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Summary. DNA sequence data from complete chloroplast genomes expand our understanding of plant diversity
and contributes to our understanding of evolutionary relationships among species. De novo assembly and annota-
tion of plant chloroplast genomes are difficult due to the high number of repeats and low number of plant chloroplast
genomes in international databases. The development of long-read sequencing platforms such as PacBio and Oxford
Nanopore, as well as specialized assemblers, is simplifying the process of assembling and annotating large circular mol-
ecules. In this work, we report the complete chloroplast genome of the autochthonous Vitis vinifera variety ‘Krasnostop
Zolotovskiy, obtained de novo by the hybrid assembly method using short and long DNA reads. The circular genome of
the chloroplast is 160,927 bp long with a GC ratio of 37.38 %. It has four subregions: large single-copy (LSC) region of
71,946 bp, a small single-copy (SSC) region of 36,273 bp, and two inverted repeat regions (IRs) of 26,354 bp each. The
chloroplast genome of V. vinifera ‘Krasnostop Zolotovskiy’ harbours 129 genes, comprising 84 protein-coding genes,
8 rRNA genes, and 37 tRNA genes. We also carry out a phylogenetic analysis based on all the complete sequences of
grape chloroplast genomes available in the databases, which shows that the V. vinifera ‘Krasnostop Zolotovskiy’ does
not have a direct origin with any European variety.
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Annomauus. Jaunsie o [THK-moceoBaTeNIbHOCTSX MOTHBIX XTIOPOIUIACTHBIX TeHOMOB PACIIMPSIOT HAIlle IIPef-
CTaBJIeHIe O PasHOOOpPa3My pacTeHMit U CHOCOOCTBYIOT MOHMMAHUIO SBOJIOUOHHBIX B3aVMOOTHOIIEHUT MEXIY
Bugamu. Coopka de novo 1 aHHOTAIMs TEHOMOB X/IOPOIUIACTOB PACTEHUIT 3aTPY/{HEHDI 13-3a OOJIBIIIOTO KOMYECTBa
HOBTOPOB U HeOONBIIOTO KOMMYECTBA XIOPOIIIACTHBIX HocnefoBaTenbHocTelt JTHK pacTeHnit B MeXIyHapOSHBIX
6a3ax maHHbIX. PaspaboTka mmaTdopM A/ist CEKBEHMPOBAHMs C IIMHHBIMY YTEHUAMM, Takux Kak PacBio u Oxford
Nanopore, a Takxe CIelnaIM31POBAHHBIX acCeMOIepOB YIIPOIIAeT Mpolecc COOPKM 1 aHHOTUPOBAHMsI OOJIBIINX
KOJIBIIEBBIX MO/IEKY/L. B faHHOI paboTe MPUBOJUTCS MOMHBIN F€HOM XJIOPOIIACTA ABTOXTOHHOTO COPTAa BMHOTpPasia
Vitis vinifera ‘KpacHoctomn 300T0OBCKMIT 13 fONUHbI JJOHa, MOMYYeHHDIIT de n0vo MeTOROM IMOpUIHON COOPKH C uC-
I0/1b30BaHMeEM KOPOTKUX 1 JyimHHBIX 4TeHnit JIHK. KonblieBoi reHoM XoporacTta uMeeT JyinHy 160927 map ocHo-
BaHmii ¢ coornoienneM GC 37,38 %. [eHOM COCTONUT 13 YeTBIpeX CYOPErroHOB: OOMBIION 06/IACTH C OHOI KOIMel
(LSC) pnunoit 71946 1. H., HebonbIoit o6mactu ¢ ogHou Konmeit (SSC) pnmHoit 36273 1. H. U ABYX 0OmacTeit MHBEP-
THpoBaHHBIX T0BTOPOB (IR) AmmHOI 26354 1. H. Kaxaas. XJI0pOIIacTHLI reHOM copra V. vinifera ‘Kpacnocron 3o-
JIOTOBCKMIT copiepnT 129 reHOB, B TOM uucie 84 reHa, kogupyromux 6enku, 8 reHos pPHK 1 37 renos TPHK. Taxoke
IpoBeléH (HUIOTeHeTIYECKMIT aHa/MN3 Ha OCHOBE BCeX MMEIONIMXCs B 6a3ax JAHHBIX MOMHBIX MOCTeS0BATe/IbHOCTel
X/IOPOITACTHBIX TeHOMOB BUHOTIPajia, KOTOPBIT ToKasast, uro V. vinifera ‘KpacHocron 30/10TOBCKMIT He MMeeT Hpsi-
MOTO ITPOUCXOXK/IEHVSI HI OT OFHOTO €BPOIIeIICKOTO COpTa.

