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Abstract: Auxin is a kind of important plant endogenous hormones which plays important roles in the growth and devel-
opment of plants. Auxin reaction factor (ARF) is a kind of transcription factors regulated by auxin and plays an important role in
the auxin signaling pathway. Therefore, VWARF7 gene in facility cultivated Red Earth grape was used as the object in this study,
bioinformatics analysis and expression response analysis under red and blue light treatment were made to provide reference for
further study of the action mechanism. The results showed that, the VWARF7 gene was 3 468 bp in full-length, encoded 1 155 a-
mino acids, the relative molecular mass was 12 958, the protein isoelectric point was 6. 66. VVARF7 showed the closest relation-
ship with VrARF7-like of riparian grape, both of them were hydrophilic proteins. In the secondary structure, the B-angle accoun-
ted for 8. 14%, the extension chain accounted for 14. 63%, the a-spiral accounted for 27.27% and the irregular curl accounted
for 49.96% , which indicated that the VvARF7 was nuclear located protein. The analysis results of promoter sequence showed
that, VvARF7 mainly included hormone response and cis-acting elements of light regulation. The qRT-PCR results showed that,

during the stage of grape bud differentiation, the relative expression amount of VoARF7 gene in the treatment group was lower
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VwARF?7 responded to the participation of red and blue light (4 : 1) into the regulation of grape bud differentiation.
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ARG IS ERER VoARF7 JE AL 2R 500 B DI RE,
T HAEA T [ v b A=A B2 L R Gk 4 iy
RAZHZ LR GO 0 T, R e BER AT e i 4 Ak
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PEPIITG Xba T F1 Xho T $40 F V2 ME % A W) 45 It
YA BRAF (B A, kLN IR & L 4k 171 it
F & K KIpHT B Z 25 DHS o 20 [ RAR A= LR
ARAFE (L) . BERFRIAZA PBI221-GFP FlHR
AT B B bR EH05 ¥4 /77 KA 2 I A X A
YL T AL R, 519G R
WA T AW TR AR A BRA 7 58 1
1.2 ERFEREE

HAIAEZF B RNA $EECS A B RNA P4y
B (rg T ME R A R A B S R ) Uk
WIBETT, 28 0. 8%IEARWEEERS LUK KL RNA 11958
#3835 NanoDrop W52 ¥R BE FALRE . 2 M8 S 5k
S AR A AT IE 2F B RNA SUFE S8R cDNA,
F1 AHRA AL NFT

Table 1 Sequence of primers used in this study

T RBREE K 4 DNA, /K & Jy5xgDNA wiper Mix 2
ul,RNA 1 000 ng, RNase-free ddH,0 #h55 % 10 pl;
W 45442 °C 2 min;eNDA &% F—LIRA W
10 pl, HiScript T Enzyme Mix 2 pl, Random hexam-
ers 1 pl, 1I0XxRT Mix 2 pl, Oligo (dT)20VN 1 pl,
RNase-free ddH,0 #p5F £ 20 pl, W §c44:37 C 15
min,85 C 15 s,4 C 5 min,

275 VoARF7 5] % % X FF 51 (CDS) Jffdi ]
Primer 8.0 BT FE 2K P M54 VVARF7-
F/R (K 1), ILLHBERH I AL 25H) cDNA i , fi
FH R DR LT (P 50 o ME R A RO R W 7 )
PATHRE VY 1 UK R cDNA 2.0 ul, b T
51945 1. 0 ul,Phanta Max Super-Fidelity DNA Poly-
merase 12.5 pl,ddH,0 3.5 wl, ¥ #FEFH.95 C
A 3 min;95 C A8 30 5,55 CiBk 30 5,72 C
TEA 2 min, FIRFRFFOGER 30 ;72 CBIIRAESH 10
min; ¥ UG T 4 C R T 2HR5%

