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Abstract 
The origin of grapevine has been the subject of numerous, often divergent, interpretations in the specialized 
literature. The absence of direct genealogical evidence, the considerable expansion of the natural range of 
wild genotypes, and the pronounced variability of morphobiological traits have kept this issue open to ongoing 
research and continuous reevaluation. Recent studies support the hypothesis that the origin of grapevine was 
not a single, uniform process, but rather a pluricentric one, involving a common ancestral gene pool and taking 
place in several regions of Eurasia, each contributing independently to  the genetic background of present-day 
cultivars. In the present study , samples belonging to the species Vitis vinifera L. ssp. sylvestris Gmel. were 
analyzed, along with two cultivated genotypes of Vitis vinifera L. ssp. sativa D.C., namely the cultivars 
‘Chasselas doré’ and ‘Sauvignon Blanc’, used as reference materials. In addition, the study included 
interspecific genotypes obtained through the hybridization between Vitis  vinifera L. ssp. sativa D.C. × 
Muscadinia rotundifolia Michx. Molecular analysis of genomic DNA was performed by isolating it according to 
a protocol based on the CTAB method , and the evaluation of DNA quality and quantity was performed using 
a NanoDrop ND-1000 spectrophotometer. Determination of the number and size of genomic alleles revealed 
a clear differentiation between wild genotypes of Vitis vinifera L. ssp. sylvestris Gmel. and cultivated genotypes 
of Vitis vinifera L. ssp. sativa D.C. The results confirm that , although the two subspecies share a common 
origin derived from an ancestral genetic pool, their current differentiation is the consequence of interspecific 
hybridization processes, anthropogenic selection, and long-term evolutionary adaptation mechanisms. 
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Introduction 
The majority of cultivated plants originate from complex hybridization processes, deriving from groups 

of related species rather than from a single wild progenitor. In the early stages of varietal formation, interspecific 
hybridization played a decisive role, while subsequent natural mutations further contributed to the 
diversification of the gene pool. Consequently, the origin of cultivated plants is closely associated with 
interactions among related species, whose hybridization and subsequent selection led to the emergence of 
distinct and stable genotypes [6, 7]. 
 According to current research, grapevine cultivation began either simultaneously or during different 
historical periods in several independent geographical centres, thereby highlighting a multicentric pattern of 
domestication [17-19]. This pluriregional process reflects the complex evolutionary history of the species and 
its long-standing relationship with human societies. 
 Grapevine breeding currently focuses on three major directions: adaptation to ongoing climate change, 
conservation of genetic diversity, and ensuring the ecological safety and quality of viticultural products. The 
genotypes belonging to the group Vitis vinifera L. ssp. sativa D.C. do not derive from a single ancestral 
genotype; rather, they represent the outcome of a complex and prolonged hybridization process, 
complemented by the emergence of spontaneous varieties through natural mutations. This broad genetic 
variability endows the grapevine with remarkable adaptive plasticity, enabling efficient responses to both 
abiotic and biotic stress factors, including heat stress, water deficit, and fungal pathogens. 
 The conservation and effective valorisation of genetic diversity enable the identification and 
incorporation of valuable traits into modern breeding programs, thereby facilitating the development of 
genotypes with enhanced productivity, resilience, and superior product quality. In this context, the diversity of 
genotypes within the group V. vinifera L. ssp. sativa D.C. constitutes a fundamental biological resource for the 
sustainability and long-term efficiency of contemporary viticulture. It provides substantial opportunities for 
adaptation to changing environmental conditions and for the expansion of cultivation into diverse viticultural 
regions [1-3]. 
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 The present study aims  to elucidate key aspects regarding the origin and evolutionary trajectory of 
the grapevine (Vitis vinifera L. ssp. sativa D.C.) through comprehensive analyses of genetic and molecular 
characteristics. By doing so, it contributes to a deeper understanding of the diversity, evolutionary dynamics, 
and adaptive potential of cultivated grapevine genotypes. 

 
Material and Method 

 For comparative purposes, samples from Vitis vinifera L. ssp. sylvestris Gmel. were analysed 
alongside two internationally cultivated genotypes of Vitis vinifera L. ssp. sativa D.C., namely the ‘Chasselas 
doré’ and ‘Sauvignon Blanc’ cultivars, which served as reference materials. The study also included 
interspecific hybrid genotypes obtained from crosses between V. vinifera L. ssp. sativa D.C. and Muscadinia 
rotundifolia Michx. [2, 3]. 
 Genomic DNA was extracted from young leaves using the CTAB method, and DNA quality and 
concentration were determined with a NanoDrop ND-1000 spectrophotometer (Thermo Scientific). The 
samples were subsequently diluted to a working concentration of 20 ng/μl. 
 The molecular characterization of the genotypes was performed using six microsatellite (SSR) 
markers: VVS2, MD5, MD7, MD27, ZAG62, and ZAG79, recommended by the European Vitis Database for 
the identification and differentiation of grapevine genotypes. DNA amplification was carried out by polymerase 
chain reaction (PCR) using a Palm Cycler thermocycler (Corbett Research), applying a touchdown PCR 
protocol to enhance amplification specificity and reduce the formation of non-specific products. 
 Amplification products were initially verified by electrophoresis in 1.4% agarose gel. Fragment size 
and allele number were determined by capillary electrophoresis using a CEQ 8800™ Genetic Analysis System 
(Beckman Coulter) with a 400 bp internal size standard. Optimal dilutions of PCR products for each SSR 
marker were experimentally established prior to capillary analysis. 
 The obtained data were used to determine genetic profiles, identify alleles, and assess the genetic 
diversity of the studied biological material. The results were compared with the genetic profiles of the reference 
cultivars included in the analysis  [10-11]. 
  

