2 i R A 2011(2):12~15

Heilongjiang Agricultural Sciences iﬁ-%—%‘ﬁ
V% N | NEn TA—»
JIC e i e HH 1 ' S A A
SESFlY EAREET
(L ABRLEKF RFER, LAIL % RiE 15000052, LA EREHBFFTHHF O, ZE T b

R % 150090)

HEABOMERRILSARR S FVE RO ELREIMR. LARAY afLn LRI ER X,
A SRk S B 4 ) K AG R AL 69 8 AP A B SE5 . Hdl(Sel) . Hd6, Hd3a,OsGIEhd1 (EF ()], Ghd7 %=
RID1/Ehd2/OsIdl & 35 5 8 A IS 5 A4 M 26 69 3 R e AT T 4738

K BIR)  AKAG ;s A AR R R
FESES:S511 XHRFRIRAD A

TE 1 SEAR) 00 A 1% F 30 b s DB 33 A K 3 AR
ARE-DEENE A, BN R T2
WTERR = AR Sh I8 52 B AME SR AF R 52w . AME
S FEAHE RN AR . MY RS2 A RO IR
B9 Gl — RIUE S P RO R &5 R E
FRAEK A A KA . Garner 260 15 IR AT
AR 7O R I . AR i AR ) T A O R Y
FNEANTR] s — O A ) 43 Ry 3 b A 4 H AR
Y1 K HAEY A E R . R R A
PR AR . KRR T B IR AE R B IR
FAF T AR 4 K H R N IRE K

KW FMEEFZSE A 8 000~
10 000 affy Jj 520 o 7K e it b 3t 2943 A 19 ) 32
R RN R 2
AR o KRR SRR A R0 3 e LB M L ROR
PERGEAE FRAERK Mg . S F 5906 EEHE O
R A —HLUCREE M FE AR —. X
I Rl A T 5 DA K 0 R T ) F R A B T e
A K R B 0 A st A S m RN R R B R T . BESE
A3 LR A T IR 4 2 Y kR KRR il R B Y 3
Tt (2 B T AR R Ak Ji . 3% SR il 7K A il
RO 118 5 DR 5 e RO S B0 155 5 T 455 O 4% 110 8 g
R S0P
1 KRS AR 0T D] el

S BETEAE Y B A N I TAEE

¥ Fs H #9:2010-09-13

E—EER NI (19665, B LIRS Bl B,
A0, N FH KRS F Pl B %5, E-mail: Bdhrice @
163. com,

BIRAESE ARFE 4 (1965, B, My w8 i AL+, %
¥ N FE KB EMBFIE. E-mail: 55190292@163. com.

12

NERS.1002-2767(2011)02-0012-04

JR SRR T K A A A SO R A B AT 8 A
1.1 SE5

SE5 J& Tzawa %0 LB 58 A5 K sed Sy 4t
Ak I FH A7 35 PR v A 9k R O o R ) A A o UK e
I A BE ], AR R Ty G A ST R
fm A Norin8 R A5 . H A . 4l 78 R0 3R 8O 19 +E
P, ZERESWEAN HYL KW FEE, BA miS
I 2T 3 hn 48U 0 D BE L 1% g 5 0t B 3R A o A Y
WG A DG, TP S BT R WYL B R AE K i
PR rf A — A B DL, JHC I 75 e 132 A 4 B 289
MREBERIRENE A, A RINKE R 7
AT AR & seb AR BB . BIIA S . K
i EOLYE 5O A R AR A A G,

1.2 HdI(Sel)

Yano %5 ] & A7 v B 7 Tk o B 3R AR T
Hdl 3R, Z#ERUET 2 MM EF. w5 1R
4 CCT (CONSTANS, CO-LIKE, TIMINGOF-
CABD 45/ 3 ) B-box 4F 38 & (1. il i )7 5 ke
BRI Hdl 5B IF 1 CO(CONSTANS) 3 X
[FIUE ¥ gm b 1 A5 BE 4G 45 0 B0 B S IR -, Je%
FeHEDIREAS R 0 R, I Hd ! 850 56 P 17 R I
IR 22 5, ERRIAET I B Ve 5k v Be KV
FA ] DL S AR 1 3L R 56 )7 (RRHQR) A 7E 5
A X B AR S T8 H I BE AR k. B AL i A oy
Mr B Hdl v RE B W EII6E . M H B &4 TR
e K H BRSO A AR . B T
CO fJE H B T X AR WA 2, 75K H g
FEHEFAE
1.3 Hd6

