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Summary (199,200 words)

Grapevine cultivation connects deeply with human agricultural history™?, but the origin
and dispersal of cultivated grapevine and its relationship with wild progenitor remain
contentious®. Here we report genome-wide variations of 2,503 cultivated and 1,022
wild accessions of Vitis vinifera from all major viticultural regions worldwide. With
clearly distinguished wild ecotypes and cultivated grapevine genetic ancestries, we
provide evidence for a dual origin of cultivated grapevine in the Near East and Caucasus
about 11,000 years ago, thereby endorsing a concurrent origin of table and wine grapes.
Subsequent dispersal led to a broad distribution for the Near East domesticates but a
limited distribution for the Caucasus domesticates. We reveal that, as the Near East
domesticates entered Europe via Anatolia, an ancient wild western ecotype
introgression (~10.5 kya) assisted in the creation of muscat grape and various western
wine grapevine groups. We find that unique grapevine ancestries were already
established by the end of Neolithic (~6.9 kya) and that the process matched early
inception of agriculture across FEurasia. Lastly, we show that major grapevine
evolutionary events correspond to world climate change. Overall, the defined history
of cultivated grapevines is a testament to early human migration and the development

of various Eurasian civilizations.

Main Text (3839/4,300 words)

Cultivated grapevine (V. vinifera ssp. vinifera, hereafter V. vinifera) with its unmatched
cultivar diversity has been heralded as an emblem of cultural identity in major Eurasian
civilizations*®. As a food source (table and raisin grapes) and wine-making ingredient
(wine grapes), V. vinifera has been sharing a close relationship with the human race
since the beginning of agriculture™®. This connection prompted intensive research in
ampelography, archaeobotany, and historical records to reveal its past history.
Preliminary findings contend that V. vinifera originated from its wild progenitor V.
vinifera ssp. sylvestris (hereafter V. sylvestris) about 8,000 years ago (ya) during the
Neolithic agricultural revolution in the Near East*®. In recent years, this proposition
received further exploration from various genetic studies®*®, but key discoveries on the
finer details of grapevine domestication were often inconsistent. For instance, some

studies argued the existence of domestication centres outside the Near East (e.g.,
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1214 "and Central Asia'?), which in turn casts doubt

western Mediterranean, Caucasus
on the popular notion of a single past domestication event'®''. Additionally, three
demographic inferences yielded population split times between V. vinifera and V.
sylvestris at around 15 Kya to 400 Kya, which markedly predate the historical consensus
on domestication time””. As early domesticates spread to other parts of Eurasia via
poorly defined migration routes in the ensuing millennia®, the single-origin theory also
brings a debate on the origin order between table and wine grapevines. The popular
view proposes a wine grapevine-first model with two types diverging about 2,500

7,10,11

ya . Moreover, hybridization with local V. sylvestris is deemed common in the

creation of extant European wine grapes'®!

, but it is not known whether these
introgression events occurred early or late in history. Several studies suggest that the
earliest cultivation of European wine grapes in France and Iberia postdates 3000 ya'®".
Since the abovementioned discrepancies and unknowns result in large part from the
inadequate sampling of grapevine accessions and the limited resolution of genetic data
in previous analyses, we report here the genomic variation dataset from a global cohort
to systematically delineate the structure of V. sylvestris and V. vinifera genetic diversity,

explore the origin of V. vinifera, deduce a putative dispersal history, and investigate key

domestication traits and introgression signatures.

Genomic Variation Dataset

In order to attain genomic variations, we constructed a chromosomal-level genome
assembly for V. sylvestris as reference (VS-1 from Tunisia; Extended Data Fig. 1,
Supplementary Note 1, Supplementary Tables 1-9). From the 3,304 assembled
accessions, good quality Illumina paired-end sequencing data to a 20-fold average
coverage were obtained for 3,186 grapevine accessions (2,237 V. vinifera and 949 V.
sylvestris; Supplementary Table 10-13, Extended Data Fig. 3a; see Methods) from a
dozen Eurasian germplasm and private collections. We also included genomic data for
339 previously sequenced accessions (266 V. vinifera and 73 V. sylvestris;

7,8,16

Supplementary Table 14) in the analyses”®°, producing the final cohort of 3,525
grapevine accessions (2,503 V. vinifera and 1,022 V. sylvestris). The alignment of the
[llumina reads to the VS-1 reference genome identifies 45,624,306 biallelic SNPs and

7,314,397 biallelic short Indels (<40 bp; 73.2% shorter than 5 bp; Supplementary Note
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2), among which rare alleles (minor allele frequency < 1%) account for the majority
(Extended Data Fig. 2, Supplementary Tables 15-22). The intergenic region of the
genome encompasses about 64.7% of SNPs and 70.0% of Indels. About 7.0% of SNPs
are located in the coding sequence, and the nonsynonymous to synonymous SNP ratio
is 1.497. In comparison, only 2.9% of Indels are found in the coding sequence. We also
show that 423,625 SNPs are predicted to be deleterious, and 151,721 Indels to cause

frameshift mutations in the coding sequence.

Core accessions by viticultural regions

Clones, mutants, synonyms, and homonyms are a common phenomenon in grapevine
germplasm and collections'’. Knowing how our samples are related is a precondition
for the successful analyses of population genomic data. By using the identity-by-state
sharing pattern estimators, we found 1,534 accessions sharing the genetic profile with
at least one other in the cohort, which belong to 498 distinctive genotypes (Extended
Data Fig. 3a-c, Supplementary Note 3, Supplementary Table 23). We kept one
accession for each distinctive genotype, corrected misidentified accessions, and
excluded interspecific hybrids to obtain a core cohort of 2,448 grapevines (1,604 V.
vinifera and 844 V. sylvestris; Extended Data Fig. 3b). These core accessions remain

representative of the major viticultural regions' in the world (Extended Data Fig. 3d).

Since geographical indication carries economic and cultural significance for grapevines,
major viticultural regions have been the preferred grouping method in the evaluation
of grapevine genetic diversity®'>'°. For the principal component analysis (PCA), the
genetic variation among core accessions shows that V. sylvestris and V. vinifera
separately spread out along the first two principal component (PC) axes, with both
displaying a crude Near East to Western Europe gradient (Fig. 1a). The PC-based
median positions do not precisely mirror the geographical locations on a map (e.g.,
unlike that in human®’). Along the PC3 axis, the differentiation of individuals is in large
part based on the V. vinifera utilization (Extended Data Fig. 4b). In addition, individuals
from the same viticultural region are loosely clustered together with no clear
boundaries between different viticultural regions. Likewise, the maximum likelihood

phylogenetic tree of core accessions displays two clades, which are mainly based on
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grapevine utilization (Extended Data Fig. 5). Particularly, the V. vinifera accessions
from the same viticultural region do not form a monophyletic subclade, but rather
scatter in different places of the subtrees. These results collectively demonstrate the
disconnection between the fine viticultural geographic pattern and the genetic
structures in grapevine®'. One explanation could be the extensive exchange of superior
cultivars across regions throughout history, as subsequent interbreeding for new
cultivars would blur the boundaries of established groups and even out the effect of

isolation-by-distance (genetic differentiation).

