IWHER : #A4 X (Glycine max) (235

B—E

A RNT AR O EATFIZRIERVEE,

BT, ME, ke, B riomish s E
ZEMTH Y, WEEREMERT 720108
HERMEMTH B, XA X1L4[E T 131,600ha
SN TEBY, 209 b4 E Tl
28,600ha Hi S, ERENFIRTITaE 1 Lo
TEMTHFECH 5 (2014 4R FEMOKER) . 4
A RO BT AEFH T 176kg/l0a T 5 D
(ZxF U, deyEnE 0% 257kg/10a & k& <k
[0, B L UL (2014 4R BEAROK
PEA) . ZOX I ICAEEIZAARICBIT 24
A XD~ RKEMTHD. LonLiaens, bl
EIEHF A ARFFEOIBRICAE L, LiZLiEm
W R b 7= (Funatsuki and Ohnishi
2009) , AEFENLEE L7V, AEPEa A kORI
RLHEMEE EODICG, dbRED & A X
BRlZ B 52 mEXMNROMNLIIEETH S

1. ¥4 A0HmE LHGHEERE

FRIZRE LW F 3 ARE AL & T 4 4
IC—EOEATRAEL TS (HHh 1997) .
Bl Z 1, 1993 4F, 2003 4EITMEIC L - Tk
WO KA ZFELEITE LK T L7 (1993
£ : 112kg/10a, 2003 4% : 185kg/10a MK FE
) 1993 4F & 2003 D+ A S I3 1
DA RPN EIT A & X TENEI 36%,
78% Tdh o= (S 1993; #JF 5 2003) .
IR (10-18°C) DL, YA FR CThh
FAEBARAR (EBRRMGE) , LM It
LRDMTE (FEFERGE) , KL TR
FEAR BERME) & LTHND (LEAD
1966) . FRIZAE & RO PRI T b INE IR
T o720 ()11 1994) |, B b EE RS
BO—o2rE2HNTWD., Zo [BITEHIm

B 2B TRIRABHEIIIE S O RAEIC B 2 BRI

Em

W) TEERERR DD 2 LR mE ST
¥V (Kurosaki and Yumoto 2003; Kurosaki et al.
2003,2004) , A L5 % H\ 7= BRAE I
PERREIC L o TP ERFERN B SN TE 72
(Kurosaki and Yumoto 2003) . Akiffi& Ti, B
EHImER R oML LT, Inveh Y]
(BGAS 2000) , Tha vl (HHES
2015) , TWpE TV A GRIED 2009) , &
EAHSF] (L b 2014) R ERER SN T
W5, Eiz, BESE Y b aTOIER TR O
IR A B LR BIITERUCE G595 Z ERHL
IZZ#THE Y (Ohnishietal. 2010) , Z DIk
IO HER TR RAFE L LT [45% 952 45
ENRBRINTWS (KIE 2012) .

2. T tHEICBET 2 B E
=4r— (1979) IMEETIIMHEFT DR
BERBNEHDLZEEZHLNCL, PVIMIAESR
BRRBMEDOBREIEEC D L &
R Uz, WIAE BT ERLE & EOMBIBELR
NHDHZ LMD, REROKEWVRENEET R
BAISE ZHRW (24— 1979) . 7=, &L
2R3 2 ERE B RH (NILs) Z Hv
T,ﬁ%ﬁﬁiﬁ%+%:wxfﬁﬁé
B0, ABERRRBEFEICTHNZ & ZH 500
L7= (=%>— 1979) . Funatsuki et al. (2003)
ITIEVERE R ERERE CTH DT A /LB Ul
WX —E 1 & RKT D MRS
FHES CHNREENE N 2B LI
7=, Ab¥EE SR [ k=30 ) o BRE A
IZOWTIE, KIR FCoOMERICES 35
BRI E & (QTL) Mz ikEd 5 |
IPFIZRRE & T 5 (Ikeda et al. 2009) .
% < OWFFEIZIB\N T, BHIEBTm AT & Rk

R B
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(ZBE-3 2 BV AR TR & O BE AN B 2T
ST % (Kurosaki etal. 2004; Funatsuki et al.
2005; Takahashi et al. 2005) .
ZA ADFELBRERIGFETHD T HIB
FIEIEM k& OFERARE S L TWD
(2004) 3 LT Takahashi et al.
(2005) & LIBT3 % NILs Z HWC, 18
E (M nEE (O Lo HEEMmE MR
ZEEALIC L. F i A MEG IS W
Th, BEOMEBIEDONENHR SN TND
(Kurosaki etal. 2004) . T &5 1O BB
& LT Flavonoid 3’ hydroxylase 7%Hiff X4
(Toda et al. 2002; Zabala and Vodkin 2003) , 18
FIIEEBID bIBRCEAR®RLS, KR T T
ICEEZZIFIC W ERH NS
(Toda et al. 2011) . #&E ShFl (LI HEDS TR
— 5T, WENEADES A X TIFHEE D <
JA0FEET D (Takahashi 1997) . 187 S fE
\ZHRT DR Z 32 A RIE AT 720
[ha vl Bsko | BEEHAEDZ LI
L0, K THZLETE D EMENRRNZS
L CTW% (Oyoo et al. 2011; Rodriguez et al.
2013) .

Kurosaki et al.

Seed coat
discoloration

“Q fee

'\ \

Fig. I-1. Plctures of representative seeds of
Yukihomare. Seed coats of cracked seeds are
severely split on the dorsal side, and the cotyledons
are exposed and frequently separated. White
arrows indicate the presence of seed cracking on
the dorsal side. Black arrows indicate the presence
of seed coat cracking around the hilum region.

Seed cracking

Hilum side
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3. KRB ETFOHNBILE IG5 X DHE

IR S A AT DSBS b BB %
5.2 %, MEEICBWT, KREQOREN
MR & 7 2 ARIEAS 13 L8 A E
EHEL, BB EAZRTIEL28RTHD

(Srinivasan and Arihara 1994; Morrison et al.
1998; Funatsuki and Ohnishi 2009; Kasai et al.
2009) . F7z, (RIEAE AT THEL
aET DI ENHEIN TS (Takahashi
and Abe 1994, 1999) . (KiRAE DI AERA N =

R, Z2< ORICE VB LIz
TETWD., HEAXZBWT, FEOER
X a v B —EilE T (CHS) OfRE%
—rH A L2 (Posttranscriptional
gene silencing, PTGS) IZ L » CTRHE I LTV D
73 (Senda et al. 2004; Kasai et al. 2009) , {Xi&
{2 &> T CHS @ PTGS A il &5 Z L1Z &
D, REEARFEET LI EREINTND

(Kasai et al. 2009; Senda et al. 2012) . ffita -
R SO F A RIZEWTIE, CHS Ofifir
5 B2 411 (Glycine max inverted-repeat CHS
pseudogene, GMIRCHS) 73 | 2 T 5 AIREME A
R E 4, CHS @ 2 A$H RNA 73 CHSPTGS % 5|
XEZTEEZ SN TWS (Kasai et al. 2007;
Senda et al. 2012) .

AbifEiE T, IRIEAE ARLIC B3 2 IRIR &
PERFHIS Bz S, ALRB=EE i
IR A AU OREES L S (M5
1989; A « ik K 1990) . BR¥E S 7o RRE
EETER L, W80 & AHERGTME A R o fn fl
LT lIhaavwF) (ex kb 1990) , Th
R~ L) (GBAD 1995), %K~ 1) (H
F16 2003) R ENFRINTND., KT Th
o) (HF S 2015) X2 ETHMBS
o O T b VR Z £, T
(ZHRT 2 A AETUEIC OV TR
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DNA =~ — U —MB%E S, ALRKEEZ [
ToRETE LD RATOHAATEIKICHV b T
W% (Ohnishietal. 2011) . Z OfLIZ IR
BIRGUEIC BT 2 st D@2 & 2 23,
QTLs OZhEMN/NE W, & L IXAERE T
JERS T BARFORRTH Y, FRETORMIC
ILF > TV 72\ (Takahashi 1997; Takahashi and
Abe 1999; Benitez et al. 2004; Githiri et al. 2007) .

AT, ARIRAE GRL & I XBINT AbiEE G
B THERICHAET D AR

(Cracked Seed, CS) | 23 & 72 > T\ 5 (Fig.

1-1) . SRR IIRE 1 OB MIFE R 23 K & < 2
TTHENFEH L, 2 O T BT IEET
Tl 2EERCTHSH (KD 2007) . KR
BERIZBWT b A O ERIZRE LT
INS TR A T % A% (Takahashi and Abe
1994,1999) , PPk D% < 1 THET- DM A K
L ZUT D ER R > T D (Fig. 1-1) . 2B
BTN HERS DERBICTITERLE L CTHbiLd 7=

, BRI DR EIZ L 0 APER OBE E VN
RELIETT 5. BIEOAEE O R i fE T
b2 [a¥A~1L) (HFDH 2003) [LFEAT
BRAEHIM A PE O Th 5 Z &b, b
B L OEE Ch R S hT& 2. L
2L, TR~ b (TERIRIC LD AZBRRLANSE
A LT < (KIS 2007) 2008 40D A 7R —
Y 7 Wik CIEE S L o T 30%LL ARk
MFRAE LT,

4. BMEEET L T MHEDO MR
A RNTENT, FBPEIZB b 2 B 51
IMEHEERE S, E BB FHEE XN TV D
(Coberetal. 1996) . BIfEE TIZHE ST
5?1, EL 3L E2  (Bernard 1971) , E3

(Buzzell 1971) ,E4 (Buzzell and Voldeng 1980),

E5 (McBlain and Bernard 1987) , E6 (Bonato

B 2B TRIRABHEIIIE S O RAEIC B 2 BRI

and Vello 1999) ,E7 (Cober and Voldeng 2001) ,
E8 (Cober et al. 2010) , E9 (Kong et al. 2014)
Th 5. ELI-E4 IOV BB F R BBt S LT
¥V (Liuetal. 2008; Watanabe et al. 2009, 2011;
Xia et al. 2012) , DNA ~—» —%F|f L Ci&
Il EREETE 5. EL TR A& T T
BERCTHL7 4 b7 a—H ABRFHNTNDY
BB, 707 U BIsF OB Z B
L CRAEZ M9 % (Xiaetal. 2012) . E1 OF
RERAERNTIETT I/ BICERNE LT el-as
TRABBEDORFIZE D7 V=037 FRAEL
7o el-fs A, E1 R RE LTz el-nl B> 3 #
A TR E SN TS (Xiaetal. 2012) (B2 1%
v aA X} XF D GIGANTEA BI& - DA — Y
B ThY, 7a s s ORBLE I
L CRAfEA 83 % (Watanabeetal. 2011) . E3
L EA TN ENNZAERTHDL 7 4 Fonm
—A A3 LT b E—A A2 A= RTD
(Liu et al. 2008; Watanabe et al. 2009) . E1-E4
TV L HMRET e DEMEBEETFE XY
H BEVE O Zh B & F5>  (McBlain et al. 1987,
Saindonetal. 1989) . Juii itk o> i fl D% < 1%
EVE2/E3/EATI T 275, @i EEHIIZ 722 % (T
TEVY, BERE IR MESE T 5 (Tsubokura et al.
2014) . d¥RESAEIZIBWTE, (2% R~ 1)
7% el-nl/le2/E3/ed WY, T ha LA A | 7Y el-
nl/e2/E3/E4 R, [ A X~ /v | 73 el-as/e2/E3/E4
B, Ionvre U] 2% Ele2/e3led BITH D
(Tsubokuraetal. 2014) , BIfE{EfFF & LTV 5
D% UL, 04X A TSNS
% < OB T, BAVEBIS T & it s
P& OBLENHE S 4TV 4. Funatsuki et al.
(2005) VFAbyRE FE [ 3 A X A & Iy
v V| A fE o 7o BAE IR O B AT 12
L0, E1 L E3 JEIC QTLs ZRH L TV 5.
Kurosaki et al. (2004) (% E1 299 % NILs
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VT, EL AT el B 10 0 & BRAE A A M3
RN & 23RS L Cu 5. Takahashi et al. (2005)
X & 5 FE [Harosoy) ZEfniE s e 325
NILs % FHV T, El/e3/ed 7% e1/E3/E4 L 1 1
b BB A PE R RN & A BT LT,
KR (02 B L C, Takahashi and Abe (1999)
I% MHarosoy) # {5 & ¥ 2% E1-E5 @ NILs
Z VT, ELARY, BS R RIR AS (Al iR <, EL Y,
ed4 M ES A IKIR A AT fF O AL ARz 1258
WZ EE#HE L TWwWad. F72, Benitez et al.
(2004) 1% Harosoy| ZEETEH & T5 E7T O
NILs Z VT, E7 AllL e7 B LY HIKIRAE
B RO ELHETBAN T & 2 HfE LT D,

5. RLEWE L INEMEDBEMR

e E T ER M E L EENRNZD,
LA ZXDEBEHERHIRINTLES. 2D
T2, WEANEBVFEIIRRAO E EHEE
ZIFTLEWY, oS BEERNMETT 5
Fio, HEFIZBV UL, @FFEICERT2~
3 MM END GRIE D 2003) . ARk
IREA RITEKRENEL, TOba LA
VD BIIAEI RN ) — T E 0, I
\Z3bE A SR, AbEE OB B S TR b Rl
lakh<l] ThoTh, HEEIZBNT
IR A RESENDZ ERHY, 2N
A VIR NEE L T D RGN D o7 (LA S
2015a) . T OHOEHE NG, dLifED X A X
SRREICIZE 2 D BEWEA R D BN D, LavL
NG, RAGHEITREARDIM S AR
WIS B2, BRAERREL D HINEDMET
TOMMICH 5. E THR S N2 RIC
BT, AL TOREE T FEIEDORICH
ORIEOMBENTE D b (K6 2012;
/ANBRE 2013) L 2O XL DL, JEED X A X
BRECITRANE & ZNPED ML FRE L LT

HBRENTW5S

6. S DBREBEEIRDOFIH
71 BT R FE 0 B ASFERRI) 21T 0
MTWDAS, 8 LS TR T a3 10 A
Bl o T 2DIZHMlb 6T, INEIT 60
kg/10a (30 FaIDHK 120%) ML TV 5
(Cober and Voldeng 2012) . = o FL2h: K TVY
wEOM EICFH S LIcHEE R ARD—D2E L
T, 1976 AEERL D Maple Arrow] 3% 15 51
TV 2% (Cober and Voldeng 2012) .
Arrow] (AT = —F » THKR I TR
[Fiskeby 840-7-31 % i BlIZHf > T\ 25 »
(Cober and Voldeng 2012) , = @ [Fiskeby] %
FEIZM A ER RN Z ERHRE I N TV D
(=— 1979) . K5 (2004) [ZFEERA
FEORBEIZAZY & Zvd ) & FE T Labrador
OAAIRAE S (Schori etal. 1993; Gass et al. 1996)
OALEEIC BT 2 AMMEELBMAEL 72, Z D
lLabrador] o Fr#liLaiako> [Maple Arrow|
T 5 (Parkand Bradner 1988) . iT4- T, #
TR, A A A SO T & BALE B P
DWEEN A7 U —=2 7 &, FnlX
38 LT [Fiskeby) %%k LICFF>TW5 2
LB E (LA S 2015b) . 2O X
2T, EREEEHUIEIC 3 1T D BV K OV s P
DOFEMIZE\T [Fiskeby| SAHRETA M 72 8&E
FEREEZ LD, A—7 v FiFEIX
[Fiskeby ] & iT#% C& » (Hudcovicova and
Kraic 2003) , & HRMFTHREMEL, mHaMES
MUV EHE I LTV D
Shimamoto 1989) . ZEFRIZALE D F F5 12 I\
T, AN—7 > RinHEXAbEE A X v BATE
2SR, RS By o 7= (Konieczny and
Shimamoto 1989) .

'Maple

( Konieczny and
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AL TIL, LB D X A XD EAPEIC
HERBE TH KIS L O
PECB L CHREZPEEIT o7, B _ET
BB O IRTRIRSZ R 2 B 5 vz L, KIR
PRIV EE AR LT, £ =2 T
X, AR BRI UEIZ BT 2 DNA~— 1 — D
BI% A2 HIE L C, B CHRE L-REEE
TEH L, IR ARG OB ARARIT 217 - 72.

