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Social anthropology and ethnographic studies have described kinship systems and
networks of contact and exchange in extant populations'™. However, for prehistoric
societies, these systems can be studied only indirectly from biological and cultural
remains. Stable isotope data, sex and age at death can provide insights into the
demographic structure of a burial community and identify local versus non-local
childhood signatures, archaeogenetic data can reconstruct the biological
relationships between individuals, which enables the reconstruction of pedigrees,
and combined evidence informs on kinship practices and residence patternsin
prehistoric societies. Here we report ancient DNA, strontium isotope and contextual
datafrom more than 100 individuals from the site Gurgy ‘les Noisats’ (France), dated
to the western European Neolithic around 4850-4500 BC. We find that this burial
community was genetically connected by two main pedigrees, spanning seven
generations, that were patrilocal and patrilineal, with evidence for female exogamy
and exchange with genetically close neighbouring groups. The microdemographic

structure of individuals linked and unlinked to the pedigrees reveals additional
information about the social structure, living conditions and site occupation. The
absence of half-siblings and the high number of adult full siblings suggest that there
were stable health conditions and a supportive social network, facilitating high
fertility and low mortality’. Age-structure differences and strontium isotope results
by generationindicate that the site was used for just afew decades, providing new
insightsinto shifting sedentary farming practices during the European Neolithic.

Kinship and biological relatedness are difficult to assess in prehistoric
societies. With the optimization of ancient DNA (aDNA) methods, it
is now feasible to obtain genome-wide data and reconstruct precise
genetic relationships between individuals buried at the same site.
Combined with evidence from archaeological, anthropological and
isotopic records, information on the biological ties between individu-
als can provide a background against which basic elements of social
relationships (kinship organization, residence or migration patterns)
canbeinferred or ruled out.

Studies on biological relatednessin the European Neolithic are still
rare and to date have focussed only on groups from specific funerary
contexts such as megaliths® 8, which typically cover high-status groups

or individuals, or mass graves’, but have not included non-specific
graveyards that may be more representative of the general population.
The Paris Basin during the Middle Neolithic (around 4700-4300 BC)
is well-known for the emergence of the monumental funerary archi-
tectural structures of the Passy phenomenon' dedicated to select
individuals from Neolithic communities. Gurgy ‘les Noisats’, a burial site
in the Cerny cultural horizon" without any monumental architecture,
is located close to a dozen contemporaneous monumental sites (ina
radius of 100 km; Supplementary Note 1and Supplementary Fig. 1).
With skeletal remains of 128 individuals, Gurgy is the biggest cemetery
in the region, and is dated to the fifth millennium Bc?®, The burials
feature different body positions and orientations, and architectural
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variation from various cultural influences, but very few grave goods,
limiting our ability to identify either a direct association to the Cerny
culture, the organization of the site or the selection of specificindividu-
als (Supplementary Note 1). Overall, an estimate of the duration of the
use of the site wasimpossible to assess on the basis of the archaeologi-
cal evidence.

Toinvestigate the intrasite structure and the characteristics of Gurgy,
we sampled the remains of 110 out of 128 individuals with suitable skel-
etal preservation (Methods) and retrieved genome-wide aDNA data for
94 individuals (Supplementary Table 3), data from 22 of whom were
published previously™. We also generated immune gene data for 82 indi-
viduals, mitogenome data for 99 individuals and Y-chromosome data
for 57 individuals (Supplementary Notes 6 and 7 and Supplementary
Tables 4 and 5). To contextualize the new genomic data, we also gener-
ated ¥Sr/%Sr ratio data for 57 individuals (Supplementary Table 22) and
report eight new radiocarbon dates (Supplementary Table1).

Large family trees

To estimate the biological relatedness between Gurgy individuals,
we used two methods (READ" and IcMLkin'®) that are suitable for
low-coverage DNA data and are widely used in aDNA research, and
canreliably detect relatedness up to the second degree and differenti-
ate between first-degree parent-offspring and sibling relationships
(Supplementary Note 2, Supplementary Tables 8 and 9 and Extended
Data Fig. 1). We combined the results with haplogroup data from
uniparentally inherited markers (mitochondrial DNA (mtDNA) and
Y-chromosome lineages; Supplementary Tables 4-7 and Extended
DataFigs.2and 3), as well as age-at-death and genetic sex to establish
smallinitial pedigrees (Supplementary Note 2 and Supplementary
Fig. 2), spanning two to three generations, that we then expanded
incrementally, resulting ultimately intwo large pedigrees. Pedigree A
connects 64 individuals (20 female and 44 male) over 7 generations,
and pedigree B connects 12 individuals (7 female and 5 male) over 5
generations (Fig.1a). Among the remaining 18 individuals, 1 male adult
has2second-degreerelatives in pedigree A. We identified 3 additional
pairs of first-degree relatives, and 11 remaining individuals who are not
closely related to either of the pedigrees (Fig. 1a).

Throughout this text we use the terms mother/father, son/daughter
and siblings, as well as the binary sex terms male and female, in the
genetic sense. We acknowledge that these are western kinship terms,
but they are not meant to imply kinship terminologies or identities
here. We cannot know if they were understood in this way by the Gurgy
community.

We also used a recently developed method to analyse shared
identity-by-descent (IBD) blocks between individuals on the basis of
imputed data, which enabled us to estimate degrees of relatedness reli-
ably up to the fourth to fifth degree and to distinguish between lineal
(directgenerational) and non-lineal descent for intermediate-quality
aDNA data? (>500,000 single-nucleotide polymorphisms (SNPs),
n=72;Methods, Supplementary Note 3, Supplementary Table 10 and
Extended Data Fig. 1). The results of the IBD sharing analysis are fully
consistent with the reconstructed pedigrees. Moreover, we detected
more distant connections (Fig. 2, Supplementary Note 3 and Extended
Data Fig. 4) that were also visible from an f;-outgroup heat map com-
paringeach pair ofindividuals (Supplementary Note 5, Supplementary
Tables10 and11and Extended DataFig. 4). Notably, both pedigrees are
linked through a third-fourth-degree relationship between GLN263
and GLN298, but we could not infer the exact relationship given the
multiple alternative possibilities (Fig. 2 and Supplementary Note 3).
A pair of siblings among the 18 remaining individuals, GLN211A and
GLN211B, is also connected more distantly to the siblings of genera-
tion 3 of both larger pedigrees (more distantly than the third degree,
also resulting in multiple alternative possibilities; Fig. 2 and Supple-
mentary Note 3).

