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GAZ—FEAEEN T % ABEEIR, W THAL. REZHMK. Fi. ERFAHBTRAENEENZ. GAE
MFRREREMG PN EEXHEMARESBREFGEEEFRENAE. AXEZELZR TGANEY
ARERE. GANGESHBFUR N FHAFKRRERBALENFAREE. W, AXOLRET AABFE

Bt — F AR B A AL, A E A B GAE M T oA 5 RIRE 2 T ER SRR E R,

XEE R, WK, ABE, AW, BT, GTHE

FEAAERIP BT TR o C% VT 22 SRS S T 20
THIK, VAHIIRAE BRI BEMF P RE IEH AR KK
BAMEATIEA. AT B KB K RSOT a6 (WK AR
H1), SRR TR 7 st 4 23 (e B AN IR 3L ) IR i A 5 K
Tty FRT A R B 02 78 s AL ZR RO UBRRE 0 AR B A A
BB T P k€ 1. EVF 2 YRR, S s 4
HUBRRE 7 52 ) g R ) AR AT RE I, T TR
SRR sE I R R T (R R —FIBEALLY,
77 i HZR A A UAMPE 75 5 SR o T 10 L2 M ) A
AL, W TER N, BEFLARFIE AR H th 25 s B i AR AR IR

TR (e H . DAL, R PL S AL — B Fh 7B K
IOl R T

kL It FL(micropylar  endosperm)fd [l %5 IR AR 2%
Ui, F0F AR B A LB = A AU 7, X AL BE g e 2H
2 JELTI R PR A R AR AR RR T O R e i T
R LA ) S5 A T o b . DR, AN PRLEE SR A
FERRFLA AR SLIO 85 Ak bt S fE Y. s b, Rt
NBEASA R 1, 5] G A e SRWE P A W Il 7K R il (xy -
loglucan endotransglycosylase/hydrolase) 14" Ji &
(expansion) ] 3 K 7E #L B T+ (drabidopsis thaliana)m\
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FMAT K (Lepidium sativum)[4]7FD%%E(Lycopersicon es-
culentum)[s]ﬂj%ﬁﬁjiﬁﬁE"J%?Lﬁﬁﬂﬁ?hqjﬂéii. Stein-
brecherfllLeubner-Metzger ™4 Hi,  H1 /i FL4H i 43 55 51
FEC P AL i U LA U BEL 7 1100 9k 2> 2 R R S ik 783 i 4. 24
(B S RO R T

FEVFZ W, WRFLAHMII) 23 B8 R AL AEFh - 56 B
WA 1T, EFLANNG ) 73 B 1 75 %5 R (gibberellin, GA)
fieidt, 5 GATRTE 140 p e B B (cell-wall remodel-
ing enzyme)ﬁ‘]ﬁ]‘lﬁ]?%l‘iﬁ%[zg]. TEGATRFE 1) gib- 17
AR, GAfEHEERFLIR RS 3L N %35 GAth
A& FEAUL i T 7 BR L g I LA 40 IR FL(peripheral endo-
sperm) {1 3L K1 3351, De GiorgiZs AR, 2 2k
(paclobutrazol, — M GAAEY) & B HI I 7)) Be i FEAIC AR
THRIGAKT, 584 | BF A= Y 4005 T+ 1 (1 b B2
&3

GAZ — UM iR EYER F 5, HizEY)
M2 AKREIE, OFMriHR. 2K, iy
¥R FEE S W maamR TR E. GAR
FLIESUR 5 BE G /R 5 (Gibberella fujikuroi) PR L,
T 7R B A2 FK R T T (foolish-seedling) s 9 R B8, AT
Bl AR A KU 3 NGABER Bk,
NIEE Y. EREAE 4 E H T 136F1GALZ
U H RN K i B HGA ~GA 5. VFE IS
IGA LAk AT R B A 7h, (HE TR
HABIE. R K2 BGAR T A SR, T
A EEEIE R, B0 R AR A
PERAEY). EZEAEYEMEGABTEGA,, GA;, GA,
MGA; S, BT R R B — A AR () i
BRI, B B C3-R I TR T )
IGALEY & Bl RALR 2 GABUR Y, RIMHARKK
B Ekba, (HEEBHINEGANKE. KIE(Oryza sativa)Fil
KZF(Hordeum vulgare)H1GABUB AR R H 5%
v ASE AFERD 1 R0 B2 AN g i I o-VE K B ) 75
S 5T, AR T AR P W5 )
KA R A @A, BT P 4 MK
ML T A T GATS 5 5 S AR S8 41 7) GAAS
UL 1(GA INSENSITIVE DWARFI1, GIDI1).
DELLA(Asp-Glu-Leu-Leu-Ala)ffifil| (A -F-(DELLA inhi-
bitor). F-boxZ& HSLY 1(SLEEPY1)FISNE(SNEEZY).
DELLAH AR, TGAE T 3N 1
WTDELLAA™ 3 1) A4 KA gLk 2R 12142120,

2

T P03 G ATE UL Fg % IR i & A b ke B AR
FHBS AT M GATEIE 2 8 M K B R, GAZE
A EUE 57 S HEE S8 IR, adETet
REATEEMEA R, it &R GAN 5] R
T EW K. DELLAS IR AR A A= i 11 1 0% Bt i 42
LECI(LEAFY COTYLEDONDAHEAEM. GA5l#
DELLA [, fiftls HotLEC 1S5 1% M A1), A
R R B AR LA T GARED & RS R
. GARIME 55 S UL e R 785 & -5 IRHR A bR
(R T FE k. BEAL, AR SCHAR Y T E A S 75 2
BB T R ) R, R B R R GA T R T K
ORI FHLER EH (S .

1 GARAEY G Ao AR
L1 GAMAEM AR

(1) GAEWE s, MY HGARAEY) & Rlaa it
%) R (isopentenyl diphosphate, IPP)M4E4-)L
FeMert )| R (geranylgeranyl diphosphate, GGDP)
JHUG, IPP& P Kt &Y/ 2K 7 I —IHE A YIHIS-C
ALY, FER ZHMALLUR, AN R R
J75 B TPP FH B 250 12 77 A 20 5 H 1) HR 2 I (me-
valonic acid)i& A5 4 H (1) F IS IR I iR (methy ]
erythritol phosphate)i& /%" HR4E 040 ML 52 A1 T S
58, BAGAEYEBUEER 0 N3 B, B—
Wi B b 15 445 (proplastid) T B FTE TERE AL, A2 P
- D1 FE A4 (ent-kaurene). 55 FEBL, WIR- DI FAZH
7E 9 J5i ™ (endoplasmic - reticulum) 1 # AL M GA -,
X2 GAHEW) A B 3L [ 1A R B 40 i €4 22 PAS 0 0
¥ (mono-oxygenase) it — AL, 55 =M Bt 4B
FR 2R I R AR ) — N 48U (2-ox oglutarate-depen-
dent dioxygenase, 20DD)f fb ([ 1)!"7*,

GAEME BuERS, B—N%—1dhE =N
HR- IS¢ 42 4 (ent-kaurene) \GGDPi# i P AR -F B2 3 —
1§ & (ent-copalyl diphosphate, CPP)[I#NLAE 2P
BRA R, WAR- VLSS TEC-190 B 7 54k, X
A AR - DL FEAZ 45 B2 (ent-kaurenol) . PYAR - U1 5842 )%
[ (ent-kaurenal) fll Y AR - U1 SEA2 45 BR R (ent-kaurenoic
acid), WAHR-VIFEA IR i — P A BN AR -To- 52
Ft U205 1R (ent-Ta-hydroxykaurenoic  acid). C-6Bf
BME RN EGA - B, RGGA - TR LN
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Bl 1 M LA ) L AE — B IR 21 A i A oK e 7
PIGAMGA 1LY & s 42 (R4 SCHR[13] A1 [28 ] L ).
CPP: PAR-F L WG, CPS: PYAR-F B @R &
GA3ox: GA 3-%1Lf; GAl3ox: GA 13-%/LA; GA200x:
GA 20-A1Llf; GGDP: #/ ) LI F LA — R, KAO:
- N FEAIE IR E AR, KO: PWAR- DA )i A AL, KS: W
R- W SEA2 I 5 il

Figure 1 The biosynthetic pathway from trans-geranylgeranyl dipho-
sphate to the biologically active end-products GA, and GA,; (redraw
according to Ref. [13] and [28]). CPP: ent-copalyl diphosphate; CPS:
ent-copalyl diphosphate synthase; GA3ox: GA 3-oxidase; GA130x: GA
13-oxidase; GA20ox: GA 20-oxidase; GGDP: geranylgeranyl dipho-
sphate; KAO: ent-kaurenoic acid oxidase; KO: ent-kaurene oxidase;
KS: ent-kaurene synthase

GA (). HFC-130 & 531352 31k), GA |,
WAL UNGAS;. GALFIGA 7 & AR 13- 3 A0 A
13- AT, @R C-2007 B b i
PEEAL NG AGIGA, ™. H b AR GATE ) %
JE 2B BR BR GARIG A, I3B-FRIEAL1E F, I AR
GAFIGA, (1),

(2) GASEWYE LN, FUFETT I e dE R R 4H A5 B
A% ENR T 5SGALEYEBOERH KK ZH
HEPY, KFEGA 13-4 G vE e 3Rt T —1e3h 38
B, RN E T SGAE S IR KT
Mg () SE R 3R T I RME B NGGDPA BB AW
TEPEMIGAIL T Z7ANEE (), AT N =R R AL
I O 2 £ 2R PAS0 B i A2 AN 2- B 1 — R A 5t

() 4B, GGDPHEAL RN A HR- DL S A2 I P A~ 2D
BRIy ) e N AR -] B 5 R 5 I (ent-copalyl  dipho-
sphate synthase, CPS)F1NR- I 5242 )% & B (ent-kaur-
ene synthase, KS)#L, XHABFLERNFEE T (5N
GAIFIGA2) P RIKFG (4 59 0sCPSIFIOsKS 1)
AR 0.

