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Cloning, subcellular localization and expression analysis of the key gene
VvGA20ox2 in gibberellin synthesis of grapevine

GAO Shi-min, DONG Yang, WANG Wu, TAO Jian-min
(College of Horticulture, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: In this study, based on the transcriptome analysis of grape berry shape change, it was found that there was
a significant expression difference among samples in the transcriptional level of the GA200x2 gene after gibberellin (GA,)
treatment compared with the control. In order to study molecular mechanism of GA20ox2 in GA biosynthesis pathway,
VvGA200x2 gene was cloned from Golden Finger grape. The base sequence characteristics of GA200x2 gene were analyzed, and
subcellular localization analysis was performed by constructing a fusion expression vector. The results showed that the
VvGA200x2 gene related to gibberellin synthesis pathway was successfully cloned, and the total length of CDS was 1 134 bp,
and 377 amino acids were encoded. The sequence similarity of VoGA200x2 to other nine species GA20o0x protein sequences in
NCBI was 51%—67%,it had closer relationship with cacao (E0X92603.1) and poplar (PNT28192.1). The VoGA200x2 gene
was located in both the plasma membrane and nucleus. The longitudinal diameter of mature grape berries treated with GA; was

significantly longer than that of the control, and the expression level of VvGA200x2 gene in young fruit increased significantly.

It is speculated that the VvGA200x2 gene may be involved in
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I —F RO A AR A VIO A A A= 1k, 5
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I I F B AR R 5200, 76 B i 2 SRR A
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MR A I A A SR SRR A SR AR AR 0N
I, AEGRM R IRSTEAR A BRIk R 4505
AR, X B AR AR AR R |
FIAE P2 Bl R A KR R RS ks
I INEAREER (GA) MR — R A Y
) AERSL & B B R 7 ke & F 2R, Ty 2R
SRS HIFTEE R IIINE GA, A EN A 4 Y
RICAS AR, A5 R B L L 21 A ST 4
BBEE AL R GA, VR 3G I3 A, Yk i ik
| —EEfs, RO C R E R &, (AR RIET
A AR TR 3 F LRI AT R GA200x VE R 755
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FILAAL,, Yete e R T TE R B AtGA200x 1 FERIAE
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1.1 KIEH#Y

I T 2017 4F 5 H AErE B K237 11 i %
RIGIEH AT, (Rl ol 5 4R & TR w4, R
JHF-A0 20 30 RN AR 85 BRATHE N 3.0 mx 6.0 m, T 7Y
BRH R R4 R
1.2 KW H*E
121 wEa® B3 KRB ST EEA
R, T RIS A TSN AR BT B BT ALY
FEARB 2 4 om iRIGHIEFT 3 WAEYE B AR BRI
PR 43 ) R Ab B A BR2H . DA AE P —2F DU
R INEFFICIAE R A ], FERRAESS 7 d, FH T o
BN 25 mg/ LI AREE RIS IBON B R A T b 3L
ALPREFTRIR LR 10 s, DAVEZKALBAE X RR(CK) .
122 #®RE SHRELAF1d.3d.5d.7
d 14 d 5 ASEF B X BRAT K A U2 4 2 SR SR
M3 WA R R AR T BEAILR AR |, B Hsf e
T BH 9 T, FH R 0GR o, 4 T SE 30 = PRAFE T =80 C
VKA, SRS AT 7 A B2 AN X R A 4%
TEHL 30 R AR UK Gl 0 S2 i = M AR A%
1.2.3 RNA #9423 % cDNA % — &40 46 m X
FHZ B2 W A ) 2 20 5 RNA 4R BORF & (R
R 77 ) SR B SR 4% I AR 0 5 RNA, F1)
JU% SR £ PrimeScript™ 1st Strand ¢cDNA Synthe-
sis Kit (TaKaRa 23 7] 7 i ) KCFE 5% 4 B cDNA 25—
RHE MBS cDNA H T S22 E 7 PCR,
1.2.4  VuGA200x2 2 B ORF 89 % & B & 15 B3
S0 MR E A RNA-seq I FE 45 5% 75 NCBI Hi#r
B GA200x2 TE H A b BT 51 (XP _
002266536.1) , H: CDS [X £ GenBank 1% %5 N
KC898186, F| /Tl DNAMAN 8.0 #3454 M1
(F 1), LUBAESG 7 d 5L cDNA AR, 1T PCR
Py RRNAARFR (25.0 wl) M. Fi B Y ¢DNA 1.0
wl,5xPrimeSTAR GXL buffer 5.0 pl, dNTP mixture
2.0 wl,PrimeSTAR GXL DNA polymecrace 0.5 pl, |
TUESIH45 0.5 wl, KI5 ddH,0 15.5 pl; 22
JF:98 C A 5 min; 98 C7ZEM: 10 s,55 CiE 2k 15
s,68 CHEAH 80 5,35 MMEH ;68 C LA 10 min,4 °C
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SR, a5 A T 1 BT K 4 R AT 100 S A, BT
MEGAS. O #RAFHEA T [RIVEE 534 FR Ge AR A 2