GBS FIFHI(5'—3") JHR
VuARF7-F ATGGATCCCATGAAGGAG it 751 (CDS) ¥4
VuARF7-R GGGTGTTGCTGCCGAATCGGC
Q-VuARF7-F GCTCTAGAATGAAAGCTCCACCAAATGGGTTTC SEREE G E B AT
Q-VuARF7-R GACGTCGACTCGATTAAATGAGGCAGCTGAGGT
pBI221-GFP-VvARF7-F GAGAGAACACGGGGGACTCTAGAATGGATCCCATGAAGGAG VA 5 A7
pBI221-GFP-VuARF7-R TTACCCATGGTACCCCGCTCGAGGGGTGTTGCTGCCGAATCGGC
CaMV35S-F GCTCCTACAAATGCCATCA AHT B
CaMV35S-R GATAGTGGGATTGTGCGTCA
VoActin-F TCCTTGCCTTGCGTCATCTAT NE= 97
VwActin-R CACCAATCACTCTCCTGCTACAA

1.3 EMER=ESH

T DNASTAR B A1 56 [ 2R £ R £ B0
(NCBI) %4 %2 BLAST ( http://www. nchi. nlm. nih.
gov/blast/ ) P48 il 55 T H X% 1 1R 5 5 14 7 4 1)
HeXt s F1) F NCBI 78 £ 84 T. H. Conserved Domains
Search FUI £4 5F 45 #4135, ( https ://www. ncbi. nlm. nih.
gov/cdd/ ) ;5K F MEGA 12.0 2P 4% 7% ( Bootstrap N
1 .000) ¥4 & & 48 i fb 4 ; 7€ Ensembl %4 % ( ht-
tps://asia. ensembl. org/index. html ) H {8 & Jf T~ 2%,
VoARF7 J F ) 1R 2 5% 1 112 000 bp #9521+

JPHI A FHAE LA plantCARE #1475 81 F )% 5143
Br; >R F7E 6 8K 1 ExPASy Proteomics server ( ht-
tps ://web.expasy.org/protparam/ ) Tl VoARF7 FEH
2 i 2 1 ) BRARAE 5 5 ] DNAMAN BEAT 25112
FESARIE LS
1.4 EREFRIEEKX ST

WA VoARF7 JEP CDS BTS2 9¢ i e
PCR(qRT-PCR)FERY I 51M) (£ 1), 26 =X
M qTOWER 2. 2( %[ Analytik Jena 2\ 772 5h) , OV
BRZ A 20 pl:2xChamQ universal SYBR qPCR Mas-
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ter Mix 10 wl,cDNA 1 pl, FFiE51#4% 1 ul,ddH,0
7 wlo BFTFEFE R :95 C 30 ;95 C 55,55 °C 30 s,
HEH 40 595 °C 15 5,60 C 60 $;95 °C 15 s,
1.5 1Y ER B 3RIK H A M 2 R 0 40 B TE i

VeV W) 3k 3% 3k 2 MR 1) 4 T PE 51 4 pBI221-
GFP-VoARF7-F/pBI221-GFP-VbARF7-R (% 1), Lk
HIZ AL cDNA B, A FH 2l 4 [l 57 £ 19
W VoARF7 SERRY 38 7= ) F1 28 Xba 1 F1 Xho 1 WLl
YIJG (224K pB1221-35S-GFP 3 i [] Y o 20 1
D PCR P 5 DI IS AR SR 5 7 )
HAKRIGFT I DHS« 2 AL Uk A TR 2
FHEZE (Amp) 9 LB AR I 1,37 CHE R4
BB SR 12 h, YRR T e E T R 7% PCR Al
R Je B E AR A s B UEA TP K8 3%, SR OB RE
HEAT DA IN , AG: 00 1A (14 205 28 w10 A8 G 1)
Fill & 34K pBI221-GFP-VbARF7 38 i H U AL TE S A
FIRAT B EH105 H, A8 00 1E B 1) 50 58 B 45 Ff T 50
ml & A R R-RIBEE R 1Y LB AR 57 A 28
CHFF 16 h, W F R ICE £ 50 ml Z.04 1,3 000
r/min & 0 10 min WE F K, In AFHEZ W[ 10
mmol/L MgCl,, 10 mmol/L 2-N bk Z fiff fig ( MES) ],
AR W HELDTVE , TR R B0 10 min, 7728 B
W ZARER 1R, PRPRE G, INAE & E
B, B BAR W BTVE S |, 4R E2 A e T 7 TR
(AS,200 pmol/L) #r & ififbd ~5 h J5 Hd4F 2 Fnt
F(6~8 Ji]) K ARG FREEEE IR 24 h 5 (0 e 2]
IEF RN SR 2 d, B — /NHRAS [ R
FH DAPI (47, 6-JpkBL-2- 28 Jhmg| s % uokl) Ye o
(FIFIFH 10 ml 79 254 EC2S , i DAPT i#F A JHE Y
HR,AR T Yeta) {8 ] LeicaTC-SSP8X ( f# [H Leica
N EE ) SRR AR YO BB AR AR [ AR L v
Al B R o AT O
1.6 HiES

