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Summary
Wild grapevine – Vitis vinifera subsp. sylvestris – ancestors of 
cultivated grapevines are the main players in understanding 
the molecular bases of the grapevine domestication process. 
The goal of the presented research was to assess the genet-
ic diversity of wild grapevine samples from several regions 
encompassing Europe (Spain, France, Germany, Hungary, 
Greece), the Mediterranean basin (Algeria, Tunisia, Moroc-
co), and South Caucasus (Georgia), using a complete chlo-
roplast DNA sequencing. The results suggest the existence 
of three different chloroplast DNA haplotypes reflecting the 
geographical distribution of the analyzed samples. This study 
represents the first report focused on analysis of a wide range 
of wild grapevine samples (Vitis vinifera subsp. sylvestris), ap-
plying next-generation technologies, and tracing the grape-
vine ancestry.

Keywords
Vitis vinifera subsp. sylvestris, Plastid DNA, Next-generation 
sequencing.

Introduction
From ancient times grapevine has been one of the most im-
portant agricultural crops in the world. The cultivated forms 
of Eurasian species Vitis vinifera L. represent the vast majority 
of grapevines producing high quality wines and table grape-
vines. Considering the basis of the morphological, biological, 
ecological, and genetic differences, two subspecies of Vitis 
vinifera have been described, V. vinifera subsp. vinifera (or 
subsp. sativa), which includes thousands of cultivars (up to 
7,000), and V. vinifera subsp. sylvestris, which corresponds to 
the wild type of Vitis vinifera. Considering that wild grapevines 
represent the progenitors of cultivated varieties, the analysis 
of their genetic profiles is of key interest for understanding 
the grapevine domestication process, which molecular bas-
es are still not clearly known (Myles et al., 2011; Grassi and 

Arroyo-García, 2020). Thus, the comparison between wild 
and cultivated population haplotypes from a species makes 
it possible to elucidate the geographic area where ancestral 
wild populations were domesticated. In this sense, the geo-
graphical analysis of genetic variations, commonly referred to 
as Phyogeography (Avise et al., 1987; Avise, 2000), has long 
been used to investigate plant domestication of important 
crop species (Olsen and Schaal, 1999; Olsen and Purugganan, 
2002; Singh, 2001; Matsuoka et al., 2002).

Wild grapevines V. vinifera subsp. sylvestris represent the 
only taxon of the Vitis genus aboriginal to Eurasia. It first ap-
peared approx. 65 million years ago, they are predominantly 
forest climbers and distributed in disjunct populations from 
the Atlantic coast to Tadzhikistan and the western Himalayas. 
Subspecies sylvestris is dioecious, exhibiting female and male 
flowers on different individuals, and a similar proportion in 
the populations; berries are small and acidic compared to cul-
tivated grapevines (Zohary and Hopf, 2000).

Although sylvestris grapevines were spread over Southern 
Europe and Western and Central Asia during the Neolithic 
period, archeological and historical evidence suggest that 
primary domestication events would have occurred in the 
Near-East (McGovern and Rudolph, 1996). It seems that spe-
cific climatic conditions in this area were favorable for the 
diversification of the wild varieties, and from which cultivat-
ed grapevines could be chosen for domestication. Also, in 
this region the natural spread of V. vinifera most closely ap-
proaches the probable origin of Western agriculture (Jackson, 
2014). Furthermore, several studies supported the existence 
of secondary domestication events along the Mediterranean 
basin (Aradhya et al., 2003; Grassi et al., 2003; Arroyo-García 
et al., 2006; Lopes et al., 2009; Andrés et al., 2012). According 
to many researchers, cultivated grapevine was domesticated 
around 6,000 BC. Chemical analyses of organic compound de-
posits found in ancient pottery fabrics in Georgia (South Cau-
casus) since the early Neolithic period, represent the earliest 
biomolecular evidence to date for grape wine and viniculture 
from the Near East, corresponding to ca. 6,000–5,800 BC. 
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This discovery is crucial to trace the later history of wine in 
Europe and the rest of the world (McGovern et al., 2017). In 
addition, based on different archeological and paleobotanical 
findings, several studies have pointed Georgia as the center 
of grapevine domestication (Zohary and Hopf, 2000; McGov-
ern, 2003; Laucou et al., 2011; Imazio et al., 2013; Ekhvaia et 
al., 2014; De Lorenzis et al., 2015; Laucou et al., 2018; Sar-
golzaei et al., 2021).