Finally, by using humanleukocyte antigen (HLA) class Iand Il haplo-
types, we reconstructed the transmission of biparental haplotypesin
eachgeneration, again confirming the larger pedigrees and revealing
two recombination eventsinindividuals GLN245B and GLN267 between
both haplotypes of their respective parents (Supplementary Note 8,
Supplementary Tables 12 and 13 and Extended Data Fig. 5).

Social relationships and residence

Examining both pedigrees, we found that generations are linked
almost exclusively through the male line, that is, all descendants but
one are connected to the family tree through their father’s line. The
Y-chromosome haplogroup G2a2b2ala2 (terminal SNP Z38302) is car-
ried by 51out of 57 maleindividuals and is the main male lineage of the
group (Supplementary Table 7 and Extended Data Fig. 2). Pedigree A
yields the sole exception, where a new lineage (C in Fig. 1a) is linked
through a lineage woman (GLN325). Her reproductive partner and
his brother, her sons and two other unrelated male individuals carry
haplogroup H2m, the only other Y-chromosome lineage observed in
the dataset (Fig. 1a and Extended Data Fig. 2). The main genealogical
lineage of pedigree Ais also visiblein the funerary features, asone son,
GLN237A,and one grandson, GLN221B, of the main ancestor GLN270B
areburiedinthelargest pits of the necropolis (Fig. 1a, Supplementary
Note 1and Extended Data Fig. 6). GLN270B, the main ancestor of 52
individuals in pedigree A, represents the only secondary burial at the
site, consisting of long bones that were buried together with the female
individual GLN270A, for whom no genomic data could be obtained
(Fig.1d). The position at the apex of the pedigree suggests that his
remains were transferred and buried during the early occupation of
the site, representing, together with his brother GLN231A, the main
male posthumous ancestors of pedigree A. The association between
GLN270B and female individual GLN270A, and not with his brother, for
example, suggests that this female individual was important—perhaps
she was his partner, or someone genetically related representing the
lineage.

Whenweinvestigated the spatial organization of the graves by meas-
uring the physical distance between individuals, we observed signifi-
cantly closer spatial proximity between each father-son pair thanany
otherrelated pair (Fig. 1e, Supplementary Note 12 and Supplementary
Table 20). Patterns of spatial organization beyond the specific father-
son connections (Supplementary Note 12) seem to follow clusters of
genetically closely related individuals (Fig.1a,c). Indeed, after aninitial
phase of early burials that were grouped together in the eastern part
of the funerary area, the siblings from the fourth generation were all
buried near each other (Fig. 1a,c). For example, the four siblings of
individual GLN317 were buried west of him, whereas the mother of
his sons was buried east of him, and GLN223 and his son’s daughter
wasburied on top of him. The other son of GLN317, GLN202, probably
died later as he was buried in another part of the necropolis, together
withother branches of pedigree A, and was possibly the most recently
deceased of this family line. We co-analysed the spatial distribution
of the few grave goods and adornments attributed to the dead, such
as ornaments or ochre, and potential transmission along the pater-
nal lineage using a Geographic Information System (Supplementary
Note12 and Extended DataFigs. 3 and 6). However, perhaps due to the
general paucity of grave goods at the site (Supplementary Table 21), no
associationwas detected. We also did not find any correlations between
specificbody positions (crouched/flexed or elongated), sidedness and
orientation, type of grave and genetic lineages, genetic ‘nuclear’ fam-
ilies (that is, mother—father-child trios), and/or unlinked/unrelated
individuals (Supplementary Note 12 and Extended Data Fig. 3). How-
ever, the spatial layout with minimal or no overlap between burials
suggests that graves were visible or marked on the surface’®, and
the pattern of expansion indicates that people knew who was buried
where, and may have acknowledged lines of descent accordingly.
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Fig.1| Geneticrelatedness at Gurgy inlight of the spatial layout and
generational succession. a, Reconstructed pedigrees of the Gurgy group
coloured according to family lineages (lineages A-R, according to the colour
scaleinc).Gen., generation.b, The geographical location of the Gurgy ‘les
Noisats’sitein present-day France. The map was created using the R packages
maps (v.3.3.0) and mapdata (v.2.3.0). ¢, The site layout, representing the
spatial distribution of family lineages coloured asin a. d, Photograph of female
individual GLN270A (no genetic results) with the reburied remains of the main

Together, we observed a general trend at the biological and archaeo-
logicallevel, inwhichindividuals are linked through the male lineage,
potentially indicative of local understandings of genealogy or descent.

The pedigree structure of the burial community reveals further
insights into the residential organization of the living. Apart from
two individuals (GLN325 (see above) and GLN288), no adult mothers,
present (n=7) or absent, have parents/ancestors buried at the site.
This suggests an exogenous origin of these females (Extended Data
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male ancestor GLN270B of pedigree A. e, The spatial distances of father-
offspring and uncle-nephew/niece pairs (the number of pairsis givenin
parentheses; Supplementary Table 20). Fathers and subadultsons are, on
average, buried significantly closer to each other than any other pairs
(Supplementary Note 12). The centre line shows the median, the box limits
delineate theinterquartile range and the whiskers extend to the maximum and
minimum values, excluding the outliers.

Figs. 2 and 7). Moreover, only 6 out of the 20 female adults buried at
the site are descendants of the main pedigree lines A and B. Another
seven female adults buried at Gurgy had very few biological relation-
ships with other individuals, and mainly not of the main pedigrees, as
shown by IBD analyses (Fig. 2). One plausible hypothesis is that they
were companions of male individuals from the main pedigrees: nojoint
children were buried on site, nor could they be linked through other
individualsto the pedigrees. Indeed, 17 adult male individuals have no
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childrenburied at the site, of which13 are linked through their parents
to either main pedigree. This general pattern points towards female
exogamy and avirilocal residential systemin which femalesin-migrated
from their birthplace to their male reproductive partner’s residence.
Consistent with this pattern, additional links observed between the
isolated female adults and the pedigrees could be due to (1) distantly
related female individuals stemming from the same community; or
(2) women who left the Gurgy community in previous generations
with female descendants who subsequently returned to Gurgy. The
latter scenario is indicative of reciprocal exchange typical in moiety
systems®. Perhaps as a consequence, the sex ratio of adult offspring bur-
ied onsiteis unbalanced at 4.5:1 (confidenceinterval (Cl) = 64.5-93%)
infavour of male individuals (n =27 versus n = 6, for male and female,
respectively). By contrast, asex ratio of1.06:1(Cl = 34.4-68.1%) among
subadult offspring (n =19 and n =18, for male and female, respectively)
matches the natural expected ratio 1.05:1at birth®, ruling out sex-biased
cultural practices affecting the subadult population (Extended Data
Fig. 2). The vast majority of the subadults are younger than 15 years
old (n=34),withmost of these individuals being younger than 8 years
old (n=27), and in equal proportions for both sexes. The differences
between younger and older-age sex ratios suggest that older daugh-
ters, from around the age of 15, left to join new groups, again consis-
tent with afemale exogamic residential system. For four out of the six
adultlineage daughters (GLN212, 213,277 and 289B) who remained at
Gurgy, no offspring could be identified at the site even though they
had reached reproductive age. Female exogamy may not have been
practiced strictly or, alternatively, these lineage daughters could be
reproductive partners of unlinked adult males (with no offspring link-
ing them to the pedigrees)—a scenario that further complicates the
assumption of strict patrilocality and female exogamy. Alternative
reasons for their stay in the community remain unclear.

