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Research progress on seed development regulated by ABA

SONG Songquan'?”, TANG Cuifang'*, LEI Huaping', FEI Sitian', CHEN Haibo'

(1. Nanling Research Institute for Modern Seed Industry, Xiangnan University , Chenzhou 423099, Hunan, China; 2. Institute of Botany, Chinese
Academy of Sciences, Beijing 100093, China; 3. College of Life Sciences, Hunan Normal University, Changsha 410081, China )

Abstract; Seed development is a complex biological process that is controlled by various genetic and external factors,
and significantly affects the seed vigor, yield and quality of crops, especially cereal plant crops. Abscisic acid (ABA) is
one of the most important phytohormones that regulate seed development and germination, and plays a key role in
regulation of seed development through its activity level, signaling, and LAFL network, including embryogenesis and
maturation process. In recent years, important progresses have been acquired in the research of seed development
regulated by ABA. In the present paper, we have mainly reviewed the research achievements in this field, including the
regulation of ABA metabolism and signaling on seed development, the action between ABA and transcription factors of
seed maturation ( AFL-B3, FUS3, ABI3, LEC2, etc.), and the action mechanism of ABA in seed development. In

addition, we also propose some scientific questions that need to be further investigated in this field to provide some
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information for deeply understanding the molecular mechanism of seed development, so as to improve seed vigor and

increasing yield and quality.
Key words; abscisic acid ( ABA ) metabolism,

development, signaling

TER Z 8k T AP B J2 XSUZ K ((double
fortlization) 1 LA 1, vh— A K& 1 55 50 4
A G A AR RIS L S — I S Ak
41 @l A T8 B = A% R 4 ) 2B IR 2L ( Baroux &
Grossniklaus, 2019) , Ffi /5 , 520 Ml & + 28 2ok 48 A
DRI K E IR (Verma et al. | 2021) ;1 #]
AR I — RIVA 2257 PR F N 2% 40
Ja  dnRE A B IR FL (Li & Berger, 2012; Batista et
al., 2019) , Tl fz B R 2R 19 R 4 & 010 %, AP 3Rk
TE AN e, N ERBIOE N R B2 . A K 5 (seed
development ) 2 #2 ] 534 IR fifi % £ ((embryogenesis )
A1 AL 2 (- maturation ) P A4S FZHr Br (Al et al.,
2022; Kozaki & Aoyanagi, 2022) ., WRJG & 44045
I RFLFNRR K (BRI MBS 25 8 F , H
FRAE S = B P R BG40 i 4> 24 5 4 4k (Kozaki &
Aoyanagi, 2022) , Tl U IR IIG % A= 45 0B I F
Oy, AR AR B N TR A Y 25 R (Al et
al., 2022) . ol uli 2 G 3 b 5 e A VR B R )
REFEAEYFF 000G Sy 5 i,

PR E R0 Y ok B A0 45 4%
A (AR &Y R BRI IE2E) B FR R (T B K
4 ( desiccation tolerance ) B K45 | A= 4 455 i FlltE A
PKHR ( dormancy ) ( Bewley et al., 2013; Jo et al.,
2019) . WFEER], Rl Kk & 52 & Fhist 1% FAh 5 A
R P A R M T R F IR PR
BEAE F (Shu et al., 2016; Kozaki & Aoyanagi,
2022) . TEMRNG KA B, A K &K (auxin) 2 52
M) T 35 — 35 JES 34t A% M (apical-basal polarity ) B JE i,
4SS & B 7 PURIK (embryonic body ) & 37 H i 5
ZAEM . A 2EFR (ceytokinin) HAERK K —ii il
U 1100 N = S B X (57 2 S K1 B e T U
( brassinosteroid ) ¥4 17 /R Bk 19 K & FR 1 B9 KN R
AR H5 50 ABA A il /E 2 5 Fh 7 /9 i &
(Kozaki & Aoyanagi, 2022). Jii & F2 ( abscisic
acid, ABA) fll 75 & & ( gibberellin, GA) #{ik H} 2
FEPOR TR T & B E 2 E (Shu et al., 2016;
Sano & Marion-Poll, 2021) ., WF5EFEH ,GA 7EFfP T
MIER ZBHRFE LM, Bi D (Pisum sativum)

abscisic acid, network of transcription factor, seed

GA B[ A RN RE 7= A= 1R H B9 ( Swain et al.
1997) , #iti GA 2-5 1L ( GA 2-oxidase, GA20x)
LR E R I (Arabidopsis thaliana ) 14 (1) 1 32
K5 A F W FH (seed abortion) ( Singh et al.,
2010) , & Al ( Solanum lycopersicu) H 5L H GA20x
() 2ok Rk T BOUR 28 | B B0 R R R R
(Chen et al., 2016) , %0 GA f5 5 Sk £ %
i GA 1K GID1 ( GA INSENSITIVE DWARF1) .
DELLA ( Asp-Glu-Leu-Leu-Ala) % 4 . F-box & [ Fll
DELLA 8 = 19 8 [ + 41 A% ( Nelson & Steber,
2016) . 4 GA Bt =i, DELLA & 1 &R E, o]
il GA BRI ;24 GA fELERT, GID1 5 GA Ay 4
Ak GID1-GA-DELLA & & W07 i, Mimife it
H 5 SLY! (SLEEPY 1)/GID2 F-box & 11454 Fl
217 F Ak DELLA, Jfii i 26S 25 il 1A #0 1n] [ At
DELLA, X FEHEM#BR T GA J N i DELLA #1 il
(Nelson & Steber, 2016; RFA R 5%, 2020; Sohn et
al., 2021), 7£ #l B J% DELLA [H ¥ 1, RGL2
(REPRESSOR OF GA-LIKE2) 75 # il # #f & b
e FEAEH (Sohn et al., 2021)

UTAESK  HIYIBER ABA R T4 T BT
FEHAS T HEZ R (Sano & Marion-Poll, 2021;
Smolikova et al., 2021; Ali et al., 2022; Verma et
al., 2022) , ARSCEBLER T ARG T R, L
& ABA R RS 5 5 X R 7 & B 4, ABA
LR G SR T IPE R, L ABA TEFF TR E
HFERIBLE, JEEE T AR U B — DY
(RFEIA S, IR A BEARFR T & 8 14 TP 4t
2 | T4 SR -3 ) A = 5 i,

