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Research Progress of Abscisic Acid and Gibberellin Regulation of Seed
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Abstract: Seed dormancy and germination are key processes in plant growth, which are precisely regulated by phytohormones
and external environmental factors. In recent years, significant progress has been made in the regulation of seed dormancy and
germination by Abscisic Acid (ABA) and Gibberellins (GA), particularly with regard to the interaction between them. This review
presents a summary of the regulation of seed dormancy and germination by the metabolism and signal transduction of ABA and GA.
Furthermore, it discusses the effects of the interaction between ABA and GA on seed dormancy and germination, as well as in response
to light and temperature cues. The aim of this review is to provide a better understanding of the hormone regulatory network of seed
dormancy and germination and theoretical references for future studies of seed dormancy and germination regulation by ABA and GA.
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FARFT H ABA E RIS FTF, ARIRFBA B304, [EAERNR, cyp707al FBARTETFiF R R
ABA /K P T cyp707a2, 8 CYP707AL 7 ABA S fiid b & 4% 3 SAE AL, Hah, CYP707As FKikH)
A JEE PR S G T T AT A6 R (neoPA) £ T 75 1Y) ABA 9-F2 KB [ ABALSL, BRI MR 2 5h, ABA
T AT A5 2 W A TR S A ol B v T 1 6 B T CABA-GED , AT S B ABA ¥75 14 7K T () s s 2 1 1 el
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5 ABA TEIRE &Y, fARFRE FIEEREF PP2C X SnRK2 [{#1H], {# SnRK2 H B ER 1L I 1 Bg, M if
5T ABA 1 3 5 [ )54 5 7). Zhao Z081R IILTE ABA {5 55 Sl fErh, PYL 55 ABIS ) PYL-ABI5-PYL
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Fig.1 Seed dormancy and germination regulation by ABA signaling
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Fig.2 Seed dormancy and germination regulation by GA signaling
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Fig.3 Involvement of COP1 in ABA and GA signaling
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741, PIF3 W LATEGRZ GA [MTEHL T, 5 DELLA & FAH EAE FH0HI R -7 i kB, PIF4 it 5 ABI4 AHELAE
F UL R B3R ABIS (WA T30, 25 ABA (55188, R TRIR (B 4) 578, PIL5 525,

B AR R EUE A RE E, B ABA Il GA (5 5 SR AT pRIR A 07,

4PIFs 5 ABA #1 GA (5 SHIX EER
Fig.4 Involvement of PIFs in ABA and GA signaling

4.2 BB ABA 5 GA B KIRIAL MRt R

T A B A A B, NG S, RGP TRIR S
B A BRAUIRTE N R 3B AR R T R . AR ST, i s T ABA KPR K. 2 f
T2 iR a Ry, T FUS3 #0E T ABA & A ZER((NCEDL, NCEDS 1 NCED9)f#435%, [FIHS 4i]
T ABA 7 fiBERl (CYP707A2) LLJ: GA AR (GA3ox1. GA3ox2 Fil GA200x1) H)#:sxk, F5ABAF
2. GA D, iR PR ERE, BhAh, fEEIE T ABI3. ABIS il DELLA #H EAE T RE &,
M SOM fI#Es%,  [AIRTIG N ABA & ik RIS, FRIK GA A R L%, LAaldlig k. 2k
PG, PR S0E BRI B T E R R B RFE AN T RAERIR CRBEE 577 A 1 IR AR
7, FERAEARIRFP 7o, iR 51 A2 GA20x2. NCED6 fll SOM Eik & Ttk & 2 IEH /K7, 1i ABI5 )
TR EARIRGEFFTER = /K, BB ABIS TE4ERE A PRI R v R #55 EZ/E U7, FE7KREh, 4P F1E
RESK I Z B il e iy, NCED B M43 /KP4 i, CYPTO7A BN R/KFIFME, S5 ABA IMFLR, 4R



T 7 80, iR AR T LLBRAR o-E K AL Al OsAmy1C. OsAmy3B A1 OsAmy3E (K443 /K T, M 4EIR i
e R g 8

