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Archaeological background

The Corded Ware Culture (CWC) complex is found over large areas of central and northern
Europe in the 3™ Millennium BCE. The appearance of the culture marks several important
transitions seen in the archaeological (material) record where the most visible manifestations
are typically, most often, single inhumation burials, battle-axes, and cord-decorated pottery
[e.g. (1-3)]. The CWC complex appears rather simultaneously in many areas surrounding
the Baltic Sea, including present day Poland, Denmark, the southern parts of Sweden and
Norway, as well as Lithuania, Latvia, Estonia and southwestern Finland (4-8). In Sweden
the CWC is distributed up to Middle Sweden [e.g. (4,9)] but finds also occur further to the
north along the Baltic coast (4,9-11). On the eastern side of the Baltic Sea the CWC
dispersed to the north as far Estonia and the southwestern parts of Finland [e.g. (12)]. The
complex was preceded by different cultural groups in different areas around the Baltic Sea
and was contemporaneous with other cultural groups in many areas, such as the Pitted
Ware Culture (PWC) in Sweden and the Comb Ceramic Culture (CCC) groups in Estonia
(13).

The earliest dates of CWC manifestations in Sweden are from the southern regions and
dating to ¢.3000 BCE (14), in southern Finland from ¢.2900 BCE (15) and in Estonia
€.3000/2800 BCE [e.g. (8,16)]. In Latvia and Lithuania, the earliest dates fall roughly in the
same time interval around 3000 BCE. The earliest dates in Poland also fall around
3000/2800 BCE (17-20). The latest dates in most areas fall around 2400/2000 BCE. There
are a few dates slightly older and also younger than this interval but their reliability has been
under scrutiny, e.g. the earliest previously reported dates in Finland (7,15). Thus, the cultural
manifestations of the CWC dispersed over large geographical areas within a rather limited
time span and persisted for almost a millennium.

In Sweden, the CWC complex has been labeled the (Swedish-Norwegian) Boat Axe or
Battle Axe culture (BAC), and displays specific cultural features such as specific stone axes,
pottery and formalized burial customs that are different from those in the preceding periods
in the area. Stray finds of the typical battle axes are distributed on the southern parts of
Scandinavia and along the Baltic coastal areas to the North, figure S1A-B (21). The BAC is
the equivalent to the Single Grave Culture (SGC) in Denmark and the CWC on the continent.
How the BAC/CWC complex was brought to Sweden and Denmark has been extensively
debated (6,9,22-29). The debate has, as in many other areas, centered on the question
whether the introduction was associated with a migration event or cultural diffusion. The
Scandinavian BAC complex was first identified by Sophus Miiller (30) who, typically for the
time, saw the emergence of the culture as a result of migration. That became a long lived
interpretation, e.g. upheld by Forssander (25) who compiled the first more comprehensive
overview of the Swedish finds. In contrast to earlier interpretations, Malmer (9) described the
appearance of BAC in Sweden as a result of an internal development, an interpretation that
also later has found strong support [e.g. (4,31-34)]. However, opposite views favoring the
migration hypothesis and mobility have been presented [e.g (26)]. On the eastern side of the
Baltic Sea, interpretations linking the appearance of the CWC complex to migrations and
demographic transitions have found, and continue to find, support (8,13,16,24,35). Some
studies, however, have stressed the importance of local groups in the adoption of the CWC
elements [(36), see discussion in (37)]. Genetic data of ancient individuals from the Baltic
countries indicate that a demographic transition occurred in the Baltic Middle and Late
Neolithic, probably in association with the appearance and dispersal of the CWC complex
(38—40). This seems to be the case also in Poland (41,42).

In southern Sweden, the BAC is the chronological successor of the Funnel Beaker Culture
(FBC) [e.g. (27)]. Further north, in Middle Sweden, the material manifestations of the FBC
disappears c. 500 years prior to the appearance of the BAC material culture. Instead, the



material manifestations of the PWC emerges in Eastern Middle Sweden and also in the
southern parts of Scandinavia, mainly in the coastal areas and on the Baltic Islands of
Oland, Gotland and the Aland Islands [e.g. (27)]. The BAC is contemporaneous with the late
phase of the PWC and is visible in large numbers of stray finds of battle/boat shaped axes, a
few settlement remains and a few burials which most often are distributed more inland than
PWC sites [e.g. (4,27)]. There were long distance contact routes along the coast, stretching
at least from Scania in the South to Véasterbotten in the North, and via the Aland archipelago
to Finland in the East (21). In the northern part of the distribution area in Sweden, territorial
clusters of finds (figure S1B), have been interpreted as possible tribal areas (21). On the
eastern side of the Baltic Sea the CWC complex succeeded groups associated to the CCC
complex, except in Estonia, where CCC co-existed with CWC until the beginning of the
Baltic Bronze Age [e.g. (7,8,13,16)].

The BAC complex has been seen by some archaeologists as a continuation and
transformation of the FBC (9,27,31). In southern Scandinavia, radiocarbon dates from BAC
contexts predates those from Middle Sweden. According to interpretations by Malmer (9) the
BAC manifestations dispersed northwards, through diffusion, where new elements were
incorporated into the earlier FBC complex. However, the BAC complex differs from the
preceding FBC complex in many important aspects, with a new burial tradition involving a
transition from collective burials to flat earth graves containing one or occasionally a few
individuals, and with individual grave goods. Malmer (28) considered the emergence of the
BAC a result of a new social and/or religious organization, where the economy was based
on farming and husbandry. The association between the BAC and FBC, and also between
BAC and PWC, in Sweden has been discussed at great length [e.g. (27,31-33)]. The
subsistence economy of the PWC and BAC people was different, where the former was
characterized by foraging and especially the exploitation of marine resources (43,44). The
BAC economy included animal husbandry and possibly farming. Recent studies of stable
isotopes indicate that the diet of BAC individuals was based mainly on terrestrial proteins,
thus, more closely resembling that of FBC individuals than PWC individuals (45).

Recent analyses of the BAC/CWC pottery technology have shown similarities between
Middle Sweden and Finland, and it has even been suggested that potters moved to Sweden
from Finland (34). Possibly, the BAC complex dispersed from there to Eastern Middle
Sweden [e.g. (34), see also (7,46)]. Most commonly in earlier research, the unifying and
similar cultural traits within the BAC/CWC complex have been in focus (2). The similarities in
burial customs, pottery design and typology, as well as the typical battle-axes, to name a
few, have caught the attention of researchers and, thus, the traits have been seen as
indications of a society with common cultural and social practices [see e.g. (1,2,9,22,24) for
reviews]. In more recent research more attention has been focused on regional patterns and
traits, and also deviances in e.g. burial customs, which shed another light on the cultural
complex [e.g. (1,3,4)]. For instance, while Malmer (9) considered Scania and Blekinge a core
are, different from other areas in Sweden, Edenmo (4) among others, have stressed that
there are notable differences in the material culture expressions in different parts of Middle
Sweden. Furholt (1) called for more or less the same kind of caution when interpreting the
unity and general similarity within the BAC/CWC complex based on new archaeological
data. In a similar manner, Kristiansen et al. (3) recently called for a revision of the CWC in
Europe in light of new genetic and linguistic research, and with a specific focus on the
adaptations and interactions with people of the Yamnaya complex. However, Heyd (47) and
Furholt (2), among others, have called for caution and highlighted a need for integration of
fuller and wider archaeological perspectives in the interpretations of e.g. the transition
between the Yamnaya and the CWC complexes. This (social) process is not well
understood, even in light of the new genetic data. The analyses of individuals from the
northern parts of the distribution area of the BAC/CWC have good potential to highlight these
demographic processes.