Plastid DNA analysis enables insights into many aspects of 
evolutionary process, such as plant origin and population his-
tory. Considering the relatively small size of plastid DNA, its 
low rate of nucleotide substitutions, and conserved molec-
ular structure constitute some of the reasons for its exten-
sive use in molecular genetic studies. Using nine chloroplast 
microsatellite markers, Arroyo-Garcia et al., (2006) analyzed 
chlorotype variation and distribution in samples of sylvestris 
and sativa genotypes from the eight large population groups 
according to physical geographic barriers: Iberian Peninsula, 
Central Europe, Northern Africa, Italian Peninsula, Balkan 
Peninsula, Eastern Europe, Near East and Middle East, and ar-
eas where sylvestris is distributed, determining that the stud-
ied genomes were divided into eight different chlorotypes. 
In the case of the wild grapevines, the four most frequent 
chlorotypes were A, B, and C, while in sativa samples was the 
chlorotype D. Although, the chlorotype A is prevalent in Eu-
ropean sylvestris populations, it was not found in the Near 
East. In the case of chlorotypes C and D, they are frequent 
in populations of the Near East, but were not found farther 
west (Arrayo-Garcia et al., 2006). Concordantly, our previous 
works analyzing the plastid DNA sequence on three non-cod-
ing regions (trnH-psbA intergenic spacer, rpl16 intron, ac-
cD-psaI intergenic spacer) showed that the worldwide set of 
cultivated and South Caucasian wild grapevines share four 
DNA haplotypes of a so called 'maternal line' (Beridze et al., 
2011; Pipia et al., 2012). Each haplotype contains the identifi-
er of the number of each grapevine sample, designated with 
a three-letter acronym which corresponds to the substitution 

type in plastid genomes and the informal group name (Fig. 1). 
Three of the four haplotypes (Chkhaveri-Pinot noir haplotype 
– GTA, Meskhuri Mtsvane-Chardonnay haplotype – ATA and 
Saperavi-Cabernet Sauvignon haplotype – ATT), were found in 
both Georgian and worldwide grape varieties sets, while the  
Rkatsiteli haplotype (AAA) was identified in most (>50%) of 
the analyzed Georgian cultivars, representing a genetically 
unique group which has no analogue in the world to date. 
All the four haplotypes were found in South Caucasian wild 
grapevines, where the global restriction of Rkatsiteli haplo-
type (AAA) was also detected (Pipia et al., 2012). The sharing 
of plastid haplotypes between cultivated and wild grapevines 
indicates genetic relationships of worldwide grapevine culti-
vars and South Caucasian wild populations, supporting earlier 
evidence about this geographic region as a possible center of 
grapevine domestication (Myles et al., 2011).

Interestingly, some coincidences were found between the 
chlorotypes identified by Arrayo-Garcia et al. (2006), and 
aforementioned haplotypes (Beridze et al., 2011; Pipia et al., 
2012; Pipia et al., 2017). In particular, there is certain ten-
dency among chlorotype A and haplotype GTA, chlorotype 
B/C and haplotype ATA, and chlorotype D with haplotype ATT 
(Pipia et al., 2012) (Fig. 1). It should be noted that in the study 
developed by Arroyo-Garcia et al., (2006), Georgian grape-
vine samples were not included, which may explain the lack 
of the possible overlapping between chlorotypes and AAA 
haplotype.

During the last decades, the next-generation plastid DNA 
genomics has emerged as a powerful and increasingly ac-
cessible tool for plant phylogenetics. Phylogenetic rela-
tionships between grapevine cultivars determined by com-
plete plastid DNA sequence analysis revealed a high level 
of identity among members of the same haplogroup, while 
Georgian grapevine cultivars were practically identical to 
that of West European cultivars (Tabidze et al., 2014). Based 
on 95 non-coding plastid regions inferred from BEAST us-
ing the random local clock model, the approximate age of 
aforementioned plastid haplotypes was also determined. 
According to the Chronogram of the main lineages of Vita-
ceae, Chkhaveri-Pinot-like genomes date to 5-4 Ma, while 
for Saperavi, Meskhuri Mtsvane and Rkatsiteli line age is 3-1 
Ma (Zecca et al., 2019).