S HIZHMETIE, AOBCERE LTH
—Z v RFEICER L, dWEEMNFEE A —F
Y RBEOLZRIZL Y, WEMEEZHZR DT
BRANOIHE DR R EZER L. B
L2 RBNTDNWT, BRI 5
DNA ~— W —Z MW\ THR—F » RO

PEIZBE 3 2 BRI 7 2 HEE L7z,
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BE XA NRBRBBRLORBAESLGDEAB X OREEDRRE

1) B

AR, AR BUH 3 K OHEER T E R IC
A4 2% [Z4BHRL (Cracked Seed, CS) | 23HiE &
725 TN D, RBARLITHE - O I AR B 23 K &
SEFTHHENFEI L, 2 B 7 RS+
HETREEST 2FEFRTH L (KIS 2007) .
BRI FE I OB Tl BRI & LT
H720, HERLORAIZ L EFEHF OB E
DR KRE ART T 5. BUED LA O B i
ChH2D T2FA~1) (HF S 2003) (FHR
T, BAEHIM A S R TH D Z L b
ALHEE HE 3 K OB T AR ST E 72
LA L, EFEFEICBNT 2R~ L) IR
BRI ELRLT W EBRP LN -TED
(KW 5 2007) , ZEAEENTE THRUVIR
WTH5.
ZHETICALRREL AV ok 4 72 iten
PEREIED B STV D ([ 5 1989854 -
2 % A 1990; Kurosaki and Yumoto 2003;
Funatsuki et al. 2004) . Z 5 OREEETEH
L C, (KRR RG22 % 53 5
AN SN TE 2 RIRE GIRGUEREE
(G - ox K 1990) TIXBAIE 7 B#&2 5 14
H A oo AR IR AL B, BA AE 01 it o ME B E A
(Kurosaki and Yumoto 2003) 1XBA{ELGAE 28
H M OIRIRALER 21T 5 2%, FFRIZ L - TITH
BRRLASFEAE L7V, FE 7, BHAE W1 BR FE BTt v
PERRENZ DUV T, MHARPED 5N RAED
LR Z &2 6, ARIRABIHRE UM o i [# 2
AT 5D L TRy, 2 b OB
DB, HBPRL D ARIRIE S M D W IR 2 B &
ANT L RIRABRRHTIE o S ) 25 & R E
DFEEICRET 2MLER D -T2,

Z ZCARE T, RIRIC L0 AT 5 A

RIIZDWT, B aRBRIZ 3817 5 RBARLIE LR
& KR D BAER 7> DARIR RS ME D @ v IR & B
LTT D E & BT, RIRABEKHIIED M fl
MIZEDRHE T ik Et L, NLRREL W
TeMRET LML T .

Fig. 11-1. Representative examples of cracked
seeds (CS). In this study, four types of seeds were
defined as CS. They all have no commodity value.

2) MEtE
1. fEEse

WSabRiciL T=%Fk~1 (YH) |, k=
LAA (TM)), Thak~L (TH)J, Th
ga~F (TK) ), T@xTuHn (YP) ), [F
ALAA (KM)], To¥YeHY (HH)J ©7
snfEds L OV [4-F 238 5 (T238) ), [+F 239
5 (T239) ) , [+5& 240 B (T240)] ® 3%
maeHWe, ZAH0MFERFTITT X THIR
MERTHY, MK E 22T, @
T STREZEDHERE & REEFFE D 7= OIZIE
YH, TM, T238, TH @ 4 {hFEAH & F =,
A L7 ifils LORMITT X THBREATE
EnlebDThHD (Ex AR5 1988, 1990;
B 1995, 2000; HIF 5 2003) .

2. BBRBRICBIT A IKBREAEEO LE
iz
[ 35 ek B L A v E PN oo - s itk o TE s T



IHEX : 44 X (Glycine max) (Z331F % Fl T-IEIRZABRHRHUIE K VR BWEIZ B9~ 2 B RFAOBFE

EWRET, AR — 7 Mg O I RFET, M8 A
7, EERIET, EJIHiEk O AT TIT o 72, 2
NS 3 DOHIBIEREE A m <, FEFHIM o
SEHRARDMRNTZ 8, XA ADImENRFEEL
LT WM TH 5. 2001 A5 2012 FEDO RIS
INHESGTER 2T R AT o7, B TR
BROFAEE LT 167 Aim? & L, &I 2 X
UL ETITo 7. #&FIL 5~6 HIZITW, &C
D FhFEIE 9~10 A IR L7z, BRAEHNIERER X
PN 50%LA EDER TR ZH EEFL,
FBHEASHAMEHE COREK TR L. WBk
KAFIZLL T RV, KB ER (%) &5
H L7,

(KBARIER (%)) = (KBhE) (&7
J¢E) x 100

FEFHLER 217 9 BRIZITABRRL B R D 1E 7%
WM & FAV 7=, Tukey—Kramer 1512 X 545
B CHEEREZIT o 1o, FHRIRITRS
T b ATV D EERWE

(http://www.jma.go.jp/jma/) .

3. AIRAR=EZ2 W REE DR

N LRGN C it 70 IR AL B R o
FFEt% 2009 4FI2fTo72. 25L DT T AT w7
Ry MBS OWRAERR 7 25D,
e e LT kel S353 % 40g o L
7z (N,0.12g; P,0s, 1.00 g; K20,0.52 g /7~ >~ ) .
LEMEIZHE 2~3 Ky Mot lL 7=, 1A
v MZOXFE T 10 k2 #F L7- (FFH 5 A
18 A) . HiZF 2 WM ICHIEI & 24TV, 1R >
b2 ARIHELE BEETIZ= 27— ]
R—F THLIEEEL, Ny MElZBEH &
Foék L7-. BHFE 0,7, 10,14, 21,28 HEZICAK >
M ANTREEICEHL, 14 LT 21 H
] DARIRALER 247 - 7= AR ER S X BHTE
AT PE R E AR TR A BT RR e L A U,

/& 18 °C(08:00-18:00), % 13°C (18:00-08:00)
T, 55% D IESCALER A AT o T ARIRALER, R
v hEar 7 V—MR—FIZEL, EAME
THRER L7, IR, LT o UTiE, Ay
MMEICKBARIR (%) AR L7

(KBARLER (%)) = (BRI  (4hiE)
x 100

TERHAVEL 4T 9 BRI 1T BRI R O W IE 5%
W& A7, — TR E DS EIATIC LY,
LB DA B 2% fE L, Tukey-Kramer 1%
WX DL EEIT-T-.

2010~2012 T ITRRAE L 7 ALBRAR A C 5
TOMMEMZENFEL D RGE L7z, F25R
FiEIT LR & [FRRC, #&FE H 132010 4E5 H 17
H,2011 45 H 23 H, 201245 H 16 HT&
L. LEnMEIZ D& 348y MIEEA L 72, 2009
RERCRET L, B L-SMiciewy, BATE 10
H#%2 D 21 H M OKIRLIE 21T - 7=, Sl &
REAEE 2 N1 &35 ZonhdiE O TS
L0, WEMZEOAEZZMRE L, Tukey-
Kramer J5IC L 2 2 E I & 1T > 72,

Flowering date

24: H ' H H
23 fed SO S S S S—
P i VI JA 4

~Qccurrence (3 years)
==Nonoccurence (9 years)

44 7 0 7 14 21 28 35 42
Time before/after flowering (Days)

Fig. 11-2. Average temperatures before and after

flowering in the years of cracking seeds occurrence.
Field tests were conducted at Tokachi Agricultural

Experiment Station from 2001 to 2012.

‘Occurrence’ (defined as a cracked seed (CS)

weight ratio of Yukihomare (YH) greater than

1.0%) was recorded in 2001, 2002, and 2012.

‘Nonoccurrence’ (defined as a CS weight ratio of
YH less than 1.0%) was recorded in 2003-2011.
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Table 11-1. Correlation between average
temperature after flowering and cracked seed (CS)
weight ratio of Yukihomare in field tests in three
areas from 2001 to 2012.

Period Correlation
(days)! coefficient (r)
0-7 —0.29 ns?

7-14 —0.48*
14-21 —(.73%**
21-28 —0.44*

1) The flowering date was defined as 0.
2) ns: not significant (p > 0.05). *Significant at p
= 0.05. ***Significant at p = 0.001.

3) WmHR
1. &R & RBARI R A SR EE L DEAfR
HBIRLIE, A« FIRAES TR O JE O —E 23
EETIAE B - FEESHOBMAIISE LT
WD DN OFE AR E T TV 2R
b, C: WO PR E ST, THERESE
D JEPHO —H 3 & Tl D« i O L
MRELSRT, FEERMOEMD-7Ll
DA EETTREE, O 4 SOX A FITHT 5N
%73 (Fig. 11-1) , Wi b IR O35 C/F
kil LCHbn D729, fEditifEiawn. o
D=, AL TIE A~D 2 TORE 1% &
W& EF L7z (Fig. 11-1) . 2001 £/ 5 2012 4F
FCTHBERE Y TIT o 7o fE YH OFSR
Bzl T, BREMIRTR OKIR & CS JEED
RATR A A L7z, PIRIE D 1.0%LL D4
Z3AAE (2001 4, 2002 45,2012 ) &L, F
[A] > 7= 47 % S8 R4 (2003 42700 6 2011 4F) &
L7z, BAEFICB T, BEH% OB
IR RS AEAR & b _TIER o 72 (Fig. 11-2) .
W, A=y, B)Ilo 3 ook
(23 W TRHAEI % 0 - E) KGR & RBIRI=R D AH
BAZFH~72. YH DA BIRIE R & BAIEHTIT 2001
RN D 2012 4E0D 27 RERCHRA L7-. 2 OfE
B, BHAEH] 14~21 A& D) & BRI E
ROMIIIABERAOHEENRZ LN (r=
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—0.73*** Fig. 1-3; Table 11-1) . BH{EH 0~7 H
H%OTHRIR & BRI E RO ITA B 2 4
BN R Hi7ein-7=  (Table 1I-1) . BRAEH 7
~14 HA1%, 21~28 H % OVH5KUR & KBRRL E
ORI HADOHBEN AL GITZAY, FHEITM
7einofz (Table lI-1) . THUHDORER LD,
YH OZBARIFE AN B G- T 2 R IR S 1 ]
IXBHIEHT 14~21 ARETH D Z LR EN

12 ¢

= *okk
o | o r=-0.73
_ n=27
X
E 8 A
ki
= 6
i A
2 4
3 i
2 A
anp @
0 P .0 @@Farne—

14 15 16 17 18 19 20 21 22 23 24 25 26

Average temperature
(after 14 to 21 days from the flowering date) (°C)

Fig. 11-3.  Correlation  between average
temperature after flowering and cracked seed (CS)
weight ratio of Yukihomare in field tests in three
areas (Tokachi, Okhotsk (eastern part of
Hokkaido) and Kamikawa (northern part of
Hokkaido)) from 2001 to 2012. o:Tokachi (n=12),
A :Okhotsk (n = 9), @ :Kamikawa (n = 6).
***Significant at p = 0.001.

Table 11-2. Differences in cracked seed (CS)
weight ratio among soybean cultivars in the TAES
field in 2001.

CS weight Estimated Selection

Cultivar ratio tolerance for

or line (%) level! field tests
Yukihomare 10.3 Weak Selected
Toyomusume 2.4 Weak Selected
Toiku 239 2.1 Weak
Yukipirika 2.3 ... Weak
Toiku 238 0.0 Strong Selected
Toyohomare 0.0 Strong Selected
Kitamusume 0.1 Strong
Hahahikari 0.0 Strong
Toyokomachi 0.0 Strong
Toiku 240 0.0 Strong

1) Tolerance level was rated as Weak’ if the CS
weight ratio was greater than 1.0%, and ‘Strong’
otherwise.
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2. EERBRICE T 2HBRERDOMERZ
T, HWBRAFTH 5 2001 FF0+ B

BT 10 LRI OIRIR BT o S R

M7£4 307~ (Table1-2) . KIEZBIHEHTME
ITABIRIY 1.0%LL B34 LT/ & 99, &

FUATE DR % 38 & HIE L7z, YH, TM, T239,

YP OEHUIEILFS Th o= DITx L, T238,
TH, KM, HH, TK, T240 OHiEiT o0 T -
7= (Tablell-2) . Z#LH D H b, RERMEOH]
72 YH, TM &N T238, TH % £ HUKIRZ
BIHSPUME 59" K OV OFE e Sl & L CRiE
L7-.

wiz, Eiko 4 S FEICOWT, TR, A E—
v, i)ll@ 3 HURIZ 351F 2 IRIR ZALBR R H M
OFEMZEEZFE L. 273 BO 5> 5, YH O
HBARIE SRS 1.0%LL ECTh 7= Di% 10 3R
Tholz. ZDHH, 2012 FFEDOIFE|TIKIEH
BRERPIME 50> D TH & T238 25l L Cu e
STeDT, T—FMPbERWE., LR - T,

BT DR TR B T

PER ORI B 2 BRESARIRTIE

FEHLERICIE 9 BROFERAZ AW,
HrofE R, BGRERIC 1T 5 Xk 5L
AE M ZERD S 1L (p<0.001, Table -
3) , L EERDOKER, TH & T238 DAH
FIEFIX YH & TM L0 b A EICE»- 72
(Table 1-4) . LA EDO#ERNG, TH R T238 (2
B D RIBABFEHET YH, TM X0 b8 <,
HIBIZ X O THEL THBINDBDLEER
bihvd.

Sy

Table 11-3. ANOVA for the effects of cultivar on
cracked seed (CS) weight ratio in field tests.

Sum of Mean
Factor  df Squares  Square F p-value
Cultivar 3 564.45  188.15 18.93 <0.001
Field 8 146.94 18.37 1.85 0.13
Error 18 178.95 9.94
Total 29 945.90

Table 11-4. Differences in cracked seed (CS) tolerance among soybean

cultivars in field tests.

CS weight ratio (%)
Field!

Cultivar 01- 02- 03- 08- 03- 02- 02- 02- 08- Tolerance
orline Me Me Ka Ka Pi Ts Ab Ku Ku Mean Level
YH 103 1423118 1.6 4.8 8032 2.5 5.1a% Weak
™ 24 0026 1939 24 -27 -23a Weak
T238 0.0 0.0 0.3 -01 03 -01 -01b Strong

TH 0.0 0001 1.3 0.0 -0.1020202b Strong

1) Among the field tests from 2001 to 2012, there were ten in which the CS
weight ratio of YH was greater than 1.0%. We excluded one set of results
(from Memuro in 2012) because neither TH nor T238, both CS-tolerant, were
assayed. Fields are denoted by year and location. Years are abbreviated as
follows: 01, 2001; 02, 2002; 03, 2003; and 08, 2008. Locations are

abbreviated as follows: Me, Memuro; Ka, Kamishihoro; Pi,

Pippu; Ts,

Tsubetsu; Ab, Abashiri; and Ku, Kun-neppu. Me and Ka are located at
Tokachi; Pi at Kamikawa, and Ts, Ab, and Ku at Okhotsk.

2) Means followed by the same letters are not significantly different at the
5% level (Tukey—Kramer multiple comparison test).
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3. ALK& EE2 AV ERABEAERE
EORZ

ANLRBEE AW RELEEZWLT D720
(2, YH & AW CIRIE O MBS &2 it Lz
72k, BB CITAPR ERALHIEL LT
M A2 AT > C & 7oy, ZAEBPRL & H -1 O [
THIIGEVWR RN T2Z &b, DIRERIEH
BIRIRAZIRIE L Lz, BT 177 AlcB0

CTABIRIE E FHIT D O XA BRI R & Il E T
LE0BHETHY, Z< ORFOIKIEAR
BHE AT 2 DI

B4E 0,7, 10,14,21,28 HELIZKR > b & AT
[RERBICBH S, 14 LT 21 HEOKE
B AT 72 & 25, ABRSR R CRBkE
RIHEBRENRD B (p<0.001) .14 H
M ORIRAER LIV T, HBRIRIE 0~
18% Th->7-Z L/H (Tablell-5) ,14 HE D
AR AL P I AR IR SR AR B 2 B EATE 9 2 12
+%k%z%ﬂtllﬁﬁ@ﬁm%@*#1
BWTIE, K ERIZ 20~40%TH - 7=
(Table 11-5) . fx & ABARIE AN @ 7> > 72 D I1XBHE
£ 10 A% LIREAHEEZIT > HA TH -
(Table 11-5) . Z OfKIRALEESAT: (BRAE 10-
31 H) (XSG CRBIRIS A L AER OIRIR
I[Z7%% LT /= (Tablell-1;Fig.11-2) . Zh b
DFERN G, RIREBBEGIE LT M T 5720
WZIXBAATE 10 B 205 21 AR OB L T
W5 EflT LTz,

Wi, FRORBER»NORELEZZ OB
TALER A TG CO SRR A L2 B TE 5
2R L 72, YH, TM, T238, TH Z BA{E 10 A%
75 21 A OIKIRABE 2T > 7. 53 H T O
R, ARk BEmfEfENH D Z &
WD SNE oz @<0mlTme6).§
FEIEOFER, TH & T238 OZBRIRIL YH
ETM LY b EEICE -7 (Tablell-7) . L

ﬂ@

WL TWD &fllr L7,

7235 T, NLREETOMRIBALH T HGR
BRCOMMBHAZZHBETE L2 ERHLMNE
727 (Tables 11-3and 11-6) .

B LIEREETFRENEZ LKL .
2011 A= CIE, FFINEICAHE 2R 2213 70
o Tz (Table 11-7) . 2012 4F2BWTIEL, TH @
FEINEITTM LIV b A EICHE -T2 (Table
1-7) . ERIEEICBWTHRBRORBR AT - 72
0, FEORER E o7 (T —HAM) . &5
(2 2011 4E & 2012 4EICAFF 10 S0l 48 Rl &
R ABIRU R E I L, FENE L H
I E 2 A L, RIRABR RN & o BI6R 2 5
~7z (n=58) . ZORER, FFIE & KBk
FEOMNIIAEZRMEEAN e h o7 (r=-0.05,
Fig. 1-4) . F7=, HhIE & RBRIROBICYH
HERFBEN 20> 7= (r=0.10, Fig. 11-5) .