Introduction

The evolutionary history of autochthonous
varieties of Vitis vinifera L. is of great interest due
to their unique adaptation features to local climate
peculiarities. Through long-term natural selection,
these varieties have developed genetic determinants
of advantageous traits that enable them to adjust
to the climatic conditions and circadian rhythms
specific to the area (Labagnara et al., 2018). The
focus of numerous viticultural researchers currently
centers on the potential of autochthonous varieties.
They aim to investigate and utilize their benefits
in light of shifting environmental conditions as
well as a constantly changing array of plant pests.
‘Krasnostop Zolotovskiy’ (Fig. 1) is a crucial
autochthonous variety for contemporary Russian
winemaking and is revered by several experts as

Fig. 1. Plant image of Vitis vinifera ‘Krasnostop Zolotov-
skiy, Sikory Estate, Novorossiysk, Krasnodar Region,
Russia, August 2023 (photo by N. Molchanov).

the finest local grape variety within the country
(Robinson et al., 2013). The variety comes from the
Don River valley (actually Rostov Oblast in Southern
Russia) and was first mentioned by its name in
1814. It was previously assumed that all Don Valley
varieties were imported from Western Europe and
the Balkans. However, recent studies based on single
nucleotide polymorphism (SNP) analysis show
no direct relationship with Caucasian and Balkan
varieties (Fedosov et al., 2021). Phylogenetic analysis
of the chloroplast genome of V. vinifera ‘Krasnostop
Zolotovskiy’ can offer significant insights into the
evolutionary processes of grapevine varieties (Ballas,
1877).

Materials and methods

Freshleaves of V. vinifera ‘Krasnostop Zolotovskiy’
were collected in the vineyards of Southern Russia
from Sikory Estate, Novorossiysk, Krasnodar Region
(44°53'9.9"N, 37°37'8.1"E) by Nikolay Molchanov. A
specimen was deposited at the National Research
Center “Kurchatov Institute” (Dmitriy Fedosov,
dimitri.kovalev@gmail.com) under the voucher
number LIBV0013. The DNA extraction protocol
used in this research was adjusted from that of
(Sandra Lo Piccolo, 2012). Modifications included
performing all centrifugation procedures at 3500 g
and 4 °C. The centrifugation time was 15 min and 45
min for DNA extraction with chloroform-isoamyl
alcohol and isopropanol precipitation of DNA,
respectively. Prior to sequencing ona GridION device
(Oxford Nanopore Technologies, UK), an extra
purification step using Genomic Tip 20/G columns
(Qiagen, Germany) was performed according to
the manufacturer's instructions (Sharko et al,
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2021). The concentration and quality of extracted
DNA was assessed using a Nanodrop 1000 device
(Thermo Fischer Scientific, Waltham, MA, USA)
and a Qubit fluorometer with the Qubit™ dsDNA BR
Assay Kit (Thermo Fischer Scientific, Waltham, MA,
USA). DNA fragment libraries were prepared for
[lumina sequencing using the NEBNext® Ultra™ II
DNA Library Prep Kit for Illumina® (New England
BioLabs, Ipswich, MA, USA) according to the
manufacturer's protocol. The resulting libraries were
sequenced on the NovaSeq 6000 platform (Illumina,
San Diego, CA, USA) using 2*150 bp paired-end
chemistry. Long-read sequencing was performed
on a GridION instrument using the Ligation
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Sequencing Kit according to the manufacturer's
guidelines.