WAR- B IR BCAGA -, Tk IAR- T35
KN B AL B (ent-kaurene  oxidase, KO)FIPAR- T15542
I R B AL il (ent-kaurenoic acid oxidase, KAO)fiE{L. #f
FN A CEIERE IR R IMAED R L% € T11MKO
FR(GAF2ANKAOH R (KAOIFIKAO2), Hga3)
BE Bk A AR B ™ BBV, KRR B4 K
MSNNRKOFH R, @it e RRRIE, WEHHE
PN EBAKOWE M. BbAh, OsKO2F:H )R8 5] L ™
HIGABRKE AR LR R, RHHAGA S BT EE
YEFPY. BHE N RAEE K (Zea mays)h %58 T2 E 40
HIKORR, HRICYP701426F I HKOWE MR EY
FpE Tk T R HIANKAOR K, BiE
(Pisum sativum)i A2 NKAOKEH, —A> BAEHEH
KAOWEYE, 55— MUAE R & B 1 rh 3500,

MGA ,/GAs; AL NGAL/GA 2 B i 1 45 747
AR e RO AE13- AN 32 IR 42, 7EK AR
B, 13-REME AW R13-FRAEE M, ©H
CYP714BIFICYP714B23:H 4ita " Bk, He NP7
KIL, CYP72A9%9ISGA 13-AfLEE, ZEEf{b13-H
GA(GA,, GARIGA )AL AMMNEI13-O0H GA
(GAs3, GAHIGA)), MIMIB#EK13-H GARIZEDE .
cyp72a9RBAR KB H GA BLZ FIGA /K380, 1M
CYP72A95 33K FIME AR 27 H 2 AL R TG A K
BEPG; DL EAKCYPT2AVE AMEIL13-H GAR%
16 AR 13-OH GA. GA 53 HIZE LAY B WG R m] 1 1k
)20DD#EAN, EAH MEFRANGA 20-H AL
(GA200x)FIGA 3-EALHEH(GA30x)". B9t A\ 5 D& AE
WEIF R I T 54 GA200x > F14N GA30xHEH, SR
MY AEAtGA200x1(ga5)F1AtGA30x1(gad)FE A8k b
SF LB E KRR Jesh, EARFET R T 4
GA200xF12/> GA3ox 3 F*,

12 GAZMERMHSE RIE

TS B B MR BEAF 5 (10 0 [ 06 200 LA TR AR
GAFEMAES). Y TAEAE LI GAZKIE IIHLE], &
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M GA 2-FAMEE(GA20x) K IE . H H ER L7 g 1R Ak,
MONGAH . ¥ GA 16,17-F LB 1L K N 16a,17-
WA UL I 5 RE S & A G AT .
GA20xtH & —F20DD, R #EHAEHIKY, GA20x
AR NP, Ho—2HXTC19-GARRMEH, B4
WAL S A EA T B AR - AL AT A, B
EFTC20-GA"™ ™ ATE & EMF I R T 54
C19-GA20x(AtGA20x1, AtGA20x2, AtGA20x3, At-
GA2o0x4, AtGA20x6)F12/~C20-GA20x(AtGA20x7, At-
GA20x8) W™ FEKFEH KL T 7HC19-GA20x
(OsGA20x1, OsGA20x2, OsGA20x3, OsGA2o0x4, Os-
GA20x7, OsGA20x8, OsGA20x10)F134C20-GA20x
(0sGA20x5, OsGA20x6, OsGA20x9) 5K 75 H A
Pt I T IR I DR ()[R, BLFE 2 162K . (Pha-
seolus coccineus) ™. FKVOFIRA B (Pinus) R
C20-GA20x# N N — DM AR T C19-GA20x I K
B A ODD—#, ZiiSGA20x I F R GA %

A D 1 G At RE B A € 2K P4 S 0 BRI AR
(CYP714D1)k3E. fE/KFEH, CYP714D1HI K=
(ELONGATED UPPERMOST INTERNODE, EUDX:H
b, TEARIMNEACGARN160,17-FE A (160,17-
epoxy GA)™. CYP714D1LAGA,,, GA,FIGAMEHIE
Y, (EXT13- B EALGARIEHE /M 2. KFEHEUIT
ik FRIA 51 RS AE R A A A B T R R GAL R R
FEA, IR AL AE H (epoxidation) FEIGA K. L7
W EHEMACYPT14B5(CYP714A1MICYP714A2), Hrh
CYP714A27EC-1347 B F2FEA AR - T Fe A2 I R B i
4l (steviol). PINCYP714F: R FRis S B E
1, HFCYP7I4A 17 E 45 BRI A%
M, GA—E AL % (GA dihydrodiol) KARFEAE T £
Vi, SR ER AL AR AT R — PP i I GA RIS AL
ﬁ%”[49].

U GAF FE % F2 R 1 (GA methyl transferasel,
GAMTD)AIGAMT2 & X GA L — 1), "EATHEILCI19-
GAMJ6-25E, HGATRAEYENE. X GAMTENTE
PR TF o SR i s S BB IS GAMTHR A
ERB R TRk, aTEEREEGAN & &, Hit
AR B R AEFR B GA, [, BT A B A AT REA PR
TR R ) A R .

TEVFZWFih C4 K IL T BERFIBERGALE A1,

Horh R w R B AT, GALE S AT EAE
PR, BT Re A s iE R, X8RME T —Fh
SRR PE G AR BERH T8 & AR B
B E 5 (B-glucosidase) 7 % 3 Kl B (Nicotiana  taba-
cum) P AL R IE FEULMGAK 3G N, GFEGA,
GA,™, RUIGALE &M T B Jg— i il el v 2 1
F. GASS Gyt ] RE S A — bl 78 (1 W] 3 1) 2R 5 L
i, Flun2p-FRIEGAE T 2B-F5 5L 55 7 ) 0 45 5 T B
B,

1.3 GARESREET

T AEDDTEPEGA R 7K 1T DU IS GA AR
SOGHLEIEAT IR, R R, R HIGAEY & AR
CPS, KSFIKOWIFIEARZ bl sma ™. 7 e
TF, GAMHEEL Bl EGAE 5 1 i AT 1
GA3oxl, GA20o0xl, GA200x2F1GA200x31F)%TEKF,
MGAKLH FHGA S fEAHIIE K GA20x 11 GA20x21H]
FeS AT, MR, GABRBE B & FIRGA TS 5% T 258
B FHGA30x N GA200xFIE 1) L LA K GA20x3RIE
fREET M GA R EE Y4 NGA LK)
1/1000°% ZERIEF S th, CYP7249F HAE R B IFh T
HRIE, S 5MFIIRIARIR, BGkcp72a977%
b7 LB A RURh TR R R AR, T4 R AL ER K
TR T LB R R S B A R ). X g SRR
B, CYP72491E K & WIHLEE I+ Ah T AE MG HEG A, 1 F
Ak 1R C,

TEIK i gid I Fgid2TALARH, OsGA200x2 5K )R
A ERIE B ARG VEGA, (KB S 1m0 7E 4
FA X DELLATNGEdR R RALAE T, AtGA3ox1IFRIEIKT
BEIE". OsYABI AT E ALK FEDELLAZ [ T iifGARE &
N FH T, FAHREK TDELLAK . OsYABI
3 ik S BCE B L RAMGA K FHIBEAG, X 7] RS
W T 0sGA30x 2B K R M OsGA20x3 ] Fif 5| &
94][57]_

GAS2(gain-of-function in ABA-modulated seed
germination 2)idt F i Ry /INDL g TR 5 R 4
TR B X i 75 R (abscisic acid, ABA)I&UYE, Hohhg
T2 A KT ABAFIBURTE. GAS2ZE —FiFe” M
20DDHE K EE A, "IHEMGA L KEIERAEGA,
16,17- ~4-16a-E¥(GA,, 16,17-dihydro-16a-ol,
DHGA12). 54YEHEGAMLL, DHGA12 A4 JE



SRR e

MIGALH, (HRE5GARMKE &, BRefLt Al 11
Ky FRERARK AT AR SR GAS2HE N N ESL R IF
Tl B A AN 4 B S A TR R R R T AR
P!

2 GAFE#S

EOGAESH SR A EEHGARZIAGIDI.
DELLAZE 4. F-box & [ FIDELLA {2 i 4 [K 21 i
(&1, E2)" 2 ZEGALE S S, GALGIDI
45 A 12 GID1 5 DELLAf I IR 740 TR A, At i@
itz - AR IE /2 (ubiquitin proteasome  pathway)
5 FECDELLA 1] B A GA N R ( 2).

2.1 GA5GIDIZL

(1) GARZ{KGID1. GIDI1&—Fe AL R i
J8H) g U5 B (hormone sensitive lipase, HSL)ZX % HY [R5
Y, (EREY RS A S5 DA A GASE & 451
SRS i 0 KR P B R A A e gid 1 R T v
(map-based cloning), WFFA R EH K | GASZ A
GID1®®. GID1J&—Fl {EIEGAZ AR, 7E/KFEFILES
TF 20 M 5 A T4 A AN 4 5 DY, (H GID1 4R 1 Bt
Z K MRBEE T, TR R 9 Val B TIe AR T Ser-His-
AspHEL =14k (catalytic triad) 1 (RTHisFRHE(F3)>,
MR, EALSTER T AEEEGABTEGA,, GA;,
GAMIGA, 45 & 0% S EGAZEC-4F1C-10
ZEEH—Ay-WEER, fEC-65H — M REHTEC-3
TH A RE B SEA I Vallle bR it 5 AR
EPEGAT T y- N B A AR PEAR EAE FHEGAZE &
e e A R 100,

KFEHGID1 T REM 2 2K T UL A REXT GA R 12
ERE B, GG B Agfg . e, BRI
P AOE FE P a-TER BRI R L. BARKFEH R AR
MNGID1 GASZAREER, HIEMEIFHAE3NGASZ R
KlGID1a, GIDIbFIGID1c(F 1) §) B v gidl =
FRAFRF I ™ H ) GAANRUBGR Y, A0 45 52 Bpp A
Bk . FEEBLA G AR E ) AR H K
SRR GARIBUBPERRA, BN RE R % e T
—/NGID1 & L

EGAE S FH, I3 NGIDIIEF B A
SESVEN, BT-DNAJAFIGIDI A H F AR

A
Degradation via
26S proteasom

- z
~ B

GA responses OFF GA responses ON
C D
slyl mutant
residues mm
chxposcd"n L DELLA |[DELLA | DELLA

DELLA-interacting oy :

residues not DELLA _L J— i

exposed in

open-lid state GA responses partially ON

B 2 MRBRIARBUE MR GALS 54 SH A ARIB:
DELLAP£f#BAY. A: GASRZI, DELLAZK FHRFE N, 1)
HIGAK K B: GIDI 5GA 4 5 {2 GID1-GA-DELLAR
EVRER, R 5SLY1/GID2 F-box AL &M%
72 #ALDELLA, MIfiilid 26S 8 FEE /A HL A FEAFDELLA. iX
B T GARBLFDELLAIH]. SCF™' E3i2 FiE ARy S
0 Skp 1 [AIYEYIASK 1, Cullin, SLY1 F-box & [ HIRBX 141
J&. SCF E3fALIZ 3 (5 K [ [6l) ME2#4 2 BIDELLA. C:
GID1# 7RIS GABRZI, GID1M & Tl NS IF
i1, TBE SDELLAZ&. MGAMZE &1, GIDIH T 5RH,
& tH S DELLAZE AR ELAF HI T /5 B K AR EE(L, W, V, I, L
AY). D: e85 A BEMRAIDELLA N fEslyl9¢35 A+, DEL-
LA e ¥E % B fif, DELLAM & RA0H GA R L.
GID1-GA-DELLAE &)1 T M —LEDELLAZ H, #5)
FRBRGA SN 1 1)

Figure 2 Models of proteolysis-dependent and -independent GA
signaling[sg]. A and B: The DELLA destruction model. A: In the
absence of GA, DELLA proteins are stable and repress GA responses;
B: the binding of GID1 to GA allows formation of the GIDI-GA-
DELLA complex, which in turn allows the SLY 1/GID2 F-box protein to
bind and polyubiquitinate DELLA, thereby targeting DELLA for
destruction by the 26S proteasome. This lifts the DELLA repression of
GA responses. The SCF™!' E3 ubiquitin ligase complex comprises the
Skpl homologue ASKI1, Cullin, SLY1 F-box protein, and RBX1. The
SCF E3 catalyzes the transfer of ubiquitin (dark grey circles) from E2 to
DELLA. C: GIDI lid closure model: Without GA, the GIDI1 lid is
believed to be open and unable to bind to DELLA. When GA is bound,
the GID1 lid closes, exposing the hydrophobic residues (L, W, V, L, L,
and Y) needed to interact with DELLA protein. D: Non-proteolytic
DELLA downregulation: in the s/y/ mutant, DELLA cannot be targeted
for degradation, and DELLA over-accumulation represses GA
responses. Formation of the GID1-GA-DELLA complex downregulates
some DELLA, partially relieving the repression of GA responses.