Takahashi %™ H] Nipponbare #1 Kasalath
oy g ) e AR 1] S HEAR S B T Hd6, 1% 5 i



24 TS L 3R KRS A AR 04 R B R 4

#HAETA

7 B CK2 8 o W35, 53R 7 L E K )
CK2o B ERE ., 7£K H BT Kasalath
() 555 3 [ Hd6 %E3R 4l 7, 17 7 Nipponbare H
(1) 85 A0 Fk PR JE AR 52 i 4 B . Nipponbare 1 1%
HHEPEE T — MR IEEET TAG, $80%
FHEYIRETE R . 8L B A T 3% B, Kasalath 1
CK2q #HFEK T Nipponbare [ 4l f#1

1.4 Hd3a

Kojima* i 11 K5 4l & {7 8 Hd3a 5& {3 £ 29
20kb B9 X3P AL 4 AT IE A cds25 . cds26 .
cds27 M eds28, Hoh,eds25 54805 IF 09 L AE
R FT WP AR, E8 H BT ods25 iFR
R IES HERKHRBEGTEES. X5
Hd3a 7558 H R 58 5 Ho A2 2F b A2 A0 — B0y .
S5 HARHM .7 Hd3a W1 % 3 K & . eds25
WinGEEAWELHAR, TFL1 1 FT ¥ R85
IFR AL P LU 3 H, Hd3a 5 FT A
B T0% M —BE. 5 TFL1 HA 50 % M — 8.
TFLL 5 FT HATF 5 AU (8 30 ) 46 5 7% A5
Hd3a 1) 1A MK s, FT 0y & ik
IR T A . X LERE R Hd3a 5 FT —FE{E
ETFAEHE AR, 77 5 A ) 8 AH L PR S R Hd3a &
FT f— 1M HARREY.

1.5 OsGI

Hayama %" % ] 22 57 R 8 R 4 % 15 5|
I GI M E R RIEIERN OsGI ., 7K H R 5%
HIZ T ,0sGI 5 GI () mRNA ) £ i5 2 8
TREARE . 3 FIk OsGI s 3 DI RE Wk 76 8 H g
DL KK H BB & 0F T #B AE R il B, RNAL 10 il 3635
OsGI WFE IR AR TE K B BBV T fh A4 5 4
H IS B ZER Y,

1.6 EhdICEf(t))

Doi 5 F o7 e [ 2% va B 1 /KRG il B 30
QTL(Ehd1) ,iZ 3 H S A 341 MR KR B A
RR &M, Y pk T Hdl Zhfg = wt, 58 H IR &1
T Ehdl #5538, W E— 25 2R R K
() R T AR HE A A . g T A R DT DG JE RO [F]
) 2 o 12 DR A SUL R T b 4R AS 38 (] D5 6 A
1.7 Ghd7

Xue B I T — A~ 23R 8] B %
il FA R B bR AR AR, fE R H MR
Ghd'7 JE IR Jl B8 30 | 589 0 0k = B R /DN, i R
W 257 MEEMM CCT 45k & 1, 7
189~233 @AM S HIHE T CO HH KR

Hd1 F TR 4500 8 I 16 B A= 9
WM R E S EAN CCT X AF7E = B A I,
{H Ghd7 #y CCT X 3% 5 KR . /N2 . K2 ML R
EHESA CCT 4 ENBEARRER.
FAN GhdT ¥4 W HY B-box $¥15 454, 78 CCT
Z AN IX 38 5 HOURE I ) 3 R4 A A A A e A
M. Ghd7T FFHE 2 A BB ENE S
KRKK 1 RKKR, 2 & M.
1.8 RID1/Ehd2 /Osldl

Wu 20 Matsubara 260° 1 Park 2500 43
HFERE T KRGS E K IDL [RE A9 3 K RID1,
Ehd2 F1 Osld1, ID1 %ijfh—4> Cys-2/His-2 &l
FIEFFE & .4 A FEHE &L )y C2H2,.C2H2,C2HC
5 C2HC R ID g5 #5817, 3% 3 A4S 5L P 34 4 )
IDD % [, 3 of &8 FiiF 3 [ Erdl F1 Hd3a/
RFT1 py ik mife v fh i
2 e B FOK RS A RO 3% 14
2.1 RhBFE