1 ABARHBSEEEHEXMTFALR
7 Wi &

1.1 #FEZEIED ABA K EHTH

TEIR IE R F A B LB, A REL (KA
B0 M T g ABA AKCPAERE I (ZFFIE)E 9
d) AR, Bl S R B (HER SE () ABA JK P78
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JFAEIR 12 d UOT SR8 E 20 % 7 5 8 (LT e R
21 d) (Kanno et al., 2010; Kozaki & Aoyanagi,
2022) . SR, UG FHLUEZ ABA I, BE{AZH 2
i N ABA BB B 5 T AUy iR b
(Kanno et al., 2010) . & TP H AT ABA /Y
F B FE 52 AL/ sl A b R AR 5 B Ak R Y
ABA 520 400 e I 8 22 ol W B R TS 1 26 i )2 TR
J¥ (Kanno et al., 2010) ,

TE/NZZ ( Triticum aestivum ) # F K& B 1 F2 77,
ABA KA 2 DI, Kb R B E (B
35~40 d) & BLH ABA 5 1 fR R K - A G
(Tuan et al., 2018) . /KFF( Oryza sativa) Fl/NEFAZ
(triticale) 1 & & i T 9 ABA 7K H A —A- 1%
H, KRR SRR S A G ABA FRE K
PEAERR T BRI A R (2R 10~20 d) L 10
INEFNFE.(Gu et al., 2011; Liu et al., 2014) , 7£
INBAETPT R ABA PR RYIE(E 29 N B0 35 d,
TER /K KA 122 Z 007 (Fidler et al., 2016)

1.2 ABA KXl F & B RFE

ETE ABA Gl G — A% (8] 45 19 3% A8 B R
(xanthophyll) [ 541 T 2K 5 it ( zeaxanthin ) | 55 8% it
( violaxanthin ) Fl o ( neoxanthin ) ] A
( Marion-Poll & Leung, 2006) ., 3 4~ fiff 71 5¢
ABA "EWE R % 22 0 TR 40 K v o 36 AR AL g
( zeaxanthin epoxidase, ZEP)  9-Mil 2-2f 48 2 iH %
N 2 XU 4 B (9-cis-epoxycarotenoid dioxygenase
NCED) FlHi 7% % S AL i ( abscisic aldehyde oxidase,
ABAO) (Dejonghe et al., 2018)

ZEP R Ee AT I A4 4 B ( Nicotiana
plumbaginifolia) B 45 th K Ho ABA B g
& (abal/aba2 ) 75 2K 8 5t 4 Ak R 0 46 K 85
( antheraxanthin ) F1 48 ¥ i o 32 i, iX #% A 0 J&
ABA =W & B W) 4R 2D B8 (Sano & Marion-Poll,
2021), FEKAEH, 76 ABA & it 2 5K B8 %
MRS AR SR B, BT — A B iR Y o8 A8 4K
Tos17( Ali et al., 2022), il i j5t f% 0 2% 78 £ K
(Zea mays) H 55 B AN ABA 78 SR Bl g 1 28 AR K
(vp2 \wp5 .p7 Fl vp9) AF1E ZEP I P BB, BEIS T
KEE MR AW A R B E R (Al et al.,
2022) , i R, EOK B AL R Y ABA
B — D EEH RSB B, BT, A4
L85 5 (all-trans-violaxanthin ) A4 )2 208 5 i (all-
trans-neoxanthin ) | 9-i X 45 ¥ ST ( 9-cis-

violaxanthin ) 11 9-JIii 2 #r &% Jit ( 9-cis-neoxanthin ) 1)
FEALIE AT HE . SR, North %5 (2007) & Bl ABA4
57 42 e 358 o BT e Ak Sy 4 e 0B BT, Ry ax
SEREAL RS T — SRR

ABA W) U S A KL NCED fied)
TE KR4 AR upl14 (viviparous 14) H#E 58 [
vpl4 GEAENRTE ABA A= W) 5 1 i) 26 & b AE A 9-JIi
A -FREAEIE DR ARG IR TR 7k
P ABA &M (Tan et al., 1997) , 7ELEG T
"1, NCED2 .NCED3 ,NCED5 .NCED6 I NCED9Y #%
WHJE VP14 IEIIRE D, 2 5 ABA A& LM
PR 33 4 B ( Nambara & Marion-Poll, 2005) , .4},
09 N K 5 ( Glycine max ) | T i A1 — F kG Al 5L
( Brachypodium distachyon ) i % %E HY Y PuNCEDL1 |
LeNCED1 1 BINCED1 WAE ABA A= ¥)& WA Fh 1
KB B 2ZAE A (Barrero et al., 2012)
Zi BRW v R B AL R 2 ABA ARG L)
FELR AR FRRE

5t % [ (abscisic aldehyde) A% 1L 2 ABA 44
A d S A0 R R IR T B R L ABA
(Dejonghe et al., 2018 ) , 7£ 7 jii 1 4 %E {9 I 7% i
Ak ABA 1Y Bt BB R A8 1K JE flacca FN sitiens
(Taylor et al., 1988 ), 7E{LhFg T H % 5 1Y It 7% 1
E AL 3 (abscisic aldehyde oxidase 3, AAO3) , 7F
F ) ABA A= W) G LR B S P A AP B e R AR
FH, HER R L AR b7 1 b s 300 B IR 4 48 4 21
PLELE] (Seo et al., 2004) .
1.3 ABA FSHSMMFRENRAE

Fil> ABA 555 S U170 (4% ABA 31K PYR/
PYL/RCAR ( pyrabactin resistance

resistance

1/pyrabactin
1-like/regulatory components of ABA
receptor) K % . A 2 2C 25 1 B B2 B ( Group A
Type 2C protein phosphatase, PP2C ) FIFEAEARE A % -
1-FH ¢ B 25 3 B8 2 ( sucrose non-fermenting-1-
related protein kinase 2, SnRK2)
2019a, b; Lim et al., 2022) (K1),

FERL R IFH , PYR/PYL/RCAR % A R IE 1) 14
AN G A Rh 5 BT AR BN pyrl/
pril/pri2/pri4 VUH 52 8K Fl pyl -+ — 5 & AR 1A SR
B PP AR IR 25 55, X ABA AN S (Ma et al.,
2009; Zhao et al., 2018) , WA, KFFEH ospyl £
GEASRTERNF ] K 2 B P X ABA R BUSR (Miao et
al., 2018) ,

( Nonogaki,
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No ABA S . No DOG1

ABA EME
me (ABI1/2) N> ] \—/ PP2C (AHG1/3)

PP2C(ABIL1/2) PP2C (AHG1/3)
-l:l l:l i SnRK2
No binding M \J
#7% Repression #P %) Repression
£14E Activation

O
Pro Pro EF Gene
¥ Transcription

PP2C i ABI Rl ABI2 HE 4y B & FER 1(DOGL) 555 S BB /MR LT 5> T At AHGT F1 AHG3 S 4 (1) PP2C.,
PCAR-ABA-PP2C Fil/5 DOG1-HEME-PP2C () =5 & 4 ¥JBHLIT PP2C 5 SnRK2 MU 4, 1E ALY SnRK2 SR IL 5 ABA 45 1l 3 8
[ 35 (Pro) 45 4719 ABI3 FIL ABIS, 7EFRF-rP P47 ABA R DOG1 {5545 S i AR MO A 1 Wl 58 1 SE M 0 & 1t LEA I HSP
PRl 3, AT 8142 T 50 7 A4 4 s A i B e 38

