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A FGTE B 65 F(TES)~DA Ao B — ABBFHZ LT, T65 10 b5 2 HiE< LR35 228k
EEEBPZHRHSN TS, ZRHD 95 5, KGM25, KGM26, KGM27 (25T, 2013 4EREHT
FEHEE ST, TREN L HERIE T L > TR L 2 22 5= &, KGM2S & KGM27
D & DB TS 9 Yetafk, KGM26 O b O il s 7115 8 eI iEsR L= = & KGM2S
& KGM27 Db DB AR 3 HANZ AR D 2 L 2B 5500 L. AR, KGM2T OBED
JRIREEAR - FLT2 O s ST 2 5805 U, AT OARKISH D & & bI0, FliZems ko
(BT AT 7. FLT2 ORI 7) 5,759kb 7> 550 2,900kb OFEI B E - 7223, SHEAA
UTCTH > THRIBZ DI S TOD Z LD, TP B EESRNT B s T ORI S Ot
BRTITRNWLBZ DN, ZOIRONT 0 2 A T4 T2, BRI B B 5 7
ADNRE T, ETe, 2 IR TG | SHEEE 0 L - TBAE L LT3 2 b A
YR A Y

1 #5

PRI A R O HBOEIENERCIN B 2 LT 5 BEATED— o> Th 5. FEIR BB Em AR,
DEESRMEIIL S EH Y THDHR, TEOEHOBRICA S, BRI R gt 2 - b
FOMAEETIRMEIC 2> T, Falr, BRBETER SN BEmAR (HxI3Ehn 11, H
RS 7 e 0V X0 bIEW 2w, SRORIOLEE, a5 L 5IcERan ik, B
BRI U COE RIS ICND. £, BRI 2 8T S, S By
THILNL, INHERADE R AT 5 8 THE R L <, BEIEEDERSHE 715,

UTEE, FEREFGFHIAE LT, A4 E—AEE SN C5, Tanakaeral o & 75 L, AA
Em ML o THREN TODIREIKIIL, TEROERF Ch AN o~ X s
Ko THIEESNIRP T2 DONR D, Wb thb L, A4 v—n3, YERLE L, NS
K, NERFFALVSTUNS T DNABEREZFRT DL 0D L0IL, ToL b, KEARKE K&/
A, S E Voo RE A DNA BREFHTAEMCH 5.

HURRSER AR TR R R T 1B L 5 I8 oMk s fl A RIRSe 2R L, 1999
FOAFEFACA A2 =BT ST L, SRERIRDRY AT CX -, FOm, EHAETH
DEM 65 5(T65) X0 b 2 o AL < HBEAEN 2 R FHe, KGM25, KGM26, KGM27 73 [ &
(Table 1). 2013 4REAFTEMREE N2 C, ThEN 1 HIBRIBTIC L > THAAL LT & &2 B -



&, KGM25 & KGM27 O b DA s F1E1 158 9 Yerfl, KGM26 O b DB RIS 31 A5 8
QufafRIZJESE LT- 2 &, KGM25 & KGM27 D & OBASE R TN BV R 72 5 2 LA L MIC LTz
KGM26, KGM27 DT S » T RH S BE FIEEER FLTI FLT2 &k Sz P, AR
T, FLT? EaFOEBEEEEGIHT 21T 5 & & B, FFZRE R N2, BELTt), N31(t)
DB T T EAT T

Table 1. Days to heading of late-heading mutant lines induced by ion beam irradiation, and
reference lines. They were planted in 2016

Linc Descnption Average Range
KOGMIS Late heading mutant hine 162 3 138 - 17
KOGM 26 Late heading mutant hne 1545 152 - 187
KOM2? late hoading mutant hne 1323 151 - 1536

N2ty fate heading mutant hine 1470 [43 - 151
Ny Late headmg mutant hine 1563 154 - 164

THS ongmal cultivar He 2 jos - b

Kasalath an Indica cultivar used tor 2z 9% . H

melecular mapping of

late heading timie gones

2 MR OT5iE

2.1 fEIRE

A F(Oryza sativa)ix, A > AL HAR LS SRR KB S D, AR T, BBEO AR
RUGRE T65 (2A A2 B — A& MG LT, ERAFHF Lz, #OEMIL, T651E, ZNETICE
< DZERIERFIN BT DA%, HFEOBE BT Al sh T a6 Ths. HAR
RlL oA 2 FEIORNCI XSS O DNA 2885 & 5. 20D DNA 2% DNA v~— U —& LTH
A AR ERRRICR D & & C, WFEIROBARIIRE BB s OB PR L IThihvo Z &
PHIFES D, ATT D0 L - C, T65 & A v REDA o FRLEFET ¥ T A (Kasalath) & DEJIC
EVEREE D DNA 2RI Shs Y2 Lonn, BT 2 s E L.

