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A b s t r a c t  
 

European cultivated grape Vitis vinifira L. is one of the most common agricultural crops 
grown by man since ancient times. Of course, the usual companion of the cultivation of this culture is 
a traditional hybridization and clonal selection, which allows you to select spontaneous mutants. Nev-
ertheless, the study of such an important agrobiological trait as anthocyanin coloration and, in partic-
ular, the genes that determine it, is one of the most important problems both in modern grape genetics 
and in studies of plant metabolic pathways in general. The study of this problem can not only provide 
the basis for subsequent fundamental research on the functioning of both individual genes and the 
genome as a whole, but also create a basis for the selection of varieties for economically valuable traits. 
The VvMybA family of grape transcription factors is responsible for anthocyanin accumulation in berries 
of cultivated and wild grapes. In the present work, alleles of the VvMybA1 gene were first identified in 
native Russian grape varieties. Theses alleles in the colored and uncolored grape varieties were found 
out to be the same in size. Sequence alignment showed the characteristic features of alleles for each 
of the studied genotypes. The purpose of our study, we set a description of the four alleles of the 
VvMybA1 gene in the Chardonnay, Sibirkovskii, Cabernet Cortis and Sypun cherny varieties. Two 
introduced and well-known varieties and two indigenous varieties also cultivated in the Krasnodar 
Territory were investigated. The leaves for DNA extraction was collected at the Anapa zonal experi-
mental station. DNA was isolated by CTAB method with mercaptoethanol. PCR was performed using 
primers and amplification parameters published in the literature. For PCR amplification and isolation 
of VvMybA1 gene alleles we used markers which allow simultaneous identification of two alleles, 
VvMybA1b and VvMybA1c. We sequenced and compared with each other and with the GenBank NCBI 
database the sequences of the VvMybA1 gene alleles of these varieties. Alignment of sequences in the 
ClustalO program revealed structural features of the allele nucleotide sequences. In particular, a single 
nucleotide insert was found in white-berry varieties and nucleotide substitutions in different places in 
varieties with colored and uncolored berries. Further, comparing with the GenBank NCBI database 
found that the alleles of colored varieties have a structure characteristic for varieties with a pronounced 
color of berries, while uncolored varieties apparently have a specific reason for the loss of color. Thus, 
it was found that the Chardonnay variety has an allele with the insertion of Gret-1 transposon which 
blocks the normal expression of VvMybA1 gene. It was also revealed that the Sibirkovky variety also 
has the allele of VvMybA1 gene which is not functional due to the blocking by Gret-1 transposon. 
As shown in previous studies by other authors, this allele is also present in other uncolored varieties, 
and, therefore, this is the reason for blocking gene expression. A study of the amino acid sequence 
also revealed differences between the groups of colored and uncolored varieties. These differences 
can be obviously divided into those characteristic of colored and uncolored varieties. However, a 
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mutation was detected in Sypun cherny variety, which affected the replacement of the amino acid 
isoleucine with valine, but did not affect the overall color of the berries. When searching for the 
amino acid sequence in the GenBank NCBI database, it was revealed that this mutation is not 
unique in nature, as it was found in the Alphonse Lavallée variety, as well as in interspecific hybrids. 

 

Keywords: Vitis vinifera L., indigenous varieties, introduced varieties, allele, gene, VvMybA1, 
sequencing, anthocyanin, mutations, amino acids, transposons 

 

European wine grape (Vitis vinifera L.) is one of the most widespread and 
economically important agricultural crops. The color of its berries is one of the 
main characteristics when describing existing varieties and creating new forms. 
The trait depends on the amount and composition of anthocyanins, which the 
colored varieties accumulate in the berries, while the uncolored ones do not syn-
thesize [1]. 

Methods of cultivating grapes and processing the grape vine harvest de-
pend on which hybrid, clone and stock are used in production, that is, on the 
ampelographic properties [2]. Vegetative reproduction preserves the desired traits, 
but significantly influenced the frequency of spontaneous somatic mutations ob-
served in vineyards [3, 4]. Thence, many traits of grape plants were acquired not 
only by hybridization, but also due to clonal selection, for example, yield per bush, 
shape and compactness of a bunch, size and color of berries [5-7]. That is, the 
varieties intermediate in berry color (pink, red, yellow, etc.) appeared as a result 
of hybridization and mutations. The ripening and berry formation are also influ-
enced by the environment [8-10], however, berry color is determined by genes. 
The metabolic pathways of anthocyanin color are primary regulated by the group 
of MYB genes [11-13].  