Grapevine grouping by genetic ancestry

In view of the poor resolution of viticultural regions in defining grapevine diversity, we
have leveraged genetic ancestry information from an unsupervised ADMIXTURE
analysis to categorize core accessions (Fig. 1b, Extended Data Fig. 6a, Supplementary
Note 4). At K=2, the V. sylvestris accessions display various proportions of the east (red)
and west (blue) genetic ancestry components. In contrast, all V. vinifera accessions at
K=2 contain a major east (red) ancestry. This observation indicates that V. vinifera was
derived from wild progenitors of the east (red) ancestry. At K=8, hierarchical clustering
of ancestry components identifies four V. sylvestris groups, each including accessions
from distinct geographic regions: the Near East (Syl-E1), the Caucasus (Syl-E2),
Central Europe (Syl-W1), and the Iberian Peninsula (Syl-W2; Fig. 1b). V. sylvestris
accessions collected from other regions show admixed genetic structures
(Supplementary Note 4). For cultivated grapevines, six genetic ancestries could
designate six distinctive groups (CG1 to CG6), all covering a broad range of viticultural
regions (Fig. 1b, Supplementary Note 4). We examined accessions in each group with
pure or close to pure ancestries (Extended Data Fig. 6b, 6e, Supplementary Note 4),
and ascribed names accordingly to these groups as Near East table grapevines (CG1),
Caucasian wine grapevines (CG2), muscat grapevines (CG3), Balkan wine grapevines
(CG4), Iberian wine grapevines (CG5), and Western European wine grapevines (CG6).
The admixed V. vinifera accessions showed different combinations of genetic ancestries
(Extended Data Fig. 6¢c, 6d). In the end, the four V. sylvestris and six V. vinifera groups
could be clearly differentiated in the PCA plots (Fig. 1c, Extended Data Fig. 4c), thus

suitable for population genomic investigations.
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V. sylvestris diversity and past history

V. sylvestris natural habitats are partitioned by the Mediterranean Sea, the Black Sea,
the Alps, and the Zagros Mountain in the western Eurasia continent. According to the
genetic ancestries and the occupied corresponding ecological niches, we designate V.
sylvestris accessions in the Near East and the Caucasus as the eastern ecotype (Syl-E)
and accessions in Central Europe and the Iberian Peninsula as the western ecotype (Syl-
W; Fig. 2a). This designation is supported by the large between-ecotype fixation index
values (e.g., Syl-E1 vs. Syl-W1, Fs;=0.340), as opposed to the small within-ecotype
fixation index values (Syl-E1 vs. Syl-E2, Fs;=0.101; Syl-W1 vs. Syl-W2, Fs;=0.072;
Extended Data Fig. 7a, Supplementary Table 26). By evaluating nucleotide diversity ()
and individual heterozygosity, we show that the western ecotype (especially Syl-W1)
has a significantly lower degree of population polymorphism than its eastern
counterpart (Extended Data Fig. 7b, c). Moreover, the linkage disequilibrium decay
(LD, %) was much slower in Syl-W (1.0-1.6Kb at half of maximum r*) than in Syl-E
(400-600bp at half of maximum r°; Extended Data Fig. 8). These data demonstrate that

the eastern ecotype retains the highest genetic diversity.

Demographic inference shows that the ancient history of V. sylvestris, similar to human
evolution®, was influenced by global climate change. Both subgroups of the Syl-E and
Syl-W exhibit a remarkable population bottleneck around the time of the Last Glacial
Maximum (LGM at ~21 Kya, thousand years ago; ~10-40 Kya for V. sylvestris
subgroups), with the effective population sizes (N.) reaching a minimum of 10,000 to
40,000 (Extended Data Fig. 9). In accordance with this result, ecological niche
modelling predicts that the areas with suitable environmental conditions for Syl-E and
Syl-W (suitability>0.75) became not only limited but also completely separated at the
LGM (Fig. 2b). Notably, LGM was associated with a human population bottleneck and
later population turnover in Europe®. The V. sylvestris N, rebound post LGM was less
steep and more prolonged in the Syl-E accessions than in the Syl-W accessions
(Extended Data Fig. 9). Nonetheless, the N, of the Syl-W accessions decreased to lower

levels in recent time, which agrees with their reduced genetic diversity.
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The stairway plots reveal an additional population bottleneck in all V. sylvestris
subgroups around 200-600 Kya (Extended Data Fig. 9) during a Pleistocene period
characterized by changing climate cycles and hominin expansion***. This period is
congruent with the deduced population split time (median ~200-400 Kya) between
Syl-E and Syl-W (Fig. 2a). The slow descent of the split line suggests that the
geographic isolation of the two ecotypes was a gradual process (Extended Data Fig. 9).
The median population split time between Syl-E1 and Syl-E2 was estimated as ~56
Kya, which corresponds to the modern human migrating out of Africa®®, presumably to
escape a dryer climate®. In comparison, the median population split time between Syl-
W1 and Syl-W2 was abrupt and recent at ~2.5 Kya, when the rise and fall of the Roman

Empire was linked to climate fluctuations®.

Dual origin of V. vinifera

The wet climate in Early Holocene (~11.7-8.3 Kya) facilitated the expansion of suitable
habitats for both wild ecotypes, with Syl-E enjoying a large geographic span from
Central Asia to the Iberian Peninsula (Fig. 2b). This result supports the eastern origin
and subsequent continental dispersal of V. vinifera (Fig. 3a). Since CG1 shares the main
ancestral component with Syl-E1 and CG2 with Syl-E2 (Fig. 1b), we evaluated the
possibility of two independent primary domestication events in the past. Indeed, both
CG1 and CG2 maintain the highest genetic diversity and manifest the quickest LD decay
among all CG groups (Extended Data Fig. 7, 8). They have a lower population
differentiation with their corresponding wild ecotypes (Extended Data Fig. 7a). The
outgroup f; statistics bi-plots also reveal that CG1 and CG2 are genetically closer to Syl-
E1 and Syl-E2, respectively (Fig. 3b, Supplementary Table 27). Notably, the population
split lines of the CG1/Syl-E2 and CG2/Syl-E1 pairs resemble that of the Syl-E1/Syl-E2
and differ from those of the CG1/Syl-E1 and CG2/Syl-E2 pairs (Fig. 3c, Extended Data
Fig. 10). These data collectively support a dual origin of V. vinifera and reject the

popular theory of a single primary domestication centre'®'".