*1 5475
Table 1 Sequence of primers
GIE BN L5191 (5 —3") TFSI#(5—3")
M1 ATGGACTCGAGTGCCTCAAC TTATTTGGTTTGAGATGAGAGAGACG
M2 GCTTATTGTCAGAGAAGG CTGGAGAGTATCATTATTGG
M3 CTGCCCTTTCGAAAGATCCC ATAACGTCATGCATTACATG
actin TACAATTCCATCATGAAGTGTGATG TTAGAAGCACTTCCTGTGAACAATG
1.2.5  VoGA200x2 ¥ W & I fm i €45 13 Gate- GA200x2 ,7E NCBI F 45 itk e K g T e 5, LA

way 2245, fH PMDC43-GFP/ VoGA200x2 F2IRHEAA
TR C S E DT IR Y VoGA200x2 FERIEHEE A
IR pDONR221, 88 J&5 i ] BsrGI ¥4 H: L 1)
RPEAL, [ E 4S5 PMDCA3 #1Ak E AT i 4,
M 5E B PMDC43-GFP/ VoGA200x2 B B5f 2 3K 384K
(AR L | B J W AR AR 1Y 3% 422 7 ) 7 A 31 EHA105 4
FrR RS2 54l rh 28 PCR 9734 (514 M3 LK 1)
i 3 BH A FE R, I BH P s B A T ik IE A U
PEAT A R B AR R R

PAT R 5 F 2H AR A M R R I Ak SO It
REFH DG I E S 5% O AR
B AT
1.2.6  VoGA200x2 KR 69 %38 47 HRAE VoGA2002
FEPEL P 1T 5L 9O E 7 PCR R85 514 M2
(2 1), LIF%T Actin( XM_002265440) 1 NS HEIA
PCR WK% (20.0 pl) 2A7: ¢DNA 1.2 pl,2xSYBR
Premix Ex Tag TM (TaKaRa N )10.0 pl, I S|
Y14 0.4 pl, K ddH,0 #MEZE 20.0 wl, S
JF4:95 °C 4 min;95 °C 20 5,60 °C 20 s,72 C 40 s,
40 NP, B MR 3 REE, KA
ABI7300system JREFN 2 ~4 2420 kb
1.2.7 REN BHEGNETERGIHLGTHE R
SRS, B BRAS H 30 A AR R R Sk,
LRz NS =R N Yl = B % <y O 3 €
K SAS 9.1 {44777 25081

2 ER 550

2.1 EZE WGA200x2 EE R EE
FRYESCHT RNA-seq I 7% 45 S v e 8 22 S5 ik 3t

BEAE)E 14 d & FHRmE SR AR T3 — %
1000 bp ZeAq B (&1 1) o 7 I8 4 DNAMAN
AR AR 2 Y 7 51 5 10 T 51 (XP_002266536.1) i
ATHEXT &I, CDS P A FE—30, K EEAT 134 bp, 56
547 (iR IR & RAE B TGG 8l AGG, H 4wt &
S el AR AL RO AR (B 2) .