In this context, we observed that women of genetically exogenous
provenance tend to be spatially integrated into their reproductive
partner’sburial area, suggesting social integration into the host group
(Fig.1a). However, considering the 42 reproductive unions observed
across all pedigrees that evidently had offspring buried at Gurgy, we
noticed a shortage of mothers, with only 9 versus 20 fathers buried
there. This imbalance is also observed in the total number of adult
burials (38 male versus 20 female), and suggests that male adults were
twice as likely to be buried than female adults. We therefore observed

a potential sex bias in burials independent of female exogamy. This
could be explained by different funerary practices being reserved for
these mothers, or by other social factors mitigating against a co-burial
with their reproductive partner’s group.

To gainindependent information on individual mobility, we per-
formed strontiumisotope analyses (¥Sr/%¢Sr) using laser ablation®°
57individuals (Fig. 3, Supplementary Note 11, Supplementary Table 23
and Extended Data Figs. 3 and 8). Unrelated female adults and some
of those with no parents at the site show lower Sr/5¢Sr ratio values
compared with male individuals from the same generation (Fig. 3 and
Extended DataFig.3). Although the geological reference map does not
enable ustoinfer a specific geographical origin, this finding provides
further evidence that these female individuals grew up in different
places before joining the Gurgy community (Supplementary Note 11
and Extended DataFig. 8). Published stable isotope data (carbon, nitro-
gen, sulphur) measured on bones highlight a significant, sex-biased
dietary divisioninadults®. Onaverage, maleindividuals yielded higher
6°C and 6°N, and lower 6*S values, than female individuals, which
couldreflect aseparation by sex, but could also signal female mobility
(Supplementary Table 24). Genetic sex determination of subadults
enabled us to confirm this difference also in childhood (P=0.01019),
which could be explained by a sex-related differential treatment at
certain ages, determined by social rules (Supplementary Note 14 and
Extended DataFig.5). Notably, the funerary practicesin Gurgy showa
shiftataround 7-8 years of age, when the children are buried with dif-
ferenttypes of grave goods compared with younger ages, and another
shift at around 15-16 years of age when they are associated with the
same grave goods as adults, which could reflect local age stages or other
social thresholds. This pattern has previously been observed at other
Neolithicsites inthe northern half of France? (Supplementary Table 1).

The presumed patrilocal residential patternin the Gurgy group also
explains the mitochondrial diversity despite the deficit in female adults
(35different mitochondrial haplogroups are carried by 99 individuals;
Supplementary Note 6, Supplementary Table 5 and Extended Data
Fig. 3). Indeed, no mitochondrial haplogroup was transmitted fur-
ther than one daughter/son generation, and the incoming mothers
of each generation contributed new mtDNA lineages, except for the
female descendant of the main lineage GLN325 who transmitted hers
one generation further. By examining the affinities between all of the
exogenous female adults, we demonstrate that they are not closely
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related, apart fromtwo pairs of third- or fourth-degree relatives (Sup-
plementary Note 5 and Extended Data Fig. 4). Moreover, this female
diversity within the Gurgy group might also explain the overall pheno-
typicvariation observed at the site (Supplementary Note 9 and Supple-
mentary Tables15and 16). Takentogether, these results suggest that the
Gurgy community maintained afairly clear pattern of female exogamy
that may have been driven by a range of group features (for example,
population size, resource access, network position) or identities (for
example, linguistic or cultural affinities). The absence of long runs of
homozygosity (ROH), typical for close-kin consanguinity, confirms the
avoidance of reproduction between closely related individuals, except
forasingleindividual (GLN282), withanamount of ROH consistent with
a union between second- or third-degree relatives (Supplementary
Note 4, Supplementary Table11 and Extended Data Fig.9). IBD sharing
alsorevealed thatgroups of individuals in pedigree A are more related
than expected from connections within the reconstructed pedigree
alone (Fig. 2 and Supplementary Note 3). This can only be explained
if there were additional relatives through maternal lines (which were
not sampled). In our case, some mothers probably came from the
same external group, only several generations apart, which would link
different branches of the pedigree. For example, siblings GLN243A
and GLN268B share the same mitochondrial haplotype H1 as GLN315
(Supplementary Table 5) and IBD-sharing typical of third-degree
relationships, whereas GLN315 is an exogenous female individual.
We interpret these as a second-degree relationship between GLN315
and the missing mother of GLN243A and 268B (Fig. 2). These addi-
tional connections through the female lines indicate a network of
relationships with other groups, including occasional unions with
(distantly) related women from the same source group. This pattern
suggests preferential links or dependencies between some groups,
albeit within a network of groups sufficiently large or diverse to
sustain diversity of background relatedness and to avoid close-kin
consanguinity.

Further insights about the social organization of the group can be
gleaned from the notable lack of half-siblings in the entire sample, in
contrast to recent findings fromalater Neolithic long cairnin England®
(Supplementary Notes 2 and 3). Thisindicates that polygamous repro-
ductive unions were uncommon or perhaps socially proscribed, or
that the burial of offspring from such unions was carried out else-
where. Likewise, it also suggests that serial monogamy, including
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levirate and sororate unions in which a woman repartners with her
deceased husband’s brother or a man repartners with his wife’s sis-
ter, was rare. We find this observation surprising given potential
imbalances in the female/male sex-ratio, for example, an elevated
risk of death from complications during childbirth (for female indi-
vidual), potential conflicts or diseases in prehistoric societies. The
pedigrees show no evidence in support of these assumptions. Indeed,
if exogamous reproductive unions were routinely contracted with
numerous groups for purposes of, for example, alliance or trade,
then between-group networks of cooperation, rather than conflict,
areimplied.

