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Abstract: [Objective] Flavonoids are important secondary metabolites in grapes and are associated
with the sensory characteristics of red wine such as color and astringency. The flavonoid pathway is reg-
ulated by the MBW transcription complex at the transcriptional level. In this complex, the MYB tran-
scription factor is a decisive regulator that positively or negatively regulates various structural genes in
the flavonoid pathway to maintain the balance in flavonoid content in different plant organs. Clustering
analysis and functional enrichment analysis of differentially expressed genes were carried out based on
the transcriptome data of grapes and the MYB gene VdMYB14 was selected for participation in the regu-
lation of anthocyanin synthesis. In this study, we analyzed the structure and function of the MYB tran-
scription factor to further elucidate its role in regulating anthocyanin synthesis in grapes. This analysis
coul contribute to in-depth understanding of the mechanism of flavonoid synthesis and improving fruit
quality. [Methods]Berries skins of huitong black spine grapes (Vitis davidii ‘1338”) in 6 developmen-
tal stages after flowering were used as experimental materials. QqRT-PCR were used to analyze the ex-
pression of the VdMYBI4. The plant total RNA rapid extraction kit was used to extract the total RNA
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from the samples. The PrimeScript™ RT kit with DNAase was used to remove contaminated genomic
DNA and to carry out reverse transcription for cDNA synthesis. The plant anthocyanin content measure-
ment kit (Solarbio) and plant proanthocyanidin content measurement kit (Solarbio) were used to mea-
sure anthocyanin and proanthocyanidin content, respectively. The MEGA software was used to analyze
the phylogenetic relationship between the VdAMYB14 protein and the other flavonoid-related MYB. Ho-
mologous recombination was used to insert the VdMYBI14 gene in the PBI121 vector and tobacco leaves
were transfected. The expression position of the VAMYB14 protein in the cells was observed. Heterolo-
gous expression was carried out in the tobacco to validate whether gene VdMYB14 could regulate antho-
cyanin synthesis. [ResultsJqRT-PCR results showed that the gene VdMYB14 expression level increased
in the early stage and reached its peak 40 days after flowering. Subsequently, its expression level de-
creased, which wass consistent with the previous transcriptome results. The subcellular localization re-
sults showed that the VdAMYB14 was mainly localized in the nucleus and only a few VdAMYB14 were lo-
calized in the cytoplasm. The phylogenetic tree results showed that the protein VAMYB14 was highly
homologous to the VVMYBI14 and the VVMYBI1S5 from grapes (Vitis vinifera L.). Furthermore, these
three genes and the MAMYBI111 from apples were located at the same branch, indicating that the Vd-
MYB14 and theMdMYBI111 had a similar function. In the identification of the petal color of tobacco,
the degree of petal color of the transgenic lines was significantly lighter than that of the wild type, and
there were differences between different transgenic lines. Measurements of anthocyanin content in the
transgenic tobacco showed that anthocyanin content in the petals of transgenic tobacco was significantly
lower than that in the wild-type plants. However, the proanthocyanidin measurement results showed that
the proanthocyanidin content in the petals of the transgenic tobacco was higher than that in the wild-
type. The overexpression of the gene VdMYBI4 in tobacco affected the expression of the structural
genes in the flavonoid pathway. Compared with the wild-type, the expression levels of the N¢tCHI, NtD-
FR, NtLAR and NtANR in the VdMYBI14-overexpressing tobacco petals were significantly upregulated.
Among them, the difference in the expression levels of NtLAR and NtANR was the highest although
there were no significant changes in the expression levels of the NtCHI, NtCHS and NtF3H. However,
the NtUFGT expression in the transgenic tobacco petals was lower than that in the wild-type petals.
However, in the VdMYB14-overexpressing tobacco, the expression levels of the NtANR and NtLAR were
significantly upregulated, and the expression level of the structural gene NtUFGT of the anthocyanin
synthesis pathway decreased. This would cause more leucoanthocyanidin and anthocyanidin to enter the
proanthocyanidin pathway, thereby inhibiting the synthesis of anthocyanin. This showed that the Vd-
MYB14 gene might regulate the transfer of the anthocyanin pathway to proanthocyanidin pathway, there-
by inhibiting anthocyanin synthesis and affecting the the petal color of tobacco. In this study, the expres-
sion level of the VdMYB14 was high in the early stage of grape berry development. As the fruit entered
the veraison, its expression gradually decreased. This indicated that the gene VdMYB14 might inhibit the
accumulation of anthocyanins in the early stage of berry development.[Conclusion] This study demon-
strated the effect of the grape VdMYB14 in regulating anthocyanin and proanthocyanidin synthesis. Vd-
MYB14 overexpression in tobacco significantly affected the expression of structural genes in the flavo-
noid pathway, particularly key structural genes in the proanthocyanidin pathway and anthocyanin path-
way, causing intermediate products from the anthocyanin pathway to enter the proanthocyanidin path-
way.
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Gene name Primer name Length/bp Primer sequences (5°-3") Annealing temperature/C

