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IKFE(Oryza sativa L.)FE WM B3 43AR M E R 11
FEAREMEY, M ) 2 5 26 8 51 1) 3 2 n)
B R g iy FE K sd 1 KRB T oK R e &, H
BEE N CTHGIN, X RS BB A v, AR
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&, AR Z My SR B AR R, TR AR R
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KB AR AT N, F 2 HER SR ER S
THEER, S22 AR RO SR, RO
HMOIRJE R 2 (quantitative trait locus, QTL), AS[Ef
SR R AU N () SRS [R], HA B S T BB E S
1151 S A PR EE W EAERON, A X I S A7 i A T
it A% 43 BT L R v [ AT TR ME . Bl K RS 25 SE
W 5E 38 Koy R R R, 456 M0 gE 1T
AU $E H, BUAEWFIE A A RS XS AN Rl R T A 4R AR
B e S Bl B a IO e ok = A RSO I L1 VA = W]
LB 3 5 3 TP B R B A SO AR R, R
e D] 780 o RS I o3 B o B R K R F SR AR S % i 1Y
BF B, R RENQTL AT &4 A AAMTX & A2 4k

SR A A LA T R AR, fE R ] gk
QTLAY 73 ¥ B A BE S A7 Rt A X 267 k. F AT,
KAE LA TR ZHIRQTLE & R T v b, (45
TR . bR/ REORIRCRE, AR R A 23T AL
LT T A AT A, DT ol 0 ik S PR A7 0 1 i
R AT RE. F38h, AR B AR P I S R AR ),
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JEAXS Y, Bk T —A Rt 2 A AR R i,
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I PR B < PR35 A A 2 R AR AR FE B, fHR
BB 0 B PRIR e TR A L RE AT UL S ELAE A AT
1] A5 R AR s B 53 A 0 7 D o 2 A A o A (] A
KAy, AR AR 5407 B st A% 3500 I IR R K
TP goE AR, FHMBEERGEAA LR
(recombinant inbred lines, RIL). [FI3Z H 3¢ %& (backcross
inbred lines, BIL), X{Fff/A % (double haploid, DH)
P 3K R AT, PR TR B P AFERE T, Fs
R RS, IR APEREA, (B AT DL
A7 3 PR N A B, % 28 R B AR R T DL TE AR AR
VF,(vegetatively replicated Fo)fE{A, BIDK:F, PR ik it
STBERROY bR ZR, FH TR AUHIWT, HL A 3Fh #7238
b [ 28 [ A s A A TR B K PR A, ]
NG o~ ST B ) 1 6 5 O Iy TN W A o VB
RIIASE B BAE ST, o, 4 A 28 RBFARRE R ]
T4 5 B AL 2% 32 0] T ik A PEFa(immortalized F,, IF,)
BEA, DI HEAT M A0 2 Hr . Xing %5 A 3 ik e Al
i 22 52 4 A ZS9T FIMHG63 11 A= (1 H 41 [ 28 R AT A
[F) A 4 B 7= i MR o B, A I 21 294 in 4 QTL
354 EAEQTL, Hrf 134N QTL A7 76 3R 85 1.
YERLRE, 1 A M QTLI A K I 2 P58 B A/ER M. BT
(1062 5 VTR T ) | K VA=A N Rl Y VA X < W 1]
IRBE R it e I AE AL A5 F /). Wan %5 PR
H A AZ R AR GEERTEANIREE T AT b R B, 2
(R R AR S 5 R MU AR A A OC (g 3, i JE R R S5 R B
PERON 055, W i3.5% MR BAR S, SRk, ]
LA PEQTL A LA B T 3B B AR . Ji4h, ¥
B3 XKL W P TR 0 52 Wi 32 LA B A SR 7 A, T
R R A K, XL, KFEMFEA R
ZH B ARAS SR R, RO SRR E, 1E
B AR R R K. BERRRE XS B AR AR S A A
MAAERZW, EK(Zea mays LYT R LI, WHE
R TR AR B A3 m, 2 ) QTLAL H i £,
H QTLAG T B 1 B 28 FIORS BE L3 n, G SR A et /)
DU)AS BE A 0 2] Br A QTL,  ELAS: I 1) 1Y) QTLAL I 2> 8%
R, SEPRTTERASFY, H, FH— BRI T
QTLAF AT AEAE AR A 4R I A B AR S S, LUK A il 7
PR PRI 4G O R 1], AT QTLAMT,  H AR 2]
SANQTL, FIBCFs & SOk I 234~ % i QTL, i T
Z B QTLI H BB 7E /& 1AL 1 BC3F, 5 BCyFo 14
T . AS T ) G AR AR 1 QTILAG: T 355 6 A A7 A 22 52
5K e R BSOS AR IR REA (Fy 5, VF,, TF,, RIL) 2

AR QTL T 45 A AT B 45 R I, R4k B A R (Y
EAM G, ARFEARD A QTLE A 22 F 4Kk, H
R Z AL 5 L RETE LAE G I 21, 2 WL 2 ) S A4S
B ES R T Ll BE— 2P HA.

12 AR RAE A SR S Hrb it £

FHEQTLIT 55 3% [ & (near isogenic line, NIL)AJ
DA P XoF 7 A7 a1 ) LS B4, Ding 5 A VAR 8 8
AL FRENMGE RS M ET 1790 R A KX QTL)
P AEFE AR, Gl IR R LR AT R AT
1) % 0 4 7 Sk T QTIL A% BT, 26 HlE Bk b Rl 300 o 266 A
TR, KB A 44 bR FR 0 RIS 00 0 (o 45 4
— 5. NILBEWSHERR HABA 5 % R B (520, Zhang %5
B2 14 2 2 QTL AN 34 13k QTL 43 ) ¥4 3 45 Ik
R IEAT 0T, FEEA AR BRI, AL
QTL H BEAE L H 9Kz 2, LOD(log of odds){E il
RIDTHk BN, ML SR M R0, A QTL
OGN R4S 2 T A, H LODAE F1 3¢ B 57 ik 4B i
EHem. KHILAATIA Y, 0T i NIL R 8 A 24048 2
BUQTL, F¥s H B i e /R N+, 74, X+
—BERRIR LAY QTL /A, NILAYAE A3 78 5 F
A, WOKRBALUEFREE ST . U ok im it he 0%,
NIL3A AT L FH 3 WA A QTLIa] £ b {57 %0, Lin%g A1
I T Hdl, HA2FHA3WE 3N &, IR/ e T
WS, &MHAIFHA2 AR T Hd3 0 D) e S A
TE_ LA RON, HA3W T RE & 575 B Hd 1 F Hd2 D) Be o7
AR, TSR N R BR T H T E QTLALN 4, 0T
B TR GO R R T QTL AL I v e

1.3 &k AR Sk

& T TR BRR AT QTL AT b, Bt 22—
AT B B A2 Ge it i A Rt T B B QTLY
J7i, %7 AN ] SR A R AR 1 G R R B
FABNZIREA T, 555 Fhnic eS8 —25
i PEACEARAN R YL AR 7 BRI bR R B, it 52408
A Fb 5 BRI B A IR L e (A R B S 5 2% U A 9
R EA EE RS, B, %
B AR A S [0 58— B AT IR S0 41 g (57 B A I Dk
PRI AR R, MR R ] LI 2R Sk
ARIEATAIHT, SRR XS —Seil 5y e i 4 i R Ay
F %4, Garcia-OliveiraZs A\ 85/ B A= F e 14 A Bt
BRI T TR S HQTL, LK #3114
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QTL, 2674 FIGL ik A T HFAERE, W5 /R B A A X A
NCEA TR AR s REe S, Ho, EsS gt
TR & B— il e £ & i £4XQTL. Takai%s A
FA39 e i R T 4R MOE A 8 AR IR 2 R 2 HER QTL,
SEATE2, 3, 6, 7, 125 YL ARk B AHEQTL, A B
35 Y (A R QTLAE W% [l A 14 i — S Ak Bk A9 <L 5
BRI PR, (HA GG,

