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Cloning and Expression Analysis of F-box Gene VvSLYI in Vitis vinifera L.

WANG Xi-cheng, WU Wei-min , WANG Zhuang-wei,ZHAO Mi-zhen,ZHOU Bei-bei, QIAN Ya-ming
(Institute of Pomology , Jiangsu Academy of Agricultural Sciences/ Jiangsu Key

Laboratory for Horticultural Crop Genetic Improvement , Nanjing 210014)

Abstract; SLEEPY1(SLY1)is the member of F-box family proteins and serves as the main component in

SCF complex. Previous studies suggested that this protein was an important regulatory element involved in the sig-

naling network of gibberellin. In this study, a full-length coding sequence of F-box gene, designated VoSLYI , was

isolatedfrom grapevine cultivar * Summer Black’ ( Vitis vinifera L. ). We obtained a 1096 bp fragment that contains

a complete open reading frame of 555 bp that encodes for 184 amino acids. By sequence alignment and motif

analysis, the VoSLYI gene contains the LGG and LSL that are typical domains of F-box protein. Phylogenetic

analysis showed that the VvSLY1 protein was closely grouped with the Theobroma cacao protein. qRT-PCR

revealed an up-regulation of VoSLYI under gibberellin treatment during the period of the fast expansion devel-

opment of fruit.
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FIJEEEMER , SLY1 B H E R4k DELLA A Z A
5 GA 15 5 S X — R BEAHRE
AU ST SLYT FUKFE TR GID2 7 H A [6] 5
BN FE B K F-box A IR ST slyl FIK S
gid2 7R F T DELLA & ok iz K1k
TR AR AR R AL R T K1 DELLA & 1,
iR e WU R NSRS 7 S Rl

H T, IR I KRR S A vh 45 AR DG 1Y
SLYI/GID2 J£[H™ " FE# % I, 45 3¢ VuSLYI A
BTSSRI T — % i 2 | Acheampong 25 1 i
AW BAEEOR T T SLYT FER B4, BN He
25 FRIRFESHAT TR 007 (A I A X 2% 5L R 4]
FrveRERil, K IMEREE W Z MR, K
(APPSR RRITOR B T Ok SR AT ik
PRIAE SR S K & & o b 4 A BF 5 1 R DL i
W KT CA FE A R R L B AR A
YER, LA B SLYI 7E GA {7 5 il B b i S ) 6E,
AMFFE A B A % bt B B F e AN RT-PCR
FR  WH3RAS T —A VoSLYT F: R4 K cDNA 41,
FEXF HAEAT T A5 B kB, AR B
VoSLYI FERIFE 2 R S R & & i B i Ui ag, A
A A DR A2 3 ot e 7 B B S
*&1 WwWSLYl ERRESRIXTASIY

1 #MR5FE

1.1 R R4 E

ABEFELL 5 47 A B R 4 D apt R A T
TN AN B BEBK AR IR 5 JE L A AR VL9580 R
FlUF R UR IR, {58 T 2015 4F 5 H 647, 2R 50 mg/L
) GA, IR AT 1 ) 52 B84 4 41 2R b AT 1 2
BHE S s AbPE K AL BEAE S B A BE 1 R OT
L EERIORE 1 U0, RS, FRACRAR S 23
FROMRAT, — 07 T vk & N AT SR 92 R B Y
MAE ; 75 — B O & T WA P 3R, %=
- 80°C VKA IRAF %
1.2 BRRENE

BEALEEA D B L 10 A7 SR 52, I L K
SEMHE TR RN E | TSR SR i
1.3 RNA HJ#REUE cDNA &

AL RNA A ERIBCE SR AL 5t
FEPEA VIR A FR S B A2 7 1) Quick RNA isolation
Kit #47, PAE RNA MM, 2 I8 Inviterogen 2\ F)
H: 7= ) SuperSeript™ I First-Strand Synthesis System
B sl @ W, IR e A BE AL | P04 i P1,
PEAT cDNA 55 1 $ERIB (R 1) .

Table 1 Primers used for cloning and expression analysis of VvSLY1

EL /AN SIYThheE || 5194 51¥3i6e
, BIREHI(5'-3) , ‘ ST (5-3") .