M 1

2000 bp — NS

1000 bp — [

M :DL2000 market; 1 ; VoGA200x2 F:1H A Bedy 4724y
Bl 1 VvGA200x2 HEEF ELER
Fig.1 Amplification of VvGA200x2 gene

2.2 FEE VvGA200x2 EBAMIEBRZEN

2.2.1 VvGA200x2 & & 89 B AL IR 547 VuGA200x
FER Ghith 377 AR 7 51 DMRTEZ LR (Asp+
Glu) ,49 Mo = LR ( Arg+Lys ) , a i 7= 9 FH X} 43
i 42 788.605, 55 HL AN 6. 93, 85 H BT AERE &
BUZ 32. 8, K REUCH-0.649, )& THKEH T,
2.2.2 VvGA200x2 & & #5042 5 Ik fe 35 i 45
MAH BKHESHTEE AR, VvGA200x2 B K
AW B KPR X, B TR K H L, TMHMM
Servecr v.2.0 /AT 45 R, VvGA200x2 FE A
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ATGGACTCGAGTGCCTCAACTATTCTCATGCCTCCTCCACTGGAGCTTAAGGATGAGAGG
MDSSASTILMPPPLETLTEKTD ER

61 AAAAAAGGAAGTGTGGTTTTTGACTCATCTAAGATGCAAAAACAAGAGAAGTTGCCAACA
K K GS VvV FDSSKMQKQQETZ KTLPT

121 GAATTCATTTGGCCTGATGCGGATTTAGT TCGGGCCCAACAAGAGCTTAACGAACCCTTG
EF I WPDADTLVRAQQETLNEPL

181 ATAGACTTGGATGGATTCTTCAAAGGTGATGAGGCTGCAACTGCCCATGCCGCTGAGCTT
I DLDGPFFZKGDEAATAHAAEL

241 ATCAGGATGGCTTGCTTGAACCATGGCTTC TTCCAAGTTACCAACCATGGCGTCGACCTA
I RMACLNHGEFFQVTNHGYVY DL

301 GATCTTATCCGTGCTGCACAGGAAGACATGGGCGCTTTCTTCAAGCTGCCATTGAGCAGG
bDLIRAAQEDMGATFTFZKTLPILS SR

361 AAGCTCAGTGTCAAGAAGAAGCCTGGCGAATTGTCAGGTTATTCGGGTGCCCATGCGGAT
KLSVKZ KZ K?PGETLSS GYSGAHAD

421 CGGTACACTTCTAAGCTGCCGTGGAAGGAGACACTTTCTTTTGTCTATTGTTATGATAGT
RYTSIKLPWEKETTLSEF VY CYDS

481 GGTTCCAAGCCCATGGTAGCTGATTATTTCAAAACTGCCTTAGGTGAAGACTTTGAACAG
G SKPMVADYFKTALGETDTFENQ

541 ATAGGGAGGATTTATCAGAAATACTGTGACGCATTGAAGGAGCTGTCTCTAGGGATTATG
I G I YQ KYCDALZ KTETLSTLGTIM

601 CAACTCTTGGCAATTAGCTTGGATGTGGATAGTTCCTACTACAGGAAATTATTTGAAGAT
Q LLAISLDVDSSYYRIKTLTFEHT?D

661 GGTTACTCAATTATGAGGTGCAACTCCTATCCACCTTGCAAAGAAGCTG GCCTTGTGATG
GYSIMRCNSYZ®PPCKEA AGLVM

721 GGCACCGGCCCTCACTGCGACCCAGTGGCTCTAACAATTCTTCATCAAGACCAAGTTAAA
G T GPHCDPVALTTILHAG QDA QVK

781 GGCCTAGAAGTTTTTGTGGATAACAAATGGCAATCTGTCAAACCTCGACCCGGTGCCCTG
GLEVFVDNKWQQSVKPRPGATL

841 GTGGTTAACATTGGTGACACTTTCATGGCACTATCCAATGGAAAATACAAGAGCTGTATA
VvV NITIGOGDTTFMALSNGI KYZKS STCI

901 CATAGGGCTGTGGTGAACATGGACAAAGAGAGAAGATCATTGACCTTCTTTATGAGCCCG
HRAVVNMDI KERTRSLTTFEFTFMS?P

961 AAAGACGACAAGGTGGTGAGTCCGCCACAGGAGCTTATTGTCAGAGAAGGGCCAAGGAAG
KDDIKVVSPPQETLTIVRETGTPRHK

1021 TACCCGGACTTCAAATGGTCAGAATTGTTGGAGTTCACTCAGAAGCACTATAGACCCAAT
Y PDFKWSETLTLETFTAQIKHYRPN

1081 AATGATACTCTCCAGAGCTTTGTGGAATGGCGTCTCTCATCTCAAACCAAATA A
NDTULQSFVEWRTLSSAQTZK =*
JiHEN A RAERL R

