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B E: FEZR2-FMEF (Gibberellin 2-oxidases, GA2o0xs) REHERA YT T A58 0, HBIE
JERAFE R I A] 2324 Cao-GA20xs Tl C9-GA20xs S, Hih Cy-GA20xs BHHEEH T GA & AT (GA s
GAs3), C1-GA20xs HiFt M itifitE GA (GA;, GA) MHERTER (GAy, GA¢). GA2oxs H1%IEH4ihY,
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Abstract: Gibberellin 2-oxidases (GA2o0xs) are a kind of key enzymes in the metabolism of GA.
According to the substrate specificity, GAZ2oxs can be divided into two types: C;o-GA20xs and
C20-GA20xs, in which Cy-GA20xs acts on GA synthesis precursors (GA1;, GAsz), and Cio-GA20xs is
responsible for metabolizing active GA (GA;, GA4) and precursors (GAyy, GAg) . GA20xs are encoded
by multiple genes, involved in regulating plant growth and development and strictly regulated by
environment and endogenous factors. Studies have shown that GA2oxs affect the growth and development
of plants, for example, plant height, seed germination, flowering and fruiting by regulating the gibberellin
level. Here, we summarized the research progress in the expression patterns, physiological functions and
transcriptional regulation of GAZ2oxs, aiming to provide reference for understanding the regulatory
mechanisms of GA2oxs genes on plant growth and development. It is also helpful to make better use of
GA2oxs genes in genetic engineering research for crop improvement.
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JrE % (Gibberellin, GA) J& T VUM —ilfiZRib &9, FEMYAERIEREAL, W&, M. R
AP TG . HATC A 136 F KRR GA, (HIEMYIAN G DE GA, W GA . GA;. GA4
M GA; A EYEE (MacMillan & Takahashi, 1968; Hedden & Thomas, 2012), fifith AN
N GA BAEYNEE (Graeber etal., 2014). FEAEY) A fiy i 1 rh £ 2O BAEYNGIER GA BH K
BiAEER (Ogasetal., 1997), WFhFH5 K (Groot & Karssen, 1987; Ogawa et al., 2003; Yamauchi
etal., 2004; Sunetal., 2017). ZfH{ (Pengetal., 1999). FF{£ (Wilson etal., 1992; Blazquez et
al., 1998; Mutasagottgens & Hedden, 2009). f&¥3/X & (Phatak et al., 1966; Singh et al., 2002;
Sakata et al., 2014). A2 5 (Serrani et al., 2007) PAJAMAE 48 B 1) )5 8 KL A& i % (Fleet & Sun, 2005)
o Hp GA I GAL 2 EERENE GA, AFEY P PIAIENE GA B EUBIAE, GA =K. £
Ko FRPEEMTENE GA, GAZMETT. Fili. 3N EEAREE GA (FRH, 2016).

SRR TR GA BIVRE B BONS I R, WM GA BB A N GA
(R 2o EE A, Halifh EE R /R R 2 - #LH (Gibberellin 2-oxidases, GA20xs)
AL TE R, FEYE GA SRR A T A2 e IS T 20 ARSI ZEA R T GA20xs LRI
LIRS ABIRE, SRR R L MR UL S R TR HARIA B A%, D3R8 GA20xs
MY AR D R B S

1 JRERNEME RS A

w1 AR, EYTIE IR R A RCE S AR A LY ) LR FEEBER  (geranylgeranyl
diphosphate, GGPP) 7EWAR -t ELEEREIR & ¥ (ent-copalyl diphosphate synthase, CPS) FIPIHR -

CPS KS .
. AR - T Se2 4 Plastid
GGPP ent-kaurene :l JRIE Plasti
l KO KAO %
GA,,-1E Endoplasmic reticulum
GA ,-aldehyde
C,-GA20x ‘ GA13-0x C,-GA20x )
GAno GAlZ _ B GA53 GA97
13- A fbintt GA,, GA,, 13-zt
Non 13-hydroxylatin pathway 13-hydroxylatin pathway
=== 1 1 Gaos || i I IR IER
1 [ GA3ox
G I G Mo =
I Bi At7 ! GA, GA, ] Bloijt/tisve I Cytoplasmic matrix
L_“ﬁc_lle_l l l ) Lz
% CV
C,GA2ox i L C,,-GA2
GA51 - GAQ GAZO i o GAZQ
‘ GA30x ‘
[ — = e e
C,,-GA20x I GA, I GA C,,-GA20x
GAy, 1 Bioactive | Bioactive GA, J
e e e e e T s e e s

