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AncientDNAreveals 4000yearsof grapevine
diversity, viticulture and clonal propagation
in France

Rémi Noraz1,2, Lorelei Chauvey 1, Stefanie Wagner1,3, Oscar Estrada 1,

Nathan Wales 1, Emmanuelle Bonnaire4,5, Manon Cabanis6,7,

Marie Derreumaux4,8, Isabel Figueiral2,6, Charlotte Hallavant9,

Philippe Marinval10, Véronique Matterne4, Jérôme Ros2, Nuria Rovira10,

Margaux Tillier10,11, Marilyne Bovagne6,10, Jean Chausserie-Laprée12,

Clément Nicolas13, Isabelle Daveau6, David Delassus14, Eric Gailledrat6,10,

Olivier Ginouvez6, Bertrand Houix6, Cécile Jung6, Philippe Kuchler15,

Laure Leroux9, Raphaël Macario9, Elise Marlière16,17, Michel Pasqualini18,

Gaël Piques6,10, Hervé Pomaredes6, Justine Robert9, Cédric Roms6,

Muriel Roth-Zehner5,19, Maxime Scrinzi13, Maryanick Taras-Thomas6,

Josep Torres Costa16,20, Guillaume Besnard 21, Jean-Frédéric Terral2,

Roberto Bacilieri 22, Laurent Bouby 2 & Ludovic Orlando 1

Wine production has deep historical roots in France, yet the biological foun-

dations of early viticulture remain elusive. We report genome-wide ancient

DNA data from 49 archaeological grape pips spanning ~4000 years, from the

Bronze Age to the Medieval period, primarily focusing on France. Population

genetic analyses reveal the genetic makeup of wild local grapevines in the

Bronze Age and the early use of domesticated grapevines by ~625-500 BCE.

Roman-era genomes reflect long-distance exchange from Iberian, Balkan,

Levantine, and Caucasian domesticated varieties. Vegetative propagation,

evidenced by genetically identical clones across sites and centuries, emerged

by the mid-Iron Age and became a pillar of viticultural practice. Remarkably,

one Medieval sample from Valenciennes is genetically identical to modern

‘Pinot Noir’, demonstrating clonal continuity over nearly 600 years. This study

traces the introduction, integration and spread of diverse grapevine ancestries

that have contributed to shape the varietal landscape of French viticulture.

Wine has played a central role in the cultural, social, and economic

life of Europe since the first trace of viniculture ~8000 years ago.

From the Protohistoric period onward, it became a highly valued

commodity, symbolically charged and widely exchanged across long

distances. The grapevine (Vitis vinifera subsp. vinifera, hereafter

referred to as V. vinifera), thus, emerged as a key species not only in
agriculture but also in shaping landscapes, cultural practices, and

symbolic systems1–5.

France, in particular, has long been a major hub in the develop-

ment and diffusion of viticulture, positioned at the intersection of

Mediterranean and continental European exchange networks6. Today,

it remains one of the world’s leading wine-producing countries, with

viticulture forming a cornerstone of its cultural heritage and rural

economy. The modern French wine industry contributes tens of bil-
lions of euros annually, supports hundreds of thousands of jobs, and

shapes international perceptions of wine quality and tradition7.
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Despite this deep legacy and ongoing economic importance, the bio-

logical and cultural foundations of Frenchwinemaking, especially in its

earliest phases, remain poorly understood.

Over the past two decades, archaeology has made significant
progress in reconstructing the history of viticulture andwinemaking in

France. A diversity of studies has shed light on wine trade routes, the

spread of viticulture during Romanization, production sites and

techniques, and changes in vineyard organization and planting

systems8–11. These investigations have also informed on the socio-

economic and cultural dimensions of wine production and consump-

tion in ancient Gaul and neighbouring regions4,5,12–14. Recent work

integrating archaeogenomics has further advanced our understanding

of grapevine domestication and diversity in France. In particular,

sequence data from over 10,000 single nucleotide polymorphisms

(SNPs) comprised in the Vitis18kSNPgenotyping array15, obtained from
28 archaeological grape seeds, has started to trace the population

dynamics of French grapevine cultivars from the Iron Age and through

the Roman andMedieval periods16. The study identified broad genetic

continuity with western cultivars used for making wine today and

connected a historic ~1100 CE cultivar from Orléans (Loire valley) with

its modern clonal descendant ‘Savagnin Blanc’.

Despite these advances, fundamental questions remain unan-

swered, particularly regarding the diversity and biological character-

istics of ancient grapevines and the nature of the wines produced

before theMiddle Ages. The viticultural practices that shaped regional

varietal identities long before modern ampelographic classification
systems, including the role played by vegetative propagation, remain

also unknown. Knowledge of ancient viticulture largely relies on frag-

mentary and often biased historical sources, mostly written from elite

urban centres rather than agricultural regions. Additionally, present-

day or historical analogies are often used to infer the presence of

particular cultivation practices in the deeper archaeological record;

the validity of these analogies yet remains untested13. Given these

limitations, archaeobotanical approaches focusing on ancient plant

remains, thus, provide the gold standard approach for retracing the

origins and evolution of viticulture.

In this study, we applied cutting-edge ancient DNA research to
analyze whole-genome variation of 54 archaeological grape pips,

including 49 newly sequenced samples from France and neighbouring

Mediterranean territories. Our primary focus was on pips from Bronze

Age to Middle Ages, allowing us to trace the genetic evolution of

grapevines over approximately ~4000 years up to the present day. We

identified the earliest occurrence of genetic ancestries typical of

domesticated grapevines during the Iron Age, around ~625–500 BCE.

While our analyses confirmed genetic affinities with modern western

wine cultivars, we also detected genetic ancestries associated with

grapevine lineages from the Levant and Caucasus region. The genetic

landscape of grapevines inFrancebecamemarkedlydiverse during the
Roman period. Our findings highlight the importance of vegetative

reproduction, particularly clonal propagation, as a central element of

viticultural practices. We identified genetically identical clones across

different regions and time periods, supporting the existence of long-

distance exchange networks since at least the Iron Age. Finally, we

document the presence of ‘Pinot Noir’ in Medieval pips from Valen-

ciennes, providing direct evidence for the persistence of this iconic

grape variety–now a cornerstone of the global wine industry and a

major progenitor of many well-known European wine cultivars–since

at least 1400–1500 CE.