Table 11-5. Differences in cracked seed (CS)
occurrence in Yukihomare among chilling periods
determined in the controlled phytotron experiment.

Treatment Start—end CS number
Period (days from ratio
(days) flowering date)! (%)

0 Notreatment ___ 0.0d*>
14 0-14 4.1cd
7-21 13.1 be
14-28 18.4 abc
21-35 42cd
,,,,,,,,,,,,,,,,,,,, 2842 . 00d
21 7-28 22.7 ab
10-31 40.8 a
14-35 30.5ab

1) The flowering date was defined as 0.

2) Means followed by the same letters are not
significantly different at the 5% level (Tukey-
Kramer multiple comparison test).

Table 11-6. ANOVA for effects of cultivar and
year on cracked seed (CS) number ratio.

Factor df  Sum of Squares Mean Square  F  p-value
Cultivar 3 8222.01 2740.67 30.67 <0.001
Year 2 130.73 6536 073  0.49
Error 30 2680.37 89.35

Total 35 11033.11
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Table 11-7. Differences in cracked seed (CS) tolerance and seed yield among
soybean cultivars as determined in the controlled phytotron experiment.

CS tolerance

Seed yield (g plant!)

CS number ratio (%)

Cultivar Year Year
orline 2010 2011 2012 Mean Level 2011 2012 Mean
YH 21.9b' 459a 293a 32.4a Weak 17.2a 17.2ab 17.2 ab
T™™ 66.1a 234ab 533a 47.6a Weak 169a 134b 15.2b
T238 22¢ 54bc 6.0b 4.5b Strong 16.6a 20.5ab 18.6 ab
TH 1.4c¢ 0.6c  42b 2.1b Strong 17.2a 229a 20.1a

1) Means followed by the same letters are not significantly different at the 5%
level (Tukey—Kramer multiple comparison test).

4) B

ARETIX, NTRG=ESHWCHTE 10 Hi%
235 21 HRIOKIBAIEZITH Z L2k v, K
IRAFRTIMELZ I CE 2 Z & 2B 5 M

7=. it,ﬁﬁﬂ%ﬁ#@&%%ﬂg%ﬁﬁ
HEOMICADHBITERO bR o7 2 &
225 (FigsI1-4and 11-5) |, fEGIR ZLBAFRHTME 1IN
HICEEBLARNEEZ LN, ZOBREEIT
BUE, dbfpE O X A AFRICHV b, KR
SR R O L LT TE KAaSx ) 2
BREz (LA s 2014) .
HARXAOAFERRERMIZTRI A5 R8 & LT
EFESIN TS (Fehretal 1971) . ZHE T
(Z AT AR R S PR AR TR AL BR A ATV, BRAE Tt
mMEZ RN T 2 REENBE S TV DR
(Kurosaki and Yumoto 2003; Funatsuki et al.
2004) , T 6 OBEETIE, FERTH S
R1 17 ARIRALEL 24T > TV D, AWFZETH
% LT ARIR A BRI E R E 1 3BRAE 10 A%
D OAKIRAEE 21T H O T, RL #liz& Eh T
RN LTeid o T, BREEITIEM %

BT HE B Mt PE & 13N LRI BRI P
PGS 5 Z ERNARELE B X b 5.
ZURRRIFEE D A 7 = R BIZD W TR 7¢
BBRE, TaXR~ L 180T, B TH
BRI 296 Lo W BASE 14~28 H 2 oD HifH]
(Table N1-1) 1%, A2H AT —Y & LCIdHME
HI~RIIERFIHITod 5. BIIEH 28 H % LIRS
(EBAT— & L UThIIE R~ 524 )
IIRIRALEE 21T > CH RPN FHEAEL 20N 2
& (Table 11-5) , f& 2% 700-900mg £ THEK
LIZRBICHBET 2 2 el nz L (TH

5 2015) , AAREHI ORI FER AT H DD
WBEYH 2, ZOBBOIEXICH 57z <
7o CHBAKIN AT 2 2 EBRHEH &SN D,
F 7o, FEHZIEIRICEE L TRl
HEADOTHRIARNZHE L-EG L HY (L
H 5 2010) |, ARIRAEBH & 13RO A I =X LT
BRI R AT D ATREME S & 5. AP L
DA T = AL TER, KOVBEDOS
WRREA FTRE & 72 0, (RIR BRI IR T B A
MHETEHTHA.
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70 -
| A
~ 60 . N
£ 50 - -
2 .0 r=-0.05ns
- O A n=>58
é 30 - A A
E 00 | A Ha
|:|
S IEAA 0,
A#@ AAAA
0 +————Tadd ‘ —A :
10.0 15.0 20.0 25.0 30.0

Seed yield (g plant™)

Fig. 11-4. Correlation between seed yield and cracked seed (CS) number ratio of the
10 cultivars and 48 breeding lines evaluated by the selection method. 0:2011 (n =
26), A:2012 (n =32). ns: Not significant (p > 0.05).

70 -
| A
60 N .
£ 50 -
O
2 .0 r=0.10"s
- n=>58
é 30 A A
O
2 20 - ADDE
0 Ad0O
O A Al
10 O D@? A,
O %ﬁ. A, A
o 4 dpoTa
25.0 30.0 35.0 40.0 45.0

100-seed weight (g)

Fig. 11-5. Correlation between 100-seed weight and cracked seed (CS) number ratio
of the 10 cultivars and 48 breeding lines evaluated by the selection method. 0:2011
(n=26), A:2012 (n = 32). ns: Not significant (p > 0.05).
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B 2B TRIRABHEIIIE S O RAEIC B 2 BRI

BT I A RRRFEGIE OB

1) B

RIRIHE oA BLCER B L 5 2, TOR
KW epl & LT, RIREBR DR ENFETH
ND . ARERA CITMEL IS E N ERIL,
ABLREZ KT SE 5858 ThH (Srinivasan
and Arihara 1994; Morrison et al. 1998; Funatsuki
and Ohnishi 2009; Kasai et al. 2009) . iR
BB A D 5720, (RIRE GRLIZ B
TOMIRBESZEREIAHA LS, ALK
G & AW T ARIR A U O RUE L AL
Sz (6 1989; A - 4 K 1990) . B
SN REEETER L, Bk 72 S8 E R
S, SHITHETIE, WfE T ha Ll i
H R D ARIR A (R I DWW CTERICHI
A[HE7e DNA ~— 7 —%BA% L (Ohnishi et al.
2011) , W) AT B RARAG I8 K 21T O
T LSERE & AR o T, ARIEAS LHRETE D DNA
~— =B SN DHHTE TIE, Fe~Fr AR
ZulyE L7z 30~40 SRft O E R IZ
F o TV, DNA ~— 4 —BARE%ZIZIE Fa~
Fs fitftZ s & L7z 600~800 A DEILT
RFHE N AL 72572, £7-DNA~—H1—
AT R TE D720, FITPEHHARN S
BHHROEERF LIRS L B AREL 2o
2. 207, DNA ~—H—BFIC LY, 4]
IR B 20 5 DORFEOFEAM A T X,
IR G CLHRBTIE DRV R 2 ZhRAY I8 L
TWS ZENAREE 2o Tz,

FEEIIBWTC, [k~ L) OZBIRIIX
B35 B W CBIE% 14~21 AEORIRIZ X
STAEL, BHICEWTHBRIFEAEDZ DI
TR EN S D Z EEW LN LT, £,
N TG 2 VW CBAE 10 A5 21 A #H
DIRIBLIR AT S Z LI X » T, G TOM

e [ 22 % 5 B0 9 2 AR 2L BRHR B M E 1 % B
LT BRE T2 3 FL bICIREZBHI
PEORF A HIET D Z LN TE D, (K
EAFRPIEREEORBE IRV EBS 2O
%3, ARIRAE AEPUERE & AR, D
HfE &5 I OEAE b, REORHKZRKT 2
DIZIFHE L TWRW, 2D, BT a s

Z 5 TITRIRSE QM & FEEIC Fe~F7 AL
DRMIZBYREZITH Z &5, AIHH
A S FEMMAYIZ &K EZ 1T 5 72 OI121E DNA

~— A —ORFEPNELE I NDHTWD, KET
IR BRI TME O BT E B s 1 (QTL)
DT 24T~ 7. L7z QTL >\ TIig,
ANERIPEOAEAL T, FREIFIHATREN L
2 I L7z,

Genotype
Toiku 230 — (gCS8-1, qCS11-1)
— Toiku 239
Toiku 225 = :|— Toiku 248 -
L Toiku 238 = (T248, T248) i
(T248. YH) {--T238T-RILs |~ T248YRILs
Toyomusume ----- i
" . (YH, YH) !
Tokei 783 Yukihomare --1
(YH, YH)
Toiku 222 —
Fig. 111-1. Pedigree of soybean lines. The lines

used in this study are underlined. The nearest
markers, Ic and GMES0027, were used for qCS8—
1 and qCS11-1, respectively. T248, the Toiku 248
allele; YH, the Yukihomare allele.

2) ML 5
1. HERRATE

i L7z il L OSRAIE T R T RN
THERINZbDOTH D, (KIRABFHHHUME A
DNRILE LT, 524875 (T248) ) [+F
238 5 (T238) | #, 99Vl & LC, =& &K
<L (YH) ] ThaLazxx (TM)] W=, Z
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o 4 RO R A Fig. HI-1 (2727,
T248xYH DA AE o) 5 BURL R AL (Brim
1966) # MW THi#L 2 B RHRE (RILS)
T248Y-RILs 117 &ffc & Bk L7 (Fig. N1-1) .
T248Y-RILs D A1 2013 478 Fe, 2014 4E73
F7 CTd%.T238xTM DAL DHE M D kLR
Wik A F T T238T-RILs 69 Az Hik L 7=

(Fig. 111-1) . T238T-RILs ® 1% 2009 4
IZ F7 Cod 5. RILs OB SFER AL A TH R
BRTHEPRABTHETHS (I) . &T
DOFRERIT W5k T L 7z

2. RILs DR Z Bl

B TE D T ARIR AR BUIE R E 2,
T248Y-RILs o {5 i ¢ B #EHUME 2 BFAf L 72
1/5000a OV 7 VAR v M AP R E Y O
WEEAR T LE2FED, H 5o U o (LUEE
S353 % 20g " >¥sM L 7= (N, 0.06 g; P20s, 0.50
0; K20,0.26 g/ > B). BUWFERFIL 3 A > b
TO,RILIZ1IAy MO L7, #EFA X
201346 H 7 H,2014 -5 A 29 HCTH 5.
1610 B2 5 N LKRET 21 HHOKIRL
AT, Ry MEICHBREAL RN L7,
AR T IT 2L BRI R o W IE 5% # i & CSI

(Cracked Seed Index) & EZL7-.

3. ERDBEBEROEH

JRFEDBARIE 2013 4 & 2014 4D T248Y-
RILs @ CSI Z#HWTHH L7, BRES#IX
RILs D8 D CSI 2> 5, FE 5313 T248Y-
RILs @ CSI bR L7z, BIEoHE IRED
BERIIUTORIC L > TEB L.

(Bfs7ROH) = (RIAGE) - BRELSD

(RFDOEER) = (B FROE) | (R
)

4. DNA = — 71— DFFHT & HE S FERL
7 7 25 DNA 1L Fe iR D T248Y-RILs 2D\
T1 &b 3 ROFETEZIRALT
BioSprint 96 DNA Plant Kit (Qiagen, Hilden,
Germany) Z HIVNTHiH] L 7-. DNA fifii & Hifd
AEHC% (Simple Sequence Repeat, SSR) ~ —
1 —% A= PCR @ 5 {A130E £ O STHERIZHE -
TiT» 1
2010) . DNA ~— 1 —DZ R B E AW E IR
I3 BA%E L72 SSR 7/ A8 KL v AT A
(Sayamaetal. 2011) % W CTRENT L7=. 34
A RZRNTE, prvaryrZ—ElaT
(CHS) D AE R (Glycine max inverted-
repeat CHS pseudogene, GmIRCHS) 7% | FEETH
HAHEMEN RSN T VD72 (Kasai et al.
2007; Sendaetal. 2012) , | FE D AR 1R D] E
(21X GMIRCHS D1 - {73 % ‘Ic (Inhibitor
of cold-induced seed coat discoloration) ~— 71—’
% 7= (Kasai et al. 2009; Ohnishi et al. 2011) .
HEHHI X LB T E A O B S 7z SSR ~— 7
—& e ~v—H—ERNTERLEZ. Ic ~—7
— DT TA—WITILTDOEY THS.
T248 BICHERMICHE ST 2774 ~—t v
Fix 5-GAG TTT GAA AAA TGT ATT CTT
TCTCTT CC-3' BL TN 5-GTATCG CAGATT
CCT CCT GC-3"TH v, YH Bl TR IZHE 17
5774 ~—kv ME 5 GCA AAC CAA
ATC AAG TAA GAG CG-3' B XL T® 5'- CCC
ATTCCTTGATTGCCTTA-3' T& % (Ohnishi
etal. 2011) . AETEZFIHT 2% SSR ~—
—GMES0027 @ 77 A ~—Rl 41 5-GCA
GAT GCG GTT ACG AAT TT-3' B X 5'-
AAA CCG TCA ACC TGG TCA AG-3'Th 5
(Sayamaetal. 2011) . E#EHRE & A~ —h —
DAL E O R EIZ L MAPMAKER/EXP 3.0b
(Lincolnetal. 1993) # 7=,

(Hwang et al. 2009; Sayama et al.



15

IHEX : 44 X (Glycine max) (Z331F % Fl T-IEIRZABRHRHUIE K VR BWEIZ B9~ 2 B RFAOBFE

5. QTL f&#r

CSI @ QTL fi##71X QTL Cartographer version
2.5 (Wang et al. 2007) & HW\TITo72. /)
LODfE%Z 20 L LCTaryRYy hA 2 F—N
L~ B2 7 (Zeng, 1994) & T QTL fi#
Wr&1T > 72, AWFZETIX, 2 » FEICE-> T QTL
AT 24TV, 2 [ OFER & B[R] UBe A RIS
QTL i an/=E (10 cM LI , €0
QTL ITHEBRIT/HAET 2 QTL, T 722D BT
oo Lt LT,

6. EFMEBE TR (NILs) DOIEIRABAHESL
PRl

NILs 1L RIL 2> 7R~ T 1R 2 8k %
i E W EKRAEETH D (Tuinstra et al.
1997; Yamanaka et al. 2005; Ikeda et al. 2009) .
AFETIL, RW/E L7 QTLs O~ ——
W~T u il TH % RILs & T248Y-RILs 7> 5 i3
KL, 2507 ? NILs % 5k L 7. qCS8-1 Ji
@ NILs B ld 5712, T248Y-RIL No.52
D Fe A 7205 DNA ZHhH L7z, fi11%
Ic ~—H—"C T248 B, YH B, ~F afliz/y
iF, D Fe AT 2850 L 72 B i NILs
& L72. T248 %l % N52-8T, YH %! % N52-8Y &
g L=, WRHD qCS11-1 % YH #LTh
%.qCS11-1 JEd NILs Z BT 572012,
T248Y-RIL No.71 & F; #:FE+725 DNA %
i L7=. fi7-1% SSR ~— /7 —GMES0027 T
T248 1 YH B, ~F a B3 T, 0 Fo Ak
Tl -2 95 L 72 Fe HAXZ NILs & L7-. T248
AlZ N71-11T, YH %% N71-11Y L4 L7z,
A% qCS8-1 JEIX YH BT 5. BIfE 10
A%ND N TARET 21 HEOMKIRLE %
7V, fEfRmEIZ CSl Z2F M L7z (n=6) .QTL
DR H RS D701, — TOhLE D5 ESY
Pz kv, REEOAEAELZHE L, Tukey-

Kramer J£1C & 2 Z E ik & 1T > 72,

H R L7z NILs Z 5 el 512 2014 4F 5
H 21 FICHERR U 7. MR EALHEE o fie EAE e
(9 >7= (0.2 N-1.8 P,05-0.9 K;0-0.4 MgO kg
al) .1 RMITHOX, BEME 60cmxBEfH 10cm
1 RS H T 3.0 mxL BEDFRER A 1T > 72 Gk
FE 16.7 plantsm2) . BASEHNIEABRIX N D 50%
UL EOEERCHIE LA & EFRL, &AM
SBITEM E To HECTR Lz, Bt alBa
XN 80%LL LA G THEAICEAL,
KufEolo L XITHENBLH L ERL, FE
H2 SR & To R TR L. BERAIIC
1 RFIZDOE 20 EIRZIHE L, E D37 FE
T FENE L AR EOE MW, 1
BAGEITERIN G (7 F7T w7
1241 7' v A 7 F 7 A ¥ — FOSS t1) & v
THIE L.