The separation of the CG1/Syl-E1 and CG2/Syl-E2 population pairs occurred fairly
quickly (Fig. 3c), which is compatible with a clean split scenario. The median

population split time is estimated to be ~11 Kya for both pairs, suggesting that the
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independent domestication events took place concurrently around the advent of
agriculture. As CG1 and CG2 respectively represent table and wine grapevine ancient
genetic background (Extended Data Fig. 6e), this analysis also turns down the notion

that wine grapevine predates table grapevine”'''.

The geographic distributions of CG1 and CG2 cultivars across Eurasia and North Africa
could outline vastly different dissemination routes for the two grapevine groups (Fig.
3a). The CG1 dispersal goes in four directions. The eastward expansion through Central
Asia into India and China follows the Inner Asia Mountain Corridor, a path that also
witnessed the exchange of other crops (i.e., wheat, barley, and millet) between the
West and the East®. The northbound expansion showcases the early cultural contact of
the Near East over Zagros mountains with the Caucasus®>*'. The northwest expansion
via Anatolia into the Balkan bespeaks the spread of farming into Europe®***. Finally, a
westward expansion across North Africa coastlines corroborates with the finding that
early Neolithic Moroccans were genetically related to Levantine farmers®. In contrast,
CG2 individuals were mainly confined to both sides of the Caucasus Mountain, with a
limited dispersal route going into the Carpathian Basin by the northern Black Sea. This
path implies that CG2 played a negligible role in the formation of wine grapevines in
Europe. Altogether, the post-domestication dispersal routes of V. vinifera parallel the

trails of past human migration.

Selection on sex determination region

In order to reveal domestication signatures in V. vinifera, we investigated both Syl-
E1/CG1 and Syl-E2/CG2 group pairs by selecting genomic regions that display high
levels of nucleotide diversity difference and population differentiation (both top 5%;
Extended Data Fig. 1la, Supplementary Table 28). We collated the identified
domestication selective sweep regions from the two pairs and found 27 shared ones
mainly in the chromosomes 2 and 17 of the VS-1 genome assembly (Supplementary
Table 29). In particular, the Chr2:14.28-14.34 Mb selective sweep region overlaps with
the grapevine sex determination region (SDR; Extended Data Fig. 11b), which

underlies the transition from dioecy in V. sylvestris to hermaphroditism in V. vinifera®.

10
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This result corroborates with a previous investigation® and confirms that the selection

on flower sexual morphs is of great importance during grapevine domestication.

The dioecious grapevine SDR includes the male (M/f) and female (f/f) genotypes, with
which independent recombination events at three loci have facilitated the formation of
two major hermaphroditic (H1 and H2) haplotypes®. The haplotype pairing among f,
H1, and H2 yields hermaphroditic H1/f, H2/f, H1/H1, and H1/H2 SDR genotypes,
which account for the majority in our V. vinifera samples (Extended Data Fig. 11c,
Supplementary Table 30). Specifically, the H1/f SDR is universally distributed among
all six cultivated grapevine groups, whereas H2/f and H1/H2 SDRs are predominantly
found in the Iberian and Western European wine grapevines (CG5 and CG6; Extended
Data Fig. 11d). Another interesting finding is the enrichment of homozygous H1/H1
phenotype in CG3 muscat grapevines. The distribution bias of these genotypes implies
an independent origin of H2 haplotype and an intensive selection of the muscat

grapevines, respectively.

Aside from the known major haplotypes and genotypes, the scale of our grapevine
cohort also enables the discovery of accessions containing novel minor haplotypes
(male variant Mv, female variant fv, H3, H4, and H5) and genotypes (Mv/f, M/H1,
M/H5, H1/fv, H5/f, H4/f, H2/H2, and H2/H3) as a result of recombination events at
five different sites in the SDR (Extended Data Fig. 11b, c, and e, Supplementary Table
30). This result not only showcases the SDR diversity in grapevine natural populations,
but also assists the construction of a putative recombination history for known SDR
haplotypes (Extended Data Fig. 11f). It is clear that a first independent recombination
event between the parental M and f haplotypes created Mv (site 4), fv (site 3), H1 (site
2), and H4 (site 1). On this basis, H1 experienced a second independent recombination
event with f to produce H3 (site 5) and H5 (site 4), whereas H4 recombined again with
f at site 5 to bring about H2. The fact that H4 predates H2 allows us to build a putative
evolutionary past of the two haplotypes (Extended Data Fig. 11g). Intriguingly, the
origin of H4 can be traced to the Near East in three Syl-E1 V. sylvestris accessions (IS164,
IS167, and IS180). After human selection, it possibly followed a westward dispersal

route to reach the Iberian Peninsula, where it can now be found in an old Iberian

11
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cultivar ‘Malvasia Fina’ (PO153). Given the geographic distribution of H2/f and H1/H2
SDRs, a likely scenario supports that H2 originated from H4 in the Iberian Peninsula
and later became dominant during the diversification of Iberian and Western European

cultivars.

Syl-W ecotype introgression

The expansion of suitable habitats for Syl-E and Syl-W in early Holocene led to shared
areas mainly in the coastal regions of northern Mediterranean and southern Black Sea,
the Iberian Peninsula, and an area corresponding to present western France (black area
in Fig. 2b). This formed an ecological foundation for the genetic exchange between
CG1 and local refugia Syl-W accessions as the early domesticates dispersed into Europe
via Anatolia. The pervasive introgression of wild genotypes is well documented in the