HMYOLERZ R uiE e EMERARE.
53 F R G o b 2 B TR G B R B R R
55 4 AWK W. PHYA.PHYB, PHYC/F Hl
PHYE", IEIFA 5 MYt R 5K OA
PHYA #| PHYE). Ifi 88 7 i 41 ¥ K F LA
PHYA. PHYB f1 PHYC3 4 J i fa % %
A2 Takano 4221 %f PHYA. PHYB
PHYC #y P58 A5 AR L K XU A8 5 F 95 2 WA 7K #d
HE R R A TR T A H RS T AR i 4
B B OS2 AR fh A, b phyB 5k
phyC 5 phyA 78832 2] 5% i 1115 5 )5 /2 1 A~
[F) f1) 6 4% 5 R T AE 1
2.2 KTEHEHMNIAERME

25 WL (1) B8 4 2 6 6 T AR 0 1R o9 A7 A — b mT %
BIE S N OLES 7 0 iz sh BT 6 5 A 41
AU, PR AR (AT 25 3R 3 AF AE 1 I Ak
. IR EW FT/Hd3a & —F il £ 3 14
FFHAG S IR RS, EARBRAE 13 4
FTL(FT-like) 3, Htp RFT1 i F/KAES 6 e
ik, 5 Hd3a MIHE 11. 5 kb 3 [H 5 51 fif 25 %
k5 Hd3a 0L 7€ Hd3a Jj fig 6t 2K /),
RFT1 i 8 3k #h 9 7 ™. X £ W] Hd3a
RFT1 #f7& JF e 4 3 ¥, Hd3a i T Hdl.
Ehdl f1 OsMADS50 ) F yiEte 12200

Hayama %51 % B4 H I8 A5 4 /K F b A7 1

13



HAEF A

2k

I S 2

— 2% 0 JE ) UE B Y iR 1R OsGI-Hd1-
Hd3a 5HIRIFHE) GI-CO-FT fH2El., —#HZ
[ XA F K H AT CO LR FT B3Rk
PEHETFAE 0T Hd1 M) Hd3a 1363k 28 3R fil Bl
i Hdl 7858 B B &R N RS Hd3a 13635 A
ML A, Lee 5 R M5 IR ST SOCI [6] 5
) OsMADS50 3% | # #] J5, OsMADS1 . Os-
MADS14,0OsMADS15, OsMADS18 Ll K Hd3a
() FRI8 B, 1M OsGI fl Hd 1 1 3% 38 R 32 5%
X 7% W% 5 R A 7K e il 5 B B A% P Ak P MADS-
box ZEFEH & Hd3a ) LiE, OsGI B F iif. Hdl
5 OsMADS50 #y it % R A FfF T iF— 20 bt
55 ABERI R IR SOC1 22 CO B W ¥, 1
HIEZ&MT Erdl FRBZEI T AFRIES Hdl
T AL FT 23K (Hd3a F1 RFT1 %) 1y 3
KK H AT R R = AR XU TR
IKFEHAEAES Hd 1 T30 Az Py B o] 42 il 2 1) i
# .0sGI-Ehd1-Hd3a/RFT1, Kim 27 B58 %
B OsMADS51 & — A JF e fe it A+, i F OsGI
(R W Erdl 19 Eif. Xue 255 % 91 Ghd7 1)
FIRAR R A W) Bl I (OsLhy . OsPRR Al Os-
GD Rk E K HBEM TR Ghd? Ml
Ehd]l (3R W8 B A7E 50 H B 08T 09 74 I e
W&k A2 i Ehdl B3R5 E K H & Ghd7
JLF5E Ml T Hd3a B3R5 A 765 H 8 &4
TR 252 W Hd3a 1 3% 18 ; Ghd7. Ehd1l i
Hd3a %Lgﬁﬁi&&ﬂﬁ&ﬁﬁdxﬁéfm Ghd7T<Ehd1
< Hd3a Eﬁﬂf_%\ XFRY 3 A EEH B RER
Y

@/@

PH YC

RlD1/Ehd2/
Osldl 1

. .H”E ‘
0sMADS50
it
s FT-like /
(Hd3a/RFT1)

