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Cloning and functional analysis of the VAERDG6L15 gene in Vitis davidii
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Abstract: [Objective 1Vitis davidii Foéx. is a key wild grape germplasm resource in southern China,
the sugars in the V. davidii berry are mainly accumulated in the form of glucose and fructose in the vacu-
ole during the ripening period, and this process is mainly regulated by sugar transporter proteins. The
Early- Response to Dehydration six- like (ERD6L) is a subfamily of Monosaccharide Transporters
(MSTs), which has been proved as a key regulator in soluble sugar homeostasis. In this study, to investi-
gate the role of VdERDGLIS5 gene in the growth and development of V. davidii berries, the coding se-
quence (CDS) and promoter of VdERDG6LI15 gene were cloned from Xiangci No. 1, and its function and
promoter activity were further analyzed. [Methods] The Pearson correlation coefficients and FDR val-
ues of the expression data of VdERDGLI5 gene and the soluble sugar content were calculated using the
R packages GGally and ggplot2. The CDS of the VdERDG6LIS5 gene was cloned by reverse transcription-
polymerase chain reaction (RT- PCR), and the sequence was biologically analyzed by ExPasY,
TMHMM2.0, and SWISS-MODEL website. After constructing the VdERDG6L15 related expression vec-
tor, tobacco was transformed to determine the subcellular localization of VdAERD6L 15, heterologous ex-
pression of VAERDG6LI15 was observed in yeast strain EBY.VW4000 to determine its function, and the
core region of VAERDG6L15 promoter was determined by GUS staining. [Results] Based on the Pearson
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correlation analysis of VdERDG6LI5 gene expression and sugar content, it was found that the expression
of VAERDGLIS5 was high in the early stage of berry development and low in the later stage, which was
significantly and negatively correlated with the soluble sugar accumulation in the berry of V. davidii.
The cDNA from the root tissues of V. davidii was used as a template, primers were designed by Oligo7
website, and the PCR amplification was performed. Sequence analysis showed that the length of the
CDS of the VAERDG6L15 gene was 1461 bp in length, encoding 486 amino acids and belonging to the
Monosaccharide Transporter (MST) family. Analysis by ExPASy online website predicted that the pro-
tein encoded by VdERDGL15 had a relative molecular weight of 52 614.73, theoretical isoelectric point
of 8.34, fat coefficient of 118.91, and average coefficient of hydrophilicity of 0.628, and it was a class
of unstable protein. The results of TMHMM online software analysis indicated that VAERD6L15 may
contain 12 transmembrane structural domains, and it was hypothesized that VAERD6L15 was a mem-
brane protein. With SOPMA online software to predict the secondary structure of the VdERD6L15 pro-
tein, the results showed that the protein was mainly composed of a-helix 49.18%, S-turn 3.10%, extend-
ed strand 18.11% and random coil 26.54%. The prediction of the tertiary structure of this protein was
carried out by SWISS-MODEL online software. Observation by Confocal laser scanning microscope re-
vealed that the GFP- VAERD6L15 protein was a membrane protein and had a typical vesicular mem-
brane invagination structure, whereas RFP-SYP122 labeled cellular membranes did not have invagina-
tions, indicating that VAERD6L15 was localized to the tonoplast. The heterologous expression of the
VAERDGLI5 gene in hexose- deficient yeast strain EBY.VW4000 preliminarily found that the yeast
strain transformed with pDR196 null load could grow normally on maltose medium, and failed to grow
normally on glucose, fructose and sucrose medium. The yeast strain transformed with pDRI96-
VAERDG6LI5 grew well on glucose-containing medium, while growth was obviously inhibited on fruc-
tose and sucrose medium, confirming that VAERD6L15 was involved in glucose transport. PlantCARE
website was used to analyze and predict the cis-acting elements in the promoter of VdERDG6L15, the re-
sult showed that the promoter contained mainly light response components, drought stress and hor-
mone response components. The results by GUS staining experiments showed that the P1 (=3000 bp),
P2 (=2200 bp), P3 (-=1500 bp) and P4 (—1000 bp) transformed tobacco leaves in the experimental group
could be stained normally, and only tobacco leaves transfected with P5 (=500 bp) could not be stained
normally, which further confirmed that the core region on the promoter of the VdERDG6L15 was located
between —500 bp to —1000 bp. [Conclusion] In this study, the CDS and promoter of VdERDGL15 gene
were cloned and its function was analyzed, and it was preliminarily found that VdERD6L15 was a sug-
ar transporter located on the tonoplast and harbored the glucose transportation function. Through pro-
moter deletion analysis of the VdAERDG6LIS, it was found that the core cis- acting element of the
VAERDGL15 promoter was located between 500 bp and 1000 bp upstream of the ATG.
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SREUHA 15 RS2 B RNA, I s e i
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S5 VAERDGLIS H5 [R] ) 2 325 5 45 AW R 260 0% R0 |
RERED & 1 B IR A % R 0% FDR AR, H 34T AT 40
TeAbEE
1.4 REETEL BN AMESENESE