Il B 2 I GARBUBRR A, SR, KT A AN = 548
R AR FE B I GAANBUBRR AL, X R IF
GIDI¥:H B AR Tfe L — ). gidla
gidlc R thgidla gid1biX# gidlb gidl TR EA
TIERRA, LW GIDIaMGIDIcAE 2R K Pt B 2
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Table 1 GA signaling components of Arabidopsis, rice, and barley[ZI‘”]

(G55 F4 5 T KFE K&

GASM GIDla, GID1b, GIDIc GIDI1 GSE1

DELLAZKH GAI, RGA, RGLI, RGL2, RGL3 SLR1 SLN1
F-box A SLY1, SNE GID2, SNE -
DELLA# 5 JAZ1, PIF3, PIF4, SCL3, ALC, PIF1/PIL5, PIL2, SPT, BZR1, SWI3C - -

YEH. gidla gidlb gidlc—=RAERWATAT gid I WIRAL 4
HR I IR R, RHGIDIp WAL ZE K e
YEH. gidla gidbXUTRARKIMARK R E R
W E I RAK, TMigidla gidlc NIRRT KR
TP 0 R R (4% Kk %) T GID1ER
2 6] fFE 5 He B 7R, GID1afIGID1 e 7] (2 3 iR
[ N85%, {HGID1a'5GID1b. GID1b5GIDlcZ
V8] () B F R [R] — 140 31 N 66 % F167%. AR HiE S FEFR 11
[FEEYE, =S YIGIDL FRIEYIRERS 75 A2 Fh AL GI-
DlacK R MGID bR,

(2) GA5GIDII45 4. MuraseZs A #1Shimada
2 NISTEZ 0 T 5GAMGA, S5 & 117K F50sGID1
(Oryza sativa GIDV)HAIHYFEITGID lafk iR 4514,
GID1&E /2L THSL, H—/NC-3ih% O Fl— AN RR
N 76 F HOON- i ZE T 2 R (13). C-Eih% o B R A a/BK i
BT S S5, o8 e 2 A A (1) 8 I B- 9T Bl 58 1)
— % o/BIKFARBEIT B R, HLA HSLAN I Al B2 R i g
TEHIR ST FHGGAIGXSXGEE 7 (1X13). ZEGID1# 0
AL = BR AR T i — N GA %S A 148 (GA-binding
pocket). TE45 & ORI H6MNKT, ENSGAMHK
PR THT R R S B X 2% /KRG AT UL RS IF I GID 1 2% [ %)
GA A F KRR (EXGA RIGASKIEA 11
B, BUNGA FIGA; & H — AN 13- 0k, XA FREEAH A
B 2EE AR ) — N7 A7 FL T (1) Asp AR JE(GID 1aH 1Y
Asp 243)CS1 - GID1F#IN-3i 1E 15 iy 14N FR A3 o128
JE(oa, abflac)dmk, EMER— 1% 5 GAF
GAZEA NS 35 T 45 M58, GARIER /KM 5 GID11
A EAE G SRR WS, GArF s T2
[B) ¥y /K AR AR AR W] R 2 5 hu Bl i 7 % M. GAfE it
FIN-3 &5 F F 3T S EGID1 4R T NVDELLA 2K A £
Y —ANEE A S (E2C). GAFDELLA Z |83 B
B EAEA, Hik, N-byds F1E N7 KK (@mole-

cular glue)”, —H5GAL &0, 75— 5DELLAK
EF R (A

2.2
P A

(1) DELLATH. T A 51 DELLAKERA, 73
5l % N GAI(GA-INSENSITIVE). RGA(REPRES-
SOR OF GA). RGLI(RGA-LIKE1). RGL2FMRGL3(#
1), ‘B9 EA55.2%~73.9%% JE M —SE R EA.
DELLA® A 2% 2 HIGAE T# S ik,
FHN-2fi DELLA 4% 25 #4585 f1 C-¥ii GRAS(GAI, RGAFI
SCARECROW) Iy g 45 My 2 R (1513)°""). GRAS TR
ZERI A R A S I DELLAINEI N 7 I fe e ok, Fo4
— PR B A PR R AR KRB, XM R R O
ZAESLNI(SLENDERI)MSLRI(SLENDER RICEI)
GRASHZE M3 R AZ RS2 R, SLNIFISLRI 3572 K&
FKFG 10— FIDELLAJEH "™, GRASZE: H I B A 2
PR I — DN REEFE SRR 7, fEE 8. K
I R AR 7Y, CGRASSE IR A& — A
¥ BB FF B (nuclear localisation signal, NLS), i
AT VHITD S 25 8 5 7 i 38 (1) 2 R L ik o 55 0 )7
(LHR1FILHR2)LL X% PFYREFISAWE 55 (K13)". C-3i
PFYRERISAW A7 5 i 7. 2 ¥ ¥ STAT (signal transdu-
cers and activators of transcription)#% 3% A H A — L&
[l 5.

N-Us DELLA % 45 #1885 & DELLA. VHYNP
(HFRATVHYNP)FI £ JES/T/VIE P (1K13). IS 51
R FECNREX GAE L, AT S8 ITDELL A4l
5| 2 8 M 2 B L F A (semi-dominant  semi-dwarf
phenotype)[72]. 5 75 B WDELLA R A R gai-1 24U
TFH I — P GAANBUR ) 2 B PR FF R A, RIET
DELLA/LEXLEJE /5N — B 17N EIEBR Bk 2. 240

GID1-GA-DELLA S &#11J% i 5DELLA



R AR

GID1(345 residues)

DELLA binding GA binding pocket

Lid o/f-Hydrdrolase fold domain
LW g '*Y hinge 116G GXSXG Asp243 Asp289 Val 319
N Wn i g
1 SIM 5 1o1' 151 201 251 301
domain

DELLA (533 residues) V Fareet
arge

DELLAbinding Other binding binding SLY1 binding

Possible GID1 binding

DELLA regulatory domain

pea Lexie vayse Poly S/T/V. LHR1 NLS VHIID LHR2 LXXLL SH2-like SAW
s [ITIE i R =
L R/R)X1
1 5 101 As1 201 251 301 351 a1 1 asi 501
SUMO site EL1 site EL1 site Gly 484
(rice)

SLY1 (151 residues)
SKP1 binding DELLA binding

VR1 F-box GGF LSL

N e

1 51 101 151

Bl 3 GIDI, DELLAFISLY 1R (94t , e P RIS e SR SR L 1 P ™). T #AREFFGID 12, DELLA GAIRISLY 1[92 1%
Feog bl ml i A, R T, L — 88 A-E 0 e & -B A LA A S8 O 23Rk, GIDI: |8 A R Zibrid
A LR GID 1 7 T A IEZ O GAZL & D AR o/ B/K ARG & A M. SCBEHE P M T R AR RIS (1) &
HEFLIE(GID1a Pro 92, OsGID1 POORIHE t12%); (il ) HGAZE & A KM =IBKK(Ser 191, Asp 289, Val 319); (iii) SDELLA%S
BRI T FI6 N HKIAIEL, W, V, T, LRY R HEHEREETH); (iv) SUMOAR TLAE HIJEF (SIM) I £ H3(WVLD); (v ) BATHGR
BRI R T B RFIE FHGGAIGXSXGAEFP. DELLA: [ F 3 ZIDELL A2 45 35 A GRAS T RE S5 Mk JR £ hRid. fEDEL-
LAMZZ5 K48, DELLA,.LExXLEMIVHYNPEE P 2 5GIDIMES & (M & 1), £ ES/T/VIEF &AW R 5 — AR ifE K
MGATE 57 S5 855 A R ILK/R)XIE 7. GRASIIAESS HI (L4 P A~ & R LK L (LHR LRILHR2), —MZE L IE
5 (NLS), VHIID, PFYRE, LXXLL, Z5SH2MISAWEE /(1R &F). SLY1: SLY1FMGID2Mu 45 5SKP145 & WF-box & ik, 5
DELLA%S &5 KINGGFRILSLAL [ LA K — AN AT AR I X (VR 1)

Figure 3 Diagrams of the domains, motifs, and key amino acid residues in GID1, DELLA, and SLY1””. Proteins are drawn to scale based on the
amino acid sequences of Arabidopsis GID1a, DELLA GAI, and SLY 1. The regions involved in specific protein-protein or protein-ligand interactions
are indicated with dotted bars above the diagram. GID1: Two major domains marked by black bars above the diagram represent the GID1 lid and the o/
B hydrolase fold domain, including the core GA-binding pocket. Key motifs and significant amino acid residues include: (i) hinge residue (orange bar
for GID1a Pro 92, OsGID1 P99); (ii) catalytic triad (Ser 191, Asp 289, Val 319) involved in GA binding; (iii) six lid hydrophobic residues involved in
DELLA-binding (lollipops for L, W, V, I, L, and Y); (iv) SUMO-Interaction-Motif (SIM) domain (WVLI); (v) HGG and GXSXG motifs characteristic
of hormone-sensitive lipases. DELLA: The major DELLA regulatory domain and the GRAS functional domain are marked by black bars above the
diagram. Within the DELLA regulatory domain the DELLA, LEXLE, and VHYNP motifs are involved in GID1 binding (shaded boxes), and the poly
S/T/V motif contains the L(K/R)XI motif likely involved in binding an undetermined “other” GA signalling component. The GRAS functional domain
contains two leucine heptad repeats (LHR1 and LHR2), nuclear localisation signal (NLS), VHIID, PFYRE, LXXLL, SH2-like, and SAW motifs
(shaded boxes). SLY1: SLY1 and GID2 contain the F-box domain that binds SKP1, GGF, and LSL motifs involved in DELLA-binding, and a variable
region (VR1)

M JFDELLA L K GAIFIRGA R 5 [ S 8L T /N (Treiti-
cum  aestivum)F K AL GAR BRI - 54 2
BALDELLAR AR S . B KRN L350 DEL-
LA AR HAT B RO 1 25, ] adcd it FH AL AR 2 =
P BN SR R R

DELLA & FA1E AILIEA K T (coactivator) B 3t
81 5| T-(corepressor) 5 1% 5 R -5 ke Y. WEAT
# W], DELLAFEH S Z2 R HERTHEERH, &
FtH e FE A B AEH K F3(PHYTOCHROME INTER-

ACTING FACTOR3, PIF3), PIF4, PIF1/PIL5(PIF3-
LIKES), PIL2, RF[FRZIMEE #4351 (JASMONATE ZIM
DOMAIN1, JAZ1), ALCATRAZ(ALC), SPATULA
(SPT), 252 K Mefii 52 K -7 1(BRASSINOZALE- RESIS-
TANTI1, BZR1)LLKGRASE [1SCARECROW-LIKE3
(SCL)!'>7 7 DELLAR [ th 5 4o )5t S 3P T
SWI3C(chromatin remodelling factor SWI3C,
SWITCH3C)M HAE ™. JAZ1, PIF4FIBZRI1i#idL
LHR1%:5 5DELLAZS [ B AT,



RERIREE: AR S E TS LR T & S RIRK 757 HLi]

(2) GIDI-DELLAZEH-FEHMEAEH. H4GIDIK
HGAZE AN, FFRIGIDI 55 7 1) 2 75 R 1 & 55K s
ME5GAG B IEE T — MG, F 87 HEKTIREE
DELLAH HAE F R (E20)> 9 GID1 5GAK)
gE G B A — S N-3i 55 7 19 /R T H B K &
SRR M BE, X NDELLA (A#EME 745 44588, Os-
GID1MGID1afa-12 iEab () #i K bk FE 2 Leu-18,
Trp-21, Leu-5{3# Val-29F11le-33; o-4& i€ acHH 15 /K i%
& Leu-18, Trp-21, Leu-8#Val-29, Leu-45F1Tyr-
480070 PIE IR R, 1EKFEGID1H )IX L 5
KA FES T 5DELLA SLRIMEA-FAMEEAEH 2
WEER, EXIGAGARAELFN . b, T
GID1a-GA-DELLAKE &Y db R S5 MR B, IX Lehk L
F&GID1azx 175 TS DELLA  GAILZ [a)AH EAE F 1Y
FEALA BKE RS A TS R — R AR,
CLARITE K PRI o AR 1R B 1 53 4285 A0 380 85 AN Fe VP 7K
B RFE. DELLAF/ER GID1 5GALE & 3G ML
DELLA = it 558" i 48 & DELLA fIAEE(RHE T
o€ MIDELLAZE [ 45 6 BT it MIGID 1 55 T B /K FR 2L 1)
R

