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Abstract. This article presents the structures of chloroplast genomes of
three Vitis sylvestris Gmel. samples from Damanskaya population of the
Krasnodar Territory. An expedition to the place where wild forest
grapevine grows was made. After that, the selected leaves served as a
source of chloroplasts. DNA was isolated from them and DNA libraries
were prepared and sequenced. Genome assembly was carried out after
selection of the most suitable reference sample at coverage of 35.0x. The
genomes ranged in size from 159,900 to 160,887. Aligned chloroplast
genomes were annotated with GeSeq and GeneMark.hmm. OGDRAW was
used to visualize the structure of the genomes. GenBank search allowed to
determine their belonging to V. sylvestris species. At the same time, a
comparison of the genomes with each other showed the presence of minor
differences in their structure.

1 Introduction
Cultivated grapevine (Vitis vinifera L.) is one of the most widespread agricultural crops in
the world. The domestication of grapevine began in the Middle East and later spread
throughout the earth [1, 2]. At present, this species is represented by Vitis vinifera subsp.
vinifera and Vitis vinifera subsp. sylvestris. V. vinifera subsp. sylvestris, which is
distributed throughout the Mediterranean region, is considered to be the ancestor of
cultivated grapevine [3]. Both subspecies have variations in their morphological structure
[4, 5], and are also distributed in different climatic conditions.
In order to compare and establish the relationship between wild and cultivated
grapevine, studies using various kinds of phenotypic [6] and genetic [7] markers have
already been carried out. However, the results obtained using nuclear markers can be
misleading due to an active exchange of genetic material between wild samples growing in
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the forest and cultivated ones [8]. In particular, there are barely any untouched forests left
in Russia. This is especially true for such agronomically important regions as the Krasnodar
Territory. At the same time, there are wild forest grapevine centers of growth recognized in
this area [9]. The identified forms were characterized as Vitis vinifera subsp. sylvestris
representatives [10]. At the same time, it is important to note that the geographical
dispersion of these centers of growth (in the Krasnodar Territory and the Republic of
Adygea) made it possible to preserve their phenotypic diversity. Also, a study of genotypic
diversity within and between populations was conducted using microsatellite markers [11].
The results indicate that there may be admixtures within populations and support the claim
of pollination with locally cultivated grapevine varieties.
Studying the chloroplast genomes of wild and cultivated grapevine may provide a better
understanding of its origins [12]. In general, study and comparison of microsatellite
sequences of chloroplast genomes with each other gives an understanding of belonging to
one or another chlorotype, inherited through the female line [13]. However, examination of
only individual microsatellite sequences provides a limited view in contrast to the
sequencing of the entire chloroplast genome [14]. Therefore, in our study we performed
chloroplast genome sequencing of three representatives from Damanskaya population of
the Krasnodar Territory.

2 Materials and methods
The coordinates of the place of growth published earlier were used to collect plant material
[10]. After that, the leaves in coolers were transported to the place where chloroplasts were
isolated. Chloroplasts isolation was carried out in accordance with the published method
[15]. DNA isolation from chloroplasts was carried out using DNeasy Blood & Tissue Kit
(QIAGEN). The quantity and quality of the isolated DNA were determined using the Qubit
4 Fluorometer (Thermo Fisher Scientific).
Preparation of libraries for sequencing was carried out using the Nextera DNA Flex
Library Prep Kit (Illumina). Sequencing was performed on the MiSeq (Illumina). FastQC
was used for quality control [16]. Adapter sequences were removed using Trimmomatic
v.0.39 [17]. Preliminary assembly of genomes was carried out in UGENE [18] with the
built-in SPAdes v.3.15.3 algorithm [19]. Then reads were alligned to different genomes to
select the most efficient one using the BWA program [20]. Therefore, we chose the
chloroplast genome of V. vinifera PN40024 (GenBank number NC_007957.1) as a
reference. To compare the results among themselves and against already available data the
NCBI BLAST algorithm was used [21]. The search for possible CDS was done with the
GeneMark.hmm [22]. Genomes were annotated using GeSeq [23] and visualized by
OGDRAW [24].

3 Results and Discussion
As a result of the work, we obtained chloroplast genomes of three representatives of wild
grapevine from Damanskaya population of the Krasnodar Territory. The sequencing results
are presented in Table 1. The results of genome annotation are displayed graphically in
Figures 1-3.
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Table 1. Results of chloroplast genomes assembly and annotation.
Sample

Total
length

1.1 Damanka
k.1.1

160887
b.p.

2.1 Damanka
k.1.2

159900
b.p.

3.1 Damanka
k.1.1

160873
b.p.

GC
content

Covera
ge

37%

35.0x

CDS
num
ber
86

37%

35.0x

97

38%

35.0x

87

Fig. 1. Visualization of 1.1 Damanka k.1.1 genome.

3

Nucleotide
BLAST result

GenBank
number

Vitis vinifera
subsp. sylvestris
INRA
Vitis vinifera
subsp. sylvestris
INRA
Vitis aestivalis
cultivar Norton

LC501387.1
LC501387.1
KT997470.1
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Fig. 2. Visualization of 1.1 Damanka k.1.2 genome.
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Fig. 3. Visualization of 3.1 Damanka k.1.1 genome.

Table 1 shows that the size of the obtained genomes varied within 160 kb, which
indicates a high coverage of the genome as a whole. At the same time, coverage in terms of
the number of reads per region for each of the samples was 35.0x. A search in GenBank
showed that two out of three representatives of the population belong to the V. sylvestris. At
the same time, the sample 3.1 Damanka k.1.1 was identified as a representative of a
different species. This is interesting in view of the fact that phenotypically all samples of
the Damanskaya population are similar [25]. Also, indirectly, this can be confirmed by the
fact that Vitis vinifera subsp. sylvestris INRA presented below in the list of nBLAST results
with a small difference of 0.01%. In order to test this assumption, we compared the 1.1
Damanka k.1.1 and 3.1 Damanka k.1.1 genomes with each other (Figure 4).
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Fig. 4. Comparison of 1.1 Damanka k.1.1 and 3.1 Damanka k.1.1 genomes.

As we can see from Figure 4, in general the structure of chloroplast genomes is similar,
which is also indicated by the results displayed in percentages: 99% coverage and 99.86%
identity. It was unexpected that the comparison between the first and second samples gave
lower numbers: 99% coverage and 99.17% identity. However, this can be explained by the
fact that the assembly size of the chloroplast genome of sample 1.1 Damanka k.1.2 is
smaller. On the other hand, this can also be explained by some polymorphism of the
genomes, for example, when comparing LC510289.1 and LC494572.1, the coverage is
99%, while the identity is 99.94%. Therefore, given the previous phenotyping, all three
samples can be identified as Vitis vinifera subsp. sylvestris Gmel.

4 Conclusion
As a result of the work, chloroplast genomes of wild forest grapevine from Damanskaya
population were sequenced for the first time. With coverage of 35.0x, the studied genomes
were assembled based on the alignment of reads to the reference DNA sequence. It is
interesting to note that we performed alignment for various deposited genomes, including
V. sylvestris, as a result, alignment for the chloroplast genome of V. vinifera showed the
greatest efficiency. CDSs were determined using GeneMark.hmm. Visualization of each
genome was made, displaying both similarity and some differences in structure. The
determination of the systematic position of the three genotypes by comparison with
GenBank showed that all chloroplast genotypes were inherited from the mother plant,
which is V. sylvestris. Together with the previous results of phenotyping, the obtained data
give grounds to attribute the studied genotypes to V. sylvestris.
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