VvMybA family of grape transcription factors is responsible for the content 
of anthocyanins in the berries of cultivated and wild grapes. Previous studies have 
shown that uncolored grapes arose due to the insertion of a retroelement in 
VvMybA1 [14-16] and a single nucleotide polymorphism mutation in VvMybA2 
[17, 18]. That is, a gene cluster located on chromosome 2 is responsible for most 
of the color change, and the phenotype is due to the joint work of the VvMybA 
genes [19]. This locus consists of three MYB genes, among which VvMybA1 and 
VvMybA2 are functionally involved in berry pigmentation [13, 14]. It was shown 
that the appearance of a genotype characteristic of white berry varieties depends 
exactly on VvMybA1 and VvMybA2 [11, 13, 15]. Loss of VvMybA1 gene function 
occurs due to the insertion of the Gret1 transposon [16, 20], while VvMybA2 can 
have a single nucleotide polymorphism (SNP) K980 in the coding sequence, which 
modifies the putative -helix of the recognition domain R2R3 and leads to the 
loss of the allele functionality [15, 21].  

It should be noted that in our country, well-known western introduced va-
rieties have earlier been studied intensively, while the native varieties of the Black 
Sea basin, which have a huge potential for breeding new hybrids and selecting 
clones, remain unexplored. In particular, the structures of their genes, for example, 
VvMybA1, remains unknown, information about which is important for identifying 
the unique genetic structure of alleles, understanding particular cases of phenotypic 
diversity, and studying Vitaceae family evolution. 

In this work is the first to identify VvMybA1 gene alleles in native Russian 
grape varieties. The size of the alleles in colored and uncolored varieties is the 
same, but alignment of the sequences showed characteristic features of the allele 
structure for each of the studied genotypes  

Our investigation aimed to reveal and identify structural features and 
to compare the VvMybA1 gene alleles in two native and two introduced grape 
varieties.  
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 Materials and methods. Two colored (Cabernet Cortis and Sypun black) 
and two uncolored (Chardonnay and Sibirkovy) grape varieties (respectively, na-
tive and introduced) were compared. Plant apical leaves were collected in Anapa 
zonal ampelographic collection SKFNTSSVV (AZOSViV). DNA was extracted by 
a modified CTAB method with mercaptoethanol [22]. For PCR optimization, the 
DNA concentration was measured (an Implen NP80 nanophotometer, Implen 
GmbH, Germany) and adjusted to 20 ng/μl with deionized water. 

To perform classical PCR and identify target alleles of VvMybA1 gene, we 
used markers described by Azuma et al. [23], which allow identification of two 
alleles, VvMybA1b and VvMybA1c, at once in a single PCR run. A 25 µl PCR 
mixture contained 20 ng of a template DNA, 200 mM dNTP, 0.2 mM of each 
primer [23] synthesized by JSC Evrogen (Russia), and one unit Taq-DNA poly-
merase (JSC Evrogen, Russia). PCR was performed in the following mode: 3 min 
at 95 C (initial denaturation); 30 s at 94 C, 30 s at 65 C, 30 s at 72 C (35 
cycles); 10 min at 72 C (DT-322, DNA-Technology LLC, Russia). The PCR 
results were checked for compliance with the expected fragment lengths in 6% 
PAGE with 1½ TBE buffer; amplification products were separated in a VE-20 
vertical electrophoresis chamber (Helicon, Russia) for 3 h (7 V/cm) (molecular 
weight marker M12, NPO SibEnzyme, Russia).  

The amplicons were separated in 2% agarose gel with 0.5½ TAE buffer at 
5 V/cm, then excised from the gel plate and extracted using Cleanup Standard kit 
(Evrogen, Russia). The DNA concentration in the sample was measured (an Im-
plen NP80 nanophotometer), and the volume was adjusted to 6 μl with deionized 
water (the purified amplified fragment concentration was 30 ng/μl).  

Sequencing was performed with forward and reverse PCR primers [23] to 
ensure greater reliability (equipment of ZAO Evrogen, Russia).  

A compliance with the expected amplicon size was assessed by searching 
the sequence in the GenBank NCBI database (https://www.ncbi.nlm.nih.gov/gen-
bank) with BLAST, blastx, and CD-search web tools [24]. The obtained DNA 
and protein sequences were aligned according to standard parameters of the Clus-
talO program using the VIENNA (for fasta alignment) and ClustalW (for subse-
quent analysis) formats [25]. MView interface as applied to analyze the aligned 
sequences [26]. Phylogenetic relationships between the studied amino acid se-
quences were established using MEGA7 program [27] by the Maximum Likeli-
hood method [28] with the Jones-Taylor-Thornton model [29] (999 bootstraps).  

