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Genome-wide identification and expression analysis of
gibberellin biosynthesis, metabolism and signaling family
genes in Phyllostachys edulis

Jiagi Ye!, Yuting Zhang', Ying Fu', Mingbing Zhou* 2, and Dinggin Tang®
1 State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China

2 Zhejiang Provincial Collaborative Innovation Center for Bamboo Resources and High-Efficiency Utilization, Zhejiang A&F University,
Hangzhou 311300, Zhejiang, China

Abstract: Gibberellin is an essential plant hormone that plays an important regulatory role throughout the life cycle of
higher plants. A total of 23 genes involved in gibberellin action were identified from Phyllostachys edulis genome, including 8
GA200x and 1 GA3ox genes involved in the gibberellin biosynthesis, 8 GA20x genes involved in the metabolism of gibberellin,
2 GID1 genes involved in gibberellin perception, 2 GID2 genes and 2 DELLA genes involved in gibberellin signal
transduction. Phylogenetic analysis of these genes from Arabidopsis, Oryza sativa and Phyllostachys edulis revealed that
gibberellin biosynthesis, metabolism, and signaling pathways are conserved in these species. Treatment of seeds and seedlings
of bamboo with exogenous gibberellin revealed that gibberellin significantly increased seed germination rate and stem
elongation of seedlings, and had the best concentration of action. The expression levels of GA200x and GA3ox genes in the
bamboo seedlings were down-regulated and the expression of the active gibberellin-degrading gene GA20x was up-regulated
after GA; treatment, and the transcriptional level of the gibberellin receptor GID1 and the positive regulatory gene GID2 was
significantly increased while the expression of the negative regulatory gene DELLA was decreased. These genes have
significant differences in the expression of different spatial locations of bamboo shoot stems, GA200x, GA30x, GA20x, GID1
and GID2 are all expressed in the upper part of bamboo shoots, while the repressor gene DELLA accumulates at the bottom of
the shoots and is hardly expressed at the top.
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VARG EZMENSYS, ERARER DA
WM & (Ent-copalyl diphosphate synthase, CPS).
PR -DL SR 5 1l (Ent-kaurene synthase, KS)
AR - D52 2 4 S AL i (Ent-kaurene oxidase,
KO). GA20-%# 1k (GA20-oxidase, GA200X).
GA3-% fL[ilf (GA3-oxidase, GA3ox) Fl GA2-%
fLi (GA2-oxidase, GA20x) B9 RUGHREEE
REz R ANHE K, ERERE R
W (GA200x. GA3ox., GA20x) Xfifith GA fy
K 7 HAT S O, Sk R R AR &
B FEER T 4L GA200x 112 5 s GA200x Mk B
HAAEYEENRERZROEECE =2, TR#H
GA1, Fil GAsz (Coo KR R) Fi1b i GAg F1 GAy
(Cro F R £) M, GA30X & 2 A4 MLk 72 h i
JG— B SCHERG, HEMIFF GAg Fl GAg LA I
S HA PSR GAL Tl GAGM, GA20x A
TR N 58 R R AR DGR, & T DO R A
YIGTER GAL il GA, 43 AL R ICIG TR GAs
il GAgy, HE T 4ERFAE YA N A AR WIS VR GAS
5 H A ]y 2 6] 1 3 487 651, GA200x Fi
GA3ox kD, = FHE WA EYTEHERERTN
/D M 2k B9 GA20x NI 2R FE YR N A4
Wik G R K T,

PR N GAs V-l ) JE = # , {55 i R
HERER EENEN .. FERESEARED R
BN R RG S EAMBARN SR, RER
GA {5 % 7] LI ¥ oF % &R %2 /& GID1(Gibberellin
insensitive dwarfl)/& 515, 24 GID1 &K% GA &
SIE, REMSULIGIE S, IR i
Fik, #FMEWEY AR LTSRN, IR
%2 M5 T TR R 122 GA-GID1-DELLA {5
S, AHiRE R4 GID1, DELLA &
H 5% 51 (DELLAS) L 2 5 DELLA & R A
KIHA F-Box JEIF I I 1 GA {55
IR E I M DELLA HEASREBM ., 24 GA
A FARAKCF-BF, GIDL A5 GA 454, ff DELLA
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1 MBE5FE

1.1 EMAEREVEREREERESES
FE 5 £ [E RO BUE IR B R i3t 1k 53 47
1.1.1  [FVEEE MR R

M AT JE 4 % s % (BambooGDB
http://www.bamboogdb.org/) T %% & 7 it 3k R 73 B¢
MR AT R T8 E BTG R BRI K
RIRR K, M NCBI (https://www.ncbi.nlm.nih.
gov/) . I Fg ¥ 15 B 7% I (TAIR,  https://www.
arabidopsis.org/) . 7K & % [X % % J# (RiceData ,
http://www.ricedata.cn/gene/) F4# 4 K& 5 4 B4
JE (http: /lwww.phytozome. net/)H T #AH% GAs
G AR S 55 A e R P 9, AEN
BLAST SRR BATEAR AP, M RE
Ay 5 TR A B0 PR RS 20— IR PR I A S SR 1R 5[]
HA e<107 iy HI score=100 )55 9 FIVES —
B PR 2R 00 A 1) L gl B 25 R A AP B A B R T
FIAH Pfam (http://pfam.sanger.ac.uk/) 1 SMART
(http://smart.embl-heidelberg.de) > 75 £k % 3 o
E X SRR N, E HiE M<e™, HhZ%
JERNE s B AS SRR AE O <P 25 F 3R JE R , 3l
1o 3 PR R e 2 H 1 SE AL
1.1.2  [R)YREER B AL BT A PP 43 A