UTAESR, I FH LE v 388 A 2% T B e v 7 ARG AR 2 R kR (O T 9 A B g . Chen 5820 ] 4= L
LHORERA T (GWAS) %58 B ARG FE K] SAP16, HRARIRFIF7EMRIR A MF T GA E 523, [ {2
HE ABA &I IIAHIET /2 . Yoshida £ AR GWAS %5 BIR FE A F K Rafh 1 & 2 34 [ GF14h, 3
it GF14 & A 54 AZ 1 (¥ OREBL AR ELIE A, BE(K OREBL MUEidth, MK ABAfE5, FTHiF
FARMR. XU ZB FA7 5e b % 58 31 SD6/ICE2 F3—f 1L b T i ek Je S P Bl FE SR R 4 F KB . Zhang %5
[3SI7) P e €0k B0 BEAR e R R P BN 2045 & UBC12, %Il [ A% OsSnRK1.1 53 ABA 155, #EMifE
BHRIR AR . Zi b, WX (0 R A ORIRAZLE S A% AV, i) PR B I 2 15 5 TR 42 A R IR
(YR S AT 75 E— 25 g o
5 B&

PRI W R I FR AN 2 o A= i R S R DG, i EL S Aol A 7= B g . R A ARHRAS L 7T RE 5
BOM 7 Ra B A 2, O v AR U S R RN EE SR IR, RN TRARIR SR A BB, R
FAFIRER WA AR, X0 EEERAE 5 MR DL IR N B A ) A KO B i A
B PhFRIRHR 58 R 2 2 MR L RER, ot ABA T GA 1E 9 SCHE I W A RIS R K35 4 TR e AR
o ASCREE TS EAE R ST AR FE T OB TEAE A, Bt ABA 5 GA PURPEER X IRIR S B8 A 1R T 18
B, I HTEATHI A RSB R S PR AR AR IR EA A RO RE . DU RE S A b B A A1 R 5 5 A A
FEMIZ%, 4 ABA 5 GA IRIERN TIRIR S B8 & INLEITE FC IR B 225, JFal e N ARIEWII 70 7 it B R AR L
AP ST ) KB

SEW

[1] Liu X, Hou X. Antagonistic regulation of ABA and GA in metabolism and signaling pathways. Frontiers in plant science, 2018, 9: 251

[21 REMR, HERTF, RV, LFK, THET, BAK MPRIRS SRR, EY°#k, 2024, 50(1): 1-15
Song S Q, Tang C F, Lei H P, Jiang X C, Wang W Q, Cheng H Y. Research progress of seed dormancy and germination regulation. The Crop Journal, 2024,
50(1): 1-15

[3] Pri-Tal O, Sun 'Y, Dadras A, Fiirst-Jansen J M, Zimran G, Michaeli D, Wijerathna-Yapa A, Shpilman M, Merilo E, Yarmolinsky D. Constitutive activation of
ABA receptors in Arabidopsis reveals unique regulatory circuitries. New Phytologist, 2024, 241(2): 703-714

[4] Kim D, Koo S. Concise and Practical Total Synthesis of (+)-Abscisic Acid. ACS omega, 2020, 5(22): 13296-13302

[51 WuW, Cao SF, ShiLY, Chen W, Yin X R, Yang Z F. Abscisic acid biosynthesis, metabolism and signaling in ripening fruit. Front Plant Sci, 2023, 14:
1279031

[6] Dong T, Park Y, Hwang I. Abscisic acid: biosynthesis, inactivation, homoeostasis and signalling. Essays Biochem, 2015, 58: 29-48

[7] Wu H, Dai G, Yuchun R, Wu K, Wang J, Hu P, Wen Y, Wang Y, Zhu L, Chai B. Disruption of LEAF LESION MIMIC 4 affects ABA synthesis and ROS
accumulation in rice. The Crop Journal, 2023, 11(5): 1341-1352

[8] Frey A, Effroy D, Lefebvre V, Seo M, Perreau F, Berger A, Sechet J, To A, North H M, Marion-Poll A. Epoxycarotenoid cleavage by NCEDS fine-tunes
ABA accumulation and affects seed dormancy and drought tolerance with other NCED family members. The Plant Journal, 2012, 70(3): 501-512

[9] LefebvreV, North H, Frey A, Sotta B, Seo M, Okamoto M, Nambara E, Marion-Poll A. Functional analysis of Arabidopsis NCED6 and NCED9 genes
indicates that ABA synthesized in the endosperm is involved in the induction of seed dormancy. The Plant Journal, 2006, 45(3): 309-319



[10] Jiang Y, Liang G, Yu D. Activated expression of WRKY57 confers drought tolerance in Arabidopsis. Mol Plant, 2012, 5(6): 1375-1388