The main goal of the present research was to analyze the 
whole plastid genome sequence diversity of wild grapevines 
(V. vinifera subsp. sylvestris) – from South Caucasus, espe-
cially Georgia, Europe, and the Mediterranean basin by using 
complete chloroplast DNA Illumina sequencing. The research 
was performed through the following steps: (1) A complete 
chloroplast DNA sequencing of wild grapevine accessions  
was achieved; (2) Identification of the haplotype for each  
analyzed plastid genome; (3) Assessment of plastid genome 
sequence diversity by identification of SNPs and InDels among 
the studied genomes.

Material and Methods
All samples from Georgian wild grapevines (V. vinifera sub-
sp. sylvestris) were collected in the field trips in South-cen-

Fig. 1: Joint dates of Vitis haplotype network obtained from plastid 
DNA non-coding regions (upper side) (Beridze et al., 2011; Pipia et 
al., 2012) and Chlorotypes detected by Arrayo-Garcia et al., (bel-
low) (Arrayo-Garcia et al., 2006). According to this scheme Chlo-
rotype A correlates with GTA haplotype, Chlorotype B/C with ATA 
haplotype and Chlorotype D with ATT haplotype.
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tral and East Georgia, during the years 2008 to 2010. Other 
wild grapevine samples from Europe and the Mediterranean  
basin were received from the National Research Institute 
for Agriculture, Food and Environment (INRAE), Grapevine 
collection of Vassal-Montpellier, France (Table  1). Cuttings 
of grapevine samples were grown to collect young green 
leaves for DNA extraction. Leaves were ground using liquid 
nitrogen for homogenization, and DNA extraction was con-
ducted by using CTAB-based protocol (Lodhi et al., 1994). 
The same extraction method was used for the leaves of 
Georgian wild grapevine samples collected directly during 
the field trips.

Construction of shotgun genomic DNA libraries 
and Sequencing

The genomic DNA libraries were constructed using the TruSeq 
DNA Sample preparation kit (Illumina, San Diego, CA, USA). 
Genomic DNAs were quantified using the Qubit BR reagents 
(Qbit 2.0 Fluorometer, Life Technologies). Briefly, 1  μg of 
DNA was sheared into 300 bp length fragments on a Covaris 
M220 focused ultrasonicator (CovarisInc) using SonoLabTM 
7.1 software for 250 cycles/burst, 20.0 Duty factor, 50.0 Peak 
power, in screw-cap microtubes. After shearing, the DNA was 
blunt-ended, 30-end A-tailed and ligated to indexed adapters. 
The adaptor-ligated genomic DNA was selected by size with 
AMPure-beads using the gel-free protocol described in the 
TruSeq DNA Sample Preparation manual. Size selected DNA 
was amplified by PCR to selectively enrich for fragments that 
have adapters on both ends. Final-amplified libraries were run 
on an Agilent bioanalyzer DNA 2100 (Agilent, Santa Clara, CA, 
USA) to determine the average fragment size and to confirm 
the presence of DNA according to the expected size range. 
The libraries were pooled in equimolar concentration, loaded 
into a flow cell for cluster formation, and sequenced using an 
Illumina MiSeq platform, considering both ends of the mole-
cules and a total read length. The libraries were sequenced 
from both ends of the molecules to a total read length of 150 
nt from each end. The raw.bcl files were converted into de-
multiplexed compressed fastq files using Casava 1.8.2 (Illumi-
na). DNA-sequence reactions were performed at the facilities 

of the National Centre for Disease Control and Public Health, 
Tbilisi, Georgia.

Assembly of plastid DNA

The total reads were trimmed using the computer program 
Sickle, a windowed adaptive trimming tool for FASTQ (a 
text-based format for storing nucleotide sequence) files us-
ing quality (https://github.com/najoshi/sickle). The reads 
were filtered by standard parameters (quality reads—20; 
cut-off length-20) and reads containing ‘N’ were discarded. 
The filtered reads were assembled using the SOAPdenovo2 
software program (version 127mer) (Li et al., 2009a; Li et al., 
2009b). The reads were first de novo assembled into contigs 
with k-mers 61–89. All contigs were aligned to the reference 
plastome sequence using BLASTN (https://blast.ncbi.nlm.nih.
gov/Blast.cgi). The large overlapping contigs were merged us-
ing EMBOSS 6.3.1: merger (Rice et al., 2000). The annotation 
of plastid DNA coding genes software was performed using 
GESEQ v. 1.42 software and nucleotide. BLAST (blastn). The 
annotated genome sequences are already available at NCBI 
(Table 2). For the construction of phylogenetic tree the MEGA 
program was used.