Results
Genome sequencing
We assembled an extensive collection of 49 archaeological grape pips

from France (N = 47) and Ibiza (N = 2), all originated from waterlogged

environments exhibiting well-preserved morphology and organic

material (Fig. 1; Supplementary Data 1). This material spans a broad

temporal range from the Bronze Age (2300–2000 BCE, Before Com-

mon Era) to the end of the Medieval period (1400–1500 CE) (Fig. 1a).

The majority of samples date to the Roman period (50 BCE-500 CE),

and provide wide geographic coverage across present-day France
(Fig. 1b). Two pips from Ibiza were also included to provide insights on

a key trading hub of the ancient Mediterranean world17.

Endogenous DNA content ranged from 3.72 to 66.51% (median =

13.42%), sufficient for cost-effective genome characterization through

shotgun sequencing. As expected for ancient DNA, sequencing data

showed characteristic patterns of post-mortem DNA damage, includ-

ing an enrichment of purines at reference positions immediately

adjacent to read termini (Supplementary Fig. 1a). Sequencing data also

exhibited increasing C > T and G>A mis-incorporation rates toward

the end of DNA fragments (Supplementary Fig. 1c; Supplementary

Data 3). These signatures are consistent with post-mortem DNA frag-
mentation (Supplementary Fig. 1d; Supplementary Data 4) primarily

driven by depurination, and cytosine deamination reactions con-

centrated within single stranded overhangs of DNA molecules18. Dea-

mination rates were estimated between 5 and 57 times higher in single-

stranded overhangs compared to double-stranded regions (Mean =

17.55; Supplementary Fig. 1e and Supplementary Data 5). Combined,

these results support the authenticity of the ancient sequence data

generated.

After removing PCR duplicates and low-quality alignments, the

average depth-of-coverage across samples was ~1.80-fold (median =

1.60-fold, range = 0.07–10.43-fold, with 39 above 1-fold; Fig. 1d). The
newly-generated sequence data were analyzed alongside a compre-

hensive genome panel of ancient16,19 and modern accessions meeting

minimum coverage requirements (Fig. 1e), and capturing global

grapevine genetic diversity20–27. Data pseudo-haploidization and con-

ditioning on transition SNPs28 yielded a final data set of 5.79 million

SNPs for downstreampopulationgenetic analyses, which included 1.05

million with allele frequencies superior to 5%.

The emergence and development of viticulture practices
Principal component analysis (PCA; Fig. 2), phylogenetic relationships

andADMIXTURE29 ancestry profiles (Fig. 3; SupplementaryFigs. 2, 3) of
modern grapevine accessions reproduced the major genetic clusters

previously identified. These included four distinct lineages of Vitis

vinifera subsp. sylvestris (hereafter referred to as V. sylvestris): two

predominantly found in central (Syl-W1) and western (Syl-W2) Europe,

and two others common in the Levant (Syl-E1) and the Caucasus-South

Caspian region (Syl-E2) (Fig. 2a). In addition to these wild lineages, six

major V. vinifera clusters were also identified, corresponding to wes-

tern Asian table grapevines (CG1), Caucasus wine grapevines (CG2),

muscat grapevines from eastern Asian to western European (CG3), as

well as Balkan (CG4), Iberian (CG5) and western European (CG6) wine

grapevines (Fig. 2b). ADMIXTURE29 genetic ancestry profiles, together
with clustering based on phylogenetic relationships and PCA (Sup-

plementary Figs. 3, 9; Supplementary Data 17, 21), revealed further

substructure within the four V. sylvestris lineages and the CG1, CG3,

CG4, CG5 and CG6 domesticated clusters, leading to the identification

of 20 additional sublineages (Fig. 3a; Supplementary Figs. 4, 7, 10).

PCA projection onto the genetic variation observed in modern

accessions revealed that the ancient grape pips spanned a broad range

of genetic diversity. While some individuals clustered closely with

major wild or domesticated lineages, others occupied intermediate

positions, suggesting admixed ancestry (Fig. 2c).This material

encompassed the Iron Age (L5, 500–475 BCE) site of Lattes (southern

France), and a diversity of Roman sites from both southern (L8 Nîmes,
0–100 CE; L11 Valros, 100–200 CE and L15 Magalas, 300–400 CE) and

northern France (L10 Troyes, 33–200 CE).

A total of 11 ancient samples clustered along Principal Component

1 (PC1) with the Syl-W1 and Syl-W2 wild lineages, characteristic of

modernwestern EuropeV. sylvestris. This group includes samples from
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southernFrance, dating to theBronzeAge (S1Nîmes, 2300–2000BCE)

and the Iron Age (L5 Lattes, 500–475 BCE; and L6 Vieille-Toulouse,

125–100 BCE), and from Roman northern France (L10 Troyes, 33–85
CE). ADMIXTURE29 analysis revealed mixed ancestry profiles domi-

nated by Syl-W2 (57.3–100.0%), sometimes also incorporating con-

tributions from Syl-W1 (0–42.7%) (Fig. 3c). qpADM30 modelling

supported these findings, indicating Syl-W2 as the primary source

mixedwith Syl-W1 (Syl-W1_2 and Syl-W1_3) in samples fromBronze Age

Nîmes (L1), IronAge Lattes (L5), andRomanTroyes (L10). These results

demonstrate that the genetic lineages represented by Syl-W2, today

the most prevalent wild grapevine in France, were already established

by 2300–2000BCE. This highlights that western Europeanwild grapes

evolved in continuity and the absence of genetic influence from

domestic grapevines for over 4000 years of viticulture. The remark-

able genetic stability of these wild populations may reflect limited
introgression from cultivated varieties, consistent with very low

pollen-mediated gene flow from cultivated to wild populations in

present-day southern France31. It also aligns with previous genomic

work reporting that the vast majority of introgressive events occurred

from wild grapevines into cultivated grapes rather than the other way

around32. Combined, our findings depict reduced fitness for hybrids in

natural forest habitats and/or intentionalpractices avoiding expanding

cultivated forms outside of cultivated environments.
Interestingly, Iron Age sites of southern France also yielded grape

pipswith genetic compositions characteristic ofmoderndomesticated

varieties (Fig. 2c), with ADMIXTURE29 indicating substantial genetic

affinities with CG3, CG4, and CG5 in ancient pips fromMarseille (V127,

600–400 BCE) and Martigues (V5, 300–200 BCE), as well as mixed

profiles dominated by CG6 and eastern ancestries (CG3, Syl-E1 and

CG1; Figs. 3b, c). The site of Lattes also yielded grape pips with genetic

makeup characteristic ofmodern domesticated varieties (Fig. 2c), with

qpADM30 a modelling (Fig. 4e; Supplementary Fig. 16) and

ADMIXTURE29 (Figs. 3b, c) pointing to various combinations of CG3-

CG6 genetic affinities (V132, 575-450BCE; V131, 475–450 BCE; and V99,

125–25 BCE). Thesefindings indicate that IronAge viticultural practices
in southern France involved both the integration of local wild lineages