T65 (R4 HZERERZH & LT, KGM27, N21(t), N3I(WZ B L7z, Wit Tes Lv b
1 7 AU EBATH D (Table 1). KGM27 134 A2 B — ABBENC X » T FLT2 BB TR E R
FEENTZZ EAVHIA LTV A 2. N21(1), N31ODBEAE LD JRIRE R T BT LT,

22 BTN
KGM27 D -2 FLT2 DOYLOfR EDOFEIRNE 2R D AT T= I, B OB 2 55 L=, 2012

J— 28 S



FITIEKGM27 & 7145 20 Fy HRIC KGM27 % B2 LA L 7= BCIF, R SARR(FLT2 JEo e
R T E2A~T HEETH O LI SNANT S 5 —FEKGM27 % 5 LAHE L 7= BGF, Ht06
FAEEREEEL, ZORMHRNTH D BOGE 24 1,600 s #3817 £7-, 2016 4L, [6
CIFIECHRICR LSO WA A b T2 BCJF, T A 5,100 R L. —0 5 b, %4300 [
I IREHERTIC DNA 237 24T, 5 T OBERAIBE O/ ) AL A I/ BR A2 U, AKEIc R
Uiz, 780 Of 800 AL, &k TR L.

N21(t), N31(O DB RS 59" 2 BIA T A I NS 5 - DI AL T65 L AL L, MeaEes (%
EIFE LT, MRS RE) M. ZhOD R IRAME L. $72, MESMEE Zh S0k
(BB Ui L7210 20 RIR X 2 Fef).

WM Ui 2 BRtiREIC B - AR L, 40 1 RS, SHUCBE L. B, 1
o AT FRUKICREIE U7, B B IR = L 308k L7z, (BRI CRAIDRED St B o 46
LD L7 B2 b o CEDOBIROHFER & U722, EBRF— X OfEFFc1Y, s H 2B A %

(FERE H 25 B H £ T A% 1AM L. BGE BRI 12 BIC A>T 6 HEE L7y MEK/
L7c. SIRATFAYY, WA RIADIRNT &G, 12 AIT78-C 6 HlE L7 MERO SR B 1 (E
HAC 200 FIZ L7, ARPRIOERIEL 2014 £ & 2016 42101 T o7, 2012 4E0ERER LS A7 H, &
fERIT6 H 18 A, 2016 EOEREHIZS5 H 6 H, BAAIT6 H 20 A Tho7-.

23 DNA Z5#7

BCoF,, BCF, 21 DNA ~— 1 — % U 7= s BEH T 3] S 7=, ABFZECHIV Y% DNA
— A2 TPCRIEZFIA L TRY, PCR EMOESKENEMOE & SOl E T L Be LCHE
BT 4T o7, DNA Ofiith, PCR 35 L OESIKENIIES 22 L7=A8» TiF - 7.

BEROZAZ 713 DNA = — 0 — 0SB R RSN, Xu et al. (201202488 417 50 50 -
RO DNA ZIUERICIE S, SR HIAL L5 T T A ~—%33 LT, H L1 DNA <—
A—ZARH LT, &7, W97 A0 DNA SREESINAR SN TNEZ L9, A1 65 20 DNA ~
= —BETRIT, DNASERES IS AR S TN HARGRE AARDEFE L ThHD = & 9D,
HY T A LEH 65 T OMIO DNA LT, 7145 X & AARO DNA 25 1 1HE 842 LiE L,
AT AL HARED DNA HABA A s U, 2ARIA L ST T A = — %33 LC, il
WDNA ~— I —%&AEH LTe. 27T ~— DR 3R Yl U,

3 RER
3.1 BEFHT
N21(t) X T65,N31(t) X T65 D F, EHIL, Wi bRA © Bik=3: 1 DBIE—8 s 70847 L

T=(Figs. 1and 2). DLEDRERIT, WINOZRERAKOMAL, —SBMEETICL > TERSh
TNHZEERLTND,
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Fig. 1. Frequency distribution of days to heading of the F, population from the cross
between N21(t) and T65.
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Fig. 2. Frequency distribution of days to heading of the F, population from the cross

between N31(t) and T65.
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Fig. 313 KGM27 X 1% AOMFEE (U KGM27 % & LASME L T L= BC,F, o3k B
BOBESATER LTS, ZAUT 2013 SIS LT 5 U, DARILEECh-C, BAk
BT OREEEOR(RAER) & ~T A OB ERH O T TIE /20,

