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W] DRI AE, TR 28 A AR T NS AL 5 5. b 1 A s Y R R AEARA IR BE IR
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FE M ETIL AT T EE MFH 00, XERFEALE 6 N EZREFERBHEA, W CA2 H L
(GA2-oxidase, GA20x) . GA3 & AL ( GA3-oxidase, GA3ox). GA20 % LM ( GA20-oxidase, GA20ox) .
GID1 ( GIBBERELLIN INSENSITIVE DWARF1) , DELLAs Fl F-box &4, LK 2 NI GRIGHEH, ELL
(EARLY FLOWERING1) #1SPY (SPINDLY) , >R FH#L RS I+ KRG H B 20 5 5 1) L 3 2 PR 4 A 1) 25 1 )7 31)
FE/IN -2 DR 25 0 50008 T DA ST 6 1)/ IR 3 i A 00808 28 v 47 BLASTP 4387, #8310 17 AR W
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Characterization of Genes Involved in Gibberellin Metabolism and
Signaling Pathway in the Biofuel Plant Jatropha curcas
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Abstract: Gibberellins (GAs) are essential phytohormones that control many aspects of plant development, inclu-
ding seed germination, stem elongation, leaf growth, flowering induction, development of glandular hairs, and pol-
len maturation. However, there are different mechanisms underlying GA-regulated flowering in perennial woody
plants and annual herb plants. To facilitate study about the role of GAs in the biofuel plant Jatropha curcas, we iden-
tified all genes involved in GA metabolism and signaling pathways. These genes include members of six gene fami-
lies, i. e., GA2-oxidase ( GA3ox), GA3-oxidase ( GA30x), GA20-oxidase ( GA20ox), GA receptor GIBBEREL-
LIN INSENSITIVE DWARF1 (GID1), DELLA growth inhibitors ( DELLAs) , and F-box proteins, and two single
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genes SPINDLY (SPY) and EARLY FLOWERING1 (EL1). Jatropha homologs of genes from Arabidopsis and rice

(Oryza sativa) were identified by blasting the genome and transcriptome database of Jatropha. Total 17 genes in-

volved in GA metabolism and signaling pathway were identified from Jatropha, and were phylogenetically analyzed

with homologs from Arabidopsis, rice, grape ( Vitis vinifera), and castor bean ( Ricinus communis). Our results

showed that compared to Arabidopsis and rice, protein sequences of genes involved in GA metabolism and signaling

pathways in Jatropha showed a higher similarity to those from castor bean and grape.

Key words: Gibberellin; Metabolism; Phytohormone signaling; Jatropha curcas; Phylogenetic analysis

IRBF % (gibberellins, GAs) TEJRFEMYIA K
RESBPEEET EEAER . B
Tk, ETHK, HRAER, RERE ., JHE
P, AEBRCARIR S K E 5 (Hauver-
male 4§, 2012; Peter Fll Stephen, 2012; Daviere £l
Achard, 2013) , #% 2013 4F, FEAEY A E W+
D2 %5E H 136 FRARIZEIIE GAs, Hrp HA D
B GAs HAAWGTE, F2AIHE GA, | GA,. GA,
1 GA, (Giacomelli %, 2013) ; MiFZLICIHTER
GAs A TETE GA RYRTIASH 2 e 181k )5 B
7 (Peter fl Stephen, 2012) ,

TEREYI, GA T GA, 38 2 B FR-F-17 1Y B A2
TR, BIRU 13 AL AR R A bRt (B 1),
X PR AR TS S AR IR GA, FI GA, 1Y S il
#BE: GA20 A AL ( GA20-oxidase, GA200x) Fil
GA3 & Ak ( GA3-oxidase, GA3ox) ., 7 ah—Fh
XUIN4AEE GA2 A AL ( GA2-oxidase, GA20x) W
WA WG PR GA (WLIE 1 O RERAE) 1HY
GAs TEAEPIR N & i (Peter 1 Stephen, 2012) .