7. R 2 BEHERTICET S qCS8-1 D%
ROKRAE

69 &Kt T238T-RILs & AT, F/e 538
HERTIZRIT D qCS8-1 JEDN R ML L7,
WEETH D T238 & TM 2OV, qCS11-1 D
W~ — 5 —"Td % GMES0027 X 2R3 FL &
e o7 (Fig. 1-1) .qCS8-1 JiE D feifr s~
—A—Thd Ic ZBIEFROWEIZH N,
5L DT AF v 7Ky MR ERES O
WOERR 7 L&D, BB L LT EE
S353 % 40g 9" 2¥RAN L 7= (N, 0.12 g; P20s, 1.00
0; K:0,052g /7> ) . Bl FERHFIL 3 A >
O, RILIZL Ay bFOME L7, #FEH
X 200945 H 29 HCTHH. BIIE 7 BEMND
ANTRS=ET 21 B OKIBLEZIT), Ky
NEIZ CSI 2R U7z, (KIRALERSR {03 T
B2 o TOD DI, 2009 4EDRE S TIHRIRR
BRESHUMERR EIIFESL L TR v o 72720 T
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L. AFa—F 2 bDtBEICE - T, qCS8-1
DBETRIOMRERE LTz,

8. KIRE R D FAM
IR PRI HUME 2 34T L 72 T248Y-RILs (Z
OWNWT, FOEARELZFHE L. &
RIL10 kid"->F o &Z A2 & U, Ohnishi et al.
(2011) DHIEITHE, B LI EFEIIG U
T,0 () 7254 ($) £ ToO 5 B CREAMG
L CEHEZE L, QTL i@t 217~ 7-.

9. [+F 248 B laXF~1 ] OFREEDR
ot DRI 2 BRI LM AT

T248 33 L OF YH O Fik o> 10 SZHEIZ DN
T, 2009~2014 FORIZH 5 TE D - KR
SUBAIRPTIERR IR L 72, CSI O ¥l &
D, g9, e, g 3 BeE T A HIE L

YH T248

Hilum side

Dorsal side 0
o

Fig. 111-2. Representative seeds of Yukihomare
(YH) and Toiku 248 (T248) under chilling
temperature. YH: CS-sensitive cultivar; T248: CS-
tolerant breeding line.

3) MR
1. RILs DR ZBH U REAf

IRIRALER I X 2 VR 72 YH & T248 OfE
% Fig. -2 (273, YH IZRBTRI 2 38R LS
FTUDITKF L, T248 [ 3384 LIZ< W (Fig. -
2). WiBLRTH D T248, YH L TN T248Y-RILs
? CSI % 2013 4E & 2014 4E A L7=.2 » 4F
& HIC T248 @ CSI I YH X0 b A EITED
~7- (Tablell-1) . %7z, T248Y-RILs @ CSI i
2013 = & 2014 FOMTHERIEDOHBN &
~7= (r=0.63*** Fig. l1I-3) . ZOfERLY,
4T T248Y-RILs @ CSI 1345 B < FFfi €
ETCND T ENREBINT.CSI DIREDER
RKEBM L= & 25,2013 4 0.76, 2014 4% 0.68
Llpole. TRHDORER KLY, CSHITHIA R
WIBRREEZ TR T ZENH LN o7,

CSlI L2 Do EH¥EE L OBIRETH D
foh, FIRINCE, -, BRIE, BHAEH A
HLT-. 2 7 4L B2 T248 OBREHIE YH X
Db 3~4 HAEEIZEN - 72 (Table 111-1) . 2014
FEIZBNT, T248 OERLEIL YH L0 A E
\ZHE»-o 7 (Table 11-1) . T248 & YH O T
FFEIE & A B2 R o 72 (Table
111-1) . T248Y-RILs & CSI |& 1 EIL &, FE 15
EAERAOHBENTRD b/ (Tablelll-2) |
INHORRLIY, ZoMeEIcEV T,
CSI MRV, T7e b BAKIRZLBRHHIIE A TR
RIL DREEBENS D Z EIERNT &R
Iz,
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Table 111-1. The cracked seed index (CSI) of the parents and near isogenic lines (NILS).

Genotype!

Number

Sced of  100-seed Flowering

Cultivar yield seeds  weight time

Year orline gC88-1 gCSIi-1 CSI® (gplant!) (plant!) (g) (days)
2013 T248 T248 T248 45a 11.7a 31.3a 375a 50.0b
YH YH YH 28.1b 9.0a 27.5a 321a 458a

N52-8T T248 YH 8.6a 11.0a 313a 354a 462a
N52-8Y YH YH 237b 6.7a 19.0a 33.7a 45.6a

2014  T248 T248 T248 14a 15.0a 41.7a 364c 49.7b
YH YH YH 247b 147a 46.8a 31.0ab 46.7a
N71-11T YH T248 7.7a I1.3a 340a 34.1bc 473a
N71-11Y  YH YH 245b 11.7a 41.8a 28.6a 482ab

1) T248, the Toiku 248 allele; YH, the Yukihomare allele. The nearest markers,
Ic and GMES0027, were used for qCS8-1 and qCS11-1, respectively.

2) In each year, means followed by the same letter are not significantly
different according to the Tukey—Kramer multiple comparison test (P > 0.05).

2. CSI @ QTL f##r

T248 & YHIZ DWW THE 391 v —H —DiE
IRz LTz, T ORE, 158 ~—h —T
RN &, AT 404% ThH o 7z,
NGO —h—%HNTYT ) AeKE N
—+52E 1,826 ctM, ~— 7 —[M O HEEE
13 11.6 cM DEEHHIE 2 (R L 7.

QTL fi##HT 1% 2013 4F 116 Ak, 2014 4F 117 &
HEd> T248Y-RILs @ CSI 5 — & & AV T1T -
7. 2 7 A& BICIR— I S u7z QTLs
X2oH0, Yok 8 LICHRE I QTL %
qCs8-1, Yefafk 11 Lk &hi- QTL %
qCS11-1 &4 L7z (Table 11-3; Fig. 111-4) .
qCS8-1 ™ LOD f&(%, 2013 4% 6.2, 2014 4F1%
2.7 T 7= (Tablelll-3) .qCS11-1 ® LOD f&
1%, 2013 41 3.3, 2014 421X 3.2 T - 7= (Table
M-3) . Yetifk 2 Rlcki &7z QTL 1% 2013
ETOIRMH S, 2014 4 THEIRE S hzed
- 7= (Table 111-3) . qCS8-1, qCS11-1 & 12 T248
7S CSI 2R SH 5% % 7= L7z (Table 11-
3). £7-,9CS8-1 & qCS11-1 D&+ YH
Ao RILs 23 bW CSI 272~ L7z (P <0.05,

Table 111-4) .

Table 111-2. Correlation coefficients between
cracked seed index (CSI) and other agronomic
traits in T248Y-RILs and T238T-RILs.

T248Y-RILs T238T-RILs
Agronomic trait Fgin 2013 F,;in 2014 F; in 2009
Seed yield -0.231* -0.258%* -0.671%**
Number of seeds -0.240** -0.272%* -0.6]14%**
100-seed weight -0.068 -0.042 -0.532%%%
Flowering time 0.085 0.054 0.054

* ** ***Significant at P < 0.05, 0.01 and 0.001,
respectively.

70
AP1T248 o
60 eP2 YH
oRILs
50
< 40 -
i
(=]
™~
£ 30
Ty
20 {
10 §
0 s ‘
70
Fgin 2013
Fig. 111-3. Correlation coefficients between the

cracked seed indexes (CSIs) of the T248Y-RILs in
2013 and 2014. ***Significant at P < 0.001.
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Fig. I11-4. Locations of the quantitative trait loci (QTLs) for cracked seed index (CSI) detected in both
years. The bar and line indicate 1-LOD and 2—LOD confidence interval (Ooijen 1992), respectively.

Table 111-3. Quantitative trait locus (QTL)
analysis of cracked seed index (CSI) in T248Y -
RILs.

Position  Nearest R¥  Additive
Year Chr(LG)! (cM) marker  LOD? (%) effect? QTL name
2013 8 (A2) 2.0 lc 6.2 204 -6.8 qCS8-1
11(BI) 63.0 GMES0027 33 109 -50 gCSii-]
2(Dlb)  65.1 Sat_227 23 86 -44
2014 11 (BI1) 68.0 Satt597 3.2 10.0 -4.7 gCS11-1
8 (A2) 0.0 Ic 27 16 -4.1 gC58-1

1) Chr, chromosome; LG, linkage group.

2) LOD, logarithm of odds determined by
composite interval mapping.

3) Effect of the T248 allele on the QTL.
*Percentage phenotypic variance explained by the
QTL.

Table I11-4. Relationship between the ¢CS
genotype and cracked seed index (CSI) in T248Y -
RILs.

Genotype! F4in 2013 F;in2014
Number of ) Number
gCS8-1 qCS1I-1 RILs CSI? of RILs CSI
T248 T248 27 55+1.6a 27 8.0+22a
T248 YH 21 95F719a 21 10.3+2.0a
YH 1248 22 13.2+25a 23 14.1+2.8a
YH YH 28 27.7+33b 28 254+3.0b

1) T248, the Toiku 248 allele; YH, the Yukihomare
allele. The nearest markers, Ic and GMES0027,
were used for qCS8-1 and qCS11-1, respectively.
2) Data are presented as means + standard error.
3) Within columns, means followed by the same
letter are not significantly different according to
the Tukey-Kramer multiple comparison test (P >
0.05).

3. qCS8-1 & qCS11-1 izB8% 5 NILs DIEIRZ
BEHEHLME O PTG
qCS8-1 b L < 1% qCS11-1 ek 23 ~F 1l o>
RILs (N0.52 3 X O'No.71) D& A5
f~—D—%HWTNIL & 725 2 Al a8k
L7-.qCS8-1(2Rf94 % NILs 122 T, qCss-
1 OB TRIN T248 B %% N52-8T, YH
B OFM A N52-8Y & L7z (Table 111-1) . &
72,qCS11-1 (2 B84 % NILs {25\ T, qCS11-
1 D fs 7RI T248 B D%k %4 N71-11T, YH
BIDFH A N71-11Y & L7z (Table 11-1) .
IR AR E IR L7z L 2 5,
N52-8T @ CSI (X N52-8Y LV & A E (K-
7= (Fig. I11-5A; Table I11-1) . %%&%, 745,
BhiE, B E WomBEREICHOW T
NILs f#] CRIEEDE & 72> 72 (Tablelll-l) =3
7z, N71-11T @ CSI L N71-11Y kv b A EIC
&7>~> 7= (Fig. 11-5B; Table 111-1) . N71-11T O
EHRLEIL N71-1Y LV LA RBICE - -
(Table I11-1) . Zofh, F3EICE, fEF4, B
AEHIZ DWW TIX NILs [E CRIERDOE & 72572
(Table 111-1) . %4 L7k 2BIZZ L7 &
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Z A, N52-8Y (I JELI A B HL il d
(2% L, N52-8T TIEAEEARR bienoTe
(Fig. 11-6) . —7J5, N71-11T & N71-11Y D]
TIIEOREICEN LN >T- (Fig. -
6) .
B35BT h, NILs O R 3ERHE A 3
fili L 7=. N52-8T & N52-8Y T, BAEH, Al
B, FHEIE, ERE, EAERIXEEOME
& 72o7- (Table N1-5) . N71-11T O EkiE X

30 4
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N71-11Y £V 00 &E > 72 (Table 111-5) . &
ki E LIS O BEETEEIE N71-11T & N71-11Y O
M CREEDIE L 72> 7= (Table 111-5) .

L EofER X v, qCS8-1, qCS11-1 & % i
T248 R CGIR BRI 2 17 E X 2 20
WD ENENDO DI, Z LT, il QTLs
ELICMOBEE I CADORBEES 2D L
WIRNZ LR I T,

Fig. 111-5. Cracked seed indexes (CSIs) of the parents
and near isogenic lines (NILs) in the phytotron testing
method. Error bars indicate standard error. In each
year, means followed by the same letter are not
significantly different according to the Tukey—Kramer
multiple comparison test (P > 0.05). T248: CS-tolerant
breeding line, YH: CS-sensitive cultivar. The NILs
were bred from the RILs heterozygous at qCS8-1 or
gCS11-1. (A) The CSls of the NILs at qCS8-1. The
qCS8-1 genotypes of N52-8T and N52-8Y are the
T248 and YH alleles, respectively. The test was
conducted in 2013. (B) The CSIs of the NILs at
qCS11-1. The qCS11-1 genotypes of N71-11T and
N71-11Y are the T248 and YH alleles, respectively.
The test was conducted in 2014.

Table 111-5. Field test of the near isogenic lines (NILsS).

Genotype! Seed Seed

Flowering Maturing yield per 100-seed protein

Cultivar or time time plant  weight Content
line gCS88-1 qCS11-1  (days) (days) (2) (2) (%)
T248 T248  T248 58 127 20.9 42.7 43.7
YH YH YH 55 124 31.7 37.2 42.6
N52-8T  T248 YH 57 124 213 38.0 43.8
N52-8Y YH YH 58 125 21.2 374 43.6
N71-11T  YH T248 55 125 26.9 382 42.2
N71-11Y YH YH 56 125 273 36.4 42.5

1) T248, the Toiku 248 allele; YH, the Yukihomare allele. The nearest markers, Ic
and GMES0027, were used for gCS8-1 and qCS11-1, respectively.



20
JbiiE sz
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4. R D2BEHERTIC
RERRE
T238 @ CS8-1 Diffx 7L T248 A CTH
D, TM @ qCS8-1 DiEfs 7 AL YH B TH -
7= (Fig.11-1) .qCS11-1 O Urff~— D —Tlk
ZRINR SN2 -722 £ D (Fig. H-1)
qCS8-1 DZNFDHARFE L 7. (KIRZLBHHEHT
FREDFER, T238 ™ CSI 1% 10.3 T, TM @ CSI
1X 42.4 ThH -7 (Fig. IN-7) . {KJRALELHIR 1%
BIfE 7~28 A% TH Y, ZIVE TOLIESM:
(B4E 10~31 B &) LI TR > TV D,
WEE T CSI ICRERENDH Y, [RIEHFK
itz ERCFM T &L,
T238T-RILs & CSI DBELE /347 % Fig. N1-7 (2R
3. qCS8-1 D73 T238 ! T & % RILs
® CSI FHMEIX 112 THDH DKL, TM &Y
T® % RILs ® CSI V-FJfEi% 385 Th o7z (P
<0.001) . ZNHDOREFR I, e DB
FTFICBWTYH qCS8-1 [ TEIEZLBHHL D
M EICRRH D EBEZ BT
{RIRALEE 24T > 7= T238T-RILs -2 &,
fiF-45, ERE, IOV THHA L.
Z ORGSR, TFEIE, 74, EhiEL CSI &
ORNCHEZRADOHEBENGE® bl (Table
1-2) . 2O, Bie 5 BT R FIZBW

BiF 3 ¢CS8-1 D%y

WEDTTE e 5 143 5

Dorsal side

Fig. 111-6. Representative
cracked seeds of near-
isogenic line (NILs). The
gqCS8-1 genotypes of N52-
8T and N52-8Y are the
T248 and YH alleles,
respectively. The test was
conducted in 2013. The
gCS11-1 genotypes of N71-
11T and N71-11Y are the
T248 and YH alleles,
respectively. The test was
conducted in 2014. The
arrow indicates seed coat
discoloration around the
hilum region.
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Fig. 111-7. Frequency distribution of the cracked
seed index (CSI) in T238T-RILs. The gqCS8-1
genotype was determined according to the nearest
marker, Ic. The CSls of T238 and TM are shown
in parentheses. The average CSI of the RILs with
the T238 and TM alleles at qCS8-1 was 11.2 and
38.5, respectively (P < 0.001).

Table 111-6. Quantitative trait locus (QTL)
analysis of 100-seed weight in the field in T248Y-
RILs.

Chr Position  Nearest R¥  Additive
Year (LG)'  (cM) marker  LOD? (%)  effect’ Nearby QTL
2013 3(N) 98.5 GMES4417 6.8 17.1 -1.7
13(F) 11.5 Sct_033 35 14.4 1.5
11 (Bl) 58.6 Gmllone 3.1 8.5 1.2 qCS11-1
2014 3 (N) 102.6 GMES4417 4.2 13.7 -1.2
11 (Bl) 61.0 GMES0027 2.9 9.4 1.0 qCS11-1

1) Chr, chromosome; LG, linkage group.

2) LOD, logarithm of odds determined by

composite interval mapping.

3) Effect of the T248 allele on the QTL.

*Percentage phenotypic variance explained by the
TL.
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5. BRIER L MEEEGEICET 5 QTL f#fTr

T248Y-RILs IZ W CH ARSI BT 5
ERIE D QTL T 247 o 7o A, Yetafk 3 I
B REOKE W QTL AR &7z (Table lI-
6). £72, Z? QTL ®XIZFFED KX QTL
23 qCS1L-1 R IC Mt S 472 (Table 111-6) .

T248Y-RILs |Z DV C BRI E I 1
LT DOECTRED QTL MM 21T - 1= ik 5,
2 7 & H 12 qCS8-1 T HIZ N R DK = 72 QTL
nf S (Table H1-7) .

Table 111-7. Quantitative trait locus (QTL)
analysis of index of seed coat discoloration in
T248Y-RILs.

BT DR TR B T

Chr  Position Nearest R2* Additive Nearby
Year (LG)! (cM)  marker LOD? (%) effect® QTL
2013 8(A2) 0.0 Ic 232 502 -093 gCS8-1
2014 8 (A2) 0.0 Ic 213 514 -0.86 ¢CS8-1

1) Chr, chromosome; LG, linkage group.

2) LOD, logarithm of odds determined by
composite interval mapping.

