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Advances in Molecular Mechanism and Breeding Application of Heading Date Regulation in
Rice
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Abstract: Heading date, a pivotal agronomic trait determining rice production seasons and regional adaptability, is
fundamental for breeding high-yield cultivars tailored to specific ecological environments. In recent years, numerous
genes controlling heading date in rice have been cloned, and their functional mechanisms have been increasingly
clucidated. Consequently, the molecular regulatory network governing heading date has become progressively refined.
This review systematically summarizes the molecular mechanisms regulating rice heading date, with a focus on the
photoperiodic regulatory network, and discusses its applications in breeding practices. It aims to provide a theoretical
foundation for the genetic improvement of heading date and ecological adaptability breeding in rice.
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Table 1. Key genes in the regulatory network controlling heading date in rice
BHEFS RAP 7 55 Ihg EE PN
Gene symbol RAP locus Function Reference
LHD3/OsphyC/PHYC 0s03g0752100 SGERILR, 5 PHYB 5 PHYA BRI RLLEAELLE. [6]
PHYB 050320309200 JeEta IR, ek, W Hdl /i FRIKFIRIER Hd3a MFEMIER H K. (7]
PHYA 0s03g0719800 Jeffita AR, TLOEZM. 5 PHYB . PHYC W R1AF /KRG . (7]
OsCRY?2 050220625000 bt B K, W24k, (8]
OsPRR73/0sCCT11 05030284100 A=W iZ LEERIN T, BIdLEE Ehd]l BT, S5KBERTENRIRER, JFiE (53]
BRI IEAT .
PCLI/OsLUX 05010971800  AEMsbiZ LotAt, i 4H5% OsELF3-1 1 OsELF4s 4 i = 7ol & 544 OsEC1, 411 [13]
] Hdl A1 Ghd7 FER XK o
OsCCAI/OsLHY/Nhd1 0s08g0157600 A=z Looift, it OsGI-Hdl AR AR B KIG s, HeEENTI 19,51, 54]
HAEFF AL T
Hd17/OsELF3/ 050620142600 A5 cfF, 5 OsLUX Hl OsELF4s J i OsEC1 & &4, it 45 & Hdl M Ghd7 JashT,  [13,55]
OsELF3-1 it R s
ELF44 Os11g0621500 A:#%tscf, 5 OsELF3-1 fil OsLUX A= e EAE A OsECL, 1] Hdl M Ghd7  [13]
ML,
OsGI 0s01g0182600 AEMsh ey, KIS T ke, =2 = oMbl & A 25 OsECI B A [56]
Hdl 050620275000  FFHMAE A% O FE N, EK H IR PE N, 5 Ghd7 TERE & RILRNE] Erdl ERWFRIE, (1, 15]
NI ER S 7R H RS (kR
Ehdl 05100463400  HFUHIHEZ ORI, 5 0 RS AF T IE W 3% Hd3a/RFTI, ek, (2]
Ghd7 0s07g0261200  HlFHRIRIZ ORI, SRR, MR AU 2 A0 Emml .. KHBEAAER, 5 3]
FOAREHEIRER . Bk AR AR 5
Ghd8/DTHS/Hd5/ 050820174500 ki~ &, WAL 2 AR, FEAEMHIHEF. KEREKM T, DIHS 1A [4]
OsHAP3H/LHDI Ghd7 30| Ehdl . Hd3a/RFTI ik, M B IFAET ] o
Hd3a/FTL2 050620157700  FRAEFEER, 4 B A W EAS S AR 4 T AERE R . LEAERT DR %1 Ml /R . [20]
RFTI/FTL3 050620157500  FRAEFEERH, # Lifee i I el S804 TR . KB BAA TIEEIER  [21]
T
OsC2DP5/OsFTIPY 050120587300 FRAE R LAFER AR, A5 HA3a/RFT1 M- 18 2555 73 A4 L BUSAM) IS S » [57]
OsFTIPI 05060614000  pifb 3 AR AR, ST s RETT A ) 22950 AR HZA(SAM) N AL IE [25]
RIFLA/OsMADSS56 0s10g0536150 MADS &K, 5 OsMADSS0 AHEAEFHTERE G, ¥ FIFER OsLFLI-Ehd] )£ [32]
OsMADS51 050120922800 MADS GH:H, FEMRER T, EFEART, EAT 0sGI Tif, 5% 0sGI fE5  [18]
{2 Ehdl
OsMADS14 05030752800 MADS &K, SZHAEE B &1k FAC %, (e hf. (18]
OsMADS50/0sSOC1/ 050320122600 MADS &%, 53t MADS-box % [H &1 OsMADSS6 M HAEF, WRE &Y, HhEE  [58]
DTH3 ¥ N OsLFLI-Ehdl .
Ehd3 050820105000  FFHEER, KHIT, End3 @406 Ghd7 ¥SKFEHEE, FN, XEe@EE A (31
Ghd7 (#1752 Ll Ehdl (35 %02 HERbA.
OsTOCI/ OsPRR1 Os11g0157600  #Z34MEIA T, (EA T ez 0ottt W OsLHY #1 OsGI, #ifil gk . [59]
OsRRI 0s04g0442300 A B RFFTAT, L Ehdl g5 &R KAk, #0i] Ehdl BiETE, EIRFFIE. [60]
0sSGI11/OsHBPI1 050420489600 bHLH #3:[K T, Wi Hdl 73k, Rk, [61]
OsFDI/OsbZIP77 050920540800 b-ZIP ¥ 3% HF, 5M{EH HA3aRFT1 5 14-33 EEABMBRAEREEY, F5 (24
OsMADS15/0sMADS14 3%, {2,
OsbZIP69/0sFD4 050820549600  bZIP #3% AT, 5 Gflds. RFTI HAE, MRRIERBIEESY, (RHERIEEE. [62]
OsbZIP1/OsREI 0s01g0174000 bZIP #5K1-, 40k Erdl ik, HofHhAEE. [27]
OsbZIP42/HBF1 050520489700  FFAEAMMGIE T, k| Erdl Feik, IR, [63]
Ehd2/RID1/Osld1/ Ghd10 ~ Os10g0419200 £ffa#ERF T, 18 I Ehd] (13RIE KA HhFE. [16, 64]
Ghd2 0s02g0731700  FEfilARH . whm AEEABUEEUN 2 B, @I E] Ehd] &7 SE IR Fh AR [65]
Ehd4 0s03g0112700 CCH KRB AR, @il Ll Erd] (3B RAERE Hd3a 71 RFTI [FRIE . [17]
0sCO3 050920240200 CONSTANS K:[Al, #ITHMH| Ehdl Hd3a FIl RFTI WK G RRATHFE. [34]
DHD4 0s02g0110100 CONSTANS ¥ %[AF, 5 OsFD1 #HHAEH, M1 Hd3a-14-3-3-OsFD1 =% 4 FAC &4  [30]
PRI, FER A,
OsCOL4 0s02g0610500 CONSTANS 4 3¢H 7, AR T, {EHT Erdl L. [66]
OsCOLIS 050820536300 CONSTANS %% [H T, i#id FiH Ghd7 AR R RIDI KA hFE [67]
HDG6/CK2a. 0s03g0762000 it 2 (1 CK20 WEHE, @ Id ¥ Hdl JER, 7E4H B4 T @R . [68]
Hd16/CKI/ELI 0s03g0793500 M FR (I CKI, K H &M NIk Ghd7, Wi ThEE, AERAhEE. [41]
OsFTLI2 050620552900 FT K jEH [, 5 GF14b 1 OsFD1 AH FAE F , TS AL Z 401 &1 FRC, ##% OsMADS14  [26]
M OsMADSI5, FERfhAE,
IDD4/SID1 0s02g0672100  IDD #3% AT, 1EFHT Hd3a F0 RFTI {1350 FIX4K, KRBT, [69]
OsRIPI 0s04g0540200 OsREL AHEAEFIEE A, fEMKIS OsREL (1175 2 Rl Ehdl 1) FFL HHEHIFE . [27]
OsVILI 051220533500 5 OsVIL2 HAE, JER PRC2 S&4k, i HBB&M Fi@dk OsLFLI FikikSaiE,  [70]
i H IR N8I Ghd7 FiAEIR flfk.
Ehd5 0s08g0493900 WD40 £5#438 8, &5 Roc4 Al Ghd8 AHEAEM, 50 Ghd7-Ghd8 S&WIMIER, &  [71]
FEAEAH IR 2R IA
DTH7/Ghd7.1/ 0s07g0695100 PRR A, KHFKMHT, kil Erdl FR LR A%, M HAM4T, RIBLEERPAR, [72]
OsPRR37/Hd2 B ] 0t T (e b A
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gkl
BT RAP £ 55, ik 230k
Gene symbol RAP locus Function Reference
SDG724/0sSET34 050920307800  #H 4 4 H3K36 HI R REHE, /5 MADSS0 A1 RFTI ) H3K36me2/3 AR, (Lt /KT I 1L [73]
HdI8 050820143400 A HE A LT REELR, Widitm Ehdl 1 FoKFAL AR, [74]
OsSUF4 050920560900  #fa#k T, MLt H3K36me3 X RFTI Fl Hd3a (&G, AT (Lt i, [75]
OsHUB2/ FRRPI 051020565600  E3 2 Hi&EHEH, X Ehdl B A H2B #4772 24k, Hiblme. [76]
HAFI 0s04g0648800  E3 J2 ZiEH:M, (M T Hdl FR LM, FEAaTE Hdl BRI R [77]

