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Abstract: [ Objective |Heading date, a crucial agronomic trait that determines rice yield and adaptability,
is governed by a complex regulatory network.The identification of genes governing heading date is therefore
crucial for elucidating the molecular mechanisms underlying the regulation of heading date in rice.[ Method | A
delayed heading date mutant (dhd9)and its wild type (WT)was used as experimental material to investigate the
biological function of the DHD9 gene in the regulation of heading date by integrating analyses of phenotypic
traits,, expression patterns of key heading date regulatory genes, and the molecular association between DHD9
and the circadian clock system.[ Result]Under natural long—day conditions , heading date of dhd9 was delayed
by approximately 9 days compared to the WT, while under artificial short—day conditions, the delay extended to
about 26 days.Plant height, panicle length , number of primary and secondary branches, grains per panicle, seed
setting rate, and yield per plant were all significantly increased in dhd9 compared to WT, except for a
significant reduction in effective panicle number. Under both natural long—day and short—day conditions,
expression levels of florigen genes Hd3a and RFTI, their downstream gene OsMADSI4, and the upstream
regulator Ehdl were significantly downregulated in dhd9 relative to WT, indicating that DHD9 may regulate
heading date through the EhdI-Hd3a/RFTI flowering pathway. Additionally, significant alterations in
expression were observed in core circadian clock genes OsPRR37, OsPRR59, and OsPRR73 in dhd9.
[ Conclusion | DHD9 is a regulatory factor controlling heading date and yield in rice.It regulates heading date
through the EhdI-RFT1/Hd3a signaling pathway, as well as by influencing the circadian clock system.These
findings lay a foundation for elucidating the molecular mechanism by which DHD9 regulates heading date in
rice.
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Tab.1 Sequences of primers for qPCR
BEPA 24 FR F5 Y741 (5'-3") R5IYF51(5'-3")
Genes name Forward primer (5'-3") Reverse primer (5'-3")

Hd3a ACCTCAAGGTCACCTATGGC GGTGCATCTGGGTCTACCAT
RFTI GTCGTGGTCGGTGGCAATGA TTGCTTGGGCTCGGAGCATC
OsMADS14 GCAATGGGACCAGACACAAC CTGCTACATCCTCTATCCTTTCG
OsMADS15 CCCTACCCTACAGGCTACATA TAGGAAGCACTAGGTACGTGCTGA
Ehdl CGAGATCAACGGCCACCGAA AACTGACGGTGCAACTGCGT
Hdl CAGCAGCAACAACGGCATGT CCACACACTCGCTCCCTTCC
Ghd7 CCAGCGCCACCATCATGTCA GCCTCCCTCTCCACCATTGC

OsMADS50 GGTCGCGCTCATCGTCTTCT GCCAAACCATCAGCGTCAGC
Ehd3 TTGCCACTCATGGCCAACGG AAGCCGTGGAGAGTGTCCCT
Trxl ATGCCATGTGGCCAGCTGTT AAGGGCACCGCTTGCTTCAA
Ehd4 GCCAGCGGAATCATCACCGT GCACCCTTCCTGCAGTAGCC
0sCCAl GGCTCTCCTCCCAACATGGC CCTTGTGTTGCCCACCATGC
OsELF3 GCGCTAGCAGTCCTTTTGACA TGAGGCTGGTTGTTCTGAGCT
OsGI TCAGCATGTCCGTCCTTCGC CTCCACATCGGCTTGCCAGT
OsPRR37 GGATGGTGCAAACGCAATCCAAGA TTCCCATGAATCCTGTCCCACCTT
OsPRR59 GGCATCGAGCTGCTCTCCAG AATCCACCGCACCCTTCTGC
OsPRR73 AGGTGCGCTATCAGAGCAGA GGCCTGCCTGATCTTCCTGT
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A-C: Phenotypes of the first and second batches of sown WT and dhd9 plants under natural long—day conditions, phenotypes
of WT and dhd9 plants grown under short—day conditions in a climate—controlled chamber, Scale bars, 10 ¢cm; D-F: Heading date
of the first and second batches of sown WT and dhd9 plants under natural long—day conditions, heading date of WT and dhd9
plants grown under short—day conditions in a climate—controlled chamber.Values are presented as means + SD (n=20) , statisti-
cally significant difference is marked with asterisks (**##P<0.000 1;Student’s ¢—test).

Bl BPAR(WT) MG AZ A dhd9 AR ]

Fig.1 Flowering phenotype of WT and dhd9 mutant
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A : Comparison of panicle morphology between WT and dhd9 plants, Scale bar,2 c¢cm; B-I: Statistical analysis of plant height
(B), productive panicles per plant (C) , panicle length (D), grain number per panicle (E) , primary branch number (F) , second-
ary branch number (G) , seed setting rate (H) , and yield per plant (I) between WT and dhd9 plants. Values are presented as
means=SD (n=20) , statistically significant difference is marked with asterisks (*#*%P<0.000 1,***P<0.001;Student’s t—test ).
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Fig.2  Agronomic traits of WT and dhd9 mutant
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A and B: Comparison of grain length and width morphology between WT and dhd9 plants, Scale bar, 1 cm; C—F: Comparative
analysis of grain length (C) ,grain width (D), grain thickness (E),and 1 000—grain weight (F) between WT and dhd9 plants.Values
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Fig.3 Comparison of grain morphology between WT and dhd9 mutant
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Relative expression of Hd3a, RFT1, Ehdl, Hdl, MADS14, MADS15, MADS50, Ghd7, Ehd4, Ehd3, Trxl in WT and dhd9
plants under LD conditions.RNA isolated from the penultimate leaves of plants was used for qPCR.The Y—axes show transcript lev-
els relative to rice Ubiquitin.Values are presented as means + SD (n=3) , statistically significant difference is marked with aster-
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Fig.4 Relative expression of key heading date gene in WT and dhd9 plants under LD conditions
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DHD9 activates the Ehd1-Hd3a/RFTI pathway through OsMADS50 and the circadian clock system, upregulating the expres-
sion of floral transition genes OsMADS14 and OsMADS15 ,thereby promoting rice heading.
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Fig.7 The signaling pathway regulated by the rice mutant gene DHD9 in controlling heading date
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