RGN A7k K B
PEL IO At Rl A0 R 4 ) 4%

14

{7 % &N GhdT-Ehdl-Hd3a, ¥ H B & TF
Hdl 5HFEERF CO M shREZEML. 4 1 I Y
KFEEA I Hd3a FiEWAE T HJE Hdl 3R
ikt Hd3a (A A%, XA AEJE Ghd7 #
it Ghd7-Ehd1-Hd3a X —JF £ &M T Hd 3a
Fik, I IF P ®A S Erdl, OsMADS51 i
Ghd7 PRI FE A K OsGI-OsMADS51-Ehd1-
Hd3a/RFT1 MGhd7-Ehd1-Hd3a W] i J& /K 75 4
AWHE R, KPS £k ID1 R 3 H

Ehd2.Os1d1 Fl RID1 L3 F i 3 B Erdl Fi
Hd3a/RFT1 i 33A M0 e BEAMAE AR T Hdl I

Ui (EL R X6 LB i L e N Ho, Grd T R R
K42 RID1 By 45 . PRI . /K 6 78 852 % J
WfESE. Ed 2 &BEMEE, L5 EHMm
BOLKE D,

3 e
A 2o XoF 7K R A AR A 2 AT 1 S 2 R ) fE o A
I H K BT O A Evﬂf’ﬂlﬁﬁﬁ’l FEEAR .

@zs)‘ﬁﬂﬁﬁﬁ%ﬂﬂﬁﬁ/\i%ﬁ' TP R iz
B LA K 52 AR g UM S5 Fe i — 2B BF5E . X H
B KRS K H *%iﬁ*ﬁ%ﬂf'ﬁﬁﬁk%. 6]
PR 5 6 48 JF i S A ) AR B HL B [R) B R
AT K RS AR 1 73 ML BB AR Ak R ST
Ok PR B AR,

S %3k

[1] Garner W W, Allard H A. Effect of the relative length of
day and night and other factors of the environment on
growth and reproduction in plants[J]. J. Agric. Res. ,1920,
18:553-606.

[2] Thomas B, Vince-Prue B. Photoperiodism in Plants[ M].
2nd ed. San Diego: Academic Press,1997.

[3] Doebley ] F,Gaut B S,Smith B D. The molecular genetics of
crop domestication[J]. Cell,2006,127:1309-1321.

[4] Khush G S. Origin, dispersal, cultivation and variation of
rice[ J. Plant Mol. Biol. ,1997,35:25-34.

[5] TIzawa T,Oikawa T, Tokutomi S,et al. Phytochromes confer
the photoperiodic control of flowering in rice (a short-day
plant)[J]. Plant J. ,2000,22:391-399.

[6] Yano M,Katayose Y, Ashikari M, et al. Hd1,a major pho-
toperiod sensitivity quantitative trait locus in rice,is closely
related to the Arabidopsis flowering time gene CONSTANS
[J7. Plant Cell,2000,12;2473-2483.

[7] Putterill J,Robbson F,Lee K,et al. The CONSTANS gene
of Arabidopsis promotes flowering and encodes a protein
showing similarities to zinc finger transcription factor[J].
Cell,1995,80.:847-857.

[8] Takahashi Y,Shomura A,Sasaki T.et al. Hd6.a rice quan-



2

FESF b S RAG TR AR 69 R R B A 4

#HAETA

9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

titative trait locus involved in photoperiod sensitivity, en-
codes the alpha subunit of protein kinase CK2[]]. Proc.
Natl. Acad. Sci. ,2001,98:7922-7927.
Kojima S, Takahashi Y,Kobayashi Y.et al. Hd3a,a rice or-
tholog of the Arabidopsis FT gene, promotes transition to
{lowering downstream of Hd1 under short-day conditions
[J7]. Plant Cell Physiol. ,2002,43:1096-1105.
Hayama R,Izawa T, Shimamoto K. Isolation of rice genes
possibly involved in the photoperiodic control of flowering
by a differential display method[]J]. Plant Cell Physiol. ,
2002,43:494-504.
Hayama R, Yokoi S, Tamaki S,et al. Adaptation of photo-
periodic control of pathways produces short-day flowering
in rice[ J]. Nature,2003,422:719-722.
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
Hd1[]]. Genes Dev. ,2004,18.:926-936.
Xue W Y,Xing Y Z,Weng X Y,et al. Natural variation in
Ghd7 is an important regulator of heading date and yield
potential in rice[ J]. Nature Gentics,2008,40(6) :761-767.
Wu C Y, You C J,Li C S,et al. RID1, encoding a Cys2/
His2-type zinc finger transcription factor,acts as a master
switch from vegetative to floral development in rice[ ]J].
Proc. Natl. Acad. Sci. ,2008,105:12915-12920.