Including unsampled, inferred adults, we observed two cases of up
tosix offspring from the same couple (Extended DataFig. 6). Notably,
all six full siblings had reached reproductive age, with several of those
having four and five adult offspring on their own. Moreover, the major-
ity of adult offspring being male individuals points towards additional
unsampled female siblings (to statistically account for an equivalent
number of females born'®), as well as possibly a significant number of
deceased infants expected at that period of time. These large family
sizes suggest a high fertility rate and generally stable conditions of
health and nutrition in this Neolithic community>—a fact that is also
supported by stable isotope data®. Indeed, one could speculate that
different elements, such as a potential emphasis on sublineage repro-
ductive and/or productive units, spatial co-residence of numerous
reproductive units and divisions of labour that may facilitate efficient
reproduction, plausibly provide conditions for cooperative breeding
that can generate high rates of population growth?. We estimated
the effective population size of the communities contributing to the
diversity observed at Gurgy to have been around 1,835 individuals
(95% Cl1=1,631-2,077)* (Supplementary Note 4 and Supplementary
Table26). The distribution of ROHin the group (Supplementary Table 11
and Extended Data Fig. 9) suggests that most pairs of parents were
related to each other through co-ancestors within the preceding 5-30
generations (Supplementary Note 4).

Occupation time of the site

Thetwolarge pedigrees are reflected in the spatial layout of the necrop-
olis. Pedigree A occupies the main space, whereas pedigree Bis located
on the north-eastern side (Fig. 1c). Overlapping *C date ranges and
the third- to fourth-degree connection between GLN263 and GLN298
suggestrelative contemporaneity of both pedigrees. Inboth pedigrees
and with the secondary deposit of the mainancestor GLN270B in pedi-
gree A, we observed a spread from the founder generations towards
the south-west, by generations through time (Extended Data Fig. 6).
Spatial distances are significantly correlated with genetic distances
(Mantel test,r=0.2, P< 0.001; Supplementary Note 12).

The pedigrees reveal an absence of subadults among the first four
generations in pedigree A (5 out of 36 individuals; Extended Data
Fig. 2), which is surprising given the expected mortality patterns in
archaic populations®*?. Notably, this trend is reversed across the last
three generations, with20 out of 25 individuals being subadults. These
observations are consistent with a scenario in which an entire group
of several generations moved to this new burial site, leaving behind
their deceased children ata previous funerarysite, but transferring the
‘ancestor/founder’ GLN270B. Moreover, the fact that many parents are
missing in the last generations suggests that the group moved on to
settle elsewhere, leaving behind childrenwho had passed away. The Sr
isotope dataprovide afurtherline of evidence for these interpretations,
as¥Sr/%¢Srvalues were low (around 0.709) for the earlier generations,
overall similar to exogenous female individuals (Fig. 3, Supplementary
Note 11, Supplementary Tables 23 and 28 and Extended Data Fig. 3),
indicatinganon-local origin of the founders. Strontiumisotope ratios
in male individuals then continuously increased with generations,
resembling the local signal.



Despite reconstructing seven generations in pedigree A, the occupa-
tion time of the site was relatively short. Excluding the founding and
migrating generations, the duration of the site use was probably only
3-4 generations or 84-112 years (1 generation is 28 years®®). Bayesian
modelling of all available radiocarbon dates (n = 33) enabled us to con-
straintheinterval for pedigree Abetween the late forty-eighth and the
late forty-seventh century BC (Supplementary Note 13 and Extended
DataFig.10). We speculate that the use of the gravesite corresponds to
the duration of dwellings. The typical duration of along-house of the
Neolithic Linear Pottery culture was estimated between 20-30 years®
and up to 75-100 years when maintained®’, and experimental archaeol-
ogy has suggested that the lake dwellingsinthe Jura of the late Neolithic
period could last for a period of about 10 years without proper main-
tenance®. However, no settlement was found directly associated with
the Gurgy gravesite, precluding the integration of contextual details.
Analternative or complementary explanation for alimited occupation
time could be the depletion of local soils and other natural resources,
driven by non-sustainable agricultural practices that could have taken
different forms, which is still a subject of intense debate®. In fact,
strontiumisotope values suggest amove of each generation to another
geographical location, while maintaining a common burial ground,
providing an additional argument for intergenerational mobility within
alocal territory (Supplementary Note 14.3).

The combined data from Gurgy indicate a group organized into
potentially segmented pedigree groups of biological relatedness,
who used the burial site for a limited number of generations. Our
results demonstrate that biological relatedness mattered in the
organization of the necropolis, and that whatever combination of
social principles organized biological reproduction in this group
left behind a strongly patrilineal pedigree structure. Some indica-
tive elements that can be inferred from our data—female exogamy,
monogamous reproductive partnering, emphasis on sublineage pro-
ductive/reproductive units—are suggestive of specific kinship and
union practices. Nonetheless, these elements do not preclude the
existence of other social conventions that contributed to complex
kinship organization, which we cannot access with genetic data. Moreo-
ver, we must keep in mind that our dataset represents a selection of
individuals gathered in a funerary site, which might not be the reflec-
tion of the world of the living, if specific rules govern the access to this
necropolis.

The contemporaneous monumental sites in the regional context
were clearly built for selected individuals™. This has been demonstrated
at Fleury-sur-Orne (Normandy), the only monumental site from the
Cerny areagenetically investigated to date, which shows a strong social
selection ofindividuals of different patrilineal lineages, eachburiedina
separate monument®, By contrast, the absence of potential selection of
individuals on the basis of sex, age, economic or social hierarchies given
the available archaeological context, or consequences of specific funer-
ary practicesin Gurgy, leads us tospeculate that the site represented the
burial practices of the non-elite, which gives an unprecedented view of
the microdemography of anon-elite community represented over sev-
eralgenerations (Supplementary Note 14 and Supplementary Table 19).
Asthesite was used by asingle group composed of two distinguishable
pedigrees, we would expect contemporaneous graveyards of similar
sizestorepresent lineage groups as well, but the number of such sites
inthe areais much smaller than we would expect for arepresentative
cross-section of the population. Moreover, Gurgy does not show a clear
cultural attribution to the Cerny horizon, although the site is contempo-
raneous with Cerny sites located nearby (Supplementary Fig. 1). Given
the diverse culturalinfluences visible at Gurgy (Supplementary Note 1),
the representativeness of the site and its social practices in the local
context can be questioned. However, the archaeological hypothesis
that Gurgy formed an isolated community stands in contrast to the
genetic evidence of numerous links with a wider biological network
over several generations (Supplementary Note 14).