The formation of the CWC complex in continental Europe appears to be associated to the
emergence of the Yamnaya complex that appeared in the eastern parts of central Europe
around 3000 BCE. The similarities in many cultural expressions between the CWC and
Yamnaya complexes have been debated for long [e.g. (35)]. Archaeogenomic analyses have
found evidence of a wave of migration into Europe from the Pontic—Caspian steppe, which
also had an impact on the demographic development of the CWC complex in large areas of
central and northern Europe (41,48,49). Earlier studies have shown that individuals from
CWC contexts in Poland exhibit a genomic input from the eastern Yamnaya steppe
pastoralist (41). This genetic “steppe” component, have been identified in varying amounts,
also among CWC individuals in Estonia and Latvia (38—40). The steppe component has
been observed in Scandinavian Middle and Late Neolithic individuals from Sweden (39,48),
but their burial contexts are not fully understood. Interestingly, the genetic influence of the
Yamnaya pastoralist decreases in western European CWC individuals, but there is also a
marked variation between individuals (50).

For the present study we have chosen eleven individuals for archaeogenetic analyses; five
individuals from BAC or CWC contexts in Sweden, Poland and Estonia; five individuals
recovered from two FBC associated megalithic burial structures in Sweden, and one
individual from a PWC context on the Island of Gotland, contemporaneous with the early
BAC phase in Sweden. By inclusion of individuals from Sweden, Poland and Estonia and
individuals buried in different funerary contexts, we have the potential to examine possible
regional patterns in genetic variation and affinities, as well as admixture patterns.
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Figure S1. A) The distribution of BAC/CWC battle axes in Denmark, Sweden, Norway,
Finland, and Estonia [map modified from (21)]. B) Hypothesized social territories in Eastern
Middle Sweden during 2900-2400 BCE and location of Bergsgraven in Linkdping [map
modified from (21)].



Archaeological samples
Bergsgraven, Ostergétland, Sweden

Bergsgraven (grave no. 185) in Linkdping is a well-preserved triple grave attributed to the
BAC. It is the northernmost BAC type of burial with preserved unburnt human remains in
Sweden. This flat earth grave was excavated in the1950s and contained a male and a
female buried in hocker position in an east-west direction (51,52). The male was buried on
his right side and the female on her left side with their heads towards south/southeast. The
grave contained a wealth of grave goods including a battle axe, zigzag ornamented pottery
and among the oldest metal objects found in Sweden (two copper spirals) [see e.g. (9) for
description of many of the finds]. Some of the objects were made out of material not from the
area, such as scanian flint and amber. Animal remains include a complete dog buried behind
the female, as well as bone implements of both wild species, e.g. a lower jaw of beaver, a
larger implement of red deer antler, a needle of deer antler, and domestic species, as well as
a burin of a metapodial made of sheep/goat. Of some interest is the similarity of the bone
needle found next to the male which resembles one find in Estonia but also other finds in
Sweden [see (53), see also (9,54)]. The third individual in the grave was not discovered until
1982, when some small bones close to the dog was shown to belong to an infant.

ber1: An adult male, 25-30 years old at time of death, and approximately 177-180 cm
tall. Two mandibular teeth (M1 dxt and M2 dxt) were sampled for DNA, stable isotope
analyses and radiocarbon dating. This individual was dated to 2620-2470 cal BCE
(95.4%) (table 1, table S1, Supplementary Section Radiocarbon dating and stable
isotope analyses).

ber2: A young female, 18-20 year, and approximately 162-162 cm tall. Two
mandibular teeth (M1 sin and M2 sin) were sampled for DNA, stable isotope
analyses and radiocarbon dating. This individual was dated to 2640-2480 cal BCE
(95.4%) (table 1, table S1, Supplementary Section Radiocarbon dating and stable
isotope analyses). She has previously been shown to belong to the N1a
mitochondrial DNA (mtDNA) lineage (55).

Obtaczkowo, Wielkopolska, Poland

The CWC grave in Obtaczkowo was unearthed in the course of rescue excavations carried
out between 2006 and 2008 by Henryk Klunder's Pracownia Archeologiczno-
Konserwatorska and supervised by Pawet Pawlak. The grave was located on a top of a
small hill and no traces of a burial mound were found. It was rectangular in shape (2,4-2,5 x
1,9-2,15 m x 0,44 m) and oriented along the N-S axis. It contained skeletal remains of two
adult individuals and one child, all buried in contracted position on a side. The grave
offerings included a battle-axe and decorated antler plates (56). The grave belongs to the
oldest stage of a small regional CWC group, covering the regions of Wielkopolska and
Kujawy and known for ca. 40 burials (18).

poz44: An almost complete although fragmented skeleton of a child (feature E8-A*).
AMS radiocarbon dated to 2870-2580 cal BCE (95.4%) (table 1, table S1,
Supplementary Section Radiocarbon dating and stable isotope analyses). Two
mandibular teeth (12 and C) and the petrous portion of the temporal bone were
sampled for DNA. *We note that RISE1 (48) is also described as the individual from
Obtaczkowo feature E8-A. However, their genetic results differ from ours. They
present this individual as a molecularly determined male that belongs to Y-
chromosomal haplogroup (hg) R1b and to mtDNA hg K1b1a1 (48) while our results
show this individual to be female, carrying a mtDNA hg U3a’c profile (table 1, table
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S4). We have backtracked all our handling of this sample and are therefore sure that
we present data belonging to the child from Obtaczkowo feature E8-A.

poz81: An incomplete skeleton of an adult (feature E8-B). AMS radiocarbon dated to
2880-2630 cal BCE (95.4%) (table 1, tableS1, Supplementary Section Radiocarbon
dating and stable isotope analyses). A phalange and the petrous portion of the
temporal bone were sampled for DNA.

Karlova, Tartu, Estonia

The Karlova burial (National Registry of Cultural Monuments no. 12977) in southeastern
Estonia was found during construction work in 1910 and was retrieved without proper
excavation (57). The skeleton was buried in a supine position and oriented in a north to
south direction. According to Hausmann (57), it belonged to an adult male. The general
interpretation of the grave is that it belongs to the CWC complex, as it contained a battle axe
made of diorite. The particular type of battle axe, the Karlova-type, was named after this
burial and is thought to have been developed locally in western Estonia although having
influences from the Finnish CWC (58). The second item in the grave was a Pyheensilta or
Nylev type arrowhead made from phyllite. These are distributed in Finland, Norway, the Kola
Peninsula and as single finds in the Baltic countries and date to the Late Neolithic, and are
also associated with the CCC [see (16,58) and references therein].

kar1: An incomplete skeleton estimated, based on morphology, to belong to an 18-20
year old male with a height of approximately 170 cm (57). Note however, that we find
the molecular sex of this individual to be female (table 1). The mandible has
previously been AMS radiocarbon dated to 2440-2140 cal BCE (95.4%) (Poz-15499:
3805135 BP, table 1) (16,59). One maxillary tooth (M3 sin) was sampled for DNA.

Ollsjé, Scania, Sweden

Olljsd 7 (LUHM 28775) is a Scandinavian Middle Neolithic passage grave from Skepparslév
parish in Scania, Sweden. The tomb was excavated in 1943 (unpublished report by S.
Hommerberg, available in Lund University Historical Museum report archive) and it was
noted that the passage grave was somewhat destroyed and converted into a Stone cist
during the Scandinavian Late Neolithic. Artefacts associated to the FBC (e.g. ‘megalithic’ pot
sherds, amber beads, a bone necklace and flint implements) and to the Late Neolithic (e.g.
pot sherds, a bronze disc, a bone pin, a flint dagger, and a flint spear head) were found, as
well as a clay pot associated to the BAC (60). The human remains were partly commingled
and belonged to at least 14 individuals, as 14 mandibles was discovered together with bones
and horns from red deer, roe deer and wolf. Age estimations from tooth wear patterns
according to (61,62) were performed for this study by Therése Hedlund and showed that the
majority of the individuals were young (five individuals were 5-8 years, two were 11-15
years , four were 17-25 years, three were 25-35 years, one was 35-45 years and one = 45
years of age). Morphological sex estimations were performed in accordance with Buikstra
and Ubelaker (63) and one individual was identified as female, one as male, three as likely
females, one as likely male, while ten individuals could not be morphologically sex
determined (six of these latter individuals were children). No radiocarbon dates were
available for these individuals prior to our investigations.