GA {5518 J& 1 414> F 2 ALHE GA 521K GIB-
BERELLIN INSENSITIVE DWARF1 (GID1), DEL-
LA B ZE 5 (DELLAs) DL} 5 DELLA &
R ffA B F-box JEP I RIVEE H, 4IRS
R SLEEPY1 (SLY1) . SNEEZY (SNE) FI7KF
H1f%) GIBBERELLIN INSENSITIVE DWARF2 (GID2)
%% ( Achard F1 Genschik, 2009) . GA WfE 5 S
JEIE LAY T R % DELLA 85 (R SC B0 (Harb-
erd, 2003; Achard Fl Genschik, 2009) ., 7E4NK 2
FrsHLRE IF (Arabidopsis thaliana) GA {55 %%
SR R B AYEMER GA 5 GID1
454, WA GID1 M4 KAk E, F5 DELLA 45
4, T GA-GIDI-DELLA & 18 &1k, Heh
F-box #E [ GID2 B # SLY1 (1§ SCFV" & &%)
PUIIELE A, i, DELLA ¥k 268 & 11 i {4
WONIFFE %, DELLA 2 AR GA (5515
DIGih | R R N GA {55 YR K &
ik, MR HMEA K EZF (Daviere fl Achard,
2013), SPINDLY (SPY) #& GA {5 55 S 14

Plastid

Cytoplasm

Non-13-hydroxylation pathway

Early-13-hydroxylation pathway

GAx GAg
GAs) GAz4
| GAzox | Y
[ oxX | "
______ bl o L
|
I GA3ox 1
OAox L GAw Lol 1, GA:
GArg GA,

1 GA, Rl GA,FEAES P 4 B SRR B K (Sakamoto 25, 2004; Giacomelli %5, 2013)

Fig. 1 Schematic representation of biosynthesis and metabolism of GA,;and GA, in plants
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K2 REZRGESHESME (Sun, 2010; Daviere Fl Achard, 2013)
Fig.2  GA signaling pathway in plants

TF, Bt T —A O-L BRI v FE o, P
W HEN 2 26 (0] DL i 2 BE AR 0B 4 1T 3801 DEL-
LA M6 GA {55 (Olszewski 5§, 2002;
Shimada %, 2006) , %5 4b, HILTEKFE (Oryza
sativa L.) A T — DELLA & H P EH 1 H
F. EARLY FLOWERING! (EL1), B IR $%
W2 b DELLA & 112k I 35 3% $E i 52 i GA
{55 (Dai Fl Xue, 2010)

55 RM, GAs T2 O MR —4F A
AP AR A RN Y D AEAE 25 57, Bl GA
TERLFE ST A5 2 (Lolium temulentum) P o] DIAE
HEIFAE (Wilson %5, 1992; Yamaguchi 5, 2014),
MFE 22 80 22 47 A R S 4l 4 v UL 400 o B AE 15 =
(Wilkie %5, 2008) , #Miti GA AJ LI{EFERA ( Viris
sp.) BAINER, WHIAETFHIZR (Boss 1 Thom-
as, 2002) , Fhifi GA BEEFEIMHIT R (Mangifera
indica) WIAEFIE A ( Tongumpai %5, 1991), Jf
HAMitE GA ] DL i B B I A6 4 1) FE ) RoKSN
W AR T I FF A8 ( Randoux 45, 2012)
TEHHG R A Th AN GA ] LLTE 3 P AR T A6 A
RIEARYRIE, MHIELIFAE; MG GA G R
il 57 Z2 %M ( paclobutrazol, PAC) W4 #E - 1E
(Winston, 1992; Muiioz-Fambuena 5%, 2012; Gold-

berg-Moeller %, 2013) , 3&F GA HR ALK
WHFE, AR IT FK RS U GA B IS 1R
ST MYEEIR C L LB, X T2
SRR, WHIZE A,

I (Jatropha curcas L.) J& T REEF (Eu-
phorbiaceae) WRIME (Jatropha) , Ee—FPL4E4E
PEHEARBUNYA, T TR X (Cano-
Asseleih, 1986) , B3z 70 A TAEYH . I AY 4
ARG X, /IR 732 il 5 R I 40%
R R A =0 A 7 8 A R T A A
M, BN R R R RS T REIRAE Y Z —
(Fairless, 2007 ; Makkar F1 Becker, 2009) , /M
TR AR, A 22 FRGEk, FERZH RN
292} 416 Mb ( Carvalho 4§, 2008) . H i, /M
F-RE (Sato 5, 2011) FEEFEA (Costa ¢,
2010; Wang %%, 2013) HIFEERE LN,

