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Expression characteristics and transcriptional regulation analysis of

VICKXS5 gene in grape
LIU Yiting" ?>, WANG Ruxin"?, ZHANG Haimeng"?*, JING Pengwei"?, SHI Qiaofang"?, ZHAO Xiao-

chun"?, YU Yihe"*
('College of Horticulture and Plant Protection, Henan University of Science and Technology, Luoyang 471023, Henan, China; *Henan

Provincial Engineering Research Center on Characteristic Berry Germplasm Innovation & Utilization, Luoyang 471023, Henan, China)

Abstract: [Objective] Grapes (Vitis vinifera L.) are an economically important fruit crop in the world,
and severe berry drop can affect grape yield and quality. The synthetic cytokinin analog N-(2-chloro-4-
pyridyl)-N'-phenylurea (CPPU) is known to enhance berry set in grapes. Cytokinin oxidase/dehydroge-
nase (CKX) enzymes, which are responsible for the irreversible degradation of cytokinin, are pivotal in
modulating plant growth and development. In the present investigation, the cytokinin oxidase/dehydro-
genase 5 (VICKX5) gene and its promoter were cloned, and bioinformatic analysis, expression specifici-
ty and transcriptional regulation were performed to illustrate its role in grape berry setting. [Methods]
In this study, we conducted experiments using Kyoho grapes (V. vinifera L. x V. labrusca L.) as the ex-
perimental material. The young berries were treated with 10 mg- L' of cytokinin-like growth regulator
CPPU 5 days after anthesis. The treated berries were sampled at 1, 2, 4 and 8 days after treatment. Fur-
thermore, at 13th day after anthesis, we systematically harvested roots, stems, leaves, inflorescences,
tendrils and young berries from grapevines for subsequent tissue-specific analysis. The VICKX5 gene re-
gion was amplified via polymerase chain reaction (PCR). Bioinformatic analysis of the VICKX5 protein

sequence, including various physicochemical properties, was performed using the Expasy web tool. The
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identification of conserved domains within V/CKX5 was conducted through the InterPro database. Fur-
thermore, the phylogenetic relationship among V/CKX5 and its homologs was examined using MEGA
software. Protein domain architecture of V/ICKX5 and its orthologous proteins was examined utilizing
the GeneDoc 2.7. Expression levels of VICKX5 in grapevine tissues, including roots, canes, leaves, in-
florescences, tendrils and young berries under natural growth conditions, as well as in young berries fol-
lowing treatment with the CPPU, were quantified using real-time quantitative reverse transcription poly-
merase chain reaction (RT-qPCR). The activity of the VICKX5 promoter was evaluated through histo-
chemical staining with f-glucuronidase (GUS). To predict the transcriptional regulatory interactions in-
volving VICKXS5, we utilized the PlantTFDB, CIS-BP and JASPAR databases to identify potential key
transcription factors that may modulate its expression. The coding sequence (CDS) of VIAGLG6, with the
termination codon excised, was cloned into the 101LYFP vector. The construct was then transformed in-
to Agrobacterium Competent Cells (GV3101), which were subsequently mixed with a selection marker
and used to infiltrate Nicotiana benthamiana plants. At 72 hours post-transformation, the subcellular lo-
calization of fluorescence within N. benthamiana leaf cells was analyzed using laser scanning confocal
microscopy. RT-qPCR was used to analyze the expression pattern of V/AGL6a in grape tissues after CP-
PU treatment. A fragment of the V/ICKX5 promoter containing the VIAGL6a binding site, designated as
P, was cloned into the pAbAi vector, generating the recombinant bait plasmid pAbAi-proVICKXS5/P.
This plasmid was then transfected into the Y1HGold yeast strain. Subsequently, the VIAGL6a gene was
cloned into the pPGADT7 vector to create the recombinant prey plasmid pGADT7-VIAGL6a, which was
transfected into a yeast strain positive for the bait genome to perform yeast one-hybrid (Y 1H) interac-
tion detection. A 1566 base pair segment of the VICKX5 promoter, located in upstream of the ATG start
codon, was cloned into the pGreenll0800-LUC vector to create a reporter construct. The VIAGL6a CDS
was subcloned into the pSAK277 vector to produce an effector construct. Agrobacterium tumefaciens
strains carrying these constructs were co-infiltrated into N. benthamiana leaves. The luciferase activity
in the infiltrated samples was measured 48 hours post-infiltration using a dual-luciferase reporter assay
system. [Results] VICKX5 was 1641 bp in length and encoded 546 amino acids. The molecular weight
of VICKXS was 61.516 62 ku, the isoelectric point was 8.36, the instability index was 36.64, the fat co-
efficient was 94.27, and the protein structure was stable. VICKXS5 had the closest homology to CKX
amino acids in Chinese kiwifruit, and had a FAD domain and cytokinin binding site (CK-binding), be-
longing to a typical CKX family. VICKX5 was highly expressed in roots and leaves, followed by inflo-
rescences, and the expression of VICKX5 was significantly reduced at 1, 2, 4 and 8 d after CPPU treat-
ment. Prediction of the cis-acting elements of the V/CKX5 promoter revealed elements containing hor-
mones responsive to IBA, SA and ABA. GUS chemical tissue staining test results showed that VICKX5
activated its promoter activity in response to the treatment of CPPU, SA, IBA and ABA. Transcriptional
regulation analysis showed that BPC, DOF, MADS and FLC family transcription factors may be in-
volved in the transcriptional regulation of VICKX5, and VIAGL6a was a key candidate transcription fac-
tor for VICKXS5. Subcellular localization assay verified that VIAGL6a was localized in the nucleus. The
results of fluorescence quantification showed that V/I4AGL6a was the highest in inflorescences, followed
by berries and tendrils, and the lowest in roots, stems and leaves. The RT-qPCR results after CPPU treat-
ment showed that the expression levels of VIAGL6a were significantly reduced on the 1st, 2nd, 4th and
8th days, which was consistent with the expression pattern of V/CKX5. Y1H and double luciferase assay
showed that VIAGL6a could interact with VICKX5 and promote its expression. [Conclusion] The
VICKXS5 gene of grape responded to the signal of CPPU, and the transcription factor VIAGL6a was spe-
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cifically bound to the promoter of V/ICKX5 gene and promoted the transcription of VICKX5, which af-