1011 “with many old varieties (i.e., ‘Lambrusco’

extant European V. vinifera grapevines
cultivars) deriving about half of their ancestries from Syl-W (Extended Data Fig. 6d).
However, they likely showcase the late diversification effort after the distinct ancestries
(CG3-CG6) had been established. To test this, we have chosen cultivars in each group
with at least 75% major ancestry (also average Syl-W ancestry in each V. vinifera group
<3%) to delineate how Syl-W introgression shaped cultivated grapevines. Interestingly,
the TreeMix analysis finds one migration edge that points from Syl-W to a population
ancestral to CG3-CG6 (estimated weight 0.114; Fig. 4a, Extended Data Fig. 12a),
suggesting an ancient introgression event occurred before the diversification of all
European grapevines. An additional migration edge also points from Syl-W to CG6
(estimated weight 0.292), which implies that Western European wine grapevines had
a unique independent introgression event in the past. This introgression history is
supported by various combinations of D-statistics testing the gene flow from Syl-W into
CG groups (Z-score>3.0, adjusted P<4.17x10°; Extended Data Fig. 12b,
Supplementary Table 31). Additionally, the gene flows from Syl-W into CG3-CG6
inferred from Momi2 all point to their corresponding divergence from CG1, further
supporting the introgression history (Extended Data Fig. 12c). Notably, the estimated
median divergence times date the creation of Balkan wine grapes (CG4) to 8,070 ya,
Iberian wine grapevines (CG5) to 7,740 ya, and Western European wine grapevines to

6,910 ya (Fig. 4b, Extended Data Fig. 12¢). These time points accord with the historical
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migration of Anatolian farmers into Europe , which substantiate the role of

viticulture in the formation of Neolithic agricultural societies.

The migration edge weights, fi-ratio, and Momi2 estimates collectively show that the
ancient introgression from Syl-W accounts for about 11.4-18.0% of the CG3-CG6
genomes (Extended Data Fig. 12, Supplementary Table 31). On top of this, the
independent introgression contributes about 25.0-30.0% additional Syl-W to the CG6
ancestry. We have screened the introgression tracts in CG3-CG6 by choosing the
genomic windows having the top 1% d; and fa, values (Extended Data Fig. 13). A total
of ten regions are shared among CG3-CG6 groups, which contain genes that are
putatively involved in plant immunity, abiotic stress response, and carbohydrate
metabolism (Supplementary Table 32). This result agrees with the proposal that
introgression helps grapevines adapt to new environment and become more suitable to

wine making'*'".

Muscat grapevine

Muscat grapevine (CG3) is unique for its floral aromas, which are the result of a hard-
to-define concoction of monoterpenoids in the fruit®. Given its broad geographic
distribution (Extended Data Fig. 14a) and very old history, it is difficult to pinpoint the
centre of origin. Momi2 estimate predicts a population split from CG1 at around 10,564
ya (Extended Data Fig. 12c), which would suggest an origination site close to the Near
East. This is supported by the relatively low Fsyvalue and a sizeable gene flow with CG1
(Extended Data Figs. 7a, 12c), but very few CG3 cultivars could be located in Anatolia
and the surrounding regions. One possible reason is the gradual loss of ancient CG3
cultivars throughout history, which could explain the low genetic diversity and high LD
extent in the CG3 group compared to others (Extended Data Figs. 7b, 8). Even though
the muscat aroma is a complex trait, genome-wide association analysis based on a
binary differentiation reveals 18 SNP signatures on chromosomes 5 and 18 (Extended
Data Fig. 14b, ¢, Supplementary Table 33). This set includes a nonsynonymous SNP
Chr5:19419686 in the VvDXS gene that has been linked to the trait®. Examination of
the genotype at this locus shows that 108 out of the 135 muscat grapevines (including

‘Muscat Hamburg’, ‘Konigin der Weingarten’, and ‘Muscat of Alexandria’ commonly
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used as parental cultivars) are heterozygous (G/T) and only eight individuals are
homozygous (T/T) for the alternative SNP. Additionally, CG3 grapevines without
muscat aroma are found to be homozygous for the reference SNP (G/G). This result
suggests that selection on this allele might have put some constraint on grapevine

fecundity, thereby preventing the alternative SNP from reaching fixation.

Discussion

Our systematic genomic survey of V. sylvestris and V. vinifera accessions paints a defined
picture of the grapevine evolutionary history, which echoes key events in the history of
world climate change and human migration (Fig. 5). The Pleistocene era witnessed the
continuous fragmentation of habitats, the decline of effective population size, and the
separation of ecotypes for V. sylvestris. It is highly likely that modern humans
extensively utilize grapevines for energy source from late Pleistocene on, but the harsh
climate at the time was not fit for agriculture®. As the climatic conditions ameliorated
at the Pleistocene-Holocene transition, grapevine with its fairly stable perennial yield
unsurprisingly became one of the earliest candidates for domestication. The diverse
SDR haplotypes suggest that an early goal could be the conscious selection®® and
propagation of rare naturally-occurring hermaphroditic individuals from the V.
sylvestris population, because they allow mass plantation without male plants. The
selection on phenotype, but not on genotype, also implies that the different
hermaphroditic haplotypes were subject to a strong genetic drift. This is showcased by
the high frequency of H1 and almost extinct H4 in extant cultivars. The Mesolithic and
Neolithic period also saw the early dispersal and diversification of grapevines where
unique ancestries were established in the Balkan, the Iberia, and the Western Europe
with the help of V. sylvestris introgression into CG1. This event mirrors early farmer
migration in Europe, consolidating the role of viticulture in forming sedentary societies.
The last stage since the Bronze Age is characterized by a higher level of cultural
exchange, thus the trading of superior grapevine cultivars along trade routes. This is
especially evident in the plethora of Italian cultivars with three or more genetic
ancestries, and unfortunately poses a challenge to disentangle the genealogical history
of each grapevine cultivar®'. Lastly, genetic reliable wild grapevines from Central Asia,

a region battered by climate change and social instability for the past few millennia,
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are no longer available to test Vavilov’s theory for a diversity centre or a hypothetical
turnover of grapevine types due to Islam conversion in the region. These questions may

be resolved with the help of paleogenomic data in the future.

Methods (22503000 words)

VS-1 genome assembly. The V. sylvestris plant VS-1 of Tunisian origin (DVIT2426)
was obtained from the grape germplasm and breeding block of the Shanghai Jiaotong
University in Shanghai. Fresh young leaves were collected for the extraction of total
genomic DNA using the CTAB Plant DNA Extraction Kit (Genenode Biotech Co, Beijing).
We obtained 49.5Gb (~100x) PacBio single-molecule real-time (SMRT) reads and
26.7Gb (~54x) circular consensus sequencing (CCS) reads on the PacBio RS II platform
from BGI-Wuhan (Wuhan, China) and Berry Genomics (Beijing, China), respectively.
We also obtained a total of 170.67Gb (~350x) Illumina paired-end sequencing data
and 62.44Gb Hi-C sequencing data from Novogene (Beijing, China).