5 GID1-DELLAE H-%& HAH AR A LH) F 2
DELLAZE 3 7 7€ 7 T DELLA A% 45 /4. 54
)% 7 DELLAFILEXLE(f5 i G #x NDELLAZE 7)) 2
DELLA 5GID1& [ H HAE BT 7% 191 ks
ZW], GIDIfEWIEDeLLadLxYxVFHIMAXVAxxLEx-

RE—NIEMMERR I, x> CEARMERIE) L EES
DELLAJE P45 6. RAZHSHTRM, DELLAKF Y
GID145 & b f5 19, T LEXLEJE: FE i) 98 38 AUAX 5] 2
GA 5GID145 & I35 )1 FRE(E3)P. VHYNPE: S
I8 T 5% FE TVhynPxxLxxWxxxM7& 52 GID1-DELLA
HMIHAER], fEGID1HIZE & R
GRASIHAESE F s 1) — S R LR R T th 3
57 GID1HIZE & (E3)>* % JKFEDELLA SLR197Y
1 2 2 2 AR 5 B RE XU SE 06 R 5 GID L 45 & Bf
X, RIFSAWE 7 1§ 5 5GID1-DELLAZ -5 (A1
HAEH®, R B EHB RIS, T VHIDE 142
WDELLA 5 GID1#I45 4 A B T B, SLR1FFIGRASZ: 14
I 5GID1 45 & EEDELLA %5 #4938 B A7 S A i 52 A0
P AR I AT, SAWHEF [HIGly-576/EGRAS-
GID 1AH HAFE F A AL F- A& — AN R B k2. DELLA

8

SLRIKI/KAEFEYISLRLI(SLR1-Like1)AEMS 14 SLR 1
—REARVE A, 2 kA A K

EMF T, 31NGID1 Z Ak # fe 5 5 DELL A il
PR TR AR RO, S5 4 MR R = 2% (competitive yeast
3-hybrid)F11A4FQCM(in vitro quartz crystal microba-
lance) 7 HT £ B, RGARNIGAIXGID b4 & 2 I H %
KIIZER S, RGL1, RGL2FIRGL3XIGIDlaF 4 it K
(RISE D1, HRERTGID1b; DELLAZE X GID1cI35E
FAPEEAR. RIS Z IR 17 51 [FJR I DL S GID 125
A7y, M IFDELLARE AR LAy NM4H: (1) RGA
H, XGIDIbEF R AR, AFEGAINIRGA; (ii)
RGLAH, XGIDlaHHH S MK, WHFHRGLI,
RGL2FIRGL3.

(3) DELLAZE FA#%SLY 1/GID2 A1z & -1E A 14 iR
BIR. GAfE 'S SiBIZ R-E AR R e/
f#DELLA, FIHGA &N fIDELLA #1575,
WHRRIL, GALD & RIS AN E 5DELLAE (A
RGARIVE R A K, MMiEE TGAFSHFH
“DELLAP#f##7(DELLA destruction model)”(EI2A
F1B)*’1 DELLA#SCF(Skpl, Cullin, F-box)E3iZ %
PR AR /R AR (1E12B) > IR RSLY 1
MK FEGID2(GA-INSENSITIVE DWARF2)E &%
— 5DELLAE A 45 & ISCFE & KIF-box I HLf7, Af
FHDELLAH H ) %72 & 1t(polyubiquitination). F-
box 5K (P IF SLY I FKFEGID2) M AL FH 1 GA 5 3
(IDELLAZE [ F# AR, SEGARBURIER, syl
HEAL . ASE AR T RIS ™7, [k, DELLARIE
FERL 2 HGATS 5 s S AL A e(&2D),

| 32 4k (ubiquitination)i@ it — > 2 5 BB Y it
BRE, BETANTILRNZ RN IERZFEA
ERAE R FRY. B1IZ KIS RS(E] ubiquitin acti-
vating enzyme)ffE{hiz R C-Ii 1 H Z IR FE 1Y ML R
BRIEZ B R — e . R R R MR RZ R
PR B2 REE B E2M0 — AL IR R Rk L. B2z
F 454 BF(E2 ubiquitin conjugating enzyme)¥iZ 2= %
FHLE A MR RRAE B ERANR A, E3
2 FEMEM(E3 ubiquitin ligase), WSCF™™Y "4/ E2
B A/E i, FEMEZ R R — AN e 1 .
EAANZ RA 0 27 B B IR — Rl
FIE I 26S H 1 AR [ .

GA(E 55 FHISCF E3iZ #E MG B HE: (1)



R Rl

SLY1/GID2 F-box#x [, fEHC-ii 5SDELLARL 45 A
DA S IE F-box 27 5 — AN ASK (UL F 7+ SKP 1 [V 47)
ghtr; (i) ASKE M, ‘B 5CULI(CULLIN1)g; &; (dil)
CUL1, B &WIME 4, fEHN-Ii5ASKE: & fEHC-
i ERBX1(RING BOX1%E )44 (iv) RBX1IREIVEY,
T 5E22 BEE AL A (E2B) Y B SR SLY 1N
IKFEGID23 il B 15 LA2 12 S e e 2 B /N 1
B, BATEAE36.8%M IR — S F56% M 2 3 1
FAALEERY DL R S5 5 DELLA SR 1A B AR 2 75 1
—ANF-box 3 7 A —NC-3i S5 M (13). FEBE B
R L 5 ) AR A P AR ST IO F-box 2 /7 15 SKP 1 [R] 544 45
&, IEHESCFRE BRI . EREREXUZ 4R, SLY 1
FGID2# 5 SKP1 EVE AR BAE ™. SLY15CUL1
5692 FE3T3E (coimmunoprecipitation) fK i T 7 7E — A~
SEREHIF-boxt 7, KLY F, SLY LldF-boxt
IR —/NSCFE &™), SLY1/GID2 C-3i{#~F
GGFFILSLE R ¥ /&2 5DELLAZ A VHIID I
LHR2E A AR A i 7 R (113) 0,

GID1-GA-DELLA K &I 2 51 #2 SCFSYY Y
022 & £DELLAKI{E S, MM EDELLAE T
26S7E FIEE AR P& AR (2 ARIB).  EORIE I B RIS F 9]
K FSLY IFIDELLA SR A 2 A i — A HAEH, =
Ja R R, 4DELLAX T'GID1-GA-DELLAK
G, SLY1/GID2ADELLA HISE A 4 R K
4S80 Rk, SLY 1-DELLAZR [1-85 1A B B A
DELLAPFfE#R# GAIKASZ (e idk.  IF anfe /& Py A1 JE 41 i
TR b Bl B B ISR, FEXTGA R R B H GID 1A
SLYIX A 2 IDELLAZE (4 WA #5200 F 1 26
AR A NN f 5T DELLAZE A F#f#, KAGA
e BEIDELLA P fi# 268 2 (A B A3 77 B ak, AT
537 ZLDELLA R [ A B 1508,

23 PMEBGAMDELLA M A K #iDELLAKE
fRMGAE 55 %

(1) MEFGARIDELLA %, #lr FFGID1bA1—
LEGID bR BY (I [FRIJEA), WK & (Glycine max)GID1b-2,
TEMEFIFEEE B EGABR Z I A7 5SDELLAZE HAH
HAERIMIRE S, RWIGIDIbRRAZ KT fEAE /K T-GA
(1561 FAE NGALE S 5 S R B = K AR A7,
IKFEGID1 (1) AL 53 i A GA)GID1b-DELLA

FA-FEAMBERNESREREME TEER, JHERT
— MR A T AT #EKFEGIDT N3
e T EE IR S EEAR (R T IBEE) 2 M, 5]k
POOSZ FEIR & ¥ 1) M S AR REME AL GID 1 b1 3R 1Y,
M iIT OsGID1 ™S #EGA B = I} 55 DELLA %5 & Fl#0
il gid1-8ThHE Bk AT M GARBBUR R Y. #EHNFE IF
GIDla Pro-92f1GID1c Pro-91[1¥f X A7 1EHH [E] (I Prok,
, {HLEGIDIbHF#His-91HUR. & M 538 M £ W,
OsGID19'P99I, P9IVHIPI9A [ FE R A T A
HGAIDELLAZS &, TMiEGAHRZ IR 7FGID 1bH
HOIPHIE A/ T 5EDELLAMISE &, EIRAMERL
BGAREAER N T KHGIDIZ A LR T, METTF
GIDla Pro-92(0sGID1 Pro-99)%f J-BH I-DELLAZS &
RN, GIDIbI/EEEX I His# fAPro5| #2GID1b
T MR FE 2 DS, T 55 T fEGABR = i)
HDELLAZ A, EAERNE, HMOXBNE AR
B kM T FE SDELLAZ: &, [KHGAL: &
KRN T GIDIbR A SZ ARG DELLARIZEF /7. h4h,
7 B J&(Brassica) MK 5 H I GID 1b[RIJE) 5 R KA
RIGAIDELLA S & i 1),

i F'DELLAfJSUMO(small ubiquitin-like modi-
fer)f&Hfi, ContiZe NP H1 T 5 —Fful i DELLAH]
I AKIGARIE 55 5750, SUMOZ —Fiid
fik, REMEIRE £ RESLM R E AT Y Y. fEGA
Gt Z B, GIDla@id— N EAJFFIWVLI(GATH 5k
21~24)F)SUMOAH .1 F 5 /5 (SUMO-interaction-mo-
tif, SIM)5 SUMO/LIFIDELLA RGA%Z: 45 (/43). DELLA
FISUMOAL T B — M A KB GAISUMOLDELLA 5
GID1Z A MAHEAER, XA AL 7 H T
GAK#11) 5dESUMOMLDELLAM HAF FHIGID1 &,
FEDELLAZ R Ab/ P ik 198/ MIDELLA & FH /K -F 1)
BN, AEXH AR ABAR 24 DA RS e 4G
. AREKRN T, EEWEFDELLA F R
A KA 1 ),

(2) W HDELLAMSRIFIGATS 55 S, GIDIREWB A
S:GAE S SN A DELLAM M. GIDI #1534y
WK sly I 1 gid 298 AR I GANBUR SRR A
SIHEDELLAZR [ /K P10 B @, fEilid26s
A WA T M DELLA SR A F-box KA A,
GIDIFIGAREW FIMDELLAZK . 4k, HGIDIE
KPS AR R K E # GID1-DELLA K T AE H & 2 1)

9



RERIREE: AR S E TS LR T & S RIRK 757 HLi]

DELLAZE T HIMIER FrBH b, FEHGID1-GA-DELLAK
EMRTE RS LT, K, GIDI-GA-DELLAE &)
HITE BB T DELLAFNHIGA N I fE 1, M S 8L
GAJ N3 in T % 5 DELLA F£fi#(2D).