2 I EEORAE A AR R e

2.1 I EEDI BRI RN

20054F, JK e i i A B e Jo o ik PR 4 1 971 F
Feoe M, iR SRR O3 11BN i8] T it — 2
SEEH ORI R KRR SRR L T SR, B
At 8 T BOR Y R, A AR PR 2R R A KR
K, T 3 I oo 3 et 5 PR 7R S 0 M T . Huang 5%
VPOV AR P AR X F AR I RI93 117 A2 9 150
ANEZH A AC R BEAT0.02 8 55 B 19l e, 45 A
FEURAR R T — LT 1 A Bl i) 35k R 284 4] Wy ik
I 2053 BN RE A 38 AL S BHR, 2007 VR T RURE SS ef
MRAETE40 kbGP, HEPCRIT 19 43 Fhn 10 ks
JEE R3S, T PR AR o 8 U 42 55 201 s %k v
ARIEAT QTL M AT LIRS ¢ (5 9 i 55 5] sd 17 251100
Kbyt [l N, RORHE H A QTL A A E % 14 31 B Rg 2.
BE IS, I ZRE AR 2 B IR X 14 MR AT 4G
MICAFEN 49 QTLAZ L, Horp 54> FALQTLA & 37 3
R/ANEFE R, IR T e R 5
B, XiedE AU SR TR 35 B 0 e Oy ik o i 401
FAC R AT R R RIS, i TIA AR B SR A S %
FE 5, AT P e K 1T 24 123 ik be A AR LA R
Z 751 (single nucleotide polymorphism, SNP)JH#E
SRACKEPI B, K 5 ) FH e B ] I ABE AL X A B P A
FIWr, H SR R ZRER TR R 58 B G WS
FE #1200 kbEYTE N, 5K HIRFLPs(restricted
fragment length polymorphisms)/SSRs(simple sequen-
ce repeats)briC A E Y EBE A L, 1% 3% nT LA
T Z 1 QTL, FF | J& ki 8 QTL, H & i K B2 T
e UL R R BR T TR R L, i
AT AN EE. Xu S AP HE I Ema T
9311755 T H AR Qe (LR 7 BUE R, 7E128 Bk
FPRINE T 14208 e B, SRR B AT X SE vk AR
PEAT 70,13 (14 o 300 f Y00 i 1 6 PR B M 5 ARG i )
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L7TASH W R Be i e, Hoh K /B E e
Zhang % ANPUIRY A T H ARG 5 FAY93 11 BL &
e 2, EATR R T O A 5T B R E1T0.13x3E
PRI 21 5 0 e O 20 47 5 DR AR R W, e Bk H 38R R
P EEFE R R P, K Se R R 25 T 87.4% I 7K A 3
WA, FEEARRE 2.5 R B

2.2 A SEIFAESRI S B i H

T 18 R R BR T AE QTL: B3 B 7 45 21 7 FH 45,
i A eI s ISR 1 - SRR B U B i N i
IR MR A A SRR 1 o 2] S 1 R R
S FE AT DR A o5 RN R B Y SR G, 6T AR R I Ak
FRA S BB AR I ok, 5346, FiZorik AR
[) i DX A [ SR Fh T, TR RE A5 G I 22 A Fh B R i
FIAS S 1 3 T 840 B B9 QTLAE o7 Il — Wk HL g -
2T (E] A O B 75 5. HuangZ% A2 MA5000015
FE] 7K e i ol o 6 1 S 174 b i R AT 17 25 R ) 35
PRI 2H B R, RGN F)360 7 N SNP, H T 178 o B
ANRETE 55 T A SNPAY A It Al AT SR FH KNN3 925 0K HE
T 25 e XY 35 PR A 5 245 321 500 Z2 A i B A 1 AN
SNP, F|H1ZSNPE, b fi]xF H 41373/ Kl A i Fh
14 SR IEAT LB M, TEIR A PR
LRGN ) 374 b 25 M oG, Hrh 7 AN 05 5 B AN s
A7 S AR, S8 BE AT A 526 kb, J5ok, i X6 4ish
330 FlR HEAT IR, AL45 1004 Hb [ R R 5 A A1T230
AR R 25 A ROk 15002 A Rl S E B, Xt
AR B2 1045 AR SV IR 20 91 14 7RI RS S | R R
S KR A R B ST A M, R 31 324 3B 1 S B
O BEA, AT R 3 R B ST %) SNPRKE F J5 49 2,
SR TR Al — 2 v R 28 BT AT it Bl e 435 SR gk A 7 3
P 31 P42, DA A5 B A [R] 4328 vp 228 (R 1 58 46 7 371,
Sk T 0 4 3k 5 IR %) 7 S 7 L Ml TR 4 2Rk R
XoF S B AT AT 4 8 35 DRI R A 7 T, A ) 18k ke
FEPR S R A SR I 4 M T A i % sk
KA KRG SRR A A R R, AR T X R A AT )
BN A T B E — 53 ok 1 B 0 B st AL b IR AT
N, RN T KFEE RS

3 kAE A R Sy 1wl B H e

3.1 KASIREIGIER VAL
KA B QTL A7 Al S IR 70 7 25 SR BARAR MM 1
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SRAR ST A B A BRI AL SN, B 1A T Al
N4y FALT A G984 SO ERAE A SRAE S, IR
B A = g, KA AT DAFEAS [R) 4 5l X R, (H AR
075 38 I Y TR AR, A R P X R R
N M B PE IR . Hal 2 KR A 88— e B2 1 QTL,
) s 3 2 2 5 K R A AU R ¥ A QTL. e 45 1 i
N, HdLZERIR I COFEH M TR e dAk, 5408 I+ ATl
HdI {8 H BF 2 2t IR 48, i K B BT #0460 JF
Y. Hd3ate: 53— A IEIIQTL, 1% S WA 410 2
)20 kb FEIN, FA B A, Ho A —A R
WAL B FTH R IR S . 8 H IR,
Kasalath ) Hd3a i s {2 i T 48, HAEHA I 530 5 5
B & 365k FiM, IFHd3afi T-HAI T i, B85S
PUFE I CO-FTHAU Y AR <13l % (HAE K H BT,
Hd I Hd3aF23K). JR 20158 % L, Hd3aZk (1] LA
I R % o) B T 43 A= 2 40, UEBH Hd3a A6 R
LR PO End I 55 2 Hd V8 45 38 42 -7 5, 18
HAIDIREE Y, EndIRERS e 58 H B2 HE T 1L, 1%
D7 S it — N BIS R N JH ¥ R, JEPR k2 40 H BE
VS, AT S5 DR 2R IR R DR R R 28 0 I UE W Hd 3a
FIRFTIN T3Z A7 5 F 2", RFTIZE: Hd3a W [a) J5 3
B, R A2 s e K H B AR s A p &
EAER, T i OsMADS50-Ehd1-RFT1il . £ K H
WA T, RFTIFREIH 598 248 ffi Al MR JT AEHEIR 29100 d,
M H | & [ OsMADSS50 %€ 7% W) 5 35 A8 bk JC 325 7
1Y, Ghd79i i —A~ K H BIFAE IR R 7, A& CCT
Whgsl, R MK H B FAERIFAE. £ HBE&MH
T, Ghd73ik w48 i 3 M End 1 B H T lif Hd3a 335
T HER FEAE, Wit Hd 1335 JCR M, J6 H IR 4440
Xof M O 36 DR 38 AT IR R R, R T Al A AR E
— WS W, XOPP 22 SRl B S T 1 ERd ]
FT0E N 2165 5 1) Ghd 746 AN [R) B BE 25 F R S AT
WY, 5 H BT, Ghd7 NRew: RS, M
F&J% T Ehd1-Hd3aid@ %%, Ghd8/DTHSZF I NI HY
K H BRI T RE. B FERE R, NS A — A
TEMHAP3 IR H; Fsk5r Ak Wl, Ghd8 T HERdI
M Hd3a 33k, H X A 4 il 20 A K 8 T Ghd7 Fil
HdIP"?, F i F g o, — N S DTH2 8%
ER H B ARIETFE, %0 SRS CoE A, it
VA HA3aFRFTIEFETFAE, 1AM T Hdl FlEhdl,
[ I 2 — AN 380 #9 JF A6 98 55 7 B i OsPRR37/
DTH7/Ghd7.1 W 32 fiz 81 & BB &K H B& T 48 31 i