The details of the genome assembly pipeline can be found in Supplementary Note 1. In
brief, we generated a basic contig assembly based on the PacbBio SMRT sequences with
NextDenovo (v.2.0.beta.1), from which we removed redundancy with a pipeline
provided by Purge Haplotigs*' and polished residual errors with clean Illumina short
reads using Pilon*. We next assembled the CCS reads using Canu® and aligned it to
the SMRT contigs with nucmer* to achieve longer contigs. After an additional round
of redundancy removal with Purge Haplotigs and contig polish with CCS reads using
NextPolish®, we obtained an assembly of 477.80Mb with a contig N50 size of 13.82Mb.
The elongated contigs were then anchored into chromosome scale using a Hi-C
proximity-based assembly approach*®* ~where 19 high-confidence clusters
representing the haploid chromosomes of V. sylvestris were identified, covering 95.04%
of the whole assembly. We compared our VS-1 genome assembly with published V.

48,49

sylvestris genomes™* and annotated the protein-coding genes for the ensuing analyses.

See Supplementary Note 1 for details.

Sample collection and processing. A total of 23 institutions from 16 nations in the

world contributed to the global grapevine cohort'””**°, which comprised of 2,269 V.
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vinifera and 1,035 V. sylvestris accessions. The V. vinifera accessions were collected from
institutional germplasms and private collections. The selection was designed to
preferentially include old, autochthonous, and economically important varieties to
maximize the spectrum of genetic diversity. The V. sylvestris accessions were collected
from all major refugia in the world, which spans a large geographical area from Levant
and Transcaucasia in the east to the Iberian Peninsula in the west*®, Total genomic DNA
was either obtained from dried grapevine leaf tissues using the CTAB Plant DNA
Extraction Kit (Genenode Biotech Co, Beijing) in a wet lab at the Yunnan Agricultural
University, or directly sent from collaborators. For the latter, genomic DNA was cleaned
once by sodium acetate precipitation and reconstituted in nuclease-free water (Ambion,
Texas, USA). Sequencing libraries with an insert size of 350~550 bp were prepared
with NEBNext® Ultra™ DNA Library Prep Kit (Illumina, USA) according to the
manufacturer’s directions. Paired-end sequencing was performed on an Illumina
NovaSeq 6000 platform by both Novogene (Beijing, China) and Berry Genomics
(Beijing, China). The target sequencing depth was 20x for each accession. After
excluding unusable sequencing libraries, we curated raw genome data for 3,270
samples (2,256 V. vinifera and 1,014 V. sylvestris; success rate 99.4%), totaling 33.96
Tb. On top of these, we also included 271 V. vinifera accessions and 73 V. sylvestris
accessions from previous publications in the following steps ”*'°. See Supplementary

Note 2 for details.

Variant calling and annotation. The raw sequencing reads were processed to obtain
sequencing depth, duplication rate, and percentage of mapping rate for each accession.
We denoted any value that was outside mean * 3S.D. of these parameters to be an
outlier, and excluded grapevine samples with outlier parameters from variant calling.
With this method, we retained 2,237 V. vinifera and 949 V. sylvestris samples from our
collaboration and 266 vinifera and 73 sylvestris samples from previous publication,
making the final grapevine cohort of 3,525 accessions. A single accession of muscadine
grape (ZZ-01) was included as outgroup for the downstream analyses”. See

Supplementary Note 2 for details.
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We used the chromosomes of the VS-1 genome (excluding unanchored sequences) as
references in the identification of variants (both SNP and Indel). The variant detection
was carried out with GATK3 (v.3.8; https://github.com/broadinstitute/gatk)
according to the recommended workflow®. In brief, the variants of each accession were
called using the GATK HaplotypeCaller, and then a joint-genotyping analysis of the
gVCFs was performed on all samples (also separately for V. vinifera and V. sylvestris
samples). In the filtering step, various parameters used in the hard filtering of raw SNPs
and Indels were determined according to the recommendation of GATK™. As a result,
the SNP filter expression was set as “QD<2.0, QUAL<30.0, SOR>3.0, FS>60.0,
MQ<40.0, MQRankSum<-10.0, ReadPosRankSum<-8.0”. The short Indel filter
expression was set as “QD<2.0, QUAL<30.0, SOR>5.0, FS>100.0, InbreedingCoeff<-
0.8”. SNP density, Indel density and total genetic diversity across each chromosome
were calculated with 100 kb sliding window using veftools (V.0.1.16)%. Our called SNP
datasets were compared to the 10K grapevine SNP chip® and the 472 Vitis SNP dataset®,
and further validated with somatic SNPs obtained from a group of Chasselas clones

(Supplementary Note 2).

We performed SNP and Indel annotation according to the VS-1 genome using the
package ANNOVAR (v.2015-12-14)°!, and predicted the effect of nonsynonymous SNPs

on the biological function of proteins with Provean (v.1.1.5)%.

Genetic clonal accessions. We utilized identity-by-state (IBS) sharing pattern

estimators®®%°

to infer relationship among accessions. This approach is superior to the
identity-by-descent (IBD) inference in our case in that: (1) it does not require prior
knowledge of ancestral pedigree or allele frequencies, and (2) it is robust to SNP
ascertainment errors®*®. We removed SNPs with low read support (<7 reads) or with
high linkage disequilibrium (LD, r°>0.5) with other SNPs for the analyses. The
estimators were calculated with SNPduo (V.2.00a)®. By using estimator values from
known clonal accession pairs as reference, we set the following three cut-off values:

R1>1.20, IBS2*ratio>0.99, and KING-robust kinship>0.3426. We would assume a

genetic clonal relationship if two of the above thresholds were met between two
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accessions. We kept one accession for each distinctive genotype and marked all other

clonal accessions for exclusion from analyses.

Phylogenetic tree. The SNPs were processed using SNPhylo (Version 20180901)%
with default parameters. The resultant phylip format data were taken to construct a
ML phylogenetic tree using RAXML-NG (v.0.9.0)*” with 32 random search trees and
100 TBE bootstraps. The best tree was chosen according to the maximum Final

LoglLikelihood value. A muscadine grape was included as outgroup.

Principal Component Analysis and ADMIXTURE. We chose the core set of SNPs
(MAF greater than 0.05) for additional pruning. PLINK (v1.90b6.12)%® was used to
remove SNPs having high LD (+°>0.5) within a continuous window of 50 SNPs (step
size 5 SNPs), which yielded 2,669,247 SNPs for both analyses. We performed PCA with
GCTA (v.1.26.0)® using the default settings. The first three principal components were
plotted and colored according to major viticultural region, utilization, and genetic
groups, respectively. We also examined the genetic ancestry with ADMIXTURE
(v.1.3.0)”° and determined the choice of K using a 5-fold cross-validation (CV)

procedure”!

