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HE

Hd3a (Heading date 3a) & [X 42 /K Fg JF 16 o #8 i& 42 1) (5 L 4% & J
(integrator), DT K H & M@ALHITTALME I EGEK, 401 M IFHI{Ed
B REFEN (floral organ identity genes) ik, MIMiEFITE. WIFTEY, HH
W% T Hd3a fEm frih ik, ARG HERE ) st iz 28, (e AE T
UL, O A A A KRB AT B B s I AR S e B TR
SH)E Hd3a mRNA i8¢ Hd3a B2, AE(E— @ M4 ARUREE S M T
HRRIYREE R FT (Flowering locus ) ST BUER TE T — R A1 55, H BL% %2 Hd3a

(W45 555 S RIE FHBLEE.

AREFCE L E T Hd3a HE, JEME T HURTE S Hd3a Rk AR
pH2GW7-pHSP-Hd3a. i &1 4 (Agrobacteriumtumifaciens) /151817704 1%
TR BT 4 RUK RS HAHS  (Nipponbare), 3K T Rk, 4k sd
B TR EKERIL . RPN ATA IR, i H AR 3 S U B A
Hd3a 7156 3 KK R A4 9 RER D) 5 3 408 A K a1 H 46 T . ASER
AP T Hd3a mRNA [z, 45 RRWIEATDEAAT [ Hd3a mRNA ANRER
18, XAl fig e T /KR Hd3a mRNA B SEANE #6555 T ANHERS:
DGO T Hd3a iz A RESE MR, IE AT 1y T A0 RIS A MG — 2B . BAL

%@lﬁj Hd3a; %%, %ﬁz

- e e




P A1k Hd3a JE A IR KA 6 (T 9T S Hd3a f5 -5 e HLER B4

Abstract

Hd3a (Heading date 3a) gene is a floral pathway integrator of rice, which
integrates the information from different floral pathways and then activates the
downstream floral organ identity genes leading to flowering. Hd3a can be induced by
a short-day condition in leaves, where the photoperiodic signals are perceived. A
previous study suggested that the expression products of Hd3a moved from leaf to
shoot apex and regulated a few of downstream genes there, so these products were
considered as the long-distance mobile signal for flowering of rice. However, there
still are some controversies about whether Hd3a mRNA or Hd3a protein is the mobile
signal. Here, a series of experiments were designed according to the similar
researches on FT (Flowering locus T), an Arabidopsis ortholog of Hd3a, in order to

explain the mechanism of the signal transduction and function of Hd3a.

Firstly, Hd3a gene was cloned and an expression vector pH2GW7-pHSP-Hd3a
containing the heat-inducible Hd3a gene was constructed. Then the transgene Hd3a
was transformed into wild-type rice Nipponbare mediated by Agrobacterium and
several homozygotic lines of transgenic rice were obtained in which the transgene was
expressed at high level after heat shock-induction and also existed as a single copy in
genome. Subsequently, it was proved that the heat shock induction of Hd3a gene
could induce the earlying flowering of rice under a long-day condition. It was also
detected whether the mRNA of Hd3a gene could move long-distancely. The results
showed the mRNA of Hd3a gene could not move when the leaf of transgenic plant
was heated in presence of light. There were two possibilities: one was that the mRNA
of Hd3a gene really could not move; the other was that light might inhibit the
movement of Hd3a mRNA. It still remains to be elucidated whether the mRNA of

researches on Hd3a.

Keywords: Hd3a; transgene; flowering
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1 SEEMFEN L

e gl — B IR AE KOS, TR IE AN A (R O K
FEL 6. J6ni. WEE BEIRFAROKNEE) R, BRI E, JHRTE
PRI R 2 P A TR A K BT I A R R AR e A T
By, eschn BIRZER AL (shoot apical meristem, SAM) M4 R, Rl
HE TR AL (vegetative meristem) #6725 16750 £ 4128 (inflorescence
meristem), ZETIEEAE N AESN AL (floral meristem), f &K H 6w 7,
T TS FE T LAY g = ANBr B, B IFAE YR E (flowering determination) R ik
5T AL A (lower evocation) MIZES B FITE G, FLrp T fe v s S 46 1) R Ui
REA BT N SERT, BB T AR . S0 ZAE M09, A TR
(1) P4 o 5 7 52 PR35 DR -7 0 B o DR 3R s

11 XRTFHFEEFHNERRR

EHER, N T IERAEY TR BN, R BE 2 A AT T KA
(FRZ, JEAEIRFERE bR G T A 1 =20 S i A 70,

(1)_JFA%Z (florigen) B ™ ™0 IR H L AE R I e S 3 oy St b, AR A7
TE—FP ] B 3 A A2 2E ) 5 CHAEER” bR “ AL (floral stimulus)”,
RN ) ARG PR AT R AR bR, AR R ) R AR AN (donor)
s E) Ak (recipient) J&1EH] . (HRAE—BAH SN, BT 10
IEAEREAIT) R VBT 2 1 B IX R B HO ), TR A 2 AR K381 o8 A A
(2]

‘ (2)_“E F=W) i 7 8L (the nutrient diversion hypothesis). IR LA K15 Ak
T UL B BOR R RGP 4, IS m =W 1 s o AR R B 5y, 4k
ZLE[G” 10] .