This large pedigree reconstructed from ancient DNA represents a
major and substantial step forwards in the understanding of the social
organization of the human group from Gurgy ‘les Noisats’and Middle
Neolithic societies of Western Europe in general. What remains to
be determined is whether our findings are a unique constellation
among the Neolithic societies in which the variety of different funer-
ary cultural settings is striking, or whether Gurgy represents a set
of normative social structures and kinship organization during the
fifth millennium BC. Thus, our research can be an anchor for further
archaeogenetic studies to reach a general perspective on the poten-
tially diverse social organization(s) of the Neolithic societies in Europe.
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Methods

Sampleselection

Atotal of 110 individuals were sampled and processed for this study.
We aimed to apply the most exhaustive sampling of the 128 individuals
excavated fromthe Gurgy ‘les Noisats’ site between 2004 and 2007. The
skeletal remains of the 18 remaining individuals were macroscopically
too poorly preserved. All human remains from the site are stored at
the Centre Anthropologique de Pessac, Bordeaux University, France.
Petrous bones were targeted whenever possible (n =94), followed by
teeth (n=7) and other bones (tibia (n=1), femur (n=1), radius (n=1),
scapula (n=1), phalanx (n =1), unspecified bones (n=4)). Alist of all
oftheinformationis providedin Supplementary Table 1. Samples with
alaboratory ID from GRG0OO1 to GRG0O60 were entirely processed at
the cleanroom facilities of the Max Planck Institute for the Science of
Human History, Jena, Germany. Samples with a laboratory ID from
GRGO61 to GRG110 were prepared and processed in the cleanroom
facilities of the Laboratory PACEA, Palaeogenetic Platform, Bordeaux
University, France, up to the shotgunscreening step, and were then were
captured in Jena (Supplementary Table 1). The exact same protocols
were applied in both laboratories, for the sake of consistency.

Sample preparation

All human remains were treated with ultraviolet light from all sides
for 15 min to reduce surface DNA contamination. Petrous bones were
either cut in half and powder drilled from the denser regions around
the cochlea* or drilled from the outside. All teeth were cleaned with
alow-concentration bleach solution (3%), cut along the cementum/
enamel junction and powder was collected by drilling into the pulp
chamber or by being completely ground to fine powder. The surface
layer of bone was mechanically removed from the other bones before
powder drilling.

Ancient DNA processing

A quantity of around 50 mg of powder was used for each extraction.
The detailed extraction protocol has been published at protocols.io®.
At least one library per individual was built following a partial uracil-
DNA-glycosylase (UDG) double-stranded protocol with unique index
pairs®*¥. In the specific case of GLN270B, we built two extranon-UDG
single-stranded libraries®. We first amplified® and screened all
indexed libraries using shotgun sequencing. In total, 5 million reads
were targeted for libraries processed in Jena on the Illumina HiSeq
4000 sequencer using either a single-end (1 x 75 base pair (bp) reads)
ordouble-end (2 x 50 bp reads) kit. For libraries processed in Bordeaux,
1million reads were targeted on the lllumina NextSeq 500 system based
at the Institut de Recherche Biomédicale des Armées in Paris using a
double end (2 x 75 bp reads) kit. We used EAGER*® to process the raw
data and to select libraries with >0.1% endogenous human DNA and
those showing characteristic damage of ancient DNA patterns (4 to 18%)
for downstream capture (the shotgun screening results are provided
inSupplementary Table 2).

Captures

After subsequent amplification using Herculase Il Fusion polymerase
(Agilent), selected libraries (n =105) were hybridized in-solution to
oligo-nucleotide probe sets synthesized by Agilent Technologies* to
enrichfor~1.2 millioninformative nuclear SNP markers (1,240,000 SNP
set)*2. Anin-house capture of the complete mitogenome according to
a previous study*’, modified according to ref. 44 was applied to all of
the samples. A capture targeting the entire mappable region of the
Y chromosome was applied to all genetically determined male indi-
viduals (n = 57)*. Finally, a capture targeting 488 genes related to the
immuneresponse (including the highly polymorphic HLA) was applied
toall of the libraries**™*3, Enriched libraries were single- or paired-end
sequenced on the HiSeq 4000 sequencer in Jena (Supplementary

Tables 3, 4, 6 and 12) reaching an average coverage per site of 1.3x for
the 1,240,000 SNP panel, 1.3x for the Y-chromosome capture, 153x for
the mitogenome and 47.3x for the immune capture.

Read processing

After demultiplexing, raw sequencing data were processed using
EAGER. This included clipping adaptors with AdapterRemoval®,
mapping with BWA (Burrows-Wheeler Aligner, mapping quality >30;
v.0.7.12)* against the human reference genome hs37d5, and removing
duplicatereads with the same orientation and start (and end positions
for paired-end sequencing reads). After using mapDamage (v.2.0.6)*
to observe characteristic aDNA damage patterns, we used BamUJtil
(https://genome.sph.umich.edu/wiki/BamUtil) to clip two bases at the
ends of eachread for each sample to remove residual deamination. Dif-
ferentlibraries of the same individual were processed separately until
after quality control, after which the BAM files were treated accordingly
and merged per individual. Duplicate removal was repeated on the
merged libraries.

Sex determination

Accordingtoa previous report®, we determined the genetic sex by cal-
culating the number of reads mappingto each of the sex chromosomes
withrespect tothe autosomes. We set a threshold of Yratio <0.05for a
female and Yratio of >0.4 for amale (Supplementary Table1). Samples
yielding a Y-ratio outside of our established threshold were flagged
with a question mark in Supplementary Table 1.

Authentication criteria

Samplesthat were covered atless than20,000 SNPs on the 1,240,000
SNP set were excluded from further analyses. We evaluated the authen-
ticity of the samples by observing typical patterns of deamination
towards read ends. We used the ANGSD (Analysis of Next Generation
Sequencing Data) package to test for heterozygosity of polymorphic
sitesonthe X chromosomein maleindividuals, applying acontamina-
tion threshold of 5% that none of our samples have reached> (maxi-
mum =2.41%; Supplementary Table 1). For mito-captured samples,
we estimated contamination levels using ContamMix (v.1.0.10)** by
comparing the consensus mitogenome of the ancient sample toapanel
of 311 worldwide mitogenomes as a potential contamination source
(Supplementary Tables 1 and 5). We equally set our threshold at 5%.
Threesamplesslightly exceeded this threshold, among which one was
excluded from downstream analysis because of low-coverage (GLN264),
and both others were male individuals (GLN253 and GLN275) and had
very low X contamination estimates (1.05and 0.47%, respectively), and
we therefore decided to keep them in the analysis.