2 VvGA200x2 E[E ORF R EBESHEEREFI

Fig.2 The open reading frame of VvGA20ox2 and the sequence of deduced amino acid
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FH VvGA200x2 2 A (551K,

2.2.3  VvGA200x2 & & 49 =48 4 My Fe K b 22 5% TR
A VvGA200x2 & FALF 32. 10% Y a-B2JE ( Alpha
helix) ,21. 49% 1 B-977& ( Extended strand ) , 10. 61%
B8 (Beta turn) F1 35. 81% A JC KLU 3 ] ( Ran-
dom coil ), F H 7£ £ B 4 Net NES1.1 Fit Il
VvGA200x2 £ 1Y NES, 45 5 %8 VvGA200x2
A 4 4> NES PRSFALEL, 435 2R (197,202) ,
SRR IR(199,205)

2.2.4 VvGA200x2 & G #) 2 o3t LA 7E Pfam
PG % (hip://pfam. xfam. org/) " 7 % H#H 4
VvGA200x2 ARSI, K LEES59~ 171 & FEfR

{7 /50 DIOX_N S5 #4938, 55221 ~ 320 i i /& 20G-
Fell_Oxy ey AR

1 VvGA200x2 H (1 Z LR T 515 HAh P Fh i [7)
TR SEERRIT AT LEXT (B 3) i ge 25 3R W, r fy
QAR IV EA LR WA S5 3K, 5] GA200x 85
FTEAS A P Rl 2 AR PR ST 0 38 3 [ I LX) 43
BT, BB VoGA200x2 FE N Gt i) 2 LR )T 91) 5 22 Fh T
Y1 GA200x ZEERR T HIAHAMEFES1% ~ 67% , o 5
AR (E0X92603.1) Azt ( PNT28192.1) fé ] PP 45
1=, ik ) 65% F1 67% , 55 Hi&E (ABB00359.1) | &
H(NP_001234070.1) #U B I+ (AGW24332.1) 7K #d
(AER45797.1) . & K ( AQK99102. 1) . 4} & ( XP _
016471245.1) BRI 5> 3°A 53% 55% \53% 55% .
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KASRLVGFIZGE /KES 2HOYNVDEF SERORTORK
CASELVGFIZ@R SNaZHRYM:TFE FIOKAQRKT
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RAVACGVAAR < /DF. A1 DGASGEF| SORARRVP
RAAAGVAAILE A / 2L DGASDF| IRRARRVP]
RAAACVAAR . / 21 .DGASDF| NORARRVP
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FHDRA. AAP S§ (CEEVKELSLTRIVELMEL ER. GYYREF|
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I \Y%

GT PH DP LTIL QD

M JTHECFR DIOX N 2543, 21 €3, )5 HEAQ R 20G-Fell _Oxy 513,
3 EEH VvGA200x2 SHMHEY GA200x F A REE T E R IELL 3T
Fig.3 Multiple sequence alignment of the VvGA20ox2 and GA20ox from other plants
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i
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YR I Y R G R R BOL , REiE L
WEYM LR R 2

W% Fragaria x ananassa (ABB00359.1)

FE5ili Solanum lycopersicum (NP_001234070.1)
ARG T Arabidopsis thaliana (AGW24332.1)
INFZ Triticum aestivum (CFV04355.1)

JK¥8 Oryza sativa (AER45797.1)

F oK Zea mays (AQK99102.1)

¥ Nicotiana tabacum (XP_016471245.1)
Hi%] Vitis vinifera (VvGA200x2)

A" Theobroma cacao (E0X92603.1)

MMt Populus trichocarpa (PNT28192.1)