N T 5/ AT O, FRATIEIRC T HE 4
T BA AL P A5 B iUy, Bl—4E4:
FAAEYI R T KR, 24 AR BB AE ) #
%j (Vitis vinifera L.) , VA5 /7M7) A K ek Rk
Y BERR ( Ricinus communis L.) o EIT 25
SRy EEH A BN EY Z —, H AR
(n=5) FFAHK/NZ)H 157 Mb (Bennett 55, 2003) ;
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PARGIT B9 AL R L 7 TAET 2000 4E5E A%, (Kaul
55, 2000) , ESRAEY R — A FE R 4 Bk e
FFEIR, KRS AR (n=14), EFA
K/NZY R 389 Mb, HAE A IE (930 %E T 2005 4E5¢
A% ( Matsumoto 5%, 2005) . i & J&—FF A5 A4
Y (2n=38), JERHK/NAN 475 Mb, HIERH
ZHAE 2007 B F 58 B (Jaillon 55, 2007) . BE
PR —Fh AR (n=10), HIEKN 4 KN
4350 Mb, & PR 415 E AT 2010 458
(Chan %, 2010) ,

A TFFEEEHFI, GAs XM T4 5 4E K
JA BB, XAEZEBHESNE GA, RS 15 S
INHEF A AL (R HERAE, 2013), $E &/
il 7 MEAEECH (Makwana 45, 2010) ., Fl|JH GAs
AR Z R0 (PAC) KB/ T, BEMSE
BT S AEEORIR S22 (Ghosh 4%, 2010,
2011; RIF5E, 2013), 2R, HEid&H LT
/N GA ARIHFIE 5 i R AH G B IR 9 1
&,

J T A AT ST N R GA RIS 5
AR, RATFIHC &R/ M T IR (Sato
45 2011; Hirakawa %8, 2012) FI%E L4559 L)
FARATE CARTR /N 2 S8 P i, w020
X ZAEA /M TR GA AR 515 55 Sk
A FE R AT T %8 FFE 8 oA, RIS 40 R
IF . KFE . AR RE 4 FhRE 4 00 R R A T
T BT, AT AT E T T 17 A
INHFIE | 24 AR | 28 MR TSR
16 PIKAREIER A 22 AN BERRFE R, 3 5 A8 X
SR R G R BR, RATHE T /MR, 5
IF. K, AR AE R S SRS
IR LK R

1 #MEAFE
L1 EREREEMIRGHF T X

M NCBI, TAIR., fHYIE R A K8 E (htip: //www.
phytozome. net/) , /N Hil F % A 21 %0 45 JE ( http: //www.
kazusa. or. jp/jatropha/ ) FIZR S35 % 1) /)Nl I 536 21 £ 4
JEHR BN GA & AR5 15 5 e S AH DG A 1) 2 B
M8, M ClustalX F 7 47 BOUE 34T o 4 26 Tl o
BERF 91K H KT SCHRRIE . (Giacomelli 4%, 2013) ,
1.2 REREMERE

FIH MEGA 5.0 544 (http: //www. megasoftware. net/ ) ,

FI R IR % (maximum likelihood ) 4 8 R 48 & & #
(Immanen %5, 2013) , I Bootstrap J5 b A 7R3

2 HR5H5

R T BTN ST KA FA
BRI R 2R A AR S S R &R 751,
A0 T 2 5 HRER GG 5 2
Wi 8 R ETILIN, AUHE 6 I ZE I i 2R
. GA20ox. GA3ox. GA20x. GIDI. DELLAs
1 F-box MK 1 2 MHILHF IS A E M ELL
F1SPY ( Robertson %5, 1998; Shimada %5, 2006;
Zentella %5 | 2007 ; Dai il Xue, 2010; Hauvermale
4% 2012; Daviere 1 Achard, 2013) (£ 1), #]
FHBIRE T R R B2 508 1) LR R 3R 1 7 81
FE /N F-H50 e R T HOGE 4R 3 )R 3 B 1Y)
BT, RIG R E R G K FWXTIX 8 K3
BRI B T 91 AR AT 0T LG 3T
2.1 GA &HiEE GA200x