Matsubara K, Yamanouchi U, Wang Z X, et al. Ehd2, a
rice ortholog of the maize INDETERMINATE] gene, pro-
motes flowering by up-regulating Ehd1[ J]. Plant Physiol-
0gy»2008,148;1425-1435.

Park S J, Kim S L, Lee S, et al. Rice Indeterminate
1(OsId1) is necessary for the expression of Ehdl (Early
heading date 1) regardless of photoperiod[ ]J]. Plant J. ,
2008,56:1018-1029.

Colasanti J, Tremblay R, Wong A Y M, et al. The maize
INDETERMINATET] flowering time regulator defines a
highly conserved zinc finger protein family in higher plants

[J]. BMC Genomics,2006,7:158.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Alba R,Kelmenson P M, Cordonnier-Pratt M M. The phy-
tochrome gene family in tomato and the rapid differential
evolution of this family in angiosperms [ J]. Mol. Biol.
Evol. ,2000,17; 362-373.

Kay S A,Keith B, Shinozaki K, et al. The sequence of the
rice phytochrome gene[ J]. Nucleic Acids Res. ,1989,17;
2865-2866.

Dehesh K, Tepperman J, Christensen A H, et al. phyB is
evolutionarily conserved and constitutively expressed in
rice seedling shoots [ J]. Mol. Gen. Genet. , 1991, 225
305-313.

Tahir M, Kanegae H, Takano M. Phytochrome C(PHYC)
gene in rice: Isolation and characterization of a complete
coding sequence[ ] . Plant Physiology,1998,118:1535.
Takano M, Inagaki N,Xie X Z,et al. Distinct and coopera-
tive functions of phytochromes A,B,and C in the control
of deetiolation and flowering in rice[ J]. The Plant Cell,
2005,17:3311-3325.

Corbesier L, Vincent C, Jang S,et al. FT protein movement
contributes to long-distance signaling in floral induction of
Arabidopsis[J]. Science,2007,316:1030-1033.

Tamaki S, Matsuo S, Wong H L,et al. Hd3a protein is mo-
bile flowering signal in rice [ J]. Science, 2007, 316;
1033-1036.

Komiya R, Ikegami A, Tamaki S, et al. Hd3a and RFT1
are essential for flowering in rice[]J]. Development, 2008,
135.:767-774.

Lee S,Kim J, Han J J, et al. Functional analyses of the
flowering time gene OsMADS50, the putative SUPPRES-
SOR OF OVEREXPRESSION OF COl/AGAMOUS-
LIKE 20 (SOC1/AGL20) ortholog in rice[ J]. Plant J. .
2004,38:754-764.

Kim S L,Lee S Y,Kim H J,et al. OsMADS51 is a short-
day flowering promoter that functions upstream of Ehdl1,
OsMADS14 and Hd3a[ ]]. Plant Physiology. 2007, 145
1484-1494.

The Photoperiod Regulation of Rice Heading Period

FAN Shou-shan'* ,ZOU De-tang'
(1. Agronomy College of Northeast Agricultural University, Harbin, Heilongjiang 150030

2. Crop Research and Breeding Center of Heilongjiang Land Reclamation General Bureau,

Harbin, Heilongjiang 150090)

Abstract; Heading period is an important agronomic trait, which is responsible for the regional and seasonal ad-

aptation of rice varieties. Among environmental factors,the photoperiod is a key regulator of heading period. In

this review, it focused on recent advances in the isolation of eight genes, which was SE5, Hd/[(Sel), Hd6,
Hd3a,0sG1,Ehd1CEF(t)),Ghd7,RID1/Ehd2/0Osld]1 ,involved in heading period control and regulatory net-

work of photoperiodic control in rice.

Key words: rice(Oryza sativa 1.) ;heading period; photoperiod
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