and diverse cultivated varieties. This likely results from multiple

intertwined exchanges throughout the Mediterranean, since genetic

affinities link to the Levant (CG1-Syl-E1), southwest Asia (CG3), the

Balkans (CG4) and Iberia (CG5; Fig. 2b).
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Fig. 1 | Archaeological contexts, ancient samples and genomes. a Temporal

range of the 20 archaeological sites investigated. The colour gradient spans the

Bronze Age (blue) to the Medieval period (red). b Map of the archaeological sites

investigated, with colours reflecting their temporal range. Symbol shapes corre-

spond to the Bronze Age (diamond), the Iron age (triangle), the Roman period

(inverted triangle), and theMedieval period (square). Symbol sizes are proportional

to the number of ancient grape pips analyzed. An unique label (LX) is assigned to

each site and used for referencing throughout the text. c Ancient grape pips from

Mauguio (S9, France). d Average depth-of-coverage. Samples sequenced for the

first time in this study are coloured ingreen.Oneof these newly sequenced samples

andmost samples fromRamos-Madrigual et al.16 andBreglia et al.19, except six,were

excluded due to insufficient coverage (i.e., < 0.1-fold). e Completeness. The values

indicate the difference between one and proportion of missing data in the full

matrix of 1,045,070 SNPs. All samples considered for downstreamanalyses show at

most 69.64% missingness.
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Viticultural practices were also conducive of wild admixture since

one sample from Lattes (L5: V148, 500–475 BCE) exhibited a mixed

genetic makeup including substantial (39.6%) wild ancestry from Syl-

W2, with balanced contributions from both Syl-W2-1 and Syl-W2-2

sublineages (Figs. 3b, c). Syl-E1 ancestry, characteristic of modern

Levant wild populations, was also found in small proportions in sam-

ples from Saint-Maximin (V134, 800–540 BCE), Marseille (V128,

500–400 BCE), and Lattes (V131, 475–450 BCE; V132, 200–150 BCE;

and V99, 125–25 BCE) (Figs. 3b, c). This demonstrates that Iron Age
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Fig. 2 | Modern population structure and Principal Component Analysis (PCA).

aMapof themain genetic clusters ofmodernVitis sylvestris accessions identified in

Europe and Southwest Asia. b Same as (a), for modern V. vinifera accessions. The

distribution ranges reflect the most frequent accession found in each individual

area, as originally described and colour-coded by Dong and colleagues20. For

clarity, the geographic extent of these clusters in regions where they are found in

lower abundance is not shown. c 3D-PCA projecting ancient samples (n = 54) on the

space defined by modern accessions of V. vinifera subspecies (n = 743). The three

axes show the first three principal components, with their respective fraction of

variance explained between parentheses. 2D-PCA is also shown on the plan formed

by PC1 and PC3. Squares, circles and diamonds refer to V. sylvestris, V. vinifera, and

their hybrids, respectively. Open and filled symbols indicate modern accessions

and ancient samples, respectively. Symbols are coloured according to populations.

Simplified labels point to the archaeological sites where samples were excavated,

with colours reflecting their age using the same gradient as in Fig. 1a, b. d Summary

map of the archaeological sites and their labels.
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viticulture practices of southern France involved admixture both from

domesticated grapes and wild grapevines.

The Roman period, which is the most represented in our dataset,

reveals a notable shift in the genetic composition of the grape pips

investigated. Amajority of samples from this period exhibited ancestry

profiles dominated by the influence of lineages characteristic of

present-day France (CG6) or Spain (CG5) (Fig. 4f; Supplementary

Fig. 14c). The CG6 ancestry was found across both southern (Nîmes,

0–100 CE; Mauguio, 0–200 CE; Valros, 100–200 CE; and Antibes,

150–300 CE) and northern regions (Horbour-Whir, 0–50 CE; and

Troyes, 33–200 CE). In contrast, CG5 ancestry, while present at Troyes

(100–200CE), appearedmore limited in the north, accounting foronly
2.4–5.9% of the genetic makeup in two samples (V35 and V124,

100–200 CE), according to qpADM30 modelling. By comparison, CG5

contributed at least 67.7% genetic ancestry in samples from the south

(Valros, V102-V110, 100–200 CE; and Antibes, V106-V44, 150–300 CE)

(Fig. 4f). This pattern, although enhanced, was confirmed by

ADMIXTURE29, which showed relatively widespread CG6 ancestry, and

CG5 ancestry confined to southern France (Fig. 3b; Supplementary

Figs. 14, 16). CG1 ancestry, which is associated with cultivars from the

Levant (Fig. 2b), was also present both in the south (Mauguio, V135,

0–200 CE; Lattes, V118–V34, 150–200CE; Antibes, V106-V60, 150–300

CE; and Magalas, A28_R, 300–400 CE), and in the north (Horbourg-

Whir, V160, 0–50 CE) (Supplementary Fig. 14c).

The Roman period also saw the continuation of viticultural prac-

tices involving the mixing of local wild grapevines with domesticated

varieties, a trend already observed during the IronAge. Substantial Syl-

W1 ancestry (≥32.2%) was detected in samples from both northern and

southern sites. The Syl-W2 lineage also contributed significantly in the
south, with 12.6-16.9% ancestry according to qpADM30 (Fig. 4f).

ADMIXTURE29 results indicate that Sylv-W2 ancestry was also present

in northern regions, particularly in Troyes, wheremore than half of the

detected wild introgressions could be attributed to Syl-W2 (Supple-

mentary Figs. 14c, 15c).
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left, outgroups to the right, and V. vinifera in the middle. Colours reflect the main
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Furthermore, Syl-E1 ancestry, typical of wild grapevines from the

Levant, was identified in one sample from Horbourg-Whir (0–50 CE),

as well as in southern samples from Nîmes (0–100 CE), Valros

(100–200 CE) and Antibes (150–300 CE) (Fig. 4f, Supplementary

Figs. 14c, 15c). These findings suggest the influence of non-local wild

grapevines into cultivation. Similarly, Syl-E2 ancestry, characteristic of
present-day wild grapevines from the Caucasus (Fig. 2a), was detected

in samples from Horbourg-Whir (0–50 CE), Magalas (300–400 CE)

(Fig. 4f; Supplementary Fig. 14c), Nîmes (0–100 CE),Valros (100–200

CE) and Antibes (150–300 CE) (Supplementary Fig. 14c). CG2

ancestry–a lineage most commonly found today in cultivars from the

Caucasus (Fig. 2b)–was also detected in two samples from southern

France (Mauguio, 0–200 CE; Valros, 100–200 CE) and in one sample

from Troyes (33–65 CE), according to qpADM30 (Fig. 4f). Combined,

these findings point to continuing long-distance contacts during the

Romanperiod, with seeds or cuttings likely transported, either directly

from the Levant and the Caucasus, or indirectly through Greece or

Italy, into France. These introductions appeared to have been suc-
cessfully integrated into local viticultural systems through sexual

reproduction, contributing to the genetic diversity of cultivated

grapevines in Roman Gaul.