fected grape berry setting by regulating the level of cytokinin, which provides a theoretical basis for fur-

ther analysis of the mechanism of grape berry set.

Key words: Grape; CPPU; VICKX5; VIAGL6a transcription factor
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1.5 BEITFHRES GUSHLRLERRE
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GGAGCCACCTTGAGCATCTC, GUS- proVICKX5-
R: GGTGGACTCCTCTTAGAATTCCATGGGTCTA-
GGGAAAGGAGCAG.
1.6 £B[a VICKXS BY%% R E FRIE Ul

i 1 CIS-BP £ 4% % (https://cisbp.ccbr.utoronto.
ca/) . JASPAR % #i& J& (https://jaspar.elixir.no/) FI
PlantTFDB % # % (http://planttfdb.gao-1ab.org) 15 £
7] %] e sk R 145 S8, IR 48 Y TB-tools ) GTF/GFF3
Sequences Extractor 4ffi 1 $2 B VICKX5 & 5 1 L%
2000 bp /¥ 41| , 1R #% PlantTFDB . CIS-BP 1 JASPAR
Kol P A AT 1) s R 25 5 A7 2545 B i Find In-
dividual Motif Occurences (FIMO) 7 £& [% 3% Chttps:/
meme- suite.org/meme/tools/fimo) 7 VICKX5 J& &)+
B HEAT TFBS TR, A48 107 48 H 80 £ A1 Ay O e Fod
45 R . 1L GENIE3 Wl % [K 1~ 55 VICKXS 2 |4]
] REAFAE (3L RIK R 725 2 L A weigh™0.1 kK
R P A D 5 326 TR &5 SR o KR4 GENIE3 Tl 43 21 1)
HRIX IR R L 18I Gephi0. 10 FEF143 21 (1 TR0
{5 B 47 n] 04k , £ F Fruchterman Reingold A7 J&)