Primer Primer Primer Primer

Primer sequence(5'-3") Primer sequence(5'-3")

name function name function

P1 GCAGGACTGCAGCTGACTGACTACT30VN  ¢DNA &hY|| R3 GGTGGTAGAGCTCGCAGGACTGCAGCTGACTG

Fl1 ATGAAGCGACCTTTTGTTGCC ORF ¥4 || 74 TTCTCCGCCACTCTACAT qRT-PCR

R1 TCATCTCCCTCTGTTGTTGAAATTC R4 AGATTCTCGTCCAGATTCAC

F2 AAAAGGATAAAGAGGAAGGTGGG 5 UBI-F GCTCGCTGTTTTGCAGTTCTAC SR

R2 GTTGCCGCAGCCGATATTA UBI-R AACATAGGTGAGGCCGCACTT

F3 GCCCCAGGCTTCCTCATCAT 3y

1.4 VvSLY1 EFER

HRAE GeneBank & SEAYHLRG IF AtSLYT F R Y
¢DNA 39| ( GeneBank % 5% 5. NM_118554.3) , %
e ST e R N S I N - R ]
VoSLY1 B 4K cDNA J¥31, & %A A cDNA
A, R B H FI/R1 #54T PCR ¥4 | 3R75 H5¢
# ORF ¥4, ARG HAIH G114 F2/R2, DL F3/R3
AT VoSLY1 A 51 3" dE4i A% X ( UTR) JE 81 15
W(FR 1), KRR 25 ul:10 x PCR buffer
(Mg** plus) 2. 5 pL, dNTP Mixture ( 10 mmol/L)

2 ul, B FUEBIY4 1 pl, cDNA 2 plL, Ex-Taq i
(5 U/L)0.25 pL,ddH,0 #ME % 25 pL, PCR § 45
¥ :94°C TR 5 min;94°C A48 30 5,61°CiB 2k 45 s,
T2°CHEAH 1 min,35 NMEFR;72°CHEM 10 min, 1.2%
TSR FL DK AG I 23 B 4 1 7 1, DNA BEJE 171 e
R & T H B Jr B, I 2 52 2 pMD-19T simple %
PRTERE  SRJE AR IBUBORE , 38 965 56 35 A= W) BR 245 B4
5 BR2A H] (http ://www. majorbio. com ) FEF TN,
1.5 SEYMERZEST

H 56 A H ProtParam ( http://web. expasy. org/
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protparam/ ) %1% H& A 2 i%h 2 [ 1Y 43 1~ £ F1 55 HL
HATIHE, iz Fl SOPMA (https : //npsa-prabi. ibep.
fr/ cgi-bin/secpred_sopma. pl) 1 T i 42 3 iRk )5 57
B 225, PrediSi ( hitp ://www. predisi. de/) i
LA (4 45 5 K, 1] DNAMANS. 22 #fF #E 47
FHEBRT IR R MEGAS. 1 #fRu v il 40 2
1 (NJ, Neighbor-joining) # # R 48 & & W, K1 =
. Bootstrap T 42 1000 YK, F|H SoftBerryProtComp
9.0(http://linuxl. softberry. com/berry. phtml? topic)
HEAT W 48 Jf 5 57 5T W, 38 5 Conserved Domains
Database ( http ://www. ncbi. nlm. nih. gov/Structure/
cdd/wrpsb. cgi ) #f 17 & 1 & 5F B0 4 A, o
WebLogo ( http ://weblogo. berkeley. edu/logo. cgi) 4=
B logo BT , IR PR ST 5 AE Bl 45 A6 s Y PRSFAE
1.6 VwSLYI EERESH

FIH] Bio-Rad iQ5 ¢t 5E & PCR Y, 2R H] SE A
P T PCR $AK (qRT-PCR) % VuSLY1 K& [H By i}
ZEFRGRFFPEBEAT 43T, L FA/R4 O VoSLYT HEH 1y
P15 ¥y, UBL (XM _ 002266714 ) S N 2 5] ¥
(1) ,PCR JZW R Z A 20 wL:cDNA £t 1 pl, E

TR R #514904% 0.8 pL, )i MIX ( Toyobo ) 10 plL,
ddH,0 7.4 pL, W FEF .95 CAPE 1 min;95 C
P10 5,60 CiB K 20 5,72 C 30 s, 4L 40 4
MEER s B A FE I B 3 WE &, A ¢ B dlE R A
2 AT AT AL HR, LR S VeSLYT JE IR A X R
¢7kjlzjl771810