E1 FERERERBEHERR (Martinezbello et al.,, 2015; Urbanovaetal., 2013; Graeber etal., 2014; ZEHEME &, 2015)
GGDP: et )L LA ERERR: CPS: MR - I RAEBEIR & A KS: MR - TR & il KO: WiR - IR mELEE: KAO: K
- WS IRIREALEE: GAl30x: GAL3 - ZfbHE; GA200x: FREEHK20 - ELEE: GA3ox: FREEHK3 - EILEE; GA2ox: FREXK2 - AILEE.
Fig. 1 GA biosynthesis and metabolic pathway (Martinezbello et al., 2015; Urbanova et al., 2013; Graeber etal., 2014; Hangetal., 2015)
GGDP: geranylgeranyl diphosphate; CPS: ent-copalyl diphosphate synthase; KS: ent-kaurene synthase; KO: entkaurene oxidase; KAO: ent-kaurenoic
acid oxidase; GAl3ox: GA 13-oxidase; GA20ox: GA 20-oxidase; GA3ox: GA 3-oxidase: GA2ox: GA 2-oxidase.
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NSER MG i Cent-kaurene synthase, KS) b T IR N IR R IA BATIA N - D52 HE
(ent-kaurene) (Sun & Kamiya, 1997). BlJGEN N H AR - DISEAZIGEE AR - DISEA2 M6 A A0
(ent-kaurene oxidase, KO) MR - NISEA IR E L (ent-kaurenoic acid oxidase, KAO) #ALTE

% GA, - 1, Fo Al ARR A MER I PUFR 2T I GA 1, 5 GAss (Helliwell et al., 2001), %

J&, GA1, 5 GAs; FEAMI T B TP 4 GA200xs, GA3oxs 1 GA2oxs E AL 7 M A E H) GA (Hirano

etal., 2008; Hedden & Thomas, 2012). GA2oxs Zufith—F ki 2 - Bl [ — B AN 7 F1E MR IR

Fe? MR IR Jo il B 7 UM U8 CRs e sk 502, 2011, & RL7E40 Bk A i i 5t vh 47 i Th g
(Huang et al., 2010). GA2oxs 2755 2 RH HIOCHENG, K iE 1 GA S HHT AR AN T 1 b 37 A8 B TG i

PR, MR RYIR M GA20xs I 73 Cao-GA20xs M1 Cro-GA20xs PIE, HHt Cy-GA20xs HEAE

HT GA & HTE GA 12+ GAss, Cro-GA20xs 71 57 70 TS 1 GA1, GAy S ILHTE GAz GA9(Schomburg

etal., 2003; Martinezbello etal., 2015),

2 GA2oxs FH 73 K G A RIEF

1999 &, H XML ALK S (Phaseolus coccineus) T cDNA 3CFEH 43 B v S 2] GA20xs FEH,
WAF L HA R E R IIHE (Thomas et al., 1999; Hedden & Phillips, 2000). GA2oxs H1 % 3£ [K
G, XHRENTRECHKEVTT, FlZEMEIT (Schomburg et al., 2003; Rieu et al.,
2008). 7KAH (Lo etal., 2008) Z i (Serrani etal., 2007; Chen etal., 2016). ¥ JI\ (E34#E, 2014).
HIER e OBEBRIE, 2015) MURZEAF (FORJE 55, 2013) YT . GA20xs ZEHZIRIER
ZFE, ZNTEEZMREIE, ARAEKKENEB. ARHAREEKFAR R 1D,

PAFGIF 7 AN SR GRED GA20xs, H A 5 AN Cro-GA20xs (AtGA20x1 ~ AtGA20x4 FI AtGA20x 6),
24 Cy-GA20xs (AtGA20x7, AtGA20x8) (Schomburg etal., 2003; Rieuetal., 2008). /KFEHLE
10 4> GA20xs F:H, OsGA20x1 ~ OsGA20x4, OsGA20x7, OsGA20x8 1 OsGA20x10 J&T C9-GA20xs,
OsGA20x5, OsGA20x6 Fll OsGA20x9 5MEIIF AtGA20x7 Tl AtGA20x8 T N—35, A& MAF HARSF 1
Z5RHE, JB T Ca-GA20xs(Lo et al., 2008) . Ffith GA2o0xs H: R R G0 B 73138, SIGA20x1 ~ SIGA20x5
J& T Cj9-GA20xs (Serrani et al., 2007 ). Chen %5 (2016) X 5E H 6 > SIGA20xs, SIGA20x6 ~ SIGA20x11,
J&T Cy-GA20xs(Chen et al., 2016) . B JR FHIELE 8 4~ GA20xs, B HT KIN CsGA20x1 ~ CsGA20x4
F CsGA20x6 J& T Co-GA20xs, CsGA20x5+ CsGA20x7 CsGA20x8 J&T Cr-GA2o0xs (EIEHE, 2014).
HIEAMS e R 7 A GA2oxs FEK, I3 W] BnGA20x1-2BnGA20x1-5.BnGA20x2 BnGA20x4-
BnGA20x6-1. BnGA20x6-2 J&T C,0-GA20xs, BnAG20x8 J&T Cs-GA20xs, BnGA2oxs £ LR
ARIE, FEFHRIREIEFRIEE R (BRI, 2015, BaE4 kR 3 4~ GA2oxs K PhGA20x1 ~
PhGA20x3, R ERIX 3 MEREET Cro-GA20xs (BRI 55, 2013). HE (Spinacia
oleracea) SoGA20x3 J& 7T Cy-GA2o0xs, TEAEZERFILR, &TH AN (Lee & Zeevaart, 2005).