Read filtering, trimming of sequencing adapters
and low-quality read regions were performed with
the fastp tool (Chen et al., 2018). Hybrid de novo
assembly was performed using the SPAdes v3.15.0
assembler (Bankevich et al., 2012) with a coverage
of 7025.5x (Figure S1). The obtained chloroplast
genome was annotated using the OGDRAW
platform (Greiner et al., 2019). The complete
chloroplast genome of Vitis vinifera ‘Krasnostop
Zolotovskiy” was submitted to GenBank (Accession
number: OR500062).
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For the phylogenetic analysis, common conserved
genes extracted from 17 Vitis chloroplast genomes
were aligned using mafft v7.245 (Katoh et al., 2019)
with an iterative method (G-INS-i) using the default
parameter settings. To construct the maximum
likelihood (ML) phylogenetic tree, the RAxML
algorithm (Stamatakis, 2015) was employed, and
bootstrap values were obtained from 1000 replicates.
The resulting tree was visualized using the iTOL
service (Letunic, Bork, 2019).

Result

The chloroplast genome of V. vinifera ‘Krasnostop
Zolotovskiy’ is 160,927bp in length (GC ratio:
37.38 %). The genome contains a large single-copy
(LSC) region of 71,946 bp, a small single-copy (SSC)
region of 36,273bp, and a pair of inverted repeat
regions (IRA and IRB) of 26,354 bp. It possesses 129
genes, including 84 protein-coding genes, 37 tRNA
genes, and 8 rRNA genes (Fig. 2). 16 genes were
found to be duplicated, including 5 protein-coding

Tree scale: 0.001

genes (ndhB, rpl2, rpl23, rps7 and ycf2), 7 tRNA
genes (trnA-UGC, trnl-CAU, trnl-GAU, trnL-CAA,
truN-GUU, trnR-ACG and trnV-GAC) and 4 rRNA
genes (rrnl6, rrn23, rrn4.5, rrn5). 13 protein-coding
genes and 8 tRNA genes contain one intron, while
clpP1, pafl and rps12B genes contain two introns.

To determine the phylogenetic position of the
V. vinifera ‘Krasnostop Zolotovskiy, a ML tree was
constructed using the protein-coding genes of the
Vitis chloroplast genomes collected in the current
study, as well as other 16 members of the Vitis family,
loaded from the NCBI database, with V. rotundifolia
as the outgroup. Phylogenetic analysis showed that
Vitis vinifera ‘Krasnostop Zolotovskiy’ belongs to
the group of Asian varieties V. vinifera ‘Fengzao and
Vitis vinifera ‘Kyoho (Fig. 3) with strong support
(BP = 100), indicating a close relationship of
V. vinifera ‘Krasnostop Zolotovskiy’ with these types.
At the same time, European and Caucasian varieties
form two separate groups with equally strong support
(BP = 100).

NC_056363.1 Vitis labrusca x V. vinifera ‘Shine Muscat’

100 NC_039793.1 Vitis labrusca
NC_007957.1 Vitis vinifera

@, CMO041973.1 Vitis vinifera ‘Albarino’
CMO048856.1 Vitis vinifera ‘Brancellao’

DQ424856.1 Vitis vinifera ‘Maxxa’

LC718894.1 Vitis vinifera subsp. caucasica ‘Aladasturi’

— LC715954.1 Vitis vinifera subsp. caucasica ‘Cicka’

AB856291.1 Vitis vinifera subsp. caucasica ‘Meskhuri Mtsvane’

AB856289.1 Vitis vinifera subsp. caucasica ‘Rkatsiteli’