T30 g AN CCTH RESL I PRRAE 1, FEMS
P End 1 X FER i AL R FE . % FE R FE phyb 58 7%
R AT, BRHALTFPHYB R IR, FRBFSE
Bon, KFEMESHZAN®ESYS, HIERE RN
i o 4%

3.2 kAT EICIERTERLEI

fE BRI B EZ AR, P RMER LR
HATEZNHME. 778 322N R I8 355
PARRBER . AREURIBORCRI B, PTG SRS S ST 4
TR AR h R R BORURE 2 D . SR AN 56 B
SRAR AR AR B A S, 3K H RRZER TFAE A
F(Ghd7, Ghd8FIGhd7. ISR G~ F1, T H
T SR A RERL R in, [] Bk 3 fip e g 1292192359601 4
D)3 o 1 2500 2 T AR e AR R e I K S B
BN, 5% Ghd7WIMH63FE & B RFL: 130 d, 1Mt
Ghd7H)ZS9THE % & Fr&e il LA 23 d9. il ik
7, Hd1W3E D) RE YA 5 A BE NS (2 SF ROk BORIRE 55 184
hn, mE R RE K A OB K RS 7 a0 ) B
PEPT BR T HEIEN, 2 EHES SEAFIRE
FIQTLE #¢ ve . Gnlate /KRG & — 4 i [ i AR
BQTL, HEmts— Ao 2 2R ARG, ReveREfran
Mior 2425, %A AR AR BRGNS I AT DA — 29 oy
SCBCH, DT = P K RS A1 o R S
il 5 [ LOG 28 78 W) 25 3 BURE 43 32 B Flons B0 210
AU E 20 43 4 2 A TR P K R AR b AR R
FNEAL. depl h—A> WA ZE AR 05, b — A2k
WENR I & BEME 45 A A1, IR AR i R A% 412 10F 21 Jifg
SR, AR RN, SBOUEMR A Hor R, HAE
— Ay SO G SOBCA BN, BRI RO £, A
wHN. KA BN, deplhGnlaRkAFTIEET
W, R HESE T depl WHLE T A&
B IPATIFWP AL 5 9% 1% — /> % 45 SBP(SQUAM-
OSA-promoter binding protein) 2Jj fE 3 (1 % 5% A +
OsSPL14, %% N Z miR156)4#5, IPAIF miR15641
A7 A5 R A — A R AR R BOZ L AR Z/NRNA T
=, NI L REREE, ROV, MEES . o
BEAR /D ZEFFASR A PRAR MR R R A, AL AT
IR AT DL S R e g R oK, FWP
ST OsSPLI4IE B T IX, KRFWPIE T 5 —fhoeas
AU, A A A58 2 W st 4% 5 28 L V] OsSPLI4 3
KW APOIELE I UFORY TR R FE N, 528 R HIF
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YR, HOE 0 A T o A AR N S R
FEA AT 2 OB H . J3 e R i 1 2 m S 3L [H
RBREERE LT, APOI ARG R
PR Z2 RPN, BE A5 [R) R 38 i K R 7= e vk o AN £
fREE 17, Ptk OokawaZs: A 442 i\l LA FHQTLZ 4%
PEIEAT i FhbRe s A0 R (4B SR . Terao® A 113E 20 K
Y5 L KRB, APOIAE 1 4 A [R] X 3 30 428 AN [m) 6 784
HErp g A X T G 5 DX — B s H e — 2%
OY SRR, AN W AR B, 370 () I B DX i
TERISCSRAE B, B i R R Sk e AR RIS WA, 7
APOI1%% X _FJiF 293500 bpAb A7 7E 14~ f i 45 K 1,
AV Bk 2 B2 7 B A 2 B R R0 S 4 A i it ik
FRYBAN NAL R — A AT 2RO = 3 N, %
SR E R AR R B, S — R
BEA, FEAEEENSNPEELRSE, RABEKREKIN
MR AR R RE BRI, 546, ERKENRME
Lz 2T S S R B, IR A AR AR
SERRERE LR I R AR A ik (gLSCHLA) . MG A
HR(GPS) ., R AR E(SPIKE), R R A3
PR S S0 S ARSI R AT R, AL SPIKE /5,
) R PR 77 R BE S 1 N 13%~36%, H % R T2 5% A
TGN, FLDIREAL R A PR SR, S ACKIRS
FHIRRI146 1] {ii 7= 5 1 A1 2 18 %P0, 45 52 st J& e 5
TR R B S R 22, PTBIE: H i e — i 7o B i 45
SERFE, S — D RINGZE B B E3Z %Ak % 1.
A AT RE S R PR AE R A8 M S ALK I, e T
T AR, T AERF IR #4550 ek FE Bk R
H AR S A, ISR Rk e 5 A5 IR R B I A
Kok, W7V R 4 SR B AR A B

R P R A ) — A ST, ARk
WL FURLRE3AN JEZR, H R K RTRL B 2 2 e/
TR B R, R R BT AR e ). GS3 2
— A B AR B QTL, A 4 5 A & I H: S
—EEEEH, Hhs AN — A CRIAM %
7 5 B0 DR T A L o 7 A KR e AR i
ANTRVR0 5T o0 M 2 B, 126 28 78 7 AR b A R R i
o BT AR, AT I N I RE R A FARE P ik
LG4 DIfesk, 43 BJEOSRIX . B5MEIX . TNFR/
NGFRZE G- M &R & £ X MIVWECIX, CRIARAL &
AEFEOSRIX., | FH#E 3 R S 56 %o 34 X 32 47 ) B 56
UE & BL, OSR X A (1) 6 i #8 [ 7, 1 TNFR/
NGFR A1 VWEC [X_ U] 4111 il OSR 4 1 4 FH, i SR ax 2
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AN X s i 25 7 A /N R T B, Wang 2 TR A
ZRE I OUR R T 2T RR AL Fhiid, v LAk E—
A DX A3 R AL b A B OB A R RUEDREA 5, DT
A T 5 4 Floki B 5 Bl GL3.1/gGL31gGL3-152 5%
IR BRI K QTL, 7 T =5 4L A ik GS3 7 5 F i,
AT AT GRS PPRLSR 5 1 22 28 R /9 2, T 1 T il 10",
i35 20 BT o, KR AP GL3. 1% 2= B R 1k il P
% ARS8, Cyclin-T1;32GL3. () B3 EY),
ifif RNAi F i Cyclin-T1;3 & ik ffi ki & 48 4, B R
GL3. 138 35 ¥ 2% Cyclin-T1;385 4 A Wi R AL FRAE 38 15 4r
KB GWSsZ 5K REk 5e BRI, K 4l 7 s — Bk
1.2 kbR S HBUKREFC/NI A A B3 2, i
B vE . %A BAR T RE R, BERE N S
SR, ZEAVTUS 2R RMUMEALE, KR
OO 3 7 2 AR 1 g 4 R 1 s 41 i 43 241001,
GW2J& 5 — N2 5R v A 1 QTL, 1% K 4 iy —
ARINGR B E3Z AL E M EH, FGWS2E1,
W 3E 377 RAE AR R R TR T 042, GW23))
ek 5, BFeARA, (R A R e, R
Shy ok E ARG NN GSSHIGW SHR 2 ki B 1 1F 45
R 710290 GSSgmit— > 24 S FR IR K, % 3L N 5256
WEB G 37 X 17 51 22 55 2 5 SR AR A iy 2 2
PR, bz e BESE PR Sk i T g . M SRR A g AR
LA Hh ORI A0 L AT S SR PR Rk AT R, GSS iz
T3k SR PR ) L g, A R 4 A 43 SOk 38 in
A%k 0% GW8%mis 5IPA1IR & % 1) OsSPL16, 5
GSSHYINREZEAI 2B, GWSIE )T X (1978 S S B0 % ik
RIZeik b, JF023F 4 M o 2EAH G SEE R 3Rk, B kL
eV, TGW6 et T e ki B QTL, 5 ER#FFE A
[A], A A X 8 5T K /NTC RS ), T B 32 5 i R L K
B, TG Inr 5, A A5 g 5 — S TA A- 4 285 4 7K
fift i, kasalathffh Mz 07 s 28748, FEUIAATEF TRy
FURRRAK, JFIER 20 B0 0t e, ek
AR FL AR %L H A BE, BB AE B TGW6 2 — 1>
b O EE R . A R SIS, TGWERERSIE TNk
LAV K AL A P RO E A1, DT I S 2 448 i 1),
T3 — A BLE A 5 GW6atl 2 7 £ TGW6 I Ifi 35 X 35,
R B M kasalath o7 55 38 i 52, N [] ) 2 0 7 a5 2
— NI RERE SR A 28 AF, 1% [ FE kasalath HP ik i
V4, H G B OsglHATL & — AN 20 26 (1 H4 2 ik 55 7%
fitf, AEAE B IN4LHE A HA AR B 2 B AL K-, IE 53
Y Z M AL FE ] K GSS, GWSFIGWSZE ki TEAH
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KA IR EIA, R 2 fie 2R3 7 40 i 73 208 T -
SEOFFRLVE Sl R RS AT, R MR Y 2k
AR 2 BT 5 PR 6T 200 284 4 I 1 B8 ) 9 4
eI, H G o S8 i PR 0 3 5 R OC kPR 3R A
AR