PP2C is encoded by ABI1 and ABI2 genes. The key elements of delay of germination 1 (DOG1) signaling are heme molecule and PP2C encoded
by AHG1 and AHG3 genes. Triplex complexes of PCAR-ABA-PP2C and/or DOG1-HEME-PP2C block the binding of PP2C to SnRK2. The
active SnRK2 phosphorylates ABI3 and ABIS which bind to the promoters (Pro) of ABA-controlled genes. In seeds, the parallel ABA and
DOGT1 signaling pathways activate synthesis of raffinose family oligosaccharide, expression of LEA and HSP genes, thus regulating the onset of

desiccation tolerance and transit to dormancy.

B 1 #MFHrliER(ABA) MEELER 1 (DOGL) FSHERER
Fig. 1  Abscisic acid (ABA) and delay of germination 1 (DOG1) signaling pathways in seeds (Smolikova et al., 2021)

1E ABA Bt = i}, PYL & (A B PP2C, JF 1% HAB1/2 ( Hypersensitive to ABA 1/2) Fll AHG1/3)
HUEMR DI HE (Ma et al., 2009) , PP2C AW — & 1E H &3 in PP2C B9 I M ( Wang et al.,
ABA AU 1/2 (ABA-INSENSITIVE 1/2, ABI1/2) 2018) ., 5 EAR1 —#f,PR5K2 (PR5 receptor-like
I ABA 3 #H5 & 1/3 ( ABA-HYPERSENSITIVE  kinase 2) 38 2 34 i ABI1/2 f4 B 2 AL S 4 1] ABA
GERMINATION 1/3, AHG1/3) ,ilat & AR 55 % % ( Baek et al., 2019). It 4k, DOG1
il B E ABA G5 R E A 09I E, NMBHIBr T3 (DELAY OF GERMINATION D S5maRgs, )
ABA {5 5 5 5 W 4% () U1 g ( Park et al., 2009) 5 AHG1 AHEAE H LABH 1F 8% i i 2 g, 48 m
Ik, PP2C 75 ABA 5 5 3 R & E':‘ﬁﬁzllﬂf%. AR B B2 ( Nishimura et al., 2018), %¢ |3
FHVE T 7 R B 28 AR MRS ) 6 B XF ABA BH,PP2C REREHE PYL A2 Mol oAb 2 (8 Y, 0
T RN Fh T UK IR U8 55 ( Yoshida et al., 2006) R & B o P PP2C PYL 5 H A8 % A+
il 98 % W, EAR1 ( ENHANCER OF ABA CO- (DOG1 .PR5K2 #1 EAR1) ZZ 6] B9 40 H. 3¢ £& i A
RECEPTOR 1) fig 5 PP2C & H ( BP ABIl/2, W&,
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1 ABA f1f 7E B}, PYR/PYL/RCAR & 1 5
ABA il PP2C LS4, A PP2C Ay BB AT
PE, TR SnRK2 JF (- R D) fg . WFoRaR M,
PUFGIT PYL S KRR T A i R #f e 5 PP2C K
W GV EAE R, 3R 1E ABA A 519 S op B AE
(Zhao et al., 2013), 7E 4L Fg ov , &3k 3 Fp
SnRK2 (SnRK2.2 .SnRK2.3 Hl SnRK2.6) # k& HifE
HJ ABA 5 55 S MM IE KN F2 5/ F L2 H
BYTFZ o #2 , 4 2% ( de-greening) | Fl - fifh ik 7= W)
B R A 2K P B A5 TS & ( Finkelstein et al. |
2008) ., ABA 1§ 5 # 5 & Ik F ( ABA signaling
terminator, ABT) J&—f WD40 # [, RE% A 2
FHIWT ABA {5556 S, 26 R 7 1 & Fn 4 v 8 57 e
FHEAMEH ., ABT L PYR1/PYL/RCAR-PP2C 4§ #fi
B 8 ABA 55, I 5 PYR1/PYPL/RCAR #l
PP2C HHMEAEM, T3 PYR1/4 Fl ABIL/2 Z
] A AH ELAE HT, DA B BT ABA {5 5 %% 5 ( Wang et
al., 2020) .

I A, SnRK2 1Y 3 %58 58 & ABF [ ABRE
( ABA RESPONSIVE ELEMENT) binding factor ] .
ABF R % H 9 A B 53 4 W, B §§ ABF1, ABF2/
AREB1 ( ABRE BINDING PROTEIN 1) . ABF3 .
ABF4/AREB2 . AREB3 . ABI5 . bZIP15 . bZIP67 i
bZIP W5 EEL, £ 2 5 ABA 43 W 5% s i 45
( Nakashima et al., 2009) . ABI5 W% % G % b
SnRK2 # i 5 ABIS JE 8l F 1 1) ABRE AT &
— M5B R BOE |, T AE LR O R RS B A
WG K B Fl 7 R TR ABA A SR B ST ML B4,
F—AKHER T ABI3 5 ABIS #% 5% [H 7 #H 5.1
315 ABIS St Rl VE F LAE #F T i ABA J B 3
PRIy 5 53, 36 PR S 2 A Y g 9 RAVL ( RELATED
TO ABI3/VP1)ifi it 5 HJH 8456 47T 4% (Ali
etal., 2022) ., AH#RAYE, ABIS W@t 5 PYLIT Al
PYL12 WA 8h 745 5 ok VR 15 ABA B9 R, AT EL
TR R B i Sk, Y ABIS EAERT, B
PYL11 F1 PYL12 33 R PT5 R ABA i U N
B 58 B3 524 ( Zhao et al., 2020) .