[11] Jensen M K, Lindemose S, de Masi F, Reimer J J, Nielsen M, Perera V, Workman C T, Turck F, Grant M R, Mundy J, Petersen M, Skriver K. ATAF1
transcription factor directly regulates abscisic acid biosynthetic gene NCED3 in Arabidopsis thaliana. FEBS Open Bio, 2013, 3: 321-327

[12] Baek D, Shin G, Kim M C, Shen M, Lee SY, Yun D-J. Histone deacetylase HDA9 with ABI4 contributes to abscisic acid homeostasis in drought stress
response. Frontiers in Plant Science, 2020, 11: 143

[13] Kim H M, Joung Y H. Heterologous Expression of the Hot Pepper ABA 8’-Hydroxylase in Escherichia coli for Phaseic Acid Production. Journal of
Microbiology and Biotechnology, 2023, 33(3): 378

[14] Saito S, Hirai N, Matsumoto C, Ohigashi H, Ohta D, Sakata K, Mizutani M. Arabidopsis CYP707A s encode (+)-abscisic acid 8'-hydroxylase, a key enzyme
in the oxidative catabolism of abscisic acid. Plant physiology, 2004, 134(4): 1439-1449

[15] Okamoto M, Kushiro T, Jikumaru Y, Abrams S R, Kamiya Y, Seki M, Nambara E. ABA 9'-hydroxylation is catalyzed by CYP707A in Arabidopsis.
Phytochemistry, 2011, 72(8): 717-722

[16] Hussain S, Brookbank B P, Nambara E. Hydrolysis of abscisic acid glucose ester occurs locally and quickly in response to dehydration. Journal of
Experimental Botany, 2020, 71(6): 1753-1756

[17] Varshney V, Majee M. JA shakes hands with ABA to delay seed germination. Trends in Plant Science, 2021, 26(8): 764-766

[18] Zhao H, Nie K, Zhou H, Yan X, Zhan Q, Zheng Y, Song C P. ABI5 modulates seed germination via feedback regulation of the expression of the
PYR/PYL/RCAR ABA receptor genes. New Phytologist, 2020, 228(2): 596-608

[19] Wang J, Deng Q, Li Y, Yu 'Y, Liu X, Han Y, Luo X, Wu X, Ju L, Sun J. Transcription factors Rc and OsVP 1 coordinately regulate preharvest sprouting
tolerance in red pericarp rice. Journal of Agricultural and Food Chemistry, 2020, 68(50): 14748-14757

[20] Mao X, Zhang J, Liu W, Yan S, Liu Q, Fu H, Zhao J, Huang W, Dong J, Zhang S. The MKKK62-MKK3-MAPK7/14 module negatively regulates seed
dormancy in rice. Rice, 2019, 12: 1-14

[21] Mao X, Zheng X, Sun B, Jiang L, Zhang J, Lyu S, Yu H, Chen P, Chen W, Fan Z. MKK3 Cascade Regulates Seed Dormancy Through a Negative Feedback
Loop Modulating ABA Signal in Rice. Rice, 2024, 17(1): 2

[22] Li Y, Zhou J, Li Z, Qiao J, Quan R, Wang J, Huang R, Qin H. SALT AND ABA RESPONSE ERF1 improves seed germination and salt tolerance by
repressing ABA signaling in rice. Plant physiology, 2022, 189(2): 1110-1127

[23] Wang Z, Ren Z, Cheng C, Wang T, Ji H, Zhao Y, Deng Z, Zhi L, Lu J, Wu X. Counteraction of ABA-mediated inhibition of seed germination and seedling
establishment by ABA signaling terminator in Arabidopsis. Molecular Plant, 2020, 13(9): 1284-1297

[24] Ding Z J, Yan J Y, Li G X, Wu Z C, Zhang S Q, Zheng S J. WRKY 41 controls Arabidopsis seed dormancy via direct regulation of ABI 3 transcript levels
not downstream of ABA. The Plant Journal, 2014, 79(5): 810-823

[25] Liu F, Zhang H, Ding L, Soppe W J, Xiang Y. REVERSAL OF RDO5 1, a homolog of rice seed dormancy4, interacts with bHLH57 and controls ABA
biosynthesis and seed dormancy in Arabidopsis. The Plant Cell, 2020, 32(6): 1933-1948