2722 PRI A ik i 3 KK,
HH Microsoft Excel 2010 x4 X% E 4 17 40 PR, 2Kk
FH IBM SPSS 26.0 #R{4FHEAT ¢ K50 b 22 5 1o 2k
SRIG 4 Origin Pro 2021 #XA4AEA

2 ER 50
2.1 EEWEE

HAE H L B CDS Bt W IR se B 51 9 (%
1) K PRI A A AL 25 5 RNA UG5l <DNA JAE

AR Y B Y G EE R A 1 R R Y AT
JIE W R LYK (R JS a6 TR AR T AR T AR I A B
a2 S IR A, VuARF7 1 CDS K h
3 468 bp, %ifih1 15512 H ML ( GenBank % 5¢5 . XP
010656094.1) ,
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Fig.1 Amplification product of VvARF7 gene of grape

2.2 VvARF7 ¥ REFHIER B F o

K ExPASy 43 M1 VVARF7 & H H ALV i, 45
BTN ,T%EE[E%?EE%’ Cs o2 Hy 515Ny 651 01751537
FHXT 3 B 12 958, & 1 BT 5 Ha sl 6. 66, AEa
FEZRECH 76. 67, 5T R ECH 68.39, V12K K R AL
H-0.739, )8 TRRPEAFRE KK E BT, VvARF7
Mz EE AT, Q A& WML (Cln) o s, >
17. 2%, C PR (Cys) 5 Heiedt, b 1. 1%, 53 #F
VVARF7 AR 38, 458 (B 2a) WoR, & i
A ARF #5745 1 B3 DNA 45 & 45 44 45k
(126~227 aa) , Auxin_resp 3 (258~ 334 aa) DA
AUX_IAA Z5#9355(1 040~1 112 aa) . X} VvARF7 4K
H R A7 i, 45 R & 2b froR, VVARF7
HEHMNGEA 53R a- IR eZE ) SEAREE B-HERs LA K To
FROU G i, 22 2 2 5% 5 o o Lo 0 il oA 27.27%
14.63% 8. 14%F1 49. 96% , ), ¥ VvARF7 5 H
SRS AT IO, A PR A VeARF7 B R 4 R 2R
F B 44T & 45, 1% 5 2 IEE 1Y £ 2454
TR TR M (1 3e) .

VoARF7 SR W) 3 317 90 3 AT 485 2R (3R 2)
FKW], H % VeARF7 5: A )5 3h -+ X S SR 77 7E TATA-
box ,CAAT-box 55— L ELANAANE T (£ rh AR
) Sb, & FF 7E G e B T /F G-Box, Box 4 chs-
CMAla, TCT-motif Fl AAAC-motif, ¥ 2 W [ JT 14
TGACG-motif ABRE AuxRR-core fl TCA-element
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Fig.2 Characteristics analysis of VVARF7 protein in Vitis vinifera L.