BEKFE ARG IF o 2L 258 8 1Y R I 1 2R
F3 50 5 3R B AT A e 20 1 R DR 3 R i J
JP ) ClustalX 1.81 17 2 HE X, SHkeE
BRI, ¥4 B “aln.” 30§ A MEGA 7.08%,
I AL IZ AR B4R 375 (Neighbor-Joining, NJ)
MHERGE AR . RAU TS5 HARA
“Poisson model”, #kI11% & “Complete deletion”,
4 Bk Bootstrap=1 000 ¥X. #|f] MEME 7
Rt (http: //meme-suite.org/) 4T 8 [ {#5F ik
JFEI T, E (EBEE J<e®, RSy gl bl i
FPECETCE N 10 1, HAwcE MRS
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1.21 GAAERFHIBH R H

G B F 0 BATFP 2RI, 2017 4F2R
B PR AR X R B K S W — %P £
M, Bk K/ — i AR e i k.
70%3E A% T 5 Fh T 60 s, KE/Kihik 3 i ;
FEH 2% NaCIO &= 10 min, KEE/K L 3 i,
FAARTH M GA3 (50 mg/L. 100 mg/L., 200 mg/L)
TR, KBEKEME AR, F2H P45 100 8
P, SRESRE 24 h 5 R Kook 2-3 I, &
FREIZUEAE E Wk, B kM5 25 CIfF 2k
PEHE AR IR, R RAS A IR IC SR R R, 2
JRGIT R R AR, T 22 7 WA AT
1.2.2 #hEEREE

KT HE GAs WRIEXT BATAEKMSEW, T
P #hF7E 0. 50, 100, 200 mg/L M) 755 R IF B+
R 24 h FFRREW R 2 R, MR LIRS
R4 H 804028 20 i, HR st sres, &
FRAEAEMIREE 25 C, JGREWIAOLIE 16 h, SRS
8 ho 4 ML, 25, M REIFHITE
ST MK E R R, ZEKN
HEFB DA b B 3 9 55— A J ity 2Z [l A9 R
MR ER il R i
1.2.3 FEAPREBERIERHERNEEIT GA; FIERL

125 CRiFEE 16 h B IE/8 h BARE Ab BG4
HF, ELEPEEF MG 4 8. HARRWKE
) GAz (0. 50, 100, 200 mg/L) W&t H, A 2d
A BR e 2 J, e fE — R S N7 B BT R
PRt i 25t U F F — 2519 RT-PCR 437 5
Xof T R B BG4 JA 4l A 100 mg/L Ak
BEBUEM R, FEASFMEE S (1, 3. 6. 12,
24 )BT BUCBATZ I AZE Rt 414e, L 4 JE i mtits
KB AT 4l 1 o IR SR8 1 B AR
KM 3 AW FEE, S L s BV E T
WA, —80 CIRAE,
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K H Trizol (TaKaRa /A +]) iICEBAT 4
FIZEAI-2H 210 8 RNA, F Prime Script™ RT
Master Mix (TaKaRa A r]) BRI F 4 DNA filjz
A cDNA. 51T E B e A FE A HE
RAF XL, §738 7 By 150 bp 247, PCR Al
IR (R 1) RNAR (10 pl): 5 pL
SYBR® Premix Ex Tag™ Il (TaKaRa 2\ ), 0.8 pL
cDNA, 0.4 puL primer-F, 0.4 uL primer-R, 3.4 uL
TCTE K o RN 452 : 95 °C, 7 min; Fi4 3§ 95 °C
10s, 58 'C 10s, 72 'C 15, Jt: 40 MEH. ik
B NTB Jg g2 5L R 28 DS it 375 K i b B
XTRRAH U E Ry 1, AR & v S JE R I R A K
TR S B, DL 3 A e T A A R 20
(907 W B AR X Rk PO, JE AT 25 R B
i

13 ENAETEHRAFAESREXEZRANRIE
Vi

G TR AR I B AT R B TR AR 2
R ARG & R RS S = R A v,
BOMAFIEAZEFF s K b AR 323 H K 150 cm
KRBT 3 MAE AR B ST, LA T B i
A MR — 5 SO B IES 1. B RIE
BFALE AT R RIS 795, 55 1575, 56
27 AR BATEES . p A AN TS A AR R
RNA 3£ HBUR RT-PCR [f] 1.2.3. R ¥ —fkik it
AN BERTE BT AR ERAL A R b 5 22 57 o 4%
B SLH gk BEEAT Z-score 4bBEPO (54
— IR T A AR A Y 2B AR A2 8 T BIE S 0,
PrifEZE N 1 B —4MH . ML 7EZR MG http:/iwww.
omicshare.com/tools/#4: ifil & ik #4 A .