[26] Feng Y-R, Li T-T, Wang S-J, Lu Y-T, Yuan T-T. Triphosphate Tunnel Metalloenzyme 2 Acts as a Downstream Factor of ABI4 in ABA-Mediated Seed
Germination. International Journal of Molecular Sciences, 2023, 24(10): 8994

[27] Zhu Y, Hu X, Duan'Y, Li S, Wang Y, Rehman A U, He J, Zhang J, Hua D, Yang L. The Arabidopsis nodulin homeobox factor AtNDX interacts with
AtRING1A/B and negatively regulates abscisic acid signaling. The Plant Cell, 2020, 32(3): 703-721

[28] Jhanji S, Goyal E, Chumber M, Kaur G. Exploring fine tuning between phytohormones and ROS signaling cascade in regulation of seed dormancy,
germination and seedling development. Plant Physiology and Biochemistry, 2024: 108352

[29] Yang C, Li X, Chen S, Liu C, Yang L, Li K, Liao J, Zheng X, Li H, Li Y. ABI5-FLZ13 module transcriptionally represses growth-related genes to delay seed
germination in response to ABA. Plant Communications, 2023, 4(6)

[30] Yang M, Han X, Yang J, Jiang Y, Hu Y. The Arabidopsis circadian clock protein PRR5 interacts with and stimulates ABI5 to modulate abscisic acid signaling
during seed germination. The Plant Cell, 2021, 33(9): 3022-3041

[31] Nie K, Zhao H, Wang X, Niu Y, Zhou H, Zheng Y. The MIEL1-ABI5/MYB30 regulatory module fine tunes abscisic acid signaling during seed germination.
Journal of Integrative Plant Biology, 2022, 64(4): 930-941

[32] Guo P, Chong L, Wu F, Hsu C C, Li C, Zhu J K, Zhu Y. Mediator tail module subunits MED16 and MEDZ25 differentially regulate abscisic acid signaling in
Avrabidopsis. Journal of Integrative Plant Biology, 2021, 63(4): 802-815

[33]Zhao H, Zhang Y, Zheng Y. Integration of ABA, GA, and light signaling in seed germination through the regulation of ABI5. Frontiers in Plant Science, 2022,
13: 1000803

[34] Feng C Z, Chen Y, Wang C, Kong Y H, Wu W H, Chen 'Y F. Arabidopsis RAV 1 transcription factor, phosphorylated by S n RK 2 kinases, regulates the
expression of ABI 3, ABI 4, and ABI 5 during seed germination and early seedling development. The Plant Journal, 2014, 80(4): 654-668

[35] Huang Y, Feng C-Z, Ye Q, Wu W-H, Chen Y-F. Arabidopsis WRKY®6 transcription factor acts as a positive regulator of abscisic acid signaling during seed
germination and early seedling development. PLoS Genetics, 2016, 12(2): e1005833

[36] Li X, Zhong M, Qu L, Yang J, Liu X, Zhao Q, Liu X, Zhao X. AtMYB32 regulates the ABA response by targeting ABI3, ABI4 and ABI5 and the drought
response by targeting CBF4 in Arabidopsis. Plant Science, 2021, 310: 110983

[37] Hedden P. The current status of research on gibberellin biosynthesis. Plant and Cell Physiology, 2020, 61(11): 1832-1849



[38] Shohat H, Eliaz N I, Weiss D. Gibberellin in tomato: Metabolism, signaling and role in drought responses. Molecular Horticulture, 2021, 1(1): 15

[39] Li Y, Shan X, Jiang Z, Zhao L, Jin F. Genome-wide identification and expression analysis of the GA20x gene family in maize (Zea mays L.) under various
abiotic stress conditions. Plant Physiology and Biochemistry, 2021, 166: 621-633

[40] Xing M Q, Chen S H, Zhang X F, Xue H W. Rice OsGA20x9 regulates seed GA metabolism and dormancy. Plant Biotechnology Journal, 2023, 21(12): 2411

[41] =, HrZR. RERESHSAREEMEKR G R R, EWEAREIR, 2018, 34(7): 1-13
Gao X H, Fu X D. Research Progress for the Gibberellin Signaling and Action on Plant Growth and Development. Biotechnology Bulletin, 2018, 34(7):
1-13