LC714846.1 Vitis vinifera subsp. caucasica ‘Ojaleshi’

LC523806.1 Vitis vinifera subsp. sylvestris
MN149614.1 Vitis vinifera ‘Fengzao’

MN149615.1 Vitis vinifera ‘Kyoho’

OR500062 Vitis vinifera ‘Krasnostop Zolotovskiy’

NC_059701.1 Vitis vinifera x V. labrusca ‘Shenhua’

a - - NC_023790.1 Vitis rotundifolia

Fig. 3. Phylogenetic position of Vitis vinifera ‘Krasnostop Zolotovskiy” in the ML phylogenetic tree constructed us-
ing sequences of protein-coding genes from 17 complete chloroplast genomes of different grapevines. The follow-
ing sequences were used in the analysis: V. vinifera subsp. caucasica ‘Meskhuri Mtsvane’ (AB856291.1), V. vinifera
subsp. caucasica ‘Rkatsiteli’ (AB856289.1), V. vinifera subsp. caucasica ‘Ojaleshi’ (LC714846.1), V. vinifera subsp. syl-
vestris (LC523806.1), V. vinifera ‘Maxxa (DQ424856.1), V. vinifera subsp. caucasica ‘Cicka’ (LC715954.1), V. vinifera
(NC_007957.1), V. vinifera subsp. caucasica ‘Aladasturi’ (LC718894.1), V. vinifera ‘Fengzao' (MN149614.1), V. vinifera
‘Krasnostop Zolotovskiy’ (OR500062), V. vinifera ‘Kyoho (MN149615.1) , V. vinifera ‘Brancellao’ (CM048856.1) (un-
published), V. vinifera ‘Albarino’ (CM041973.1) (unpublished), V. rotundifolia (NC_023790.1), V. labrusca x V. vinifera
‘Shine Muscat’ (NC_056363.1), V. labrusca (NC_039793.1) and V. vinifera x V. labrusca ‘Shenhua (NC_059701.1) (Jan-
sen et al., 2006; Wen et al., 2018; Pipia et al., 2019; Guo et al., 2020a, b; Wu et al., 2020; Zhang et al., 2021). Bootstrap
support values are shown on the nodes.



128

Sharko E. S. et al.

The complete chloroplast genome sequence of Vitis vinifera ‘Krasnostop Zolotovskiy’ ...

Discussion and conclusion

This study presents the complete assembly and
annotation of the chloroplast genome sequence
of the V. vinifera ‘Krasnostop Zolotovskiy. Based
on phylogenetic analysis (Fig. 3) using protein-
coding genes in the publicly available complete
chloroplasts genomes, it was found that ‘Krasnostop
Zolotovskiy’ has no direct genetic relationship
with other Caucasian and European varieties of
V. vinifera. Instead, it forms a distinct cluster in
the genetic dendrogram of V. vinifera along with
other autochthonous varieties, which strongly
contradicting earlier theories suggesting its origin
from Eastern European varieties introduced into
Russia. We cannot unambiguously confirm the
results obtained in the work of Fedosov et al. (2021),
as Asian varieties were not previously represented
in that study. But it can be assumed that analysis
of chloroplast genomes can become an alternative
tool for studying the genetic relationships of grape
varieties. However, to test the applicability of this
method, it is necessary to use extended samples
and analyze the correlations of chloroplast analyzes
with correlations of SNPs. The exploration of the

chloroplast genome of the V. vinifera ‘Krasnostop
Zolotovskiy’ contributes to our understanding the
evolution and genetic diversity of grapevine cultivars.
Further investigation of the genetic composition and
structure of the chloroplast genome may provide
additional insights into the origins of unique traits
and the domestication process (Arroyo-Garcia et
al., 2006). In addition, the information gained from
studying the chloroplast genome could be used to
improve agricultural practices and obtain new vine
varieties with improved characteristics.
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