R4 11 30 4 28 SR 5 FH R G AT DL VA R AT IS
AR B, FREL 3 g AL FE 5 BRE i IF 7] Fe oI\ 80% £ 1
FEGH 5 35 °CHEHX 20 min, FFEERE 5 min V5] 11K, ¥
TREPIAE 6500 r-min™ ()56 AF T B0 15 min, Y04E E
TEWR . EEHEE IR, BRI B B A I,
HAf A K E R E 200 mL.  _EIERZ 0.45 um /K
AHVERE L U 5 B T 1.5 mL BRI R, BT Ao
3% CHPLC) 0 & 61 467 4 R0 L RERRE PR 25 B
1.5 VAERDG6LI15 &EFE & BNTF54m&it

76 7 ) At K 41 205 FE (http://grapegenomics.
com) % VAERDGLI15 B 7 51 (Vitvi04g01302) , F|
i Oligo7 ¥4 % i1 VAERDGL15 % A 4 5% [X (CDS)
¥ S ¥ 51 ¥ VAERDGLIS- F,. VAERDGLIS- R+
VAERDG6LI15- F>+ VdERD6L15-R;, X H Primer prim-
er5.0 B MBI B S 465 47 & ATG 37 3000+ 2200
15001000500 bp W it4F 25 ¥1(F 1D,
1.6 VAERDG6LI15 B 7 & K Rk E 138

P H P ) A A AR R AL SR I RNA W3 5o
cDNA F-1E AR, F Oligo 7 % At ¥ 4% S 51 9
P 1443 8 VAERD6L15 # R CDS [7 51 (£ 1), PCR /*#
W22 1% 1Y Bt g B v e Pl ik S P e Tl s ik 6 (TS-
INGKE TSP602- 200 Trelief ® DNA Gel Extraction
Kit) 4li ¢ [5] e , B H Gateway % 4t (Thermo Fisher
Scientific Gateway™ LR Clonase™ 11 )} % 355:GFP-
VAERDGL15 34k , It FH#GBELFE N K #F 5 DHS
Vo BE M BB VR 16 A T A TR (KO B IR A it
FTINFT o Wi 18 B R B b YR Th AR 30 1IE (1 2K i
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Table 1 Primer sequences

¥ 54 FK Prime names

5% ¥ %1 Prime sequence(5'-3")

VAERDG6L15-F,
VAERDG6LI15-R,
VAERDGL15-F,
VAERDGLI15-R,
VAERDGLI5-pro-R
VAERDGL15-pro-3kb-F
VAERDGL15-pro-2.2kb-F
VAERDGL15-pro-1.5kb-F
VAERDGL15-pro-1kb-F
VAERDGL15-pro-0.5kb-F

GGGGACAAGTTTGTACAAAAAAGCAGGCTGCATGAGTTTCAGGGAAGAAGAGGATG
GGGGACCACTTTGTACAAGAAAGCTGGGTTCATCTGAAGGACCGCTGAATTTC
TCCCCCGGGCTGCAGGAATTCATGAGTTTCAGGGAAGAAGAGGATG
GATAAGCTTGATATCGAATTCTCATCTGAAGGACCGCTGAATTTC
GGCAGCGTTGGTATCAGCCC