3.3 KAEDLRARSEIE P 5 F- Bl

P PR SR KR A SR AR S5 Rk B 0 ) — A R
SKCIJEIK R H 28 — > ve BE AP QTL, 125 X 4 i
— AMHKTZF iz EE, R PSRRI SKC1 S
BB T, TR 0 AR T R R TR
T B A A, DI B e PR 00 UK R e AN
ZR R WK R AR 7= 1 B BRI 2R, Sub L& — NPk
) ERQTL, FEYNE ML Won, 3 L0 K K F
(ethylene response factor, ERF)IJfEIl A& ] ik S
HHoK R, 251474 A SublA, SublB, SublC,
AP HE i Pl Sub IAFE BRI 363K 70 Hr i 25
SC R IR, SublATEIK WA T RE R, H
SublCFRik, [Flif LM A B HE N AdhI FR ik FR, E
B Sub 1 AJE: BT /K i (Y IE Ja 45 1717 g — B %
W1, SublAW N A5 5, KM FM4 T &0 e i
SubIAZE3K, i SublA X 0] L)1 i 7% 75 B2 (gibberellic
acid, GA)[E 54| FSLRIFISLRLI ik, S5
BRXTGAR SRR, Joik ik, M iK1k &9 1R
W, e E M AE 1. SNORKELI(SK1) F1SNOR-
KEL2(SK2)J& 7 — X 2 55K BV B9 3K, 5 SublA
FERURTE], SKIFISK238 3 A2 i 25 FF (1 o ik /K Vg
ZHEH AL S ERFIOIRE IR (1, &Ik Z /KM 2 M
LA BRET, PR A5 T R AR IR N 6 HEGA Y &
ETEE, X T B b R e S )2 g, TE B SK T
SK2: 1 Wi 37 7K W 2 R B 2 5 5 Ol T4 A 4
R GAIR S, MR HEZE AR A R R, Bk
W kg R R GAMI R AR R TR K i i R A
EEAEM. R & A8 2 R X B RE KRS
BB E SRR AR, gLTG3- L& — ME#H KR i &
) F3LQTL, %N Mgt AR EH, REEM T
A A IR R 5k, O (Bl R R A1 S L A A, DR
AR ZE A K B LB LA, DT (R ik & 2RO K
o K FEAR Rk, 75T 50 R B Mk 3 TR A 1Y
IKY, Drols&— i il 545 i A Kinandang  Patong
o B A AR ZE K A A QTL, A S AR R 5
Mo de f, TR0 2R R e IE AT ZE L1, M

IREEER Y H Y. 2O S AR AR A 1, X AR R A0
EARIERH, HRAZERRAAE, 7K
MRS, B TEIERERZAERR TR,
PO B X S Drol ik, F3CT A A K2 T L
AN, Fe AR AR AR 1 A KUY, Ghd7BR T SER
FEAEFNSE = ik S 4, I FI PSRN, Ghd74%
KT 5. WLPEHR (abscisic acid, ABA). FRF/2
(jasmonic acid, JA) KR iRAM I, MR 75 S, Ghd7
2% TR AE AR T SR SR N Ghd 756 R 3R 3 T 8 U 14
TIPSR RE )1, XL BIR, Ghd7ie G2 &
B, DA ot A A A e A Ao 300 s A g A 2,
ZEA F) FH 3k B 4 396 057 1 E 5 AT 5038 8 K R X R ] 38
SERUE RN BE S, KB TR E R

3.4 KA AR IR 5y THFAE

TERREARKT I s I, BliE AR e, 142
O B A SR 78 S 11 ORI iz AH U, Uk B R
VFZ i R QTLAR 2 2t AR Ik i [ SR 255+, GS3
5 AN R CEIA M 278 BRI N, ik
iz o7 i 1) 3 A S S R G K, LB IR 2 381
Lo B AR R A, UE B KR R A2 2 0F e R 7 R
FE R GWS 7Kl R A A b 22 B R T G 20 A i X
KRS Hh ) GWSAE s 40 2 B A ALY, T A e o o i AR
FI I T GWSASE 5 3% B HE 5 22 A M 3k 0 A3 R AIE, 5
RAFEABERE D) T A E B Itk e, dF—45 5
TN A YL SE IR B D RE 2 A PR A, RE s
A5 B AN [v) s X AKRE S B A AR 1 s B G — 3
T AR FERYE AL K FERE I, %58 A 4 7 —
A RER AL, HS sh P %I R g R P
Fik, Wi ek K R IR . R a4
Mrins, SEFARAH I, HRIEREIZ RN S 37 X%
fig 22 A5 PEARAE, B0 Rm Z A e BRI, 1M 3 X 4 i
X308 R IR 5 D AR X 5 555, ph b T 2R, Ko 3R X A gk
WYl i Bk AR T VR R 1 2 B VR
eI sl b BB E A, gSHIZE KRG — A4 9% kL
P FRQTL, %3 H 4 i — A~ BEL1ZE 1 [A] I 57 B
£ (homeobox) & [, MR JFRPLAY [, K540
PR, SR X —4SNPE R S EE Z NEEIE R
TERE, JERIVERRAL, B HT R, IZSNPHI—A-AT
T 7 A 2 250 5 A RE R e 0 v R e A 5 X
T A HAS [R] gk A7 25 28 (haplotype) 43 #T & BRL, 1%
SNP 1] fig 76 Y4k 4 % A=, (HE I T Gws 3 1 7,