HABHED ' GA20xs FERRIEW AWM FIE . BiS (Pisum sativum) ' GA20xs 3[R E LM .
16~ RULL AN R 1K (Martin et al., 1999). JRAALA4AZ B 522 ¥ (Lolium temulentum) LtGA2o0x1
TEZERFIL (Kingetal., 2008). WAJE (Camellia) #HPEES CIGA20x] L5248 B h A RKIA,
R, BT AR IR (BB 25, 2016). {6 (Arachis hypogaea) AhGA2oxs %% [8)FRIEMH
XM KBRS ) 10 PR R 5 Rk, Hhmt b RERFE, Wik CERFE 55, 2013).
AL, ANEEFE GA20xs BRI RIEWAFEZE R, K (Apium graveolens) AgGA2oxs TEAR. MR
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A R ep ik A MR 22 R, AR T RIS B AR Frvh, e SCIEIL RS AgGA20xs
FEREH R RILZE R R, X RIEENEBMRAK IO R AR, T NEien T F
SKH AgGA20xs FERRFI ARG 308 B 22 52 AN 0 25, A PP AR S 285 v AR AT o L 5%, 20160

ERBFFEY], GA20xs 2 0T T AANHLRGE, AR BT =L B RS MR
hERIE, BESHATREERRK, ZKEAFRHALA . SEOEHIIGEUL GA20xs B 732K
A A K

3 GA2oxs B K ThfE

GA2oxs FIEREEZA MO, @R THEYIE N AR R EmEYRAERKRKE, Wtk Mr
iR FRIERIEE s (R 1.

MRm — NEBERR R, Mkl sE g s ER, BRI E I EZET .
b, R R 5 F AR R R R R AT E 1 o R A R . X GA2oxs HEF S
B R OH KEWF . IUFTT 4¢1GA20x7 1 AtGA20x8 (Schomburg et al., 2003). 7KF& OsGA20x1
(Sakamoto et al., 2003). OsGA20x5 (Shan et al., 2014). OsGA20x6 (Huang et al., 2010). 3¢
SoGA20x3 (Lee & Zeevaart, 2005) FIEZ4: PhGA2ox1 (ERAM %5, 2013) & LA RN
W R, FER - AHEREMSZ R, DL EX 2 AR e 70 S w2
C1o-GA20xs FHIE 5% Cop-GA20xs FPRIHR AT LLIE L A 5K N GA 7K1 1T 49 9 TG 2

GA2oxs HEFREMF. M. 8. RUKRKEMXRRE T HOA KSR A . WEEIFEEE 5 4
C19-GA20xs BRI REE AR Fh 10 & LA SO FRAE K I AR AR K e e, AR/, MESS A 52 B0,
SEELAIRZ K (Rieuetal., 2008). Cy-GA20xs AT Atgalox7Atgalox8 WIS ARREME G GA
RN 2 ~4 5, RIHEHEFHhE (Schomburg et al., 2003). EHFBK (Poa pratensis) PpGA2oxs
EM I AR . EIRTFIE, M E R S &GN (Tanetal.,, 2018). fEH AL HIT
RIEWFETT AtGA20x8 J&, RIMHWIRIER, ERKKFIRE, MRS, FFEER, ERIEL SR
fE CRBUE, 2010). iERIAHE R SoGA20x3 MMFI T KR FEAK, TFIRHHFIZEA 5, HHEAARRER,
FFIEAEIR (Lee & Zeevaart, 2005). J&R7AE4: it KIE PhGA20x] FEl S BURME 1T IR BE B AR50
MEARER (FRRE S, 2013)0 XFLA EZ AR T 25 SRR B, GA20xs FEDRITERNE 1 R AR .
BRI FHA A AEIBHFAE, S 3 B B AN e IR S5 U7 T B D RE 2 TR ST