2 ABA 5 F R H AR BT

T AL e R, LAFL 3L AE ABA i+ F 11
MFAEPREZEEN, LAFL 3K 145 AFL-B3

( AFL clade of B3 domain plant-specific transcription

factor) . FUS3 ( FUSCA3) . ABI3, LEC2 ( LEAFY
COTYLEDON 2), P & CBF ( CCAAT-binding
transcription factor) ¢ NF-Y ( nuclear factor Y) {9
HAP3 W %, LECI #1 LIL ( LECI-LIKE )
(Smolikova et al., 2021 ; Kozaki & Aoyanagi, 2022)
(Kl 2), LAFL B MR mFh T & & WiF2T5
AT, G B 22 )it 0 5 o B i K P RN
ABA 7K - B DL K AR R A8 55 ( Holdsworth et al.
2008; Jia et al., 2014) . BRFlT K H 41, LAFL K
Bin PRI — S SR R T A R B, g
¥ (zinc finger factor) PEIl (AP2 ( APETALA2) %
%P F BBM ( BABY BOOM) . NAC A F CUCI
( CUP-SHAPED COTYLEDON 1) fl MADS box ¥
FLC (FLOWERING LOCUS C) By % [H ( Jia et al.,
2014) ,

AFL A3 5 RY X TCF (RY cis-element )
WO HIER  RY T 14 8% B3-DNA 25 4 45 # 35k
P9 ( Braybrook et al., 2006) , LEC1 Fl L1L /£ K
NF-Y E 59— AW 3, 5 CCAAT DNA JE 725
A (Miller, 2016) , XF4LLRE T AR G L I i IX
B LECT 2560 s 0 A JE R 41 4y Ar 6 B, LEC1 B
TEES CCAAT 7 A5, 30 78 Fh 1 B2 72 v R
WM E 3 F & & G-box, ABRE-like, RY Al
BPC1 i=Coo, W LECT 3 i 5 — g6 Hofh fp 2%
(1Rt 3% DR 7 A R R T # 3 ) (Jo et al.,
2019) ,

WAL AT F W 78 LAFL DX 22 6] () A B4R ]
b2 2% (K 2) . LEC1 R4 TE ABI3  FUS3 Al
LEC2 ) 32 3k, i LEC2 Wy 5 {7 3 35 fig 0% |- ¥4
LEC1 . ABI3 #1 FUS3 (To et al., 2006; Stone et al.,
2008) ., ABI3 Fll FUS3 #HH.1E [l 84, I8 H &
HIFR315 (To et al., 2006; Monke et al., 2012) , It
AN, L1L #% FUS3 38 #% ( Yamamoto et al., 2010)
ChIP ( chromatin immunoprecipitation ) 4 M 3 B ,
LEC1 V#8 L1L ( Junker et al., 2012) , 1 FUS3
% LEC1 FUS3 Il ABI3 ( Wang & Perry, 2013)

Bx T LAFL R R 41, ABI5 Fe HoAH 2 1Y bZIP %
KA F S ABRE 454, 2 50+ 00 I8 £
ABI5 J& ABA {557 S X2 53 (Collin et al.
2021) , A Gd R —4] LAFL 4 1) E 2 5L
W I s & & e B F % (LATE
EMBRYOGENESIS ABUNDANT, LEA) 31, Ho 5 3
T HA RY Ml ABRE %)%, 39 ABI3 Hl ABIS #H
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GA [F5¥ &
GA signaling

I 4 2% kiRt ]

Chllorophyll degrtadation

! A

«
L

v - &

i FOAE AA ER
Oil and fatty acids

-

&

7 Sk AR 2R 0 ) 3 7 BOE AN . ABI3 F1 ABIS Z (R BB R R X AR H WA EAEH . LEC1 LEC2 1 FUS3 ( B & M)
2 5 K PR (RS, BT LAFL 25 (%8 2 5KIR 9745 . LEC1 5 GA {55 54 ¢, ABI3 il ABI5 5 ABA {55455 %,

Arrows and blunted lines indicates activation and repression, respectively. Black line between ABI3 and ABIS indicates the interaction of these

two proteins. LEC1, LEC2, and FUS3 (surrounded by the thick black line) are involved in acquisition of desiccation tolerance and all LAFL

proteins are involved in the regulation of dormancy. LEC]1 is related to GA signaling, and ABI3 and ABIS5 are related to ABA signaling.

2 LAFL M#RAEMTEE
Fig. 2 LAFL network regulates seed development (Kozaki & Aoyanagi, 2022)

KB bZIP &% 5% K 1 41 & W #5 ( Alonso et al.,
2009) , I, ABA {55 5% 3 8¢ ABIS KA R
bZIP P F i@ it 5 ABI3 9 N-Uii COAR ( co-
activator/ co-represso ) 45 14 38 4 PR AH H.AE F 2% & %)
LAFL 2% ( Alonso et al., 2009) , 7EH:Ah LAFL
D7 B B8 R 8 T e & BL T ABRE, & B
LAFL (9 H b2 43 nT Bk ABA 3 7] 94 % ( Junker et
al., 2012; Wang & Perry, 2013) ,

FEAUL R I, AR ABA B9 FUS3 ) 3 ik
(Kagaya et al., 2005) , VA J FUS3 if5 5 ABA ()3
Jin( Gazzarrini et al., 2004 ) . I, FUS3 #1 ABA
J= A H A OE A 45 ] F ( Braybrook & Harada,
2008) , LAk, FUS3 #3156 ML RE S B/ 1< R IE 17
¥ ( Gazzarrini et al., 2004)

3 ABAZEMFEEF I &

3.1 iEEMEI AR

TERP 5 J s ik 7 oy, A AL 5 ) 40 o 1 £ R
F H (seed storage protein, SSP) Jg & Al#k K fk &
PR R 5 ABA 1 K ¥ FE 5 5% S % U1 AH G
( Finkelstein, 2013) (%% 1), ABA G5 SH D
U PYL H1 SnRK?2 1145 A% 38 & B A o1 it i 490 ik
/b ( Nakashima et al., 2009; Zheng et al., 2010;
Zhao et al., 2018) , SnRK2.6 1 T EFp 7 1 &
T PR, T SnRK2. 6 i3 3R 35 W) 34 i B >+ 1
i ( Zheng et al., 2010), SnRK2 — T %8 A% 1K
(snrk2.2/3/6) Fl pyl + — 5 28 A8 PR 38 H & L Fb
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T ) v />, 0 128 BR 4K ( Nakashima et al. |
2009; Zhao et al., 2018) . T K FI/K A 19 3 43
AW N TERE AT ABA B9 PR JE 5 ( Huang et al.
2016; Chen et al., 2019),

LAFL 3£ 2 5 i ) B 2 4 . LEC1 M
FUS3 TE S 2GE FE DL ABA R 19 )7 =45 ) ABI3
YRR R I AH BLAE R 2 A e 2 1 [ 6 45 400 e O A
AR 3 (A2S3) FISE A& I C ( cruciferin C,
CRC) | MR AL R WG WL K 4 5 F g o
B AL B (Mu et al., 2008; Zhang et al., 2016),
LEC1 3 5 bZIP67 1 H # #1 B A/E H ¥ 1% CRC
( Yamamoto et al., 2010)