3 GARMAME S5 X7 8 %2 5 Pk K
A%

TER TR, GARA (R iR R
RIS HTABAR (I, GAIR L T 2 2
T AP ARG PEGA IR B (GAMH A ZL U6 GA
() R (GAS 5 )10,

3.1 GARMSM T %

Sanchez-Montesino®s A" FhF#f & 19 —A
DR DR 2 A2 1 T W A A PRI ML 3 R ) ] A 2L 2 2 R
HEF FIAR EAE . AR HEGATERD T R 2
BABWAMMEM: (1) BmEe AR, fEdt R AT IR
HANAR A A ARG, (1) i 9546 A0 FE IR AR A 4121
P Rz« 2R AL o W 50 ) o IR B 1 78 55 J2 B9 WL AR 0
U1 A T P GA A TARAN IS R TR 7R AE, AE
A2 s Y, S TR R T RS R GA
AW B 25 Ria AR SRR, A GATUAE IR
AT R, TEMRN A AFERRALA L. TEGAZED)
R LR HCPS(HULF I GA TR K], At4G02780) A1
KO IFGA3ZIER,  At5G25900) M 1k i) 5 BR A5 J5 4
BEHLP AT, TEGALED A HUG W GA3ox i AL I AR
Wi G A TR TR AR AR 10 B J2 AN R 2 rp gt 470,
Ogawas N SR, AKOTFIAKAOL s 3+ Fi
TEWR K J5 8 hik BIVEME, KI5 FF%, MiAtKAO21E W kil
FEHFARLAR /N, AtGA200x 1F1AtGA200x3 %53 HITEFHFI)
MK J532 W24 his BIEfE, SRJ5 TNFE, ArGA200x27EH
RISFE AN, AtGA30x IR AtGA30x24y HIAEW K
58 W32 hiks BUEAH, SR J5 T F%.

AtCPSFNAtK S % 5% 3 BEAE I (B 38 AR (radi-
cle). T HE#i(hypocoty) A1 (cotyledon)) bt IR L (£
FEERFLu AL . & R R FL(chalazal endosperm, CE))
FAMEFL 5, AtKORIAtKAOW) 5 55 72 5 1E AR AN
R Al b T AR L b o s, SR A R T A T
RATFEH IR AR RS GA W AR EE . B
T5ANNGA200x e, INTEM T ROIFEH R, H

10

FERN T BB A R A R B GA200x1 3 HAE
AR NN Bl ek, 2 Rl A R L SR T P
FEAK; GA200x2 F EAEBRA L A G sl IR FL R RIA, 18
i % LA B GA200x3TERRFLIRIR AL . & A
JRFLAN I R gk, TEREAN A O AR HR AR I A
7K R T AT GA 3ox LR, 2R AE D T
W R PR IE. GA30x 1M GA30x 255 35 WAE 1 739
B BEAEREAR AN R AR IR AR R, AR R 5 R BLAE
i fhFHS PR, SRR, AR, T
By BRALun IR FLANE mv R T GA3ox I e =+
JE RSN, GA20x HERITEW] R FEHh A R IA, HAE
0 R M 10 G A20x 67E BR FL i A A ity IR 3L P 915 5,
GA20x 278 AR AN T WA v g 5 1101,

b R A, TEVE M I AT AR (REAR . T ARl
FF YRR L (BR AL A s R L AR FL) 3
FIEMGA3oxEAL A EDIEMEGA, T 8Bk Lt iR AL
FIM L T IGA, EEIINT . GABLIE R AT TI0
KA T WA L RS i B R B ING AT, g IF
GABRE A ga IR0 T HOPRIR ARG 5 1 % 75 G A,
gal TR PRFP - (1) % BE ) R % 3d it 25 B Ve S Bl g o
AR IR, AT EALATANRGARIIEF; jbAk, 4%h
B TEAZ Y/ 5k AR A L (R4 I, W TR IR AR K
25 R {1 PR A7

TER T R RE T, GARR T {2t Fh v 85 & 4h,
EREFEPTABAXT R T HY R AR HIEH. 7EJEARAR T
FoLEE FF R B R ARSI, GA/ABAR LB B T
ABAIBESR Sy BN T 2935 R0 10450 ZE MR I fry 40l
BRI T, AtGA200x, AtGA30xMIAtGA20xFEKI
AR CE R R E 5 T MR E A E BRI
s iz O GA200xFT GA30xHE B BE LT G RIS
JEFRE S BRI T B YA R AR, B K b1 7 SRR
F4CHEE 1~4 d, 385 HRFT ORI (L 2 7 4.
BIEFE GA200xF1 GA3ox 5 W) AR 2 CA K A= 0 vi%
MEGAT ERIGIMA K, B EN GA3ox I W1 ER
FLMREFL . EARAN T R b ok A R,

32 GAFSHSEMTHE

Voegele2s N8l 59 773 AtGID 17 I AR 1A )
WETE R I, AtGID1b3Z A BEHM M gid a gid 1 FNRAEN
PP R RA, il GID1ac kB Z AR MIGAE
SHSRMTHREMLFER. MR, AtGIDlaflAt-



R AR

GID1cZMAR TR TR, R AtGID1b. MR
T I 2 R o R A A () - 1 e e 284 DA R RO T SR Bk
FLom R AR AR IR % 5 ABAAH K] LesaGI-
DlacHLesaGID1bP) e 35% FIEAE KK IN, GID1eSZ A%}
Pl B R B EERR M, TR AR, A
GIDalt 5 £ ¥ >AtGID 1 ¢>AtGID1b. 1EH Kk Ferh,
AtGID1afAtGID1 el 73 7 s Rk e xR R, 3
AtGIDIbAN[R), BPTEW] RIS A2 AtGID 1 b1 e S - FE 1
M, Wi AtGID1aFAtGID 1l 5 FE AR, ZE R %
FFMAT R 7o RIS FEF, GAfRAtGID1aFAt-
GID 1R BEIR, BAMih K AtGID 161 51 ) 1546
%[4,104].

FEGAKLFE 5 5~60 min, T4 5E I 7+ AT Al
YO T DELLA SR [ % A R g™ Bl e i A
N, GAMEIIDELLAZE A R fif R A I o6 B8 &
4. 4NDELLAZER(RGL2, RGLI, RGAFIGAD]
IhAETE S HENS (R T FE Y MGAB Z (461 R g &, Fh
FHHIGARE 5] EERGAFIGATIN & Fa e 5 g g™,
EXPA2(EXPANSIN 2)%wtt—FiRA L — o9 JEEH
(0-expansin), ‘& FIZEIEIE I{2 g4 4 R AFh 75 K.
NACH: K TNAC25MINACI L % 58 NEXPA2 %
By GAN SRS AR 18 A 1 b Ui 1 4% TR -
DELLAZE FHRGL2IEIINAC25/NAC I LINHI EXPA2 I
T HNE. FEF-box 3L 7 7 — M 19 bpak 31
bpikt K 1K FEGID2 5 A T 3 — P GAA U (1 R A,
KPR B 5 A AR T K I AR AN AEGATE S
a-VE R EEA 57 SR sy 1 AR R I T TR AR
AR, X 5 TR T GATE S S e — 8

S Yt E EDELLAAY S 0L F 5 b - il
SRR TP LR et R (PRI )
FEARPILS (3G P, MR ERTHA K. 75 I, PILS
HIESRGAMGAEERN W A 5h 1455, {2iiDELLAH
HIH PRI, DL IAIE G N GA20xFE R (GA K IH)
FIABAEY) & LR M 3RIE. BLAh, GAEY) & LA
GA200xF1GA30xH;PILS N, PenfieldZs A"V 11, #%
K AFSPT SPIF3MIPILS — #2250 SR 1l K116
IR (1) [ N5 ZEARBRFPT-H I ¥ K GA3ox ) T . Ik
&b, PILSRESOM(SOMNUS) 1L, SOMYwES—Fib
CCHHZEM g ig & "), soM4y wlid it FiHGAR
e ABA G AL R I Fak i . 7R IR AR R I
Fhr b, ABAASEUEK3(ABA-INSENSITIVE3, ABI3),

ABISFIDELLAAH HAE H & AL SOMAN HAh ey i 15 5 2%
()24, DELLA RGL2HIRGL3E I {EHEABALE
W O ABISHE R 2O LR 8 M0 4 i B 28 9 2 1
fitg s T PSS ) 0L TR R T (R 2. Piskure-
wiczHlLopez-Molina **}i#, RGL27EXIGARIABAZK
SRR S5 B A Bt B A3, gl 298 AR R ) B R
ZUIHE KT FIGABE 7K T ABAAN UK. 240k
WK DELLA Y ABA & BUF1 #% 5 [KT- ABI3 ¥ {2 it
e " AR, HRGL2JE ) T-IRE0H)
GAIFIRGANWI i BN Rk Ge 8 B RRGL2IE#HABAS
FRIA B %2 . 3NDELLA K T30 Fh B i 24, 1
ABI3[H IR AR FLAR L, FEmE Ab, WRSLIABAE 1L 3% 5%
A7 ABIS 5470 6 M {5 & (phytochrome) A {15 5 54 5,
ABI5 5bHLH# 3¢ R PIF1— #2352 JUAN f 42 iR
REHIIER, ABISAHBE LR R G S SN
PIF1, SOM, GAIFIRGAZRik, 1 5 ABAFIGALR
L R ik,

4  HRE

GAREEMTRE. HRSHKIRMEEH R, B
EE R THI R . 4 A 0,
I, GARMRCEE, AFME G S S — B 2 it
FEARE A1) U I 4 e e ATUSR B 9T
CHUS T R, (B — S B R} ) #7522
L. Fl, FEGAREIH, EEIEGA(GALF
GA ) S HATR(GA 1, GAFIGA, Z5)RETS i GA20x 2k
i GALFIGA, REWE 4 H L4 FE B8 1k W GA R
GAMEGA 16,17-FALBEFEAL N 160,17- R F ALY, LA
K GAfE S5 RS & 4 GAR RS, 1E NGAMELE
Az, GAZNE NG X RE B B- 8 M 1 B K A B
GAFIHI & ESY. IR 4, I g K 5 R e g 7 2
Kk B RIIR AR Ak DL e RS 430 B M GAR B AN TE
2. AN, GA3oxFIGA200x 2 78 2 ff 57 A4 A o
B AU, o e T T X LR 4 R P
ik, PLRCEATRI DhRe A o] 22 A0 s gt — 2 it ot

IKFERINRE T BB ALy FAEM M R B4 % 5w
TGAGSHSRENEEMN sy, w7 HMER
#3219 GAE SIUDELLAE [ 4 flAE NGALS 25
SHREIFOREMER, AR, MY BT
FUHDELLAZE A /KR IIGATS 5 S R4

11



RERIREE: AR S E TS LR T & S RIRK 757 HLi]

i, TEHEG A B AR Bl X A BE A5 5 SO M I W — 2%
BRI N, PLRGX 2K B AZ AEFERRR. HhAh,
GAZAAGID 1t 2 40 B J5 Al 40 i SE SE A2 R, R4,
BT GA R B2 FIEE J5 HI1E 5 5 56 (T X 512
TEFEYH, DELLARR [ 20 35 B 1% 5k 3% A
T, SEE GARIB L KRR B & A T
DELLA5PIFFIBZRIAHHAEH, 6 EM1HKIDNAL &
WG, DELLASIAZEAMEIEH, FEMYC2M
JAZHVB. tb4h, DELLAIE 5DNAZE & K S A
T, NG5 KIANH 2 & (I (INDETERMINATE  domain
protein, IDD)FIBZAYHU e 7+ [ N /4% Kl ¥ (type-B ARA-

BIDOPSIS RESPONSE REGULATOR, ARR)#% 7 5551
BT, LR AR o om0,
SLR1 LA HI 4> N i (strigolactone, STRI)K ) 205
STRIZ{AD14AH HAEH". DELLAR: T 2 )
TERIAN, B E S 5 IF TR 5 e s,
{HE, &I — L5 (1) N s g DELLA 28 R ¥,
PLEZ NAETHEER R ifDELLARE &5 2 18] 5% R
fHANERE. 45 A DELLAINRESR 1S 5% (1 5 AR 4k,
1) FE R 7 47 ) 7] S 06 R0 2L S T e A R, R I
M. BAFRA. REAMEBRA N GEA BTt b8
fEDELLAZE [ [ ThBE.