‘ (3)_Z Al T4 I 8 (the multifactorial control model). ZAAIIN Ky, 1F K #
AR RE R, APV 2 AR R R 7, LR A A R R b ) S
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(O, MRAFIX R, LA 2520 10 25 B A DR 6 305 "B (10 I 328 380385 224 (09 RE 1
ARSI LB B E AR A R AR T e N 1 22 50, fE g T
(Arabidopsis thaliana) - &i &.(Pisum sativum) R 28 344 R b BTk AT (1K) K B A% 4

BT SER SCRHZ AR,

1.2 FrIERS (BRI Rl

X T iy S RELAD) T ALk I T 47 7l PR T8 A TR AR 32 B AR R R A ) R
IWFFT 3. BUFS ST (Arabidopsisthaliana) , 7468k, HA RN, HK
JESARL . Fhpr= i, JFAERHE S A, AACSKR HOm AT &, SR/, &
SFHNL, DRI BRIREACSE R 5, BN 5312 E )2 S AR (R R R R
WAy A S 1) kg (Drosophila) 7 1,

FIH IR T RAE B AE AR, S T8 804N 5 FF 44 4T S i
R HPEZ gl e BRI KRRV I BRI, T AR I DR )
A LA O,

(1)_Ae5 241 2k 5 F K (floral meristem identity genes). %2522 43 44141
FEAR Jg A 7 o3 FE L G SE R R A 4 A AL R s JE TR, EATT R RTR S M T AE IR
M, WislRESFIILEAFY (LFY). TERMINAL FLOWER 1 (TFL1). APETALA 1 (AP1).
AP2. CAULIFLOWER (CAL) FIUNUSUAL FLORAL ORGANS (UFQ)&!- 12171

o, LRYRIAPLH: A A A FF AT 4h (F - e A F B, RIS 01 fy 58 28 A A
WP 2E R Y {4 (the first flowers) 47 2 T2 B 4 B (axillary shoots)!'™!, 35S LY/ 3
DRI R AR AL ARG A7 [ TR 28 46 K5 (secondary shoot) 4 AL FITHUA, B AR JRE IH- 1)
B H 55 AERUA LB A, HJE 35S LFYHLJE R AR LL BT A= T4 i TP e . IX ik
HALFYXS TAE 2 A A U T 2 i 75 (TS, apl 9 A AR R A e e Bl AE I, 18
SLAS AT, TN IE S (eI, 35S APLREFR B 4 B Hi vk AL R etk
BAE DR BT A5 (R TFAE I Y, [ b s S 50 s I 1 9D o 478 P F
J¥ 1, APLYELFYI FiiF RAIEAE, APLIFZILIE T-LFYRY,

(2) fE#s B veg LK (floral organ identity genes). BELIRILRZESE K G H A
A BB B, ©AT & AR L RS R0 4 4 RE(Antirrhinum maj us) IR 5 R 3
Mo — M Ay By C 3 K[V EL R Y TR AR I 4 5028 H——Ae =
eI HESERLL R o 31X 3 IR A AR F A E R X A R T28 1

4
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F2 BEAE T, B FRT55 2 K1 3 %8, C BRT-28 3 At 4 481, itk Coen Fil Meyerowitz
AP HAE R R E T R L R/ TR, B “ ABC Ay U AR IX—HAY

A RFEDR ORI F e TE R 1 561, A R B SRR TR 2 e 1e i,
B FI C LR Y FERR 3 B BESE, 10 C B ERIE R 4 5010 % A RLC
(RIE M EAR S BUN, BY A S0 C #2258 1 f 2 v RiE, CHI A ZE5E 3 1 4
e RIEN, R TET C A T B LR, AT A ThRERIFE N APL
M AP2, B A5 B Zhfigf AP3 F1 PISTILLATA (P1), B 5 C Thfigft) AGAMOUS (AG)

P
&,

AR, PH R I Th B I —— DA RIER L Rl kb FEEABCAH R
TR TAET S “ABCDEMR ”  (J&1) B2, FEiZMintvh, DI e IR R
KE, WAGAMOUSLIKELL (AGL11); ESIERINITE A fhas B Ak & i fe i
B, WSEPALLATA 1 (SEP1). SEP2. SEP3%:. [4AP2LLALN, ABCDEARY i
A7 [R5 S5 70 L DR 1 R T MADS-box 3% 53t I8 1 3L A 5 i