20 xOW

S 4

423

L RIR N A
1.7 Y 4HpaE(L

22 % VIAGLG6a (Vitvil5g00776) % 5 [X ) 4% 1k
A0 T 5, K 4 N B 101LYFP 34k, 2 &
101LYFP-VIAGL6a H 21 Jii K o 1 = 2 5 R 4% 4 2]
GV3101 %, ¥ ¥ ks ic ¥ (VirD2NLS-mCherry) 5
105 T BRBOR & B AL B BRI R0k . 25 °C
THEALH 2 d, IEHE R 1 dJE, oL R £ B
Be (AR, HAOMEERNAE 5. 2 H 101LYFP
B oxt B8 o 4 g 344 Bt 51 70 )% %1 24 101LYFP-
VIAGL6a- F: ATGGGATCTACTAGTGAATTCATG-
GGGAGAGGAAGAGTGGAGC, 101LYFP- VIAGL-
6a-R: GGGGGTACCGTCGACGGATCCAAGAACC-
CACCCTTGGATGAAG.
1.8 & B3R (YIH)
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F 4T N pAbAi E A b, #4) g E 41 A RL T R pAbAI-
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PR BE 18 bk CBL & B B R D), JF 447 75 SD/-
Leu BRIE AR 923 b, 76 30 °CRE I 40 (8] B 15 9% 3~
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(0 AH ELAE o A8 2 44 B FH 51 90 )% 51 R pAbAi-
proVICKX5/P- F: TTGAATTCGAGCTCGGTACCC-
CATGACCGAGTCCTCGTTATTTTG, pAbAi- proV-
ICKX5/P- R: TACAGAGCACATGCCTCGAGGAG-
CAACACCTAATCCTCCTCTC;pGADT7-VIAGL6a-
F: GCCATGGAGGCCAGTGAATTCATGGGGAGA-
GGAAGAGTGGAGC, pGADT7-VIAGL6a-R : CAG-
CTCGAGCTCGATGGATCCTCAAAGAACCCAC-
CCTTGGATGAAG:-
1.9 XMRHREGNE

M EIEF 4 DNA FF PCR 418 ) VICKXS () ATG
4R % Y 1 B 1566 bp 1 DNA 7 %1, If 4 £
pGreenll0800- LUC # A4t o It A= B 1) J5ii Ki ProV-

ICKX5-LUC /E Nk 7. 4 VIAGLG6a I¥) CDS % it
X i N AR pSAK277 1, A AT A RN T 1) 35S-
VIAGL6a. A4 8T AR pGreenl10800-LUC
FIAAEN VIAGLG6a [P 354K pSAK277 A A 14 % Bt
W38T RHR S T T NARAT I GV3101 1, 475
JRRE 5 25508 JFRE DA 129 TR A FL Ak B AR FROIR B
0%, 48 h JiE A8 B Ot 3R Bl A 2 R R I R
(Promega, 35 B Wl & 5 M il ) R OC ZRBvETE . 1)
AT 51907 5128 LUC-VICKX5-F: GTCGAC-
GGTATCGATAAGCTTGGGAGCCACCTTGAGCA-
TCTC, LUC-VICKX5-R : CGCTCTAGAACTAGTG-
GATCCCATGGGTCTAGGGAAAGGAGCAG, pSA-
K277- VIAGL6a- F : TAGTGGATCCAAAGAATTCC-
ATGGGGAGAGGAAGAGTGGAGC, pSAK277- V-
AGL6a- R: CGAGAAGCTTTTTGAATTCGATCAA-
AGAACCCACCCTTGGATGAAG .
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X VICKXS Ja )1 15 51 (0 I X AE F oA i2: 47 i
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A. Expression patterns of V/CKX5 in grape tissues; Different lowercase letters at the top of the columns indicate significant differences in gene ex-
pression levels between different tissues, data shown are means + SD (p<<0.05, One-way ANOVA test); B. Expression patterns of V/CKX5 in CPPU
treated and naturally developed young grape berry. Data shown are means + SD (**, 0.01 <p<<0.001; ***, p<<0.001, student's t-test). The same be-
low.