Table  2: The accession codes of the wild grapevine plastoms at 
NCBI.

Wild Grape Accession 
number

Borjomi district (Georgia) LC494572
Dusheti district (Georgia) LC495883
Village Qsovrisi (Georgia) LC523806
Lambrusque Tighzirt n°3 (Algeria) LC501387
Lambrusque Ain Draham 1 (Tunisia) LC508115
Lambrusque Beni Hassan S9 Ind 6 (Morocco) LC510289
Vitis silvestris Rio Turon primera (Malaga, 
Spain)

LC507100

Teulere pied sauvage (France) LC495478
Vitis silvestris Mannheim Nr 2 (Germany) LC523989
Vitis silvestris 3-23 (Hungary) LC508116
Vigne de Pausanias (Greece) LC492108

Table 1: List of analyzed wild grapevine samples (V. vinifera ssp. sylvestris) received from INRA Vassal-Montpellier collection, France.

Accession name and code Country Provenance Sex Identification Status

Lambrusque Tighzirt n°3 (8500Mtp140) Algeria - Natural, wild
Lambrusque Ain Draham 1 (8500Mtp25) Tunisia Male Semi-natural, feral
Lambrusque Beni Hassan S9 Ind 6 (8500Mtp232) Morocco - Natural, wild
Vitis silvestris Rio Turon primera (Malaga) (8500Mtp49) Spain Female Semi-natural, feral
Teulere pied sauvage (0Mtp1323) France Female Natural, wild
Vitis silvestris Mannheim Nr 2 (8500Mtp144) Germany Male Natural, wild
Vitis silvestris 3-23 (8500Mtp45) Hungary Hermaphrodite Semi-natural, feral
Vigne de Pausanias (8500Mtp141) Greece Male Natural, wild

https://githu
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi
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Results and Discussion

Haplotype and size of analyzed plastoms
Eleven accessions covering eight samples from different plac-
es of Europe and the Mediterranean basin, and 3 samples 
from Georgia were analyzed by Illumina sequencing. Table 3 
shows the list of sequenced grapevine chloroplast DNAs eval-
uated in this study, indicating the haplotype and genome size 
of these samples. It was found that most of the European and 
Mediterranean basin wild grapevine samples presented the 
GTA haplotype, except for the wild grapevine sample from 
Greece, which showed the ATA haplotype. The three samples 
from Georgia were identified as AAA haplotype, in concord-
ance with our previous studies (Pipia et al., 2012; Pipia et al., 
2015).

Polymorphism of analyzed complete plastoms: 
SNPs and Indels
The GTA haplotype plastid genome was analyzed revealing a 
complete sequence identity of wild grapevine samples from 
Algeria, Germany, and Hungary in relation to the reference 
Maxxa chloroplast DNA (GenBank: DQ424856.1), and some 
nucleotide polymorphisms were identified in other wild 

grapevine samples. Furthermore, the sequence analysis of 
samples presenting the GTA haplotypes showed the exist-
ence of six SNPs in coding gene regions, and three of them 
present non-synonymous substitutions, suggesting possible 
amino acidic alterations (Table 4). Interestingly, these three 
SNPs were found in protein-coding regions of the matK and 
ndhF genes. In case of the samples Lambrusque Beni Has-
san S9 Ind6 (Morocco) and Vitis silvestris Rio Turon primera 
(Malaga, Spain), a non-synonymous A/C substitution was ob-
served at position 3,262 bp, located in the matK gene region, 
according to the reference Maxxa DNA. This point mutation 
causes the change of Y (Tyrosine) amino acid by D (Aspartic 
Acid). In addition, the A/T missense mutation identified in 
Lambrusque BeniHassan S9 Ind 6 (Morocco) is located in the 
protein-coding region of the ndhF gene, position 115,958 bp 
according to the Maxxa genome, and it causes the substitu-
tion of amino acid I (Isoleucine) by K (Lysine). Also, the analy-
sis of other point mutations found at the clpP and rpl22 gene 
region do not suggest any amino-acidic substitutions effects.