0ll007: Commingled human remains. A mandibular tooth (M3 dxt) was sampled for
DNA. According to tooth wear, this individual was 45+ years at the time of death.
This individual was dated to 2860-2500 cal BCE (95.4%), and is therefore
contemporaneous with the BAC time period and does not belong to the primary FBC



burial phase in the tomb (table 1, table S1, Supplementary Section Radiocarbon
dating and stable isotope analyses).

0ll009: Commingled human remains. A mandibular tooth (M1 sin) was sampled for
DNA. Tooth wear indicates that this individual was 17-25 years at the time of death.
This individual was dated to 1930-1750 BCE (95.4%) and thus belongs to the
Scandinavian Late Neolithic (table 1, table S1, Supplementary Section Radiocarbon
dating and stable isotope analyses).

0ll010: Commingled human remains. A mandibular tooth (M3 sin) was sampled for
DNA. This individual was 35-45 years old according to the tooth wear. The mandibula
was radiocarbon dated to 1880-1660 BCE (95.4%) and, as with oll009, this was a
later burial within the tomb from the Scandinavian Late Neolithic (table 1, table S1,
Supplementary Section Radiocarbon dating and stable isotope analyses).

Rdéssberga, Véstergétland, Sweden

Réssberga (RAA Valtorp 2:1) is a passage grave associated with the FBC in Vastergétland
in mid-central Sweden. It is situated in the Falbygden area comprising a dense concentration
of about 255 megalithic tombs (64). The tomb was fully excavated in 1962 (65-67) and it has
been estimated that at least 128 adult individuals were buried there (68). Radiocarbon dates
of human remains vary between c. 3400 and 2500 cal BCE with a concentration of dates
prior to 3000 BCE (66,69). Two individuals were incorporated in the present study (ros003
and ros005). Both belong to the primary FBC use of the tomb, but show differences in their
radiocarbon dates (table 1, table S1). Previous studies show that the megalithic tomb was
also used for burials during the Scandinavian Late Neolithic/Early Bronze Age times (67).
Another study, of stable isotopes of individuals from the FBC burial phase, indicated rather
homogeneous terrestrial dietary patterns (5'°C and 5'°N) and also low levels of mobility
(5**S) (69).

ros003: Commingled human remains. A mandibular fragment with one tooth (M dxt).
The tooth was sampled for DNA and was radiocarbon dated to 3330-2930 cal BCE
(95.4%) (table 1, table S1, Supplementary Section Radiocarbon dating and stable
isotope analyses).

ros005: Commingled human remains. A mandible with one tooth (M2 dxt). The tooth
was sampled for DNA and was radiocarbon dated to 3090-2920 cal BCE (95.4%)
(table 1, table S1, Supplementary Section Radiocarbon dating and stable isotope
analyses).

Ajvide, Gotland, Sweden

The Ajvide site (RAA Eksta 171:1), in Eksta parish on Gotland, Sweden has a burial ground
with 85 excavated flat earth graves (with 89 individuals) associated with the Scandinavian
Middle Neolithic PWC. The site was discovered in 1922 and excavations were conducted in
1923, 1958 and between 1983 and 2009 (70-75). The maijority of buried individuals were
placed in single graves and on their back in a supine position. Examples of grave goods are
pit-decorated pottery, fish hooks, harpoons, stone and flint axes and adzes as well as faunal
remains from fish, seal and feral pigs/boar, reflecting their hunting/gathering lifestyle.
Radiocarbon dates indicate an activity range between 3200-2300 cal BCE (70,76,77). Some
of the buried individuals have been analyzed previously using archaeogenetic methods
(55,78-81).



ajvb4: This individual was buried in an east-west oriented burial pit (70). The skeleton
was morphologically estimated to be a 25-35 years old male with a height of 165-175
cm (82). Two teeth (a mandibular C sin and maxillary M2 sin) was used for DNA
extraction and the M2 was radiocarbon dated to 2900-2680 cal BCE (95.4%) (table 1,
table S1, Supplementary Section Radiocarbon dating and stable isotope analyses).

Radiocarbon dating and stable isotope analyses

For the present study, bone samples from eight individuals were submitted to Accelerator
Mass Spectrometry (AMS) radiocarbon dating and Isotope Ratio Mass Spectrometry (IRMS)
analyses for carbon and nitrogen isotope values at Beta Analytic Inc. (Miami, Florida) and
bone samples from two individuals were AMS radiocarbon dated (through funding to Lukasz
Pospieszny from the Ministry of Science and Higher Education of the Republic of Poland,
Research Grant n. N N109 287 137) at “CHRONO Centre for Climate, the Environment, and
Chronology at the Queen's University in Belfast and at Poznah Radiocarbon Laboratory in
Poznan (table S1). The radiocarbon values, including values from a previously dated kar1
individual (16,59), were calibrated using Oxcal online software version 4.2.4 (83), based on
the IntCal13 atmospheric curve and all dating results were rounded to the nearest tenth
value (84) (table 1, figure S2). For ajv54, a mean offset of 70 + 40 (43), was used for the
marine reservoir age correction (figure S2).

The earliest dated individual from Sweden is one of the Rdéssberga individuals (ros003),
which according to the radiocarbon date, belongs to the primary FBC burial phase of the
megalith. The dating of the other individual from the same megalith (ros005) indicates that
this individual was buried shortly after or towards the end of the FBC phase, which lasted on
the Swedish mainland up to c. 2800 BCE, but slightly longer on the Island of Gotland (85—
87). The dates of four of the individuals (ber1, ber2, poz44, poz81), from the typical
BAC/CWC contexts from Bergsgraven in Sweden and Obtaczkowo in Poland all group
between 2800-2500 cal BCE (95.4%) while the CWC burial at Karlova (16,59) in Estonia
(kar1) is slightly younger. The individual from Ajvide (aj054) is roughly contemporaneous
with the four BAC/CWC burials, as is the earliest individual (0ll007) from the Ollsjé megalithic
tomb. The remaining two individuals from Olisjé (oll009 and 0ll010) had later dates, and fall
within the Scandinavian Late Neolithic/Early Bronze Age. Stable isotope analyses (3'°C and
5'°N) of the individuals from Sweden show a limited variation, similar to earlier studied BAC
individuals from Scania [data from (45)] (table S1, figure S3). The values indicate that the
diet mainly incorporated proteins of terrestrial sources. Fornander (45) also demonstrated
differences between the individuals in Scania, where a few had incorporated marine
proteins. Larger variations in dietary patterns have been observed between individuals, and
between different regions in Germany (88) and southern Poland (19). The isotopic signal of
the PWC associated Ajvide individual (ajv54), deviate markedly from the other values, by an
inclusion of mainly marine proteins in the diet. This is in line with earlier studies of PWC
individuals [e.g. (43,89)].



Table S1. Conventional radiocarbon ages (i.e. uncalibrated BP values) and calibrated dates
(BCE) of ten AMS dated samples in this study and IRMS stable carbon and nitrogen isotope
data for eight of the samples.

C14 age Calibrated date ~ 5'°C 3"N

Sample  Cl4labIiD  (BP) (BCE, 95% Cl)  (0/00) (0/00)

ber1 Beta - 423305 4020 + 30 2620-2470 -21.8 9.2
ber2 Beta - 423306 4030 + 30 2640-2480 -20.3 10.2
ollo07 Beta - 417630 4090 + 30 2860-2500 -20.6 8.6
oll009 Beta - 417631 3520 + 30 1930-1750 -19.6 9.5
ollo10 Beta - 417632 3440 £ 30 1880-1660 -20.1 10.8
ros003 Beta - 423311 4440 + 30 3330-2930 -21.6 9.0
ros005 Beta - 423313 4390 + 30 3090-2920 -20.9 10.0
ajvb4 Beta - 423308 4280 + 30 2900-2680 -14.5 17.4
poz44 UBA — 16633 4117 + 28 2870-2580 nd nd
poz81 Poz - 36250 4160 + 35 2880-2630 nd nd
OxCal 1432 Brork Ramsey (2017, 5 ICal13 skmospherc curve (Reimer ol s 2013
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Figure S2. Calibrated radiocarbon dates (95.4% CI) for all eleven individuals in this study.
The ajv54 sample was adjusted for marine reservoir effect by a mean offset of 7040 (43).
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Figure S3. Dietary stable isotope values (613C and ©15N) from the eight individuals from
Sweden analyzed in this study plotted together with BAC/CWC individuals from Scania (45).