AACATGTGTACGGACCAAGATCC

TGAAGGGTTCATGGGACTCTGA

TCTCTGAAACAATTATGGGTCCAAG

ATGATGTGGCTTGTTAGGCTTATT

AATCTCATCCTCGCCTTAAAGGAT

NIERERILH A PDR196, 75 A -Ura S i bric . BEEE
FIALH A pDR196 18 1 PR YE A TIEE Eco R T (New
England Biolabs B6004s) i 17 g Y] 3 1 47 % [ fic b
B, {8 A Tsingke 2 ] [ In-Fusion® HD Cloning Kit
HEAT TCE% v B, I FH R N\ DHSa KI5 S
RO AR, Bk B 4 e 0 L %o 5 4 TR S 1R 47 I
pk7
1.7 VAERDGLISEYMERZE S

JH 3 NCBI % #% J%E (https://www.ncbi.nlm.nih.
gov/) E 1) BB L% VVERDG6L15. 3 5 MAERDLG6 A% 1)
9 7+ AtERDLG6 [ 2 3£ 12 F7 51 , % H TBtools # fF
HEAT 2 H P 51 LU s Af H ExPasY M5k Chitps://web.
expasy.org/protparam/) il VAERD6L15 25 H 1 24k
P 5 A8 TMHMM2.0 9 3 Chttps://services.health-
tech.dtu.dk/servicessTMHMM-2.0) % VAERD6L15 &5
F 5 I 03 e 45 A4 1 47 T« SR Al SWISS-MODEL
TE 28 W 3 (https:/swissmodel.expasy.org/) Tl
VAERDOL15 & H 1) — =445 o
1.8 VAERDGLIS &R HAE I

4 i 5 A7 G 2 IR Xie S5 5 VAR IR N ek
HE o R0 IE A 1 R 8 I A VR e N R
EHA105 , DL g {57 4 i J5E 1 8 {4 RFP-SYP122 {4
Xt HRUY, ¥ GFP-VAERDGL1S5 5 RFP-SYP122 W i &
AIFREE] A 1 mL — KPR 5 28 2
ST AR A R . SRR
72 h g A8 O 3R AR A (Zeiss LSM710) M52
THEL: 7o GFP fil & 8 E I 70 A, IR ORI, GFP
BRI K 488 nm, RFP R i K4 562 nm.
1.9 VAERDGLIS BEFE B+ FiFERIA

P B S R Rk I8 2 IR B W IE I T R AR

FER NSt o K I bR 5 4 TE T ) J5ORL 3 N 2]
WAEE 2 2R RS 97 3 b I o AR K0 CObE B f 7R T
Pk EBY.VW4000 ', DL 444 pDR196 1F R ]
PEXTIE . /597 3 d e PRI o B i 47 PCR %5 5 , ik
B IS 14 B I T 5 426 R UK 12 10 AR B R T VR
8 B AR R EE 23 00 L 1210412100 A1 1
1000, 44 J52 AT 3 A EE A7 0 4 8 B V&% L 5wl 49 1)
1E SC/-Ura/Mal. SC/-Ura/Glc . SC/-Ura/Fru. SC/-Ura/
Suc [ #4355 72 K B HEAT AURE TN 30 °CREFR46 L 81
BE R 3 d, W SEA [FRE U ) B 7R 5 B R
Fea 78 % BF B Ak EBY.VW4000 [ 42 K15 0, )ty
VAERDGL15 [ i
1.10 VAERDGL15 BEhFRIERFTIALH FHE

N %] A DR 2H K045 22 T 3 VAERDGLS B2 R 4H.
FEA, 53 HrsfiAs He i I8 3+ 15 41, 4 3 BURI i 22 20
5T R 4 2R gDNA FE A AR R, H Primer prim-
er5.0 A B TR R E B MR AT (R D, ¥ 3
K 23 1 >4 30002200+ 1500+ 1000+ 500 bp, PCR 7~
YD 1% I 3515 0 B e K S 12F AT R [T W (TS-
INGKE TSP602-200 Trelief ® DNA Gel Extraction
Kit) . F| f Gateway % 4t (Thermo Fisher Scientific
Gateway ™ LR Clonase™ 11 ¥ 4 3 Jv B #4) 4 3 A
GUS 2[R Ry 5 25 [ (1 AR ) R IA AR pKGWST7, Orfa
oh 5 4k 31 K 7 AT 1 DHS et Pk 0k 5 18 95 384T R
MY WP R IR S R T TR KD A
PR A ® ] 3E47 07 o {4 A PlantCARE Chttps://bioinfor-
matics.psb.ugent.be/webtools/plantcare/html/) il
VAERDGLI15 JA 7)1 A F o i D e AL
1.11 GUS#&