2 HRESH

2.1 WSLYI EEZ£1K cDNA FHIHTEE

DIFEA AR 25 0 A8 B AR LR A cDNA
R, BG4 F1 A R1 #5147 PCR 9714, 35158 T
KB 555 bp B9 FF I 2 4E ( ORF, open reading
frame) B, FIHSI9 F2 F1R2, DL K& F3 F1 R3
17 PCR U3, 43 i 3R A5 K B2 2l 584 bp 436 bp 15
5'F 3 A, F 5 U X ET RS ORF 5
Ui F 3 ity ) B HEAT PF 42, e AR5 K B 1097 bp
LA 2K cDNA P41, %S H Ay 44 4 VuSLYI, ¢
Mr& B IZLH cDNA JP5I4 f& —1> 555 bp 524
ORF , Zwht 184 AN IERR,5 A1 3" AF iy IX K B 43 51
302 bp £1240 bp (1),

1 AAAAGGATAAAGAGGAAGGTGGGGGAGAGAATGGTAAATTGAAGAGAGAAGTATGAGGAA
61 GAGCATTCATTGCTTATCTTGTCGTCACCGAAATGTGTCAAACCTGCGGATAGCCCATAA
121 GTTAAAGCCCCTCCTCCCTTCTCCCTCCACCTGCAACCGCCTCGTTATTCCCTCTTCTCC
181 GCCACTCTACATTCATTTTCCTCTCTTTCTTTTTCCCCTTTTTTCACCTTTGCCTCTTTT
241 ATTGATTCATTAATAGATCATCCAAAAACAGTCCCGGATTTGGGAATTCATTTCCTTTGT
301 CC
303 ATGAAGCGACCTTTTGTTGCCGACGATGATCTGGAAAGCGCAGATCAGAAGATGAAGAAT
R KRPFV ADDIDLET SADR QEKTHNITZE KN
363 CCAAAGCTTGAAGATGATGAAGAGGACGGGGAGGTTAGGGGAGAGACAACGGGGTTTGTG
PEKLEDTDEEDGEVRGETTTGTFYV
423 AATCTGGACGAGAATCTGCTGTACGAGGTGCTCAAGCACGTGGACGCACGTACTCTGGCC
NLDEUNVLTVLTYEV VLI EHVDARTTILA
483 ATCGCTGGGTGCGTTAGCAAGCTCTGGCACAGAACGTCCCAGGACGAGCGGCTCTGGGAG
I AGCVSEKELWHRT G SQDEZRTLWE
543 CTGATCTGTACCAGACACTGGGCTAATATCGGCTGCGGCAACCAACAGGTCCGATCTGTG
LICTRHWANIGTCGNI QQVRSY¥
603 GTCCTCGCTCTCGGAGGTTTTCGTCGTCTCCACTCTCTCTACCTCTGGCCGCTGTCCAAG
VLALGGPFRRLUHSLTYLW®WPLSEK
663 CCCCAGGCTTCCTCATCATCTTCGCCGCCGTCGTCATCGTGGCCGTCGACTGCACTATCG
PQ ASSSSSPPSSSWPSTALS
723 CCTCCGTTTGCGCCGCATTCGATGATGCGGCCCAAGTTCCCAACTCGCTGGGGAAAAGAC
PPFAPHSMHNNRPIEKTFPTRWOGIEKT D
783 GAGGTCCATCTTTCCCTGTCTCTTCTCTCAATTCGTTACTACGAAAAGATGAATTTCAAC
EVHLSL SLL STIRYTYEZ KUNNTFN
843 AACAGAGGGAGATGA
N RGR =*
858 ATTGTCATGATCATACCCTTACTACTCTATAATCGCCCTAAATTTGGCTTTGTTCCTCTC
918 TTTTTTTTCCACGATTGTAATCTATATCGGCTTGCTCAACCAGATCCGCGTCCTTCCTAT
978 GAATTAATTGTTGTTCTTTTCTTGATTTCTGAGTTTGTTGTATAAAATGAGATAATGAAA
1038 ATTGCTTTGCATTTGAATGTTAATACTTAATATGCACAAAAAAAAAAAAAAAAAAAAAAA

1 #EHZE WwSLYl £E cDNA R EESHEERES

Fig. 1 The cDNA sequence and its deduced protein sequence of grape VvSLYI
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2.2 WwSLYI EEFII R &S

FIH ProtParam Xf VoSLYI R4S /0¥ &
% R A4 A 21 01 kD, BHIE 55
(pl)jﬂ 7.71 ﬁ“?fji] C929H1447N267027558,ﬁ2\ll5@,ﬁ
RIETRFR L BB (Asp + Glu) iy 23, 1E HL fa 22 HE R ik
FE B (Arg + Lys) Jy 24, RFaE 250 54.00, )8 K
R TR 1, SR K M- 4 {E -0, 599, 56 7K 4 2R
1., SOPMA Tiiiil i 5 X 2 ith £ 11 19 45k 45 1
e VvSLY1 ZEER )T 5 & 35. 87% 11 o BRTE