NtActin NtActin-F 20 AATGATCGGAATGGAAGCTG 56
NtActin-R 20 TGGTACCACCACTGAGGACA

NtCHS NtCHS-F 20 AGAAAAGCCTTGTGGAAGCA 56
NtCHS-R 20 CTTGGTCCAAAATTGCAGG

NtCHI NtCHI-F 20 GAAATCCTCCGATCCAGTGA 56
NtCHI-R 20 CAACGTTGACAACATCAGGC

NtF3H NtF3H-F 20 ACAGGGTGAAGTGGTCCAAG 56
NtF3H-R 20 CCTTGGTTAAGGCCTCCTTC

NtDFR NtDFR-F 20 TCCCATCATGCGATCATCTA 57
NtDFR-R 20 ATGGCTTCTTTGTCACGTCC

NtANS NtANS-F 20 TGGCGTTGAAGCTCATACTG 56
NtANS-R 20 GGAATTAGGCACACACTTTGC

NtFLS NtFLS-F 20 GAACTTGAAGGGAAAAGGGG 56
NtFLS-R 20 TCCCTGTAGGAGGGAGGATT

NtLAR NtLAR-F 20 TCAAGGTCCTTTACGCCATC 58
NtLAR-R 20 ACGAACCTGCTTCTCTTTGG

NtANR NtANR-F 20 CATTTGACTTTCCCAAACGC 58
NtANR-R 20 ATTGGGCTTTTGAGTTGTGC

NtUFGT NtUFGT-F 20 GAGTGCATTGGATGCCTTTT 56
NtUFGT-R 20 CCAGCTCCATTAGGTCCTTG

VdMYB14 VdMYBI14-F 20 GTCATCCAACAAATCCGGCG 56
VdMYBI14-R 20 ACGCGGAGAGAATGGAAACT
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Fig. 1 Change of total anthocyanin content in berry skin and analysis of VdMYB14 expression
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Fig. 2 Analysis of gene cloning results
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Fig.3 Subcellular localization of VAMYB14 in tobacco epidermal cells
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B B AR % T R .
24 VAMYBUEREZIEER hIEEFMRELE
FHR

U o W AR R N AS ) B s AT AR e T 0 ) 0
TEIREEE . B A B AR B BT i S 40, i B R
MHRLAE AR KO B AR, 6 I (R B ) A T

BAR, PIEACN e S AN ERPE, L2
PG A EAE I, F HAS R e 2R R R Ak 2 TR A €
PRI MAETE 22 57 (1 5-A) o o 0 B A R0 R [
M AL T AR G AR AL (3R & BRI, B L R R
FEMAE (o & B AR T B AR & (& 5-B) . (H
REFAE RIS B T B AR E (4 50,



%6

ZEMH B, 55 A &) R2R3-MYB 5 3 [K|F VAMYB 14 5 2R3 T 45 i Th BEfATT 789

14
12F a
wl
08
0.6
04
02+ c

d
0‘0 L L L 1 PR 1 '%‘
WT L1 L2 L3

IACIAERED)
Anthocyanins content/ (umol-g!)

w(RIEBER)

Proanthocyanins content/ (mg-g™!)
(=]
w

b b
021
0T
0.0 ) ) ) )
WT L1

L2 L3

WT. #f A A L1 L2 L3, BB AR I = A Bk R AL B ER AL B, BB & 88 1k C AL B R G B . ARVNG FRERRIE

p <005 KFFERLE, FH.

WT. Wild type; L1, L2, L3. Three lines of transgenic plants; A. Tobacco petal phenotype; B. Change of Total anthocyanin content; C. Change of

proanthocyanins content. Different small letters indicate significant differences at the 0.05 level. The same below.

5 VAMYBI4RERPERMRENELBHNRLERSE

Fig. 5 Floral phenotypes, anthocyanin content and proanthocyanidin content of transgenic

tobacco plants expressing VdMYB14
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Fig. 6 Quantitative analyses of transcript levels of flavonoid-related biosynthetic genes in petals of wild-type and transgenic
tobacco expressing VdMYB14
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