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Synergistic regulation of rice heading date and some agronomic
traits by Ghd7 and DTHS8

XIAO Dongdong, ZONG Wubei, SUN Kangli, LI Jiajun, LIU Yaoguang, GUO Jingxin
(College of Life Sciences, South China Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] Heading date is an important agronomic trait in rice, which determines suitable
cultivated areas and seasons of rice varieties. Ghd7 and DTHS are two key heading date genes in rice, compr-
ehensively discovering their genetic interaction, expression regulation, and effects on agronomic traits are im
portant for variety breeding, improvement of adaptability and yield of rice. [Method] In this study, we bred a
Ghd7/DTHS digenic segregating population in the non-functional 4dl and prr37 background from the progeny
of the hybrid rice ‘Ningyou 1179’ by molecular marker-assisted selection. Heading date, expression of the
downstream genes (Ehd 1, Hd3a, RFTI),and some agronomic traits were investigated. [Result] Undernatural long
day and natural short day conditions, either Ghd7 or DTHS independently repressed the expression of Ehdl,
Hd3a and RFTI genes, and delayed heading. Both Ghd7 and DTHS could significantly promoted plant height,

WiE HE:2021-09-30  MILRE & FHE]:2022-03-10 13:11:12

P 4% B & HbiIE: https://kns.cnki.net/kems/detail/44.1110.5.20220309.1128.002.html

EZEN: B A%, MEMRE, E2MFRGHAMGBZR L E AL, E-mail: 2919349944@qq.com; @AE4EH: FpdhS,
FRR, Wk, %M KA I S T 0 AUH 6 s BT 5 A A M R T8 45 KA R AR 69 T
%, E-mail: jingxinguo@scau.edu.cn

HEEWH: B R A RAH% 54 (31871596, 31921004)


mailto:2919349944@qq.com
mailto:jingxinguo@scau.edu.cn
http://dx.doi.org/10.7671/j.issn.1001-411X.202109041

3 ]

M &4, %5 Ghd7 A DTHS By [F) 4% K R A HA AN 2 A& 2R 19

number of primary branches, number of secondary branches, spikelets of main panicle and 1000-grain weight.

The Ghd7/DTHS combination strongly suppressed the expression of the EhdI-Hd3a/RFTI pathway, and largely

delayed heading. It also played a significant role to promote some agronomic traits, including plant height,

number of primary branches, number of secondary branches, spikelets of main panicle and 1000-grain weight.

[ Conclusion] Ghd7/DTHS synergistically represses the expression of the florigen genes, suppresses heading,

and positively regulates some yield-related traits regardless of day-length, which is of great value for high yield

breeding and genetic improvement of rice.
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Table 1 The primer sequences of molecular markers

Sk SR AI(5—3)

Primer name Primer sequence (5'—3’)
Ghd7-F CAAAGGGGGTGTCCTCTATG
Ghd7-R GTTGCTCGTCCTACATGTGC
DTHB8-1F GTCACACTCACACCATGGTCATCA
DTHS-2F ACTGCAAACCATGTGTAGGACG
DTH8-R TCGCTCGATAACGACAACAGCA
PRR37-F ACAAGGTTCTAATGGTAGTAGC
PRR37-R AACAGCTGAGGGTGACATTACT
Hd1-F ACGTCAATCAAAATTACCT
Hd1-R GTCCTTAACTTTACACCGA
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Table 2 The sequences of qRT-PCR primers
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Primer name Primer sequence (5'—3")
Actinl-3A-R ACCACAGGTAGCAATAGGTA
Actinl-5B-F  CACATTCCAGCAGATGTGG
Ehd1-RT-F GGATGCAAGGAAATCATGGA
Ehd1-RT-R AATCCCATCGGAAATCTTGG
RFT1-RT-F GTCGCCACCGTCTACTTCAA
RFT1-RT-R ATACAGCTAGGCAGGTCTCAG
Hd3a-RT-F GTCTACCCCTAGCTAACGATGA
Hd3a-RT-R CACCATCATATATATGTTGTGTGTCG
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Fig. 4 Heading dates of four isogenic lines under different
day-length conditions
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Table 4 Net genetic effect (¢) on heading date of Ghd7 and DTHS under different day-length conditions