Fig. 4 {3 BC,F, ROBFE H Hok FLT2 | B CHEEH T 5 DNA < — B —KGCIMT TV 4513 7=
DTHD. ZIULBGF A 12 BERICHET 5 Z0F 140 fEI30 B, Bk &3 2R LT
W5 ARFOSRILERIITH 05, BCGF, Y 1 BRI 2 R0 - CrIAEEE 24500 25
LTRY, W s FABE=3: 1 O5BEEZ R LTV, BERE S %S, BOFE, AT £ 4, KGCOM4
& KGCOMI11 @ 2DNA ~—71 —[HDFHZ BRI AR L, F315HDOWAICH 5 DNA ~—h—Di& (5
THRIZHREL, Th o & 2B A E OB DG T DFERM B AR D AT, F DR, KGCIM6
& KGCOM11 D] 1 5259 5,400kb OFPHIZIEST % = L 2vHIE L.
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Fig. 3. Frequency distribution of days to heading of the BCF, populations, [(KGM27 X
Kasalath) X KGM27] classified by the genotype of KGCIM?7 locus: light shaded boxes

and dark shaded boxes indicate heterozygotes and homozygotes of KGM27 allele,
respectively. Modified from Ichitani ez al. .
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Fig. 4. Frequency distribution of days to heading of the BC,F, populations, with KGM27 used
as reccurent parent and Kasalath used as non-reccurent parent, classified by the genotype of
KGCOMT locus: white boxes, light shaded boxes and dark shaded boxes indicate homozygotes
of Kasalath alleles, heterozygotes and homozygotes of KGM27 allele, respectively.

BCF, #ARTIE, BOF, 80D 3 5 < OEEEAHR - 7. BkEHDERLED LD, LITD 2
ODREWR LT
(1) PCR D& E: KGCIM4 & KGCOMI1L @ 2DNA = —H—DTF T A ~—% @ UF — 712 A7 T
PCR 7% &, FNZNn LEEREW DG DI, D OBKIKEMENER 2 LB L7z T,
2DNA ~— % —[AED PCR %21 T7- 7.
Q) BRIKENOWE : ZNETIEIRORY 727 VT 2 R 24 BRSO 3K E LT
T3, AU AERETLHIET, LRIC48 L—r OB AT = EARAERRIC /e o7, 2 AR
IXAART A R—RCREAR) & A TERA L2 BT o7z,

LI EDw B A MZ TfT>7= PCR, EXRIKEIOFEFR% Fig. 5 187

Fig. 6 1T BCF, X OEFEH 5 & FLT2 (ZBEHEISEST D DNA ~— 4 —KGCIMT7 TEHEY 43t 7-
HOTHD. UL BCF, AR 9 EERICH KT 2 F-20 100 [BAR550 BCF, 8K - DNA <—%
— CHIEZ B3 L7 EEORFIZ R LT A, KGM27 % K88 & LT BGE, b HIC 2
AR L AMEZ D TN D70, BREREOSAIIAER Th 5. BCF, R TH, KGCIM4 &
KGCIMI11 @ 2DNA ~— A —FHIDOMHZ 28k L, Zin b DOMEIC®H 5 DNA ~—1 — DR T
BAdEL, 206 L EREREE OGN OER T ORERMBE ALV AT, FORER, FLT2 13
RM23687 & CIM23(t)DIH I8 &89 2,900kbp DFEPHIZFEFRET 5 Z & AVHBA L7z (Fig. 7). 25 9 Yefh
R OYERIEEREL 23,013kbp TH Y 7, EEAEEEEIL 96.1cM TH B Y. FHT S L 1cM=239kbp T
BHD3, FLT2 D TIE, Gef 2R o 10%LL BTN 3259 2,500kb OFIFE CRHELZ 23 Z - T
7200,

— 32 N
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Fig. 5. Electrophoreic banding paterns of PCR products of 48 BC,F, plants derived from
the cross Kasalath X KGM27, with KGM27 used as recurrent parent and Kasalath used as
non-recurrent parent. PCR of the two DNA markers, KGC9IM4 and KGCOM1 1, was run in
one tube per plant. M denotes DNA 100bp ladder marker. Arrowheads indicate the

recombinants.