Importantly, the genetic composition of Medieval grapes closely

resembled that observed during the Roman period (Fig. 4g). The two

major domesticated lineages found in present-day France and Spain

(CG6 and CG5) dominated the ancestry of all individuals that could be

successfullymodelled using qpADM30. ADMIXTURE29 also revealed the

widespread presence of CG6 ancestry in France and Ibiza, although

CG5 ancestrypredominated in Ibiza and southernFrance, aligningwith

alternative significant qpADM30 models describing pips from Nîmes
(A09, 417–515 CE; A04 and A07, 731–851 CE) as CG6 and CG5mixtures

(Supplementary Fig. 16). Although qpADM30 modelling failed for all

individuals from Valenciennes in northern France, ADMIXTURE

analyses29 revealed that two individuals (V73, 1100–1200 CE; and V74,

1400–1500 CE) carried ancestry mainly derived from the CG6 lineage,

specifically the CG6_2 sublineage (Fig. 3b, c). At the same time,

qpADM30 models show substantial influences from non-local lineages,

including wild ancestries such as Syl-E1 (5.7% in one sample from

Nîmes, A07_M, 731–851 CE; and 25.8–32.3% in two samples from Ibiza,

V156 and V157, 1027–1160 CE), and domesticated components such as

CG3 (28.9% in one sample from Aurillac, V61, 800–900 CE), which is

characteristic of the Levant and Central Asia (Fig. 4g). Similar patterns
were observed in ADMIXTURE analyses29, with CG3 ancestry detected

not only in Medieval Aurillac, but also in Medieval Ibiza and Nîmes.

These findings suggest that oriental influences persisted into the

Medieval period, with continued integration of non-local genetic

material into local grapevine populations.
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Finally, samples identified as carrying pure wild ancestries dis-

played a distinct temporal distribution compared to those with purely

domesticated or hybrid ancestries (Fig. 4a–c; two-sided

Mann–Whitney U test p < 1.19e–3). Samples with exclusively wild
genetic profiles were indeed present from the Bronze Age

(2300–2000BCE) to the Romanperiod (60–85 CE). In contrast, hybrid

samples showing mixtures of wild and domesticated ancestries were

first detected in the mid-Iron Age (500–475 BCE), and persisted into

the Roman period (300–400 CE). Samples with genetic profiles con-

sisting of ancestries representative of modern domesticated lineages

appeared from the Iron Age (625–500BCE) to the lateMedieval period

(1400–1500 CE). This temporal pattern supports the emergence of

viticulture in the region between 2000 BCE and 500 BCE, consistent

with archaeological evidence pointing to the introduction of grapevine

cultivation in southern France during the early 6th century BCE4,5,11.
Over time, agricultural practices increasingly favoured the propaga-

tion of grapevines with genetic composition strictly combining

ancestries found inmodern cultivars at the expense ofwild grapevines.

Vegetative propagation
Grapes can be propagated either sexually, through seeds, or vegeta-

tively, through cuttings that produce genetically identical clones. To

investigate the emergence and extent of vegetative propagation, we

searched for genetically identical or closely related samples in our data

set using READv233, a methodology originally developed to assess

relatedness in ancient human genomes33. We first calibrated the
approach through simulations-based analyses using modern grape-

vine accessions with known pedigrees, establishing normalization

thresholds for pairwise genetic distances that minimize false assign-

ment rates (see “Methods”). The calibrated thresholds produced a very

low false positive rate, with only 0.4% of unrelated individuals mis-

classified as related up to the second degree (Supplementary Fig. 17a).

They also reliably identified identical domesticated clones and iden-

tical wild clones in respectively 99.3% and 94.60% of cases (Supple-

mentary Figs. 17e, 18d). No unrelated domesticated individuals, nor

closely related individuals, were identified as identical, confirming the

robustness of our approach to identify grapevines that aremaintained
through vegetative propagation (Supplementary Figs. 17a–d). The

method also showed good sensitivity for close kin, correctly identify-

ing 86.9% of first-degree relatives as related up to the third degree

(Supplementary Fig. 17d). In contrast, accuracy decreased for identi-

fying second- and third-degree relatives, with 69.8% and 93.0% of such

pairs incorrectly classified as unrelated, respectively (Supplementary

Figs. 17b, c). To maintain high confidence in our inferences, we

therefore restricted our analyses to clone detection and first- or

second-degree relatives only, excluding more distant assignments.

Due to the overlap inmisclassification rates between first- and second-

degree relatives (48.8% and 1.7%, respectively), we also grouped these
two categories into a single class of closely related individuals.

We first screened for pairs of clones among the ancient grape

pips. Strikingly, a substantial fractionof thewild BronzeAgegrapepips

from Nîmes were genetically identical (Fig. 5a). This finding is sur-

prising, as vegetative propagation is limited in wild grapevines. Given

that these pips were recovered in close spatial proximity, in a

palaeochannel where seeds may have been deposited naturally

through water or gravity, we interpret them as likely deriving from a

single grapevine.

More remarkably, we identified genetically identical clones across

distinct archaeological sites dating to roughly similar time periods,

suggesting the use of vegetative propagation and the intentional
movement of cuttings or, less likely, pips–possibly through commer-

cial exchanges, such as the trade of fruits or preparations in amphorae

(Fig. 5b). For instance, clonal samples were found in Iron Age contexts

at Saint-Maximin (625-500 BCE) and Marseille (V128, 500–400 BCE),

two sites located in southern France and separated by ~40 km. In the

6th c. BCE, Saint Maximin presented all the characteristics of local

indigenous settlements found in the region. It especially stood out

from those sites found on the outskirts of Marseille, a large neigh-

bouring city with intense seaborne connection with the Greek world.
The genetic proximity documented may therefore represent the ear-

liest direct evidence of vegetative material and viticultural knowledge

exchanged between coastal trade hubs and rural inland sites. Another

case, from the Roman period, involves a pip from Horbourg-Whir

(V159, 0–50CE) in northeastern France,whichwas genetically identical

to twoothers pips from the Southof France (Mauguio, V152, 0–200CE;

and Valros, V94, 100–200 CE), located 560 and 610 km away, respec-

tively. Evidence of long-term vegetative reproduction was also detec-

ted across both timeand space. The identification of identical clones in

two sites separated by a time gap necessarily implies the practice of

vegetative propagation, as maintaining self-pollination in hermaph-
rodite cultivated plants through centuries appears especially difficult.