651

x1 51¥F5

Table 1 The sequences of primers
Primer name Upstream primer (5'-3’) Downstream primer (5'-3’)
PhGA200x1 GATGAAGGAGCTGTCGCTGAC CACGGCGGGTAGTAGTTGCA
PhGA200x2 GCGATAATGGAGGTGCTGG GCACGGCGGGTAGTAGTTG
PhGA200x3 ACATCCCGTCGCAGTTCAT GCTCATCTCGCCGCAGTAG
PhGA200x4 CGCCAAAGTGATGGAAGAGC TGGTTCAGCCGGATGAATGT
PhGA200x5 CCAGGTTTGGAGCAATGACA CCCCAGTTGTAGGCGTTGTA
PhGA200x6 AGATCAGCCTCCCCGTCAT TGGAAGAACCCAAAGTCCC
PhGA200x7 AGGCGATGTCATACAGGTGC GCCGTGGATGCTGAAGAAGA
PhGA200x8 AGAGCTACGCCGAGGGGATG CTGGAGCACGGTGAGGAAA
PhGA3ox1 CCTCTTCCACATCCTCACCA GCCGAGGAAGTATCCGAGTG
PhGA20x1 ACCAGGTGTTCCGGGTGAA GCGGAGCACGGAGATTAGC
PhGA20x2 TCCGTGCTCCGCTCCAAC CCACCACCCTGTGCTTCA
PhGA20x3 CATCTCCGTGCTCAGGTCCAA CGACGTTCACGAAGAAGGATT
PhGA20x4 AGGGGTGCGACGAGACGA GGCAGAGCACGGTGAGGA
PhGA20x5 GAGAAGACTGACTTGCGAGGTG GGACGTGGTGGGTAGTGGTT
PhGA20x6 AGGGCTCAAGGACCCCAGAT GCCTTGGTGCTGACAATGCT
PhGA20x7 CTGCTACTTCGCCTTCCC GAGCCGGTGGCCTTGATG
PhGA20x8 AAGGGTTGGGCATTGAGGAG TTCGGGACATGGTGGGTAGT
PhGID1A CGAGGGGATCAAGATATGCG GTCCTGGAGCGTGACGAAGT
PhGID1B AGAGCCTCATCATCGTGTCG CTCGTGGTAGTGGTCCGTGT
PhGID2A CGAGCCAGCCAAGAAGCAG ACACCAGGTCCTCCCCAAG
PhGID2B CGCTCTTCTCCATCGACTGC TCCACGGGCTTGCACAGGAA
PhSLR1 TGGTACGGACCAGGTCATGT CCTGCTTGTAGGCATTGGAG
PhGAI AGGATGCTGGTCGGGTTG CTGACACTGCCGCTGCTA
NTB TCTTGTTTGACACCGAAGAGGAG ATAGCTGTCCCTGGAGGAGTTT
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2 HER5AW

21 ENEFBHRFRERERALBERRXKE
B E

N T R IR BT AR ER
AR R T BT, KE BN RE
FOCHIEN . FIHC A BIEE I 26 1~ GAs 4
FIERFUKAER 12 4 GAs AL A AT,
21l Blastp k6%, KT E ik E<e® MERITA
JPH, BB AEBATHE A L T 23 ikt
Ko Hrp, 17 MRRRAMIEEEN, U 8 4
GA200x JE[H ., 1 4~ GA3ox J:[HFl 8 4~ GA20x It
o i BREAT] 5 KR R 2 11 A8 AR BL T v 9 43 3]

®2 FEZREXERMEERTA

fir4 ) PhGA200x1-8 .PhGA30x1 Fl PhGA20x1-8;
2 NREEZIRSEEN GIDL, 4 A PhGID1A #l
PhGID1B; 2 MNIE##E F-Box I, N
PhGID2A #I PhGID2B, DL 2 4~fiif$ DELLA
KILH, fir44 o8 PhSLR1 il PhGAI (3 2).
211 FREXWEYERER

GA200x Fll GA30x ZK G IR AR KA
B, REAE ) A L e ) S 3R AR SRR CRRVE I .
AT B /N EE RS, e PR
ERAMGTIT . |18 GA200x & X G
PIRIT . KRBTSR, SR &R E
X 3 AW Fh R ER AR, T BAT S [ AR AR

Table 2 Identification and naming of gibberellin related genes
Gene family/species A. thaliana O. sativa P. edulis Named
GA200x AtGA200x1 0OsGA200x1 PH01000141G0020 PhGA200x1
AtGA200x2 OsGA200x2 PH01000794G0570 PhGA200x2
AtGA200x3 0OsGA200x3 PH01000535G0510 PhGA200x3
AtGA200x4 PH01001332G0050 PhGA200x4
AtGA200x5 PH01002631G0110 PhGA200x5
PH01000788G0540 PhGA200x6
PH01003113G0060 PhGA200x7
PH01001619G0150 PhGA200x8
GA3ox AtGA3ox1
AtGA30x2 OsGA3ox1
AtGA30X3 0SGA30x2 PH01002274G0400 PhGA3ox1
AtGA3ox4
GA20x AtGA20x1 OsGA20x1 PH01000018G1890 PhGA20x1
AtGA20x2 OsGA20x2 PH01001124G0470 PhGA20x2
AtGA20x3 OsGA20x3 PH01001567G0040 PhGA20x3
AtGA20x4 OsGA20x4 PH01002291G0280 PhGA20x4
AtGA20x6 PH01000273G0650 PhGA20x5
AtGA20x7 PH01000685G0370 PhGA20x6
AtGA20x8 PH01000604G0250 PhGA20x7
PH01000274G0980 PhGA20x8
GA receptors AtGID1A OsGID1 PH01001316G0350 PhGID1A
AtGID1B PH01002734G0310 PhGID1B
AtGID1C
F-Box AtSLY1 OsGID2 PH01000146G1260 PhGID2A
AtSNE PH01003003G0170 PhGID2B
DELLA AtGAI OsSLR1 PH01000142G0910 PhSLR1
AtRGA PH01002560G0270 PhGAI
AtRGL1
AtRGL2
AtRGL3

http://journals.im.ac.cn/cjbcn
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KRR R N HIE . Hh PhGA200x4 | % 3),

PhGA200x6, PhGA200x7, PhGA200x8 ix 4 4~ GA3ox fiEfb & WA A AV IE R GAL
FF SR SE I HL A, F H MEME 374K GA., EIGMERE R A HURRE M —4 . itk
ZiRBIRIX 4 NEER PR E R HARY LR B/ GA3ox 1EA [F P fl s BEAR S, BAT
B BS: . Motif 1. Motif 2 Fl Motif 9 76 (98 1T 51 5 8L RE T FIK RS 4 1] 528 11 A9 AR AL
SRR, Hhas TS GA YL sRE T 76.77%F1 81.92%, i HENTHEA
A KR LPWKET )% . H fl D 354 (A 1, LR PRTRE (B 2, 3R 4).