Tooth enamel from the first and second molars of ber1, ber2, and from a faunal sample from
the same burial (a dog), were subjected to strontium isotope analysis (2’Sr/**Sr) at NERC,
Isotope Geosciences Laboratory, Nottingham, UK (Professor Jane Evans) using their
standard procedures as described in (85). The results indicate that the male and the female
from Bergsgraven spent their childhood (here referring to the ages of c. up to 3 years (M1)
and 8 years (M2)) in different geographic areas (table S2, figure S4). Both individuals seem
to have stayed in their respective area at least for the first eight years of their lives. The Sr
ratios for the dog is different from both individuals. Even if the two individuals spent their
childhood in different places, it is difficult to assess where this would have been. The
bedrock in Ostergétland is varied and includes Precambrian rock (of granitoids and rhyolites)
of different age but also smaller areas with younger Phanerozoic sedimentary rocks [see e.g.
(90)]. The bioavailable strontium in Ostergétland is very varied and soil samples exhibit
values between 0.71623 and 0.74353 (90), i.e. covering the range of variation for both
Bergsgraven individuals and as well as the dog. It is, thus, not possible to more closely
evaluate the pattern of life history mobility. In a previous study of BAC individuals from
Scania, low levels of mobility was noted on the basis of stable Sulphur isotope (5°*S) values
(45).Variable levels of mobility have further been noted between different areas, or sites in
Germany (88) and southern Poland (19).
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Table S2. Strontium isotope values for mandibular teeth from the two individuals from

Bergsgraven and from a faunal sample from the same burial.

Individual Sample ID Tooth ppm ¥Sr/®°sr
Bergsgraven 1, male BeriM-b2 M1dxinf 94.0 0.73485
Bergsgraven 1, male BeriM-b1 M2DXint 62.7 0.73391
Bergsgraven 2, female Ber2F-b1 M1 sininf 140.9 0.72350
Bergsgraven 2, female Ber2F-b2 M2 sininf 202.0 0.72529
Bergsgraven, dog Ber3-b1 M2 sininf 519.8 0.71743
Bergsgraven, dog Ber3-b2 P3sininf 519.8 0.71611
Soil samples
0.746 (Ostergotland)
0.742 §
0.738 Bergsgraven 1 X
(Male) ;2
_ 0.734 4
(7
& 0.73 X
550.726 Bergsgraven2 %
(Female) H
0.722 g
Bergsgraven
0.718 A
(Dog) A
0.714
0.71

Figure S4. Strontium isotope values of the first and second molars from the male, female

and dog from Bergsgraven plotted together with values from soil samples from Ostergétland

(90).
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Sample preparation

We generated genome data from eleven ancient individuals using dedicated ancient DNA
facilities [e.g. (91)] in Sweden (Human Evolution, Uppsala University; ber1, ber2, ros003,
ros005, oll007, oll009 and oll010 and Campus Gotland, Uppsala University; kar1) and
Poland (Department of Human Evolutionary Biology, Adam Mickiewicz University in Poznan;
poz44 and poz81). Tooth samples were wiped with a 1% Sodium Hypoclorite solution and all
samples were UV irradiated at 254nm for 6J/cm2. About 1 mm of the root/bone surface was
removed before drilling out 30-100 mg of bone powder. DNA was extracted using silica-
based methods (92) with modifications as in Malmstrom et al. (93) or Dabney et al. (94) and
eluted in 40-110 ul of Elution Buffer (Qiagen). Between one and three extractions were
made for each individual and typically one negative extraction control accompanied every six
to eight of the ancient samples.

For each individual, between two and nine lllumina multiplex DNA libraries were prepared,
together with one negative library control for every 6-8 ancient DNA libraries. The majority of
libraries were prepared using blunt-end ligation with PS5 and P7 adapters and indexes
described in (95), without the shearing step as ancient DNA is already fragmented, and with
amplification for 12-16 cycles using 1S4 and index primers from Meyer and Kircher (95) and
purification and quantification as in (96) or (78). Some blunt-end libraries were prepared as
in (80) using using NEBNext® 20 DNA Library Prep Master Mix Set for 454, or using
separate reagents, coupled with P5 and P7 adapters and indexes (95). A few libraries were
prepared either as in (81), with T/A-ligation (NEBNext Quick DNA Library Prep Master Mix
Set for 454, New England Biolabs), inPE adaptors and lllumina indexes (llllumina
Multiplexing Sample Preparation Oligonucleotide Kit, Illlumina) or as in (97) to generate
single-strand libraries. Additionally, some libraries (one blunt-end library from ber1, ber2 and
ajv54 and two blunt-end libraries from oll009 and oll010) were enriched using Mybait Human
Whole Genome Capture Kit with “Caucasian baits” (both from MYcroarray) following the
manufacturer’s instructions (Mybaits manual version 2.3.1). Negative controls did not yield
any DNA and were therefore not sequenced. In one case, however, we used a dog sample
as negative control for human DNA, and libraries from this specimen were sequenced. The
DNA libraries were sequenced at the ScilLife Sequencing Centre in Uppsala with either
lllumina HiSeq XTen and paired end 150 bp chemistry, HiSeq 2500 with paired end 125 bp
chemistry, or HiSeq2000 with paired end 100 bp chemistry.

Bioinformatics data processing

The  paired-end sequencing reads were merged and trimmed  using
MergeReadsFastQ_cc.py (98) into a joint fragment if they overlapped by at least 11 base
pairs. They were then mapped as single ended reads to the 1000 genomes variant of the
hg19 reference using bwa aln (99). We employed the non-default parameters -1 16500 -n
0.01 -0 2 as in (96). All sequencing runs of the same library, including Whole Genome
Captured blunt-end libraries, were merged into one bam file with samtools before duplicate
removal. The proportion of human reads deriving from shotgun sequenced Whole Genome
Capture data before duplicate filtering was relatively low for the BAC individuals ber1 (2.2%)
and ber2 (8.9%) and for the PWC individual ajv54 (14.1%) and higher for the Scandinavian
Late Neolithic individuals oll009 (69.9%) and oll010 (89.0%). Reads mapped to identical start
and end positions were considered PCR duplicates and merged using a modified version of
FilterUnigSAMCons_cc.py which ensured random sampling of bases at mismatches
between the duplicates. All libraries for a single individual were then merged into one bam
file using samtools. Finally, reads with more than 10% mismatches to the reference genome
and fragments shorter than 35bp were excluded from the data. Biological sex of the
individuals was inferred using reads mapping to the X and Y chromosome (100). All data
was used for downstream analyses.
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Authentication

Deamination patterns

All sequenced samples showed a fragmentation and deamination pattern as expected for

authentic ancient DNA (Figure S5) (101).

ajvb4

®

£ —

o _ — A

2 S ] T

o

[ -

@ 8

% = T T T T T T T

@ 0 10 20 30 40 50 60
Distance from 5' end of sequence

®

£ —

[G] 4 — A

s 2] ¢

g S | — 71

o

e -

= g7 .