In southern France, identical samples were recovered from Iron Age

Martigues (V5, 300–200 BCE) and Roman-period Mauguio (V135,

0–200CE) and Lattes (V118–V34, 150–200CE). In central and northern

France, clonal continuity was observed over a thousand years between

Roman-era Limoges (V144, 170–240 CE) and Medieval Valenciennes

(V73, 1100–1200 CE), two sites located approximately 530 kilometres

apart. Combined, these findings indicate that vegetative reproduction

was a widespread and consistent feature of grapevine cultivation

across the entire region investigated from at least the Iron Age

(625–500 BCE), with some grapevine clones persisting over one mil-
lennium. This enduring clonal continuity echoes historical and

archaeological evidence showing the prevalence of layering techni-

ques for propagating grapevines in southern Gaul and the wider

Roman world34,35.

Wild grape pips exhibiting first/second degree genetic related-

ness were only detected within the same archaeological sites (Fig. 6a).

In contrast, such close genetic relationships were identified across

both space and time among grape pips showing a domesticated

genetic makeup (Fig. 6b). In the southern regions, these relationships

occurred over short distances ( < 100 km) as well as long distances

( > 700 km), extending beyond present-day France–for example,
between the French Mediterranean coast and Ibiza (Spain). Notably,

close genetic relationships also reached further north, connecting

Roman Horbourg-Whir to Medieval Valenciennes. The chronological

context of each site provided a unique opportunity to trace the culti-

vation history of individual grapevines across the country. For

instance, sample V5 from Iron Age Martigues (300–200 BCE) showed

close genetic ties to three samples from the Roman site of Antibes

(V60, V106, and V156, 150–300 CE), and two samples from Medieval

Ibiza (V156 and V157, 1027–1160CE). Given that such genetic proximity

indicates first- or second-degree relatedness, this pattern suggests that

these grapevines underwent no more than four cycles of sexual
reproduction over the course of more than a millennium. This aligns

with the picture emerging from genetically identical clones as well as

archaeological and historical evidence for organized vineyard man-

agement, and the wide circulation of cultivars across the western

Mediterranean at the time12,13. Combined, these findings support that

vegetative propagation was a common viticulture practice during

Roman and Medieval periods, highlighting the role of extensive

exchange networks in disseminating grapevine cuttings through space

and time.

Given the long-term maintenance of certain cultivars through

vegetative propagation, we next examined our dataset for instances of

clonal matches or close genetic relatives between ancient samples and
modern accessions (Fig. 6c). Strikingly, two Medieval samples were

found to be genetically identical to modern cultivars. Sample V156

from Medieval Ibiza (1027–1160 CE) matched with the ‘Folha de Fig-

ueira’ cultivar, a white grape variety still grown in Portugal today.

Sample V74 from Medieval Valenciennes (1400–1500 CE) was also
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identical to the renowned red grape variety ‘Pinot Noir’–one of the

oldest known cultivated grapevines, believed to have originated in

Burgundy, northern France. Our results indicate that ‘Pinot Noir’, a

grape variety critical for the global wine industry at the origin of some

of the world’s most prestigious wines, was genetically already fully

established no later than the end of the 15th century CE. This variety

also had a massive influence on modern viticulture, with many culti-

vars representing first- or second-degree relatives (Fig. 6c).
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Discussion
This study substantially builds upon previous work exploring the

genetic landscape of ancient grapevines in France between 510–475
BCE and 1100–1300 CE16. First, we relied on whole-genome shotgun

sequencing instead of in solution hybridization capture for 10,000

SNPs. This approach enabled a comprehensive characterization of

genetic variation across the entire genome, enhancing resolution for

population structure, relatedness, and admixture analyses. Second, we

more than doubled the number of ancient grape pip genomes ana-

lyzed, substantially increasing both the spatial and temporal coverage

of grapevine cultivation in the region. Notably, our dataset extends the
chronological range back to the Bronze Age (2300–2000 BCE) and

forward into the Late Medieval period (1300–1500 CE). In addition,

half of the specimens derive from Roman era contexts, offering an

unprecedented window into grapevine diversity and cultivation prac-

tices during this formative period. All of the analyzed pips were
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preserved in waterlogged environments and displayed excellent bio-

molecular preservation, with moderate to high endogenous DNA

content. This pattern is consistent with earlier findings from ancient

wood preserved under similar conditions, which also yielded DNA
suitable for cost-effective whole-genome sequencing36,37.

France provides an ideal setting for exploring ancient grape

genetic relationships to wild populations and modern varieties, and

trace their spatio-temporal diffusion. Its geographical position is key to

examine the long-term development of viticulture within the broader

context of Mediterranean and European interactions. Our ancient

grape pip assemblages encompassed local wild lineages, particularly

Syl-W2, dominant in France since at least 2300–2000 BCE. From the

beginnings of viticulture, they also included diverse domesticated

ancestries, such as CG5 and CG6 (modern Spanish and western Eur-

opean cultivars), and CG3 and CG4 (associated with eastern Asia and
the Balkans). The earliest genome exclusively carrying ancestries from

domesticated grapevines was identified in the Iron Age site of Saint

Maximin (625–500 BCE), providing aminimum ante quem date for the

emergence of viticulture in the region in concordance with the gen-

erally admitted arrival of viticulture in France when Greek settlers

founded the city of Marseille at the beginnings of the sixth century

BCE8,38. No genetic trace of domesticated cultivars was detected in

earlier periods, which aligns with archaeobotanical evidence reporting

wild, not cultivated11, grapevines in western Europe since the Early

Holocene (11,000-10,000 BCE)10,39. Our finding challenges the

hypothesis from Dong et al.20, which posits an earlier diffusion of
viticulture into western Europe during the Neolithic.