FIE R 2N Monogenic effect

XUFE R %™ Digenic effect

2Nt
Genotype  FIAKH AT KH ERYIE EEYE AT KH ERYIE
Natural long day  Artificial long day Natural short day ~ Natural long day ~ Artificial long day Natural short day
ggDD +5.96* +5.12% +6.05*
GGdd +17.16* +10.76* +13.57*
GGDD +7.96% +8.75* +9.89%

1) “+7 KT RB ARG IR, 7 RFLEP <0.01KF#rh L F(Duncan’s )

1) “+” indicates the delay effect of gene on heading,

@

indicates significant effect at P < 0.01 level (Duncan’s method)
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Fig. 5 Expression of Ehdl, Hd3a and RFTI in the four isogenic lines under artificial long day (a—c) and natural short day

(d—f) conditions

B R ERERLEL, TR A BE AL, DA
ggdd FERBUN SR, SR ZMRIAT BIR R 7 25
Mrs Bk b, ok HK U, Ghd7. DTHS LA K WU
DAl 4 & 1 B A [ 72 R b e gk ok v A, — ZUOBAE
B AR E RO TR &, (RN 5 BEEL
BHRBERMW (R S).

UL ggdd W&, BATHH T Ghd7. DTH8 J
HE XA Z MR o1k B (8 6a. 6b). ggDD #4
BLAH L ggdd, /£ AR K H ', DTHS X — B
HOR 2 AEORLHI R A A, STEREE A A

59.11% F140.93%; £ HR % H &, DTH8 X — 4%
A A5 P 2 2 A A 5, DT MR FE N 24.61%. H
SR DTHS X 3 A8 (1) F F 8055, (A L s L R K 40
H R 368 53 g ik — B % . GGdd ¥R
bt ggdd, £ BRK H R, Ghd7 % — 2% B 4 AR 3
TR 250 1) 2 3 A FH A i, DR BE 43 9 84.19% Al
63.98%; £ H R4 H '~ , Ghd7 % 2 Rk % i 1 2t
1 F o, D1k N 21.56%. DTHS Fl Ghd7 %%
R R ZHEROEREKEH FHE®RTREHET.
KL 5 H R, Ghd7 F1 DTHS 2H & % 4l 78 37 1 1



24 HErg RO K 2= 4R (http://xuebao.scau.edu.cn/zt/hnny _zr/ch/index.aspx) 435
x5 AMASEKAEAKH,. BREETHRZMHER
Table 5 Agronomic traits of four isogenic lines under natural long day and natural short day conditions

TR T REE BRI . .

g EER o / . FHFRE
kiEi/em K /em No. of No. of Spikelets i i
Day- Genoty- . . . . 1000-grain Tiller
Plant height Panicle length primary secondary of main .
length pe . weight number
branches branches panicle
FOKH  gedd  88.10£2.59d  26.14+1.48b  8.80£0.98d  29.10£3.73d  182.70+18.04d  18.73+0.84d  5.00+1.18a
Natural long ggDD  95.00£3.32c  28.04+1.31a 10.18+0.87¢  46.18+5.78¢  229.18428.23¢  18.08+0.78¢  5.70+1.10a
day GGdd 108.50+4.84b  26.59+0.92ab  12.80+1.17b  53.60+£3.72ab 266.80+19.92ab  18.26+0.81ab 5.00+0.63a
GGDD 117.80£1.99a  27.66+1.17ab  18.10+£0.70a  54.40+5.05a  282.90+23.29a  22.18+1.02a  5.00+0.77a
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1) Different lowercase letters in the same column under the same day-length condition indicate significant differences at P < 0.05

level among different genotypes (Duncan’s method)
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