Genotyping

For genome-wide analyses onthe 1,240,000 SNP set, we genotyped our
.bam files using pileupCaller (https://github.com/stschiff/sequence-
Tools) by randomly calling one allele per position considering the
human genome to be a pseudo-haploid genome. We called the SNP
genotypes according to the Affymetrix Human Origin (HO) panel
(around 600,000 SNPs)**¢ and the 1,240,000 panel*’. The numbers
of SNPs covered at least once are provided in Supplementary Table 1.

Imputation and screening for IBD sharing

The samples were imputed using the software GLIMPSE® according to
the standard processing steps (https://odelaneau.github.io/GLIMPSE/
docs/tutorials). Each sample was imputed separately to avoid batch
effects. As areference panel for imputation, we used the phased hap-
lotypes from the 1000 Genomes dataset (http://ftp.1000genomes.
ebi.ac.uk/voll/ftp/release/20130502/). The imputed and phased data
were then used as the input into the software ancIBD" (v.0.2a; https://
pypi.org/project/ancIBD/). As recommended, we downsampled to
1,240,000 SNPs, for which ancIBD is optimized, and then screened
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all pairs of all Gurgy individuals (n = 72) with at least 500,000 SNPs
covered for long IBD segments, using the recommended default
settings of ancIBD. We recorded summary statistics for each pair
with IBD detected (Supplementary Table 10 and Extended DataFig. 1;
https://doi.org/10.5281/zenodo.7224898).

Mitochondrial and Y chromosome analysis

To process mtDNA data, we mapped reads from mito-capture data
to the revised Cambridge reference sequence®® using the circular
mapper implemented in the EAGER pipeline*®. We called consen-
sus sequences using Geneious (R8.1.974)* and used HaploGrep 2 to
determine mitochondrial haplotypes®® (Supplementary Table 5).
We assigned Y-chromosome haplogroups according to a method
described previously* using the ISOGG SNP index v.14.07 (Supple-
mentary Table 7).

Kinship and reconstructed trees

To determine biological relatedness, we combined two established
methods designed for aDNA data: (1) READ" to detect first-and second-
degree relatives (Supplementary Table 8); and (2) IcMLkin (v.0.5.0)*
to differentiate between parent-offspring and siblings among
first-degreerelationships (Supplementary Table 9 and Extended Data
Fig.1). We did not use the third-degree estimates and further given the
implicit uncertainty of methods based on summary statistics of allele
sharing. We then confirmed the links between related individuals by
analysing the inferred IBD segments, which are highly informative
about genealogical connections (Extended Data Fig.1).

We finally combined these estimates with age-at-death, genetic
sex and uniparentally inherited markers to reconstruct the pedigrees
(Supplementary Notes 2 and 3). In the case of uncertain first-degree
relationships being either siblings or parent-child, we investigated the
spatial distribution of pairwise mismatch rate along the chromosome
using anew tool under development, BREADR® (v.1.0.1; https://github.
com/jonotuke/BREADR; Supplementary Note 2). In cases of pairs of
individuals in which several relationships of different degrees were
possible, we developed a method using the binomial distribution for
the pairwise mismatch rate to assign posterior probabilities for relat-
edness classification (Supplementary Note 2; https://doi.org/10.5281/
zenodo.7224898).

HLA haplotypes

We obtained allele calls for the HLA class | (HLA-A, HLA-B, HLA-C) and
class I (HLA-DPA1, HLA-DPBI, HLA-DQA1, HLA-DQBI, HLA-DRBI) genes
by applying a development version of OptiType (v.1.3.2)** (Supplemen-
tary Note 8 and Supplementary Tables 13 and 14).

Phenotypic traits

We investigated genotypes of 72 SNPs associated with phenotypes of
interestinallindividuals***?,including the Hiris-Plex-S SNPs to predict
the pigmentation of skin, eyes and hair®* ¢, Details are provided in
Supplementary Tables 15and 16.

Population genetic analysis

We firstinferred ROH using hapROH (v.0.60)* to examine consanguin-
ity and estimate the effective population size. We screened all indi-
viduals withmore than 300,000 SNPs on the 1,240,000 panel covered
(n=286) (Supplementary Table 11 and Extended Data Fig. 9).

We merged our new data with published ancient datato the HO panel
(around 600,000 SNPs)*>*¢, On this dataset, we performed principal
component analysis using smartpca (v.10210; EIGENSOFT)®’ (Sup-
plementary Note 10 and Extended Data Fig. 9). We computed principal
components from 777 present-day west Eurasians onto which ancient
individuals were then projected using the options Isqproject: YES and
shrinkmode: YES. We excluded individuals with less than 10,000 cov-
ered SNPs. We then merged our data with published ancient data to

the 1,240,000 SNP panel*, including 300 present-day individuals from
142 populations sequenced to high coverage®® and used this dataset
restricted to the autosomes for subsequent genome-wide analyses.
Outgroup f; statistics were calculated using qp3Pop from ADMIX-
TOOLS®*. To investigate the group diversity, we performed outgroup
fystatistics of the form fy(individual, individual; outgroup) to create a
similarity matrix, whichwas then used to generate the heat map using
the heatmap.2 function of the R package gplots®® (Supplementary
Note 10 and Extended Data Fig. 4). We used qpAdm to estimate pro-
portions of Anatolian Neolithic and Loschbour ancestries, as well as
Goyet Q2 (ADMIXTOOLS)**”° (Supplementary Note 10, Supplemen-
tary Table 17 and Extended Data Fig. 9). Finally, we used the method
DATES (v.753)” (https://github.com/priyamoorjani/DATES) to lever-
age patterns of ancestry covariance to estimate the date of admixture
between Anatolia_Neolithic and Loschbour (Supplementary Note 10
and Supplementary Table 18).

Geospatial analysis of burials
We performed a geospatial analysis approach using ArcGIS software
to check for potential statistically significant spatial associations
between burials considering combined funerary/osteological dataand
maternal/paternal haplotype, pedigree attribution and generations™
(Supplementary Note 12 and Supplementary Table 21).