Grapevine major group characterization. Linkage disequilibrium (pairwise r* values)
was calculated across all chromosomes using PopLDdecay (v.3.41)7* with default
parameters. The average nucleotide diversity (;t) within continuous 100 kb sliding
windows, pairwise population fixation index (Fsr), and individual heterozygosity were

calculated with VCFtools (v.0.1.16)"°.

Ecological niche modelling. We compiled 41 and 16 different geographical records
from all identified Syl-W and Syl-E accessions, respectively for the analysis. The raster
files of 19 bioclimatic variables at 2.5 minutes resolution for the Last Glacial Maximum
(LGM, ca. 21 ka, v1.2b) and early Holocene (EH, Greenlandian, 11.7-8.326 ka, v1.0)
paleoclimate data were obtained from PaleoClim”. Since removing highly collinear
variables has an insignificant impact on maximum entropy model performance™, we

included all original variables in the analysis. The R package ENMeval (v.0.3.1)” was
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used to test all combinations of defined settings and perform cross validation for model
evaluation. For the Syl-W ecotype, the settings of LQH 1, LQ_ 2.5 were chosen to
measure variable importance for the LGM and EH, respectively, whereas for the Syl-E
ecotype, the settings of LQ 1.5 and LQ 4 were selected. Then the projections for
habitat suitability were generated in MaxEnt (v.3.4.4)”® from the ENMeval results with

the parameters of 10 subsample replicated runs and 30 random test percentage.

Demographic history inference. First, we employed the MSMC2”” to infer population
size and split time. The input files for MSMC2 were generated with MSMC Tools
(https://github.com/stschiff/msmc-tools). In brief, bi-allelic SNP sites with uniquely
mapped reads and 0.5 to 2-fold mean coverage depths were used in the analyses, and
the remaining genomic regions were masked using the script bamCaller.py. Then all
segregating sites within each group were phased using SHAPEIT (v.2.r904)®. Single
population demographic inference was performed on four individuals (eight
haplotypes), whereas population split inference was performed on two individuals
(four haplotypes) for each group. Only grapevine accessions with the highest
proportion of major ancestries (top 50 or major ancestry > 70%) were randomly
chosen for the inference. Single population demographic inference was repeated ten
times for each group. Median population split times were deduced from the results of
100 random combinations for each comparison. We used a mutation rate of 5.4x10°
per site per generation and a generation time of 3 years for demographic history

inference®, unless stated otherwise.

The stairway plot 2 (v.2.1)”° was also used for estimating the population demography
history for V. sylvestris from SNP frequency spectrum. We filtered out SNP sites in the
coding sequence region and masked genomic regions of repetitive elements. For each
population, we only included accessions with the highest proportion of major ancestries
(50 for Syl-W1, 58 for Syl-W1, 54 for Syl-E1, and 34 for Syl-E2). We estimated folded
SFS using easySFS (https://github.com/isaacovercast/easySFS). Population history
was predicted by ignoring singletons and 200 bootstraps were run to assess confidence
intervals. We plotted the change of estimated median effective population size through

time and the associated 95% confidence intervals (2.5% and 97.5% percentiles).
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We used Momi2 (v.2.1.19)® to explore demographic models for various sets of four
populations. Five individuals with the highest proportion of major ancestries were
included in each population. We filtered out SNP sites in the coding sequence and
genomic regions of repetitive elements. The extracted folded site frequency spectrum
(SFS) was split into 100 equal-sized blocks for jackknifing and bootstrapping. One gene
flow event and constant population size were assumed for a set of four-population
comparison. The split times of Syl-W/Syl-E and Syl-E1/CG1 were based on the MSMC2
results, where the interquartile range (25% to 75%) was fed into Momi2. We fitted 20
independent runs with random starting parameters and selected the demographic
model with the biggest log-likelihood value of all runs. Then 100 bootstraps for the
best model were implemented by resampling blocks of the SES to generate confidence

intervals.

Selective sweep signals. We investigated the selection signals across the whole
genome via a cross comparison of the genetic differentiation (Fsr) and nucleotide
diversity (s1). A 50 kb sliding window with 10 kb step approach was applied to quantify
Fsr and 7 by using the VCFtools software (v0.1.16)*°. The candidates that meet both

top 5% of the two values were selected as selective signals.

Treemix. We estimated admixture graphs of grapevine groups using TreeMix (v.1.12),
which applies a ML method based on a Gaussian model of allele frequency change®'.
For each group, individuals with at least 75% major ancestries (also average Syl-W
ancestry in each V. vinifera group <3%) were used. SNPs were filtered for missing calls
and monomorphism. The topology of the ML trees changes depending on the number
of migration edges (m) allowed in the model. The optimal number of migration edges
was determined from the range of one to ten using a R packages OptM (v.0.1.6)**. The
TreeMix program was run with “-bootstrap 1000 -k 500”. The Syl-E1 group was set as
root. For each migration event, we constructed the tree with migration edges 10 times

using random seed. The best outcome was determined by the biggest residual value.
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f-statistics, Patterson’s D, and local introgression region. Individuals with at least
75% major ancestries were used for each group. Outgroup f; statistics were calculated
using a R package admixr (v.0.9.1)® for all possible combinations of grapevine groups
with Vitis rotundifolia as the outgroup. The Patterson’s D and f; admixture ratio for all
possible combinations of trios of the grapevine groups were calculated using Dtrios in
Dsuite (v. 0.4 r42)* with V. rotundifolia as the outgroup. SNPs were filtered for missing
calls and monomorphism. To further locate the local introgressed genomic regions, the
df and fu, statistics were calculated along the whole genome using Dinvestigate in
Dsuite with a sliding window of 50 SNPs and a step of 5 SNPs. We defined the putative
introgressed regions as those among top 1% of both values and visualized these regions

with R.

Genome-wide association study. We performed a genome-wide association study on
muscat and non-muscat grapevines using fastGWA-GLMM method®* in GCTA
(v.1.93.3beta)®”. For the binary categorization, the muscat phenotype (n=135,
Supplementary Table 1 and 14) was defined as 1 and non-muscat phenotype (n=158)
as 0. The non-muscat grapevine were selected from CG1, the earliest domesticates.
SNPs with missing calls greater than 0.2 and minor allele frequency less than 0.01 were

filtered. We defined the whole-genome significance cut-off with -log;, (P) = 6.