1071



4 % B & 201548 H$60% £128

SHASE: 7 —AVERMEQTL, %I K 4wt — A~ Th g A 0
HEH, HDNAZ G IR — AR F B
EARRIER LT, SRR 55 R R
FHEE, B e A R R, RIS R YIS
PR 2SN, B Tz M, Rkt
O R G 7R 0 4 X BT et 2 5 T VR R
AL RO, Spr3fe—A sl MR U QTL, %
PR SR B A RS AR AT AR, I R o A B e A A X
VR ZNLEPE N BN 4.6 Kb B IX E], SR H
WA AT g As I U7, 5 Lk WF 5T K B, 1A S R
FUFOsGLIFEH 33k, HIPAIFIGWSZEA, OsGLI
i i SBPI RE I 4% 5% [ T-OsSPLS, 5/~ SPLE EAE £
NEEABRPERER; BN RR, Spr3 LT
OsGLIN: TR 22 5 FRAK, UEBHIZ A 5 %2 B 9k ik £,
IZFFEIN R, B R AR SRR AR R M LR AR, il 2
N R T RS, Zhu 5 7OV i % 158073 55 2 Rk
15 R RN 21 3 E00 R ST A R R AT 0 O R AT S B AT
ZER 7R, OsGLI 11198 bpihiy—4>SNP5 % !
SR, ESpr3f IIREtE 2SN, BT A SR
R 1OFP BT AARAY, T R ok S5 A AR Hh T — R S A,
HE— R B A7 0 32 B R B B KRS ) R AR K F
B AR IR — A R It B, 24 S0 [R] s
i T M AR R b 4 o R AR K D 1 B 3 R PROG
2 K G i — > CoH B AR 2R 1, IV 40 i 7 AN e it
T M 0 B IE BH 32 2 1 2 e SR PR . e R PR S 0 U IE
B G B X — > 2 R B ¥ T BOZ L A Dy ge s g,
R AR A ) AR AR R B AR KO, S — S s R
[F) s o % B A RS 0 AT P 80 b A R B, BT A IR K A
i AR A [R] B4 ke 2 A2 o5, UE B BT A K ST PR
] — VR A A5 o0 i R AR R oA — R ok
RIS, (HAIRICN B R A KR, W B 2R T fg
A H Al A A AR B R FI R, m
i 3 N sd ] P AFAE2A D Re 1Y 22 8 M7 A S A R
FFRAIAN G, 58 A R ORI RS AR L, ARG sd 157 1 Bt
TR 22 AR AR, RIALERERE DI L R v, sl
Z 2N WA ISR N T 852, b IR AT LS Bk
FEBE R AFIPRGE, (A A m] b Al 2 2F, iRk
PR — 5 P YIEERAE . Sdra kKRG EHIRIRQTL, H
A EE T Re AR A, REEMTER— T, R
I B A R BR A G R L X R TR & b R A A B
TR B, A REARS AR S AR S, RIS R
W) 22 90 Ay 2 2 R4 o 57 A T B AR AR s X)) B e £ f

1072

PEAT BRI B A B, ORIRE FP 8 400 ) 7 s R 1 REA,
T A 0 e O A (R S RIS 5.l O P70, R e A
e b Sdra i #7207 T N [ 2 BE 1 9 Ak A2,

3.5 BUBEERSSKEEENRZ IR

Wit FAREFAE AT LA B, AR R A SRR
() 18 AN T 7R R (D RE Bl R B 5848, A5 T
RE AR A 780 28 A R 98 X0 ACAE . 1T e 30T LS 138 ik
R, FEMBRALG | AERIBRNAMAE KR EE L 2R
PR EEVEN. Epi-dlE— WA 8 BT R AR K
X PR AR 2 M SDNARESIJC e, & d D13 S 3
T X R RS E, A48 1 AIDNAH I
TR, %2878 R HAT XU n) [|] 52 28 AR e 77, #HEIN AT )
T RE PR B 1 PR AR, S e R F R
RIAE KT RIE LB BE, T H 5+
ML A BB . A BSSS AR BRS8N AR 1 3k, 7E
K H TR, e R, —1
SNPFE( W & FRAN 2 5, L Renbr kM|, Jk
HISRNAZS 5 X — i B IEHE, K H T 58SHIS8N
Pz LR Rk BT, HS58SFEAELTS8N; H 3t
o Hr iR, 58SH IR I I 8 T H R AL K P2 i,
e SNP 5 B HE 4 A RNA — 9% 285 ¥y e A, 5% g LX)
B B 7 i H AR B, T B3 A /K28 1k,
K AESSSHYF E™). Zhou e NS M R, %
P AERS =121 ntAY/NRNA, 1fiiSNP{ T/hRNA
I, A SNPREME T /NRNA 5 # 5L A7 5 19 45 & fig
71, AR SCIE R ik e 45, M AL R

4 KA EARAE AR Rl i B T i s

4.1 FOEPBARSI R e R

JKFEQTLA 5 1Y A &2 i Ry & b G ) FH 3 2L 410
R AR A it 7 e B, SR 2R W H R N 2R
A AT R, T B AR AR A
H AR S P HIME B, B KB X — A~ il F (8 A DG
PER AT ALY L3 B, 8L T A [ 7
HARAE 2, ARG A B A ek B 25 30 . SR
BOR W 2D RE g i — DA X —ad FR A SE I, SRl
& F& B9 TALEN(transcription activator-like effector
nuclease) A1 CRISPER (clustered regularly interspaced
short palindromic repeat)/Cas9+4¥% A GBS & s5 fi % H 1Y
FeWH, &7 T Re e X 2 AL S AT R, D)



iE R

— 7 T RE % 8 i [ 3 T 6 K A IR 5% 56 R P 271 9 ok
FCAE K AR N BT AT MR E A 2 AR A
TESE B0 AT B 5 1Y AR AR ST R E A N B T fig
B S 7= A A AR R T BE AR AR I P A A R PEIR P
P AL £F A5 —Fh % 50 09 2% AL 45 GS3, GL3.1,
GW2, GWS5, TGW6, Gnla, deplHlsdl, F| 1w
FEAR BT L= A AL B8R, AN P2 A . X
GS3R ] LUAT 1E £ B B A [R) B D e Sk, M TTTE A
[FIRR . B E AR, XSy SR e B
5 AT, RS s SR RS,
W), B, Shan%E AN PVF] I TALENS: AR B2l i
B T 52 i 7K R A R IE B 3 I OsBADH?2, 5 F R 4
FGE AR FEAR 7= A 10 05 B 0 03k 0% 56 TR ) AR A8 S
Pl 7K S, I B A 35 DT ol B B R AT T oK R i Ak
SRR . TIRR AR AT A o5 4 ) R R R 338 R
AN S DN o 2N o B oS I 71 = N 1
e, N S AFEGSS, GW6a, GWS, APO1, Ghd?,
Ghd8, Ghd7.1, SPIKE, PTBI, Drol%, SKjiXFpzsHl
()7 AR A AR EME B R, AR5 5 S, iy A7 2
FE R Tk b IR A7 AE AL SURE S e o R 7 AR A
ANIEE FE RN E 56 AR N R 78, X — 18 L FEgSHI
FSpr3 i s W58 rh A RELTS S5 48, Bk —A
PERAEQTL A M rh i g — N s s il OKG 40 e 6 40
WRZANFEHES 5 Hp, SKIFSK2[FF 2 5K A
T 7K TP IR B VRS, BT 3 DR ) B e )

4.2 FIHsy THs il HliBh I HE R O 7 R

X R e B 5 PR A AN 45 5 S R B AN g ik #1) T
AR B AR R, W LR o+ f i Bl B e £
(marker assisted selection, MAS) A 7 45 45 8 L v f
SR SRR, DT R R A R
TESubIAWIWEFE Y, A7 o5 Bk 2 A B ED EEHE ) 5 Fb
SwarnaH, W™ AEHTKHE B AR SS f Fh, EHAZAL Y
FEAEAR A IE H Pe O R S o Wk %A S S A
7% [E &K & FPKDML105 2 ) it 7k 7 fg o P2,
U, K 2 A A R B PR ) R 5 QTL &
AR [t A B R AR 4 B A P — A R e, AR
HQTLEAEF, AEMSHAEGMAREC EH L
TAFFEUESE . QTLER A MM S AEGnla W Th 8 B
AR, N T U8 Gnl a5 FE RR S 181 4R 1 )
B, R E R Gnla5 2% (g B N sd R A 2[R — 1~
AT s, SRR, B sdI S aH 55 Gnlal

AP A, E AU 5 R R AR SR R BN 3 7= P8 B,
Steele¥: A\ BT Azucenadh Fh i 44 Fas AR IR
(4 QTL K 17428 1l R oK A A 114 B Ao i 3R A B B 2
e i A Kalinga I Hf, 3 B DA 2 95 122 4 Bl A BT 2 16
J. B B EAR S TE R AR B S &3k A5 B AR
gk —dt Iy T8, HA—CHR G A R AR B 1 43
FARICHIE, X EEhRic AE S P 45 2 H AR o5 I HE
B JGAEAVE A5, 1T Ando % A O I 1 432 ) R e AR X2
ML QTL# AT R G, 45 R WoR, 240 QTLX = i
() BT RRJZ AT 1, PR R A B 7 A T 2 A R4
PRL I AT AR FH B 22 4 DG PR B QTL AR A& K 42 /=1 7K A
FEA. R gw8 S gs 3T A HEAE SR IE 7= 1 Y [R] B 4 2l
KK R, R FHZ 7T T 8 A Huabiaol . 24
() 223t 7 Wang 25 A OIS dh A8 2528, b T4
K S A7 J5 gF L1 5 GS3, Wx, GhdS{ii 5 iE47 £ B &
G, Fe A R [E AL S A A ZS97, HidhgFLI, GS3
WX 3R A R R S RO AL G, FLRE TE M 3 iR
1%, e N52.5%, TMigFLI, GhdSHIWxIir) 54 kk
U3 7= 515 64.6%. X EEMFIE N, QTLER AT AT
DI a2 YRR, MR KRR F R 2 T B
TiAN, IR R T I RE R B AR H AR A S, B
B ZE .