GUS B (050 2 B Y IR 7 R R T A
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Mgk, GUS Yetifi It & (200 mL) :NaH,PO, 1.56 g+
Na,HPO, 3.58 g+K.Fe (CN), 0.169 g+K:Fe (CN)
0.132 g+EDTA 0.372 g+ TritonX- 100 200 pL + X~
Gluc 0.2 g, 4 °CHBE G AR-AF . H5 0 7 15 ff 1) S5 ks 3 it
HL 3600 N R AT B EHAL05 J , Bk XS A 25 41
proVdERDGL15:GFP-GUS [f1 4 T # T LB AR £ 7%
Ferr, B 4 ODgi=0.6~0.8, 35 _EIE I N AR YL,
FH A S 28 B 1 mL B R S TR AR H— 30
A RSHFL oo VEST B3 d i REAE L AT
1 em 9T FLIF & TRt v, In N Ge i, 37 °CH5 ¢
24 h. SEJE2r I 50% . 70% ) 2 g B ke 5, B4k
3% 10 min, BEJS NN 100% ) ZBEEBIR ., 56 h
e 1 VW MR G G DL R

2 HR550

2.1 FEABRELKLEREAVAERD6LIS BEERIER
P ERHEX NS

ook W OEE AN R A A R SR B A B
VAERDGLIS BRI IE O MAEJE 56 7 RIT U508
7 dRE—IREZRAGE 19 RFET 2D 85
T VAERDGLIS Fik PR 5 0 7 %) 2R S K & W FPKM,
KIN VAERDGLIS £ R 592k B F- AR &5, 755
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~
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QN VO X O A &O
T IP PP LI FPTPTTPITTI

KRB 1-A) o Wil %) F SRR FF AT i 5%
AW AN AT R S E R e (B 1-B), BT
VAERDGL 15 11 3k PK] 2 35 RN 25 52 1) Bz 7R b AH O P
3BT 5 I I 5 ) 2 SR S b ) R A PR R AT R
SRbE AN D B BR 2 2 UM 98 (-0.652.-0.642
-0.712).
2.2 VAERDGLI5 HFE 5=k

NIRRT VAERDGL 15 3 DK 75 31 4 4 SR s k&
F1E F DU 28] S S 20 2370 1) cDNA /R AR,
¥: 53514 VAERDGL15-F, A1 VAERDG6L15-R, 347 PCR
1S,y 845 30 B TUH RN —E (& 2-A) , 290
¥ K VAERDGL1S5 1) 4w 15 5 51 X 384 7 1461 bp,
P i 486 N HE R . Wi Bl 2-B P, @ I Rt
VAERD6L15 5 % ik VVERD6L15 .3 MAERDLG6
J A 7+ AtERDL6 #E4T 2 28 2 5 /7 41| EL X, 3
VAERDG6L15 5 2 L% VVERD6L15. 3¢ - MAERDL6
J AU B FT AtERDLG [ [H] Y5 2 43 531 4 100%  82% «
78% » ¥ J& T WL % 12 & 1 X % (monosaccharide
transporters, MSTs) &5 [
2.3 VAERD6LISEREMERZNH

il ik ExPASy 75 28 W 3k 43 41 , 5B VAERDGL15
MMM EAS B MRER, » TN

B VAERDGL1S5 Sucrose Fructose Glucose
0.75} 2
~
0.50F Corr: Corr: Corr: \QO
025k —0.712%%* —0.642%%* —0.652%%* E
N
0.00F ~
2
L] @
1rs Corr: Corr: % 8
0.899%** 0.920%** i 3]
L& =]
- %)
2
Corr: % g
0.944%x K 3
(=9
71 L
w2
p\JAﬁg
o

A. VAERDGLIS #£ R %) RSk B e h R A 870 s B R &) R SR B R VAERDOLIS B SRMBE & BBA R A HE . D1
FRAEJEEH T K,D19 ForAt)s 130 d, FBE 7 d K— U B M p-value /N T 0.001.0.01.,0.05 43 Hilfa i # +% %3R0R
A. Analysis of VAERDG6L1S5 expression during the fruit development in V. davidii; B. Correlation distribution matrix between the expression and

sugar content of VdERDG6L1S5 during fruit development in V. davidii. D1 indicates the 7th day after flowering, and D19 indicates 130 days after flower-

ing, and samples are taken every seven days; Significant p-values less than 0.001, 0.01, and 0.05 were indicated by ***, ** and *, respectively.