[42] Griffiths J, Murase K, Rieu I, Zentella R, Zhang Z-L, Powers S J, Gong F, Phillips A L, Hedden P, Sun T-p. Genetic characterization and functional analysis
of the GID1 gibberellin receptors in Arabidopsis. The Plant Cell, 2006, 18(12): 3399-3414

[43] Ashikari M, Hironori I, Miyako U-T, Sasaki A, Gomi K, Kitano H, Matsuoka M. Gibberellin signal transduction in rice. Journal of Plant Growth Regulation,
2003, 22: 141-151

[44] Ravindran P, Kumar P P. Regulation of seed germination: The involvement of multiple forces exerted via gibberellic acid signaling. Molecular plant, 2019,
12(1): 24-26

[45] Wang Z, Liu L, Cheng C, Ren Z, Xu S, Li X. GAI functions in the plant response to dehydration stress in Arabidopsis thaliana. International journal of
molecular sciences, 2020, 21(3): 819

[46] Zhong C, Xu H, Ye S, Wang S, Li L, Zhang S, Wang X. Gibberellic acid-stimulated Arabidopsis6 serves as an integrator of gibberellin, abscisic acid, and
glucose signaling during seed germination in Arabidopsis. Plant Physiology, 2015, 169(3): 2288-2303

[47] Ravindran P, Verma V, Stamm P, Kumar P P. A novel RGL2-DOF6 complex contributes to primary seed dormancy in Arabidopsis thaliana by regulating a
GATA transcription factor. Molecular plant, 2017, 10(10): 1307-1320

[48] Boccaccini A, Santopolo S, Capauto D, Lorrai R, Minutello E, Serino G, Costantino P, Vittorioso P. The DOF protein DAG1 and the DELLA protein GAI
cooperate in negatively regulating the AtGA3ox1 gene. Molecular plant, 2014, 7(9): 1486-1489

[49] Richter R, Behringer C, MUler | K, Schwechheimer C. The GATA-type transcription factors GNC and GNL/CGAL repress gibberellin signaling
downstream from DELLA proteins and PHYTOCHROME-INTERACTING FACTORS. Genes & development, 2010, 24(18): 2093-2104

[50] Xu P, Hu J, Chen H, Cai W. SMAX1 interacts with DELLA protein to inhibit seed germination under weak light conditions via gibberellin biosynthesis in
Avrabidopsis. Cell reports, 2023, 42(7)

[51] Liu H, Yuan L, Guo W, Wu W. Transcription factor TERF1 promotes seed germination under osmotic conditions by activating gibberellin acid signaling.
Plant Science, 2022, 322: 111350

[62] ¥, JifkIR. MR ABA 1 GA RN - IRERATH A fBT Fodt . 1T I3k 244k, 2007 (4): 360-365
Jiang L, Wan J M. Advances in Seed Dormancy and Germination Regulated by Plant Hormones ABA and GA. Journal of Agricultural Sciences, 2007 (4):
360-365

[53] Chen Y, Xiang Z, Liu M, Wang S, Zhang L, Cai D, Huang Y, Mao D, Fu J, Chen L. ABA biosynthesis gene OSNCED3 contributes to preharvest sprouting
resistance and grain development in rice. Plant, cell & environment, 2023, 46(4): 1384-1401

[54] Huang X, Zhang X, Gong Z, Yang S, Shi Y. ABI4 represses the expression of type-A ARRs to inhibit seed germination in Arabidopsis. The Plant Journal,
2017, 89(2): 354-365

[55] Xian B, Rehmani M S, Fan Y, Luo X, Zhang R, Xu J, Wei S, Wang L, He J, Fu A. The ABI4-RGL2 module serves as a double agent to mediate the
antagonistic crosstalk between ABA and GA signals. New Phytologist, 2024, 241(6): 2464-2479

[56] Liu X, Hu P, Huang M, Tang Y, Li Y, Li L, Hou X. The NF-YC-RGL2 module integrates GA and ABA signalling to regulate seed germination in
Arabidopsis. Nature Communications, 2016, 7(1): 12768

[57] Alonso-Blanco C, Bentsink L, Hanhart C J, Vries H B-d, Koornneef M. Analysis of natural allelic variation at seed dormancy loci of Arabidopsis thaliana.
Genetics, 2003, 164(2): 711-729

[58] Carrillo-Barral N, Rodr Guez-Gacio M d C, Matilla A J. Delay of Germination-1 (DOG1): A key to understanding seed dormancy. Plants, 2020, 9(4): 480