5 gt

e B e R K RS SRR R B AP 322 H AR,
SRR 48 8 A £ BAKH T & A T AR X R 0% P IR
MBS NG5G, A Lok TR AT I H R IA
fase, kPR ER. BRSTFHARMN KR
B (AT RE 08 X 3 45 A0 B IR ) AR AR SR A T2
i, FFIEAT R S R ST R AN AE A, M T BEAE DA 4>
T AKX A R PR R R AT 5 R . KRR QTLE 26
T BB P2 Q-TRAOME A AT RE % J7 (o b 45 1) 8 45 AN
] 4 2R A QLA A 8 B LAk 3 35 (R 101, g 7K
FET 300043 422 0 Fft JoE B9 4= 5 PR 41 00 2 30 H A 8 58 A,
S XA TR BE Gk 14x, AH R AT DL G 2O
GigaDB X4 5 T 457, XF 17 59 SNPA5 Bt 7l LA
IRICR 5P |3, X AMTRES 5 5 T M AS [
Folr iy ast A 4 8, o 64T QTLE 43 43t DG HK 43 By
PEOET RO S, WM 20 [ AR A S L6
FAR M &SR H AR E R AT RE, HH T
ANTA] SR AR 53 0 43 F BILTI A RE X AR G IR 2R 17 34,
V2 e m Mok g A R4 SRR T RE B R AR S A

1073



4 % B & 201548 H$60% £128

JH 5 DR R 83 B2 AR AT L 75 {68 3 o ok 8 PR R A7 A i
SR Ty B FJ A 2 /A% S DU vl ] A 7 8] 42 T A7 R AT i
fg BRI R iR, HX — i R S

TR AN > T HLHRIRR . B TR B o s A, A
Mo FARICH B e FR L B A AR S5 A ES IR
B AR ZT A, R B O e S B
LU T 0 PR E RS, AR AR E
SRR AN TR R ER, 3 a AN ) B T, R
X LA 500 ) A BB S S A, SR A PRI
it B AR ALE R B T 2 AR AL A K

i, 2345 R A R BOR T B AT il Bl i & 80O Al BE.
LK R K AR R T s R R I, e LR
TR R M KL A RS2 N, 2 0 AR ik 0 i H
AHZ PR FERRTE &8 IR MR BTFE SE
M T A2 ABRE K B . %R s 1 AT
s BLAG A Z PG IR B, AL 45l o 55 5 5 A (A B
e, LGN ML SR A AT R D E AL SR
g, SRJE M o0 5 b ic 4 By e e B [N ) 5
LR P A AR S AR Al b, B il (2
. RN, SR AR AGE S — R AR A A

PEPUN
1 Khush G S. Green revolution: Preparing for the 21st century. Genome, 1999, 42: 646-655
2 Xing Y Z, Tan Y F, Hua J P, et al. Characterization of the main effects, epistatic effects and their environmental interactions of QTLs on

the genetic basis of yield traits in rice. Theor Appl Genet, 2002, 105: 248-257

3 Wan X Y, Weng J F, Zhai H Q, et al. Quantitative trait loci (QTL) analysis for rice grain width and fine mapping of an identified QTL
allele gw-5 in a recombination hotspot region on chromosome 5. Genetics, 2008, 179: 2239-2252
4 Schon C C, Utz H F, Groh S, et al. Quantitative trait locus mapping based on resampling in a vast maize testcross experiment and its
relevance to quantitative genetics for complex traits. Genetics, 2004, 167: 485-498
5 Yano M, Kojima S, Takahashi Y, et al. Genetic control of flowering time in rice, a short-day plant. Plant Physiol, 2001, 127: 1425-1429
6 Xing Y Z, Zhang Q F. Genetic and molecular bases of rice yield. Annu Rev Plant Biol, 2010, 61: 421-442
7 Ding X P, Li X K, Xiong L Z. Evaluation of near-isogenic lines for drought resistance QTL and fine mapping of a locus affecting flag leaf
width, spikelet number, and root volume in rice. Theor Appl Genet, 2011, 123: 815-826
8 Zhang Y S, Luo L J, Liu T M, et al. Four rice QTL controlling number of spikelets per panicle expressed the characteristics of single
Mendelian gene in near isogenic backgrounds. Theor Appl Genet, 2009, 118: 1035-1044
9 Taguchi-Shiobara F, Yamamoto T, Yano M, et al. Mapping QTLs that control the performance of rice tissue culture and evaluation of
derived near-isogenic lines. Theor Appl Genet, 2006, 112: 968-976
10 Sato T, Ueda T, Fukuta Y, et al. Mapping of quantitative trait loci associated with ultraviolet-B resistance in rice (Oryza sativa L.). Theor
Appl Genet, 2003, 107: 1003—-1008
11 Lin H X, Yamamoto T, Sasaki T, et al. Characterization and detection of epistatic interactions of 3 QTLs, HdI, Hd2, and Hd3, controlling
heading date in rice using nearly isogenic lines. Theor Appl Genet, 2000, 101: 1021-1028
12 Garcia-Oliveira A L, Tan L B, Fu Y C, et al. Genetic identification of quantitative trait loci for contents of mineral nutrients in rice grain.
J Integr Plant Biol, 2009, 51: 84-92
13 Takai T, Ohsumi A, San-oh Y, et al. Detection of a quantitative trait locus controlling carbon isotope discrimination and its contribution to
stomatal conductance in japonica rice. Theor Appl Genet, 2009, 118: 1401-1410
14 Matsumoto T, Wu J Z, Kanamori H, et al. The map-based sequence of the rice genome. Nature, 2005, 436: 793-800
15 Yul, Wang J, Lin W, et al. The genomes of Oryza sativa: A history of duplications. PLoS Biol, 2005, 3: e38
16 Huang X H, Feng Q, Qian Q, et al. High-throughput genotyping by whole-genome resequencing. Genome Res, 2009, 19: 1068-1076
17 Wang L, Wang A H, Huang X H, et al. Mapping 49 quantitative trait loci at high resolution through sequencing-based genotyping of rice
recombinant inbred lines. Theor Appl Genet, 2011, 122: 327-340
18 Xie W B, Feng Q, Yu H H, et al. Parent-independent genotyping for constructing an ultrahigh-density linkage map based on population
sequencing. Proc Natl Acad Sci USA, 2010, 107: 10578-10583
19 Yu HH, Xie W B, Wang J, et al. Gains in QTL detection using an ultra-high density SNP map based on population sequencing relative to
traditional RFLP/SSR markers. PLoS One, 2011, 6: €17595
20

1074

Xu JJ, Zhao Q A, Du P N, et al. Developing high throughput genotyped chromosome segment substitution lines based on population
whole-genome re-sequencing in rice (Oryza sativa L.). BMC Genomics, 2010, 11: 656



21

22

23

24

25

26
27

28

29

30

31

32

33

34

35

36

37

38
39

40
41

42

43

44

45

46

47

Zhang H, Zhao Q, Sun Z Z, et al. Development and high-throughput genotyping of substitution lines carring the chromosome segments of
indica 9311 in the background of japonica Nipponbare. J Genet Genomics, 2011, 38: 603-611

Huang X H, Wei X H, Sang T, et al. Genome-wide association studies of 14 agronomic traits in rice landraces. Nat Genet, 2010, 42:
961-976

Huang X H, Zhao Y, Wei X H, et al. Genome-wide association study of flowering time and grain yield traits in a worldwide collection of
rice germplasm. Nat Genet, 2012, 44: 32-39