% o T T T T T T T

@ -60 -50 -40 -30 -20 -10 0
Distance from 3' end of sequence

ber2

I

£

o 7 — A

5 2 c

> T

o _

I

s 8

2 o T T T T T T T

@ 0 10 20 30 40 50 60
Distance from 5' end of sequence

®

£

0] 71— A

g 2 ¢

2 o T

o

2

e & -

qé o T T T T T T T

@ -60 -50 -40 -30 -20 -10 0

Distance from 3' end of sequence

—
o
£
(@]
c
@
g °
2 3
o
g
= o
o <
(2]
@ o
m
°
2
£ o
o -
c o
o
2 ©
o <
g o
o
o Q
a
2 o
[+
“—
o
£ o
o @
- o
[
= w
o -
o o
£ o
o <
a [=]
m
®
e
£ o
g
= ©
o
= w
o har}
o o
@
= o
o <
& o
1]

- A
7 G
B T
T T T T T T T
0 10 20 30 40 50 60
Distance from 5' end of sequence
[ 1 T T T I I
-60 -50 -40 -30 -20 -10 0
Distance from 3' end of sequence
n A
7 G
_ — T
T T T T T T T
0 10 20 30 40 50 60
Distance from 5' end of sequence
I I I I I I [
-60 -50 -40 -30 -20 -10 0

Distance from 3' end of sequence

13



e
S
S
N

Base freq given C in ref

Base freq given G in ref

e
S
—
o

Base freq given C in ref

Base freq given G in ref

0.15

0.00

0.15

0.00

0.2

0.0

0.2

0.0

— A
G
— T
T T T T T T T
0 10 20 30 40 50 60
Distance from 5' end of sequence
T T T T T T T
-60 -50 -40 -30 -20 -10 0
Distance from 3' end of sequence
— A
G
— T
T T T T T T T
0 10 20 30 40 50 60
Distance from 5' end of sequence
T T T T T T T
-60 -50 -40 -30 -20 -10 0

Distance from 3" end of sequence

=2
oS
S
©

Base freq given C in ref

Base freq given G in ref

0.00 0.15 0.30

0.00 0.15 0.30

I |

©
o
N
N
N

Base freq given C in ref

Base freq given G in ref

0.00 0.15 0.30

0.00 0.15 0.30

|
o>

- 11 T T T T
0 10 20 30 40 50 60

Distance from 5' end of sequence

T |

L1

1

— A
— C
— T
T T T T T T T
-60 -50 -40 -30 -20 -10 0
Distance from 3' end of sequence
— A
G
— |
T T T T T T T
0 10 20 30 40 50 60
Distance from 5' end of sequence
— A
o]
— T
/
T T T T T T T
-60 -50 -40 -30 -20 -10 0

Distance from 3' end of sequence

14



©
o
N
(o]
—_—
=
o
(2]
o
o
w

® °
£ g £
o S A o 7 — A
§ o G § w | G
B — T 5 o | — T
g _ ] g _
&= o = o
8 |
§ = T T T T T T T § 3 B T T T T T T
@ 0 10 20 30 40 50 60 «Q 0 10 20 30 40 50 60
Distance from 5' end of sequence Distance from 5' end of sequence
® °
- £
(2 c | — A 6] 1T — A
g w - c § w7 o
5 = — T 3 a1 — T
o © o o |
b o
= o | 2 o 7
o S 4 = = © —
g o 1 T 1 T T T 1 § 2 1 T T 7 T T T
o
-60 -50 -40 -30 -20 -10 0 @ -60 -50 -40 -30 -20 -10 0
Distance from 3 end of sequence Distance from 3' end of sequence
ros005
®
< ]
6] — A
§ S T
o _
1
= o
o 9 A
2 o T T T T T T T
@ 0 10 20 30 40 50 60
Distance from 5' end of sequence
I
£ I
(6] — A
§ S ¢
o _
e
&= o
o 9
e o T T T T T T T
@ -60 -50 -40 -30 -20 -10 0

Distance from 3' end of sequence

Figure S5. Deamination damage patterns (101) of the sequence reads from the eleven
individuals in this study showed expected fragmentation and damage patterns as expected
for authentic ancient DNA.
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Contamination estimates

Mitochondrial contamination was estimated using a method first presented in Green et al.
(102) (Table 1). In brief, we used private or nearly private consensus alleles in the individual
and counted all alternative alleles mapping to those sites. We excluded sites with consensus
allele of either C or G and observed transition alleles in order to exclude the effect of post-
mortem deamination. Consensus and alternative alleles were summed up across all
informative sites and divided by the total number of alleles in order to obtain a point estimate
for contamination. Additionally, we used ANGSD’s method 1 to obtain an X chromosome
based estimate of nuclear contamination in male individuals (Table S3) (103,104).

Table S3. Contamination estimates for the eleven individuals based on mtDNA (102) and
the X chromosome in males (103,104).

mitDNA based estimation X based estimation
Cont

Point Informative Consenus Total Lower Higher estimated
Sample estimate sites alleles alleles C.I C. [%] SE # SNPs
kar1 0.794 3 5870 5917 0.568 1.021 n/a n/a n/a
pozd44  0.287 2 348 349 0.000 0.847 nl/a n/a n/a
poz81  1.323 6 746 756 0.508 2.137 1.155 0.115 34637
ber1 0.186 6 6452 6464 0.081 0.291 0.803 0.059 39714
ber2 0.256 8 2337 2343 0.051 0461 nla n/a n/a
oll007  0.444 2 224 225 0.000 1.314 nl/a n/a n/a
oll009  1.975 5 1390 1418 1.250 2.699 0.317 0.099 20863
oll010  1.832 7 536 546 0.707 2956 nl/a n/a n/a
ros003 0.403 7 247 247 0.000 1.192 nl/a n/a n/a
ros005 0.194 9 1031 1033 0.000 0462 0.278 0.091 19287
ajv54 1.238 5 1675 1696 0.712 1.765 0.580 0.107 20470

Uniparental markers
Mitochondrial DNA

Consensus sequences were generated using samtools’ mpileup and vcfutils.pl (and vcf2fq)
(99) together with ANGSD (104). We used a minimum base- and mapping quality score of
30 and a coverage of at least three to call the consensus sequences. HaploFind
(https://haplofind.unibo.it) (105) and PhyloTree mtDNA Build 17, 18 Feb 2016
(http://www.phylotree.org) (106) were used to call the haplogroups. The mutations are
reported against the Reconstructed Sapiens Reference Sequence (107). The called
haplogroups, mutations supporting the called haplogroup and private variants are reported in
table S4.

The individuals in this study displayed a varied set of mitochondrial haplotypes (table S4).
The two Scandinavian individuals from a typical BAC burial (ber1 and ber2) belonged to
lineages within U4 and N1a while the individual dated to the BAC time-period, but buried in a
megalithic tomb (0ll007), belonged within hg H. Two of the continental European CWC
individuals (poz81 and kar1) also belonged within sub-lineages of U4 and H, while the third
CWOC individual (poz44) belonged within U3. The two individuals from a Scandinavian FBC
context belonged to lineages within J1 and K1 (ros003 and ros005) while the two
Scandinavian Late Neolithic/Early Bronze Age individuals belonged within H and X. The
individual from a PWC context (ajv54) belonged within U5.

16



Table S4. The called mitochondrial haplogroups for the eleven individuals in this study,
including mtDNA coverage, quality scores (https://haplofind.unibo.it) (105), mutations
supporting the called haplogroup and private mutations.