[59] Li Q, Chen X, Zhang S, Shan S, Xiang Y. DELAY OF GERMINATION 1, the Master Regulator of Seed Dormancy, Integrates the Regulatory Network of
Phytohormones at the Transcriptional Level to Control Seed Dormancy. Current Issues in Molecular Biology, 2022, 44(12): 6205-6217

[60] Lee H G, Lee K, Seo P J. The Arabidopsis MYB96 transcription factor plays a role in seed dormancy. Plant molecular biology, 2015, 87: 371-381

[61] Yano R, Kanno Y, Jikumaru Y, Nakabayashi K, Kamiya Y, Nambara E. CHOTTOL, a putative double APETALAZ2 repeat transcription factor, is involved in
abscisic acid-mediated repression of gibberellin biosynthesis during seed germination in Arabidopsis. Plant physiology, 2009, 151(2): 641-654

[62] Chen H, Ruan J, Chu P, Fu W, Liang Z, Li Y, Tong J, Xiao L, Liu J, Li C. AtPER1 enhances primary seed dormancy and reduces seed germination by
suppressing the ABA catabolism and GA biosynthesis in Arabidopsis seeds. The Plant Journal, 2020, 101(2): 310-323

[63] Shen J, Zhang L, Wang H, Guo J, Li Y, Tan Y, Shu Q, Qian Q, Yu H, Chen Y. The phosphatidylethanolamine-binding proteins OSMFT1 and OsMFT2
regulate seed dormancy in rice. The Plant Cell, 2024: koae211

[64] Huang Y, Song J, Hao Q, Mou C, Wu H, Zhang F, Zhu Z, Wang P, Ma T, Fu K. WEAK SEED DORMANCY 1, an aminotransferase protein, regulates seed
dormancy in rice through the GA and ABA pathways. Plant Physiology and Biochemistry, 2023, 202: 107923



[65] He Y, Cheng J, He Y, Yang B, Cheng Y, Yang C, Zhang H, Wang Z. Influence of isopropylmalate synthase Os IPMS 1 on seed vigour associated with amino
acid and energy metabolism in rice. Plant Biotechnology Journal, 2019, 17(2): 322-337

[66] FPRIREE, X%k, Z4kRI, FLAUL, XK, e, Bt b b, APy, RS, Zut, XIXCR, E£HR, 55, FEHE, BMNE. MUDLESE
PO SR T T U . AR BE AR, 2024, 60(3): 399-429
LinRC, LiuHT, LiJG Kong F J, Li B, Wang H'Y, Yang H Q, Zhong S W, Zhu D M, Huai J L, Li H, Liu S R, Wang F, Wang W X, Mao Z L, Deng X W.
Research advances in plant light signaling transduction during the past ten years. Plant Physiology Journal, 2024, 60(3): 399-429

[67] iR, fRnk, AR, &8 SO RBADGERGE S R TIRIR 55 R IR, #7425k, 2019, 55(5): 539-546
Li ZH, XuR H, Ren M J, Li L H. Advances in phytochrome regulating seed dormancy and germination by sensing light and temperature signals. Plant
Physiology Journal, 2019, 55(5): 539-546

[68] Peng J, Wang M, Wang X, Qi L, Guo C, Li H, Li C, Yan Y, Zhou Y, Terzaghi W. COP1 positively regulates ABA signaling during Arabidopsis seedling
growth in darkness by mediating ABA-induced ABI5 accumulation. The Plant Cell, 2022, 34(6): 2286-2308

[69] Lee B-D, Yim Y, Cafibano E, Kim S-H, Garc B-Le& M, Rubio V, Fonseca S, Paek N-C. CONSTITUTIVE PHOTOMORPHOGENIC 1 promotes seed
germination by destabilizing RGA-LIKE 2 in Arabidopsis. Plant physiology, 2022, 189(3): 1662-1676

[70] Yang L, Jiang Z, Jing Y, Lin R. PIF1 and RVEI form a transcriptional feedback loop to control light-mediated seed germination in Arabidopsis. Journal of
Integrative Plant Biology, 2020, 62(9): 1372-1384

[71] Gabriele S, Rizza A, Martone J, Circelli P, Costantino P, Vittorioso P. The Dof protein DAG1 mediates PIL5 activity on seed germination by negatively
regulating GA biosynthetic gene AtGA3ox1. The Plant Journal, 2010, 61(2): 312-323