Results and Discussion 
 Throughout geological eras, genotypes of the genus Vitis L. progressively adapted to changing 
pedoclimatic conditions, diversifying under the influence of geographic isolation and natural selection. During 
the Quaternary period, global cooling restricted the natural ranges of grapevines, prompting ecological 
adaptations and successive genetic transformations. In the Anthropocene, these processes culminated in the 
development of approximately 14,000 cultivated genotypes, resulting from human-directed selection [20].  
 In the Dniester–Prut interfluve, grapevine evolution has been shaped by a combination of natural 
factors and human activity over millions of years. The formation of the Moldavian Platform during the 
Precambrian provided the geological foundation for the development of the regional biocenosis [9], while the 
subtropical climate of the Sarmatian facilitated the emergence of a diverse flora, including members of the 
Vitaceae Juss., family  with origins dating back to the Late Cretaceous. Paleobotanical findings at Naslavcea 
and Bursuc document the early presence of fossil genotypes such as Vitis teutonica, Vitis moldavica, Vitis cf. 
aestivalis, and Vitis cf. palmata, indicating floristic links between Europe and North America [14, 15, 21, 22]. 
Archaeological evidence further shows that Vitis vinifera L. was cultivated by Neolithic populations of the Criș–
Sacarovca and Bugo–Dniester cultures more than 8,000 years ago, predating the agricultural centres of 
Central and Western Europe [5, 16].   
 Based on archaeological evidence, the origins of agriculture in the Dniester–Prut interfluve are 
estimated to date back approximately 9,500–8,000 years ago within the Criș–Sacarovca culture, and between 
8,000 and 7,000 years ago in the Bugo–Dniester culture. In the immediate vicinity of these settlements, 
alongside sour cherry, plum, and sweet cherry, grapevine (Vitis vinifera L.) grew and developed. It was most 
likely cultivated by multiple generations of these communities. Notably, the Criș–Sacarovca and Bugo–
Dniester cultures, as early centers of agricultural development, emerged slightly earlier than the agricultural 
hubs in Central and Western Europe.  
 In the Republic of Moldova , Vitis vinifera L. ssp. sylvestris Gmel., represents a relict taxon, well 
adapted to the floodplain conditions of the Dniester and Prut rivers [4, 8, 23, 24]. Wild populations exhibit 
considerable morphological and ecological diversity, constituting valuable genetic resources for grapevine 
breeding by providing traits associated with biological resistance and ecological stability. Vitis vinifera L. ssp. 
sativa D.C., the cultivated grapevine, is among the oldest perennial species with significant agronomic, 
economic, and cultural importance. Its origin involves interspecific hybridization, as well as natural and artificial 
selection, resulting in a remarkable diversity of genotypes [20].  
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 Crane M.B. and Lawrence W.J.C. (1930) proposed the hypothesis that the domestic plum genotype 
(Prunus domestica L.), which possesses a diploid chromosome set of 48 (2n = 48), originated through 
interspecific hybridization. This process likely resulted from the spontaneous crossing of Prunus cerasifera 
Ehrh., with a diploid set of 16 chromosomes (2n = 16), and Prunus spinosa L., with a diploid set of 32 
chromosomes (2n = 32) [12, 13].  
 Rîbin V. (1934), through the implementation of controlled interspecific hybridization between cherry 
plum (Prunus cerasifera Ehrh., 2n = 16) and blackthorn (Prunus spinosa L., 2n = 32), obtained a population 
consisting of 16 plum genotypes. Cytotype analysis of the newly created genotypes revealed that 15 plum 
genotypes had a diploid chromosome number of 24 (2n = 3x = 24), while only one genotype possessed a 
diploid set of 48 chromosomes (2n = 6x = 48), making it allohexaploid. These results indicate that the domestic 
plum genotype (Prunus domestica L.) also carries a diploid set of 48 chromosomes (2n = 6x = 48). Thus, the 
domestic plum genotype Prunus domestica L. (2n = 6x = 48) was synthesized as a result of directed 
interspecific hybridization. At the same time, this experiment provided experimental confirmation of the 
hypothesis proposed by the English scientists Crane M.B. and Lawrence W.J.C., regarding the origin of the 
domestic plum genotype (Prunus domestica L., 2n = 6x = 48) through spontaneous hybridization between 
cherry plum (Prunus cerasifera Ehrh., 2n = 16) and blackthorn (Prunus spinosa L., 2n = 32) [12, 13].  
 In the context of grapevine, the application of hybridization strategies between Vitis vinifera L. ssp. 
sativa D.C. (2n = 38) and Muscadinia rotundifolia Michx. (2n = 40) enabled the development of interspecific, 
rootstock-compatible diploid genotypes (2n = 38) exhibiting valuable traits for productivity and adaptability.  
 The assessment of functional traits in related genotypes with limited combinative capacity is essential 
for optimizing interspecific hybridization. Constraints in genetic compatibility can be overcome through the 
strategic selection of “♀ × ♂” combinations and the use of recurrent genotypes, enabling the expansion of 
genetic variability and the generation of recombinants with enhanced phenotypic expression. Transgressive 
segregation resulting from intergenomic recombination facilitates the emergence of new genotypes with 
improved biological performance and adaptability, incorporating traits such as resistance to biotic and abiotic 
stress, high productivity, and superior fruit quality [1].  
 Thus, the genetic diversity of the V. vinifera L. ssp. sativa D.C. group reflects its multicentric origin, 
resulting from hybridization and the emergence of new genotypes through natural mutations.  
 Molecular analysis of the interspecific genotypes obtained through the hybridization of Vitis vinifera L. 
ssp. sativa D.C. × Muscadinia rotundifolia Michx. enabled the assessment of genetic diversity and the degree 
of relatedness to the parental species. PCR amplification using SSR primers, followed by agarose gel 
visualization, allowed the detection of heterozygous and homozygous alleles in the analyzed interspecific 
genotypes, exemplified by BC2-3.1, BC3-660, and others.  
 Based on the sizes of the identified alleles, the interspecific genotypes were grouped into three main 
clusters (A, B, and C), each corresponding to a different level of genetic proximity to the parental species: 