Data availability
The VS-1 genome assembly is available at the China National Centre for Bioinformation
under the project number PRJCA009324. The raw resequencing data are available at

the China National Centre for Bioinformation under the project number PRJCA009314.
Code availability

Details regarding the software packages and versions used in the analyses are included

in the Methods and Supplementary Note.
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Figure Legend

Figure 1. Genetic diversity of global core V. sylvestris and V. vinifera accessions. a,
Principal component analysis of the 2,448 core grapevine accessions. PC1 vs. PC2
projection according to major viticultural regions (Extended Data Fig. 3d). A large
square or circle highlights the median position. Grey star shows the position of VS-1. b,
ADMIXTURE clustering (at K=2 and 8) of the 2,448 core grapevine accessions. Four
groups (Syl-W1/2 and Syl-E1/2) with distinct ancestries are identified in V. sylvestris
and six groups (CG1 to CG6) with distinct ancestries in V. vinifera. Pie charts show the
geographic locations of the accessions in each group. Gray colour represents minor
locations. ¢, PC2 vs. PC3 projection according to grapevine groups. N. East, Near East;
F. East, Far East; N. World, New World; C. Asia, Central Asia; Rus/Ukr, Russia/Ukraine;
E. Euro, East Europe; C. Euro, Central Europe; W. Euro, West Europe; Syl-W, V.

sylvestris western ecotype; Syl-E, V. sylvestris eastern ecotype; CG, cultivated grapevine.

Figure 2. The population history of V. sylvestris ecotypes. a, Geographic isolation
and population separation of V. sylvestris ecotypes. Left, distribution of V. sylvestris
ecotype on present day map. Pie charts show the mean ancestry proportion at K=8 at
each location with the same colour scheme in Fig. 1b. Right, estimated split times (100
runs for each comparison) among V. sylvestris ecotypes using relative cross-coalescence
rate (0.5) analyses with MSMC2. Four random haplotypes in each population. Red bars,
median value with 95% confidence interval. b, Ecological niche modelling of the
suitable habitats for V. sylvestris ecotypes at the Last Glacial Maximum (~21 Kya) and
early Holocene (~11.7-8.3 Kya). Colour scale shows suitability score. Syl-W, V.

sylvestris western ecotype; Syl-E, V. sylvestris eastern ecotype.

Figure 3. Independent domestications of V. vinifera in the Near East and Caucasus.
a, Geographic distribution of CG1 and CG2 in relation to the domestication centres.
Major dispersal route shown by solid lines with arrows. Putative dispersal route shown
by dashed line with arrow. b, Outgroup f; statistics biplots measuring genetic similarity
between CGs, Syl-W, and Syl-E. Rotund, Muscadinia rotundifolia. Stars mark the f;
statistics for Syl-W1/Syl-W2, Syl-E1/Syl-E2, and CG1/CG2 pairs, respectively. c,

Estimated split times among Syl-E1/2 and CG1/2 populations using relative-cross-
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coalescence rate (0.5) analyses with MSMC2 (left). Four haplotypes in each population
with 100 runs for each comparison (right). Red bars, median value with 95%
confidence interval. Syl-W, V. sylvestris western ecotype; Syl-E, V. sylvestris eastern

ecotype; CG, cultivated grapevine.

Figure 4. Early diversification of V. vinifera in Europe. a, Introgression from Syl-W
into European V. vinifera groups revealed by TreeMix with four migration edges. b,
Origination of European V. vinifera groups (CG4-CG6) by the end of Neolithic.
Geographic distribution of CG groups shown by colour circles. Dispersal route of CG1
into Europe shown by a solid line with arrow. Population split times from Momi2
estimates in Extended Data Fig. 12. Syl-W, V. sylvestris western ecotype; Syl-E, V.

sylvestris eastern ecotype; CG, cultivated grapevine.

Figure 5. Schematic graph of grapevine evolutionary history. Key events in the
evolutionary history of grapevines are shown side by side with major events in global
climate change and human migration. LGM, Last Glacial Maximum; Syl-W, V. sylvestris

western ecotype; Syl-E, V. sylvestris eastern ecotype; CG, cultivated grapevine.
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Extended Data Figure Legend

Extended Data Fig. 1. The genome assembly of a V. sylvestris accession ‘VS-1’. a,
Pseudo-chromosomes of the VS-1 genome assembly. Numbers corresponds to the
chromosome number used in the V. vinifera genome assembly PN40024 (12X.v2). b,
Syntenic relationship between the VS-1 genome assembly and PN40024 (12X.v2). c,
Comparison of the anchored chromosome lengths in the VS-1 and PN40024 (12X.v2)

genome assemblies.

Extended Data Fig. 2. Characterization of SNPs and small Indels from 3,648 V.
sylvestris and V. vinifera accessions. a, Density plot of SNPs, small Indels (<40 bp),
and nucleotide diversity (1) across 19 chromosomes of the VS-1 genome. b, Tabulation
of SNPs and small Indels according to the different locations in the genome. c,
Frequency spectrum of SNPs according to the minor allele frequency brackets and
functional annotation. d, Size frequency of small Indels in the genome. e, Frequency

spectrum of small Indels according to the minor allele frequency brackets.

Extended Data Fig. 3. Identification of core V. sylvestris and V. vinifera accessions
in the total sample cohort. a, Schematic flowchart for the acquirement of 2,448 core
V. sylvestris and V. vinifera accessions from the total cohort. b, Geographical locations
of the 2,448 core grapevine accessions around the world. ¢, Identification of clonal,
close-cross (e.g., backcross), parent-offspring, and full sibling relationships among
3,525 accessions according to identity-by-state (IBS) sharing patterns. The majority of
clonal relationships are among V. vinifera individuals and shared by less than five
accessions. PO, parent offspring; FS, full sibling; IBS, identity-by-state. d,
Categorization of core accessions according to the major viticultural regions. N. East,
Near East; F. East, Far East; N. World, New World; C. Asia, Central Asia; Rus/Ukr,

Russia/Ukraine; E. Euro, East Europe; C. Euro, Central Europe; W. Euro, West Europe.
Extended Data Fig. 4. Principal component analyses of 2,448 core grapevine

accessions. The projections are coloured according to major viticultural regions (a),

grapevine utilization (b), and major grapevine groups (c). The large square and circle
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in (a) represent the median positions. Uncategorized and admixed accessions are

greyed out.