Fx2 WARF7 BEEBFIRAERTHES

Table 2 Analysis of cis-acting elements of VvARF7 gene promoter

PSSt TCA 24 B ke Kk

SRR T G-Box 25 5 3 (4 52 5 e ¢ 6
Box 4 RN KPR DNA 45 ?

chs-CMAla e R Te A i — 8 53 1

TCT-motif SR N T — 43 1

AAAC-motif St Bz e 2

T e R T TGACG-motif S 55 2R A g o SO 1) ML= 2 e 8
ABRE 2 55 TR R A LA R = e 4 4

AuxRR-core S 5 R R A ARSI E H e 1
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TCA-element

Z 5K A B T

2.3 VvARF7 &R # LR % B 5 L XF 43 4

J T W 5E W % VVARFT MR 15 H Ak W h
VVARF7  H L OCFR 78 NCBI H T 2045 31 =
% (XP 034700221.1) \#i4E(XP 016753978.2) ¥
FE(XP 022732351) i Bk ( XP 034224656.1) | #% 7%
(QNN25870.1) . F& /3 JBE (XP 038712736.1) RS I
(AAG35177.1) . E >k (ADG43141. 1) | &k Kz £ fi
(PKU86397.1) LA K HBF ( KAG1369998.1) /) ARF7

BEEFH, FIF MEGA 12.0 #0, 5R FIABHE 1 % 4
%G1 VVARF7 (XP 010656094.1) 75 [ A H AL i )
ARF7 F AT RG AR 4387, 25258 (&1 3) s,
5%i%) VVARFT [FIE A 8 BT n] 3R 2 25 Hih i
%) VVARF7 5] F2 35 %) VIARF7 SE % 5% & il , 7
EHRAE R Bk B TR AR DR T R LT
FEARIE T K BR K A L5 B 2R Sy S AR )

e
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Bt VVARF7 25 5 Hifth 7 A0 o i X~
%) ARF7 25 I T2 LR £ & 75 LT, 25 531 (A
4) BRF I —EE N 76.36% , Y5 H ARF iR A

54

96

100

100 | VrARF7-like(XP 034700221.1)
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T
971100

PAARF7-like(XP 034224656.1)

hARF7 X1(XP 016753978.2)
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THA R B3 DNA 255 45 35  Auxin_resp 451435,
FIAUX_TAA 254538

X )
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100

——
0.05
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LAY

VrARF7-like( XP 034700221. 1) ; ¥l j3 % 4 ; VVARF7 ( XP 010656094. 1) : ] %5 ; GhARF7 X1 ( XP 016753978.2) : K 1€ ; DzARF7-like ( XP
022732351) : #5% ; TwARF7-like ( XP 038712736.1) : B /A ; PAARF7-like ( XP 034224656.1) : Jii Bk ; ALARF7 ( AAG35177.1) : #{ B 7+ ; RhARF7
(QNN25870.1) : # 7% ; ZmARF7 ( ADG43141.1) : T K ; DcARF7( PKU86397.1) £k 7 £1f#t ; CnARF7 ( KAG1369998.1) : #fF-,

B3 #% VVARF7 EE5HAEY ARFT EENREREN

Fig.3 Phylogenetic tree of VVARF7 protein of Vifis vinifera L. and other related plant species
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A AL 2F 510 1 G B B BOR AT Ak By
BOR P A A AR I Y AR R O Ak B
), AHFSE &0, 7E 5 H 30 H-8 1 15 H#iZ L%
At B LT E (40 1) E A6 AL B (R4BL) Y
VoARF7 J PR AH X 3¢ 3k & IR T A %0 6 /9 X7 JE 241
(CK) (F5)  arsbpki#fe2E 6 7 15 A TR0
11,6 A 15 H X Z 1 VWARF7 FXH 1k & 5 %} i
HILRFEER, 6 A30 H-7 A 30 HAEZHLF
BAFIR MR K B8 LT ik B MY %
HRENM L4 1) ESCATT  VuARF7
FRTF 5 K T CK B 4478 — M KA 1R
A, R VARF7 M ik A A T8 4 AL 28 41
b, BARKFH TAA A R FAEZE ) s A4
A B R VbARF7 JERNTELTHE (40 1) BA
FeAEHETR  fE S H 30 H-8 H 15 H% CK ¥ T
Pk HEM VoARF7 45 1] REMA N 21 5 6 H 3 A AR K
RHOGES S SME L L,