2 VICKX5 BIFRIEE D
Fig.2 Expression analysis of VICKX5
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W s IR 1 HEAT D REVE R R X 5 AN s R 1 g T
BPC.DOF.MADS 1 FLC K&, 45 & VICKXS {31k

*1 VICKX5 BEiTFHIRIERTHSHE

Table 1 The cis-acting elements and number in V/CKX5 promoter

A I et 73 Thie JeltHE
Cis-acting element ~ Sequence Function Number
MRE AACCTAA MYB 45 &b i 5 5 i 1

MYB binding site involved in light responsiveness
I-box TGATAATGT/GGATAAGGTG/GGATAAGGTG  J&mIRL G (¥ 4% 3

Part of a light responsive element
GATA-motif AAGATAAGATT IR TEAT Y — 2> 1

Part of a light responsive element
LAMP-element CTTTATCA/CCTTATCCA M ST I — E 3

ACE GACACGTATG/CTAACGTATT

3-AF1 binding site  TAAGAGAGGAA

TCT-motif TCTTAC

GT1-motif GGTTAA/GGTTAAT

G-Box CACGTT/CACGTG

TATA-box ATATAT/TATA/ATTATA/TATAA/TATATA/ATATAA/
TAAAGATT/ATTATA/TATACA/TACAAAA

CAAT-box CCAAT

AuxRR-core GGTCCAT

TCA-element CCATCTTTTT

ABRE ACGTG/CGCACGTGTC/CGCACGTGTC

CAT-box GCCACT

W box TTGACC

AAGAA-motif GAAAGAA

TCA TCATCTTCAT

MYB-binding site CAACAG/CAACCA/TAACCA

MYB-like sequence  TAACCA

MYC CATGTG/CAATTG/CATTTG/TCTCTTA

STRE AGGGG

WUN-motif CAATTACAT

ERE ATTTTAAA

WRE3 CCACCT

CAAT-box CAAT

box S AGCCACC

AT~TATA-box TATATA

Part of a light responsive element

Y B JG 14 Light responsive element

J6Ma N 644 Light responsive element

G R TG4 34> Part of a light responsive element
J6HA BTG Light responsive element

Ji B 7644 Light responsive element

VY= E I RIS 40

Core promoter element

=R Rl R R i SNl (R P 15

Common cis-acting element in promoter and enhancer regions

AL =N

A K Zm BTG Auxin responsive element 1
TKABER W B TG Salicylic acid responsive element 1
v B i 86 5

Abscisic acid responsive element

500 M GAFE M R AR R P2 e 2

Cis-acting regulatory element related to meristem expression
A% Unknown
A% Unknown
1 Unknown
A1 Unknown
A1 Unknown
A %1 Unknown
A% Unknown
A% Unknown
A1 Unknown
A1 Unknown
A% Unknown
A% Unknown
A% Unknown

_ = = NN = =N

"o}
—_ =
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B CaM(C35S :: GUS ProVICKX5 :: GUS
S 14 %5} HE
Positive control Mock IBA SA
; ool -
V. X

Pro :: GUS 4%} A CPPU MelA

Negative control

A. il PlantCARE Wi T TE VICKXS JA #5741 2000 AL R opof7 72 38038 m B2 0 B0 AE A oo B. GUS Bt ilie , {8 H GUS 28k
NBAYEXS I, CaMC358::35S W AR BRI, B04IE ProVICKXS JA 21~ i 14, Herh Mock 8 R L AL, #81) IBA.SA.ABA.CP-
PU Hl MeJA R XY VICKXS J8 37 MR 0 o

A. Prediction of the presence of hormone-responsive cis-acting elements in the 2000 base pairs of the V/CKX5 promoter sequence using the Plant-
CARE website; B. GUS staining assay using GUS empty as a negative control and CaMC35S::35S construct as a positive control to verify the activi-
ty of the ProVICKXS promoter, where Mock refers to no hormone treatment. To investigate the effects of IBA, SA, ABA, CPPU and MeJA plant hor-

mones on the regulation of V/CKXS5 promoter activity.

B3 VICKXS5 BEhFiEtt o
Fig. 3 Analysis of VICKX5 promoter activity
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-1.0
i01g01673 —

Vitvi01g01673(FLC)

Vitvil8g0106 Vitvil6g00894(MADS-box6)

Vitvil3g01614(VICKXS)

Vitvi08g00110
. N X &
Vitvil5g00776 Oﬁ Oﬁ dﬁ o°°§
A. JASPAR .plantTFDB #1 CIS-BP Huii 5 FU ) VICKXS #5351 B B X TN B 5 A S8 1 s [R]1 HEAT 3205 19 2% 23 A 5
C. VICKXS K HIBER R TE 1d.2dv4d A1 8 d sl i i FA T, PR EHE P 1) o D DG B e IR 77, e e LM, L 958 4 [ 2B )
HARAF B bty (NCBD , BioProject 1: /154 PRINA788660.
A. Venn diagram of VICKX5 transcription factors predicted by JASPAR, plantTFDB, and CIS-BP databases; B. Co-expression network analysis of

the 5 intersecting transcription factors predicted; C. Transcriptome expression heat maps of V/CKX5 and its potential transcription factors at 1 d, 2 d,

plantTFDB JASPAR

4 d and 8 d. The ones circled in black are identified as key transcription factors. The RNA-seq sequence has been submitted to the National Center for
Biotechnology Information (NCBI) with BioProject registration number PRINA788660.