S5 30k

10
11

12

13
14
15
16
17
18
19

20

21
22

12

Bewley J D, Bradford K J, Hilhorst H W M, et al. Physiology of Development, Germination and Dormancy. 3rd ed. New York: Springer, 2013
Nonogaki H. Seed dormancy and germination—Emerging mechanisms and new hypotheses. Front Plant Sci, 2014, 5: 233

Dekkers B J W, Pearce S, van Bolderen-Veldkamp R P, et al. Transcriptional dynamics of two seed compartments with opposing roles in
Arabidopsis seed germination. Plant Physiol, 2013, 163: 205-215

Voegele A, Linkies A, Miiller K, et al. Members of the gibberellin receptor gene family GID! (GIBBERELLIN INSENSITIVE DWARFI) play
distinct roles during Lepidium sativum and Arabidopsis thaliana seed germination. J Exp Bot, 2011, 62: 5131-5147

Chen F, Nonogaki H, Bradford K J. A gibberellin-regulated xyloglucan endotransglycosylase gene is expressed in the endosperm cap during
tomato seed germination. J Exp Bot, 2002, 53: 215-223

Steinbrecher T, Leubner-Metzger G. The biomechanics of seed germination. J Exp Bot, 2016, 68: 765-783

Sechet J, Frey A, Effroy-Cuzzi D, et al. Xyloglucan metabolism differentially impacts the cell wall characteristics of the endosperm and embryo
during Arabidopsis seed germination. Plant Physiol, 2016, 170: 1367-1380

Yan A, Wu M, Yan L, et al. 4EXP?2 is involved in seed germination and abiotic stress response in Arabidopsis. PLoS ONE, 2014, 9: 85208
Nonogaki H, Gee O H, Bradford K J. A germination-specific endo-B-mannanase gene is expressed in the micropylar endosperm cap of tomato
seeds. Plant Physiol, 2000, 123: 1235-1246

Nonogaki H. Seed germination and dormancy: The classic story, new puzzles, and evolution. J Integr Plant Biol, 2019, 61: 541-563

De Giorgi J, Piskurewicz U, Loubery S, et al. An endosperm-associated cuticle is required for Arabidopsis seed viability, dormancy and early
control of germination. PLoS Genet, 2015, 11: e1005708

LiJ, Li C Y. Seventy-year major research progress in plant hormones by Chinese scholars (in Chinese). Sci Sin Vitae, 2019, 49: 12271281 [£2
K, 2RI B B RRSLTOF R MR BT FU e, i R ZE MR, 2019, 49: 1227-1281]

Chen Y, Tan B C. New insight in the gibberellin biosynthesis and signal transduction. Plant Signal Behav, 2015, 10: ¢1000140

Davi¢re ] M, Achard P. Gibberellin signaling in plants. Development, 2013, 140: 1147-1151

Ito T, Okada K, Fukazawa J, et al. DELLA-dependent and -independent gibberellin signaling. Plant Signal Behav, 2018, 13: 1445933
Yabuta T, Sumiki T. Communication to the editor. J Agric Chem Soc Japan, 1938, 14: 1526

Hedden P, Sponsel V. A century of gibberellin research. J Plant Growth Regul, 2015, 34: 740-760

Hedden P, Thomas S G. Gibberellin biosynthesis and its regulation. Biochem J, 2012, 444: 11-25

Salazar-Cerezo S, Martinez-Montiel N, Garcia-Sanchez J, et al. Gibberellin biosynthesis and metabolism: A convergent route for plants, fungi
and bacteria. Microbiol Res, 2018, 208: 85-98

Yamaguchi S. Gibberellin metabolism and its regulation. Annu Rev Plant Biol, 2008, 59: 225-251

Hauvermale A L, Ariizumi T, Steber C M. Gibberellin signaling: A theme and variations on DELLA repression. Plant Physiol, 2012, 160: 83-92
Plackett A R G, Powers S J, Fernandez-Garcia N, et al. Analysis of the developmental roles of the Arabidopsis gibberellin 20-oxidases


https://doi.org/10.3389/fpls.2014.00233
https://doi.org/10.1104/pp.113.223511
https://doi.org/10.1093/jxb/err214
https://doi.org/10.1093/jexbot/53.367.215
https://doi.org/10.1093/jxb/erw428
https://doi.org/10.1104/pp.15.01312
https://doi.org/10.1371/journal.pone.0085208
https://doi.org/10.1104/pp.123.4.1235
https://doi.org/10.1111/jipb.12762
https://doi.org/10.1371/journal.pgen.1005708
https://doi.org/10.1080/15592324.2014.1000140
https://doi.org/10.1242/dev.087650
https://doi.org/10.1080/15592324.2018.1445933
https://doi.org/10.1007/s00344-015-9546-1
https://doi.org/10.1042/BJ20120245
https://doi.org/10.1016/j.micres.2018.01.010
https://doi.org/10.1146/annurev.arplant.59.032607.092804
https://doi.org/10.1104/pp.112.200956

R AR

23
24

25

26

27

28

29

30

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48
49

demonstrates that GA20ox1, -2, and -3 are the dominant paralogs. Plant Cell, 2012, 24: 941-960

Achard P, Genschik P. Releasing the brakes of plant growth: How GAs shutdown DELLA proteins. J Exp Bot, 2009, 60: 1085-1092
Plackett A R G, Wilson Z A. Gibberellins and plant reproduction. In: Hedden P, Thomas S G, eds. Annual Plant Reviews, Volume 49: The
Gibberellins. Oxford: John Wiley & Sons, Ltd, 2016. 323-358

Hu Y, Zhou L, Huang M, et al. Gibberellins play an essential role in late embryogenesis of Arabidopsis. Nat Plants, 2018, 4: 289-298
Sponsel V M, Hedden P. Gibberellin biosynthesis and inactivation. Plant Hormones. Dordrecht: Springer, 2010. 63-94

Sun T P. Gibberellin metabolism, perception and signaling pathways in Arabidopsis. Arabidopsis Book, 2008, 6: e0103

Hedden P. Gibberellin biosynthesis in higher plants. In: Hedden P, Thomas SG, eds. Annual Plant Reviews, Volume 49: The Gibberellins.
Oxford: John Wiley & Sons, Ltd, 2016. 37-72

Bomke C, Tudzynski B. Diversity, regulation, and evolution of the gibberellin biosynthetic pathway in fungi compared to plants and bacteria.
Phytochemistry, 2009, 70: 1876-1893

Magome H, Nomura T, Hanada A, et al. CYP714B1 and CYP714B2 encode gibberellin 13-oxidases that reduce gibberellin activity in rice. Proc
Natl Acad Sci USA, 2013, 110: 1947-1952

Regnault T, Daviére J M, Heintz D, et al. The gibberellin biosynthetic genes AtKAOI and AtKAO2 have overlapping roles throughout
Arabidopsis development. Plant J, 2014, 80: 462-474

Helliwell C A, Chandler P M, Poole A, et al. The CYP88A cytochrome P450, ent-kaurenoic acid oxidase, catalyzes three steps of the gibberellin
biosynthesis pathway. Proc Natl Acad Sci USA, 2001, 98: 2065-2070

Helliwell C A, Sullivan J A, Mould R M, et al. A plastid envelope location of Arabidopsis ent-kaurene oxidase links the plastid and endoplasmic
reticulum steps of the gibberellin biosynthesis pathway. Plant J, 2001, 28: 201-208

Sakamoto T, Morinaka Y, Ishiyama K, et al. Genetic manipulation of gibberellin metabolism in transgenic rice. Nat Biotechnol, 2003, 21: 909—
913

Mao H, Shen Q, Wang Q. CYP701A26 is characterized as an ent-kaurene oxidase with putative involvement in maize gibberellin biosynthesis.
Biotechnol Lett, 2017, 39: 1709-1716

Davidson S E, Elliott R C, Helliwell C A, et al. The pea gene NA encodes ent-kaurenoic acid oxidase. Plant Physiol, 2003, 131: 335-344
He J, Chen Q, Xin P, et al. CYP72A enzymes catalyse 13-hydrolyzation of gibberellins. Nat Plants, 2019, 5: 1057-1065

Sakamoto T, Miura K, Itoh H, et al. An overview of gibberellin metabolism enzyme genes and their related mutants in rice. Plant Physiol, 2004,
134: 1642-1653

Hedden P, Phillips A L, Rojas M C, et al. Gibberellin biosynthesis in plants and fungi: A case of convergent evolution? J Plant Growth Regul,
2001, 20: 319-331

Yamaguchi S, Sun T, Kawaide H, et al. The GA2 locus of Arabidopsis thaliana encodes ent-kaurene synthase of gibberellin biosynthesis. Plant
Physiol, 1998, 116: 1271-1278

Chiang H H, Hwang I, Goodman H M. Isolation of the Arabidopsis GA, locus. Plant Cell, 1995, 7: 195-201

Plackett A R G, Thomas S G, Wilson Z A, et al. Gibberellin control of stamen development: A fertile field. Trends Plant Sci, 2011, 16: 568578
Rieu I, Eriksson S, Powers S J, et al. genetic analysis reveals that C,,-GA 2-oxidation is a major gibberellin inactivation pathway in Arabidopsis.
Plant Cell, 2008, 20: 2420-2436

Lo SF, Yang SY, Chen K T, et al. A novel class of gibberellin 2-oxidases control semidwarfism, tillering, and root development in rice. Plant
Cell, 2008, 20: 26032618

Thomas S G, Phillips A L, Hedden P. Molecular cloning and functional expression of gibberellin 2-oxidases, multifunctional enzymes involved
in gibberellin deactivation. Proc Natl Acad Sci USA, 1999, 96: 4698-4703

Bolduc N, Hake S. The maize transcription factor KNOTTED] directly regulates the gibberellin catabolism gene ga2ox/. Plant Cell, 2009, 21:
1647-1658

Niu S, Yuan L, Zhang Y, et al. Isolation and expression profiles of gibberellin metabolism genes in developing male and female cones of Pinus
tabuliformis. Funct Integr Genomics, 2014, 14: 697-705

Han F, Zhu B. Evolutionary analysis of three gibberellin oxidase genes in rice, Arabidopsis, and soybean. Gene, 2011, 473: 23-35

Zhu Y, Nomura T, Xu Y, et al. ELONGATED UPPERMOST INTERNODE encodes a cytochrome P450 monooxygenase that epoxidizes
gibberellins in a novel deactivation reaction in rice. Plant Cell, 2006, 18: 442-456

13


https://doi.org/10.1105/tpc.111.095109
https://doi.org/10.1093/jxb/ern301
https://doi.org/10.1038/s41477-018-0143-8
https://doi.org/10.1199/tab.0103
https://doi.org/10.1016/j.phytochem.2009.05.020
https://doi.org/10.1073/pnas.1215788110
https://doi.org/10.1073/pnas.1215788110
https://doi.org/10.1111/tpj.12648
https://doi.org/10.1073/pnas.98.4.2065
https://doi.org/10.1046/j.1365-313X.2001.01150.x
https://doi.org/10.1038/nbt847
https://doi.org/10.1007/s10529-017-2401-7
https://doi.org/10.1104/pp.012963
https://doi.org/10.1038/s41477-019-0511-z
https://doi.org/10.1104/pp.103.033696
https://doi.org/10.1007/s003440010037
https://doi.org/10.1104/pp.116.4.1271
https://doi.org/10.1104/pp.116.4.1271
https://doi.org/10.1105/tpc.7.2.195
https://doi.org/10.1016/j.tplants.2011.06.007
https://doi.org/10.1105/tpc.108.058818
https://doi.org/10.1105/tpc.108.060913
https://doi.org/10.1105/tpc.108.060913
https://doi.org/10.1073/pnas.96.8.4698
https://doi.org/10.1105/tpc.109.068221
https://doi.org/10.1007/s10142-014-0387-y
https://doi.org/10.1016/j.gene.2010.10.010
https://doi.org/10.1105/tpc.105.038455

