showing that the astringency of many persimmon seedlings can be identified by SCAR markers has
increased the range of cultivars and selections that can be used as parents, and raised the possibility of
producing individuals with diverse traits As for the tasting quality of persimmon, it was possible to
estimate the appearance rate of individuals with soft and juicy flesh from the mid-parent value of sensory
evaluation by using logistic regression. This enables the prediction of the occurrence rate of individuals
with desirable traits from the past crosses. In addition, the objective evaluation method of fruit juiciness
developed in this study has obtained more detailed information than sensory evaluation. The above

research results are expected to improve efficiency of new PCNA cultivars with high tasting quality.
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