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HE

A FEFE B 65 F(T6S)~DA A B —AIREIZ L - T, T65 10 1512 » A< T 5245
TEFARD SRR S NTZ. £ b1E, KGM25, KGM26, KGM27 L4 fHT Hivi-. T6s & Zins 3
WA ZEIRIE BT & ORME B 2RI, T6S WA HRES 2 AR « S8RZE BRI ZE < HHFET 5
BEAMEAN IS L2 3: 1 OEIETHEL L7220, 1 HMEEE I L > THAEL LT EE 2 b,
Wb AE ZEIRIE BB R - DYEAR EDERAIE 2B DN T 5728, T65 & ORI TRV HE D DNA %
ARG A NS Kasalath 2B L, BiAZ29RZE BL%HE & Kasalath OMERE S — I A 225828
R ATHL LT R LASHER A B L2, OB G008 723 5, BAEER - BAEik
DEIGIXT ¢ 1 OB T HBEOMFFICES Lz, 2072, DNA ~—h— LHEBR & O
BB AT o2 & 25, KGM25 & KGM27 O & OB ETE{E 134 X5 9 Yefafk, KGM26 D H
WEAER 7131 R 8 S YR RIS L7z, Hali¥id % DNA ~— I — N EWZHER 5 2 L)b,
KGM25 & KGM27 O b OB T3 AV R D Z & S BT/ o7z,

1 fEE

HRRH S A R O HEGE UL e 2 SRt~ BB E O— 2 Th 5. BN S IR O E /KR
DOFENEIIE /e H Y THHA, IEOEHOEIRAICLE, SRR, e 5 Z Ll
L AWER TRMBEIC /> Tnd. Folt, BREBRTER S EEKE (hidEhy 1, M
FREA e 2 e U K0 W=D, EIROFEHO T, REAERET 5 X O ICERSNTED, B
BRGFEE L CERPHIRFSILTWD. 70, RN R 5 N ER S, W E L
THZ LI, IHERBHOER ZRET M THAN L, BRBEDERIRE 725,

TR, ZBREFFRIEE LT, A A E—A0EH STV 5. Tanakaetalic kb &, A4
E— AL L o THHE SN TN DIERETYRIZNL, EROERITTH DL o~ X#, (L WEIC
Lo THREINLEDST2bDNRD D, T~ bbb, A4 e—a, BAEER, NS7RK
XK, INSTFFANE VST NS DNABREZFHRTHL 0D L 0iE, LA, RERKREK, KRER
A, BRE L\ o2 K& 72 DNA BREZFHHETHEIICH 5.

BUR KPR LSRR - B0 X B 507 it s R | G RIEFZehl EE 2RI L, 1999
END, A XA, A E— L2 L, SBRERKROEK AT CE . 20, FRAFET
HDHEH 65 F(T65) LV & 2 4 A< RN HZEFARDS 3 ML 4172 (Table 1). AWFSE
TIE, b DB AEZSRERAEOBIR AT 21T 5 & & big, KB s o T2 T, G



BIR EOMEFAEZIRE LTZ. FTo, 5%, Bl 2 HBEES 5 7-OICH AR ERMEIO B E1T-
7.

2 MR U5

2.1 fEMRA R

A R(Oryzasativa)ix, A > RELE BAR LS SRR SIS, AW CIE, BIEEOHAR
TUSFETOS \2A F o B — LI LT, REREZFHRT DL LI L. T0MHE, T651E, =
IVE TILE < DIRAEEGFFICET 20178, MR OB 2T 2RI SN TV B T
b%. AABLL A v FRIORITIZEMEE D DNA 20852 Sivd. 20D DNA £58% DNA ~—7
— & LCRBE AR SRR D 2 & T, AR OB AR 2RI BB R 7 OIS AR L <AT
OIvd Z ENEIRFSID. FATT DI L - C, T65 & A > REDA o RELLFES YT A (Kasalath)
& DORENZEVEE D DNA 2RI S b 22 L3, Kasalath 28855 Hri itz U7z,

T65 ~DA A B —LMBEHE, Yamaguchi et al. (20090 HIEIZHE-T- - Wika bRk LT-fE 1%,
s B0 < XD ICEES 6cm DT T AF v 7 8 v — LACRED £11F, B ORFZEE RS &
W & IS FRFZEITA 4 B A IREHFZE R (TIARANCERE S CUVD AVE A 7 1 h i O
JFERETE RIS & - T 220MeV [RFEA A B —2n (UCY) ZMBE L7z, R 25Gy %
721X 30Gy Th o7z, FERS M, HAR) OfE T2 EIRBICRBIF o720 b, v —LINTHEEFL,
R B R R B R e R O TR 2 BB Lz, TO%, BHCTHEIC 3 —4 HAME
With, VSRR RS OKBICHNE L=, M, o BI%ATH D M, RIS
CEEHR Y MRS RHEREL, £O®RIIM HEREFUCHETER L, 1R 720 K 30 fEIE
A L7z, My RO HIC A S-S AEER 28K L, B My ARG T 2 Ltk - ¢, Bt
DT D Z & 2D, KGM25, KGM26, KGM27 &4 4f1)7=(Table 1).