" Motif 8
B Motif 5
il:AAtGAmoxl — G SEmes Motif 7
100 AAtGA200x2 ——SB . — IS & - @ Motif 4
AAtGA200x3 —I— IR —EREE B- M Motif 1
87 W:AAtGAzooM — @ St & - 8 Moti
‘ otif 9
A0sGA200x] ——EBN—ER AN 808 Motif 2
46 97 [:APhGAZOox3 - —@g o B Motif 6
&I:AOSGA2OOX2— —E St & 8 Motif 10
57 APhGA200x] —I—EB —EBOE &'8—— I Motif 3

100 APhGA200x2 G Sun 8- .—

100 {APhGAZOOXS —s—aamt—.—

AOsGA200x3 00— — 8- & -

AAIGA200x5 ——EED —ERNE 8-

APhGA200x6 —I—E SRS B —
————— APhGA200x4 INGE—EREE & —

T APhGA200x7 —Sl——EE 08—
TEAPhGAzooxssl—-—-l — N

0 100 200 300 400 500

1 GA200x Rk R FH ALK FRTEF S
Fig. 1 An unrooted phylogenetic tree and conservative Motif analysis of GA20ox family. At representing A. thaliana,
Os representing O. sativa, Ph representing P. edulis.

# 3 GA200x RTEFER
Table 3 Motif sequences of GA200x

Motif E-value Length Consensus sequence

Motif 1 3.4e-356 43 REFFEDNDSIMRLNYYPPCPZPELTLGTGPHCDPTSLTILHQD
Motif 2 2.8e-217 29 WRPVRPVPGAFVVNIGDTFMALSNGRYKS

Motif 3 5.2e-229 34 PRKYPDFTWAMLLEFTQRHYRADTRTLDAFSRWL

Motif 4 3.9e-169 31 VYQEYCEAMSELSLKIMELLGLSLGVGRGYY

Motif 5 2.4e-198 50 VAEACEKHGFFLVVNHGVDAALLARALELASAFFALPLAEKQRARRKPGE
Motif 6 8.4e-119 21 CLHRAVVNSERERRSLAFFLC

Motif 7 1.2e-104 27 SSGYASSFTGRFSSKLPWKETLSFRFS

Motif 8 5.5e-066 21 LLSRQPNIPAQFVWPDDEAPP

Motif 9 5.1e-044 11 DVGGLZVLVDG

Motif 10 9.8e-029 15 PRKDKVVRPPPELVD

&: 010-64807509 B<: cjb@im.ac.cn
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212 KRERMKEHEIER
TEE GA FRAR A S BERE N Z i GA20x 1E 8l 7
It KFEREATH O R2E, HILE S AL

AEERRESFELFE, 4 Motif 1 F1 Motif 6 7276 T
FrERER A (K 3, % 5). SIFIT GA20x ZKik
I I PR 58 A7 76 %5 Motif 10 B/ ig, miKFEn

B Motit 5

BAIGA3 .
100 2 = B Moiif 3
e 1 & @ voirs
lAtGA3ox4—.-.—-— Motif 2
mOsGA3ox -—.— . Motif 6
m ——sosanioc— I E-ER-00 -G-8
0L wpneazox — - EID-
5'I 1 1 1 1 1 1 1 ]3'
0 50 100 150 200 250 300 350 400

2 GA3X RiEZFHUWMIIRTEF LW

Fig. 2 An unrooted phylogenetic tree and conservative Motif analysis of GA3ox family. At representing A. thaliana,

Os representing O. sativa, Ph representing P. edulis.

R4 GAx FTEFIR
Table 4 Motif sequences of GA30x

Motif E-value Length Consensus sequence
Motif 1 7.6e-130 50 WVTVPPVPGALVVNVGDLFHILTNGRFHSVLHRAVVNRTRDRISLAYFLG
Motif 2 2.0e-124 45 TATIHLNHYPVCPEPDRAMGLAAHTDSTLLTILYQSNVPGLQVFR
Motif 3 2.0e-071 29 RSPGGVSGYGVPRISSFFNKKMWSEGFTF
Motif 4 4.0e-068 21 LWPDDHLKFCDIMEEYEEEMRKLADKLLWLFLGSLGLTEED
Motif 5 1.3e-068 50 DPDAAALVGHAAETWGAFQJAGHGVPAALLADVEELTARLFALPAQRKLR
Motif 6 1.2e-048 29 SPLYRAVTWPEYLAVKAKHFNKALSAJRM
9 ALGAZ0x3 @ Motif 5
S AL oX3 — I E—— - - - - 8 Motif 4
711 @ AIGA20K) - @ Motif 8
L eAIGA20x | — - —— - -S—-a-—— Motif 7
g S AIGA20x6 —— I - Motif 2
®0sGA20X2—— Sl —0—— 1 — - — W Motif 1
54 L@{__:'OsGAzoxl—-—-—-— —— - SN — @ Motif 6
95 ®PhGA20x6——EE—I——— -GS Js— @8 Motif 3
96 ® AtGA20x4 — S —EER— 00— — - - = Motif 9
45 ®AtGA20x7 555 - Motif 10
—'j:.AtGAzoxs = 2 .
71 100 89L——®PhGA20x4 o5 —— -
8 PhG A 20x 7— 8110000
—— ®PhGA 20x 5 S—0-00 - - am-
100——®PhGA20x8—S- 1 E-I-0N-
®PhGA20x3 —EBE—as— — S-S
80 ®#PhGA20x2 —EEB—T— - S
63 _ECPhGA%xl —m—_—— — - e e —
°r) 99 ®0sGA20x3 —@EB—Em— @ — - S
—.OSGA20>§4} —am-a-— - - — 3
0 50 100 150 200 250 300 350 400