GA20xs B RIFE TS5 52 K R G AR K LR AE W) A 45555 TH A B 55 - /N ( Triticum aestivum)
R FRIRLAAEE T PcGA20x1 FEKIEYE GA &, FBEEKE . 450 58k K/NFK (Appleford
etal., 2007). FBRSZE:FEEIT TEMT7 BEIE M SIGA20x] ik, BHIELRF MRS 24 KKAA
W, EMTHE. BHRBMELFERM (Chenetal, 2016). YLERET 54 Cro-GA20xs FH[H,
IR T AR GA, S ERERI, RZWEHITHR/NEE AR 30 A4, FERN
ghESz, fHIA KB (Martinezbello et al., 2015). KFEGHILRIE Co-GA20xs FER, ERTTHIRA
KRR Z0EEH, with, (HrBEERREE 2 (Lo etal., 2008). FLFGIFIT Ik 41GA20x2
AR A H AT GA KPFREE, FRBKAZM (Lietal., 2017). M (Nicotiana rustica) NrGA2oxs
DUBRAE AR PO A 0T SR A 4 20 P B 1 n, MRS 3 DL R A 4E R = 29N (Dayan etal., 20100, BA b45
RULH, GA2oxs FEF P EI/KFRIATT DAL e, P2, RUmE, mumnisgs.
RFger=E L IR ERK B 255
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R 1 GA2oxsBESHE, HARARINEE
Table 1 Classification, tissue expression and function of GA20xs
Ve E A RIEAR ik S5 30k
Classification Gene Expression in tissue Function Reference

C19-GA20xs AtGA2ox1

AtGA20x2

AtGA20x3

AtGA20x4

AtGA20x6

OsGA2ox1

SIGA20x1

SIGA20x2

SIGA20x3

SIGA20x4

SIGA20x5

CsGA2o0x1

CsGA20x2
CsGA20x3

CsGA20x4
CsGA20x6

LT 2R HRTE R H L ZE TR KA E Seedling,
shoot, root, rosette, leaf, stem, inflorescence, silique
Py g, A ML EEEM L L fERE.
KME Seed, seedling, shoot, root, rosette, leaf,
stem, inflorescence, silique

Py g, A ML EEEM L L e
KMPE Seed, seedling, shoot, root, rosette,

leaf, stem, inflorescence, silique

YIH L 2R ML M . KMAR Seeding,
shoot, root, rosette, inflorescence, silique

T g, 2290, 1R EREEM. m 2K R,
KMA Seed, seedling, shoot, root, rosette, leaf,
stem, inflorescence, silique

2R, R, MHJEZE Shoot, root, leaf primordia

=R

16+ T 5L Flower, ovary, fruit

Ty W WL E, JEME. HESS. T RSE
Flower, leaf, internode, sepal, petal, stamen,
ovary, fruit

s B iy i, B 83, 755 Root, flower,
leaf, internode, sepal, petal, ovary

Ry fe. L L TR T B Root,
flower, leaf, internode, sepal, petal, ovary, fruit

iSSP AN N 1 N 7 N

Root, flower, leaf, internode, ovary, fruit

2L ML B, RsE B

Root, stem, leaf, flower, fruit, tendril

R+ 1£ Root, flowers

M. 25, ik 78, HSE. B0 Root, stem, leaf, flower,
fruit, tendril

Ry ZE. T8, 5L Root, stem, flower, fruit

M. 1. #R3IZ Root, flower, fruit

BnGA2o0x1-2 T TR, IEAR . 25, 7. 78, KA Cotyledon,

BnGA20x2

BnGA20x4

BnGA20x6-1

PhGA2o0x1

PhGA2o0x2

PhGA20x3
Cy-GA20xs OsGA2o0x5
SIGA20x6
SIGA20x7

SIGA20x8
SIGA20x9

hypocotyl, radicle, stem, leaf, flower, silique
T RIER. R, MR 2L M B KR
Cotyledon, hypocotyl, radicle, root, stem, leaf, flower,
silique

T RIER. R, MR 2L M JE. KR
Cotyledon, hypocotyl, radicle, root, stem, leaf,
flower, silique

T RIER. R, MR 2L M. JE. KR
Cotyledon, hypocotyl, radicle, root, stem, leaf,
flower, silique