The matK gene is used for the barcoding of different genome 
sequences. Considering that it has been reported PCR ampli-
fication data and DNA-sequence reactions of three genetic 
regions, rbcL, matK and trnH-psbA from ancient grape DNA 
sample from Southern Italy (Gismondi et al., 2016), we com-
pared this ancient Italian grapevine’s DNA with the plastid 

Table 4: List of intravarietal SNPs and amino acid substitutions found in coding gene regions among representatives of GTA haplotype. 
The samples are named according to their country source and genome positions are given according to the reference Maxxa (GenBank: 
DQ424856.1) genome.

Nucleotide  
Position (bp)

Genome 
Locus

Algeria Tunisia Morocco Spain France Germany Hungary Maxxa Amino Acid 
Substitutions

3263 matK gene A A A/C A/C A A A A Y – D
76616 clpP gene T T T/G T/G T T T T syn
88790 rpl22 gene A A A/C A A A A A syn

115958 ndhF gene A A A/T A A A A A I – K

Table 3: Complete chloroplast genome’s lengths and haplotypes of analyzed wild grapevine samples.

Wild Grape accession Country of 
Origin

DNA Length 
(bp)

Nucleotide positions 
(bp) according to Maxxa

Haplotype

205 86715 86721

Borjomi Georgia 160.928 A A A AAA
Dusheti Georgia 160.928 A A A AAA
Qsovrisi Georgia 160.928 A A A AAA

Lambrusque Tighzirt n°3 Algeria 160.928 G T A GTA
Lambrusque Ain Draham 1 Tunisia 160.926 G T A GTA

Lambrusque Beni Hassan S9 Ind 6 Morocco 160.926 G T A GTA
Vitis silvestris Rio Turon primera Spain 160.926 G T A GTA

Teulere pied sauvage France 160.929 G T A GTA
Vitis silvestris Mannheim Nr 2 Germany 160.928 G T A GTA

Vitis silvestris 3-23 Hungary 160.928 G T A GTA
Vigne de Pausanias Greece 160.909 A T A ATA
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genome sequences of European and Mediterranean wild 
grapevines. Our results showed that grape accessions includ-
ed in this study revealed some similarity with the ancient 
DNA. Ancient matK and rbcL nucleotide sequence analysis 
just showed 3 and 7 mutations respectively, while trnH-psbA 
genes displayed 11 SNPs and one 11bp deletion.

Regarding the plastid haplotypes analyzed, in the case of 
the ancient DNA, our results coincide with the data report-
ed by Gismondi et al., (2016), with one exception: We found 
one additional SNP in trnH-psbA gene region. The sequence 
alignment also revealed the presence of nine gaps: a single 
nucleotide insertion/deletion present in all of the analyzed 
grapevine samples exhibiting the GTA haplotype (Table 5). In 
addition, the wild Greece sample (Vigne de Pausanias), rep-
resentative of ATA haplotype plastid genome, was compared 
with the Georgian Meskhuri Mtsvane (ATA haplotype), and 
six InDels (5 deletion and one insertion) were identified (Ta-
ble 6).

Some of the analyzed wild grapevine genomes (i.e., from Al-
geria, France, Germany, see Table  1), showed high identity 

with the reference Maxxa genome sequence, and no signifi-
cant modifications were found. Therefore, this finding raises 
the question: are these samples true wild species or not?

The identification of true wild grapevines is quite a complex 
issue. Generally, there are three main step-procedures ap-
plied to identify the “true” wild grapevines: 1) Ecology or tak-
ing into consideration the location, e.g., distance from vine-
yards, etc.; 2) Morphology or ampelographic observations to 
distinguish individuals from wild Vitis sp. (hybrids, rootstocks) 
and then from V. vinifera cultivars; and 3) Genetic profiling 
using about 20 SSR markers to detect parentages, to exclude 
half-breeds with sativa and perform analysis of diversity to 
evaluate the position of wild individuals among the whole V. 
vinifera sample (sativa + other sylvestris) (Zdunic et al. 2017; 
Laucou et al. 2011). Considering these criteria, samples from 
Table 1 are true wilds, and there is no evidence of introgres-
sion from sativa gene pool. A high degree of sativa introgres-
sion into sylvestris can be easily detected by ampelography; 
however, in the case of medium degree of integration, nucle-
ar SSR markers can be helpful detecting the introgression. In 

Table 6: Gaps found by comparative analysis of wild grapevine of Greece (Vigne de Pausanias) and Georgian cultivar Meskhuri Mtsvane 
(ATA Haplotype). Positions and genome regions are presented according to Meskhuri Mtsvane reference genome (GenBank: AB856291).