FUS3 17t # #% TTG1 ( TRANSPARENT TESTA
GLABRA1) [ 323k, TTG1 % it — b 41 1 #8055 7 v
SSP A A 2 1Y §% 5% I F ( Chen et al., 2015),
tgl FEABUR B RRE 2 At ) b S G, 40 SSP R
(Baud et al., 2008) ., FUS3 f] fg i@ x4 ] 7761
SEE Y FL R (Chen et al., 2015), FUS3 5
LEC2 45 & W% S WRI1 (WRINKLED 1) By ik,
WRIT 9hh AP2 % 5 K, Jf-38 2k 38 i Big 10 1R 5 1k
TRV I e 25 DR ) 6 3 fe il 9 b v 1) 2 W i R
& ( Yamamoto et al., 2010) , FUS3 5#iil TTG1
FEIR G I WRIT 3R 3k — 2 42 F £ 9 1) AR 3R
TP A AT %) FR SR A BT WRID 9% LEC1 Fl AFL
FEPIH4E (Mu et al., 2008) . AN, LEC2 i o %
T G IR 2 1 (oleosin) YL R OLE1 F4i 45 28
128 it 2 1 A 5 DAL R 3k f 3 97 il AN AR A AR
2 ( Braybrook et al., 2006) ,

TERDF LG R B T LAFL JE R Ak HoAth
2 5w i FL 2 . bZIP67 5 L1L 1 NF-
YC2 ( NUCLEAR FACTOR-YC2) — 2 ¥l # FAD3
( FATTY ACID DESATURASE 3) , 1% i 75 F - 1L 24
WEIXT w-3 B8 W5 12 A0 i 76k HL A — € 4E FH ( Mendes
et al., 2013) ., DOGLA (DOG1-LIKE4) R[N 1Y 21k
B ABA 55 TED 1 B A rh R 4 — 2E R i
PR 1 AR GA 045 CRC A 8 LRI AR 25 11 ( Sall
et al., 2019),

3.2 MK IR

o= B4 T 58 7K P 2 A 4 A A 0 3 A o R
PRAE P Pl A= A7 R AT 0 3 M ML, 78 R AR Fh
TR A7 FNAE P P 5 0% 5 0 R A AR O AR
(Smolikova et al., 2021; R FE, 2022), Fh
- B TR J5R 7K P BT ) o S I S DL M

5 LEA /N 1 = #R 58 2 F ( small heat
shock protein, sHSP) | E ik Jit % 5 4 AN [A] 4k 2%
P BT Pt A AR 0 1 LR C (Smolikova et al.
2021 ; ARFAEE, 2022) , JRCAHIT e K PR 1 3
FLPA A FJE ABA M1 DOGL 2 A, B AT il % 58
HNF M4, 45 LEC1 \LEC2 ,FUS3  ABI3  ABIS5 |
AGL67 . PLATZ1 ., PLATZ2 ( Smolikova et al.,
2021) (K 2),

LEA JE D B 2 35 9% ABI3 Il ABIS 335 ( Bies-
Etheve et al., 2008) ., ABI3 145 fh 1% — 1y #4
K FE K F (heat shock factor) HSFA9 )& ik ( Kotak
et al., 2007) ., LEA Fl HSP J& X i 2 35 #% DOGI
i ABIS/ABI3 345 LA K2 AT A 2 3K 18 Jon b 5
H N A G W 00 i, DA T AR 2 o A IR R4 1
FlF £ 35 1 ( Dekkers et al., 2016) . BF58 W, 16
MR B2 R DOGT 1Y 3R 3K 73 5 ¢ bZIP67
ERF12 ( ETHYLENE RESPONSE FACTOR 12) fit
P45 8 1E 98 4% ( Bryant et al., 2019; Li et al.,
2019) , TE#E R H 18 (Medicago truncatula) F1%i 5.
o ABI3 ABI4 Tl ABI5 A 2 2 V8 42 b - i J3t 7K
PERAT I 32 B A, DL a5 A e S SE b
(raffinose family oligosaccharide, RFO) fCi§f fll LEA
FHH A A XY % (Zinsmeister et al., 2016)
(£1),

LEC1 ABI3 5 FUS3 1) 98 7% i 3 #b 5 Wi b 1
VIR TS It 7K P , 25 P s o = 18 T I A A R 5 X 3
Fpdk 5% X7 19 ( Roscoe et al., 2015) . LEC2 il i
%S EEL (ENHANCED EM LEVEL) bZIP #% 5% A
Y 3 R 3R Gk Ok B2 LEA | EM1 ( THE EARLY
METHIONINE 1) fil EM6 JE[H i) F ik | 1 2 5 it
JIii /K 1 8 2 57 ( Bentsink et al., 2006) . EEL bZIP
B A TR R T EM & A e s R
( Braybrook et al., 2006) ,

3.3 MFMERERNFSEHEF

PRBIRSE: — ol 387 Bof A 7 b IR 2 2 B A AE ) b
FAEAFIFREE S8 T sk oo i 4 R O T — A AT
{18 E SRR 5 TN T AR B VR, A T R S5
R e P LR E Y 7 S0, b,
Tt 7~ A R A5 531) 2 WA AR AR BIR ( harvest dormancy ) 114 it
ZRAFA AR Z MR, P e AT RE S B0k E
B & ( preharvest sprouting, PHS) , X 2 R ZKEY)
Rk B v T T I £ " i R) A, DA R IR PR BIR 5 A R ]
BEFERAP T A9 54 (Finkelstein et al., 2008 ; Tuan
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Table 1  Functions of ABA biosynthesis, signaling and transcription factors involved in maturation in seed development

BEH /e A Tfe ik E = BTN
Gene/transcription factor Function description Reference

fE P R 2 Accumulation of storage product
SnRK2.6 TG T T O 3 i A R AR, Jo ek AR Y A Zheng et al., 2010

Inactivation of SnRK2. 6 results in reduction of seed oil content, while overexpression of
SnRK2.6 increases overall seed products

PYL, SnRK2 FHk PR 5 A0 38 H e LR A TR ek A, G 128 BREE Zheng et al., 2010;
Mutations in PYL and SnRK2 often exhibit a reduced seed storage products, such as Zhao et al., 2018
12S globulin

LECI i bZIP6T ELHAN BAR AT S A ¢ R Yamamoto et al., 2010
LEC1 activates Cruciferin C via a direct interaction with bZIP67
LEC2 T A O G A R R A LR OLET AZit 2S AN 12S AR M A9BSR IR R IR Braybrook et al., 2006

A E R
LEC2 regulates oil and protein accumulation by activating the expressions of OLE1, oleosin
and genes encoding 2S and 128 storage proteins

FUS3 SRR TTC1 IY3RIA, 1L 4% WRI ({315 Muet al., 2008;
The expressions of 7TTGl and WRIl are regulated by FUS3 negatively and Chen et al., 2015
positively, respectively

LECL, FUS3 LI ABA #3500 7 sl ABI3 (BRI AH AR F UM 5 A A LR T AR Mu et al., 2008;
P B 23 2% R i i R R Zhang et al., 2016