1.3 FILIFIERIEE

WS R3], MW T AE R 52 PR IR~ N 1) 5 AR DR R, A
W S R W I I 4 Py A DR 3R (W6 b A T e I RE I R 42 1 . 240K, TRt
STPURETF RS, AL 5 R T s 1) £ B 44k 812, RDGE IR
(photoperiodic pathway) . Ffti& 1% (vernalization pathway) « H &%

(autonomous pathway)F1715 %7 2 i 17 (gibberellin pathway)** >,

131 XA#HEE

FEAAD S B PRAFDO K L 1 s MR O A 31 B 4 (photoperidism) . 3X— 314
Garner Al Allard 20 1H 20 4R 4R7E FH A %2 (Ni cotiana tabacum) #1-K &7 (Glycine
max) I 1A 28 szt vh e S R BLI T SR CB H IR R S 5 o Sk ) JF
PR EE BN Fe 2 — PO, ARG R SOSRFE O AR T, mT LUKE e R 4 K
H #i%)(long-day plants, LDPs). % H tti#(short-day plants, SDPs)F1 H {464
(day-neutral palnts, DNPs)!). Ul gg 3+ & — Bl et (facultative) K H A4, #EKH 4
RSB RIFAE, AR H A& FRA S IF R, RS s 405, BIpgr
M 3 — K H Gt P AR A
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(a)
Whor: 1 2 3 4a 4h
Petals Staments
Sepals ‘ | Carpels Ovules
C T
A=< 1 5
D
E
Y
AP3-P|
AFI,AP‘?—' — s |
AGL117?
SEP1/SEP2/SEP3

El1 Bl TS B REM “ABCDERZRL”
Fig.l The‘ABCDE model’ for flower organ identity in Arabidopsis

T () ERE YOE M R AR . BB “o 7 RORARICAH LSS DT,  MERAER R CHAE
PRIAE R R TE e B4 FHATS AN WA o

(b) TP HATI S B R R DR R Bt. DR H AGLT I Dy fg e e, Kl
LL“2 7 kpllo BIIED (BISEPHEIA) ERERIE Mo 11 HI 2 T SEPLIN S 45 R M #EE ) o
Bl BL “A 7 RN AR R A ERSPUE . 3 PR ORI AR B . R ZAE R R
AHEAE IR0

1.3.1.1 HE¥*F S FHA RO R

B RS2 6 A5 5 (A, B Y65 5 R BN A Tl T e A2 44
(photoreceptors)SEHLI o FHPIIRN 2 AAAE3FOCZ AR, FHARESZ v WOGIE )5
AN IRA)G: L 3 (phytochromes)#32 2T YG(R) R 41 G (FR), Bafeta %
(cryptochromes) %32 B Yo IR AME A, HANMEBRZ (R IK 2 &AM LB 2, PRI TT
W, EDLFAESFIOGRLL 2. PHYTOCHROME(PHY) A~E; DA K E/b2F Bade(h
%: CRYPTOCHROME I (CRY1)HFICRY2!",

LRI AG T L 32 AAPHY ARICRY 2I&52 8 (55, bl J5 632 40k A5 5
550 )[R B Y5 B (circadian clock) R ATOK, 7B 15 (circadian rhythm)™
To BRCKRE AR e, URCK I T IR SRR, (et FFAE i3 i [



P A1k Hd3a JE A IR KA 6 (T 9T S Hd3a f5 -5 e HLER B4

CONSTANS(CO) s, R s TR AR A Peoe BRI, SEITTE

o JETUE ML FE TF I T A ——20 6T AL, BOCRE 2 e e B0 YR
FeE BIPHY A W] LA e €06 R RIS s AN ] DUz K AR, ik n] AR5 S
PG IR BETFAER 2, J6RGE (PHYB. PHYDAIPHY E /] UKL it i
IS, FEITTAE s AEE S A 70 R WA 2 A Ao R b R B (/R P23, PHY B
T HAEFR/FRECIE OU T HIEITE, BAZHH KT PHYA W fEil g /7
TLLCINHIPHY BIALhBER 3, CRY1Z 5 TFAEIN (L ik, #E8IA CRYRIFRSR T IT
6, HAKACO mRNAKP-IFE, W #OGIE S CRY2RICOf 1> ). PHYA
HMICRY 2[)7KAEG T s B 25 1R %, B AT ] R 21 ) B AT A B 6 T/
SRS A P A T BR2PROR T B T o AR R TR R R R i T
KR

H Ty [}
: ‘A
PAg, i flaral
‘ — R—]p?.:;‘yDBE) man .'E‘ ........... l initiation
s -
S ez
T crytiery2iphyA

2 URETFEER 41 5 7 A8 ) o R AR = R 0
Fig.2 A model depicting functions of photoreceptors

regulating flowering in Arabidopsis
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