El4 VICKX5 ¥ REFHITUN
Fig. 4 Prediction of VICKX5 transcription factor
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A A i & 45 pGADT7- VIAGL6a 1 pAbAi-proV-
ICKXS5/P (1)1 B B & A4 7] LAZE VR £ 2 400 ng - mL!
(1) AbA T 36 8% 77 3 I 1IE % A K, 1ff pPGADT7-VIA-
GL6a Fll pAbAi-VICKX5/P {1 % £ 14 7% 400 ng - mL"!
(1] AbA Fiiie 55 72 EARE IEH A K (B 6-B)o

N T ST VIAGL6a 75 1% VICKXS ik
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% 5 k¥
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Development time/d

A. VIAGL6a 1EA TR H - o (g I 4T i 52 47 s 101LYFP: 25 2k 44 ; 101LYFP-VIAGLG6a: A& 101LYFP 17 VIAGLG6a, b5 /\=50um. B. Vid-
GL6a TEA % 2123 b B A 2 Bl N~ H51E+SD (p<0.05, SRR F T Z /3 H1) . C. VIAGL6a 1E CPPU AbERJ5 F1 E 4R K 1 1 %1 4 3R (1

R

A. Subcellular localization of VIAGL6a in Nicotiana benthamiana leaves; 101LYFP: empty carrier; 101LYFP-VIAGL6a: Vector 101LYFP contains
VIAGLG6a. Bar = 50 um. B. Expression pattern of V/AGL6a in grape tissues; The data shown are mean + SD (p<<0.05, One-way ANOVA test). C. Ex-

pression pattern of V/AGL6a in young grape fruits after CPPU treatment and naturally developed.
5 VIAGL6a B LAAETE RIFNFRILE AR

Fig. 5 Subcellular localization and expression analysis of VIAGL6a
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A 2000 bp
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P
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SD/-Leu
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0 ng-mL"' AbA

10° 10°

AD-Empty + ProVICKX5/P

AD-VIAGL6a + ProVICKX5/P

iahrai.

A

A. VICKXS J38)F I VIAGL6a ¥ 3% R T4 G471 son B B = M RRFEFRIN FEA M m AL E P Y BRER VIAGLG6a 1T

B.YIH 2/~ VIAGL6a 5 VICKXS #1455 .
A. Schematic diagram of the VIAGLG6a transcription factor binding site on the VICKX5 promoter; The triangle indicates the location of the tran-

scription factor binding site. The P fragment represents the predicted binding site of VIAGL6a. B. Y 1H show that VIAGL6a binds to the VICKXS5 pro-

moter.

6 EEREAAIRIALE
Fig. 6 Y1H assay

BT 35S Promoter VIAGL6a

Effector

VICKX5 Promoter LUC |Terminator |

L= 35S Promoter
Reporter

35S-VIAGL6a +ProVICKXS-LUC
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PSAK277 +LUC0800

| | | |
0.0 0.1 0.2 0.3 0.4
AR D6 3R B 1k E R
Relative LUC/REN Ratio
A RGO B ST H T R VIAGL6a % 37 1k A4 &5 7 AR08 7 B 22 18] B. X9t B 98 1 LUC/REN LEAH /1143 47 .
pSAK277+LUC0800 &yt i, Hdfs Ny~ T 3 {H+SD (***, p<0.001 , ¢ K)o
A. Vector construction diagram of reporter and effector vector for detecting transcriptional activity of VIAGL6a in a dual luciferase assay; B. Anal-
ysis of the LUC/REN ratio in a double luciferase assay. pSAK277+LUC0800 as a control. The data shown are mean + SD (***, p<<0.001, r-test).
7 WISLREGAK

Fig. 7 Dual luciferase assay
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