GA200x LA LEA A£G TE R B R 1Y
FIEE = (B 1), ER—N/NERR G,
ANFE R B A W ORSFEET (motif) , Q11 2-
il S R 45 & A R AR SF T 51 NYYPXCQKP | H
MDA, 5 CAJRYEEH XM LPWKET %
JCAF (Xu 5%, 1995) , i85 8 780 [R) I Le T,
FRATI/ N F- LR 2 SO 4R 1 3 4~ GA200x %,
B, AR AR 2N JeGA200x1 |, JeGA200x3A Fil
JeGA200x3B , BT SR ST I [FIIR B 2 1 7 51
RIS HA E) 63% . 65% 1 56% , 43 M & PR,
GA200x & K R I A i % FEE R IE A 45 6
ASERGL, FEK R R RE T 3 R AL a3 A 4 S
SAEUR (R 1), REHFMMEIR, X4 PF
T B EB LL AR ST (B 3)
2.2 GA & HES GA3ox

GA3ox ML A W GA, Fl GA, W5 —
(K1), B — /R G005 i 5% ( Williams
41998 ; Mitchum 25, 2006) . GA3ox £ [6] 4
Pl RSP RAS, (AR E A LA EZENIL T, W
Met-Trp-X-Glu-Gly-Phe-Thr 31, 58 T 454 1)
HAFRFN KL ARG EE, LIS 2-Fk R
g A X, I RVR LT, FRATI /N F 3 A
AR ENT 2 ARG, ARSI Y R R
S R AE AL BE 43 00 4 %4 2 JeGA3oxl T JeGA30x2,
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EATS IR I 64 R U5 L AR ARLE 2390 629% Fl
44% o ZFHEN FIRAE M A FL NP AT 3 DA,
TEKFEHA 24, (EAURIT AR PHEA 4 K
RO, WE 4 PR RELERER,
55 B SRR 2 F) 5 DR BN %

RcGA200x3
VvGA200x3
VvGA20ox1
RcGA200x1

AtGA200x3

AtGA200x4

AtGA200x1

AtGA200x2

0sGA200x1

— 79 0sGA200x3
RcGA200x6

VvGA200x6

62 > 99 RcGA200x2B
| RcGA200x2A
92

VvGA200x4
96 0OsGA200x4

AtGA200x5

— RcGA200x5
100 L—— VvGA200x5

85

—
0.1

B3 /T SRS KRR A B RR
GA200x FEFIFHI RS HEALRE
Fig. 3 Phylogenetic analysis of the GA20ox family members in
Jatropha curcas (Je) , Arabidopsis thaliana (At) , Oryza sativa

(Os) , Vitis vinifera (Vo) , and Ricinus communis ( Re)

2.3 GA RS GA20x

GA20x J& GA FEAFACIH M CHERE, 2t/
LR RS Y, 38 XA N B AW s PR
GAs S ILHT AT A b B] = A 740 R0 (&
1), MIAEREAE AR EA A PSR GAs Al
6] 44 2 6] f)SF- 46 ( Thomas 25, 1999) . i3 % 1
R LT, FRATA/ IR TR SO 8 T 5
A~ GA20x BUBGL, 5 HU0m I 1 [] I 25 DR A RLEE 43
HIAE] 67% ., 60% . 60% . 47% 1 58% , 433y
2N JeGA20x2 . JcGA20x4 . JcGA20x6 . JcGA20x7
1 JeGA20x8, GA20x K& [F Z 5 A8 K Fg & K 4l
A4, WIREIFERNASA 7 80, A
FEFAA 8 i, EREERAD HA 3 iR
(£1), GA2ox HHARG K EMUNE 5 Fis,