M HEES. LR R

Stem, leaf, stamen, carpels, petal

2L JEEE HESE. 0%, 16 Stem, leaf, flower
bud, stamen, carpels, petal

MR 25 mh fEEE. HERE. OB TEIE Root, stem,
leaf, flower bud, stamen, carpels, petal

R A, R K
Regulate the number of root cells
and limit root length

MRGA BRI, ST, B,
4552k Deficient in endogenous
GA,, later development of reproductive
organs, dwarfism, fail to set grain
FhrBomb, B, RN
%> Decrease seed number,
germination rate and fruit weight

Bk, AR Dwarfism,

dark-green leaf,

M. 2. ok, &, [EHETEF Root, culm, leaf, sheaths, #fk, A5 E KA LEL Dwarfism,

panicles

MR 25, mF. fE. J8L Root, stem, leaf, flower, fruit
M. 25, B2 Root, stem, fruit

. 1€ Root, flower

. f6. H5Z Stem, leaf, flower, fruit

later development of reproductive organs

Rieu et al., 2008

Jasinski et al., 2005;
Rieu et al., 2008;
Lietal., 2017
Rieu et al., 2008

Jasinski et al., 2005;
Rieu et al., 2008
Rieu et al., 2008

Sakamoto et al.,
2001, 2003

Serrani et al., 2007;
Chen et al., 2016

Serrani et al., 2007;
Chen et al., 2016

Serrani et al., 2007;
Chen et al., 2016
Serrani et al., 2007;
Chen et al., 2016
Serrani et al., 2007;
Chen et al., 2016
EREHE, 2014

THEE, 2014
THE#%E, 2014
THEE, 2014
THE#E, 2014
BERHE, 2015
BRI, 2015
BIRYE, 2015
BRI, 2015

Guo et al., 2013
Guo et al., 2013
Guo et al., 2013
Shan et al., 2014
Chen et al., 2016
Chen et al., 2016

Chen et al., 2016
Chen et al., 2016
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FiES L RIBHLR ke R BTN
Classification Gene Expression in tissue Function Reference
SIGA20x10 #R. 25, ™. fE. H Root, stem, leaf, flower, fruit Chenetal., 2016
CsGA20x5 R 25, . 16 3. B4 Root, stem, leaf, flower, THIHE, 2014
fruit, tendril
CsGA2ox7 AR\ ZE. M T8 3. B0 Root, stem, leaf, flower, TEHIHE, 2014
fruit, tendril
CsGA20x8 2. . 16, & Stem, leaf, flower, tendril FEIHE, 2014
BnGA20x8 MR, Mh . . KMHE Root, leaf, flower, silique B, 2015
SoGA20x3  ZE4:. M Shoot, petiole BiRFAR, MEARR, MEIBFFAE  Lee & Zeevaart,

Reduced germination, dark-green 2005
leaf, and delayed flowering

4 INEERZENT GA20xs =R FRIE BT
4.1 FEBX GA2oxs HEFTIEAEE
AKX GA20xs FiIXFE R DM BB ERN T WM TFROKERKISES, K
#i PHYA 1 PHYB fOBBE R BAEE 1 PILS A9 788 = 16 A, 400615 5l LURIBL PILS & il
it 268 HEABFAREM, (et GA EMEIER (GA3ox] A1 GA30x2) Wik, HHMH GA /R
(GA20x) WIFRIL, 1 GA 8T 5, pil5 RAZBET GA, & &I, 1 PILS &R EHEMEY GA, & &
FEAIG, B PILS ] DLE IS 4% GA & B >R 15 8 & (Oh et al., 2006) . & i ( Lactuca sativa)
RIS LsGA20x2 TEANEZMTREZETH, SRAAFEF FEER TN GA, KT N
(Nakaminami et al., 2003). DJREHK galox2 FEAGMRMEIR FIENE GAL AKCEIN, 4 ek a5
J5 BT Rk 48 h () RAAEF T R e TR AR, H AtGA2ox2 FEMRH R R R, XAE—
EREE FARRE T M R R B ERN FIAERBURE RS (Yamauchi et al., 2007). 4L
6, WEIEBEEL N IS 4 h, PsGA20x2 ik L], GA\ S ESRI T, TWH%RE, M 7L
HF K (Reid etal., 20020 LA FBFFUAE IS HEXT GA20xs SR 3% (4% B A A LU R,
FhFg RIS, SR UBEH] GA20xs RIE, i GA KV, (REEFhFII R . TE T E
KRR, JERBIERE GA20xs FiE, 408 GA, F0H| A .
WEGIRE T IR R TR T DL 5 S8R B A X% Double B-box 1a (DBB1a) #fifill GA20x1 1
GA20x8 KI5, 53 GA3oxI M GA200x1 Foik K42 =G It GA 7K, {2 T Al (Wang et al., 2011).
WATLLH AL B R AT, (R3E AtGA20xs TIE, GA KT, #IH] N K (Zhao etal., 2007).