LEC1 and FUS3 control the accumulation of ABI3 and function with each other to regulate the
accumulation of storage proteins, anthocyanin synthesis, and accumulation of chlorophyll and
lipid in an ABA-dependent manner

LEC2, FUS3 FUS3 Y LEC2 Z54 K155 WRIL 93835 WRIL 4% AP2 55 5t 47 I @ i B BE AR Yamamoto et al., 2010
BT ok fifp ik DR ) 2 38 DR VAT 2 ik 1 v
FUS3, in combination with LEC2, induces the expression of WRI1, which encodes AP2
transcription factor and regulates sugar and oil contents by increasing the gene expression for
fatty acid synthesis and sugar degradation

TTG1 TTG1 Hw i — R il Fh 76 26 11 (SSPs) il A R A5 SR 1, RASAR ngl AOFRAE S Baud et al., 2008;
it 9 S 2 G, Gy A SSP Chen et al., 2015

TTG1 encodes a transcription factor that suppresses the accumulation of seed storage proteins
(SSPs) and oils. Mutant #tg1 is characterized by a dramatic increase in storage reserves, such

as oils and SSPs

it Bt 7K $4 Desiccation tolerance

ABI3, ABI4, ABI5  ABI3, ABI4, ABIS VSR Mif [ K AR A R4 , 12 -5 B 1 B G SE M O AR R LEA 3 Zinsmeister et al., 2016
H A A SR A
ABI3, ABI4, and ABIS5 regulate acquisition of desiccation tolerance and control genes involved
in raffinose family oligosaccharide metabolism and LEA proteins synthesis

LEC1, ABI3, FUS3  LEC1, ABI3, FUS3 K:[K 5¢7% 535 M5 Wi b T i s IO /K 2 Roscoe et al., 2015
Mutations of LEC1, ABI3 and FUS3 significantly affect the desiccation tolerance of the seeds
bZIP67, ERF12 fEIESEH DOGT ik Bryant et al., 2019;
The expression of DOG1 gene is controlled by bZIP67 and RF12 negatively or Li et al., 2019
positively, respectively
LEC2 LS EEL bZIP 5% 5 N F 1 3L R kK2 LEA [EM1 Fl EM6 JEIR (1 %3k Bentsink et al., 2006

LEC2 affects the expression of LEA, EM1 and EM6 genes by inducing the expression of the
gene for ENHANCED EM LEVEL (EEL) bZIP

EEL bZIP EM 2 H 1y fol s H Braybrook et al., 2006

A negative regulator of the EM ( early methionine) proteins

F & KRR FSFN4FF Induction and maintenance of primary seed dormancy

AINCED6/ AINCED6 Fl AINCED9 FeAZ A 1Y LA T 1Al T BN ABA JK T FHR IR AR S PR Lefebvre et al., 2006
AtNCED9 Mutants of AtNCED6 and A:tNCED9 show a decreased ABA level and dormancy in mature

dry seeds
PuNCED1 TEW K 9 I8 T PONCED1 54y 335 it e3R8 ABA /K7, 5 Fp 7 i & 48R Ali et al., 2022

Ectopic expression and overexpression of PyNCED]1 in imbibed tobacco seeds increased ABA
level, resulting in delayed germination of seeds
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Gene/transcription factor Function description Reference
LeNCED1 FE[H i IR SN FR T ABA KT AIRIR Ali et al., 2022
Overexpression of LeNCED]1 increases ABA level and dormancy of seeds
TsNCED1 R0 ABA AR & (PHS) M9k Fidler et al., 2016

TaABA8'OH1A/
TaABA8'-OH1D

ospyl, snrk2.2/3/6

abal, aba/3

AtMYB96

AtABI4

VP1

PLA3

DOG1

RDOS5

AtSDR4L

AtODR1

TsNCED1 increases ABA content and the resistance to preharvest sprouting ( PHS)

ACYPTOT FRIIRIE N, HL9e 48 350 ABA JKF- RPR B B2 B2 38 i
The homologs of A:tCYP707, their mutation results in an increased ABA level
dormancy degree

ospyl Tl snrk2.2/3/6 H& IR 5828 F: BOK ARG FIHULRE ST T 1Y LT B &
A mutation in ospyl and snrk2.2/3/6 genes lead to premature germination in rice and
Arabidopsis seeds

ABA BB ZE AR (B4 abal 1 aba2/3) FiF B IRAR KPR A
Seeds of ABA-deficient mutants ( such as abal and aba2/3 )
dormancy levels

HEWI ABA A R FE W (AINCED2,5,6 F1 9), LL K KT GA A4 ¥ & W 3
(AtGA30x1 Fl AiGA200x1 ) 75 5l 7 40) A PR HIR

AtMYB96 directly activates ABA synthesis genes (AtNCED2,5,6, and 9) and inactivates
GA biosynthesis genes (AtGA30x1 and AtGA200x1) to induce primary seed dormancy

HAES ANECD6 KIS 3 DOSURT I/ FH LU I ABA B 6, 5 GA SR iG 2
AtGA20x7 )3 B X IBAR ELAE FH LA GA R 54 5 84 i PR AR

AtABI4 increases seed dormancy through direct interaction with promoter regions of
AtNECD6 to increase ABA biosynthesis, and with promoter regions of AtGA20x7, a GA
inactivation gene, to inhibit GA accumulation

H G AR FEL PHS FUR AT W, 5 DR KB K HOG ABA A SR A2 5
A mutation in VPl leads to PHS and disruption of embryo maturation, and causes a
reduced dormancy level and sensitivity to ABA

JKFE VP8 [y IRIVE LA, PLA3 278 F I AR IR FAEAIR
The mutation of PLA3, a VP8 homolog in rice, exhibits a reduced dormancy phenotype

W7 TR 4G ABA I PP2C BERREE (AHGL AT AHG3) , {0t F 4
R T PRI 5 LA 58 A Al R 1 AR R

DOGI functions independently of the plant hormones, including ABA; and inhibits PP2C
phosphatases (AHG1 and AHG3), as well as promotes and maintains seed dormancy;
mutation of DOG1 can completely abolish seed dormancy

RDOS5 & PP2C 2 B ERBEZ I 1 — AN 5T (HAN I I BRI 15 14 20 7 TR 90 U8
FEAE T CRLEE ABA) ; H 5828 ] i b - (R AR

RDOS is a member of the PP2C protein phosphatase family, but does not show phosphatase
activity, which functions independently of the plant hormones (including ABA) ; mutation
of RDOS could reduce seed dormancy

and

show reduced

ASDRAL i@ i3 75 DOG1 Al GA &4 () RGA-LIKE2 ( %#f#% DELLA & H RGL2) %
UEEEL AN ST 3

AtSDRAL regulates seed dormancy and germination through regulation of DOGI1 and RGA-
LIKE2 (RGL2 encoding DELLA protein) in the GA pathway