86 AtGA3ox1
ii_: AtGA30x2
79 AtGA3ox4

—— ReGA3oxl

7 93 L[ JcGA3oxl
87 VvGA3o0x3

100 —— RcGA30x2

88 L[ JcGA3ox2
VvGA3ox2
36 AtGA30x3
61 I:— RcGA30x3A
100 RcGA30x3B

[ OsGA3oxl

100 L—— 0sGA3ox2

—
0.1

4 JPHAT . TS, KRR, A AR
GA3ox 1T H RS SR
Fig. 4 Phylogenetic analysis of the GA3ox family members in
Jatropha curcas ( Je) , Arabidopsis thaliana (At) , Oryza sativa
(Os), Vitis vinifera (Vv) , and Ricinus communis ( Re)

95 — JeGA20x2]
RcGA20x2
VvGA20x2
AtGA20x2
AtGA20x3
VvGA2ox1
VvGA20x3
AtGA20x1
OsGA20x2

57

0sGA20x3
0OsGA20x4

64 AtGA20x6
L oAz
99—/ JcGA20x6 |

38 RcGA20x5

VvGA20x5
VvGA2o0x4
51] AtGA20x4
44 [JcGA20x4]
RcGA20x4

AtGA20x7

64

ir AtGA20x8
70 VvGA20x7
VvGA20x6

— VVGA20?{8
96— [JcGA20x8]

58

0.2
K5 /M ST, KRR, AR
GA2o0x & FAFHI RGLHEAM
Fig. 5 Phylogenetic analysis of the GA20x family members in
Jatropha curcas ( Je) , Arabidopsis thaliana (At) , Oryza sativa

(Os) , Vitis vinifera (Vv), and Ricinus communis ( Re)
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2.4 GA Z{& GID1

GIDT J&—F A i (4 % 22 o 1 o B 3 32 A
(Tyler 5%, 2004; Ueguchi-Tanaka 5%, 2005), H.
HAESF B HSL HE HCG 1 GXSXG ( @sterlund,
2001) . FHIARZEM BN, GID & — e 4%
A HAEF— [ A 45 09 28 K B N-5 (N-Ex,
VLI 2) (Shimada 55, 2008) . 445 A W) 1 1 1)
GA 54 %] GID1 L J5, {15 GID1 ¥4 k44
b, IERKA N-3iks 48014, SR)5 5 DELLA &
F 9 [X 38 DELLA/VHYNP A B AE ], B g
GA-GID1-DELLA E &1k (Willige 55, 2007) , 7K
FEIER T R 14 GIDI RN, IR I+ 5L R 4
A 3 ANTIREE S M RRY (AtGIDI, AtGIDIB
A AtGIDIC) ( Nakajima %5, 2006) ., 7 25 Al B2 bR
SR AR 2 A FJEIER (WGIDIA, VWGIDIB,
RcGIDIA 1 ReGIDIB) ., FIFHUREIF GID1 & %
G, 3E A A AR X, FRATT /N - 35 PR 45
FE AR B T 2 AN, Kl 44 R JeGIDIA
F1 JeGIDIB . BT TS5 HARE I Y [R] U5 2 1 AHARLRE 43
WAF] 84%H1 80% ., GID1 & 1 &4k B R UNE
6 7N,

96 AtGID1A
—iAtGIDIC
%
98 RcGIDIA

VVGIDIA
VVGIDIB
AtGIDIB
2
—99|—— RcGIDIB
OsGID1

—
0.05

6 /MAT ., WREIT . KR, FEAERR GIDI
HEFPIRGAEAM
Fig. 6 Phylogenetic analysis of the GID1 family members in
Jatropha curcas (Je) , Arabidopsis thaliana (At) , Oryza sativa

(Os) , Vitis vinifera (Vo) , and Ricinus communis ( Re)
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Fig. 7 Phylogenetic analysis of the DELLA family members in
Jatropha curcas ( Je) , Arabidopsis thaliana (At) , Oryza sativa

(Os), Vitis vinifera (Vv) , and Ricinus communis ( Re)
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Fig. 8 Phylogenetic analysis of the F-box protein family members in
Jatropha curcas (Je) , Arabidopsis thaliana (At) , Oryza sativa

(Os) , Vitis vinifera (Vo) , and Ricinus communis ( Re)
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Fig. 10  Phylogenetic analysis of the EL1 protein family members in
Jatropha curcas ( Je) , Arabidopsis thaliana (At) , Oryza sativa

(Os) , Vitis vinifera (Vv) , and Ricinus communis ( Re)
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