4.2 REX GA20xs EEFIAHI T

CBF1/DREBI1B % 5% K| 72 Iz el S % o (1 — AN B B 1, A Yt #2 v Lk CBF &

i (Cook etal., 2004; Fowler etal., 2005). iF3Kik CBF MMk EA BRIIPUIEM H LA KB M
LG XA K AE i I G nT LB AMIE I A GAs R, IEPAIRIR 25, CBF 2/ il AR &
R YA KR E (Zhang et al., 2012). DELLA K& CBF1 4\ 50 B V4 36 1) 2 4 j 0
45, ETFAES L RIE CBFI vl LUE R 3 4tGA20x3 F1 AtGA20x6 FRik [EMK GA & itk
it DELLA FEEMER, MHEkERKKE, EmPisEtE (Achard et al., 2008). Zhou %5 (2017) #f
FARWPLE ST CBF3 5 CBFI1. CBF2 {EE H i 7R 5 2 IHLHIZE L, AR ARSMEE AR 50 UE K
L AtGA20x7 12 CBF3 (1875 & ma SAKIR, {2k DELLA tR AR5, CBFs 5 DELLA WhREIZE(R
I A N EZ R A (Zhou et al., 2017). FhF g KIS HEH, KR5S DELAY OF GERMINATIONI
(DOGD)FIXK, 1fii DOG1 il IE A1 AtGA20x6 FKIE, 71l GA 2ELEFH T K (Kendall et al., 2011).
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HYS J& T bZIP KR F T, 1655 FREG S @A EEN/EM . HYS v REdE R
5 — R H i 872 FE IR ) e A SR I SRR M A it FE 1 (Catala et al., 2011). #IEFFFH, HYS 5 10%
DL E SRR MHE A IR R I RIE, HA ORI T 26 U I — S R/, SR CRAR IR A 1 IR g
17 (Catalaetal., 2011; Zhangetal., 2011). Iboh, FREZR ] UIEUKE FHETROAER, MHx,
Z M RERGRINHFD TR TETF RN R, BarmRinRs5X— 3%, i
R IR A LIRS HY S/HYH 7730 1 AtGA20x] Fik B S FH EE (Zhangetal., 2014).

43 FEXT GA20xs EEFTIEREE

GA2o0xs FEKZ 5 N Rl , &3R5 GA20xs ML FRE )1 B E e = (Zawaski & Busov,
2014)c s H o i R I/ AR AE T FAC PR J5 PR B 3R MEvR TR AN AE KR 1 & B AME 5 Wi [ AH 56 2 [R]
Ak #3% (Krugman etal., 2011). SPINDLY (SPY) {ERAAEAEWfa gt fofs/Em, 2T 520
EERZIE S, R B Sh e, IR R R A AR R R R AR R GA20xs Al CKTOKININ
OXIDASE 3 (CKX3) MRk, BEREGE SR THEYAEKAKE (Qinetal., 2011). FFFIFTFE MG
O RERIE S S A b ETHYLENE RESPONSE FACTORS (ERFS5) Fl ERF6 [)3%i%, S3 GA20x6
Lk i, WEME GA KFRRK, RIS TE R IZ M K B 4% (Dubois et al., 2013). T/
T, BRIEGHRE (Solanum tuberosum) StGA2ox1 FFERPE KRB B XM B Em M SRS 2.
Ui B il 2 R S B AR I S KB CREDE, 2016),

4.4 EFMBEX GA20xs EREFKIARFEIE

GA20xs 2R Z 500 N5 G, i RIE OsGA20x5 FEMPTEE M IE E 7 53 $2 %1 (Shan et al., 2014) .
51 N X7 DWARF AND DELAYED FLOWERING 1 (DDF1) %ifi4 DREB1/CBF V.58 ik AP2 %4 5¢ A
T, IETT CBFs KR &Y, Z5MHaWN . ddfl 2R EI R %k, EIRIFIE, AMNERH GA;
AT DA MR A (Magome etal., 2004). EhHE R, IR EFE 41GA20x7 TEH ] 6 > AtGA20xs
L, i H DDFI i RikMk+ AtGA20x7 5.3 L, DDF1 &AW LLEELE A E] GA20x7 BBHF
DRE-like %7 (GCCGAC F1 ATCGAC) WuFHH %, RILHEAN, ZEIRFFAEATE Shi btk r) 2 Y