Extended Data Fig. 5. Maximum likelihood phylogenetic tree of 2,448 core
grapevine accessions. a, Circular presentation of the maximum likelihood
phylogenetic tree with 100 TBE bootstraps. Two major clades are zoomed-in. Each
clade contains two smaller clusters. V. sylvestris from Near East is located in the clade
with a majority of table grapes. V. sylvestris from Caucasus and the rest of Europe is
located in the clade with a majority of wine grapes. Stars show TBE values greater than
0.70. Small dark circles and blue circles in the zoomed-in clades represent clasped
accessions for clarity. b, The proportion of table, wine, table/wine, and other types of
grapevines in each cluster. C. Asia, Central Asia; E. Euro, East Europe; C. Euro, Central

Europe; W. Euro, West Europe.

Extended Data Fig. 6. Categorization of core accessions according to ancestry. a,
ADMIXTURE clustering of core accessions from K=2 to 8. b, Representative cultivars
from the six V. vinifera groups (CG1-CG6) with pure or close to pure ancestries. c,
Representative admixed V. vinifera cultivars with two major ancestry sources. d,
Representative admixed accessions with a sizeable wild western ecotype component
(sky blue Syl-W1 and pink Syl-W2). e, Tri-plot of V. vinifera cultivars according to the
proportions of K2, K5, and the other Ks, showing K2 and K5 ancestries are associated
with table grapevines and all other ancestries with wine grapevines. Syl-W, V. sylvestris

western ecotype; Syl-E, V. sylvestris eastern ecotype; CG, cultivated grapevine.

Extended Data Fig. 7. Genetic diversity of major grapevine groups with distinct
ancestry. a, Pairwise fixation index Fsr of major grapevine groups. Yellow colour
represents larger population differentiation. Two red boxes show that CG1 is closer to
Syl-E1 and CG2 is closer to Syl-E2. b, Nucleotide diversity (;t, 100 kb window size)
distribution of major grapevine groups. ¢, Individual heterozygosity distribution of
major grapevine groups. Solid and dashed lines represent median and interquartile
range. White diamonds represent mean values. For mean comparisons, P<0.05 for

a<b<e<c<d from Brown-Forsythe and Welch ANOVA test with Games-Howell post
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hoc multiple comparisons. Graph drawn according to the ancestry colour palette. Syl-
W, V. sylvestris western ecotype; Syl-E, V. sylvestris eastern ecotype; CG, cultivated

grapevine.

Extended Data Fig. 8. Linkage disequilibrium in the major grapevine groups.
Linkage disequilibrium (LD, r*) decay of V. sylvestris (a) and V. vinifera (b) major
groups both show that grapes of the Near East (red lines) and Caucasian (teal lines)
descents have the smallest LD extents at around 400 — 500 bp. ¢, LD decay of V.
sylvestris is only slightly slower than that of V. vinifera. d, Inverse correlation of LD at
1 Kb and nucleotide diversity (;t) from major grapevine groups. Graph drawn according
to the ancestry colour palette. Syl-W, V. sylvestris western ecotype; Syl-E, V. sylvestris

eastern ecotype; CG, cultivated grapevine.

Extended Data Fig. 9. Demographic history of V. sylvestris grapevines. a,
Representative demographic histories of V. sylvestris populations from 107 to 10° years
ago deduced from MSMC2. Each line shows estimation from eight haplotypes of four
accessions. b, Representative split lines among V. sylvestris populations based on
relative cross- coalescence rate (RCCR) analyses from MSMC2. ¢, Demographic
histories of V. sylvestris populations deduced from Stairway Plot 2. Red line: median of
200 inferences. Black line: 75% confidence interval. Grey line: 95% confidence interval.
Syl-W, V. sylvestris western ecotype; Syl-E, V. sylvestris eastern ecotype; CG, cultivated

grapevine.

Extended Data Fig. 10. Population split between V. sylvestris and V. vinifera.
Representative split lines between each V. sylvestris population and all V. vinifera

groups based on relative cross-coalescence rate (RCCR) analyses from MSMC2.

Extended Data Fig. 11. Selection and evolution of the sex determination region in
the core grapevine accessions. a, Identification of domestication selective sweep
regions in Syl-E1/CG1 (left) and Syl-E2/CG2 (right) comparison pairs. Red dots have
top 5% of Fsr and nucleotide diversity. b, The sex determination region (SDR) in VS-1

and PN40024 (12X.v2). Selective region marked in light blue. Syntenic genes linked
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by grey boxes. Gene shown as blue and yellow boxes. Red triangles indicate identified
recombination sites. ¢, SDR genotypes from associated SNPs reveal five recombination
sites (dashed lines) and genotype diversity. d, Distribution of SDR genotypes in the six
major grapevine groups. e, Major and minor haplotypes deduced from SDR genotypes.
Purple shows female haplotype. Yellow shows male haplotype. Dashed lines show
recombination sites. f, Recombination history of all SDR haplotypes. g, Putative
dispersal route of the H4 haplotype and the origination of H2 haplotype. Syl-W, V.

sylvestris western ecotype; Syl-E, V. sylvestris eastern ecotype; CG, cultivated grapevine.

Extended Data Fig. 12. Introgression of Syl-W and the origination of European
grapevines. a, Tree structures inferred by TreeMix with zero and four migration edges
(m=4). Outgroup is set as Syl-E1. Residual matrices for the two trees are shown.
Optimal number of migration edges indicated by the red circle. Migration edges more
than four do not substantially increase the composite likelihood L(m). Four migration
edges increase the proportion of variance explained from 90.2% (m=0) to 99.5%. b,
Verification of introgression events with D-statistics. Positive numbers indicate gene
flow from P3 to P2. Z-score>3. ¢, Four population simulation of split times and genetic
introgression using Momi2. Median numbers are obtained from 100 bootstrap runs and
marked in the graphs. Syl-W, V. sylvestris western ecotype; Syl-E, V. sylvestris eastern

ecotype; CG, cultivated grapevine.

Extended Data Fig. 13. Local introgression tracts of Syl-W in four V. vinifera
grapevines. Colour scheme show the relative density of identified introgression tracts.

Each tract contains 50 SNPs.

Extended Data Fig. 14. Grapevine group CG3 and muscat flavour. a, Geographic
distribution of CG3 grapevines. b, Identification of SNPs associated with muscat flavour
using FastGWA-GLMM. The significance threshold is set at -logio(p) =6.0. ¢, Zoomed-
in genomic regions with significant SNP signatures. Genes closest to the SNPs are
coloured in red. The non-synonymous SNP Chr5:19419698 and the corresponding

VvDXS gene are shown in blue.
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