The maps (Fig. 1b and Extended Data Fig. 6) were created using the
R packages maps (v3.3.0)>and mapdata (v2.3.0)™. The map of France
in Supplementary Fig. 1 was created using the Free and Open Source
QGIS (v3.30) under the Sharealike license (https://creativecommons.
org/licenses/by-sa/3.0/).

Radiocarbon dating and modelling

We used 33 radiocarbon dates, of which 25 were previously published?
and 8 are newly reported, generated at the CEDAD - CEntro di DAtazione
eDiagnostica, Salento University, Lecce, Italy, with the exception of the
date of GLN275, which was generated at the Centre de Datation par le
RadioCarbone (CDRC), Lyon1University, Lyon, France (Supplementary
Table 1). We calibrated the radiocarbon dates with IntCal20.14c” and
applied Bayesian chronological modelling based on the approach of
the ChronoModel software’ (Supplementary Note 13, Supplementary
Table 25 and Extended Data Fig. 10).

Strontiumisotope analysis

We performed ¥Sr/%¢Sr using the laser ablation technique® on first
and second molars of 57 selected individuals (Fig. 3, Supplementary
Note1l, Supplementary Tables 23,27 and 28 and Extended Data Fig. 3;
https://doi.org/10.5281/zenodo0.7224898).

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

New genomic sequencing data (BAM format) are available at the Euro-
pean Nucleotide Archive (ENA; PRJEB61818). Previously published
genomic sequencing data (BAM format) are available at the ENA
(PRJEB36208 and PRJEB45741). The Genome Reference Consortium
Human Build 37 (GRCh37) is available at the National Center for Bio-
technology Information under accession number PRJNA31257. The
revised Cambridge reference sequence for the mitochondrial genome
isavailable at the National Center for Biotechnology Information under
NCBIReference Sequence NC012920.1. Previous published genotype
data for ancient individuals was reported by the Reich laboratory in
the Allen Ancient DNA Resource v.50.0 (https://reich.hms.harvard.
edu/allen-ancient-dna-resource-aadr-downloadable-genotypes-
present-day-and-ancient-dna-data). The soil strontium values used
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for comparison come from the IRHUM database”. Additional data
are available at Zenodo (https://doi.org/10.5281/zenodo.7224898).

Code availability

The code for analysing and visualizing the haplotype sharing (IBD and
ROH) has been deposited at GitHub (https://github.com/hringbauer/
ibd_gurgy.git).
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Extended DataFig.1|Biological relatedness analysis of the Gurgy
individuals. a, IcMLkin estimates of kO and the coefficient of relatednessr.
Clusters of different first-degree related individuals emerge when plotting
these measures of relatedness against each other. Colours are given a
posterioriaccording to thereconstructed trees. Oneinconsistency canbe
observed with thered point (parent-offspring relationship) plotting in the
sibling clusterinblue, representing the pair GLN285A and GLN285B
(Supplementary Note 2 and 3, Supplementary Table 9). b, Identity-by-descent
(IBD) sharing analysis. Pairs of individuals plotted according to shared
longblocks of IBD (>12cM), clustering by degrees of relatedness. Direct and
indirect lineages form two different clines, indicating different numbers of

meiosis events. From the fourth degree of relatedness, these clusters overlap
(Supplementary Note 3, Supplementary Table 10). The pair GLN285A and
GLN285B fallsin the parent-offspring cluster. c, PMR-window plots. Pairwise-
mismatch Rates (PMR) plotted along the chromosomes1to 5inwindows of 1
Megabase width. The number of overlapping SNPsis givenin brackets. For
example, the windowed estimate of PMR (dark line) is stable around the
average PMR (red line) for the parent-offspring relationship GLN275-GLN276,
whereasitismore variable for the full sibling relationship GLN216-GLN276.
The pairs GLN231A-GLN270B and GLN285A-GLN285B are discussedin
Supplementary Note 2.
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Extended DataFig.2|Y chromosome haplogroups, exogenous females,
and age at death of subadults visualized on the Gurgy pedigrees.

a, Y chromosome haplogroup distribution along the lineages. Male individuals
of Gurgy carry only two Y haplogroups: G2ala (Z38302) and H2m (P96), which

O 15y

illustrates the strong patrilineal pattern of the pedigrees (Supplementary
Table 7).b, Exogenous females, i.e., all females with no parents buried at the
site, including unsampled females, are highlighted in yellow. ¢, Distribution of
age atdeath classes of subadult across the pedigrees (Supplementary Table1).
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Extended DataFig. 5| HLA recombination, and dietary isotopes of the
Gurgy individuals. a, Zoomin on two events of recombination of HLA
haplotypes, one of classlin the individual GLN267, where both haplotypes
carried by the mother recombined, and oneinclassIlin the individual GLN245B
where both haplotypes carried by the father recombined and transmitted to
theson GLN245A (Supplementary Table 14). b, Distribution of specific
archaeological features accordingto the age at death of all subadultindividuals
(irrespective of DNA preservation) and their sex. Each bar represents one
individual for each feature, thatissomeindividuals are represented several

times. Grey lines represent the two observed thresholds before and after
individuals tend to be buried with grave goods or with specific archaeological
features. c, Stableisotope data (carbonand nitrogen) (Rey et al. 2019), plotted
with the genetic sexing of subadultindividuals provided by this study. Two
significant clusters can be observed between male and female individuals
(two-sided permutation test, p=0.01019; Supplementary Note 14.1). The high
values of 6N of three outlier individuals (GLN232C, GLN326, GLN245A, all
younger than 6 years of age) might be a signal for breastfeeding or weaning time.
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Extended DataFig. 6 | Archaeological features, spatialand demographic
distribution of Gurgy individuals. a, Geographical location of the Gurgy

‘les Noisats’site in present-day France. Map created with R packages maps
(v3.3.0; Becker et al. 2018) and mapdata (v2.3.0; Becker et al. 2018). b, Spatial
layout of the site with burials visualized per generation. For both pedigrees,
the expansion ofthe graveyard followed in the direction of North-East to
South-West. Ellipsesindicate one and two standard deviations (Supplementary
Note12).c, Picture of GLN208 buried with limestone beads. d, Picture of
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GLN237A and GLN237B. GLN237A has one of the two largest graves of the site.
e, Histogram of the number of offspring per couple. Minimum estimation

of number of offspring per couple necessary to explain the pedigrees.