(Magome et al., 2008). [Hlith, %T ArGA20x7 EARIRME 1 /Ey CBF/DREBI {5 5l #% th il GA
A DELLASs BB 1553 (Zhou et al., 2017, 7ENAF EA W) HiE 1 Th BEAEXS OR~F 5 Rl , A1GA20x7
AT FEHE R TR g 56 DA S a8 73 7 & Bl bV y — MBI i g e FE ]

5 THYIEEN GA20xs FERRIE )5

51 FHRBEX GA20xs EEFKIARNFEIE

GA20xs 3R FRIEZ Y)W IE TR 5 2 I BT, AR GA20xs FER X 715 85 22 (WA N AFAE 22 5%
MR A S IR BT PsGA3ox] JEiETE GA 7KFFHE . BEI NtGA20x K1 NtGA20x3 NtGA20x5
TN FIHEE, T NtGA20x1 FiE T B2 . BFFIEHZIN AR 5 NtGA2ox 515 B A % 77 5 2
RFREEARIA K, NtGA20x3 Fl NtGA20x5 J& T 8 2 BUSAY, BUARIKEE TG YE GA B a4 1
RIRAT, 1 NtGA2ox1 X 7R8E = ABUK, R ZEKRER GA 1 (Gallegogiraldo etal., 2008). &
o AR GA; AR GA20xs K FiERIA, WflEgTT (Thomas etal., 1999) FIF K (Tan et
al., 2018) 5. JKHE GA2oxs HEREM N /A5 R MR LB ERAER, L OsGA20x3 FKINN
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fERIE, OsGA20x1 oW MY (Sakai et al., 2003), 1 OsGA20x6 K NEHL T (Huang et al.,
2010). HEMTFTEEH T OsGA20x6 J&T Cp-GA20xs, M RAETEYE GA, A1 GAssy, JIT LAY i FH v 1
GA;, OsGA20x6 FiEBWATZE .

52 AN EE. S KEMTEIT GA20xs EERIERIFE

TREE 3 5 R E A PO E AT TR A A AR E, B EE GA20xs B S
LI (Jasinski et al., 2005). fAFIFoMEEHAIM 2R, BERS T AtGA20x2 MFRIE, AR
RIZMM RG] (phosphate-isopentenyl transferase, IPT) Herm WIRAIE MK &=, 2Hm
E THREEMEM AtGA20x2 #535/KF (Jasinski et al., 2005). iEB A2 5= 0] DR HE GA20xs F&
Rk, T FEAGEME GA /K.

KRN AR ZR DI H GA20xs FEF AT AR T AEK R G R yucca LA
Pt FHAE KR AR GA2oxs FERWANA KK, 6 d K/NHMEEILIH 4R 50 pmol - L
1-Naphthaleneacetic acid (NAA), 7 /™ AtGA2oxs B:HIFR | AtGA20x7 AR FiRRIE, JUH
AtGA20x3 F1 AtGA20x8 3% E i (Frigerio et al., 2006) . % & 2B T o 4E K R & 2L, PsGA2ox]1
15 M (Ross et al., 2000). O’Neill %5 (20100 BF 78 K IHI G AE KRG K, PsGA20x] LAK#S DELLA
(17720 _E, T 50 pmol - L™ NAA &b )5, PsGA20x2 WILAMSE T DELLA 975 3 4 (Oneill et al.,
20100, LA EWFFEUER] GA20xs HE RN A K AN A 3 AT e 2 B DELLA SR EA 5. AL, F 5%
PR GA2oxs FEFRIE, VIBREMAEKEE FWMNEF AUXIN RESPONSE FACTOR 7

(SIARF7) J&, SIGA20x2 F SIGA20x4 IA T (de Jongetal., 2011)

AN 7 RTR ACC J5, AtGA20x1 K AtGA20x7 Fik B35 T, AtGA20x2 Fik BN,
S5 GA KFHINE S P e (Vriezen et al., 2004; Vandenbussche et al., 2007). X 2.4 A5
1 Sletr1-1 BT R I AL Rt FEH SIGA200x3 F21E ], 1) SIGA20x4 F SIGA20x5 15T, GA
SR, T AL RAR (Shinozaki et al., 2015). IEH] GA20xs F IR N £ 45 35 B AT 4 2U0F S %