3) Effect of the T248 allele on the QTL.
*Percentage phenotypic variance explained by the
QTL.

6. [+EF 2485 l=2FxFK~1] ORELDOR
i DARIR BRI R AT
T248 3 L YH O FRi
DOV TRIR A B H MR E

o> 10 SRR
WA L7 (Table
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T238 &5, [+F 239 5| Z°, ZDOMoD
6 fnfli Rkt 2 99 & HIE L7z (Table 111-8) .

72, TNHORMD qCS8-1 DiEfn 1%
HELoE ZA, B9 D 6 ZHtiEaT YH
HTHo7- (Table 111-8) . K/E & Bz A D
FRERMEICY T L A, T225 O
qCS8-1 1%, KEHMA EHLHE YH R TH 7=
23, T248 ML 72> Tu/= (Fig. 111-8) . £7z,
T225 OIRIRABHIRE ML, R A EHH
P THoTEM, T hH o7 (Fig. 111-8) .

Table. I11-8. Tolerance to seed cracking in the
pedigree breeding lines of Toiku 248 and

Yukihomare.

Cultivar or qCS8-1 Tolerance to
line genotype!  CSI2 (n) seed cracking
Toiku 248 T248 10.9 (5) Strong
Toiku 225 T248 11.1(2) Strong
Toiku 238 T248 12.2(4) Strong
Toiku 239 T248 21.5(2) Medium
Tsurukogane YH 24.9(2) Weak
Toyokomachi YH 26.0(2) Weak
Toiku 230 YH 26.6 (1) Weak
Yukihomare YH 33.1(6) Weak
Toyomusume YH 34.7 (6) Weak
Toiku 222 YH 36.3 (1) Weak

1) T248, the Toiku 248 allele; YH, the Yukihomare
allele. The nearest markers, Ic, was used for qCS8—
1.

2) CSI, cracked seed index. n, number of tests in
2009 to 2014.

Genotype
(gCSs8-1)

Toiku 230 —

- Toiku239 — @I
(T248) Toiku 248
L Strong (T248)

~ Toiku 238
(T248)
Yukihomare
(YH)

11-8) . ZDfEH, T248, [+ 225 7 (T225),
Toyokomachi —]
(YH)
Mutation <Y
Tsurukogane = Toiku 225 =
(YH) (T248)
Toyomusume —!
(YH) Tokei 783 =
Toiku 222 —
(YH)

Fig. 111-8. Pedigree of soybean lines. The lines used in this study are underlined. The nearest
markers, Ic, was used for qCS8-1. T248, the Toiku 248 allele; YH, the Yukihomare allele. Strong,
medium and weak indicate the phenotypes of the tolerance to seed cracking (Table I11-8).
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ALlEE LR A DT ERE B SR

4) B&

BRI u ST MBI DNA ~— 0 —&
&

ARETIL, RIEABREIEICE L TLEEL
7= F % 7”9 QTLs, qCS8-1 J 1} qCS11-1 % 4%
i L (Table 111-3; Fig. 111-4) , NILs % VTl
QTLs OAME%E Kk L7= (Fig. 111-5; Table I11-
1). £72,NILs Z VT, i QTLs & %2 T248
FNBATEH 70 & OO B E ICADRE L
H. 27202 LRGN LTz (TablesI11-1 and
-5) . & HIZEENE R FICL 5T, gCS8-1
DHNANERT 5 Z & &2BiECc& 7= (Fig. llI-
7). I ORERND, qCS8-1 & qCS11-1 D
I~ —h—IZER 7 1 77 A TIRIRRB K
PR R T HDICHE THD L EZD
iz,

2. HBARRAEDER

KR ZZ 2560+ DORAMAD LY 1T
X, FREORE SO ELOYBEREZ &3
BLTWDEBXOND. F_EIZBWT,
Bz BT OB RGRA TIE, ERE LR
BRI R D I I3 A B RMHBERERITERO b T
Wguy (Fig. 11-5) - KETH, T248Y-RILs T
IZERIE & CSI OFIZFERIL 222> 7= (Table
11-2) . %72, T238T-RILs Tl HhimE &
CSI DIZAHEZRADFED & v (Table 111-2),
qCS11-1 ™ NILs IZ2W\W T b, KIRZBIHEH I
RE (Tablell-1) , B (Table 111-5) @
i 5 C, T248 B NIL (X YH BLO NIL LV %
BRIENE -T2, ZHHLORERE, 7L
HEENED, T20LFERREIVIEE

I LT Wb TIIR W 2R LTV D,

3.qCS8-1 DEHE
qCS8-1 I | JEEfHIMR I S 7= (Table

#5143 5

11-3; Fig. 111-4) , Ic ~— /1 — DNz L ¥
T248 O | FEOREREIE YH L1380 5 = L 3
e o7 (Fig. 1-1) . KIRALERT D T248
OIREDIZEL L T2 DIZEt L, YH 1335
LT\ (Fig. 111-2) . ¥£72,qCS8-1 @ NILs
(1 G & 0350 0 35 R R 2= 03 7 B 7= (Fig.
1-6) . HEEEICET S QTL fiftrick T
%,qCS8-1 T I RO K E 72 QTL 23 &
iz (Table 111-7) . lc ~OER L Trah
X1 XTM QA EOENLAE T EHESN
T2 (KRl 2012) . Tradix) ,TM &
AR ARG 9 CTh o 72y, 2o
néﬂ?f/a\ DO BB S U7 T225 [ 3P s
Th-o7z (Fig. N-8) . Z D7, lc DIEIRE
B RR ﬁ”ﬁﬁ?ﬁ&ﬁi‘aﬁ’f\@%ft IT—FH LT

BV, qCS8-1 1FKIRA Kb EICEI 535 Ic
D ZHEFBLOD Al H T%ﬂmb\é:%i%ﬂf’ Ji
W DFENN > THRELEIC R 2 5] &k

2T ENHDHT-% (Takahashi and Abe 1994,
1999) |, & (B I fZ O W BRREME & 28k &
EHEEZOND. Bz, KK
W OYH T, IR ER LI A I E N
I E ToAi L, BT OWBLRIEIC b 8
EHE2HZ LTt nEZLND. *ji,qCS8-1
DI, KR Fi2B 1 2R IE KI5
95 QTL H#HEINTEY (Ikedaetal.2009),
i OHMO LG ST, KR Tk T 5
F DO IGEED NG o A0 EBER L
TWHATREME S B 5.

4.qCS11-1 DEI R

qCS8-1 MK GBI ICBE 54 5 — 7,
qCS11-1 ¥fFiz iﬁ.f/é%}:r“ @ QTL T sh
3 (Table 111-7) , NILs [f] CHGFEEEIZ M L
bivieno7-Z &6 (Fig. 111-6) ,qCS11-1 1%
RIRBCEGIE L 502V QTLEE X b
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72. qCS11-1 drfH i, fk ORLICEET 5
QTL, gSCC11-1 s 41T % (Ha et al.
2012) . Z® qSCCI1-1 XL ST Ik T 5
SR HRT DIEDO QTL & L CTRIE S TR
Y (Haetal. 2012) , AHFZETH - T 5
THEU DO & ITEHBR L Tz

I biD., L, RHEOBEEHALL
EOXIITRESNTVDENICHOWNWTIE, &
7L< o TV, ABRIEED A =
A LEMRAT D701, B S QTLs
FHEELC, ZOWBELMBIT T2 08NS 5
5, FETIIARMIE THA L7z NILs 2 HTHl
filk L~ L COREMIZRAF IR FE 241 D . Z DA,
qCS11-1 DT FFITIT AN BT % QTL 23k
HEENTWA. Komatsuetal. (2012) XBEFED>
S £ TOHM O QTL & L T gDfmi,
Zhangetal. (2004) [ E TO HED QTL
LT mdd Z2#HEL TWD, A TIE
T248Y-RILs & T238T-RILs D lifAAE i (C
BT, CSI EBAEH ORIZHBEIZR b T

(Table 111-2) , %7z, FHEREBELIZBWNT,
qCS11-1 @ NILs [ CBAAEH & Rl 728 L
LR Z &G (Table 111-5) |, gCS11-1
7% qDfm1 X° md3 JFE D AR+ T & 5 Al BEMEI LK
WeExoHhb.

AfRBE X R DT AN T
BEDREA A HE LC, Mgz b-592
ERHE I TS (McQueen-Manson et al.
1992; Cosgrove et al. 2002)
AL OILIRIZEE 53 57210 T <, MO
BERSCED ORI EIZHLEET

(Civello et al. 1999; Rose et al. 2000; Ruan et al.
2001) . XA RIZIE 75 D=7 AR v Vg R
THIFEL TS (Zhuetal.2014) . V> 2D
HRBIZIZ BT, PR & REGHERE T
J ANV BT ORBEIZERH Y, R

LT AN

23

B 2B TRIRABHEIIIE S O RAEIC B 2 BRI

DA HEL Rk 0D 300 e ok 5% 203 SR B R 0 Ml B (5 &
[ % 2 & TR IR O R34 U, B
D5 &4 L7705 (Kasaietal. 2008) . 4 X
DHPABITREREHNIZHREST D2 L0 b
(FHES 2015) , A X2\ TH U=
DHBBLG L FFRIC, B L FHEO MR
DOAREIBEN BTG LT a00h Lz,
Flo, AT allBWT, =7 ANV
FHEERICES L, IRRIZ L > T= 7 2R
YU UVBIBFORBENEAD TS (HRDH
2013) . ¥ A ZROHBFRL IR E 4 L 72
HZEND, YHIHMERIZ K » THED= 7 2
WOV CBIBFORBENTAS, b LIX
T AN OBREMET L, FEEDMA
IR R O iAok % ERlD 2 & T, R
DBHFED EELRD LT HNBEZD
N5, BBV Z L2, qCS11-1 ITfE T i
GmEXPA24 ( Glymallgl4800 ) , GmEXB6
(Glymallgl7160) &\ H 2 DDT T AR v
VBT RERE SN TS (Zhuetal. 2014) .
GMEXPB6 [IHAL T D A5 L, GMEXPA24 (%
R, 3, %, i THITDHZ L5 (Zhuetal.
2014) , H5iZ GMEXPA24 ASBLERVZE N,
qCS11-1 ™ NILs {22\ T, KIRZLBREEH I
fRE (Tablell-1) , M&%aAE (Table 111-5) @
i 5 C, T248 LD NIL (X YH RO NIL L0 %
ERIE N E - 72, T248Y-RILs OB
BIFAERED QTL MiricB W\ T,
qCS11-1 ¥TFEIZ QTL A STV 5 (Table
1-6) . ZOEREICKTT DRIED qCS11-1 12
HEH L HBRTFOLDROD, Th i b
qCS11-1 DL MmHEBL/2 DDNTH & TikZen
2, BARTEDICML SN D BEIZIEERIEN
B OB GFENLMEMICH Y (Kato et al.
2014; Yamaguchi etal. 2014) , b7 < & b HHE
#1795 L CHEE & R 5E TIEe.
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BWE AT ARREEFA L RRRR OB & BIER OB

1) B
bV E T BN E S ESR RN
ZA AXAOEBHMAHRINATLES. 2D
e, KANEBWRBIIEFEZIT0T <,
A OABLREME T 5. £z, MEEI
BWTIE, @EFIZHEASTHRADEND 2D
A /HRT‘;%ZJ!K%& 272 5P b EmE S
TWb., ZRUHOEmNL, hiEDO X A4 X
rnFEICILE 2 D RAMER RO B D, Ll
RN D, REAGHHE TR RGN G A5 AR
BIF b EW 2D, BAME L D HILEIMEW.
EHFE CHM SN RFITIBNT, i E T
O AL FRINEDMIZH B2 7R IEDFHB A
LA (KIS 2012; /MRS 2013) . 2
DE DI, RAMEL ZINMEDMSLITRETH
L0, —H T, EROBEEIRILIZ DGR D
BIEDT=DITH L OMENR ¥ H S (Liet
al. 2008; Palomeque et al. 2009a, 2009b; Kim et al.
2012) . 7 A U B TUE, M OBISE IR A I
CREFMFE L 0 HIUNEMEDMEN D Rt & B A
L TW% (Nelson and Johnson 2012) . JkifgiE
IZBWTH, AAGIEE T A U sl A2/
NHEOLNTRRIE, B ARSI L DA H )
LROLNIRMBEED INEERERL TV
(R 5 2012) . e 1) 2 R
EOMHHEOBEREIZBNT, AV =2—F T
BJE S 4z [Fiskeby) RALEEITA M0 BRE
JH<Thsd (=4— 1979; L5 2015b)
[Fiskeby] &iERTH DA —T7 » NinfER
RASKIETHEELEL, Tﬁ#(%‘fi%%ﬁb\&i&%é
T 5 (Konieczny and Shimamoto 1989) .
KA RNZEBWT, BB I D 585 7
IMEHERE SN, E BEf5FHEE XL TV D
(Cober etal. 1996) .E1-E4 (2 >W\ CldiEfs+

DHPEI LT Y (Liuetal. 2008; Watanabe et
al. 2009, 2011; Xiaetal. 2012), DNA ~— 1 — %
FALTEEFNEZHET L L TED.
JEIZA T = —F T ENT-RHK FFlskeby
840-7-3| b HWZEh, 5D DNA ~—7
—ZFHAL CEBETFROHEENATRETH D

(Cober et al. 2010) .

ARETIE, WHAOBIBERE L TAR—-F
NinfEZ FREICIEH L, IWEMEEZHEZ2 DT
FERDOIMBTEDIRV R A TR TE D0
REL7Z. 612, B LTERMOBIRHIER
BHRD T2, JTE DNA~ — 1 — OfEHTIC X
El-E4 B X OB DB TR EZHEE L2, T,
% < OWFFEITIB\NT, M PRI LR B AR
LHEENDD LR BRESN TS D

(Kurosaki et al. 2004; Funatsuki et al. 2005;
Takahashi et al. 2005) , H &k L 72 R#E DM
WAMEEAR TV & BG83 8 D D HRGEE LTz

2) MEtEHE
1. BERkEAE

Polan] & [Progres) (¥R —7 > RTHERK
SNTERALHETH D
Shimamoto 1989; Szyrmer and Boros 1996) .
DA O FFERFIT R THBRR THER I N
HLDOTHDH., RETHOWZMERRKIZIETH
RFFNTH L. 1% 1067 5 (T1067) %
feiEBlz T2 A~ L) (YH), 1 a8 % [Polan)
&% BCy R LACHUEM] (Tc1347) 7B HERL
L7z (Fig. IV-1A). [+& 251 5| (T251) %
KAERZ %R~ 1] (YH), 1 [B8l% [Progres |
&% BCy R LACHUEM] (Tc1348) 7B HRL
L7z (Fig. IV-1A) . [+43% 1141 5] (T1141)
BEO TR 1142 5 (T1142) (3 [-75 248

( Konieczny and



IWAMEX : #4 X (Glycine max) (Z

W) & T251 OflEH (Te2113) b HER LT
(Fig. IV-1A) . £72,Tc2113 705, BkAHTE
(Brim 1966) T 116 R#tORHL Z F FERH
(RILs) ZH& L (Fig. IV-1A) , #WEE s+

Dt I X OVERVE RS F%# (NILs) DOF

FRAZ W=,

A

Cross number: Tc1347

Yukihomare ﬁ_'_ Tokei 1067
Polan

Cross number: Tc2113
Cross number: Tc1348 Toiku 248

Tokei 1141
Yukihomare ﬁ—'_ Toiku 251 1 Toeitia

Prggres Tc2113-RILs

oaats

Ak \ Yukihomare

X e
Qs

o®
Tokei 1067

@

Polan Progres

Toiku 251

Fig. 1V-1. Breeding lines derived from crosses
between Japanese and Polish cultivars. (A)
Pedigree of the soybean lines. The early-maturing
lines are underlined. (B) Appearance of the
soybean seeds from the various lines.

2. EHRBR

T251 35 L O T1067 O[5 atBR 1L AbiEE 1+
[ it D BT (5 ARE ) & LA iRET
TIT 272, 2 BT O KR % Table 1V-1 [Z50
T ERIRIIFESICH AR THIE T 5. (i
e bICRBEERER 7 L ThHD. HEEREY TIX
2008 45 H 23 H, 2009 4£ 5 A 21 H, 2010 4

BT D FE TR BHHR T By OV R 2

25
(BT 2 BREEEIIE

5} 19 HIZHKHE L 7= (Table IV-1). ¥k 20cmx
B:fE 60cm D 2 AL H (167 A/m?) T, 175
[X. 3mx3 M (2008 4F) b L < IF 3.5mx4 i (2009
££,2010 4F) & a%iE L7z, S e i Ak oo fit i
FEHEIZHE > 7= (0.2 N-1.8 P,05-0.9 K,0-0.4
MgOkga™) . LR Tix, 2008 4£ 5 H 30
H, 2009 4= 5 A 28 H, 2010 4 6 H 6 HIZ#&HE
L7 (TableIV-1) . ¥k 18cmxEEfE 66cm @ 2
AANLHC(16.8 A/m?), 1 5BRIX 3mx2 IH: (2008
) b L <X 3mx3 BE (2009 4, 2010 4F) %
A fE L7z, e Ak ieE o fi JEEE I - 72

(0.1N-2.2P,05-0.2 KO kga?t) . ik &
ZHELBRYE 2 KB ECoRBRrE1T -7, BT
], A OREHIEIFE ="HLFALTHD.
IHERTIZ BRI AE B A 72 5 RO+
¥R (FEHNOKR EMHEHiETORE) 2
ELT. FREREE L, L B E K
T &9 5 I E DO BT AT, AL
EOREZEIT-T-. £, TNENOBEEIC
BWT, Sl EHEREZ KT & LT Tukey-
Kramer 1512 X 5 ZELE 21TV, MRz
FREZAT -T2,

T1141 3 X OV T1142 O[5 X AL iEE 4
R—> 7 Hls OMEAETT T 2012 35 KO 2013
FIAT o712 2 VEORHEER & FHXIE T
Table V-1 529", #KH 18cmxIH:fiE 66cm o 2
AANLH T (16.8 A/m?), 1 5B X 3mx2 B (2012
E) B U< I 3mx4 it (2013 4F) A RiE L7-.
Ha A 3 AL E OREALEEREIZfE > 72 (0.6 N-4.8
P20s-0.6 K20 kg at) . ELBRIE 2 K8 TR
EAToTo. L AFERE ZIRF & LT Tukey-
Kramer 1512 X 5 ZELE 21TV, M ZEO
MEEIT- T,
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Table IV-1. Sowing dates and average temperatures in the field test locations.