4l

bits

41“[ T

"u=

0

=
:I:-
¢
T
—

e

bits
— N u

i
PHEEE T !; g

11.41% M IEMPEE 2.72% (1 B % A1 50. 00% AN
MMM, PrediSi 73 HT45 R B ZEAAEHE S
K, E—ZEMEEH , SoftBerryProtComp 9. 0 SV 4f il
NI i VvSLY1 (i T4 L

F|H Conserved Domains Database ( CDD) % 5%
VvSLY1 PR SF 4548 5, JF7E WebLogo H1 i 47 4R
. PRI R AR W I HE DR G i 2 11 0T iz )
fifi 5N pfam00646 , 54 F-box & I 5 5 1Y 45 A4 duk
A F-box HEH (K 2),

SLLRHE LR F-box & FIARSTF 51 1L.GG A LSL

Wire-frame represents the conserved sequence LGG and LSL of F-box protein

B2 VvSLY1 S1E& 55 Logo &

B

Fig.2 The sequence logo analysis of VvSLY1 by WebLogo

2.3 VwSLY1 S EBEIREFIIFRGHL DM
FIFI DNAMANS. 22 A4 %5 SLYT F PR 45 bt 11

IRy H) JEAT IR J5 P Eox & B, A S AL

Pl SLY1 2 IR )7 41 [R] VR M 7F 63.41% ~76.67%

Za), H S5ap el gy i E, 8 76.67% ;5
KRR B TR PR e AR, M 63. 41% 5 i 5 R B
B BESEAE A PR IT SRR I RS R
BLEE I [R) DR U A T B =Z 8], SR 75, 48% |
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72.29% .71. 88% .67. 61% .67. 44% 67. 38% .
66.85% ,66.48% .66.48% F164.13% (K 3), &
SRR F AN o M A R AR W R SRy 41 5 A )

Tl B 7 B AR ST A F-box . GGF | LSL %5 I fig 1, ¥F
— U] VvSLY1 K F-box & H .,

Ziziphus jujuba

Vitis vinifera FVADDDL

Theabroma cacao SAPDSQV PGADOKM
Tarenaya hassleriana GADDFPA---EGDGS-E

Ricmus communis
Pyrus =bretschneide
runus avism
Populus euphratica
Momordica charantia
Malus *domestica
Lotus japonicus

TQTEN ITGQD IKM
GCODDSMAAASSADVEKM
GDDSMAATS - ADV KM
DTGPEN HNKTD I K
DGDGDG - - DGDRK £

EEEEKSHH
-GEVRGET

EGDGG -
EKFADEE 156G
-MVODCVDADELK
VEVDQ I1DQ - VVE
SEIKEE IESETHNTGT
3 -ASGK
MVVDCVDADE LK
GEDDVCGKIHG

Juglans regia X
Arabidopsis thaliana  [JESH- 5 5 = K S THRE. <= & o nia Baiia i e

Ziziphus jujuba
Vitis vinifera
Theabroma cacao
Tarenaya hassleriana
Ricmus communis
Pyrus »bretschneide
Pmm;.\' avl’n:”m

‘opulus euphratica
Momordica charantia
Malus »domestica
Lotus japonicus
Juglans regia
Arabidopsis thaliana

Ziziphus fujuba
Vitis vinifera
Theabroma cacao
Tarenaya hassleriana
Ricmus communis
?-rus xhretschneide
FUNUS avium
Populus euphratica
Momaordica charantia
Malus »domestica
Lotus japonicus
Juglans regia
Arabidopsis thaliana

GGF 11 LSL R {R5FARFE, VRL F11 VR2 ] 2% X J5§,
GGF and LSL refer to conserved residues, VR1 and VR2 refer to variable region

3 VvSLY1 5 EfthiE S BB F 5 RiRES 17
Fig.3 Multiple sequence comparison of VvSLY1 and its homologs

WHE—2EFH MEGAS. 1 845+ VvSLY1 ZIER fF
B AP SLY1/GID2 S 3L 75 e R 4t i1k
W, 25,13 PSR R 05 3R W RIS, Horp

St Al ERR AL AU R T AR O R
PO, R — 28 i 5328 TR L P A R
JICHTET BRAR BRI 2R GO R B, Bl s — 2K (181 4) o

FEEKAE Tarenaya hassleriana

u'u] Theobroma cacao

{ BERE Ricinus communis
#

i Populus euphratica

Wik Vitis vinifera
itk Juglans regia
N Momordica charantia

B Ziziphus jujuba
———— Bk Prunus avium

4|_— 1%L Pyrus xbretschneideri
IR Malus »domestica

—
0.05

B4 VvSLY1 5EAEY SLY1 SEBREHL S
Fig. 4 Phylogenetic tree of VVSLY1 and its homologs

fLIRGFT Arabidopsis thaliana

B kiR Lotus japonicus
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Fig.5 Fruit weight of grape fruit after GA; treatment