Nucleotide Position (bp) Genome Locus Vigne de Pausanias 
(Greece)

Meskhuri Mtsvane  
Reference genome

5416 Intron rpl16 - C (deletion) C
51762 Intergenic trnL-trnF +T (Insertion) -
63110 Intergenic accD-psaI -T (deletion) T
89180 Intergenic rps19-rpl2 -T (deletion) T

160824 Intergenic rpl23-trnH -A (deletion) A
160825 Intergenic rpl23-trnH -A (deletion) A

Table 5: List of Gaps found among representatives of GTA haplotype. Positions are given according to the reference Maxxa (GenBank: 
DQ424856.1) genome.

Nucleotide  
Position

Genome Locus Algeria Tunisia Morocco Spain France Germany Hungary Maxxa

4423 Intergenic 
trnK-rps16

- - + A insertion + A insertion - - - -

14789 Intergenic 
atpF-atpH

T T - T deletion - T deletion T T T T

32585 Intergenic 
psbM-trnD

T - T deletion T T T T T T

39588 Intergenic 
psbZ- trnG

T T - T deletion - T deletion T T T T

76250 Intron clpP gene - - + A insertion + A insertion - - - -
82718 Intergenic 

petD- rpoA
A - A deletion A A A A A A

89221 Intergenic 
rps19- rpl2

- - - - + G insertion - - -

123308 Intergenic 
ndhD- psaC

A A - A deletion - A deletion A A A A

123309 Intergenic 
ndhD- psaC

A A - A deletion - A deletion A A A A
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the case of a low degree of introgression, morphology and 
SSR markers are not powerful enough, and it is recommend-
ed to sequence other DNA regions to detect introgressions.

The numerous coincidences observed between the wild 
grapevine genomes and the reference Maxxa genome se-
quence could be explained considering that the chloroplast 
DNA regions we analyzed have a high frequency in the sativa 
gene pool, they can also be found in the sylvestris’ gene pool. 
Interestingly, the origin of this pattern would have occurred in  
vinifera species before the separation sylvestris/sativa, and 
later more selected in the sativa pool.

Plastid genome diversity of Georgian wild grape-
vine samples

Concerning the plastid genome diversity observed among the 
three Georgian samples, two of them were collected in the 
Eastern part of Georgia (village Qsovrisi, Mtskheta district and 
Dusheti district area), while the third one in the South-cen-
tral part of Georgia (Borjomi district), all of them presenting 
the AAA haplotype (Table 3). Sequence alignments revealed 
a complete identity among the plastoms of ‘Qsovrisi’ and 
‘Dusheti’ samples with the reference Georgian cultivar Rkat-
siteli (AAA haplotype), and in the case of ‘Borjomi’ samples, 
two 4-bp long inversions were detected in both copies of in-
verted repeat, representing ycf2-trnL-CAA and trnL-CAA-ycf2 
intergenic regions in positions 99.218-99.221 and 150.840-
150.843, respectively.

Polymorphism of analyzed complete plastoms: In-
Dels

The comparison of the chloroplast DNAs sequences revealed 
the presence of four long size InDels in the plastid genomes 
of Vitis vinifera cultivars, highly informative for the phyloge-
netic and phylogeographic analysis. The 33-bp duplication in 
rps16-trnQ-UUG intergenic spacer and 54-bp deletion in the 
trnC-GCA-petN intergenic spacer were detected in all the se-
quenced Vitis vinifera cultivars exhibiting AAA, ATT, and ATA 

haplogroups, excepting in the case of the cultivars of the GTA 
haplotype. In addition, two 18-bp duplications were found, 
the former located at the trnS-GCU-trnG-GCC intergenic spac-
er of the ATT haplogroup cultivars, and the latter, in the rpoC2 
gene of Georgian cultivar Rkatsiteli (AAA haplotype), resulting 
in 6-amino acid-long peptides (TLLNRN in the rpoC2 protein) 
(Tabidze et al., 2014), and also observed in the wild grape ac-
cessions considered in this study (Table 7). Considering the 
results observed in the wild grapevine samples from Europe 
and Mediterranean basin, the sample from Greece (Vigne de 
Pausanias) differs from the others in relation to two of the 
aforementioned InDels, 33-bp duplication in rps16-trnQ-UUG 
intergenic spacer and 54-bp deletion in the trnC-GCA-petN 
intergenic spacer. However, the three InDels typically related 
to the Vitis vinifera ATA haplotype were also observed in the 
Georgian wild grapevine samples.