The presence of CG5-related ancestry in some Iron Age samples

from France raises questions about the actual origin of this genetic

group. This group is characteristic of present-day Iberia and is generally

considered to have originated locally, as viticulture is attested there a

few centuries earlier than in Southern France40. Extending genetic

mapping of ancient grape pips across the full Mediterranean range

may, however, reveal alternative interpretations, with plant material

originally diversified elsewhere and later introduced into Iberia.

Iron Age assemblages, such as those from Lattes (500–25 BCE),

show the coexistence of local wild grapevines and introduced
domestic lineages, consistent with the presence of wild morphotypes

in most Iron Age and Roman sites from France, including at Lattes11.

Our work also provides evidence of admixture between local wild

grapes and domesticated forms as early as the Iron Age (e.g., V148,

500–450 BCE), and into the Roman period, especially in the North

(Fig. 4b). Such examples may reflect deliberate efforts to develop new

cultivars better adapted to local environmental conditions through

adaptive introgression, allowing for the expansion of viticulture from

the Mediterranean into the broader Gallic territory at the time of

growing demands for viticulture products8,11,41. This interpretation

aligns with historical accounts by Dion42 and Roman writings of the
time43 as well as the model proposed by Bonhomme et al.44 and the

continuous introgression from wild to cultivated grapes reported by

Xiao et al.32.

Patterns of genetic affinities during the Iron Age and Roman

period suggest connections with the Balkans, the Iberian Peninsula,

andwestern Asia, indicating long-distance contact. This aligns with the

study from Ramos-Madrigual et al.16 who identified genetic affinities

between an early Roman pip from Nîmes (France) and modern culti-

vars from the Balkans and western Asia. Archaeobotanical data further

support external influence, particularly during the early stages of

viticulture in southern Gaul, when Greek and Etruscan merchants

engaged with local indigenous populations10,40. Combined, archae-
obotanical and palaeogenomic evidence suggest that the genetic

landscape of ancient viticulture in France was shaped by dynamic

cultivation practices and exchange networks.

The detection of identical clones and closely related individuals

across sites and centuries highlights the early and widespread

adoption of vegetative propagation. From the Iron Age onward, cer-

tain grapevine lineages were maintained over centuries and more, in

some cases linking Iron Age andMedieval contexts through only a few

cycles of sexual reproduction. The identification of two Medieval
samples genetically identical to modern cultivars–’Folha de Figueira’

and ‘Pinot Noir’–adds to the formerly reported match between one

~1100 CE landrace from Orléans and modern ‘Savagnin Blanc’16, a

parent of ‘Pinot Noir’45,46. Such links may extend even further back in

time as two Roman pips were previously found highly related to ‘Pinot

Noir’16. Combined, these results demonstrate not only the longevity of

specific clonal lines but also their foundational role in the development

of modern viticulture. In particular, ‘Pinot Noir’ is the fourth most

widely cultivated variety worldwide, with over 105,480 hectares

recorded in 201647. It represents the flagship cultivar of Burgundy, and

is known for giving rise to some of the finest redwines since the end of
the Middle Ages48 and to many modern cultivars, which emerged as

first to third degree relatives38. These findings point to viticultural

traditions heavily relying on clonal reproduction to ensure inheritance

of desirable traits across generations and geographies.

The genome collection characterized in this study provides a

valuable foundation for investigating the origins and historical tra-

jectories of grapevine lineages that are essential to the global wine

industry. The genetic ancestries found in the ancient grape pips

investigated show complete overlap with those of modern European

and Southwest Asian accessions. It indicates some level of genetic

continuity over time, including until the present-day, but also suggests
key periods of transition in cultivation practices. Future work must,

however, expand the temporal breadth of the assemblages investi-

gated, especially for pre- and post-Roman contexts, to gain fine-

grained resolution into dynamics of cultivation practices and diversity

changes of grapevines over time. Strikingly, the observed overlap

between modern and ancient accessions also offer favourable condi-

tions for the application of statistical imputation techniques, which

leverage dense modern genomic reference panels20–22 to infer geno-

types and haplotypes from low-coverage ancient sequence data49.

Such approaches are particularly promising for increasing resolution

into the changing population structure of grapevines in relation to
major cultural, ecological or social changes. Moreover, imputation

may also enable the prediction of phenotypic traits, including for

quantitative traits, such as berry colours50, shape, chemical composi-

tion, and flavour51, thereby opening avenues for exploring the evolu-

tion of agronomic and sensory characteristics in ancient viticulture.

Additionally, targeting genes associated with phenological traits–such

as flowering time or ripening–may provide insights into past adapta-

tions to local climatic conditions37 and shifts in cultivation practices

over time.

Methods
Ethics and samples
All samples were collected and analyzed under the appropriate per-

mits issued by the relevant authorities in the regions covered by this

study. Each sample included in the analyses is associated with an

archaeologist who is a co-author of the article and who was granted

official authorization to excavate and analyze archaeological material,

issued in France by the Ministry of Culture and in Ibiza by the Consell

Insular d’Eivissa, and who can attest to the provenance of thematerial.

We confirm that this research was conducted in compliance with all

ethical standards applicable to archaeology and archaeogenetics, as

reviewed and approved by the scientific committees of the MICA and

Viniculture ANR (Agence Nationale de la Recherche) projects.

Ancient DNA extraction
Samples were processed in the state-of-the-art ancient DNA facilities at

the CAGT, UMR5288 CNRS (Toulouse, France). The procedure for

extracting ancient DNA followed the methodology fromWales et al.52,
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with minor modifications. Individual pips were first crushed with a

hammer before being incubated at 37 °C for 20 hours in a 1.5mL

digestion buffer consisting of: 10mM Tris-HCl (pH 8.0), 10mM NaCl,

2% (w/v) sodium dodecyl sulphate (SDS), 5mM CaCl2, 2.5mM EDTA
(pH 8.0), 40mM dithiothreitol (DTT), and 0.5mg/mL proteinase K.

The full volume used for digestion was purified through two cycles of

mixing and centrifugation (15,871 x g), with equal volumes of phenol-

chloroform-isoamyl-alcohol, and one cycle of mixing and centrifuga-

tion with an equal volume of chloroform. The hydrophylic fraction

collectedwas furthermixedwith ten volumes of PB buffer and purified

using the MinElute PCR purification kit (Qiagen). This consisted of a

first centrifugation step for 1min at 6010 x g, followed by a washing

step in which the column was washed with 600μL of PE buffer and

centrifuged twice for 1min at 6010 x g to remove any remaining trace

of alcohol. Ancient DNA was finally eluted adding 60μL of elution
buffer supplemented with Tween 0.5% to the columns before incuba-

tion for 10min at 37 °C, and final centrifugation for 2min at 15,871 x g.