_

Table 1. Days to heading(DH) of parental lines (about 20 plants % two replications). They

were planted in 2010

Parental Days to heading

line Description Average Range

T65 Original cultivar 88.3 85 ~ 92
KGM25 late-heading mutant line 154.9 152 ~ 166
KGM26 late-heading mutant line 148.8 145 ~ 158
KGM27 late-heading mutant line 143.7 140 ~ 149
Kasalath an Indica cultivar used for 81.4 79 ~ 84

molecular mapping of
late heading time genes

22 BT
KGM25, KGM26, KGM27 DItAIZ B 53 28 s 742 B B M3 5 7o O R ERFE T6S & AR L,
MERES R AUHE L C, MRS U(F) & 1597-. KGM25, KGM26, KGM27 1% Kasalath & & ASEL L,



MERE S — RIS A SR Rk & B LACHE L C BCF, A A7, B TOW T, ZhHOF,
A, BCF, A HER U7z, F72, MiBlEZ 2 S OMEHTIREE L CHAE L7265 20 fEA X2
F8).

fE2E U7 Fi 2 FRLIRSICE V- B AR L, 11 EE%, \BHCBE L. %, 1
2 AR ERKINCRAE U7, R H IEIR & ZResk Uiz, RN TRAIOFED Seimh B2 o
ML VI L2 A &2 &> CEOEEROHEER & Lz Y. EBaT — & o<, A 22 A%k
GEREA D HFER £ TOR%Y) (88 LT, BCF, HEMITIE 12 HICA->TH HFE L2V BRI H
BL7z, RIEN TR0, HENRIADRN D, 12 A7 TH HEE L7 MERO R A £
FEHANIZ 200 FIZ L7z, AREHOBRIE 2010 4F & 2012 4124772, 2010 SEOFFFERIE 5 A 31 H,
BAERIZ6 H 24 B, 201240 HAILS A27 H, BEAIX7TH3IHTHHT-.

2.3 DNA 5#F

BC/F, 4£ I TIEVEZIZ 96 EARKGM25 DT 48 {E{A)E K S, DNA ~—7—7% Fv /7=
SHOMTICIal & 7=, DNA ORIHEIE, A 147/ 571 =7 | the Rice Genome Project (RGP) DA
vHE =Ry MA MBI SN HEE —HEE L 1o
(http://rgp.dna.affrc.go.jp/E/rgp/protocols/index.html, written in Japanese). AW CTHU Y2 DNA ~—74—
[TETPCREZMMLTIY, PCR EMOERIKENHEODE 26 I8 n - & e L CEdH T
#{To7-. PCR 3 L OERVKENIEESR 12 L7=hd > TiTo 7.

BRI DA % 7159 DNA ~— 1 — DSBRZRYLARGEIRIC 1Y, Xuetal. (2012)4 248k &7z 50 GhfE -
D DNA ZIUERIC IS E, ZEHIAT X9 T T A ~—%EEHL T, HLVDNA ~—
=B LTe, 7T A ~—OGHFIETER IC5E Lz, ABFETIE, KGCOM4 & KGCOM 14 %
HE L7=(Figs. 4, 5). #EHOHTICITa v B a—F—7'1 7' F 1 MapDist ver. 1. 79% F\ V7. HiX|FEf
1%, Y BRI A VW THEE L7z,

24 ASHOMFRIZNT TR EIOFRL

ABFFEOERD K 5123 L < HEEDEL D ISR A LR 4 T~ 5 70 AR ORISR
BATHOZ LG, TR, B TOBENEEND. TOIED—oN, FERodEHr & K
B ATO R EOPERGE 2D TS TEESEEDEET] Th 2. ZOHETITITRN.OZ
BRI ZAT D DS, T A Z0R00TAT 5 121E, BB T OSBERBIIRT, /98T Lo WWMEHE Bk 5
ZEMEEND. FDOT=DITIE, BT < A E Kasalath DY ARGE 2 TX 5721785 L,
s Lo T6S DYLEATEIE TE D72 07 & L. AWFFETIE,  FRLo 3#AE D BCF,
(Z NN TR 2 AU Ul R LASHER T 7o, TN ENOEM O BARECHMEN
T65 ([ZUTW E D2, HEEOREE Z £OITRN T, O ZIEX OBITEMINISRERZFIZA O &
LT, FHRERMAABUC U TR LA AT o 7o, MRBLOBRIES, IRSFREEL43.0C, 7
5o T.