HE VvGA200x2 S E M7 GA200x EEHEEBEF I RGBT

Fig.4 Phylogenetic tree of VvGA200x2 in grapevine and the GA20ox protein amino acid sequence in other species

2.3 VvGA200x2 % B IV 48 i1 iE fiL

HERE VuGA200x2 FE R T 45 25 P AR AEL ) 0 41
WIEEA T AR IS O, i — PR T VoGA200x2 1BE
IR RAK 358-VoGA200x2-GFP , 3144 AL B Al B5
AN, BhER COGER FORIE B AR SR eI Py
ARG, FIFHARAT RN Sk AL B A, 7647
P BN B 35 3 d e, RIVEIR I U0 A, OB 3
REAM DMBWRSOICEAGEY . SRR,
PMDC43-GFP 73 ZARTE 34 4 3 BBl P9 4 Sl s o 2
BHIAET (K 5) , MR B AR 355-VvGA200x2-
GFP FiRIMRl G B AU A% A DO ES 1
) DN ATI DU 2331 2 SRy U ES IR D IS

VwGA200x2

HIRLET ] B

BEl5 VvGA200x2 7E4H 5 5% K7 20 A A i) 0 248 B RE fir
Fig.5 Subcellular localization of VvGA200x2 in tobacco epi-

dermal cells

2.4 VvGA200x2 EETE GAREBFERIESH

GA, &b B J5 A [A] of 9 4 5 48 0 45 2R %
VoGA200x2 FEIR 32 1K 52 B 5 G 7 12 40 #7285 4R R
(K 6) ,7E GAALFSH 1 d, VoGA200x2 FeR AL BRZH
() VoGA200x2 FEPR FR 3k & N T X% i, 2B g 3%
FREE P, MG E GA, /b BS54 2 d, kb H 4]
VoGA200x2 SERI R 20 1T 7655 3 d B ARXT Rk
IR, E GALIREEE 7 d, ILIE P kK
50 REAH b 22 AU/ FE GA B EE 14 d JLFR
AR BNZ I R 3k

ERSE STy
S = N W A L O

0.4

1.0 20
AEFRS IR (d)

OCK; W25mgL GA /b

3.0 7.0 140

E 6 VvGA200x2 HEEAEARBRLENEFIEIFFRIHFLRE
Bt EA R R B K F

Fig.6  Expression level of VvGA20ox2 gene of Gold Finger

grape treated by gibberellin at different development

stages
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TSGR AR X IR 22 S AN 38, 25 mg/ LR R AL 3

JE RICHREC SN B2 S 2 U WA 2 SR kAR

BEHEL,

*x2 FEZLEWNRBRGZME

Table 2 Effect of gibberellin treatment on fruit shape

SRS P k7 b

sl FIE %K
(mm) (mm)
CK 16.31Aa 32.22Aa 1.97Aa
25 mg/L GA, AbFE 16.41Aa 42.87Bb 2.61Bb

[FIF B A [ /NG R 2R 22 5 135 (P<0.05) , AR KR E F 1 6%
ZESM R (P<0.01)

3 17 8

HEREREY G REE T, 25 GA Gl
AR ) — SE i iy B P g, 02 5 A R —
SO 23N R i, B, F 2 RER A
AR P 8 S R 7R ) L B e e A T T E
G212 GA200x FIGEHE AR N A BTG 2 A B
RO 7T R 75 8 R A it R A 4 A
FEMIER, %P ET GA200x2 ZEH IR Z
X R ER G R, B R R R A
A R VoGA200x3 F236 A8 4L wigAs
FEFRWRERTSY GA200x2 Xt HIE NP =8 GA, &
BAYSE I > R AEAS TR SRR B GA200x FIG A
SURRSF IR IR 2257 IERIEAIRIT GA200x2 FH
FE AR B R IAPE G B AR R SRR B e, A
TR0 5 ) 4 T4 R A SR R SR AL 1 o T, 4R 3 22
SEFRIRIL R VuGA200x2 , I 16 4 F-18 75 4 b vi e
VoGA200x2 FEIK | 5 NCBI H F500 38 (R AH L | 122 3% (X
R . 587E AHZEAENT ANTE I REZS I , 3% 7T B
S I SRR AR R i . 278 L
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