3 GA2ox RIERFHMKIERTEF S

Fig. 3 An unrooted phylogenetic tree and conservative Motif analysis of GA2ox family. At representing A. thaliana,

Os representing O. sativa, Ph representing P. edulis.
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*5 GA2ox RTEF TR
Table 5 Motif sequences of GA20x

Motif E-value Length Consensus sequence
Motif 1 3.5e-399 41 RDGQWVSVPPDPSAFFVNVGDSLQVLTNGRFKSVRHRVVAN
Motif 2 4.0e-228 28 GGVIGFGEHTDPQIJSVLRSNDTGGLQI
Motif 3 5.9e-221 88 EGEPSLYREFTWGEYKKAAYKSRLGDNRLGLFE
Motif 4 5.4e-177 29 KDRAGPASPFGYGSKRIGFNGDVGWLEYL
Motif 5 5.5e-162 29 IVKACEEFGFFKVVNHGVPPDLVERLEAE
Motif 6 1.6e-144 21 SRVSMIYFAGPPLEARIAPLP
Motif 7 1.5e-105 14 SDSLLRLNHYPPCP
Motif 8 7.2e-104 88 SPASFRAAVNEYIEAVRKLACEVLELVAEGLGI
Motif 9 6.5e-022 29 YRPFSFREYREQVQEDVKKTGSKVGLPRF
Motif 10 2.3e-018 25 MVVLAKPPAVDQIPLLRSPDPGDYF
BN ZE AT Motif 95 W AELETATH W (B 6) B/RBATH DELLA R 5K fi s

PhGA20x5, PhGA20x7 ., PhGA20x8 & [I17F1Ed
W R BMER, RFZASLEEARR R
A BEAFTEAG W03 I REIY AL

GA200x., GA30x., GA20x X 3 EFEH XA
fiE £l J& T 20G-Fe (1) oxygenase W%, K HTF
SR & AT 20G-Fe fRSFE5 M. W5 i EE Z Ak
Mg L N R AE NS T . KRS FEBATIX 3 AN Fhh
AL JE A B, ThREAN R GA200x ., GA30X,
GA20x RIS MAEARFRWRGET (Bl 4). 34
YiFlh, GA200x Fil GA20x [HE:R%H £ F
GA30x, I GA200x 1 GA20x & i T shAs ik
Lk, SECHEZINEMITR
213 HEENFESHEIENR

TR R R Ar 5 10 I 0 & BRI T X KRS AR R
Z Ak OsGID1 W5 ; AIXF TkAE, BRI &
A 3% GIDL (W [FEIRZERIE T, 4352 AtGID1A
AtGID1B 1 AtGID1C, ifit 2 17 41 [l I L X
HEBAT LA SOERILE] 2 4~ GIDL 5, s
Jj PhGID1A F1 PhGID1B, 5 /KH R J5 & A A9 AH
RIPESF 5% 89.34%F1 80.87%. ZRGEHEALI 5%
SEAEFE RS T BoR GIDY FEAN 6] B My b o s i
sF (Bl 5, % 6).

TEBATHFHSEHHF T 2 4~ DELLA 1)
Wb, fir4 i PhSLR1 fil PhGAIL. H4 ) R 4t i

&: 010-64807509

W%k ; It HAEBATK 2 4~ DELLA & FIH7AE
HIRSFIFHI G, Horb PhSLR1 45 1 H ik
/7 Motif 1, 5, 8, 10; ifij PhGAI & [/ T
Motif 4. 6. 7. 10, AlREEf] LR LRI T 5
EFE AN (R 7).

F-Box HIAEEBMEEASETAHT 2 4
F-Box R 5L, fir44 N PhGID2A F1 PhGID2B, H:
t PhGID2A 5 /KA ] 5551 PhGID2B 54
MIT RS . F-Box FKIE®E )P oI 4 H AR
PRSP R D, BETEA RN R b B R
RsFrE (B 7, 3R 8).

2.2 EMHEIINE GA; BINE KL
221 HERKSHLIT

TR R iV R € UL e s il R = N
[l B AL S R T R 2, 45BN GAg Ab3
WERS T B kR (K 8A). 100 mg/L
ANERZH A & R B, 1A% T 67%, 50 mg/L Ab
FRZLFN 200 mg/L AbHZH A & 2R 50 2 59%A1
54%, X TXIEAL 43%, UiHITE—E LN
AN} e B 1) o 8 R IR L B AR T R RE B i LR T
B & HLFP T8 & i B R B R M 7E 100 mg/L
A7 . 200 mg/L Ab FHRZH F i & 26 R T R
TR TR, B0 = R R i 23
WA RS EE, MR TR TR
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PhGA200x2r 100

PhGA200x v

4 GA20x. GA3ox F1 GA200x Y F& it 1k #xt

B O0sGA3ox2fl

66 69 #PhGA203

59 @®0sGA20x4

Fig. 4 An unrooted phylogenetic tree representing relationships of GA20x, GA3ox and GA200x. At representing
A. thaliana, Os representing O. sativa, Ph representing P. edulis.