3R



3.1 BT

GERIETTAE & JRAHFE T6S O R 2BHNE, WiiLh B4 BiA=3: 1| O —BE iz~ L7z
(Fig. 1). KGM25 D4, BA  BiA=56: 12, x*=2.573,P=0.16 TH-7=. KGM26 DA, FA -
Az =73:21, %°=0.255,P=0.55 TH-7=. KGM27 D, FA : BiE=68:23, x>=0.004, P=0.95
Thotz. LLEOFERE, WINOZRERRROBEL, —HMEE G k> TS TN D
ZEERLTWA, 20728, KGM25, KGM26, KGM27 D & Sl A 229K Bl s 1% = Eh
IhdI(t)(late heading 1 (tentative)), Thd2(t), Ihd3(t) L FRs 5 Z L1235
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Frequency distribution of days to heading of the F, populations.

32 DNA ~—h—% oS
BC/F, £ OEIFE H #(Fig. 2)I%, KGM25 TIERA « BRI 0, B4« BiAE=24:24 C



B0, 1 s FoBEOWIFELE 1: 1 IZ58 2Tl A Lz, KGM26, KGM27 CTldmnBEsEki Cch - 7-.
Lo, BIFEHEL 100 BJERIZ A ORM R S 3, a8 H (Fig. 2 ORENC U CHEM A B4
WA T D & Z DL 1 s 0B OWIFELL 1: 1 I A L7z, KGM26 Tif, B4 : BiA=45: 51,
%°=0.375,P=0.54 Tdh-7-. KGM27 TIL, F/4 : BiE=57:39, x°=3.375,P=0.07 TH-7=. LI
ITONTZRIFET, YT A L T65 OHFERTIE, KEBOEIROBIFE B $o 78 Fbg X E SL RO
[ZIE Y, AWFGEOBRAZEIREE FERAED & 5 7B A BAERIXHEL L2257z, D2 &vh, BCF,
£ R B2 BIFE B 23D /5Bl X ZER AR BRAA & DI AE ZSRAE BB R -2 L » Tl S
% Ll s .

10 T
(KGM25 x Kasalath) x KGM25
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Fig. 2. Frequency distribution of days to heading of the BC,F, populations.



HEHOHTIE 2010 4FICHHE S 72 KGM26, KGM27 D& s F7 B4z, BCF, T, %
AVEN OGN RARIZIET 2 6 AR L MARHNTRT 5 6 BIAZEIE L, 1T DK% T3 —
T% DNA ~— 11— % W T P88 T 21T o 72, EORER, KGM26 OBEAEIR T Thd2(t)
1355 8 Yutt (KRR SRS 5 LHEE Sz, £72, KGM27 OBAEAA Ihd3(6)I 35 9 Yetafh
Rl RS D L HEE ST

WIZ, 568 YLt KIZJETET D 9DNA ~— 1 — EBAEIG T & hd2() DESH T Z T T- & 2 A,
Ihd2(t)IZ DNA ~— %5 —RM22196 & RM22236 DRIZAZE L, RM1019, RM22220 & L4556 L 7= (Fig 3).

RUNT, 55 9 YK ETR$ 5 TDNA ~—H—& [hd3(t) & DS AT - 7- & 25, Thd3(t)iE,
DNA ~—7%—KGCOM4 & KGCIM14 DRJIZALE L, RM23668 & 458k L 7= (Fig. 4).

KGM25 Dt Thdl(tZ2VTh, 1F0D5H & R 12 B8 LT, P/ asg ot 217
ST, KGM27 OB~ 7258 9 Yoo fRD DNA ~— 1 —%A{li~7- & 2 A, [hdl(t) & DFR
HEHAGRO LIV Z D, MOYEIRD M TR > 7. [hdl(t)lE, DNA ~—7—E1828
& RM24013 ORISR L= (Fig. 5).

3.3 BB
2012 FFRKICER LARMEA 1TV, KGM26, KGM27 TiE, BC,F, A & 72 2 A3 HEfE 1 %157 (KGM26: 82
K. KGM27:43 kD). F£72, KGM25 Tl, BCF, L 72 2 A3+ % 51 hifg 7=

4 BE

AWFFEDFER, 3 WA 2RI BoAHE KGM25, KGM26, KGM27 DREAELE, Yett i b FETRATE AN
725 1 BHERIEFIC L > TELSIVTN D Z ERI BN/ 572, Figs. 3,4, 5 1IAWZE TR
HGHHIE & X < 51 &35 Harushima et al. (1998) D5 FEESHHIX & ORISBWREZ R L2 H DT
&% . KGM25 D b DB AE LT Thd ()15 9 Yeta kR 3 J % 1525kbp ORISR 5. KGM26
Db OB ARG T Thd2(t)1 35 8 Yt RS X% 359 kbp DRJIZEERET 5. KGM27 O Dt A1
15+ Thd3(O)VE5 9 Yl KBRS D 5759 kbp DRFIZHERT 5.