Sample

MT haplo-
group

MT
coverage

Score

Mutations supporting the called haplogroup

Private
mutations

ber1

U4cla

1344.2

146T 152T 247G 499A 769G 825T 1018G 1811G 2758G
2885T 3594C 3654T 4104A 4312C 4646C 4811G 5999C
6047G 6146G 7146A 7256C 7521G 8468C 8655C 8701A
9070G 9540T 10398A 10664C 10688G 10810T 10873T
10907C 10915T 11009C 11332T 11467G 11914G 12308G
12372A 12705C 13105A 13276A 13506C 13650C 14620T
14866T 15693C 16129G 16179T 16187C 16189T 16223C
16230A 16278C 16311T 16356C

12373G 16569A
4769A 8860A

ber2

N1atla1a1

442.7

146T 195T 199C 204C 247G 669C 769G 825T 1018G
1719A 2758G 2885T 3336C 3594C 4104A 4312C 5315G
7146A 7256C 7521G 8164T 8468C 8655C 8701A 9300A
9540T 10238C 10664C 10688G 10810T 10873T 10915T
11914G 12501A 13105A 13276A 13506C 13650C 13780G
15043A 16129G 16147A 16172C 16187C 16189T 16230A
16248T 16278C 16311T 16320T 16355T

4769A

kar1

H1fla

2481.1

73A 146T 152T 195T 247G 769G 825T 1018G 2706A
2758G 2885T 3010A 3594C 4104A 4312C 4452C 7028C
7146A 7256C 7309C 7521G 8468C 8655C 8701A 9066G
9540T 10398A 10664C 10688G 10810T 10873T 10915T
11719G 11914G 12705C 13105A 13276A 13506C 13650C
14766C 16093C 16129G 16187C 16223C 16230A 16278C
16311T

4769A 8860A

poz44

U3a'c

252.9

146T 150T 152T 195T 247G 769G 825T 1018G 1811G
2294G 2758G 2885T 3594C 4104A 4312C 4703C 7146A
7256C 7521G 8468C 8655C 8701A 9266A 9540T 10398A
10664C 10688G 10810T 10873T 10915T 11467G 11914G
12308G 12372A 12705C 13105A 13276A 13506C 13650C
14139G 15454C 16129G 16187C 16189T 16223C 16230A
16278C 16311T 16343G

310C 8860A

12843C 13327G
16243C 16249C
16519T 16569A

poz81

U4b1b2

172.4

146T 247G 499A 769G 825T 1018G 1811G 2758G 2885T
3594C 4104A 4312C 7146A 7256C 7521G 8468C 8655C
8701A 9540T 10398A 10664C 10688G 10810T 10873T
10915T 11332T 11339C 11467G 11788T 11914G 12308G
12372A 12705C 13105A 13276A 13506C 13528G 13650C
14620T 15326A 15514C 15693C 16129G 16187C 16189T
16223C 16230A 16278C 16311T 16356C

310C 4769A
4770A

ros003

K1b1a1

29.6

146T 195T 247G 769G 825T 1018G 1811G 2758G 2885T
3480G 3594C 4312C 7256C 8468C 8655C 8701A 9055A
9540T 9698C 9962A 10289G 10550G 10664C 10688G
10810T 10873T 10915T 11299C 11467G 11914G 11923G
12308G 12372A 12705C 13105A 13276A 13506C 13650C
13967T 14167T 14798C 15257A 15946T 16093C 16129G
16187C 16189T 16223C 16224C 16230A 16278C 16319A
16463G

310C 42527
10310A

ros005

J1c5

105.6

146T 152T 185A 195T 228A 247G 295T 462T 489C 769G
825T 1018G 2758G 2885T 3010A 3594C 4104A 4216C
4312C 5198G 7146A 7256C 7521G 8468C 8655C 8701A
9540T 10664C 10688G 10810T 10873T 10915T 11251G
11914G 12612G 12705C 13105A 13276A 13506C 13650C
13708A 14798C 15452A 16069T 16126C 16129G 16187C
16189T 16223C 16230A 16278C 16311T

3666A 16519T
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oll009 H6a1b3 324.7 1 73A 146T 152T 195T 204C 239C 247G 769G 825T 1018G 310C 8863T
2706A 2758G 2885T 3594C 3915A 4104A 4312C 4727G 16519T 16569A
7028C 7146A 7256C 7521G 8468C 8655C 8701A 9380A
9540T 10398A 10589A 10664C 10688G 10810T 10873T
10915T 11719G 11914G 12705C 13105A 13276A 13506C
13650C 14766C 16129G 16187C 16189T 16193T 16219G
16223C 16230A 16278C 16311T 16362C 16482G

oll010 X2b11 96.0 0.7 146T 152T 153G 189G 225A 226C 247G 769G 825T 310C 5253T
1018G 1719A 2758G 2885T 3594C 4104A 4312C 6221C
6371T 7146A 7256C 7521G 8393T 8468C 8655C 8701A
9540T 10398A 10664C 10688G 10810T 10873T 10915T
11914G 13105A 13276A 13506C 13650C 13708A 13966G
14470C 15927A 16129G 16187C 16230A 16311T

olloo7 Hic 85.7 1 73A 146T 152T 195T 247G 477C 769G 825T 1018G 2706A | -
2758G 2885T 3010A 3594C 4104A 4312C 7028C 7146A
7256C 7521G 8468C 8655C 8701A 9540T 10398A 10664C
10688G 10810T 10873T 10915T 11719G 11914G 12705C
13105A 13276A 13506C 13650C 14766C 16129G 16187C
16189T 16223C 16230A 16278C 16311T

ajvb4 USb1d2 509.8 0.5 146T 150T 152T 195T 247G 769G 825T 1018G 2758G 310C 3206T
2885T 3197C 3594C 4104A 4312C 5437T 5656G 7085C 6179A 16519T
7146A 7256C 7521G 7768G 8468C 8655C 8701A 9477A
9540T 10398A 10664C 10688G 10810T 10873T 10915T
11467G 11914G 12308G 12372A 12705C 13105A 13276A
13506C 13617C 13650C 14182C 16129G 16187C 16192T
16223C 16230A 16270T 16278C 16311T

Y-chromosomal DNA

Single base substitutions from Phylotree (version 09/03/2016) (108) were called from bam
files mapped to hg 19 using Samtools v.1.3 (99). Sites with a mapping- and a base quality of
at least 30 were extracted. Insertions, deletions and sites with chimeric alleles were
excluded as well as some sporadic derived alleles with low coverage which were
contradicted by upstream ancestral alleles. The remaining derived alleles were manually
examined for phylogenetic sense. We report all derived alleles for the branch of the called
haplogroup in a hierarchal phylogenetic order for ber1 and poz81 while only describing the
data for remaining males as there were not enough data for confident haplogroup
assignments (table S5).

The Y-chromosomal data showed that ber1, a male from a BAC context, belonged to R-
Z283 (xM458, 791, Z284), a sub-lineage within hg R1a (table S5). We can exclude that he
belongs to the sister lineages R-Z291 and R-Z284, as well as further down within the R-Z283
sub-lineage.

Another male, poz81, from a CWC context, also belonged within a sub-lineage of R1a,
namely R-M417 (xZ645) (table S5). We cannot exclude that he belonged a bit further down
in this lineage as there was no data for CTS4385 and S3485, but we can exclude R-S3485.
We can also exclude him belonging within the sister lineage R-Z645.

Less Y-chromosomal data was available for the remaining three males in this study (ros005,
ajvb4 and oll009). Therefore, we describe this data here (with marker names, position,
mutation, and number of reads in brackets) without adding the information to table S5 and
caution that more data is needed to confidently call haplogroups. We also examined
ancestral allele states leading to R1a haplotypes (found in ber1 and poz81) among these
three individuals to further strengthen an exclusion from this lineage.

The individual ros005, a male from a FBC context, likely belong to hg 1J or possibly within
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the I-lineage (1J-M429*(xM304)). We found 10 derived mutations leading towards IJ
(L1155:22191266, G>C, 1 for A0'1'2'3'4; V168:17947672, G>A, 3 for A1'2'3'4;
V221:7589303, G>T, 1 for A2'3'4; P97:14886273, G>T, 1 for A4=BCDEF; M213:15526751,
T>C, 2 and P14:17398598, C>T, 1 for F; M522:7173143, G>A, 1 and M523:6753519, A>G,
1 for IUKLT, and finally M429:14031334, T>A, 1 and P126:21225770, C>G, 1 for IJ). We
then investigated which lineages within |J that could be excluded. As ros005 displayed
ancestral alleles for J-M304 (both for M304:22749853, A>C, 1 and for P209:19179335, T>C,
2 characterizing J), we could exclude him belonging to hg J and sub-lineages therein. We
could further exclude a belonging within I1-sublineages (ancestral alleles for I1-
Z131:5845252, G>A, 1; 11-DF29:3626279, A>G, 1 and 11-CTS6364:16850799, A>T, 1), but
not to 11-M253*(xZ2131,DF29) as we had no data for that marker. Some of the sub-lineages
within 12 could likely also be excluded. These were 12-L596 (L597:18887888, T>A, 1), 12-L38
(L38:15668070, A>G, 3) and 12-M223 (M223:21717307, G>A, 1). Based on ancestral allele
states for ros005, we could also verify an exclusion from the R1a-lineages found in the ber1
and poz81 males (R1-M173:15026424, A>C, 3 and R1a-Z2283:21976303, T>A, 2).