I, FAARFRWKER GAs RILBAFT, #
RGBT A S KRR P (&
8B-D. ZER MM KIINFIR L, 3 M bHLL
FZER N HIEE T 44.0%, 55.1%. 50.1%; FHK
FEAr AR T 41.4%., 62.9% . 55.9%, 7% EIKIETE
100 mo/L BFZE SR RIEAERAERACR, 200 mg/L
RO ERE SRR E, ML
100 mg/L E4F T — @Rl . A R A1
KEORAA S, 3 AMLBRAA AN T 1.8%.
4.8%. 5.4%. 7&BIHMEIRE R AT LA RO EAT

http://journals.im.ac.cn/cjbcn

FE IR, BEAESE T 2R A, (EXHR Y
ARIEATARHER . 7158, R R EITY)
B, PG A UABAE R By ) B B, 25
Y BT R ERg3shn, IF B R R IEIR S .
222 HMNRE GA3 RETHRERIEAHEXER
BFRIET

il qRT-PCR il A[m]¥k (0, 50, 100,
200 mg/L) # 7 ZE GA; ¥ PhGA200x1 .
PhGA30x1. PhGA20x1. PhGID1A. PhGID2A #i

PhSLR1 Ay Xt £k & (F 9).
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@ Motif 5

100 AAGIDIA gEBG— HBEN-8- B Moiif6
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A @ Motif 3
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Fig. 5 An unrooted phylogenetic tree and conservative Motif analysis of GID1 family. At representing A. thaliana, Os

representing O. sativa, Ph representing P. edulis.

%6 GIDLRTEF IR
Table 6 Motif sequences of GID1

Motif E-value Length Consensus sequence
Motif 1 6.4e-177 50 MFGGNERTESEKRLDGKYFVTLQDRDWYWKAYLPEGEDRDHPACNPFGPR
Motif 2 2.9e-154 50 FFHGGSFAHSSANSAIYDTLCRRLVKLSKGVVVSVNYRRAPEHRYPCAYD
Motif 3 1.3e-124 50 LDLTCDRQLAYAEGLKEDGLEVKLVHLEKATVGFYLLPNTDHYHEVMEEI
Motif 4 8.8e-114 50 WVMSQPWLRSGKDAQVRVFLAGDSSGGNIAHHVAVRAADEGIKVLGNILL
Motif 5 3.7e-104 50 MAGSDEVNLNECKTVVPLNTWVLISNFKLAYNILRRPDGTFNRDLAEYLD
Motif 6  2.8e-031 21 RKVPANARPVEGVFSFDHIID
@ Motif 6
100 0 ARGL2 @968 8 58 Motif 7
89—:1:1 ARGL3 —@9— S-S 010- 88 @ Motif 5
83 0 ARRGL! @38 S-S 8 88 9 Motif 1
——0AGAl -85 S-Sl 88 Motif 10
100——D0 ARRGA —38— 881 B8 Motif 8
—0OOsSLRI —g-3— -8 @ Motif 9
100L———0 PhSLRI —@g0—37- B8 Motif 2
0PhGAl BS80S — @ Motif 3
S : - - : : - 3" @ Motif 4
0 100 200 300 400 500 600 700

E 6 DELLA RIRZAFHNMFIIRTEFS

Fig. 6 An unrooted phylogenetic tree and conservative Motif analysis of DELLA family. At representing A. thaliana,

Os representing O. sativa, Ph representing P. edulis.

I RN BEE 7R 75 % GA AL LS , PhGA200x1
I F AR B E T, HANE IR 2 ks
TR, H—BWE, S5REELEY
A HH K PhGA3ox1 FE45 IR A FR 4
# @R V. M PhGA20x1 7E GA; 2 H 5 i 4)
WP R TR, O ELYE MR A PR Y R A
HEE., 2ETHESHSNMCER, PhSLRL Y
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X RIREZ R T GAs Mg BT, &4k
JE B Ak B2 55 5 BEZH A BL 4 R IR 265K 5 1T GAs
AEFEHIfE PhGID2A R B B35 1 B &k,
200 mg/L 4 FEZH (Y PhGID2A FiA 353 1T % Id
M 2.7 5. HEERZIK PhGIDIA XA GA;
F R BE AR AL AN UG, A A A Kb A 1Y) 3 T
W v X A4

=

cjb@im.ac.cn




658

ISSN 1000-3061 CN 11-1998/Q A4 T #2244t Chin J Biotech

%7 DELLARTEFIR
Table 7 Motif sequences of DELLA

Motif E-value Length Consensus sequence
Motif 1 7.8e-174 50 IEKVLGTVKAIKPRIVTVVEQEANHNGPVFLDRFTESLHYYSTLFDSLEG
Motif 2 1.7e-173 50 EVYLGRQICNVVACEGPDRVERHETLAQWRNRFGSAGFEPVHLGSNAFKQ
Motif 3 1.4e-162 50 QMHFYESCPYLKFAHFTANQAILEAFAGAKRVHVIDLGLNQGLQWPALMQ
Motif 4 7.7e-129 39 ASMLLALFAGGDGYRVEENDGCLMLGWHTRPLIATSAWK
Motif 5 1.0e-121 50 ACAEAVQQENLTLADALVKQIGLLAASQAGAMRKVATYFAEALARRIYRJ
Motif 6 1.9e-103 49 KKKMMAAEAGEENGVDELLAVLGYKVRSSDMADVAQKLEQLEMVMSNGQ
Motif 7 1.9e-078 29 SHLATDTVHYNPSDLSSWVESMLSELNPP
Motif 8 1.0e-070 50 GPPQPDNSDYLQEVGWKLAQLAZAIGVEFEYRGLVANSLADLEPEMLELR
Motif 9 9.8e-045 21 EPETVAVNSVFELHRLLAQPG
Motif 10  1.0e-021 15 ALALRPGGPPSFRLT
@ Motif 4
0AsSLY! S0 8- @ Motif 1
_I:o AsSNE —@- 80— Motif 2
100 O PhGID2B —@- 80— # Motif 3
————00sGID2 — -8
100 b0 PhGID2A — - — B 8
5 3’