Yano M, Katayose Y, Ashikari M, et al. HdI, a major photoperiod sensitivity quantitative trait locus in rice, is closely related to the
Arabidopsis flowering time gene CONSTANS. Plant Cell, 2000, 12: 2473-2483

Kojima S, Takahashi Y, Kobayashi Y, et al. Hd3a, a rice ortholog of the Arabidopsis FT gene, promotes transition to flowering
downstream of HdI under short-day conditions. Plant Cell Physiol, 2002, 43: 1096-1105

Tamaki S, Matsuo S, Wong H L, et al. Hd3a protein is a mobile flowering signal in rice. Science, 2007, 316: 1033-1036

Doi K, Izawa T, Fuse T, et al. Ehdl, a B-type response regulator in rice, confers short-day promotion of flowering and controls FT-like
gene expression independently of Hdl. Genes Dev, 2004, 18: 926-936

Komiya R, Yokoi S, Shimamoto K. A gene network for long-day flowering activates RFT1 encoding a mobile flowering signal in rice.
Development, 2009, 136: 3443-3450

Xue WY, Xing Y Z, Weng X Y, et al. Natural variation in Ghd7 is an important regulator of heading date and yield potential in rice. Nat
Genet, 2008, 40: 761-767

Itoh H, Nonoue Y, Yano M, et al. A pair of floral regulators sets critical day length for Hd3a florigen expression in rice. Nat Genet, 2010,
42: 635-638

Yan W H, Wang P, Chen H X, et al. A major QTL, Ghd8, plays pleiotropic roles in regulating grain productivity, plant height, and
heading date in rice. Mol Plant, 2011, 4: 319-330

Wei X J, XuJ F, Guo H N, et al. DTHS suppresses flowering in rice, influencing plant height and yield potential simultaneously. Plant
Physiol, 2010, 153: 1747-1758

Wu W, Zheng X M, Lu G, et al. Association of functional nucleotide polymorphisms at DTH2 with the northward expansion of rice
cultivation in Asia. Proc Natl Acad Sci USA, 2013, 110: 2775-2780

Koo B H, Yoo S C, Park J W, et al. Natural variation in OsPRR37 regulates heading date and contributes to rice cultivation at a wide
range of latitudes. Mol Plant, 2013, 6: 1877-1888

Gao H, Jin M, Zheng X M, et al. Days to heading 7, a major quantitative locus determining photoperiod sensitivity and regional
adaptation in rice. Proc Natl Acad Sci USA, 2014, 111: 16337-16342

Yan W H, Liu H'Y, Zhou X C, et al. Natural variation in Ghd7.1 plays an important role in grain yield and adaptation in rice. Cell Res,
2013, 23: 969-971

Zhang Z H, Wang K, Guo L, et al. Pleiotropism of the photoperiod-insensitive allele of HdI on heading date, plant height and yield traits
in rice. PLoS One, 2012, 7: 52538

Ashikari M, Sakakibara H, Lin S Y, et al. Cytokinin oxidase regulates rice grain production. Science, 2005, 309: 741-745

Kurakawa T, Ueda N, Maekawa M, et al. Direct control of shoot meristem activity by a cytokinin-activating enzyme. Nature, 2007, 445:
652-655

Huang X Z, Qian Q, Liu Z B, et al. Natural variation at the DEPI locus enhances grain yield in rice. Nat Genet, 2009, 41: 494-497

Jiao Y Q, Wang Y H, Xue D W, et al. Regulation of OsSPL14 by OsmiR156 defines ideal plant architecture in rice. Nat Genet, 2010, 42:
541-544

Miura K, Ikeda M, Matsubara A, et al. OsSPLI14 promotes panicle branching and higher grain productivity in rice. Nat Genet, 2010, 42:
545-549

Ikeda K, Ito M, NagasawaO N, et al. Rice ABERRANT PANICLE ORGANIZATION 1, encoding an F-box protein, regulates meristem fate.
Plant J, 2007, 51: 1030-1040

Ookawa T, Hobo T, Yano M, et al. New approach for rice improvement using a pleiotropic QTL gene for lodging resistance and yield. Nat
Commun, 2010, 1: 132

Terao T, Nagata K, Morino K, et al. A gene controlling the number of primary rachis branches also controls the vascular bundle formation
and hence is responsible to increase the harvest index and grain yield in rice. Theor Appl Genet, 2010, 120: 875-893

Ikeda-Kawakatsu K, Yasuno N, Oikawa T, et al. Expression level of ABERRANT PANICLE ORGANIZATIONI determines rice
inflorescence form through control of cell proliferation in the meristem. Plant Physiol, 2009, 150: 736-747

Qi J, Qian Q, Bu Q, et al. Mutation of the rice Narrow leafl gene, which encodes a novel protein, affects vein patterning and polar auxin
transport. Plant Physiol, 2008, 147: 1947-1959

1075



el

8 # 2015F48 #$60% F128#

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63
64

65

66

67

68

69

70

71

72

73

1076

Zhang G H, Li S Y, Wang L, et al. LSCHL4 from japonica cultivar, which is allelic to NALI, increases yield of indica super rice 93-11.
Mol Plant, 2014, 7: 1350-1364

Takai T, Adachi S, Taguchi-Shiobara F, et al. A natural variant of NALI, selected in high-yield rice breeding programs, pleiotropically
increases photosynthesis rate. Sci Rep, 2013, 3: 2149

Fujita D, Trijatmiko K R, Tagle A G, et al. NALI allele from a rice landrace greatly increases yield in modern indica cultivars. Proc Natl
Acad Sci USA, 2013, 110: 20431-20436

Li S C, Li W B, Huang B, et al. Natural variation in PTB/ regulates rice seed setting rate by controlling pollen tube growth. Nat Commun,
2013, 4:2793

Fan C H, Xing Y Z, Mao H L, et al. GS3, a major QTL for grain length and weight and minor QTL for grain width and thickness in rice,
encodes a putative transmembrane protein. Theor Appl Genet, 2006, 112: 1164-1171

Fan C C, Yu S B, Wang C R, et al. A causal C-A mutation in the second exon of GS3 highly associated with rice grain length and
validated as a functional marker. Theor Appl Genet, 2009, 118: 465-472

Mao HL, Sun S Y, Yao J L, et al. Linking differential domain functions of the GS3 protein to natural variation of grain size in rice. Proc
Natl Acad Sci USA, 2010, 107: 19579-19584

Wang C R, Chen S, Yu S B. Functional markers developed from multiple loci in GS3 for fine marker-assisted selection of grain length in
rice. Theor Appl Genet, 2011, 122: 905-913

Hu Z J, He H H, Zhang S Y, et al. A Kelch motif-containing serine/threonine protein phosphatase determines the large grain QTL trait in
rice. J Integr Plant Biol, 2012, 54: 979-990

Qi P, Lin Y S, Song X J, et al. The novel quantitative trait locus GL3.! controls rice grain size and yield by regulating Cyclin-T1;3. Cell
Res, 2012, 22: 1666-1680

Zhang X J, Wang J F, Huang J, et al. Rare allele of OsPPKLI associated with grain length causes extra-large grain and a significant yield
increase in rice. Proc Natl Acad Sci USA, 2012, 109: 21534-21539

Shomura A, Izawa T, Ebana K, et al. Deletion in a gene associated with grain size increased yields during rice domestication. Nat Genet,
2008, 40: 1023-1028

Weng J F, Gu S H, Wan X Y, et al. Isolation and initial characterization of GWS5, a major QTL associated with rice grain width and
weight. Cell Res, 2008, 18: 1199-1209

Song X J, Huang W, Shi M, et al. A QTL for rice grain width and weight encodes a previously unknown RING-type E3 ubiquitin ligase.
Nat Genet, 2007, 39: 623-630

Li Y B, Fan C C, Xing Y Z, et al. Natural variation in GS5 plays an important role in regulating grain size and yield in rice. Nat Genet,
2011, 43: 1266-1269

Wang S K, Wu K, Yuan Q B, et al. Control of grain size, shape and quality by OsSPLI6 in rice. Nat Genet, 2012, 44: 950-954