6 TR GA20xs BRI IE I

AGL15 (Agamous-Like 15) /& —25HEA MADS JIfeI 1) DNA 45 &R ¥, fERKE IR R
BRIE, ChIP RIEXH, TEABEMMF AGLIS 7 LAE #4543 AtGA20x6 DNA F Bt CArG 771
(CCAATTTAATGG), i HuE HRERIATHEMD AN GA & &, i it K E e+
i’ (Wangetal., 2004). APETALA2 (AP2) FKjfEH i ABA-INSENSITIVE 4 (ABI4), H¥:45H
3| ABA &I F NCED6 VA K GA20x7 JRENTHUEHKIL, H ABA T GA20x7 ik, GA Hi|
NCEDG 335 H5 ABI4, EW] ABI4 7] IEif% ABA 5 GA A5 HU/EH (Shuetal., 2016). AEFTF
C2H2 ##f8 % H INDETERMINATE DOMAINI (IDD1) /ENHYDROUS (ENY) @i 95 GA20x1 1
GA20x6 IFRIEN'F GA Al ABA X FiF K G 1% (Feurtado etal., 2011).

DREB (DRE binding factor) J& T AP2/ERF ZJfi— 1. &t e 13 > DREBI, #R4uiik
¥ H> N 3 4, DgDREBIA. DgDREBIB 1 DgDREBIC. it#ik DgDREBIA ftikk T 5 hiaAH
(¥) DREBI TR COR47. CORISA F1 RD294 WIZIAMERFVE T, WiAS6JE MmN LR K Co
FET M), RILH LB HAE R IR Tt FRIE DgDREBIB fEtkH GA20x7 W35 Lif, RIN
HBE AR IER A . LIRSS RE ], A[A DgDREBI1 4% 52 i REXHEY & B AN [H : DgDREBIA
A6 506 AWM SSIT A 181835, 1 DgDREBIB 25 GA NS MY K B i F2(Tong et al., 2009).
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KNOTTED1(KN1)-like homeobox I (KNOXI) 1 57 4E K Tl s 7 42 4143504k, o 5 GA20xImRNAs
TET 7> AR DL SOBT I B F 3 RIS E &, KNOXI 7] LLE B4 & GA2ox RN & FHH WA
TGAC LRI TTIHERE GA20xs 3%, AERF I 7> A 4L H 55 (Bolduc & Hake, 2009). fLlF
TrHh AtGA20x2 F1 AtGA20x4 Wil ¥ STMCKNOXI ZX K 51 D 755 7E 73 A L ZUEE B A7 /E KNOXI-GA20xs
AR PR R e T oy AR HAUS G E GA, 4RI 0 AR HUER K E (Jasinski et al., 2005).
A20/AN1 ZFPs (zinc-finger proteins) s EAE N Rt Fh—RE LK E, Oryza sativa dwarf rice with
overexpression of gibberellin-induced gene (OsDOG) J&T /5% %15 51 A20/AN1 ZFP, W5tk H L
H AN K OsGA30x2 BIFRIE R OsGA20x1 F OsGA20x3 ik, BEM AT GA /S HIZE4H
fafd (Liu et al., 2011). #ii CIN - TC #5331 LANCEOLATE (LA) {2t &m0k, #F5T
R LA 2l SOR% SIGA20x4 (LK TIENE GA & & LU R 7346 (Yanai et al., 2011).

7 N JRE

GA2oxs fE/RE RARAETREMNCLH, RIEERYWAF N Cop-GA20xs M Co-GA20xs
P2 EATLRE T KR AN I PSS s Ml LR B, i AR Bl b 70 S8 AN R,
FHRTENT T . GA2oxs FEBIAL T HIZMLE PO E, 2585 B S BT LSO 4 73 243K
AR OIHEINARL, s R AR Tt THEMRSER BEAERE TSR,
FN 2 5EE. G, TRAESEhEENEERE (B 2). BARCEYIE U GA2oxs E X AHGE
SRR S WIRR R Z 5K E Kbz, BHAEE R RAE S THLE MATEE, B
BE— BT

WA T AT T
Environmental factor Transcription factor Plant hormone
- AGL15, AB14, KNOX1, FEE
L_;’ﬁht A DREBIB, DOG GA
1g] = | DBBIla \ 1 /
CBF / A A
S —~ o~ CK
cold > N - GAZ2oxs
=~ poGiT — -~
ARk
TR | - AUXIN
Drought ERFS, ERF6 / -|- /\
HEE  — \ i
Salt DDF1 ENY, LA ETH

2 {EMMFA Gibberellin 2-oxidases FiXFiE
RN ERER, T B SkFoRIMEIE .

Fig.2 Regulation of Gibberellin 2-oxidases expression in plants

Promotion is shown by arrows and inhibition is shown by T-arrow.
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