#5143 5

Average temperature (°C)

Accumulated

temperature

from June to

Sowing September
Field Year  date June July August September (°C)
Memuro 2008 23May 145 185 187 16.7 2089
2009 21 May 144 176 192 15.1 2026
2010 19May 172 204 228 17.4 2377
2015 20May 149 202 19.6 15.7 2152
Kamishihoro 2008 30May 13.7 17.5 175 15.7 1967
2009 28May 139 169 188 14.4 1956
2010 6June  16.8 19.7 222 16.3 2292
Abashiri 2012 1June 123 174 204 19.8 2135
2013 3June  13.6 19.7 20.2 17.1 2158

3. T251 DN B ER DOFE
5B X+ X T 2015 AR T o 7. $8
i H 3B L OVEHRIRE Table IV-1 (2729 #%
[l 20cmx g 60cm D 2 A3 H (16.7 A/m?)
T, 1 BRX 3.5mx2 BEAFRE L7, fuftiddk
W E OFEAEFEHEIZAE > 72 (0.2 N-1.8 P,0s5-0.9
K.0-0.4 MgO kga™) . GLBRIE 2 K18 Taklk &
TV, HFRBRE N SAEFTNHER 6 fEfR %I
FEL, 312 RO RER L O EAR R TSR D
HEZIToT. AFa2a—FT 2 hO t REICEK
ST, YH & T251 OZE#fE L7z (n=12) .

4. RAER(CFELDFFNT

DNA fifith, PCR O GEIHF == LFE LT
&%, BWEEIR T E1-BE4 2535795 DNA~—
T —IZOWTIE, BEfEO#E I > TRREFL
7= (Yamanaka et al. 2001, 2005; Liu et al. 2008;
Watanabe et al. 2009, 2011; Xia et al. 2012) . =
nNoO~v—0—ty M ELE4 [SEHET 28
#WisIEEC S (Simple Sequence Repeat, SSR) <~
—N—To5. El OBEFHUZHHNTL~—
H—& LT combi33 (Fw5-TTT TCACTG ACA
CAC CAA GGT C-3, Rv 5- ACC TGC CAA
AAG TGT ACC AAT C-3") & combil2 (Fw5'-
ATT CGACGT CTT CTC TCG TAT T-3°, Rv 5'-
TTG TAC AGA GAC CAG GGG AAAG-3") %
MWz, B2 OBIEFREZBHIT 5~ —0—&
L T E2at_U46k (Fw 5-CGA TAA TTT TCT

GCA GCC ATG-3", Rv 5°-TCG AAC CTT TGA
GTGCATTTC-3") ,E2at (FW5-GTGCCTTTC
CTGCCTTTTCA-3,RV5’-TCGGCCATTTTT
AACTTGTG-3") ,E2at D82k (Fw5-CGT CTA
TTC TAT GTT TCG TG-3", Rv 5"-GAA TGG
ACATTTTGTTGG ATC-3") ,GMES4019 (Fw
5-TCA ATT CGT TAA ATC TGT TGT TCC-3',
Rv5-ATG GTACGTGTG TGT GGT CC-3") %
v 7= (Yamadaetal. 2012) . E3 O fs 17 %
AT H~—H—& LT E3at_U113k (Fw 5'-
CAACCTAACTCGTGACCAC-3,Rv5-CAC
AAAGCC GTTGTTATCCTTA-3") ,FT3SSR4

(Fw 5"-GCC TAT TTA GAAACC AAT CCA-3,
Rv 5-CCG CTA GCA ACT TTA CTG-3") ,
FT3SSR1dom (Fw 5-ATT AAT TCG TTG ACT
CGG TAC TCC-3", Rv 5"-GGA CTT AGA ATG
GAG GGC ATAAA-3") ,FT3SSR3 (Fw5"-CAT
TTC CAT TTG TGC CTACCAC-3', RV 5'-TTT
CTTCCTTCT CTC ACC CACT-3") ZHW7=

(Yamadaetal. 2012) . E4 O fm A5k 514
b ~—%—¢& LT LGIESSR1 (Fw5 - CGG TAT
GAG CTG GTC ATG AAA-3", Rv5'-GCA CGT
GAT CAC ACA GAC AA-3") & Scaffold 1 31

(Fw 5"-ACA AAT TCT CAA CAT TGT AGC
ATC A-3", Rv 5"-TGAAAT TCATGT CCA GAA
CACA-3) #MwWwi=. Tha ) (HPS
2015) , »Fves V) (BADL 2000) % El-
E4 OBE RO E L THWE.
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RNVEEAR 7 E8 AR T 5 ~—H—IZ5
VW C i, Coberetal. (2010) {27V, Sat_404 (Fw
5-GCG GAT GCG CTT AGC CAG AAG ATG
AGT-3", Rv 5°-GCG TTC TCC CCC AAT GTA
CATACTTCTACCA-3") ¥ LU Satt136 (Fw
5°-CCC CAT ATATTC AAC ATATCT TCA-3,
Rv 5-AAC TAAGCC AAATCT TTT CCT ACT
A-3) W B8 JEIXZZNG 2 ~—Hh—[H
{233 % (Cober et al. 2010) .
YH, T248, [Progres] ,T251,T1141, T1142 @
6 MFERFMICOWVWTIL, 7 Ak E BN —
§% SSR 4/ LRV AT I (Sayamaetal.
2011) ZHAWT, AFt 262 ~— 1 — Ol &
1T

5. RILs 38 L T E8 EEIZRE$ 5 NiLs DR
FAh
F7 £ Tc2113-RILs 116 AHEICOWTR
{EH s K OB 2 G A L 72, MG+
5 T 2015 AT o 72 FEFEH 35 JUVNEY
R % Table IV-1 (ZF29. #RfA 10cmx i iig
60cm @ 1 RN H (16.7 AR/m?) T, 1 %FICD
x 1.8mx1 & Al U7z, Fe AR 3 iR 3E
Z{R& LT DNA ZfhiHi L, Bk o> SSR ~—
71— E8 JEDBAnFHl 24 L7z, Fe AR T
BAS RN HE L 72 RIS DV T, Fr bR
THE DNA ZfitH L, Bis 70 A L7,
%= LW UFIE T E8 HEIZRIT 5 NILs %
H Ak L7=. Tc2113-RILs 7~ 5 Sat_404 L Satt136
N~7uaflo RILs Z&EE L (M62 B LW
M83) ,2 DD 7 ? NILs & F ik L7=. Fe AL
DOHEMN D DNA Z i L7z, Sat_404 & Satt136
MEHIZT248 % (E8) ,T251 %1 (e8) , Dl
RE R L, 20 Fe bR -4 H5H L 72 F7 it
&% NILs & L7-. T248 %! % M62-E8, M83-ES,
T251 % M62-e8, M83-e8 & 4 {1} 7=. M62,

M83 1XENZiLlE Ui fniy & Fro. MG
Brix Tc2113-RILs & [FAED HIETIT o 72,
BRE 3 IE TR ATV, BATEHIRS L O
MrfE L. feRELZ ZKF& LT
Tukey-Kramer V52 X 5 Z BB ATV, Rife
O BAE 3 L O D =D E 21T - 72

6. BRTEH Mt E
T1067 & T251 O BIAEMIMM i MER E 1 RETE
O #H L (Kurosaki and Yumoto 2003) (ZHEVY,
2010 AEICEM L7z, [ ha vz, Th
AALAA] (Fer KD 1988) % H o HLHE Ll
& L THW=. 1/2000a DT 7 LR > M+
s ek B 5 DR BN 7 L &G, O U
DALEAERE S353 % 40g F >¥RMN L 7= (N, 0.12
g; P05, 1.00 g; K20,052 g /AR v b) . KIEX -
MHRXENZENZBRRRIL 3 Ny M3,
gL 5 ARy PO L7z 1 ARy MIZ
DR 10K AFEFE L7- (BEFER 5 H 17 H).
HEF 2 B MZICHIBI & 217V, 1R » b 2 R52
Ll BfEETEary 27 ) —FFR—FT
ML THEE L, BAERIC A TRREICBE L
7. AR X (EE 18 °C (08:00-18:00) , 7&K 13°C
(18:00-08:00) T, 55% D WAL A 1T — 7=.
xHHRIX XA 25 °C (08:00-18:00) , & 20 °C
(18:00-08:00) DAL AZAT - 7-.28 A%, ALBL
BicboleRy hear 7 ) — hR—FIZRE
L, RAETHRE L. B TEILEIC
DWW T Tl Z DR E 21T 9 72 91T Tukey-
Kramer £ CL B 21T o 7. OB PEDTEE
(Chilling Tolerance Index, CT1) (HEIEALELIZ
XD EROEIGE LTUTFOL S ICHEL,
R L7 (Z43— 1979; Kurosaki et al. 2004) .
CTl= (KEXDOF3IE) | FRXDOF3
INAE) % 100
E8 FEIZ B9 2 NILs O BR LM MR E 12
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DUNTIE 2015 E I S L7z, RIEX - *HRRIX
FNENE 2 Ry hIoOEA L7 FEfER 5
H19H) .

3) WR
1. T1067 & T251 DEREE

T1067 & T251 DB RRIEITILL T D LY T
7%, £7,2001 FFIZAFL ATV, 2002 41T Fy
\Z YH Z R LACHEL L7-. 2003 2= T
BCiF1 Z 3k L, /3L CULHE L 7-. 2004~
2006 4F (BCiF,~BCiFs) (TAEFEME THEAR
ZHEWD -, 2005 4T EHIRES, 2006 1L
2 [M135 C RME R 2888k L 72, 2007~2010 4

(BCiFs~BCiFg) 1326 A RlLE THANZ HED
7=. 2007 413 E C Tel347 % 31 %
E, Tc1348 % 42 RfiiActs L, FRGRHT & %k
L 7-. 2008 4F|Z 1% Tcl1347 % 4 %ifk, Tcl348 %
5 %%, Bat 9 /A HFEmMY - LLBEY T
IWERBR A 1T o 72, 7035, T251 1% 2009 4 DI
RTCIE, TR 1068 5] D4 Tkl 4 50 L
7-.

2008 4 0> bR O R R KR X2 R
Y0 HiEs o7z (TablelV-1) . L7=2vo ¢, &
FHIKAMEY, EEIRICE 5 YH O
IFFEE LY HIEEL 7272 (Figs. IV-2and 1V-3) .
FETIE 9 RHEH 7 RO YH SO
WH RO FRRFEL Y b Fovo 72 (Fig. 1V-2) .
T1067 13 HE TR L 22 TORMO T Thie
HHRATH L7720, EE L (Fig. IV-2) . E
THRICIBNT D, 9 BHF 7 RO
YH RENBEROERRMED & FroTe

(Fig. IV-3) . T251 (3 EHIRCakBr L 7= T D
RMOFCTROEATHD, MO EMEN
YH L RIZETH - 72728, @k L7 (Fig. IV-3).
T1067 & T251 OFEEfa, R ITtk R 4, 4+
BAWEIXZYH E[RETH o2 (Fig. IV-1B) .

430

© Domestic breeding lines n=45
Tc1347
410 - Qrorass <
eYH
390
T 370 o
;2350 Toiku 251 © 8 ©
_n oIku o 0
@ 330 & 0@0 o
>
Tokei 1067
B 310 : 8 O o
@ o o a 8 o §
290 o
E] <> i?
270 - <
250 T )
110 115 120 125 130

Maturing time (days)

Fig. 1V-2. Selection of early-maturing lines in
Memuro (2008). YH: Yukihomare: a standard
cultivar. Tc1347: four breeding lines selected from
the BC1 population derived from the YH (a
recurrent parent) x Polan (a donor parent) cross.
Tc1348: five breeding lines selected from the BC1
population derived from the YH (a recurrent
parent) x Progres (a donor parent) cross. The total
number of the lines used for the field test was 45 (n
= 45).

260
n=48
240 o
A
220 00 o
§ Toiku 251D o ¢ 8 8
S 200 00 8
= o ®78o
2 180 <o ) o
g <
& 160 A O
© Domestic breeding lines
Tokei 1067
OTc1347
140 ATc1348
eYH
120 T T |
125 130 135 140

Maturing time (days)

Fig. 1V-3. Selection of early-maturing lines in
Kamishihoro (2008). YH: Yukihomare, a standard
cultivar. Tc1347: four breeding lines selected from
the BC1 population derived from the YH (a
recurrent parent) x Polan (a donor parent) cross.
Tc1348: five breeding lines selected from the BC1
population derived from the YH (a recurrent
parent) x Progres (a donor parent) cross. The total
number of the lines used for the field test was 48 (n
= 48).
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2. BRRM DB & ILEME D FA

T1067 & T251 o [E¥aAlkI% 2008~2010 4
WCHELE RO 2 BETCITo 7z, B AT
o7z 3 PMREIZEWT, BE, LEIROBEX
BIFFELY Ko7 (Table IV-1) . @
B CHAE LZRERERETITBWT, AF

IRERAEMAENN D D T & 2 ffERd L7 (Table 1V-2) .

B CII A B mmM T <, MFE - F
L TOREER b & gnoiz (57—
ZEWE) . FERICBWT, T1067 & T251 1347
BICBHIEHIN R, FRHESGICB VW THE
(A N o 72 (Table IV-2) . EEIRT
DORHINIFETORBE D &, YH2 4 H,
T1067 732 HiEH > 7= (Table IV-2). —77,T251
(TR TORREM & B0 o sk RS
Th o7 (TablelV-2) . 216 OfERIE T251
DRI R E L TN D Z L &R L
TW5.

FERIZBIT S FENEIIFEOBB L Z

80% Tdh 7= (TableIV-2) . 3=, E+igo &
LSBT, T1067 OFFULEIT YH LV
LA KD > 72 (Table IV-2) . —J7, T251 O
FHEINEIL YH L RI%EThH -7 (TableIV-2) .
T251 OEEEIL YH LRI T, T1067 OEX
FIZYH X0 b FREICED - 72 (Table 1V-2)
FE, LLiEo b otV T, T1067,
T251 OFRIEIE YH L0 bAEICE)I -7

(Table IV-2) . L7>L,T251 @ (ki T1067
X VITHEICEN-T- (Table IV-2) . Zh b
DOFERAEHRA L, T251 1% T1067 LV & ¥
BN YHIZEWEE 2 b,

RN TRINENEND T251 O EHRLE
DO\ ZWRT H7-8, HHRIENET248 &
T251 % 4ZH0 L, T1141, T1142 O 2 R &2 B K
L7z (Fig. IV-1A) . 2 7 DN EER D% R
T1141 & T1142 13 & H1T YH K0 dins 5
AR, TENESXOHREIX YH &F%
THo7z (Table IV-3) .

Table 1V-2. Field tests of the early-maturing soybean lines in the two field test locations.

Flowering Maturing Main stem

Cultivar or time time length Seed yield 100-seed weight
Field line (days) (days) (cm) (Kg 10a™) (g)
Memuro Yukihomare 58.7#3.2a! 123.3+3.8a 61.9%£55b 316%x28a 34.8%+12a

Tokei 1067 55.7%£3.5b 115.7%£29c¢ 784=%x8.0a 288*x19b 279=%*l.1c

Toiku 251 56.3%x35b 118.7x4.6b 61.6*x32b 315*8a 31.9%+1.4b
Kamishihoro Yukihomare ND? 127.3*£6.2a ND 260£51a 323*16a
(cool region) Tokei 1067 ND 118.7+6.8b ND 220+40b  26.5x0.5¢

Toiku 251 ND 119.7+6.3b ND 253+48a 299=*19b
ANOVA (Cultivars)? * ok * * Ak

All the numbers are the averages + standard errors of the values obtained from 2008 to 2010.
1) The Tukey—Kramer multiple comparison test was used to evaluate the significance of
differences among the cultivars in each field. Values within a trait with the same letters were

not significantly different at the 5% level.
2) ND: no data.