Extraction blanks were included every 8 samples to monitor

contamination.

Library preparation and sequencing
Double-stranded blunt-end DNA libraries were prepared following the

protocol from Rohland et al.53. DNA libraries were PCR amplified dur-

ing 12 cycles in a total reaction volume of 25μL, using AmpliTaq Gold

reaction mix and 1U of AmpliTaq Gold DNA Polymerase Enzyme,

together with 3μL of DNA library, 0.8mg/mL of BSA, 0.2mM of inPE1
primer, and 0.2mM of indexing primer containing an unique 6-bp

“external” barcode. Amplified DNA libraries were quantified on a

TapeStation 4200 instrument using a High sensitivity D1000 Screen-

TapeAssay (Agilent technologies), and Qubit HS dsDNA assay (Invi-

trogren). Each DNA library was diluted to between 1 nM and 10 nM for

shallow sequencing on IlluminaMiniSeq instrument (Paired-endmode,

2×81 cycles) at CAGT. Those DNA libraries showing sufficient DNA

preservation were sequenced more extensively on the Illumina

HiSeq4000 and/or the NovaSeq6000 (S2 and S4) at Illumina platform

Genoscope, Evry (Paired-end mode, 2 × 150 cycles) (Supplemen-

tary Data 2).

Sequence data processing, mapping and filtering
Raw sequencing data were processed using the Paleomix pipeline

(v1.2.13)54 for adapter trimming, read demultiplexing and collapsing,

mapping against the grape reference nuclear genome (12xV2)55,

alignment quality ( ≥ 25) and PCR duplicate filtering. Alignment was

carried out using Bowtie2 (v2.3.4.1)56, with the sensitive option and

end-to-end mode as recommended by Poullet and Orlando57. Final

average depth-of-coverage was estimated using paleomix coverage

–ignore-readgroups. The presence of signatures of post-mortem DNA

damage was assessed using mapDamage2 v2.0.9-2-gd251da058, with
default parameters and downsampling sequence data to a random set

of 100,000 high-quality unique alignments (Supplementary Fig. 1;

Supplementary Datas 3-5).

The same processing, mapping and filtering procedure was

repeated on previously published sequence data, including from a

total of N = 80 ancient grapes16,19,59, and N = 991 modern grape acces-

sions. The latter included N = 908 genomes of V. vinifera subspecies

divided into 10 populations according to Dong and colleagues20,

selected to encompass thewhole rangeof genetic ancestries present in

modern populations20–22, as well as N = 80 genomes of 48 other Vitis

species, and 3 genomes of other Vitaceae species, that were used as

outgroups23–27 (Supplementary Datas 6–8).
To accommodate uneven sequencing depths bias between

ancient and modern data, all genomes were pseudo-haploidized by

randomly sampling one allele per site at those sites covered in at least

50% of the individuals. Only transversion SNPs were retained to limit

the impact of post-mortem DNA damage on downstream analyses,

leaving a total of N = 5,785,152 sites that were further filtered using

PLINK (v1.90)60 to prepare two complementary data sets. The first data

set (hereafter referred to as the “core data set”) retained a total of

N = 932,511 unlinked SNPs (r2 < 0.5 in 50-SNP sliding windows, step=5)
showing aminimumallele frequency of 5% (MAF ≥0.05). The core data

set was used for PCA and ADMIXTURE29 analysis. The second data set

(hereafter referred to as the “extended data set”) retained all SNPs

showing MAF ≥0.05, including N = 1,045,070 SNPs (Supplementary

Data 9). This second data set was applied for phylogenetic recon-

struction, ancestry modelling and genetic relatedness analysis.

To improve the definition of genetic clusters, crucial for super-

vised analysis, both data sets were declined into two data sets repre-

senting two levels of resolution. First, modern accessions represented

by more than 50% missingness, and ancient accessions showing over

75% missing data were removed, leaving in both data sets a total of
N = 54 ancient grapes and N = 983 modern individuals. Then, only

modern accessions with at least 50% of their ancestry similar to the

main ancestry components of their populationwere retained, leaving a

total of N = 796 modern individuals. These individuals were used for

analyses defining the population level, retaining respectively 913,705

and 1,045,990 SNPs for the core and extended data sets (Supple-

mentary Data 9). Finally, we applied k-means clustering to the genetic

data of the 796 modern individuals selected above in order to assess

potential substructure within populations. Clustering was performed

on seven different input datasets, each representing a distinct com-

bination of genetic information: (1) PCA coefficients alone, (2) genetic
ancestries from ADMIXTURE29 alone, (3) genetic distances alone, (4)

PCA coefficients combined with genetic ancestries, (5) PCA coeffi-

cients combined with genetic distances, (6) genetic ancestries com-

binedwith genetic distances, and (7) the combination of all three (PCA,

ADMIXTURE29, and genetic distances). For each population, the opti-

mal number of genetic clusters was determined using the consensus-

based algorithm implemented in the NbClust R package (v3.0.1)61

(Supplementary Data 10). Only individuals consistently co-grouped in

5 of the 7 clustering approaches were kept, and 20% of the accessions

with the highest mean genetic distance were removed in each sub-

group (Supplementary Data 11). These thresholds were chosen to
maximise genetic diversity and sub-population identities, leaving a

final set of N = 559 modern individuals from 21 different sub-

populations. These individuals were used for analyses carried out at

the sub-population level, including a total of 881,071 and 1,056,315

SNPs for the core and extended data sets, respectively (Supplemen-

tary Data 9).

Phylogenetic reconstruction and population demographic
structure
Neighbour-joining trees were reconstructed considering either the

whole data set (Supplementary Fig. 2a), or the populational (Supple-
mentary Fig. 3a) and sub-populational levels (Supplementary Fig. 4a).