AtODR1 {E23 0sSDR4 19 L % [7] I 5k [, 55 bHLH57 — &1 M, IF 78 AINCEDG6 I
AINCED9 19 L W2 A, LAFE ) ABA A BUAITRh AR

AtODR1, an ortholog of OsSDR4, acts together with bHLH57 and functions upstream of
AtNCEDG6 and AtNCED9 to control ABA synthesis and seed dormancy

Chono et al., 2013

Nakashima et al., 2009;

Miao et al., 2018

Kozaki & Aoyanagi, 2022

Lee et al., 2015

Shu et al., 2013, 2016

Kozaki & Aoyanagi, 2022

Griffifiths et al., 2011

Nakabayashi et al., 2012;
Née et al., 2017;
Carrillo-Barral et al., 2020

Nakabayashi et al., 2012;
Née et al., 2017;
Carrillo-Barral et al., 2020

Cao et al., 2019

Liu et al., 2020

T ALk Seed de-greening

SnRK2, ABI3

snrk2.2/snrk2.3/
snrk2.6

abi3—6

SnRK2 A1 ABI3 JJli 4 it 78 f4) T BE 41 53
SnRK2 and ABI3 are important components of the de-greening process
—HRAE snrk2.2/3/6 IFIT LA GREFIE, X ABA U

The seeds of the triple mutant snrk2.2/3/6 have greenish seed coats, and are insensitive
to ABA

GEAR PRI R B B = Ak, AR ABI3 38 A5 SGR A2 i e Fa il I 1) i 2
The mutant seeds exhibit a lack of de-greening, and ABI3 control embryo de-greening
through regulating the expression of SGR gene

Delmas et al., 2013

Nakashima et al., 2009;
Zhao et al., 2018

Armstead et al., 2007
Delmas et al., 2013
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et al., 2018) , Fi T 1E ALY & W5 Fl AL B 45 R F115 3 ( Sorghum bicolor) W) VP1 F& PR 1 5 K HR )

B R K BB & B ABA i AIRHR . —
SR 3R W, ABA J2 ik S i AR Y G Bl R 45
( Finkelstein et al., 2008; Nambara et al., 2010)
ABA A6 B BN T 5 B T Y 58 78 5 ) 1
fKHRE ( Nakashima et al., 2009; Zhao et al., 2018)
(%1),

P AINCED6 1 AtNCED9Y 58 78 14 g il 24
T4 Fh 7 2 90 ABA UK P FLAK BIR R R AR
( Lefebvre et al., 2006) , HAth i) ABA i 28 A8 14
W abal 1 aba2/3 , W87~ HARHR K FFEAIL (Kozaki &
Aoyanagi, 2022), 1 F§ ¥ ODR1 [ suppressor of
RDO5 (REDUCED DORMANCY 5) ] bHLH57 —
AR, IF7E NCED6 Fl NCED9 1 |3 AE ],
#il ABA A SR TARIR (Liu et al., 2020) , K&
PuNCED1 B 7E W2 ik 19 40 B ( Nicotiana tabacum )
i Frh R R IR RIRPE T ABA 7KF, Jf 5]
A L IER , FEFHR M, LeNCEDT B3t £ ik
0,38 5o 2 AT A ABA ZKSF S B AR HR ( Al et
al., 2022) . fE/NFE 2 4> TaABA8' OH1 |a] Ji 3
( TaABA8' OH1A 1 TaABA8'-OH1D ; AtCYP707 1
AR JE R B 9728 S 30 ABA £ 5 R IR 72 B it 448
J( Chono et al., 2013), TsNCED1 1 5 % & %)
ABA & & FI PHS $ 1 34 I A € (Fidler et al.,
2016) , ABA 555 S 45y W 2845, /K F ospyl
L EHERANRI snrk2.2/3/6 = =AM, B FHK
FELFIALL B 57 Fh 1 19 )3 24 BT B & ( Nakashima et al. |
2009; Miao et al., 2018) ,

FERLRE ST H, AIMYB96 EL %3075 ABA & Al 3&
(NCED2 NCED5 NCED6 F1 NCED9) 1457k GA
AW L TR (AtGA3ox1 FI AtGA200x1 ) 3K 75 5 Fib
FHIWAEARIR (Lee et al., 2015) . AtABI4 i@ 3 71
5 AINECD6 (1) )3 ) F X 38 A B AE FI 34 i ABA
BIAEYIA L, 5 GA R IE I AtGA20x7 17 81 IX.
SR EAE R GA () B 2k 14 i Fh - PR IR ( Shu
et al., 2013, 2016) ,

LAFL B B B 2 SRR 3145 . A
TR IR A K5 FUS3  LEC1 1 LEC2 i,
BT 8 AR AR AR AN 58 52 4 4l IR A A2 K A5 0k I 3R
P BCEAET i & ( Gubler et al., 2005) , K VP1
LR PURE IT ABI3 1 [R] U5 3586 [H] | 2 f 25 8 FN 3R
TER—Fh ABA 15 546 S0 e84l 5y, VPl AR T
R KRR AT K AR 0 s R W, NZE KR

KDL Bkt ABA A ER BT B & 0 REUER G
(Kozaki & Aoyanagi, 2022), 7E EKH | LAFL %
PRI B B3 9 VP8 (G A — F (B 1Y) K il ) 9
(Suzuki et al., 2008) , KFGH VP8 [FlYEIE[H PLA3
( PLATOCHRON 3/GO ( COLIATH) ) Fl #l B IF
AMP1 ( ALTERDMERISTEM PROGRAM 1) {f] 5% 7%
F 0 PRI A2 55 ( Griffifiths et al., 2011) . ABI5 7E
NG TN G b R A bl B A B AR IR O
S A4EH ( Zinsmeister et al., 2016; Yamasaki et al.,
2017; Utsugi et al., 2020) , 7E &5 34, SbABI4
SbABII i1t B 3 5 ShGA20x3 W )5 81 T 45 & 1 5
HAEL 5 T ZE K Fh TIRBR ( Cantoro et al., 2013)

DOG1 1 RDO5 B\ 4 9 % 5 = i F A K
MRFE D, LT ok 57 T4 9 3 2 A 45 ABA AR H]
(Bentsink et al., 2006; Xiang et al., 2014 ; Carrillo-
Barral et al., 2020), RDO5 J& PP2C % [ W iR i
TG — A 0L, (AR 6 B B R % 1 ( Xiang et
al., 2014), 1fii DOG1 J& — /> T B K A 19 & M
( Carrillo-Barral et al., 2020), DOG1 1 RDO5 )
TEAR 4y ) 5 4 fidt Bk 15508 D Fh T IR IR ( Bentsink et
al., 2006; Xiang et al., 2014), #{& 4 Hr £ W,
DOG1 Fl ABA XF F IE 1) F 1 1A B #2075 119
(Bentsink et al., 2006; Nakabayashi et al., 2012) ,