RERIREE: AR S E TS LR T & S RIRK 757 HLi]

50

51

52

53

54

55

56

57

58
59

60
61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

14

Zhang Y, Zhang B, Yan D, et al. Two Arabidopsis cytochrome P450 monooxygenases, CYP714A1 and CYP714A2, function redundantly in
plant development through gibberellin deactivation. Plant J, 2011, 67: 342-353

Varbanova M, Yamaguchi S, Yang Y, et al. Methylation of gibberellins by Arabidopsis GAMT1 and GAMT?2. Plant Cell, 2007, 19: 3245
Schneider G, Schliemann W. Gibberellin conjugates: An overview. Plant Growth Regul, 1994, 15: 247-260

Jin S, Kanagaraj A, Verma D, et al. Release of hormones from conjugates: Chloroplast expression of B-glucosidase results in elevated
phytohormone levels associated with significant increase in biomass and protection from aphids or whiteflies conferred by sucrose esters. Plant
Physiol, 2011, 155: 222-235

Helliwell C A, Sheldon C C, Olive M R, et al. Cloning of the Arabidopsis ent-kaurene oxidase gene GA3. Proc Natl Acad Sci USA, 1998, 95:
9019-9024

Eriksson S, Bohlenius H, Moritz T, et al. GA, is the active gibberellin in the regulation of LEAFY transcription and Arabidopsis floral initiation.
Plant Cell, 2006, 18: 2172-2181

Ueguchi-Tanaka M, Ashikari M, Nakajima M, et al. GIBBERELLIN INSENSITIVE DWARFI encodes a soluble receptor for gibberellin. Nature,
2005, 437: 693-698

Dai M, Zhao Y, Ma Q, et al. The rice Y4ABBYI gene is involved in the feedback regulation of gibberellin metabolism. Plant Physiol, 2007, 144:
121-133

Liu H, Guo S, Lu M, et al. Biosynthesis of DHGA12 and its roles in Arabidopsis seedling establishment. Nat Commun, 2019, 10: 1768
Nelson S K, Steber C M. Gibberellin hormone signal perception: Down-regulating DELLA repressors of plant growth and development. In:
Hedden P, Thomas S G, eds. Annual Plant Reviews, Volume 49: The Gibberellins. Oxford: John Wiley & Sons, Ltd, 2016. 153—-187
Nakajima M, Shimada A, Takashi Y, et al. Identification and characterization of Arabidopsis gibberellin receptors. Plant J, 2006, 46: 880—-889
Ueguchi-Tanaka M, Nakajima M, Katoh E, et al. Molecular interactions of a soluble gibberellin receptor, GID1, with a rice DELLA protein,
SLR1, and gibberellin. Plant Cell, 2007, 19: 2140-2155

Hirano K, Ueguchi-Tanaka M, Matsuoka M. GID1-mediated gibberellin signaling in plants. Trends Plant Sci, 2008, 13: 192-199

Murase K, Hirano Y, Sun T P, et al. Gibberellin-induced DELLA recognition by the gibberellin receptor GID1. Nature, 2008, 456: 459—463
Willige B C, Ghosh S, Nill C, et al. The DELLA domain of GA INSENSITIVE mediates the interaction with the GA INSENSITIVE
DWARFI1A gibberellin receptor of Arabidopsis. Plant Cell, 2007, 19: 1209-1220

Shimada A, Ueguchi-Tanaka M, Nakatsu T, et al. Structural basis for gibberellin recognition by its receptor GID1. Nature, 2008, 456: 520-523
Ueguchi-Tanaka M, Matsuoka M. The perception of gibberellins: Clues from receptor structure. Curr Opin Plant Biol, 2010, 13: 503-508
Yano K, Aya K, Hirano K, et al. Comprehensive gene expression analysis of rice aleurone cells: Probing the existence of an alternative
gibberellin receptor. Plant Physiol, 2015, 167: 531-544

Griffiths J, Murase K, Rieu I, et al. Genetic characterization and functional analysis of the GID1 gibberellin receptors in Arabidopsis. Plant Cell,
2006, 18: 3399-3414

Tuchi S, Suzuki H, Kim Y C, et al. Multiple loss-of-function of Arabidopsis gibberellin receptor AtGID1s completely shuts down a gibberellin
signal. Plant J, 2007, 50: 958-966

Chandler P M, Harding C A, Ashton A R, et al. Characterization of gibberellin receptor mutants of barley (Hordeum vulgare L.). Mol Plant,
2008, 1: 285-294

Yamamoto Y, Hirai T, Yamamoto E, et al. A rice gidl suppressor mutant reveals that gibberellin is not always required for interaction between
its receptor, GID1, and DELLA proteins. Plant Cell, 2010, 22: 3589-3602

Itoh H, Ueguchi-Tanaka M, Sato Y, et al. The gibberellin signaling pathway is regulated by the appearance and disappearance of SLENDER
RICEI in nuclei. Plant Cell, 2002, 14: 57-70

Engstrom E M. Phylogenetic analysis of GRAS proteins from moss, lycophyte and vascular plant lineages reveals that GRAS genes arose and
underwent substantial diversification in the ancestral lineage common to bryophytes and vascular plants. Plant Signal Behav, 2011, 6: 850-854
Bai M 'Y, Shang J X, Oh E, et al. Brassinosteroid, gibberellin and phytochrome impinge on a common transcription module in Arabidopsis. Nat
Cell Biol, 2012, 14: 810-817

Gallego-Bartolomé J, Minguet E G, Grau-Enguix F, et al. Molecular mechanism for the interaction between gibberellin and brassinosteroid
signaling pathways in Arabidopsis. Proc Natl Acad Sci USA, 2012, 109: 13446-13451

Heo J O, Chang K S, Kim I A, et al. Funneling of gibberellin signaling by the GRAS transcription regulator SCARECROW-LIKE 3 in the


https://doi.org/10.1111/j.1365-313X.2011.04596.x
https://doi.org/10.1105/tpc.106.044602
https://doi.org/10.1007/BF00029898
https://doi.org/10.1104/pp.110.160754
https://doi.org/10.1104/pp.110.160754
https://doi.org/10.1073/pnas.95.15.9019
https://doi.org/10.1105/tpc.106.042317
https://doi.org/10.1038/nature04028
https://doi.org/10.1104/pp.107.096586
https://doi.org/10.1038/s41467-019-09467-5
https://doi.org/10.1111/j.1365-313X.2006.02748.x
https://doi.org/10.1105/tpc.106.043729
https://doi.org/10.1016/j.tplants.2008.02.005
https://doi.org/10.1038/nature07519
https://doi.org/10.1105/tpc.107.051441
https://doi.org/10.1038/nature07546
https://doi.org/10.1016/j.pbi.2010.08.004
https://doi.org/10.1104/pp.114.247940
https://doi.org/10.1105/tpc.106.047415
https://doi.org/10.1111/j.1365-313X.2007.03098.x
https://doi.org/10.1093/mp/ssn002
https://doi.org/10.1105/tpc.110.074542
https://doi.org/10.1105/tpc.010319
https://doi.org/10.4161/psb.6.6.15203
https://doi.org/10.1038/ncb2546
https://doi.org/10.1038/ncb2546
https://doi.org/10.1073/pnas.1119992109

R AR

77

78
79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94
95

96

97

98

99

100

101

Arabidopsis root. Proc Natl Acad Sci USA, 2011, 108: 21662171

Hirano K, Kouketu E, Katoh H, et al. The suppressive function of the rice DELLA protein SLR1 is dependent on its transcriptional activation
activity. Plant J, 2012, 71: 443453

Hou X, Lee L Y C, Xia K, et al. DELLAs modulate jasmonate signaling via competitive binding to JAZs. Dev Cell, 2010, 19: 884-894
Zhang Z L, Ogawa M, Fleet C M, et al. SCARECROW-LIKE 3 promotes gibberellin signaling by antagonizing master growth repressor
DELLA in Arabidopsis. Proc Natl Acad Sci USA, 2011, 108: 2160-2165

Sarnowska E A, Rolicka A T, Bucior E, et al. DELLA-interacting SWI3C core subunit of switch/sucrose nonfermenting chromatin remodeling
complex modulates gibberellin responses and hormonal cross talk in Arabidopsis. Plant Physiol, 2013, 163: 305-317

Hirano K, Asano K, Tsuji H, et al. Characterization of the molecular mechanism underlying gibberellin perception complex formation in rice.
Plant Cell, 2010, 22: 2680-2696

Sato T, Miyanoiri Y, Takeda M, et al. Expression and purification of a GRAS domain of SLR1, the rice DELLA protein. Protein Express Purif,
2014, 95: 248-258

Itoh H, Shimada A, Ueguchi-Tanaka M, et al. Overexpression of a GRAS protein lacking the DELLA domain confers altered gibberellin
responses in rice. Plant J, 2005, 44: 669-679

Suzuki H, Park S H, Okubo K, et al. Differential expression and affinities of Arabidopsis gibberellin receptors can explain variation in
phenotypes of multiple knock-out mutants. Plant J, 2009, 60: 4855

Ariizumi T, Murase K, Sun T P, et al. Proteolysis-independent downregulation of DELLA repression in Arabidopsis by the gibberellin receptor
GIBBERELLIN INSENSITIVE DWARF]1. Plant Cell, 2008, 20: 2447-2459

Wang F, Zhu D, Huang X, et al. Biochemical insights on degradation of Arabidopsis DELLA proteins gained from a cell-free assay system.
Plant Cell, 2009, 21: 2378-2390

Sasaki A, Itoh H, Gomi K, et al. Accumulation of phosphorylated repressor for gibberellin signaling in an F-box mutant. Science, 2003, 299:
1896-1898

Hussain A, Cao D, Cheng H, et al. Identification of the conserved serine/threonine residues important for gibberellin-sensitivity of Arabidopsis
RGL2 protein. Plant J, 2005, 44: 88-99

Ariizumi T, Lawrence P K, Steber C M. The role of two F-box proteins, SLEEPY1 and SNEEZY, in Arabidopsis gibberellin signaling. Plant
Physiol, 2011, 155: 765-775

Wang F, Deng X W. Plant ubiquitin-proteasome pathway and its role in gibberellin signaling. Cell Res, 2011, 21: 1286-1294

Itoh H, Matsuoka M, Steber C M. A role for the ubiquitin-26S-proteasome pathway in gibberellin signaling. Trends Plant Sci, 2003, 8: 492-497
Fu X, Richards D E, Fleck B, et al. The Arabidopsis mutant sleepylgmz’] protein promotes plant growth by increasing the affinity of the Scp™!
E3 ubiquitin ligase for DELLA protein substrates. Plant Cell, 2004, 16: 1406-1418

Conti L, Nelis S, Zhang C, et al. Small ubiquitin-like modifier protein SUMO enables plants to control growth independently of the
phytohormone gibberellin. Dev Cell, 2014, 28: 102-110

Vierstra R D. The expanding universe of ubiquitin and ubiquitin-like modifiers. Plant Physiol, 2012, 160: 2—-14

Achard P, Gong F, Cheminant S, et al. The cold-inducible CBF1 factor-dependent signaling pathway modulates the accumulation of the growth-
repressing DELLA proteins via its effect on gibberellin metabolism. Plant Cell, 2008, 20: 2117-2129