3) Two-way analysis of variance with repeated measures was used to test differences among
the cultivars. * and ***: significantly different at P < 0.05 and 0.001.
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Table IV-3. Field tests of the early-maturing lines,
Tokei 1141 and Tokei 1142.

100-seed
weight

Maturing
time Seed yield

Cultivaror line  (days) (Kg10al) (g)

Yukihomare 123 a! 398 a 35.7a
Tokei 1141 118b 368a 38.1a
Tokie 1142 118 b 38la 37.2a

The field tests were conducted in Abashiri in 2012
to 2013.

1) The Tukey—Kramer multiple comparison test
was used to evaluate the significance of differences
among the cultivars. Values within a trait with the
same letters were not significantly different at the
5% level.

Table [1V-4. Seed vyield
Yukihomare and Toiku 251.

components  of

Agronomic traits Position  Yukihomare Toiku 251
Maturing time (days) 123 117
Main stem length (cm) 63.4 57.9 .
Number of branches (plant™!) 32 3.8 Ns!
Number of nodes (plant!) ~ Main stem 10.8 10.4  Ns
Branch 15.5 18.4 Ns
Total 26.3 288 Ns
Number of pods (plant!) Main stem 20.3 15.9 Hk
Branch 15.0 19.8 *
Total 353 357  Ns
Number of seeds per pod Main stem 1.77 1.84 Ns
Branch 1.90 1.81 Ns
Total 1.83 1.83  Ns
100-seed weight (g) Main stem 338 31.2 ok
Branch 34.1 29.3  HE#
Total 338 302 kw*
Seed yield (g plant!) Main stem 12.1 92 wk
Branch 9.7 10.5 Ns
Total 21.7 196 Ns

The field tests were conducted in Memuro in
2015.

1) Ns means not significant.

*Significant at the 0.05 probability level.
**Significant at the 0.01 probability level.
***Significant at the 0.001 probability level.

3. T251 DI EMRER

T251 28 FEAD DU EMEDME AL 72 SRR & B
D70, EE LSRRI T TR SR %
A L7z, FRA L7z 2015 45+ s Raak 8 <l
T251 /X YH LV % 6 HRS AL (Table
IV-4) . 2008 4E7> 5 2010 FEDFER L 13 B2 D

(Table IV-2) , T251 O EXEIXYH LV b F
HICIE 2 > 72 (Table IV-4) . fiidkds L Ov—
PRI T2 - o E BICAEZEIT R o T2

(Table IV-4) . FZFHT YH BNAEIZE L,

SIREAEHIE T251 A3 %<, HREITE
X OB EBIZ YH R IZEM -7z (Table
IV-4) . FEOFHENEIL YH RHEEIZHED -
7= (Table IV-4) .
4. RMERIn TR DENT

ANERASF E1 OFERE RIEMLIZIT el-as, elfs,

el-nl ® 35D % A 7BRTF(E L (Xiaetal. 2012),
YH OB FTUIT el-nl/e2/E3/ed & R4 X
T 2% (Tsubokuraetal. 2014) . #1829 % SSR
~— 7 —%&HAWT EL-E3 OZAFE 21T - 72

L ZA,YH, lPolan), [Progres],T1067, T251
FITIEETEAERRL, 26D 5 TR

L2 T el-nlle2/E3 L #EE L7z (Table IV-5) .
PCR EEM DM NS TH D [ han
A1) (B4R, Thveh V) (e4%) oF
HoE b RS T 272, [Polan) @ Edled
DB ANIHEE TX /2o 7= (TableIV-5) .
%2, [Polan) 4o E4led DOUWTid edP &

fnds L7z, B4 [T 2~ —h —Ba R X

h, T1067 @ E4 O & fs 1% ed®, YH,

[Progres|, T251 I% e4 & H#EiE S 417 (Table IV-
5) . [ERED 15T T248, T1141, T1142 @ El-
E4 OBETRIZHFHELIZEZ A, YH 27
NROENT, 3 AL HIT el-nl/e2/E3/ed & HE
7E L7= (Table IV-5) .

RatfE# o> 5, [Progres) H 3D BEEIZ B
B2 ) AfERIE T251, T1141, T1142 @ 3
RIMNFE SN TND EBEZ LD (Table IV-
1A). % Z T, YH, T248,Progres ], T251, T1141,
T1142 @ 6 SFRIEICOWT, 7/ LK%
HN—F B A5 262 ~— B —DIENT 21T - 7-.
Z DGR, Yutafk 4 11 TProgres) LoD 47 ) 4
fEIEAY T251, T1141, T1142 @ 3 Rz d@m L
TH-> T2 (Table IV-6) . = OfElk I ES /&

(Cober et al. 2010) DT ClAE D AIHEME D
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EWZ 8, LIBRIT Z OfE A E8/e8 JE & A, WCh - = OIFY AR 9 o Satt559, Yefa i
E8JELIAMC T251, T1141, T1142 & & 12 Progres] 13 ko> Sat 417 D 2 ~— W —Th o 7=,

Table IV-5. Estimated genotype of the E1-E4 genes in soybean cultivars and breeding lines.

E4
PCR products (bp)>
LGIE  Scaffold 1 Estimated
Origin Cultivaror line! EI E2 E3  SSRI 31 genotype?
Japan Yukihomare el-nl e2 E3 355 185 ed
Toiku 248 el-nl e2 E3 355 185 ed
Toyoharuka el-nl e2 E3 361 193 E4
Hayahikari El e2 e3 355 185 ed
Poland Polan el-nl e2 E3 328 183 ed?
Progres el-nl e2 E3 355 185 ed
Japan X Poland Tokei 1067 el-nl e2 E3 328 183 ed”
Toiku 251 el-nl e2 E3 355 185 ed
Tokei 1141 el-nl e2 E3 355 185 ed
Tokei 1142 el-nl e2 E3 355 185 ed

1) Toyoharuka and Hayahikari were used as the references for e1l-nl/e2/E3/E4 and
El/e2/e3/e4, respectively.

2) Product size was determined with the use of a fluorescence-based sequencer.

3) The allele at the E4/e4 locus of Polan was named as e4p.

Table 1V-6. Estimated genotype of the E8-locus in soybean cultivars and breeding lines.

ES

Cultivar or PCR products (bp)* Estimated
Origin line! Satt718 Sat 404 Satt136 AW277661 genotype’
Japan Yukihomare 351 196 313 236 E8

Toiku 248 343 210 313 233 E8
Poland Progres 294 183 358 216 ed
Japan X Poland Toiku 251 294 183 358 216 es

Tokei 1141 294 183 358 216 ed

Tokei 1142 294 183 358 216 ed
Marker position (kb)* 13537 13613 16984 21673

1) The E1 — E4 genotypes of all cultivars and lines were e1-nl/e2/E3/e4.

2) Product size was determined with the use of a fluorescence-based sequencer.

3) The E8 gene was mapped on chromosome 4 between Sat_404 and Satt136 (Cober
et al. 2010).

4) The marker position was determined according to SoyBase (Glyma 2.0).
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Fig. IV-4. Frequency distribution of the maturing time in the Tc2113-RILs. The
E8/e8 genotypes were determined according to the nearest markers, Sat_404 and
Satt136. The average maturing times of the RILs with the E8 and €8 alleles was
125.7 and 121.2, respectively (P < 0.001).

5. RILs O pREAEASEAE

T251 OHMEIC E8 JEABIG L TV D DMk
FE9" % 728, Tc2113-RILs 116 k% #fl L, E8
VBT %~ — H1 — DA 1A & o & A L
7z, Tc2113-RILs DiEAx 1151 0 Bl oo S
34T & Fig. IV-4 (27097, E8 LoD RILs D Jk A
3T 1257 HTH-7=DIZxIL, e8 BD
RILs I% 1212 HTH Y, 45 ARATH-T-

(P<0.001, Fig. IV-4) . ZD7=,e8 J#% T251
DORBAMEICEHEG LTS LB X BT,

6. NILs O g2\ SE A

AR B A il 2 C E8/e8 FEDBhH 2 MFET
%7=%, Tc2113-RILs DH17>5 NILs ZH K L,
BITEHI 3 L OV 2 Fi A& L 7. = Ok R,
M62, M83 @ NILs & 12 e8 ! & E8 B CTHAAE
WizzEN2 <, A TH-7= (TablelV-7) . F
7z, 2§D NILs & b IZ A 1T e8 LAY E8 Y
£V 57 HEMM-o 72 (TableIV-7) . 26 OfE
KLV, T251 @ e8 JFEILBAIEH O Rtz I 2
EHZT, A R0 RERFOZ L
NN SV Wil

Table 1V-7. Maturity of near isogenic lines
(NILs) at the E8/e8 locus.

Flowering Maturing

time time
Line!  Genotype  (days) (days)
Toiku 248 ES8 56.7 a2 125.7a
Toiku 251 es 53.0c¢ 117.7 ¢
M62-E8 ES8 53.0c 121.7b
M62-e8 es 53.0c¢ 116.0d
MS83-E8 ES8 54.0b 122.7b
M83-e8 e8 54.0b 117.0cd

The field tests were conducted in Memuro in 2015.
1) The E8/e8 genotypes of NILs were developed
by the nearest markers, Sat_404 and Satt136.

2) The Tukey—Kramer multiple comparison test
was used to evaluate the significance of differences
among the lines. Values within a trait with the
same letters were not significantly different at the
5% level.
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7. B RRE O BRTEHATR ¢4 A

T1067 & T251 D BASEMM ¢ PR E 13 5 St
& AT 2010 4E1297 > 7= (Table IV-8) .
KRB W TIFENEO MTEHE AT S
Nieho e, KIRKIZBW T Tha v
B OFERET YH L0 bEEICE T

(Table IV-8) . fitetkesg o [ ha ) @
CTI1Z 106, Mt/ o T k= A2 X @ CTI
X 61 Tdh -7z (Table IV-8) . YH D%
ORI TH Y, CTHL 71 TH -7z (Table IV-
8) . INHLORERIY, Znb 3 MEEORKRE
RIIEAEOHRE LR THoT- (HF D

2003, 2015) . L7=23- C, 2010 4E DR L
EIIEE B <Gl C& TV D EHlr Lz, &
X - KEXDOEL HIZBWT S, TI067 &
T251 OFEEAHIT YH L0 b En-o72 (Table
IV-8) .T1067 & T251 & CTI [ZZ#Fh 90 &
91 Tod YV, WRH & bITMeTE TR & L
7= (Table IV-8) . [AIEED & RifE A FV T
2009 I LB A 1T o 72 0%, [FERORE R3S
LT (F—2AME) . LLED Z &b, T1067,
T251 & HIZ YH L0 & BAfESIm A PE R R 2
EWIRE N,

Table IV-8. Chilling tolerance at the flowering stage in soybean cultivars and breeding lines.

Maturing time (days) Seed yield (g plant )
Cultivar or line! Control Treatment  Control Treatment CTI> Tolerance level
Toyoharuka 124 135 14.1a> 149a 106 Strong
Toyomusume 127 140 172a 11.9ab 61 Medium
Yukihomare 114 134 14.0a 10.0b 71 Somewhat strong
Tokei 1067 107 126 163a 147ab 90 Strong
Toiku 251 111 131 13.6a 124ab 91 Strong

1) Toyoharuka and Toyomusume are standard cultivars.

2) CTI = (seed yield in the chilling treatment) / (seed yield in control) x 100.

3) The Tukey—Kramer multiple comparison test was used to evaluate the significance
of differences among the cultivars. Values within control or treatment with the same
letters were not significantly different at the 5% level.

8. NILs o BATE AR ¢ 1 AT

NILs D BRAEBIMHA MR E 13 2 RBERE 4 R
Z T 2015 12T - 72 (TableIV-9) . &5
5® NILs OXTIZE W T, X, (KIRX
EHIZ E8 U e8 U L U B AN D o T

(Table IV-9) . *FHEIX, (KX & 612, NILs @
AT HTFENREICETIR bR 272D,
MB83-E8 x| Hi X 730K 52 o 72 (Table IV-9) .
M62-E8 F5 & TN M62-e8 & CTI IZZnE 4 40,
41 L X727 (Table IV-9) . M83-E8 15 &
Y M83-e8 O CTILZNZ41 72,38 THh V), E8
AN e8 L W LN TN (Table IV-9) .

Table 1VV-9. Chilling tolerance at the flowering
stage in the near isogenic lines (NILs).

Maturing time Seed yield
(days) (g plant-)

NIL! Control Treatment Control Treatment CTI?

M62-E8 114 124 14.6a> 58a 40
M62-¢8 107 121 11.5ab 4.7a 41
MS83-E8 115 138 10.7b 7.8a 72
M83-e8 111 136 127ab 4.8a 38

1) The E8/e8 genotypes of NILs were developed
by the nearest markers, Sat_404 and Satt136.

2) CTI = (seed yield in the chilling treatment) /
(seed yield in control) x 100.

3) The Tukey—Kramer multiple comparison test
was used to evaluate the significance of differences
among the cultivars. Values within control or
treatment with the same letters were not
significantly different at the 5% level.
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4) EBE
1. Bk & INE:
— VI, FeE A R AR & AR AR K R

FwWizw, B 0B WZ A 3B O Ry
AREVHEZNTHD. Fl2iX, LifEETEHE
R ENTRFEICRBNT, K E o R E T
FU RO IEOMHENH 5 (KFE S 2012;
IRB 2013) . E72, BT HFIZEIT S NILs &
fiff o 7oA TUE, RRGRHE DI B TR RHE
DUILED 60%FEE LAr7eny~ 7= (Cober et al.
2010) . ZHHOHANLINESY FIFFICHE
RAMEBRTD2OFHELNEZEX LN TE
72, REIZB\WT, T1067 & T251 1% YH LV
LA BICHAIDN R o572 (Table IV-2) . %
LC, T251 OWEMIT YH RS TH- 7
(Table IV-2). L7=M->C, IWEMAEHER S =
<, RRARHEBERT D2 LITRIILT-.
HARCTE G LY 2 BRI IERORL A FE AN E
AR M H H A (Kato etal. 2014; Yamaguchi
etal. 2014) , T251 O HRIEIL YH L Vo
7= (Table IV-2) . =2 C, T251 ORI ED K
BZHELC T1141 L T2 Z2F L1Z. =
B 2 RFFMENE & ERIEIT YH I T, YH
X0 & RS2 (Table IV-3) . B+ Z OHF
T N—T1%, WIEMTNESZM LS5
eolci, BRELZREIET, B rHE2H0

TZENEELHRE L TWA D (Morrisonetal.

2000) , FLEAME S INEMEAMER L2 NS, BHRL
HOYRbLARLEBZZ BN,
iR O RSB PRI Z R DL D 7= 8

Bl owmENLEDH 5 (L et al. 2008;
Palomeque et al. 2009a, 2009b; Kim et al. 2012) .
AARMIEE R —T o FinfEX SSR~v—h —%
o7y T AL —ITICE Y, A7 —7
ARV ERHRESRATWD

(Hudcovicova and Kraic 2003) . L7=23->C,

WEDTTE e 5 143 5

R—=F V FEIZHARD X A ZERIZHB T,
EROBLEEPRE RBRTIENTELTHS

L AREIZBWT, R—F > RiFE Progres|
&Hﬁm@Yngﬂ B2 CE
B, T251 DERIZOBRDB T2 b DB Z LR
L. B A XDZITAFE~O )& TR L3

yRIEREIN R, b L IEZE O I
Ko TiEM &5 (McBlainand Hume 1980) .
T251 OFERIEIZYH LV b AEICE o722
LG (Table IV-2) |, T251 ORIAEKIAIE YH
0 bENZERHEEEND. ZOGEIEY
Thiid, T251 (T E~ DY ERHEE N
YH X0 b#WO0E L., 4%, A8
IR NI L EZZ b D.

YH & T251 OUERAE SR Ol T, &
B YH BEREICE L, BFE T251
NABEIZE - 7= (Table IV-4) . —HeNRIEL
IZYH & T251 CHR%ETH Y, HREITYH R
HAREICENSTZZ LD (Table IV-4) |, T251
TR AT Z L IT kD, REATHIL
BHEEHERF LTV b0 EEX LN, BE
DOFEHNZBWT, TProgres) 72 ER—F > Kb
FOSBEITEARGLEL Y H 2, R4

Oy K FEH T % > - 7= (Konieczny and
Shimamoto 1989) . L7223~ T, T251 (¥4 — 7
> Rl R D 3 B E A O AR A FF
S TWND Z & AVRIE S 7z, 2008 4725 2010
FCIX T251 & YH ERIBEDOEXETH-
7o75 (Table IV-2) |, INEAEREFR L MAE LT
2015 FEICBWTC, T251 O EXEEITIYH LV
HEIE2 > 7= (Table IV-4) . ZOHEB L L
T, 2015 D 6~7 AR EN V2L, FiE
Dotz ABENIH S v ATREMED
HDH. 7T AORBKEZ KT D &, 2008 F1X
134mm, 2009 4% 248mm, 2010 £ 1% 204mm C
D DIZHE L, 2015 i3 55mm & i 12 72
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MmoTo. YH O FZEHEE L OEZEO 7 EIUE
RN T251 k0 b kA5 7= 00% (TablelV-4) , T
IEODEET T251 OEXDOAEBF MK SH
TeONb LRy, WTRIZL T, FFRk%E
HRTINEMKERLHFHAEL, T251 NEDO X
DIRA T = AN THEHREEHESL L TVDHD
DFET 2 LER S 5.

e8 JEAY T251 D RFAMEICBI -3 2 Z LAV
B EN7=A (Fig IV-4; Table IV-7) , BT X
BiF5H E8 JED NILs %Al o 72L&k Tk
e8 fliL E8 M 60%FEEDILE TH > 7=
(Coberetal. 2010) . Z D7z, T251 o BRE:
WD LBIE T L INEMEICED S BIEFDOE
BB IXBIToH 2 ATREME V.