Matsubara et al. 2011)Y 5%, HANFE BILILO (2H o ~# % IS U CEERE S22k i
FARDIRRTER T3 8 YetaRABiANG C T 5 0s08g0105000 Th D Z & At LT 5.
KGM26 DBiATE 5 DOFAfTEIC 050820105000 ASFETET 5 Z L )G, Wil AE n 123 E CEATIC
NET 2 AMREMEDR B 5.

IhdI(t) & hd3()DNEFRT HEEIRICIE, CNETIOL IIHERNDORE WEGEFTHRESH T
RN EMNG, ZNUBIFH LWEE T THH EEZXOLND. hd3O)FEFIADOUT < IIAiET 5. )
SRR Tl RSB 3 S5 Z &0 s, SRS S REECH D Z LTRSS,
1T, BIBTOREIZIEIDNA v A 7 07 LA SRR — 27 = —DRIHANEIZ 2 500
Lz,

Kasalath % 1 [B8Z V7= BCF, M ClIoBEASEGIIZ /2 0, BRAFK LD © & 5 ICBAEOMHE
RDNBEST 2 2 & D, IhdI(t), Thd2(t), Ihd3(t) & 71T ADIEA L ORI CRAERANRE QD 2
EMEEESND. A%, BNFEEIGETREQTL)Y v By V OFEEZ VT, B2 REs 1
DIERICE % 52 D86 T2 RET D TETHS.
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Fig. 3. Linkage map showing the location of the late heading-time gene of KGM26 on rice
chromosome 8. A: RFLP framework map of chromosome 8 modifieded from Harushima et al.
(1998)" B: Linkage map of Ihd2(t) constructed from backcross population [(KGM26 x Kasalath)
x KGM26] (n=96). DNA markers which are located near each other on Nipponbare
pseudomolecules are connected with dotted lines.
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Fig. 4. Linkage map showing the location of /Ad3(t) on rice chromosome 9. A: RFLP
framework map of chromosome 9 modified from Harushima et al. (1998)”" B:
Linkage map of /4d3(t) constructed from backcross population [(KGM27 x Kasalath)
x KGM27] (n=96). DNA markers which are located near each other on Nipponbare
pseudomolecules are connected with dotted lines.
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Fig. 5. Linkage map showing the location of /Ad!(t) on rice chromosome 9. A: RFLP framework map of
chromosome 9 modified from Harushima et al. (1998)”. B: Linkage map of /hdI(t) constructed from
backcross population [(KGM25 x Kasalath) x KGM25] (n=48). DNA markers which are located near
each other on Nipponbare pseudomolecules are connected with dotted lines.

5. BiEE

AR TR T IR it 55 F ) FH LRI ZEHI BE 72 & ONZ Y o 7 A BREARBL O 382 2 5 1 T T
F L72. DNA ~— =2 X D502 H 7> TUTTUNKRFZETSE SRRSO E 227 F L.
FLLC, EHLE L RS ET.
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The study on genes controlling heading time in rice
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Three extremely late heading mutants were induced by ion beam irradiation in rice cultivar “Taichung 65°, and
were named KGM25, KGM26 and KGM27. The F, populations from the cross between the two mutants and
Taichung 65 showed clear 3 early: 1 late segregation, suggesting that late heading was controlled by a
recessive gene. The genes identified in KGM25, KGM26 and KGM27 were respectively tentatively named
thd1(t), lhd2(t), and [hd3(t). Then the three genes were mapped using the crosses between the two mutants and
an Indica cultivar ‘Kasalath’. The /hdI(t) gene was located on the the long arm of chromosome 9. The /Ad2(t)
gene was located on the distal end of the short arm of chromosome 8. The /Ad2(t) gene was located around the
centromere of chromosome 9. The /Ad2(t) might be the same locus as EHD3 because their chromosomal
location was overlapping. The /hdI(t) and [hd3(t) were thought to be a new gene because no gene with
comparable effect as these genes was mapped on chromosome 9. In the crosses with Kasalath, homozygotes of
late heading mutant genes showed a large variation of days to heading, suggesting the effect of the late heading

mutant genes were largely affected by other genes.