Ishimaru K, Hirotsu N, Madoka Y, et al. Loss of function of the IAA-glucose hydrolase gene TGW6 enhances rice grain weight and
increases yield. Nat Genet, 2013, 45: 707-711

Song X J, Kuroha T, Ayano M, et al. Rare allele of a previously unidentified histone H4 acetyltransferase enhances grain weight, yield,
and plant biomass in rice. Proc Natl Acad Sci USA, 2015, 112: 76-81

Ren Z H, Gao J P, Li L G, et al. A rice quantitative trait locus for salt tolerance encodes a sodium transporter. Nat Genet, 2005, 37:
1141-1146

Xu K N, Xu X, Fukao T, et al. SubIA is an ethylene-response-factor-like gene that confers submergence tolerance to rice. Nature, 2006,
442:705-708

Fukao T, Bailey-Serres J. Submergence tolerance conferred by SublA is mediated by SLR1 and SLRLI restriction of gibberellin
responses in rice. Proc Natl Acad Sci USA, 2008, 105: 16814-16819

Hattori Y, Nagai K, Furukawa S, et al. The ethylene response factors SNORKELI1 and SNORKEL?2 allow rice to adapt to deep water.
Nature, 2009, 460: 1026-1030

Fujino K, Sekiguchi H, Matsuda Y, et al. Molecular identification of a major quantitative trait locus, gLTG3-1, controlling
low-temperature germinability in rice. Proc Natl Acad Sci USA, 2008, 105: 12623-12628

Uga Y, Sugimoto K, Ogawa S, et al. Control of root system architecture by DEEPER ROOTING 1 increases rice yield under drought
conditions. Nat Genet, 2013, 45: 1097-1102

Weng X Y, Wang L W, Wang J, et al. Grain number, plant height, and heading date7 is a central regulator of growth, development, and
stress response. Plant Physiol, 2014, 164: 735-747

Takano-Kai N, Jiang H, Kubo T, et al. Evolutionary history of GS3, a gene conferring grain length in rice. Genetics, 2009, 182:
1323-1334



74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

Wang E T, Wang J J, Zhu X D, et al. Control of rice grain-filling and yield by a gene with a potential signature of domestication. Nat
Genet, 2008, 40: 1370-1374

Konishi S, Izawa T, Lin S Y, et al. An SNP caused loss of seed shattering during rice domestication. Science, 2006, 312: 1392-1396

Li C B, Zhou A L, Sang T. Rice domestication by reducing shattering. Science, 2006, 311: 1936-1939

Luo J J, Hao W, Jin J, et al. Fine mapping of Spr3, a locus for spreading panicle from African cultivated rice (Oryza glaberrima steud.).
Mol Plant, 2008, 1: 830-838

Ishii T, Numaguchi K, Miura K, et al. OsLGI regulates a closed panicle trait in domesticated rice. Nat Genet, 2013, 45: 462-465

Zhu Z F, Tan L B, Fu Y C, et al. Genetic control of inflorescence architecture during rice domestication. Nat Commun, 2013, 4: 2200

Jin J, Huang W, Gao J P, et al. Genetic control of rice plant architecture under domestication. Nat Genet, 2008, 40: 1365-1369

Tan L B, Li X R, Liu F X, et al. Control of a key transition from prostrate to erect growth in rice domestication. Nat Genet, 2008, 40:
1360-1364

Asano K, Yamasaki M, Takuno S, et al. Artificial selection for a green revolution gene during japonica rice domestication. Proc Natl
Acad Sci USA, 2011, 108: 11034-11039

Sugimoto K, Takeuchi Y, Ebana K, et al. Molecular cloning of Sdr4, a regulator involved in seed dormancy and domestication of rice.
Proc Natl Acad Sci USA, 2010, 107: 5792-5797

Miura K, Agetsuma M, Kitano H, et al. A metastable DWARF1 epigenetic mutant affecting plant stature in rice. Proc Natl Acad Sci USA,
2009, 106: 11218-11223

Ding J H, Lu Q, Ouyang Y D, et al. A long noncoding RNA regulates photoperiod-sensitive male sterility, an essential component of
hybrid rice. Proc Natl Acad Sci USA, 2012, 109: 2654-2659

Zhou H, Liu Q J, Li J, et al. Photoperiod- and thermo-sensitive genic male sterility in rice are caused by a point mutation in a novel
noncoding RNA that produces a small RNA. Cell Res, 2012, 22: 649-660

Li T, Liu B, Spalding M H, et al. High-efficiency TALEN-based gene editing produces disease-resistant rice. Nat Biotechnol, 2012, 30:
390-392

Endo M, Mikami M, Toki S. Multigene knockout utilizing off-target mutations of the CRISPR/Cas9 system in rice. Plant Cell Physiol,
2015, 56: 41-47

Zhang H, Zhang J S, Wei P L, et al. The CRISPR/Cas9 system produces specific and homozygous targeted gene editing in rice in one
generation. Plant Biotechnol J, 2014, 12: 797-807

Zhou H B, Liu B, Weeks D P, et al. Large chromosomal deletions and heritable small genetic changes induced by CRISPR/Cas?9 in rice.
Nucleic Acids Res, 2014, 42: 10903-10914

Shan Q W, Zhang Y, Chen K L, et al. Creation of fragrant rice by targeted knockout of the OSBADH2 gene using TALEN technology.
Plant Biotechnol J, 2015, doi: 10.1111/pbi.12312

Siangliw M, Toojinda T, Tragoonrung S, et al. Thai jasmine rice carrying QTLch9 (SubQTL) is submergence tolerant. Ann Bot, 2003, 91:
255-261

Steele K A, Price A H, Shashidhar H E, et al. Marker-assisted selection to introgress rice QTLs controlling root traits into an Indian
upland rice variety. Theor Appl Genet, 2006, 112: 208-221

Ando T, Yamamoto T, Shimizu T, et al. Genetic dissection and pyramiding of quantitative traits for panicle architecture by using
chromosomal segment substitution lines in rice. Theor Appl Genet, 2008, 116: 881-890

Wang P, Zhou G L, Yu H H, et al. Fine mapping a major QTL for flag leaf size and yield-related traits in rice. Theor Appl Genet, 2011,
123: 1319-1330

Yonemaru J, Yamamoto T, Fukuoka S, et al. Q-TARO: QTL annotation rice online database. Rice, 2010, 3: 194-203

3000 rice genomes project. The 3000 rice genomes project. Gigascience, 2014, 3: 7

Alexandrov N, Tai S S, Wang W S, et al. SNP-seek database of SNPs derived from 3000 rice genomes. Nucleic Acids Res, 2015, 43:
D1023-D1027

Zhang Q F. Strategies for developing Green Super Rice. Proc Natl Acad Sci USA, 2007, 104: 16402-16409

1077



4 % B & 201548 H$60% £128

Understanding natural variations: The source of elite agronomic traits
for rice breeding

ZHANG Lin & HE ZuHua
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of Sciences, Shanghai 200032, China

As a major cereal crop worldwide, rice has undergone a long natural evolution and domestication selection, which has resulted in a
large amount of sequence variations. Some variations play important roles in agronomic traits that satisfy human demands, which are
usually controlled by quantitative loci. The nature of rice breeding is to select and combine beneficial variations. However, traditional
breeding relies mainly on visual observation sempiricially, which is ineffective and laborious, and difficult to use natural variations. It
is necessary to reveal the elite natural variations of important agronomic traits in moderrn crop breeding with molecular techniques.
With the advent of molecular technology, researchers have made great progress in elucidating natural variations and the underlying
molecular mechanisms in rice. In this review, we describe characteristics of natural variations and research strategies in rice,
highlighting the roles of high throughput sequencing techniques. We sum the recognized molecular mechanisms controlling important
agronomic rice traits, including heading data, yield elements, abiotic stress tolerance and domestication-related traits. Additionally, we
discuss the strategy of using different variations in rice breeding, either by transgene technology or marker-assisted quantitative trait
loci pyramiding, which would facilitate rice breeding programs with multiple superior alleles.
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