7 F-Box RIFZRFJHMMIRTEF DM

0 50 100 150 200 250

Fig. 7 An unrooted phylogenetic tree and conservative Motif analysis of F-Box family. At representing A. thaliana, Os

representing O. sativa, Ph representing P. edulis.

#8 F-Box®RTEFIR
Table 8 Motif sequences of F-Box

Motif E-value Length Consensus sequence
Motif 1 1.3e-048 50 PBLGEDLVFEVLRRLDARTLAAAACVSRLWRQVAEDERLWEALCVREWAN
Motif 2 6.8e-018 21 LRAVVLALGGFRRLHALYIRP
Motif 3 3.8e-016 20 GRDQLQLSLSLFSIGYYERM
Motif 4 6.7e-004 15 CPKKDKGNDSDKNGG

Xt 4 J& I BAT G i 100 mo/L GAs, it
qRT-PCR A L AE A B 5 AR H (0. 1. 3. 6.
12, 24 h) PhGA200x1. PhGA30x1. PhGA20x1 .
PhGID1A .PhGID2A il PhSLR1 fAH Xt ik & (&
10), 4R B/RIXLEELPITE GAs LB 1Y 24 h N
KL\ R T BERNB . REZEWE A
F: A PhGA200x1 1 PhGA30x1 8 A& L F k7 T

http://journals.im.ac.cn/cjbcn

J#aF, Hrh PhGA200ox1 7EALFR)S 3 h Fik & ik
PR, AN IRE) 43.8%, ZJ5 I THE A
T RACFRZ , AbFRJT 24 h 2k R AL PR
[ 80.1%; i PhGA3ox1 Xf GAgz i v A — 1~ 5
HE Rt R, R R AE 3 h BTSRRI,
A X B2 1Y 32.9%, 1M 6 h MK & 3] T A 4b B
1 F3E K, BEJGAE 12 h F1 24 h SO BT B .1
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FEARAITE G, Fe A 24 h I B3R BT OR A1 H R
Ab BB HR E T 38.9% . OR A 2 T3k W
PhGA200x1 7£ GAz Zb L5 Fe ik & TF 4 2% Fi,

1 h BRI X BER 5 T 67.0%, BEJS IR +F
SRR, 12 h R RIE T T RS T ARGHEK
S, 24 h JERIAECOAXTIRAY 111.5%. HREEE 2K
FE[H PhGID1A TEAMIE o5 85 3 Ab Bk A% v A2 fk AR
SHEAT, FERHIAY 1h Al 3 h, ik i Hoxt IR %
T 18.2%71 30.8%, 6 h [k E T E T AR AL
FEETY 111.6%, 12 h FFARBE T RE, 24 h B &
Wt 2 T R AL FRE (4 125.7%. PhGID2A 7E4LF
JE AR B RGE B, 1 h i Rs R
10.9%, 3 h i & 28] B X IR 237.8%, ik F|
i, B SR T B AR T A Kb 3 ] B 3R 5A R 3
m AR Y], 24 h Fik R X RE) 121.6%.

DELLA 25 [H PhSLR1 &35 it bl B [ R W S 3R

i I I
0 I

ck 100
Concentratlons of GA, (mg/L)

il

100 200
Concentratlons of GA, (mg/L)

>
-~ %
==
—

Percent (%)

— D W B n
oo o oo

N W s

Length (cm)

El8 GAEMEMMFHEARMYEERKMEIT

V- FRE- SR, SRR BB ] B 2k
EARETX A, FRREEHIAE6h, N
X HEZH 1) 45.4%

23 ENFELRTEMFTIESH

Hg I ILTE 1.5 m & BT 345
B ek, JFHAE N EREMRBEHRAE 3
PR A2 HLAT B A — Bobk: , HEN X S R 7R B
Py e KRy o B R A — E AE T (K
11). JR 8 AW A B E 1 2k R 5% PhGA200x
Fil PhGA3ox 1€ BAT A [FEBALER m ik, JU
R AE TS A R Wﬁﬂﬂ?“jﬁf%%ﬁ%?ﬁ%
PhGA20x A K 1E BT M TE 2% I i
ik KGR ZIK PhGID1 %Ligﬁﬁﬂﬁlﬁ%ﬂi
R ER, BEAEEA FA RN K1k . PhGID2
e 3 MEALBARA Rk, H A T A Rk
o, TR A R AN, EARRE A KRB ZERA

ow]

7 -
6Ff
E5)
2
£ 47
=21
1F
0
ck 100 200
Concentrauons of GA; (mg/L)
D
4.

Length (cm)
S = N oW

Conuentranons of GA, (mg/L)

Fig. 8 Effect of GA; treatment on seed germination rate and seedling growth of P. edulis. Statistical significance was

calculated using LSD t-test(*P<0.05, **P<0.01). (A) Seed germination rate. (B) Main root length. (C) Main stem length.