Fukao T, Bailey-Serres J. Submergence tolerance conferred by SublA is mediated by SLR1 and SLRLI restriction of gibberellin responses in
rice. Proc Natl Acad Sci USA, 2008, 105: 16814-16819

Ueguchi-Tanaka M, Hirano K, Hasegawa Y, et al. Release of the repressive activity of rice DELLA protein SLR1 by gibberellin does not require
SLR1 degradation in the gid2 mutant. Plant Cell, 2008, 20: 2437-2446

Ariizumi T, Hauvermale A L, Nelson S K, et al. Lifting DELLA repression of Arabidopsis seed germination by nonproteolytic gibberellin
signaling. Plant Physiol, 2013, 162: 2125-2139

Deng Z J, Song S Q, Ai X R, et al. Principle and Technology of Plant Seed Preservation and Detection (in Chinese). Beijing: Science Press, 2019
[DREE, R, LIME, & YA ORAE AR I (0 5 HoR, bt Rl iR, 2019]

XuHH, LiN, Liu S J, et al. Research progress in seed germination and its control (in Chinese). Acta Agron Sin, 2014, 40: 1141-1156 [{&{E1E,
e, XINE, 5. FhF R S REE I k. (R4, 2014, 40: 1141-1156]

Deng Z J, Cheng H'Y, Song S Q. Effects of temperature, scarification, dry storage, stratification, phytohormone and light on dormancy-breaking

15


https://doi.org/10.1073/pnas.1012215108
https://doi.org/10.1111/j.1365-313X.2012.05000.x
https://doi.org/10.1016/j.devcel.2010.10.024
https://doi.org/10.1073/pnas.1012232108
https://doi.org/10.1104/pp.113.223933
https://doi.org/10.1105/tpc.110.075549
https://doi.org/10.1016/j.pep.2014.01.006
https://doi.org/10.1111/j.1365-313X.2005.02562.x
https://doi.org/10.1111/j.1365-313X.2009.03936.x
https://doi.org/10.1105/tpc.108.058487
https://doi.org/10.1105/tpc.108.065433
https://doi.org/10.1126/science.1081077
https://doi.org/10.1111/j.1365-313X.2005.02512.x
https://doi.org/10.1104/pp.110.166272
https://doi.org/10.1104/pp.110.166272
https://doi.org/10.1038/cr.2011.118
https://doi.org/10.1016/j.tplants.2003.08.002
https://doi.org/10.1105/tpc.021386
https://doi.org/10.1016/j.devcel.2013.12.004
https://doi.org/10.1104/pp.112.200667
https://doi.org/10.1105/tpc.108.058941
https://doi.org/10.1073/pnas.0807821105
https://doi.org/10.1105/tpc.108.061648
https://doi.org/10.1104/pp.113.219451

RERIREE: AR S E TS LR T & S RIRK 757 HLi]

102
103

104

105

106

107

108
109

110

111
112

113

114

115

116

117
118

119

120

121

122

123

124

125

126

16

and germination of Cotinus coggygria var. cinerea (Anacardiaceae) seeds. Seed Sci Technol, 2010, 38: 572584

Nonogaki H. Seed biology updates—Highlights and new discoveries in seed dormancy and germination research. Front Plant Sci, 2017, 8: €524
Gao X H, Fu X D. Research progress for the gibberellin signaling and action on plant growth and development (in Chinese). Biotech Bull, 2018,
34: 1-13 [A7 %, MR, RERETHS OUREEMER LT RE k. EYERER, 2018, 34: 1-13]

Urbanova T, Leubner-Metzger G. Gibberellin and seed germination. In: Hedden P, Thomas S G, eds. Annual Plant Reviews, Volume 49: The
Gibberellins. Oxford: John Wiley & Sons, Ltd, 2016. 253-284

Sanchez-Montesino R, Bouza-Morcillo L, Marquez J, et al. A regulatory module controlling GA-mediated endosperm cell expansion is critical
for seed germination in Arabidopsis. Mol Plant, 2019, 12: 71-85

Yamaguchi S, Kamiya Y, Nambara E. Regulation of ABA and GA levels during seed development and germination in Arabidopsis. In: Bradford
K, Nonogaki H, eds. Seed Development, Dormancy and Germination. Oxford: Blackwell, 2007

Kucera B, Cohn M A, Leubner-Metzger G. Plant hormone interactions during seed dormancy release and germination. Seed Sci Res, 2005, 15:
281-307

Nonogaki H. Seed germination — The biochemical and molecular mechanisms. Breed Sci, 2006, 56: 93—105

Linkies A, Leubner-Metzger G. Beyond gibberellins and abscisic acid: How ethylene and jasmonates control seed germination. Plant Cell Rep,
2012, 31: 253-270

Ogawa M, Hanada A, Yamauchi Y, et al. Gibberellin biosynthesis and response during Arabidopsis seed germination. Plant Cell, 2003, 15:
1591-1604

Seo M, Nambara E, Choi G, et al. Interaction of light and hormone signals in germinating seeds. Plant Mol Biol, 2009, 69: 463472

North H, Baud S, Debeaujon I, et al. Arabidopsis seed secrets unravelled after a decade of genetic and omics-driven research. Plant J, 2010, 61:
971-981

Toh S, Imamura A, Watanabe A, et al. High temperature-induced abscisic acid biosynthesis and its role in the inhibition of gibberellin action in
Arabidopsis seeds. Plant Physiol, 2008, 146: 1368—1385

Seo M, Jikumaru Y, Kamiya Y. Profiling of hormones and related metabolites in seed dormancy and germination studies. Methods Mol Biol,
2011, 773: 99-111

Toh S, Kamiya Y, Kawakami N, et al. Thermoinhibition uncovers a role for strigolactones in Arabidopsis seed germination. Plant Cell Physiol,
2012, 53: 107-117

Yang L, Jiang Z, Liu S, et al. Interplay between REVEILLE1 and RGA-LIKE2 regulates seed dormancy and germination in Arabidopsis. New
Phytol, 2020, 225: 1593-1605

Weitbrecht K, Miiller K, Leubner-Metzger G. First off the mark: Early seed germination. J Exp Bot, 2011, 62: 3289-3309

Ariizumi T, Steber C M. Seed germination of GA-insensitive sleepyl mutants does not require RGL2 protein disappearance in Arabidopsis.
Plant Cell, 2007, 19: 791-804

Zhang Y, Liu Z, Wang L, et al. Sucrose-induced hypocotyl elongation of Arabidopsis seedlings in darkness depends on the presence of
gibberellins. J Plant Physiol, 2010, 167: 1130-1136

Holdsworth M J, Bentsink L, Soppe W J J. Molecular networks regulating Arabidopsis seed maturation, after-ripening, dormancy and
germination. New Phytol, 2008, 179: 33-54

Penfield S, Hall A. A role for multiple circadian clock genes in the response to signals that break seed dormancy in Arabidopsis. Plant Cell,
2009, 21: 1722-1732

Penfield S, Josse E M, Kannangara R, et al. Cold and light control seed germination through the bHLH transcription factor SPATULA. Curr
Biol, 2005, 15: 1998-2006

Park J, Lee N, Kim W, et al. ABI3 and PILS5 collaboratively activate the expression of SOMNUS by directly binding to its promoter in imbibed
Arabidopsis Seeds. Plant Cell, 2011, 23: 1404-1415

Lim S, Park J, Lee N, et al. ABA-INSENSITIVE3, ABA-INSENSITIVES, and DELLAS interact to activate the expression of SOMNUS and
other high-temperature-inducible genes in imbibed seeds in Arabidopsis. Plant Cell, 2013, 25: 4863-4878

Piskurewicz U, Jikumaru Y, Kinoshita N, et al. The gibberellic acid signaling repressor RGL2 inhibits Arabidopsis seed germination by
stimulating abscisic acid synthesis and ABIS activity. Plant Cell, 2008, 20: 2729-2745

Piskurewicz U, Lopez-Molina L. The GA-signaling repressor RGL3 represses testa rupture in response to changes in GA and ABA levels. Plant


https://doi.org/10.3389/fpls.2017.00524
https://doi.org/10.1016/j.molp.2018.10.009
https://doi.org/10.1079/SSR2005218
https://doi.org/10.1270/jsbbs.56.93
https://doi.org/10.1007/s00299-011-1180-1
https://doi.org/10.1105/tpc.011650
https://doi.org/10.1007/s11103-008-9429-y
https://doi.org/10.1111/j.1365-313X.2009.04095.x
https://doi.org/10.1104/pp.107.113738
https://doi.org/10.1093/pcp/pcr176
https://doi.org/10.1111/nph.16236
https://doi.org/10.1111/nph.16236
https://doi.org/10.1093/jxb/err030
https://doi.org/10.1105/tpc.106.048009
https://doi.org/10.1016/j.jplph.2010.03.007
https://doi.org/10.1111/j.1469-8137.2008.02437.x
https://doi.org/10.1105/tpc.108.064022
https://doi.org/10.1016/j.cub.2005.11.010
https://doi.org/10.1016/j.cub.2005.11.010
https://doi.org/10.1105/tpc.110.080721
https://doi.org/10.1105/tpc.113.118604
https://doi.org/10.1105/tpc.108.061515
https://doi.org/10.4161/psb.4.1.7331

R AR

Signal Behav, 2009, 4: 63-65

127 Morris K, Linkies A, Miiller K, et al. Regulation of seed germination in the close arabidopsis relative Lepidium sativum: A global tissue-specific
transcript analysis. Plant Physiol, 2011, 155: 1851-1870

128 Stamm P, Ravindran P, Mohanty B, et al. Insights into the molecular mechanism of RGL2-mediated inhibition of seed germination in
Arabidopsis thaliana. BMC Plant Biol, 2012, 12: 179-195

129  Piskurewicz U, Tureckova V, Lacombe E, et al. Far-red light inhibits germination through DELLA-dependent stimulation of ABA synthesis and
ABI3 activity. EMBO J, 2009, 28: 2259-2271

130 Lee K P, Piskurewicz U, Tureckova V, et al. Spatially and genetically distinct control of seed germination by phytochromes A and B. Genes
Dev, 2012, 26: 1984-1996

131 Magome H, Kamiya Y. Inactivation processes. In: Hedden P, Thomas S G, eds. Annual Plant Reviews, Volume 49: The Gibberellins. Oxford:
John Wiley & Sons, Ltd, 2016. 73-94

132 Thomas S G, Blazquez M A, Alabadi D. DELLA protein: Master regulators of gibberellin-responsive growth and development. In: Hedden P,
Thomas S G, eds. Annual Plant Reviews, Volume 49: The Gibberellins. Oxford: John Wiley & Sons, Ltd, 2016. 189-228

133 Nakamura H, Xue Y L, Miyakawa T, et al. Molecular mechanism of strigolactone perception by DWARF14. Nat Commun, 2013, 4: 2613

Gibberellin metabolism and signaling and its molecular mechanism in
regulating seed germination and dormancy
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The ability of seeds to germinate is determined by a balance between the physical restriction imposed by the embryo-surrounding
tissues, i.e., testa and endosperm, and the potential of the embryo to grow. The weakening of the micropylar endosperm cells covering
the radicle tip is promoted by phytohormone gibberellin (GA) but inhibited by abscisic acid, which is an important prerequisite for
radicle protrusion. GA is a major phytohormone regulating various key physiological processes in plants such as seed germination,
root and shoot elongation, flowering, fruiting, and seed development. The role of GA in seed germination and dormancy release is
mainly regulated by its biosynthesis and catabolism as well as signaling pathways. Herein, we mainly summarize the research
progresses of GA biosynthesis and catabolism, signaling, and their regulation on seed germination and dormancy release. In addition,
we propose some scientific issues required for further investigations in this field to provide a research clue for understanding the
molecular mechanisms of seed germination and dormancy that are regulated by GA.
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