2. BBMEDBEHER

RPEBISF E4 ORERIBIZITHE L 22 A
703% 5 (Tsubokuraetal. 2013) . AREE(ZF W
T, TPolan] & T1067 ® E4 dtfHD~—71—
AT YH & 13872 > T/= (Table IV-5) .
- T,T1067 O FAAMEDBZHER DO—2 &
LT, e4d OBBHERRZZ NS, T72b
5, [Polan] & T1067 @ ed? L YH @ e4 DO
BERBEOBRENRKEWAGEMERH D, Z DK
A RRRET D712, 4%, NILs 5% Fwn
T,edP L ed TRINZER D DD THET HHE
BHHTHAD.

T251 @ E1-E4 OFAMEBEFRUIT YH &R T
el-nl/e2/E3/ e4 & HEE CTX 7= (TablelV-5) . L
723> T, T251 O FEMED B ERIL E1-
E4 LA THDZ ERRBES . R LR
BFHH A AV T DNA ~ — 0 — Dt 2t
YH & T251 (% E8 T D~ —H— ’C%ﬂ‘”ﬁ)
HDHZLERWE L (Table IV-6) . RILs
F O NILs 2 W2 RIRGEEIC LV, e8 JES
T251 ORBAMICEET 5 Z L ARB ST

35

B 2B TRIRABHEIIIE S O RAEIC B 2 BRI

(Fig IV-4; Table IV-7) . e8 %! RILs 7% E8 !
DRILs £V 145 HREATHY (Fig. IV-4)
e8 7l NILs 7% E8 lod> NILs LV %5 H 7
BT o7z (Table IV-7). Z D7=%,T248xT251
DOFLEFITIBNT, e8 XA 5 Hp A 2 F
WHNREEFFOLEZ LT, RILs OBRHE
THDHT5115T248 L 8 HRATHH T
Z L) (Table IV-7) |, e8 i T251 O H.zhiH:

BT EERBIRTIEES X H. BREIC
BT, T251, T1141 35 KON T1142 D AZEHEAR
WZBWTIE, e8 JETfED DNA~— I —Th D
Sat_404 & Sattl36 #FIHTHZ LIk, %
R RARHEZBIKT D LN TEDLTH
A9,

E8 JEILRAM AR & L CHE I =7z
b, E8 JENBAIEHIC 5% 2 IOV TILAF
HrahTuzeuy (Coberetal. 2010) . ARFZEIC
FBUNT, T251 OBREHIT YH L0 &4 2 H R
< (TablelV-2) ,T251 (X T248 LV £ )5 H
o 7= (Table IV-7) . Z 7=, T251 1ZBHTE
Mz R THEBTE/HFOZLEMHEIND
73,e8 Bl NILs & E8 B> NILs D BIfEHIC 7
X722 7= (Table IV-7) . Z D7=, e8 JE LB
T EL 527, M OB %R
LNRAEFFOLEZ NS, LD (2015) 1%
E1-E3 K OHTH O BIE I B AR - JE LT DU
THEREZ B &M L, BRTEH & Bt o i
TR 5 2 % E1, E2, qFT12-1, BAAEHIIZ
WA H 25 B3, BAMMICEEL XD
QFT11-1 @ 3 XA T3 5H Z L EWE LT
L. ZOWEITHED &, e8 X qFTI1-1 LRI L
ZATIZHHTED.

7 LRRE I N—F 2D DNA ~— T —D
fEHTIZ LD, e8 FELSMIZ S Jeflk 9 Lo
Satt559, Yufh{k 13 o> Sat 417 A FEE I
H4 2 ko fml & LT STz, Satt559
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JEROFEIR 21X Pod maturity 5-3° (Lee et al. 1996)
&AL D AAAIBEE QTL 23k LT b,
Sat_417 J&I FEIET 13 BAAE TR0 Rl 2 (< B
T 5 QTL OHFE TRV, T H DOFEIZ OV
TIX, ABFFE T RILs <> NILs % 7= b i
T2 TR, 4 B BIAEC R I 2 B
5 585 TR LT D O D FREEDS 5
Thh’r).

SSR v — W —% W72 s T A X —fifHric
BWC, R=F v FifEe 2T = —7F dhfl
I3 fx T d - 7= (Hudcovicova and Kraic 2003) .
FEEE, T251 O FEMEDHE K TH S [Progres)
IFA T = —F R HE [Fiskeby] DHH Bl
RSN TER I TS (Szyrmer and
Boros1996) . [Fiskeby] I[ZA YV = —F L DF
% Dr. Holmberg 73 HE K DB &R 2 T
B LR TH Y, 2700 FEMELL LD D &
=i T35 (Soylnfo Center 2010) . e8 FED
75 5413 TFiskeby | O H D 1 %% Td 5 [Fiskeby
840-7-3] IZHKEL T\ % (Coberetal.2010) .
AWFFEIZ BT, [Fiskeby 840-7-3) |Z DNA ~
— B — DT TV RS, TProgres) &

[Fiskeby 840-7-3 ) [X#b Tilifx T 5 Z & A
HEE S 4L, T251 (CHIKRT D Yutafk 4 oo FLEl
PSR 1T e8 4 & [RIFE T db 2 FIREMEIL S
EEZLND.

3. BRTEHAMR

=T NI A ZEOALRHIK TH 5 7=
W, R—F v FifITEASECTHBEL,
i S iR & s S TS (Konieczny
and Shimamoto 1989) . AFE|ZI5\ T, T1067 &
T251 OBIfEMIm A TEL YH %2 E[E1 558 TH
~7- (Table IV-8) . ZDZ &6, TI067 &
T251 OERBFEICB N T, R—F > RibfE L
A AR SFEDOMG B T2 EE ST D 2 &1
LIz EZBND. < OFRIZBNT,
Mt PE RS T & B A B D 2 & AVl
EEN T3 (Kurosaki et al. 2004; Funatsuki et
al. 2005; Takahashi et al. 2005) . il z. 1%, At
1B AT & o 72 BB P D QTL AT T,
El FE L E3 JEIZ QTL A &ENnTwn3

(Funatsuki et al. 2005) . ARFE(ZFBVT, YH,
T1067, T251 OEAZFARUTNTHH el-nlle2/
E3 U & HEE I 7=y (Table 1V-5) |, T1067 &
T251 OBIFE#ImATEIX YH & EFl-> Tz

(Table IV-8) . ZHHDOFER LY, EI~E3 X
T1067 & T251 O BAESmH v PEIZIZBI G- LT
RN EDRIBE T, F72, T251 & YH (X
e4FITHDHZ L (TableIV-5) ,e8 D NILs D
BRAEHAMmAPEIT E8 B NILs & & E L < iZ
FofZ Lan (Table IV-9) . T251 D BAFEH]
MnPElL e4 BL OV e8 JEE HEIH LT
HOLEREIND.
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BIE

AevE, FRICE R - EARIE S A AR oA
[RCTH Y, MatER X ORI EE R E
Toh 2. HFETIE, BIEHIm G, KIEAE A
FREUWEIIN 2 TURIR A BRI A3 B 22 72 1Mo
HRETHDH. LoLann, HBkiAE
E ORI OAKIR AR 575 2, IRIRABH KT
PRI SR 2PN FET 2R Th - 72
I CAMROE " ETIE, £7 HDITKIERE
ZHEOEOEE 2 B 52 U, BRI
IRABRPUEIC MM ERH D Z L 2P 5
2 L7z, HBRRLOF AR E TSI L2 3~4 4
WC—ETHHT-H, ANLKRELX AWV CHLE
ToOMFEREZZ BT 2MELEZEIR L.
B%E LT- BB L 0 B E L RET S
TLEMHREL 720, ERICHREEEZTER LT
2012 AT ITARIR AR IR 24 BRERHUME 28 R U i A

[LEABTSE ) ZFHRLTWS (LA S 2014).

T, R LI REEITERICHAT S
ZENHEEEE X OND.

B L-MERIC L Y, EEKIEABHN
PEZFHET 2 Z E BN FEEL fe o 7223, BRI D
g L 97 T oME B, KEORKARKT S
ZLIERNEETHD. o, BRETIETHE
B D RIENCR > TRIEEITI Z& LT
220 IR & BERRAY |28 A 1T O 72
WIZIE DNA ~—H—OBRNPLEL SN D
T2, 8 = TR IR BRI O AR fEAT
EAToTlo. TOFER, k8 KU1 Ricl+

H 248 5] W CIRIRABEIIME RS 5%
ROH 5 ENZE BT (QTLs) , qCS8-1 M
O qCS11-1 % RW72 L, #EFVE B R 1R
(NILS) Z T, ZOREMRFELTZ. 21
5250 QTLs iLff~—h—EHFREIZHND
T L THIHAR D O AR BRI UM 2 38 gk 9

BT D FE TR BHHR T By OV R 2

37
(BT 2 BREEEIIE

WEEL

HTEMARRIZRDTHAD.

&2 T FICRERTE BT 2 013k
LWEEBZ LN TN, BEUEICHBWT,
AN—F > KibfE [Progres)] ZBREICHWS Z
LIZRY, RADONEMENFFO [+F 251
T EBERTAHIENTE I, ZIUEH ARG
L T CTH D [Progres) DZILEILT &
HARBEOZIGER F 2 LT D5 2 LR TE
Teled L BEZ BID. IR E R O AT H>
5, [+F 251 5| OUEMEIZ I
HLTWAZ eaH#HELL. 612, K—7
> N AR LT R 2 BEAE I 4 P 2 AL T E
FEICEATDHZ LI B LT,

I E CREAETE D MEEBFTRT D7

I, IRIRAPRITME A2 & i R E &
RAMOESNMLETH D, AETIE, Z
n%%gwﬁék_%%kéﬂé;k%%é

IZBE LT

1. BE v /7 LB 3 KIBHEERGE
~—J—0OFIH
EET%MLtmﬁwgtWé%@&@
WCBET 5 | EOMITFEIZAEL TEBY
(Table 111-3; Fig. 111-4) %@&W@ QTL fi#
BF, NILs D35 (a0 2 B35 X OSRA st o
FEE S (Table 111-7; Figs 111-6 and 111-8) , 1
A CHPUEBIE T Ic DL B TH 5 HE
PERENEB 2 B, | T I tho A
IRBIR TS EHE ST Y (Alcivar et al.
2007; Liang et al. 2010; Manavalan et al. 2015)
ZDO—ONEARXVA Ry F a2y« L—RA
1 RPIMEIC L B 708 {51, Rhgd TH D (Liu et
al. 2012; Suzuki et al. 2012) . Rhg4 & | J&i%5®
HEH L TERY, ZoBIsHEHET 0.8cM TH D
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(BB 2010) . E£7-, | BT R B
535720, H KESCBEIX+F 248 5
Bl qCS8-1 #FfHOZ LT TEARNEEZD
nNo. ZOXIBRFEARAA N F 2T -
L— 2 1R AR ABH IR UE &2 EA kT
%6, BMEKE - (ARIR R BRI &2
HH5F 855120, b9 —>D QTL TH D
qCS11-1 ZFHT D Z LA TIEARWEA
DR/

2. (RIRHBREGIE L T+F 251 51
5 RO E AL

AFIEDOEHEMNETIE, R—F > Rz E
FICHWD Z 2k, Tk~ LA
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Table V-1. Development of the pyramiding line with early-maturing and tolerant to seed

cracking.
Tolerance
Year of ES qCS8-1  toseed
Cultivar or line development genotype Maturity genotype! cracking
Yukihomare 2001 ES8 Early YH Weak
Toiku 248 2008 ES Early T248 Strong
Toiku 251 2010 e8  Veryearly YH Weak
Tokei 1141 2013 e8  Veryearly T248 Strong

1) T248, the Toiku 248 allele; YH, the Yukihomare allele.
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Table V-2. Development of the pyramiding lines with chilling tolerance.

Tolerance to seed Chilling
Tolerance coat discoloration tolerance
Year of qCSé-1 to seed (hilum/ at flowering
Breeding line  development  Cross combination  Genotype!  cracking around hilun) stage
Toiku 248 2008 Toiku 239/Toiku 238 T248 Strong Strong/Strong Medium
Tokei 1123 2012 Toiku 248/Tokei 1014 T248 Strong Strong/Strong ND?
Tokei 1125 2012 Toiku 244/Toiku 248 T248 Strong Strong/Strong ND
Tokei 1141 2013 Toiku 248/Toiku 251 T248 Strong Medium/Strong Strong
Tokei 1142 2013 Toiku 248/Toiku 251 YH Medium Weak/Weak ND
Tokei 1149 2013 1656-1/Toiku 248 T248 Strong Strong/Strong ND
Tokei 1166 2014 Toiku 248/Toyomizuki T248 Strong Strong/Strong Strong
Tokei 1167 2014 Toiku 248/Toyomizuki T248 Strong Strong/Strong Strong
Tokei 1204 2015 Toiku 248/Toyomizuki T248 Strong Strong/Strong  Somewhat strong

1) T248, the Toiku 248 allele; YH, the Yukihomare allele.

2) ND: no data.
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Summary

Studies on tolerance to seed cracking under chilling temperature and

early maturity in soybean (Glycine max)

Naoya Yamaguchi

In  Hokkaido, northern Japan, soybean
[Glycine max (L.) Merr.] crops are damaged by
cold weather. Chilling temperatures result in the
appearance of cracked seeds (CS) in soybean crops,
especially those grown in eastern and northern
Hokkaido. The seed coats of CSs are severely split
on the dorsal side, and the cotyledons are exposed
and frequently separated. The occurrence of CSs
causes unstable production because these seeds
have no commodity value. However, little is
known about the CS phenomenon such as
physiological mechanism of CS, inheritance model
of tolerance to seed cracking, and so on.

Early maturity is also an important trait for
soybean in Hokkaido where the growing period is
restricted because of the short fall season and early
snowfall. Development of an early-maturing line
without decreased seed yield is difficult because of
the positive correlation between days to maturity
and seed yield. Recently, exotic germplasms have
been recognized as a source of new alleles that can
improve yield. Polish cultivars have been
considered as useful exotic germplasms because
they exhibit climate-specific characteristics such
as tolerance to a long daylight period and tolerance
to chilling temperatures.

The aims of this study were to develop a method
identify the

quantitative trait loci (QTL) associated with CS

to select CS-tolerant lines, to

tolerance, and to develop the early-maturing lines
derived from the crosses between Japanese and
Polish cultivars.

1) The average temperature 14 to 21 days after
flowering was negatively correlated with the rate
of CS. The varietal differences in CS tolerance
were observed in field tests. ‘Toyohomare’ and
‘Toiku 238’ were
(YH)

selection method in which plants were subjected to

more CS-tolerant than

“Yukihomare’ and ‘Toyomusume’. A
a 21-day chilling-temperature treatment from 10
days after flowering in a phytotron was developed.
This enabled comparisons of CS tolerance among

cultivars.

2) A recombinant inbred line population was bred
from a cross between a CS-tolerant breeding line,
Toiku 248 (T248), and a CS-sensitive cultivar, YH.
Two stable QTLs, qCS8-1 and qCS11-1, were
identified by QTL analysis using the cracked-seed
index (CSl), the arcsine transformed CS ratio. Two
pairs of near-isogenic lines (NILs) were bred for
the qCS8-1 and qCS11-1 loci to validate the effects
of the QTLs. The CSls of the NILs with the T248
allele were significantly lower than those with the
YH allele at both the gCS8-1 and qCS11-1 loci. The
T248 alleles at gqCS8-1 and qCS11-1 had no
negative influence on flowering time or other

agronomic traits in the NILs.
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3) Two breeding lines, Tokei 1067 (T1067) and
Toiku 251 (T251), that were derived from crosses
between Japanese and Polish cultivars, were
developed. T1067 and T251 had a significantly
earlier maturing time than YH. The seed yield of
T251 was similar to that of YH. The chilling
tolerance levels of the T1067 and T251 lines at the
flowering stage were greater than the tolerance
level of YH. The E1-E4 genotypes of YH and T251
were both estimated as el-nl/e2/E3/e4, which
indicated the presence of other genetic factors for
early maturity in T251, rather than the E1, E2, E3,
and E4 loci. Moreover, the three candidate
genomic regions for early maturity in T251 were

identified using the simple sequence repeat

markers. The RIL population and NILs derived
from a cross T248xT251 were used for the
validation of the effects of the E8 locus. The
maturing time of the NILs with the T251 allele was
significantly shorter than that with the T248 allele
at the E8 locus. These results indicate that the E8
locus is one of the genetic factors for early maturity
in T251.

From the above, it is possible to develop the
early-maturing cultivars with tolerance to seed
cracking using the selection method, the DNA
markers and the breeding lines derived from the

crosses between Japanese and Polish cultivars.
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