[72] Kim D H, Yamaguchi S, Lim S, Oh E, Park J, Hanada A, Kamiya Y, Choi G. SOMNUS, a CCCH-type zinc finger protein in Arabidopsis, negatively
regulates light-dependent seed germination downstream of PIL5. The Plant Cell, 2008, 20(5): 1260-1277

[73] Park J, Lee N, Kim W, Lim S, Choi G. ABI3 and PIL5 collaboratively activate the expression of SOMNUS by directly binding to its promoter in imbibed
Arabidopsis seeds. The Plant Cell, 2011, 23(4): 1404-1415

[74] Yang L, Jiang Z, Liu S, Lin R. Interplay between REVEILLEI and RGA-LIKE2 regulates seed dormancy and germination in Arabidopsis. New Phytologist,
2020, 225(4): 1593-1605

[75] Luo X, Dai Y, Xian B, Xu J, Zhang R, Rehmani M S, Zheng C, Zhao X, Mao K, Ren X. PIF4 interacts with ABI4 to serve as a transcriptional activator
complex to promote seed dormancy by enhancing ABA biosynthesis and signaling. Journal of Integrative Plant Biology, 2024

[76] Qi L, Liu S, Li C, Fu J, Jing Y, Cheng J, Li H, Zhang D, Wang X, Dong X. PHYTOCHROME-INTERACTING FACTORS interact with the ABA receptors
PYL8 and PYLJ9 to orchestrate ABA signaling in darkness. Molecular Plant, 2020, 13(3): 414-430

[77] Ibarra S E, Tognacca R S, Dave A, Graham | A, Sénchez R A, Botto J F. Molecular mechanisms underlying the entrance in secondary dormancy of
Arabidopsis seeds. Plant, Cell & Environment, 2016, 39(1): 213-221

[78] Chiu R S, Nahal H, Provart N J, Gazzarrini S. The role of the Arabidopsis FUSCAS3 transcription factor during inhibition of seed germination at high
temperature. BMC plant biology, 2012, 12: 1-16

[79] Lim S, Park J, Lee N, Jeong J, Toh S, Watanabe A, Kim J, Kang H, Kim D H, Kawakami N. ABA-INSENSITIVE3, ABA-INSENSITIVES5, and DELLAs
interact to activate the expression of SOMNUS and other high-temperature-inducible genes in imbibed seeds in Arabidopsis. The Plant Cell, 2013, 25(12):
4863-4878

[80] Toh S, Imamura A, Watanabe A, Nakabayashi K, Okamoto M, Jikumaru Y, Hanada A, Aso Y, Ishiyama K, Tamura N. High temperature-induced abscisic
acid biosynthesis and its role in the inhibition of gibberellin action in Arabidopsis seeds. Plant physiology, 2008, 146(3): 1368-1385

[81] Suriyasak C, Oyama Y, Ishida T, Mashiguchi K, Yamaguchi S, Hamaoka N, Iwaya-Inoue M, Ishibashi Y. Mechanism of delayed seed germination caused by
high temperature during grain filling in rice (Oryza sativa L.). Scientific reports, 2020, 10(1): 17378

[82] Chen W, Wang W, Lyu Y, Wu'Y, Huang P, Hu S, Wei X, Jiao G, Sheng Z, Tang S. OsVP1 activates Sdr4 expression to control rice seed dormancy via the
ABA signaling pathway. The Crop Journal, 2021, 9(1): 68-78

[83] Yoshida H, Hirano K, Yano K, Wang F, Mori M, Kawamura M, Koketsu E, Hattori M, Ordonio R L, Huang P. Genome-wide association study identifies a
gene responsible for temperature-dependent rice germination. Nature Communications, 2022, 13(1): 5665

[84] Xu F, Tang J, Wang S, Cheng X, Wang H, Ou S, Gao S, Li B, QianY, Gao C. Antagonistic control of seed dormancy in rice by two bHLH transcription
factors. Nature genetics, 2022, 54(12): 1972-1982

[85] Zhang C, Wang H, Tian X, Lin X, Han Y, Han Z, Sha H, Liu J, Liu J, Zhang J. A transposon insertion in the promoter of OsUBC12 enhances cold tolerance

during japonica rice germination. Nature Communications, 2024, 15(1): 2211