Trees were obtained using FastME (v2.1.6.2)62, and a total of 100

bootstrap pseudo-replicates to assess node robustness. Pairwise f3-

outgroup statistics63 were calculated using Admixtools (v7.0.2)63 with

the inbreed option, considering non-V. vinifera taxa as outgroups

(Supplementary Fig. 5; Supplementary Data 12). PCA analyses were

carried out using SMARTPCA (v1600)64, turning on the autoshrink

option to take into account the various levels of missingness between

ancient andmodern geneticdata. Eigenvectorswerefirst inferred from

the modern accessions, and before projecting ancient samples. PCA

was calculated considering either thewhole data set, or the population

and subpopulation levels, including or excluding non-V. vinifera subsp.
(Fig. 2c; Supplementary Figs. 6-10; Supplementary Datas 13–18). PCA

analyses were also repeated restricting genomic positions to those

from Ramos-Madrigal et al.16 found in the core data set (N = 4363;

Supplementary Fig. 19; Supplementary Data 19), in order to illustrate

the gain in resolution resulting from whole-genome data.
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Unsupervised ADMIXTURE (v1.3.0)29 genetic ancestry profiles

were obtained from K= 2 to K = 15 genetic ancestries considering

either the whole data set (Supplementary Fig. 11a), or the populational

(Supplementary Fig. 12a) and sub-populational levels (Supplementary
Fig. 13a). Suboptimal values of K were selected based on the minimal

cross-validation (CV) error, and the ability to estimate ancient genetic

ancestries solely from modern components: K = 13 for the whole data

set (Supplementary Fig. 11b; Supplementary Data 20), K = 13 at the

populational level (Supplementary Fig. 12b; Supplementary Data 21),

and K = 11 at the sub-populational level (Supplementary Fig. 13b; Sup-

plementary Data 22). Ancestry standard errors were estimated from

N = 50 bootstrap pseudo-replicates, using the --haploid = “*” flag.

Supervised analyses were carried out to describe ancient samples at

the populational (Fig. 3b; Supplementary Fig. 14; Supplementary

Data 23) and sub-populational levels (Fig. 3c; Supplementary Fig. 15;
Supplementary Data 24).

The genetic makeup of ancient individuals was modelled using

qpADM (v1520)30, considering a single, two, three, and four possible

sources. Themodelling procedure follows the “rotating” scheme from

Harney et al.30, with sources representing either the two V. vinifera

subsp., the 10 populations from Dong et al.20, or those newly inferred

21 sub-populations. Non-tested source populations, as well as non-V.

vinifera subspecies were included as right populations (i.e., out-

groups).Models showingp ≥0.01were considered to showstatistically

significant data fit, although the most parsimonious models (i.e.,

minimizing the number of contributing sources) associated with the
largest P value at the populational and/or sub-populational levels were

considered as the best (Fig. 4d–g; Supplementary Fig. 16; Supple-

mentary Data 25). All significant models were also re-inferred with the

SNPs from Ramos-Madrigal et al.16 present in the extended data set

(N = 4363; Supplementary Fig. 20; Supplementary Data 25), to com-

pare p and standard deviations.

Genetic relatedness
Genetic relatedness between pairs of ancient samples, and between

ancient samples and modern accessions, were assessed using READv2

(v2.00)33, a method specifically designed to estimate relatedness from
pseudo-haploid genomic data. READv2 divides the genome into win-

dows of 1Mb to calculate the distribution of genetic distances (P0)

between all pairs of individuals. By default, a normalization step is

done considering the median P0 value observed across the full data

set. The normalized P0 is then used to infer genetic relatedness

between individuals up to the 3rd degree, leaving all other pairs of

individuals as unrelated. This procedure was, however, originally

developed for human data and may, thus, not immediately apply to

species with high heterozygosity and mixed sexual and clonal repro-

duction systems, such as grapevine.

To define an appropriate normalization value for V. vinifera

accessions, we used n = 11,758 known parent-offspring relationships

from the Vitis International Varieties Catalogue (VIVC)65 to reconstruct

relatedness up to the 3rd degree among cultivars from the extended

data set. As no identical relationships were identified, we generated a

second extended data set using the pseudo-haploidization procedure

described above, which was merged with the original. This resulted in

each accession being present twice, with minor differences between

duplicates due to the stochastic nature of the pseudo-haploidization

process. We then assessed misassignment rates for each relatedness

level using our known-relatedness relationship across a range of nor-

malization thresholds, comparing them to the defaultmedian P0 value

used by READv233. The calibrated normalization value that minimized
the false assignment rate across all relatedness levels was selected

(P0 = 0.238; Supplementary Fig. 17; Supplementary Data 26), and

applied to samples with fully domesticated ancestries (ACG) (Supple-

mentary Data 27). We also measured how using the restrained SNPs

data set fromRamos-Madrigal et al.16 impacted themisassignment rate

for each relatedness level (Supplementary Fig. 21; Supplementary

Data 28).

Due to differences in genetic diversity and reproduction systems

within V. vinifera subsp. (Supplementary Fig. 18a), a second normal-
ization threshold was defined for V. sylvestris individuals. In the

absence of large, well-characterized wild pedigrees, we used the rela-

tive position of the selected normalization value for V. vinifera along

the misassignment curve of artificially duplicated identical V. vinifera

accessions misidentified as unrelated (Supplementary Fig. 18c; Sup-

plementary Data 29). This relative position was then projected onto

themisassignment curve of artificially duplicatedWestern European V.

sylvestris individuals (Supplementary Fig. 18d). The final normalization

threshold for ancient samples with purely wild (ASyl), or significant

wild (AHyb) ancestry, was defined as the mode of the resulting dis-

tribution of projected normalization values, with P0 = 0.138 (Supple-
mentary Fig. 18e). Eastern wild individuals were excluded from this

process due to their higher genetic diversity (Supplementary Fig. 18b),

which would have artificially inflated the normalization threshold and

increased the false positive rate in Western wild-like samples, which

represent the dominant type present in our ancient data set.

Reporting summary
Further information on research design is available in the Nature

Portfolio Reporting Summary linked to this article.

Data availability
Demultiplexed sequencing data and alignments against the 12x.2

grape reference genome generated in this study are deposited in the

European Nucleotide Archive (ENA) under the following accession

code PRJEB94459. Previously published sequencing datasets reana-

lyzed in this study are available under the following accession codes:

PRJNA48997016, PRJNA99917319, PRJCA00931420, PRJNA39361121,

PRJNA38829222, PRJNA48519923, PRJNA49031924, PRJNA86842925,

PRJNA73159726.

All other data supporting the findings of this study areprovided in

the Supplementary Data files. As the original archaeological grape pips

were consumed during destructive sampling, only ancient DNA
extracts and sequencing libraries are retained. These materials are

curated at the Centre for Anthropobiology and Genomics of Toulouse

(CAGT, Toulouse, France). Access to the material can be requested

from Laurent Bouby (laurent.bouby@umontpellier.fr) and Ludovic

Orlando (ludovic.orlando@utoulouse.fr).

Code availability
No original code has been produced; all other software packages used

in this study were previously published, as indicated both in the

Methods section and the Reporting Summary.
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