Phylogenetic Analysis

A total of 14 grapevine accessions covering 11 Vitis sylvestris 
samples plus three Vitis vinifera cultivars, representing the 
reference chloroplast DNA for the GTA, ATA and AAA haplo-
types were subject to maximum likelihood (ML) analysis by 
the MEGA program. Fig.  2 shows the genetic relationship 
among the European, the Mediterranean basin and Georgian 
wild grapevine samples (Vitis vinifera subsp. sylvestris) based 
on the complete chloroplast DNA sequence analysis. The phy-
logenetic tree revealed three basic clades, in concordance 
to the haplotype distribution of the analyzed samples. Two 
groups were observed among the GTA haplotype samples, 
the former included by plastid genomes of wild grapevines 
from Algeria, France, Hungary and Germany, while in the 
latter, grapevine samples from Tunisia, Morocco and Spain 
were observed. Interestingly, the wild grapevine from Greece 
(Vigne de Pausanias) formed a separate clade along with the 
Georgian cultivar Meskhuri Mtsvane, used as reference chlo-
roplast DNA for the ATA haplogroup samples. The third clade 
represents a well-supported group of grapevine accessions, 
including the Georgian wild samples as well as the Georgian 
cultivar Rkatsiteli (AAA haplotype).

Table 7: Long size indels found in a set of wild grapevine plastoms.

Nucleotide position (bp) Locus Indel Length Indel Type Wild grape samples Haplotype

6.658-6.691 Intergenic rps16-
trnQ-UUG

33 bp Duplication Vigne de Pausanias (Greece) ATA
Borjomi district (Georgia) AAA
Dusheti district (Georgia) AAA
Village Qsovrisi (Georgia) AAA

30.133-30.186 Intergenic trnC-GCA 
– petN

54 bp Deletion Vigne de Pausanias (Greece) ATA
Borjomi district (Georgia) AAA
Dusheti district (Georgia) AAA
Village Qsovrisi (Georgia) AAA

19,527-19,544 rpoC2 gene 18 bp  
(6 amino acid)

Duplication Borjomi district (Georgia) AAA
Dusheti district (Georgia) AAA
Village Qsovrisi (Georgia) AAA
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Conclusion
In this report, complete chloroplast DNA sequencing of elev-
en Vitis sylvestris accessions was performed. The obtained 
results can be formulated as follows: 1) Among the European 
and Mediterranean wild grapevines, the GTA haplotype pre-
vails and only the Greek sample (Vigne de Pausanias) repre-
sents the ATA haplotype; 2) In three Georgian wild grapevine 
samples the AAA haplotype is present what is consistent with 
our previous study that the majority of Georgian wild grape-
vine samples represent the genetically unique AAA haplotype; 
3) In the plastid genomes of wild grapevines from Morocco 
and Spain, presenting the GTA haplotypes, the existence of 6 
SNPs in coding genes regions were found. Among them three 
present non-synonymous substitutions, suggesting possible 
amino acidic alterations; 4) Some SNPs and gaps were found 
in all wild grapevine plastoms analyzed in this research and 
long size InDels (33 bp duplication at the locus of intergenic 
rps16-trnQ-UUG, 54 bp deletion at the position of Intergenic 
trnC-GCA-petN and 18 bp duplication at the position of the 
rpoC2 gene) were detected in the wild grapevine samples of 
Greece and Georgia; 5) Phylogenetic analyses of all the ana-
lyzed samples of wild grapevine genomes had shown that 
plastome distribution on the phylogenetic tree reflects both 
geographical distribution and haplotypes of each plastome. 
The results of the present research are important for the un-
derstanding of the genomic compositions of wild grapevine 
plastoms and the study of genetic relationships between wild 
and cultivated grapevine samples from different geographical 
locations, which can shed light on the molecular bases of the 
grapevine domestication processes in general. It should be 
noted that for better understanding of the aforementioned 
issues it is necessary to sequence more wild grapevine ge-
nomes to clarify and analyze the substitution rates within the 
grape family, which can be coped with in future research.
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