DOG1 5 4 FhEsFREGEA T AR, Hoh 2 FhJE T
A 533 2C RUEE W TR I, B AHGL Fl AHG3 (&l
1), ABA B H1 DOGI 127 PP2C R g /K F
B4 DOGT i AHGT F1 AHG3, 1 ABA 41141
HAtb iy PP2C BERREE A AHG3, @it #l | PP2C
M2, ABA A1 DOG1 fie i Fn 4 35 F 1 /K I ( Antoni
et al., 2012; Née et al., 2017), DOGI =2 F ¥+
B F £ 1 B2 T b 75 B4, 5 40 2 o T ABA
=55 54 ) (Dekkers et al., 2016)

0sSDR4 ( SEED DORMANCY 4) ¥ ik H & —
T 5 81 IR IR A 56 B I8 2 IR 7, 6 K RS b B AT R
14 T BE ( Sugimoto et al., 2010) , 7L Fg I+,
AtSDR4L ( SDR4-LIKE) # & ## 15 DOG1 1 GA i&
ZH Y RGA-LIKE2 ( 4if% DELLA #H RGL2) K1
PEAR R B i Al % ( Cao et al., 2019), Liu 4§
(2020) #EM , AtODR1 ( FH T ¥ %% vdo5 ) J& OsSDR4
M — A B &R F K& KW, 5 bHLH57 — & 7F
AtNCED6 11 AtNCEDY 1) Ui e A F , DA% il 0 g
I ABA A BRI TR
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3.4 ThFRR L

TEFh 7 LG B 1, SnRK2 1 ABI3 3 PRk %5
FE M 2% i B B4 B 4 43 ( Delmas et al., 2013)
snrk2.2/snrk2.3/snrk2.6 = & ARARLEF T K F 1t
Ferp R B X ABA AU, JOF 7 AR S G R T
( Nakashima et al., 2009 ; Zhao et al., 2018) ., %%
RIN, PLEE T abi3 -6 58 A8 1A 3 B = B 4%
ABI3 i i ¥H # SGR ( STAY GREEN, AtSGR1 Fl
ALSGR ) &P 1) 2 305 DR 42 1] JUR B J3E ¢, 3o 2 Bk A
Hi Mendel T {37 53 2 B #) SGR & DA /Y [) 5 2 [A]
(Armstead et al., 2007; Delmas et al., 2013),
ABI5 W ] 45 S BHAE W Fh 7 B9 0 2 A R T 75
(Verdier et al., 2013 ; Zinsmeister et al., 2016) ,

4 HHE

FhrRER—NERNSR, BFEIER K E
AL B, F2 SRR A S it ) 1 AR 2R (T I K
A ARAT AR A RO ARASARHIR , I Sk 25 1l 5% ey o 5
1 f = 5 5 & (Kozaki & Aoyanagi, 2022)
TR ABA XA 1 & & 145 32 22l 1 ABA
R 15 5 5 5 MH LAFL B 2% 52 LAY (Sano &
Marion-Poll, 2021; Ali et al., 2022) , A& IT4FER
ABA WM T E F OISR C RS 1 E R H
SEATIRA — 2 SR A [R) AN Bl
PR ABA KR T8 T 2 N REBR AL,
Wk 8772 FE Ak AE H (8'-hydroxylation ) 2k i ; ABA
i ILFE #5 TF ( ABA glucosyltransferase ) B8 F ABA
Ak i ABA-F BE g ( ABA-glucose ester, ABA-
GE) , 10 ABA BYf#AF1tL; ABA-GE L HEHL B-HIHH
T i ( B-glucosidase ) 7K f# i 4 ABA I 4 % B
(Sano & Marion-Poll, 2021) , iX 26 A H 2 A 40
o % 8 B BB AR AL DL R A R B TR Y
IEH ABA KW AN TEAE

ol Jlg SRR 58 7K P 1 32 R 2 1 & ABA
M DOGT H I, eI H 5 s N7 M 4%, W LECI
LEC2 . FUS3 ABI3  ABI5 (AGL67 .PLATZ1 .PLATZ2
( Smolikova et al., 2021) , #.{» ABA #4251 DOG1
WRALE PP2C LG . AT ENE EEGKE R
RS E IR BE (5 5 i PP2C 4 S ma i B — £k 12, A
FOX P 45 B2 ERE R AL e AN R B
DOG1 J&F FIRIR Y 32 245 A F 2 —  HH 57
TIREATs 8% B A B i %€ ( Nonogaki, 2019a; Sano &

Marion-Poll, 2021) ,

TEFP 7 2 FE B, GA Y UK S # FUS3 Al
LEC2 N, NIl 5 A Y6 M GA & A 2
fif ( Kozaki & Aoyanagi, 2022) ., 7l JF ', GA
S5 B T BOE LECT LIS IR B K AR e 3 AR
KEMHERMRIHMRMN KT, CAF5HFMH
HF DELLA 5 LEC1 A & /E H, i # Yuc
(YUCCA) Ry 23k JF il s g A K R LR
KA v IR BG & . GA fi & DELLA [ R i, LA i
BRI LECT 3, S 2850800 IR iR & A Br b 75 1Y
FEH (Hu et al., 2018) , #R1f, GA 1E IR &
B A1 DD HE M AN 15 2 ( Kozaki & Aoyanagi, 2022)
AR R AL 3 ABI3 1y K5, ABI3 i of ¥ TE ARF
(AUXIN RESPONSE FACTOR) 3£ [H % S JIf Jif 7] —
PEFE (Kozak & Aoyanagi, 2022), [FFE, EKZHR
WIS ABI3 ik KR ABA 1557 5 NN
IRl FORHE (Liu et al., 2013) o PR, oAl 91
RIS ABA (A EAEHIXTFF & B i A
H—H5E

Hil, BRI 2 S 5/ F AN E R T
ZEAESY T RN 385 KO 1k 5 8 AR AE {0 X FLH
WG & A B i SR B TF AT SR AR D I Ah B SR
DR P8 35 P A — 2 33 4% 0 3 L3 £ TR 38 ) 7™ A 4
il SR XS X 2 N 2R 19 T ff A 58 & ( Verma et
al., 2022) , ixXEE[n] B TR AW 55 6 A B T 2 AR
T B 0953 T HLH, DI Ry 32 s Fh 3% g Fn 3
= 5 AR AR R AT RO

SE .
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