Individual ajv54, a male from a PWC context, likely belong to hg 12-M438 or sub-lineages
therein. We found nine derived mutations leading towards 12 (L1085:2790726, T>C, 1 for
A0'1'2'3'4; V168:17947672, G>A, 1 for A1'2'3'4; M42:21866840, A>T, 1 and P97:14886273,
G>T, 1 for A4=BCDEF; M213:15526751, T>C, 1 for F; M578:7202703, C>T, 1 for HIJKLT;
M522:7173143, G>A, 1 for IJKLT; U179:16354708, G>A, 2 for | and M438:16638804, A>G,
1 for 12). As the amount of data is quite low, and to further strengthen that ajv54 did not
belong within the R1a-lineages found in ber1 and poz81 males, we list key ancestral allele
states leading towards R1a (K-M526:23550924, A>C, 2; P-P295:7963031, T>G, 1; QR-
M74:21889767, G>A, 2; R-M207:15581983, A>G, 2 and R1a-Z645:8245045, C>T, 2).

The individual oll9, a Scandinavian Late Neolithic male from a megalithic tomb, may belong
to hg 11-M253. We found 10 mutations leading in this direction (L1085:2790726, T>C, 1 and
L1155:22191266, G>C, 1 for A0'1'2'3'4; V168:17947672, G>A, 1 for A1'2'3'4;
P108:15426248, C>T, 1 for A2'3'4; M42:21866840, A>T, 4 and P97:14886273, G>T, 1 for
A4=BCDEF; M168:14813991, C>T, 1 for CDEF; P14:17398598, C>T, 2 for F;
M522:7173143, G>A, 1 for IJKLT and finally M253:15022707, C>T, 1 for 11). We note that
11-M253 is only supported by one read involving a C to T transition. However, ancestral
allele states for downstream 11-Z131 (Z131:5845252, G>A, 1) and for markers defining hg J
(P209:19179335, T>C, 2), M (P399:13563083, C>T, 2 and PR2099:16328755, C>T, 1), QR
(M45:21867787, G>A, 1), R1a (M420:23473201, T>A, 1 and M448:16520444, T>A, 1) and
LT (P326:8467290, T>C, 1) indicate that this individual likely does not belong much further
down in the phylogeny.
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Table S5. Y-chromosomal support for the called haplogroups for the ber1 and poz81 males
including markers, marker positions in hg19, type of mutation, observed allele, number of
reads and allele state (ancestral or derived).

Hg Position Obs.
Sample  Marker  Phylotree RefSNP ID (GRCh37) Mutation  allele Reads  State

ber1 M173 R rs2032624 15026424 A>C C 2 derived
M306 R rs1558843 22750583 C>A A 3 derived
M420 R rs17250535 23473201 T>A A 1 derived
M448 R rs17222202 16520444 T>A A 1 derived
M198 R rs2020857 15030752 C>T T 2 derived
M417 R rs17316771 8533735 G>A A 2 derived
2647 R rs112284571 7683058 G>A A 3 derived
7645 R rs111731595 8245045 C>T T 1 derived
7283 R rs112309702 21976303 T>A A 3 derived
M458 R rs375323198 24366464 A>G A 3 ancestral
L260 R - 18248830 G>T G 2 ancestral
Z91 R rs111908460 16474793 G>A G 5 ancestral
7284 R - 8717196 C>G Cc 5 ancestral
poz81 M173 R rs2032624 15026424 A>C Cc 2 derived
M306 R rs1558843 22750583 C>A A 1 derived
M420 R rs17250535 23473201 T>A A 2 derived
M198 R rs2020857 15030752 C>T T 2 derived
M417 R rs17316771 8533735 G>A A 1 derived
S2863 R - 16614118 C>G Cc 3 ancestral
2645 R rs111731595 8245045 C>T C 2 ancestral
2647 R rs112284571 7683058 G>A G 3 ancestral

Phenotypic traits

We investigated variants associated with physical or metabolic phenotypes by investigating
lactase persistence (109) and pigmentation (110) in our samples. For lactase persistence we
report read counts for rs4988235 which were assessed using samtools mpileup with
minimum mapping and base qualities of 30. To predict pigmentation phenotypes, we used
the Hlrisplex-S system which predicts eye, hair and skin color based on 41 SNPs
(https://hirisplex.erasmusmc.nl/) (110). We excluded the insertion polymorphism
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rs312262906 from the prediction. If read(s) supporting only one allele were found, the
individual was assumed homozygous, if both were found heterozygous or the site was called
as missing data otherwise.

Table S6. Observed alleles for -13910 LCT (rs4988235) (109) and probability of predicted
eye, skin and hair pigmentation from the Hirisplex-S system (https://hirisplex.erasmusmc.nl/)

(110).
ajv54 | ber1 ber2 kar1 oll007 | oll009 | oll01 | poz4 | poz81 | ros00 | ros0
0 4 5 03
Observed LCT | NA C (6) c() T(3) NA C(2) NA NA C 4) c() c()
alleles
PBlueEye NA 0.018 | NA 0.250 | 0.101 [ NA NA NA 0.001 | 0.906 | NA
90 78 99 92 25
Pintermediate | NA 0.040 | NA 0.163 | 0.134 [ NA NA NA 0.040 | 0.060 | NA
Eye 39 05 49 04 73
PBrownEye NA 0.940 | NA 0.586 | 0.763 | NA NA NA 0.958 | 0.033 | NA
71 17 52 04 02
PBlondHair NA 0.017 | NA 0.370 | 0.353 [ NA NA NA 0.023 | NA NA
40 60 61 62
PBrownHair NA 0.262 | NA 0.448 | 0.500 | NA NA NA 0.564 | NA NA
25 55 50 96
PRedHair NA 0.000 | NA 0.138 | 0.000 | NA NA NA 0.001 | NA NA
28 28 97 54
PBlackHair NA 0.720 | NA 0.042 | 0.144 | NA NA NA 0.409 | NA NA
07 56 92 88
PLightHair NA 0.096 | 0.591 | 0.930 | 0.689 [ NA NA NA 0.025 | 0.913 | NA
04 99 21 09 10 55
PDarkHair NA 0.903 | 0.408 | 0.069 | 0.310 [ NA NA NA 0.974 | 0.086 | NA
96 01 79 91 90 45
PVeryPaleSkin | 0.118 | 0.242 | 0.138 | 0.109 | 0.049 | 0.028 | NA NA 0.007 | 0.218 | NA
80 11 52 72 23 48 11 28
PPaleSkin 0.683 | 0.171 | 0.295 | 0.280 | 0.105 | 0.142 | NA NA 0.007 | 0.068 | NA
42 87 53 68 85 87 98 54
Pintermediate | 0.197 | 0.585 | 0.500 | 0.609 | 0.803 | 0.783 | NA NA 0.696 | 0.527 | NA
Skin 14 42 79 60 95 85 62 22
PDarkSkin 0.000 | 0.000 | 0.057 | 0.000 | 0.029 | 0.041 | NA NA 0.209 | 0.171 | NA
61 00 94 00 17 77 51 52
PDarktoBlack | 0.000 | 0.000 | 0.007 | 0.000 | 0.011 | 0.003 | NA NA 0.078 | 0.014 | NA
Skin 03 59 22 00 80 03 78 44
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Comparative genome data

We downloaded data for published ancient individuals and processed them through the
same pipeline as outlined above to reduce technical artefacts. We included individuals with
at least 0.1x coverage according to the original publication and who lived at the time of the
CWC or before to include potential ancestral and contemporary groups for the newly
sequenced BAC and CWC individuals. All individuals are listed in table S7 (38-
41,48,49,78,80,81,96,111-122). For each ancient individual and each investigated biallelic
SNP site, we randomly sampled a read with mapping quality of at least 30. We used
samtools mpielup with the option -B to turn off base quality rescaling for this step. If this read
carried one of the two known alleles with a base quality of at least 30, we used it as pseudo-
haploid representation of the individual. For non-UDG treated individuals, we excluded
transition sites to exclude the effect of post-mortem deamination.