• Cluster A: BC₃-541, BC₃-580, and BC₃-604 – genotypes genetically close to V. vinifera L. ssp. sativa 
D.C., particularly the cultivars ‘Chasselas doré’ and ‘Sauvignon Blanc’. 

• Cluster B: BC₃-536, BC₃-507, BC₃-537, and BC₃-660 – genotypes closer to V. vinifera L. ssp. sylvestris 
Gmel., the wild form. 

• Cluster C: BC₃-578, BC₂-3-31, BC₃-508, and BC₃-545 – intermediate genotypes representing 
recombinations between wild and cultivated forms, suggesting the emergence of a novel genome. 

 This clustering into distinct groups reflects the substantial genetic diversity of the interspecific 
genotypes and highlights the variable degree of inheritance from the parental traits. The phylogenetic 
dendrogram confirms the clear differentiation between wild genotypes (V. vinifera L. ssp. sylvestris Gmel.) and 
cultivated genotypes (V. vinifera L. ssp. sativa D.C.), indicating that, although they share common ancestors, 
their evolution followed distinct trajectories under the influence of interspecific hybridization as well as natural 
and artificial selection.  
 The results suggest that genomic recombination, heterosis effects, and transgressive segregation 
contribute to the generation of genotypes with enhanced adaptability and biological performance. Cluster C, 
in particular, illustrates the potential of interspecific hybrids to integrate valuable traits from both parental 
species, providing a promising genetic foundation for the development of genotypes with increased resilience 
to biotic and abiotic stress factors.  
 In the context of grapevine breeding, this molecular analysis underscores the importance of utilizing 
wild genetic resources and interspecific genotypes in selection programs. The observed genetic diversity 
enables the development of new genotypes with enhanced productivity, superior fruit quality, and adaptability 
to climate change, thereby strengthening the sustainability of modern viticulture [2, 3].  
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 Conclusions  
 1. Analysis of the number and size of genomic alleles reveals a clear distinction between wild 
genotypes (Vitis vinifera L. ssp. sylvestris Gmel.) and cultivated genotypes (Vitis vinifera L. ssp. sativa D.C.). 
This indicates that, although the two subspecies share a common ancestral pool, their current differentiation it 
represents the outcome of interspecific hybridization and evolutionary selection.   
 2. Recent genetic studies confirm that the origin of V. vinifera L. involves complex hybridizations 
between Euroasian and North American genotypes, with stabilization at the diploid level of 38 chromosomes 
(2n = 38). Within breeding programs, directed interspecific hybridization between V. vinifera L. ssp. sativa D.C. 
(2n = 38) and Muscadinia rotundifolia Michx. (2n = 40) has enabled the creation and selection of rootstock-
compatible hybrid genotypes, including ‘Alexandrina’, ‘Malena’, ‘Nistreana’, ‘Ametist’, ‘Augustina’, ‘Sarmis’, 
‘Tethys’, and ‘Indigo’. These genotypes, stabilized at the diploid level (2n = 38), are fertile and exhibit high 
biological potential, combining resistance to both biotic and abiotic stresses. 
 3. The evolution of grapevine reflects the complex interplay of geological, climatic, and biological 
factors, from the origins of wild genotypes to the current genetic and agronomic diversity. Natural adaptations, 
together with human-directed selection, facilitated the transition from relict wild populations to cultivated and 
improved genotypes. In this context, interspecific hybridizations represent a key mechanism for ensuring 
genomic stability, fertility, and resistance of grapevine to biotic and abiotic stress factors. 
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