itk —2 T VoARF7 K& R A ) % /S TRl 41 41

T A B, SR FH qRT-PCR X VuARF7 1£ M-,
162 AR S5 4L 40 1 A X Rk R AT A0 0T, 4
(E6) WIR, VeARF7 3 X 75 4 % 1 45 4> 41 41
P AR R BE (0 e 3k | 5 v 7 46 20 v A AR D 3R A
i, FLUOR AR AR i R R 3R A
FeA, X UL VoARF7 3 PR TE A [R) 24 20 14 A X
FRBAAEES, A RAEMY ERET AN
W BLEA R ER
2.5 #H% VVARF7 EATARE i

HERGE VVARFT B A 0 0 40 i 2 7 15 L, 6 25
PR IEFH ) CDS 38 i [R5 5 41 7 5 Wi 3
IKE AR PBI221-GFP % 4%, J& W & 41 B A pBI221-
GFP-VvARF7 , 2R ¥% PCR FY) I 7 45 1E 7 )5 iF
(R T ) G R Ny T BN =N iR O RAE N ik A
AL B ARKT T EH105 JBEAZAS W AT 11 81 TR v 5 )
4~6 A IR IE Frf 5595 3 d JF g, 45 R
WE 7 Fi, @A EH VWARFT-GFP By 4% (586 7
TRTEA A% b 58] VVARF7 2 (A T 40 i
X 55 HAE Ry S 7 () D B s A AT
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VrARF7-like INSELVHACAGPLYSLPPYCSLVWYFPCCHSECVAASNCKELZYPS YPNL PSKLIFCLHWTLEADAETCEVYACMJLGP L K&SRCAYEFFCKYJLTASCTSTHCCFSVF TN
VVARF INSELVHACAGPLYSLPPY GSLWYFPCCHSECVAASNCK a0 PE YPNLPSKLILCLFWTL I ACRETCEVYACMLCP I RC EFFCK|ILTASCTSTHCGFSVF TS
GhARF7 X1 INSELVHACAGPLYYSLPRY CSLVWYFPCCHSECVAASNCKE Rl PSYPNLPSKLILCL FNVTLEADZETCEVYACMLCP °L| (&S RCPAEFFCKUL TASETSTHCCF SV LS
DzARF7-like INSELVHACAGPLYYSLPRY GSLVWYFPGCHSEGVAASNCK A | RCP”EFFCWLTASETSTI—CCFS\/F 144
TwARF7-like X2 (Y@ INSELVHACAGPLYYSL PP CSLMWYFPCCHSECVAASNCKERN YRS YPNL PSKLIICLWTLEAD PﬂEFFCK LTASCTSTHGGFSVF [P
PdARF7-like INSELVHACAGPLY'SL PP GSLVVYFPCCHSECVAASNCKE IR AAIYPNL PSKLICILENVTLAD ATLASTICL&RCASEFFCKYILTASCTSTHCGFSVF [EPEY
AtARF7 INSELVHACACPL{ISL PPRGSLMYFPCCHSECVAASNCK Ll MRc 145
RhARF7 INSELVHACAGPLY!SLPRY/GSLVWYFPGGHSEGVAASNCK 144
1
VrARF7-like NNSPF, 289
VVARF NNSPF; 289
GhARF7 X1 NNSPF; 289
DzARF7-like ANRCCPAL SSSvI|SSCanHlC | ananks Yinnser 289
TwARF7-like X2 ANRCCPAI SSSVIISSESNHIGHLAAAAH [ENNSPFE, 289
PdARF7-like ANRCCPAL SSSVIYSSCSVHICHLAARAK: YINNSPFIJJFANPRASPSEF 289
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