El 1 RIE%E VAERD6LIS EEFTILERHES ENEXME D
Fig.1 Correlation analysis of VdERDG6L15 gene expression and sugar content in V. davidii
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2 kb MAERDLG6-1 : LTVSEYSLFGSLS 1ASGOLS SL. 1PNV VISE, SFL ISYTVPVYLA : [ 64
VVERDGL1S: LSLSEFsIEGSLs 1ASGQ! LM AS PN TGWL ATSFAQDSSELYMGRLL VI SYTVP VYL %g%
VAERDG6L15: LSLSEFSIFGSLS TAS) 1 SL. SEPNL I ALSF| SFL L L VI SYTVP VY]
1 kb —»
AtERDLG : E1APQT SVNQLSVTIGIMLAYLLGLF VPWRI LAVLGVLPETLLI PGLFF1PESP L TBBFETSLQVL) 1248
MAERDLG6-1 : E1APQNL) SVNQLSVTIGI LLAYLLGLEV L ILPETILI PGLFFIPESP SLOVL! 247
VVERDG6LI15: EIsPQN SVNOLSVTLGI L LAYVLGLF LGILFETILI FGLFF1PESP MTEDFEASLQVL 1246
VAERDG6L15: ElsPON SVNQLSVTLGILL LF ILPETILI PGLFF1PESP M, SLQVL| 246
AtERDLG : T SSSKRSAVRF VDL FPL LALQOLGH FYSSTIFES] S5 NVATF w331
MdAERDL6-1 : ThI 8 SVASTSKRTTIRFSOL PL LVLQQLSGI > FYSTTIFESAGL SSGNVATVELGAVQY - 33()
VVERD6LI15: TBIS T| SVAST! T1QFSDL! FPL LMLOQLSGI ! FYSSNIF, SSsDIATV Qv :329
VAERD6L15: TBIS T SVASTC T1QFSDLER P LMLQOQLS) FYSSNIF SSSDIATVY 1Qv:329
AtERDLG6 : VATE I ATWLV LIMISSI 1 SLVI VAVAF FVsPRSNMINL LS WS MVISCSLEMEP PWLI 1:414
MdAERDLG6-1 : I TTWLA LLIISS 1 FLLI VAISEY] KDLVDVBSNI YSILGI I SVVGVVAMVISF SLEMEAL PWLIMSET 413
VVERDG6LI1S: I TTWLV LLLIVSSSGMTLSLLLVS VAF /ISEDSRFYSI LGI LSLVGLVALVITFSLGVEAI PWVI 1:412
VAERDGL15: 1 TTWLY, LLIVSSSGMTLSLLLVS VAF ‘1SEDSRFYSILGI LSLVGLVALVITFSLEVEAI PWVIMSET : 412
AtERDLG : LPVNIKGLAGS 1KTLLNWFVSWL V MLLAWS S GG TF TLY ALY CBF TVVEVSL WP LEEI oALFR 488
MAJERDLG6-1 : LP INIKGLAGS I NWF TAWV VT LLLEWSSGETET 1YMLVS AF AVVE VS 1 WP LEEI QWSFR : 487
VVERD6L15: LPVS IKGLAGS IATLANWLTSWAV LLLSWS! F ALY TLMTAF T1VEVTL WP LEEI ORSFR :486
VAERDG6L15 : LrVs IKGLAGS IATLANWL TSWA V! LLLSWS| FAIYTLMTAFTIVFVTLWP QRrSER - 486

A. VAERDGLIS FE[F] RT-PCR §™ )X s B. VAERDOL1S 5 ML v 3 K A0l vl [ Y R G SR R &2 P 4L Xt . M. DL2000 DNA marker
A. RT-PCR amplification gel map of VdERDGLI5; B. Multiple sequence alignment of amino acids sequence of VdERD6L15 with homologues

from Pinot Noir; Malus domestica and Arabidopsis. M. DL2000 DNA marker.
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Fig.2 The cloning of VAERDGLI15 gene
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Fig. 5 Functional verification of VdERDG6L15 gene in yeast mutant strain EBY.VW4000
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