No. of plants

250 1
200 -
150 ~
100 1

50 -

80 100 120 140 160 180 200

Days to heading
Fig. 6. Frequency distribution of days to heading of the BC4F, populations, with KGM27
used as recurrent parent and Kasalath used as non-recurrent parent, classified by the
genotype of KGCOM7 locus: white boxes, light shaded boxes and dark shaded boxes

indicate homozygotes of Kasalath allele, heterozygotes and homozygotes of KGM27 allele,
respectively.
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FLT 204 HHEASEL SRR 2 DS I S AU TV B REIN & 9 I EHEE S D72 D12 FLT2 AfitE
DT B A TR L. TEDIZTD W R RIRD AR & Ty S—9 2 Rl &
LCaryalbyyayBRESI TS, AW CIIBEEMETRMITT S — S 7 ISR LT
W5 HERA a7 a Ly g L (WRC %# : Kojima eral. )72 5N BARIERA R =a7aL
3 g (JRC i Ebana et al. '") % D4yi#% 5%}, BERRED DNA <~ — U —#n T2 6N L
7=(Fig. 8) HEEMIT 1 225 4 D4 OO AT Z A T 1o, ZE Ichitani et al P12 L5 T a (R
HARNE L GEND T N—7) 2 B5ONT T b(AAFREDOEE H AR TR N L B EnD 7L
— ), 1 aindica 5% G END T N—), 1 blaus B%L EEND T N—T), T (ARSI OE
AARINE S GENH RO A BN ZL EENT-. ~NTad A 7 1VIEERKEE —&KL, ~"Ta¥
AT 3FHYTALEBRE LT, NTaZA TS LT ad AT 3TN RS — )3
RO, NTaRA T2 LT H AT 3T 1IDNA v — D BRI T B D, T a s AT 41
DNA ~—H3— CIMI15(t) 7>5 COMIY)DERFHD T 2 & A 71,2 D ANFIRRBIC 725 Tz,

4. B

AWFFEORER, 2 BiAEZ2IRAS BAHE N21(t), N3L (DAL, — PR m Il L » LS T
% Z ERH BN Te o T2, F 72 KGM2T DOBRAEDIRIKIE G FLT2 D59 Yetafl EOFERALEIL DNA
~— 71 —RM23687 7>5 COM23()DREK) 2,900 kbp DOEIPH TEH D Z L BB L NN/ -72. CIMI5(L)
5 COM2(O)DEIFHCIrE, ZAvE CloER L7 B E RO Tic—E bR 235 Z > Tnvign
Eink, T OMEEIENEREZ ST IR TH D L E X BLD. Choietal PI% FLT2 DR
{EAHREIRIZ T-DNA OFFEAIZ L - TH & Z S EDIRNE(S T Cd % Oryza sativa Trithorax]
(OsTix)Z R LT\ 5. F07=8, FLT2 & OsTrxl F—8&5 T Th 5 iREER H 5.

FLT2 BAHfEIR O T 0 2 A TR ClE, IRE B ATRIRAE, B HARIOIZE AR EEND R
AFIRFERE L, indica & aus D>ORRADINGEDA Vv RIS A FEREDN 2L Bip b T a2 A4 7%
RLT=DIZR LT, BARLSNONFFEDE, B ARG 70 5 FEREDS, HAME o o M2 A FIC
Lizk 977 a b A4 7R LT, SRIOZEIORG & Uz HEEEREORFA - REITZ L O
B, RAWREREEZ NG, LIER->T, BARUSNDEFEOES B AR B 72 5 SO~
T TN IAT LA T T LA T UFETNL D) DOAZHERIT K SRR CHE RO
KA Z TR EEZ DL 01E, eLANT R YA T 4APAKEITH T, U2 Hals
GERIEAINEFE L T Z R Lo TnTad A EnT a2 A7 20, Ibiin7as 472
D COMINNTTERERNAE L TNT A A T IWELTZEBEZDDONELREEZ LS.
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Fig. 7. High resolution linkage analysis around FLT?2 locus. The candidate location of FLT?
was confined to the region between RM23687 and COM23(t).
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Fig. 8. Haplotype analysis around the FLT? locus.
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The molecular genetics on genes controlling heading time in rice
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Extremely late heading mutants have been induced by ion beam irradiation in a rice cultivar ‘Taichung
65°(T65). Among them, KGM27 carries one mutant late heading time gene fIz2 at FLT2 locus. In the present
study, high resolution linkage analysis around FLT?2 locus was performed. The candidate region was confined
to ca. 2,900 kb, surrounded by the two DNA markers, RM23687 and COM23(t). The recombination events
have been suppressed around FLT2 locus. The haplotype analysis aroound FL72 locus shed new light on rice
varietal differentiation. The genetic analysis of new late-heading mutant lines, N21(t) and N31(t), ware also

performed: both lines proved to carry one recessive late heading time genes.