f, Comparison of the mortality curve of Gurgy individuals calculated on
subadults (Supplementary Table 19) with an expected wide pattern of archaic
mortality (Ledermann1969). We notice a deficit of infants among the Gurgy
cohort (Supplementary Note14.2, Supplementary Table 19).
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Extended DataFig.7| Trends of relatedness between female-male cohorts
at Gurgy. a, Average of the pairwise PO values, obtained viaREAD, for all adult
individuals. The lower the PO value, the more related the individual is to the
group, onaverage. Dashed lines show the average PO values for each sex and
95% Cls are given as coloured bands. A two-sided Wilcoxon test shows that
maleindividuals are significantly (P=1.375e-05) morerelated to the group
thanfemaleindividuals (Supplementary Note 2, Supplementary Table 8).

b, Average PO for all subadult male and female individuals are not significantly

differentially related to the group (two-sided Wilcoxon, p=0.1067)
(Supplementary Note 2, Supplementary Table 8). ¢, f;-outgroup statistics of
the formf;(female, female; Mbuti), f;(female, male; Mbuti), and f;(male, male;
Mbuti) for alladults. The deeper relatedness among pairs, whenever they
involve atleast one maleindividual, is, on average, higher than among
femaleindividuals (first-and second-degree related pairs are excluded from
thecalculation; Supplementary Table12).
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Extended DataFig. 8 | Results of radiogenic Srisotope analyses.
a, Distribution of the standards (n = 52) average %3Sr and ¥Sr/**Sr values and

SD used to bracket the individuals ¥Sr/*¢Sr values. The accepted ¥’Sr/%Sr value
0f 0.71310 for SRM-1400 isindicated by the dashed red line (Supplementary
Table 22).b, Distribution of the standards (n = 52) and samples (n = 57) average
88Srand 8Sr/*°Sr values and SD (Supplementary Table 22). ¢, Distribution of the
samples (n=57) average **Srand ¥Sr/**Sr values and SD (Supplementary

Table 22).d, ¥’Sr/%Sr profiles of all individuals analysed in this study (n = 57).
Eachcurveisplotted asafunctionofthe reconstructed dental age, according
to the sampled tooth (M1or M2; https://doi.org/10.5281/zenodo.7224898).

e, Geological map of the area surrounding Gurgy, as reconstructed by BRGM
(https://infoterre.brgm.fr), with environmental ¥’Sr/%¢Sr ratios from the IRHUM
database (Willmes etal.2013). ‘P’ stands for ‘plants’and ‘S’ for ‘soil’.
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Extended DataFig. 9 | Population genetic analyses of Gurgy individuals. more than300,000 SNPs on the1.2 million SNP panel (n = 86) and simulated
a, Principal component analysis. Published ancient (symbols with no outline) dataexpected forinbred individuals from parents related at the first- to
and Gurgy (black outlined symbols) individuals projected onto 777 present-day  third-degree, and forindividuals from small populations with different sizes.
west Eurasians (grey circles; Supplementary Note 10). b, Geneticancestry Individual GLN282 shows aninbreeding signal similar to a first-cousin union,
proportions. Results of qpAdm (MODEL 1) ancestry modelling of Loschbour butboth carried ROHare 20-22 cM long, therefore this individual is more
hunter-gatherer and Anatolia_Neolithicancestry for all Gurgy individuals plausibly the offspring of second or third cousins (Supplementary Note 4,

(Supplementary Note 10). ¢, Runs of homozygosity. Selected individuals with Supplementary Table1).



Article

FA_G4_3

FA_G4_2 FA_G3_2

GLN243A GLN220

GLN201

GLN243A
GLN243A

L

GLN243B
GLN2438

b
FA_G3_1
GLN325
GLN275
GLN221B
C

GLN202
GLN202

Duration < 30

GLN250

Duration < 30

FA_G1_G2
GLN231A
GLN237A

GLN207B
GLN2078

GLN257

GLN263

A

GLN220

e, GLN317

'Y

d All necropolis

GLN220

I

GLN223

GLN221B
GLN221B

e Pedigree A = 0 = 4500 am0 500
I J‘- - 7m0 4500 P ] 4500 4500 7m0 4500
|’“;’"‘”""1 ““““““““““““ Pedigree B
| — -4700 ] -4500 -4700 § -4500 -4500 41!; -4500

Phases 30 years

Extended DataFig.10 | Bayesian modelling of radiocarbon dates.
a,Radiocarbon dates available for Gurgy, calibrated with Intcal20.14c.

b, Bayesian modelling with ChronoModel 2.0.18. Model with constrained
relationshipsinferred from the pedigrees (Supplementary Note 13,
Supplementary Table 25). F = Pedigree and G = Generation. ¢, Model with

Phases 60 years
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constrained relationshipsinferred from archaeology (Supplementary Note 13,
Supplementary Table 25).d, Modelled intervals for each runset at 30, 60, 80
and 120 years for Pedigrees A and B, and for the whole group (111,000 iterations
for3independent chains per run, Supplementary Note 13, Supplementary
Table25).
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OptiType (v1.3.2) (https://github.com/FRED-2/OptiType)
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Data exclusions  Data from specimens that showed insufficient levels of ancient DNA content or high levels of DNA contamination were excluded from further
analyses.

Replication We studied unique individuals form past populations and did not perform different experiments, so replication is not applicable.
Randomization  We studied unique individuals form past populations and did not perform different experiments, so randomization is not applicable.

Blinding We studied unique individuals form past populations and did not perform different experiments, so blinding is not applicable.
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Dual use research of concern

Palaeontology and Archaeology

Specimen provenance Specimens come from an excavation supported by the region of Bourgogne, France, and the Service Régional de I'Archéologie de
Bourgogne, and were sampled with permission from the Service Régional de I'Archéologie de Bourgogne.

Specimen deposition The skeletal remains are currently stored at the ostéotheque of PACEA, Pessac, France. Further sampling will require permission from
the region of Bourgogne, France, and the Service Régional de I'Archéologie de Bourgogne.

Dating methods New AMS 14C dates were obtained from ultra-filtrated collagen. Collagen extraction and 14C measurements were carried out at the
CEDAD - CEntro di DAtazione e Diagnostica, Salento University, Lecce, Italy, and at the CDRC - Centre de Datation par le
RadioCarbone, Lyon 1 University, Lyon, France.

|X| Tick this box to confirm that the raw and calibrated dates are available in the paper or in Supplementary Information.

Ethics oversight No ethics oversight was required strictly, however we confirm that we followed established ethical guidelines for archaeogenetic
research.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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