Results. After separation of the am-
plification products in agarose gel (Fig. 1), 
it was found that all four grape samples had 
alleles of the VvMybA1 gene of the same 
size (approximately 850 bp). Similar works 
on grapes have already demonstrated the 
similarity of DNA sequences obtained by 
PCR not only in size, but also in primary 
structure [14, 16, 30]. However, in addi-
tion to this, it was shown that areas of the 
same size can be polymorphic and differ in 
structure, which also affects the color trait 
[16, 21]. We sequenced the amplified 
DNA regions to establish their nucleotide 
sequences in alleles of the same size and 

obtained the following results (Fig. 2): 
 

 
Fig. 1. Separation of amplified DNA fragments 
of VvMybA1 alleles in colored (Cabernet Cortis 
CC and Sypun black SB) and uncolored 
(Chardonnay Ch and Sibirkovy S) varieties of 
European wine grape (Vitis vinifera L.) (М — 
molecular weight marker M12, NPO SibEn-
zim, Russia; Anapa zonal ampelographic col-
lection SKANCSVV). 

http://www.agrobiology.ru/articles/3-2020milovanov-ris-eng.pdf
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Fig. 2. Sequencing of 850 bp amplicons of VvMybA1 alleles in colored (Cabernet Cortis and Sypun 
black) and uncolored (Chardonnay and Sibirkovy) varieties of European wine grape (Vitis vinifera L.) 
(Anapa zonal ampelographic collection SKANCSVV) (for the figure, see http://www.agrobiology.ru). 

 

The obtained nucleotide sequences were compared with each other using 
the ClustalO program (Fig. 3): 

 

 
Fig. 3. Analysis of VvMybA1 gene allele regions in four native and introduced varieties of European wine 
grape (Vitis vinifera L.) (colored Cabernet Cortis and Sypun black and uncolored Chardonnay and 
Sibirkovy) (ClustalO program; Anapa zonal ampelographic collection SKANCSVV). Nucleotide pol-
ymorphisms identified by alignment of the analyzed sequences in four genotypes are highlighted as in 
white. A unique nucleotide substitution at nucleotide position 281 in Sipun black variety is marked 
by white background. For the figure, see http://www.agrobiology.ru. 
 

Sequence alignment revealed nucleotide substitutions that made it possible 
to distinguish between white and red berry varieties, for example, nucleotides 4-10. 
These differences were revealed in both pairs of the varieties we studied, the colored 
(Sypun black and Cabernet Cortis) and uncolored (Chardonnay and Sibirkovy). The 
same was confirmed by a search among the corresponding sequences deposited in 
the GenBank NCBI databases where the 100% similarity was found (except for the 
Sipun black variety). 

The nucleotide sequences of the analyzed alleles in the Chardonnay and 
Sibirkovy cultivars were identical and coincided with that of the allele characteristic 
of the white berry cultivars with the Gret-1 insert. This retrotransposon, as previously 
reported [16, 31], causes loss of the VvMybA1 allele function. Consequently, it is 
the presence of such an insert in the specified gene that suppresses the synthesis of 
anthocyanins which provide berry coloration in the Sibirkovy variety. Despite the 
fact that we identified in the Sipun black cultivar a unique mutation in nucleotide 
281 (see Fig. 3), in general, the nucleotide sequence of this allele (as in the Cabernet 

http://www.agrobiology.ru/articles/3-2020milovanov-ris-eng.pdf
http://www.agrobiology.ru/articles/3-2020milovanov-ris-eng.pdf
http://www.agrobiology.ru/articles/3-2020milovanov-ris-eng.pdf
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Cortis cultivar) was characteristic of the colored cultivars (in particular KY406230.1, 
GU145121.1 and GU145120.1 accession numbers). Interestingly, a similarity ap-
peared with the VvMybA1SUB allele which was present but not expressed in uncol-
ored varieties Sultanina, Pirovano 166A, and others [16], that is, did not play a 
decisive role in berry coloration.  

 

 
Fig. 4. A search for amino acid sequences translated from VvMybA1 gene alleles in four native 
and introduced varieties of European wine grape (Vitis vinifera L.) (colored Cabernet Cortis and 
Sypun black and uncolored Chardonnay and Sibirkovy) (blastx algorithms; Anapa zonal ampelo-
graphic collection SKANCSVV). When compared with the reference sequences in NCBI Protein 
(https://www.ncbi.nlm.nih.gov/protein/), an insert was identified which is highlighted by dashes (most 
likely, it is the intron sequence not deleted by blastx tool during translation). 
 

After assignment of the sequences to the sought alleles, we used blastx tool 
to search among the corresponding amino acid sequences. For all four sequences, 
the presumptive structure of the amino acid chain was established (Fig. 4). The 
results of the search showed 100% coincidence in all analyzed samples, with the 
exception of a large insert in the middle of the sequences which were turned out 
to be characteristic of all genotypes and resulted from translation of the intron 
region not excluded by the algorithm for some reason. This statement is also sup-
ported by a search in EnsemblPlants [32] and CD-search [33]. 