2.5 WSLYlI EEMRIEDH

ARWFFE R qRT-PCR $ A, % VoSLYT K:[H 7E
A 25 ghh 8 SR AR R R R R %R
RAKFGEAT TR A3, &5 S0, VoSLY 1 1E %5
ANFHA G E P Re R L (ARBK A —E 2
o IEFFER ZERL T R E KO R B
A6 SRR b i 2 R KO AR (L 6) o 5T
HJF R AT REYE T SLY1 22 GA (F 57 FHh i IE
[ AT G GA ARt 2 Ae gk SLY1
R PRI,

0.9
0.8¢ ER
0.7}
0.6/
0.5+
0.4
0.3}

of | | | .= L 1

HUMABACE
Relative expression

H % Fia L I S
Root Stem  Flower Young Young Tendril
leaf fruit

6 WWSLYl EHEARARARHIRIE
Fig. 6 Relative expression of VvSLYI

gene in different tissues of grape
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GA, Ab P 5 % B85 52 FE & UE 1T qRT-PCR Kz U,
iR, VoSLYT SR E R SRR B SR
FIR AP ER 5 B S AU T e R Y AR
fefass, SN GA, 4b ¥R AT &2 & VoSLY1 [
TR E T AT (MBS 7 ~21 d) B s 9 Ak
PG 35 ~42 d) B9 R KK, (B XL S 28 d
49 d FI56 d B 5 S e Y 3R 3K K O R 7 A AR i
ERCET)

3 it

RS R B S S2AN [F) e PR R4 1 52 sk
AR EHETR IR A RS R SR A o4 2
AR TR 5 4 53 24 R 240 IR DR R DG R R 5% 5 T
248 SR SRS DBt R R ( CDKs ) 4 ] 30 2 g
K ( Cyclins ) 4 3 & 1 FE A ( Expansins ) F1A 5 R0
PIREIEEERS /K B SR R (X THs ) 55192

AR A DG 2 R S K A G 3k PR A B
15 17—t LY KA g2 N EXPI EXP2
PLK VWEXPAI4 \VoEXPAIS8 W] fEfE R Kk F ik g



514 F Y N AT F-box JER VeSLYI WY TERE 5 R B 0 965

BGA,
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T 1
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T T T T T T T

Relative expression

AP

35 42 49 56

GA AP F#(d) Days after GA, treatment

7 VvSLYI EEE GA, AMBESW BB hIRIAKTE
Fig. 7 Expression of VvSLYI gene in GA; treated and control fruits
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SN TREm T L R A, EEE P T,
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JEHEENTE DELLA 2 H Ry 2Rl =z i SLY1 1R
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LA FEFRIRER ) DI HEN GA X 4 % SR SR K
KA WUREE T e R 5 SLYT BRI R IL R
514 DELLA 35 1 A R A SC B0

ARSI PR A o B AR AR T A VeSLY 1
FEH 2K cDNA JEH, P8 a5 R R W iz 5
At ar T BRI IT SESR R AL )
VEMEITE 64% A L UEHHIZ 3k R 7E dEfh i 7 v 2
—EMRSEE, R, BASSHE s R %
HHAS A F-box & FTFEA ) LGG A1 LSL R <F 5%
B E— 2 LW 4 VeSLYT K F-box e M,
qRT-PCR 4345 SR 2 B ZIL R FE M AR (25 1K
gt GG A ik B USRI R ek
AR, 50 BEAH HE, 76 R S B K K B B B
(GA, bHJ5 7 ~42 d) AN GA, AbBEXF i FE K Y
FIk F BRI R IAE UL BTN VoSLYT &
L I ) 4% B 7, AT BE i A 5 5 TR AR 5
% GA MIRERI K%, E I 1E GA, B PRI KL T
AR A —EMIERY 0 e BRI e

AT,

B AT T VoSLYT FEP Y4546 45
SR T H R B, WX T8 R MR GA, b
B A 2 RS R o LB St A B
2%,

B2 3K
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