F R H RS R RAP A7 s ik A B 5OKFEEE 0 (hitps://www.ricedata.cn/gene/) -

The gene symbols and their corresponding RAP locus data in the table were sourced from China Rice Data Center (https://www.ricedata.cn/gene/).
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Rice heading is primarily governed by photoperiod pathways: the HdI-Hd3a/RFTI module under short-day (SD) conditions and the
Hd1/Ghd7/DTHS8-Ehd1-Hd3a/RFTI cascade under long-day (LD) conditions. Additionally, environmental factors such as temperature, drought, and nitrogen
availability modulate reproductive transition. In the figure, red circles represent circadian clock-related genes; blue ellipses represent core genes of the
photoperiod regulatory network; yellow ellipses represent florigen genes; green rounded rectangles represent genes related to epigenetics and post-translational
modification; solid arrows indicate the activation of gene expression in photoperiod regulation; solid T-bars indicate the repression of gene expression in
photoperiod regulation, where blue denotes SD conditions, black denotes LD conditions, and red denotes both SD and LD conditions; dashed arrows and

dashed T-bars represent the activation and repression of gene expression by environmental factors (e.g., temperature, drought, nitrogen nutrition), respectively.
1 KFEHTRERIT B E WLk

Fig. 1. Gene networks regulating heading date in rice
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