Having shown single nucleotide polymorphisms, we aligned the amino acid 
sequences in ClustalO program (Fig. 5). Differences between the white berry and 

http://www.agrobiology.ru/articles/3-2020milovanov-ris-eng.pdf
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red berry varieties were found for amino acids 12, 49, and 62. A unique substitution 
of isoleucine for valine was found in Sypun black variety (amino acid 23). In addi-
tion, two of the four polymorphisms were located in the coding part of the sequence. 
One of them was typical for white and red berry genotypes, and amino acid 23 in 
Sipun black variety was unique. As per CD-search, this substitution was located in 
a conservative region. It is noteworthy that no differences were found in this position 
from the variety Alphonse Lavallée [16]. However, both varieties are brightly col-
ored. Therefore, the change in amino acid sequence did not affect the expression of 
this trait in any way. The search for the amino acid sequence of Cabernet Cortis in 
NCBI Protein confirmed that it is often found among interspecific hybrids that have 
a similar sequence of amino acids encoded by VvMybA1 [11, 13], but differ from 
the Sipun black genotype by replacing valine to isoleucine. 

 

 
Fig. 5. Alignment of amino acid sequences (with an intron insertion marked) translated from VvMybA1 
gene alleles in four native and introduced varieties of European wine grape (Vitis vinifera L.) (colored 
Cabernet Cortis and Sypun black and uncolored Chardonnay and Sibirkovy) (ClustalO program; 
Anapa zonal ampelographic collection SKANCSVV). In Sypun black variety, in the position 23 (high-
lighted in white background) there is an amino acid substitution (isoleucine characteristic of the other 
three varieties is replaced to valine). For the figure, see http://www.agrobiology.ru. 
 

As a whole, our results were in line with the expected ones, since it was 
revealed that the studied varieties are similar in nucleotide sequences of VvMybA1 
gene alleles to the known genotypes. An unexpected result was the similarity of the 
amino acid sequence encoded by the VvMybA1 gene allele in the Sibirkovy variety 
and the colored varieties Benitaka, Cabernet Sauvignon, and Roditis [16, 34]. This 
can be explained by the fact that Benitaka variety is a spontaneous mutant of the 
white-berry variety Italia [31], whereas varieties Cabernet Sauvignon and Roditis are 
hybrids harboring both VvMybA1b and VvMybA1c alleles [16, 34, 35]. 

To compare the sequences of genes that determine colored and uncolored 
berries, we clustered them based on amino acid sequences (Fig. 6). The genotype 
Rosa chinensis (XP_024179665.1) of Rosaceae family was involved as an outgroup.  

 

Fig. 6. Clustering of four native and introduced va-
rieties of European wine grape (Vitis vinifera L.) 
(colored Cabernet Cortis and Sypun black and 
uncolored Chardonnay and Sibirkovy) based on 
amino acid sequences translated from the se-
quenced VvMybA1 gene alleles (Anapa zonal am-
pelographic collection SKANCSVV). Bootstrap 
values over 50 are indicated. 

 
In clustering, genotypes formed 

three groups (the outgroup, colored and 
uncolored varieties). Interestingly, on the 
generated tree the white-berry varieties 
were located separately from the main 

http://www.agrobiology.ru/articles/3-2020milovanov-ris-eng.pdf
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branch between the colored varieties and the outgroup. These data are confirmed 
by other studies. Indeed, some uncolored varieties, such as Pinot blanc and Pinot 
Gris, appeared as a result of mutation [36], while the reverse process was also 
observed, i.e. the appearance of berry coloration in the Benitaka variety, that is, a 
transition from white berry color to pink [31]. 

Thus, in the introduced and native Russian grape varieties, the VvMybA1 
gene alleles are identified, the size of which does not differ in colored and uncol-
ored varieties. The alleles reveal unique single nucleotide substitutions inherent in 
the specific genotypes we studied, including a unique nucleotide substitution in 
the Sypun black variety, as well as an insert in the uncolored Chardonnay and 
Sibirkovy varieties. A search for these sequences in the GenBank NCBI database 
using BLAST algorithms showed that three genotypes (varieties Cabernet Cortis, 
Sypun black, and Chardonnay) have alleles characteristic of white and black berry 
forms. In the Siberian variety, the VvMybA1 gene allele is similar to the VvMybA1a 
allele with Gret-1 transposon insertion. Obviously, the VvMybA1 allele expression 
in the Sibirkovy variety is turned off by this very factor. A similar result was ob-
tained for the Chardonnay variety (the presence of the Gret-1 transposon which 
suppresses functional activity of the VvMybA1 allele). 
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