(D) Main leaf length.
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Fig. 9 Genes expression analysis after treatment with different concentrations of GA;. The materials used are the stem
and leaf tissue of four-week-old bamboo seedlings. Statistical significance was calculated using LSD t-test (*P<0.05,
**P<0.01). (A) PhGA200x1. (B) PhGA30x1. (C) PhGA20x1. (D) PhGID1A. (E) PhGID2A. (F) PhSLR1.

SEARBIE ; 1 DELLA AH& 3k R ZEH 0 2654 i i
Em TR s, nT LA, PhGID1 5 PhGID2
28 HA —Fork, 5 DELLA fyZ k830 .

3 i

BRI [ oA 1 R AR ) HL 2 B {EL AR e 1Y)
Prh, TR AR BRI, o A R B K
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R R KR s 50 em LB X R AR K AL ER
HA TR AR, TR REMR LM,
B E AR RS AR EEY R S &
fg 22 R B 31 DR e R A AR BT A B
ARG HEEN . TET B A Kl 72
o, X IR R S AR A B H G B BE R Rk R A Y
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Fig. 10 Genes expression analysis at different time points after GA; treatment.The materials used are the stem and leaf
tissue of four-week-old bamboo seedlings. (A) PhGA200x1. (B) PhGA3oxl. (C) PhGA2oxl1l. (D) PhGID1A. (E)

PhGID2A. (F) PhSLR1.
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GAs A AL A MG, AU REN T 1AM 5 . XA RE
JE W T AU TS 2 T O 5 AR L B A
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FAAER AP 9 RS A SE &M CDS itk
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A-7 B-7 C-7

A-15

v
"

11 FERXBEREENEFREALRESN

C-15

B PhGA200x1 [l 2
B PhGA200x2
B rhGA200s ]
I PhGA200x4 Mo
B PhGA200x5
B PhGA200x6 [ -1
- PhGA200x7 |
PhGA200x8
I PhGA3ox
I -G A2ox1
I PhGA2ox2
B PhGA20x3
B PhGA20x4
B PhGA20x5
I PhGA20x6
B PhGA20x7
I PhGA20x8
I PhGID1A
I rhGID1B
B PhGID2A
I PhGID2B
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I hsLR1

A-27  B-27 C-27

Fig. 11 Expression analysis of gibberellin-related genes in different internodes of bamboo shoots. (A-7, B-7, C-7
respectively representing the 7th internodes of 3 different bamboo shoots; A-15, B-15, C-15 respectively representing
the 15th internodes of 3 different bamboo shoots; A-27, B-27, C-27 respectively representing the 27th internodes of 3

different bamboo shoots).

HRERXZSREMY IR E NS,
WA R . R4 . ZE MR A R
45, Fat PR L GAs A B AN T,
KB 300 mg/L ) GAz A FRZL & ZF R ik B T
87.2%, 5 S BMERE T FAOBE ST L
W5t GAs AE I HE M IRl F Iy R 2F . BAT
FIARZE SR AIC B AR RAE IR E , 2 IR I etid 2> fiff
Pk R 2FRR T, X URRAE— R IR T
ETEA WM TAE. AU A R B 1
GA; AR F R LI IRIAE R, FIAR RV
JEI GA; 2 Fls R T BT 7 i &It B
100 mg/L GAs e #RCR i i 2, JF A & feft:
v i S PRl . 5 il A 4 OV o s B A K A T
LA P HRET MR, Snbkes s ta s 00
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KRG ER SRt R B, AR R T MR KRS ZE
ik o AT BT HLi TR RIR B GAg =Rl A FEXT
EATLIER . 2K AR, 455RY5 GA X
BEFRRON —8, BRI WETZERM
AR ORI, IF H IR G W B 7E 100 mg/L A2
i, TR A . B, RERL
X BATR T T &S 2 0 A K A B 4
HEFER

Z 5 EM LY A B AECEEE X FAME GAs
FR0E 1 AT 2 B E — 2, At GAS BT 4 N
1) 758 R AR YA RN PhGA200x1 1 PhGA30x1
FeIR B TR, I LR B B R I R R
AR PR S s A, A TG E GAs K
[ 5L PhGA20x1 7 i vk J3E Y b 32 ek B vy
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[T GAs AbBRIS ) 5 /A A% ik H b4 5 i
FE, RI PhGA200x1 Fik 56 FH)E B, &k
I T VRS, 1 PhGA20x1 (kA5 |
P X SR T R R A PR Y i 45 e A
[, Carrera ZC1HF5x 80, T4 % Solanum
tuberosum L.[% gal &1k R A8 (A HA 35 1) GA-20
AALEERE K, At GAsJ=, 3 Flt GA-20 4k
fii (StGA200x1. StGA200x2 Fil StGA200x3) 7£
A gal SR AP FRIRIT B RSP g
R I R POl AR 5 3R 23 GA200x Kk
/DT GA20x Kk . 5 PhGA200x1 1)Kk
AR, PhGA3ox1 Y2k 5 740 B 1Y Bt
BRI T FHE B, ATRES2 R GA3ox 1
REREYERNRE—2, TERERTERA
Tt =5 ol AR A, GA3ox i 75 o 5 (4 S R T VE
T AL 1R N AR R 50 3L, fE4h
A GAs R, REFRERZUIEF G FER
MEE G, FBURERZWER N RS/, 45
TG AR B4 1) 2 TAE GAAL IR T 3 [ 2
A —3, B2, M4SNt GAs BT, — 7T E
A 4 308 o 400 S P R 2 3R S I e A P
TWEPE AR R KGN GA20x MR, RSB
KN GA KPRVl 7 —Jrii, FRERZ
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