We compared the ancient individuals to a set of modern population from the Human Origins
dataset (114) and the public data of the Simons Genome Diversity Panel (123).

Table S7. List of comparative aDNA data (n=272) and the individuals from this study (n=11)
including sample name, cultural contexts (abbreviations are AFA=Afanasievo, ALP=AIfold
Linear Pottery, AND=Andronovo, BA=Bronze Age, BAA=Baalberge, BAC=Battle Axe,
BAD=Baden, BBC=Bell Beaker, BER=Bernburg, BUK=Blikk, CAR=Cardial Ware,
CCC=Combed Ware, CHA=Chalcolithic, CWC=Corded Ware, EBA=Early Bronze Age,
EMN=Early Middle Neolithic, ENE=Eneolithic, EPI=Epicardial, FBC=Funnel Beaker,
HG=Hunter-gatherer, KAR=Karasuk, KOR=Koros, KYJ=Kyjatice, LBA=Late Bronze Age,
LBK=Linear Band, LEN=Lengyel, LN=Late Neolithic, MAK=Maksé, MAR=Maros,
MEG=Megalithic burials, MEZ=Mezhovskaya, MN=Middle Neolithic, NEO=Neolithic Turkey,
OKU=0Okunevo, POL=Poltavka, POT=Potapovka, PWC=Pitted Ware, REM=Remedello,
SIN=Sintashta, SRU=Srubnaya, STA=Starevo, TIS=Tiszadob-Biikk, UNE=Unétice,
URN=Urnfield, VAT=Vatya, YAM=Yamnaya), International Organization for Standardization
(ISO) country codes and references.
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Individual Context Cou Reference
ntry
RISE508 AFA RU (48)
RISE509 AFA RU (48)
RISE510 AFA RU (48)
RISE511 AFA RU (48)
11498 ALP HU (113,119)
11500 ALP HU (113,119)
11506 ALP HU (113,119)
RISE500 AND RU (48)
RISE503 AND RU (48)
RISE505 AND RU (48)
RISE512* ANDo RU (48)
RISE397 BA AM (48)
RISE407 BA AM (48)
RISE423 BA AM (48)
10047 BA DE (49,119)
RISE47 BA DK (48)
ATP9 BA ES (96)
Rathlin1 BA IE (117)
Rathlin2 BA IE (117)
Rathlin3 BA IE (117)
RISE431 BA PL (48)
10559 BAA DE (49,119)
10560 BAA DE (49,119)
ber1 BAC SE This study
ber2 BAC SE This study
RISE94 BAC SE (48)
11497 BAD HU (113,119)
RISE569 BBC cz (48)
10059 BBC DE (49,119)
10060 BBC DE (49,119)
10108 BBC DE (49,119)
10111 BBC DE (49,119)
10113 BBC DE (49,119)

10805 BBC DE (119)
10806 BBC DE | (49,119)
11546 BBC DE (119)
11549 BBC DE (119)
RISE559 BBC DE (48)
RISE563 BBC DE (48)
10112 BBCo DE (49,119)
10172 BER DE (49,119)
11499 BUK HU (119)
CB13 CAR ES (120)
Kudrukula3 CccC EE (40)
Tamula1 cce EE | (39)
Tamula3 CCC EE (39)
ATP12-1420 CHA ES (96)
ATP16 CHA ES | (96)
ATP2 CHA ES | (96)
11271 CHA ES (119)
11272 CHA ES (119)
11276 CHA ES | (119)
11277 CHA ES | (119)
11280 CHA ES (119)
11281 CHA ES (119)
11284 CHA ES (119)
11300 CHA ES (119)
11303 CHA ES (119)
11314 CHA ES (119)
10049 cwcC DE (49,119)
10103 CwcC DE (49,119)
10104 cwe DE | (49,119)
10106 cwe DE | (49,119)
11532 cwceC DE (119)
11534 cwcC DE (119)
11536 CwcC DE (119)
11538 cwcC DE (119)
11539 cwce DE (119)
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11540 CcCwcC DE (119)
11544 CcwcC DE (119)
RISE446 CwcC DE (48)
Arduir cwcC EE (40)
Ardu2 CwcC EE (40)
kar1 CwcC EE This study
Kunila1 CcwcC EE (40)
Kunila2 CwcC EE (40)
RISE00 cwc EE (48)
ZVEJ28 cwceC Lv (38)
Gyvakarai1 cwc LT (39)
Plinkaigalis2 CcwcC LT (39)

41

Plinkaigalis2 cwcC LT (39)

42

N44 CwcC PL (41)
N45 cwcC PL (41)
N47 CcwcC PL 41)
N49 cwcC PL (41)
poz44 cwceC PL This study
poz81 CcwcC PL This study
RISE555 EBA RU (48)
Kivisaare3 EMN EE (39)
Veibri4 EMN EE (39)
Donkalnis6é EMN LT (39)
Donkalnis7 EMN LT (39)
Kretuonas1 EMN LT (39)
Kretuonas2 EMN LT (39)
Kretuonas4 EMN LT (39)
Kretuonas5 EMN LT (39)
Spiginas1 EMN LT (39)
10122 ENE RU (119)
10409 EPI ES (49,119)
10410 EPI ES (49,119)
10412 EPI ES (49,119)
10413 EPI ES (49,119)

N18 FBC PL (1)
N19 FBC PL (41)

N20 FBC PL (41)

gok2 FBC SE | (81)
ros003 FBC SE This study
ros005 FBC SE This study
Saxtorp5164 FBC SE (39)
Bichon HG CH | (118)
11875 HG CR (122)
Falkenstein HG DE (122)
10585 HG ES | (119,120)
LaBrana1 HG ES (120,124)
Iboussieres2 | HG FR (122)

5-1

Kotias HG GE (118)
Satsurblia HG GE (118)
Spiginas4 HG LT (39)
Loschbour HG LU (125)
ZVEJ25 HG Lv (38)
ZVEJ27 HG LV (38)
ZVEJ32 HG Lv (38)

H22 HG NO | (78)

H26 HG NO | (78)
10061 HG RU | (49,119)
10124 HG RU (49,119)
10211 HG RU (119)
UzOO077 HG RU (39)
10011 HG SE (49,119)
10012 HG SE (49,119)
10013 HG SE (49,119)
10014 HG SE (49,119)
10015 HG SE (49,119)
10016 HG SE (49)
10017 HG SE (49,119)
sbjo01 HG SE (78)
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sf11 HG SE (78,80)
sf12 HG SE (78)

sf9 HG SE (78)
stg001 HG SE (78)
StPet12 HG UA (38)
Iceman Iceman IT (111)
RISE493 KAR RU (48)
RISE494 KAR RU (48)
RISE495 KAR RU (48)
RISE496 KAR RU (48)
RISE497 KAR RU (48)
RISE499 KAR RU (48)
RISE502 KAR RU (48)
11507 KO1 HU (113,119)
11508 KOR HU (113,119)
Kostenki Kostenki RU (115)
11504 KYJ HU (113)
RISE554 LBA RU (48)
10022 LBK DE (49,119)
10025 LBK DE (49,119)
10026 LBK DE (49,119)
10046 LBK DE (49,119)
10048 LBK DE (119)
10054 LBK DE (49,119)
10057 LBK DE (49,119)
10100 LBK DE (49,119)
10659 LBK DE (49,119)
10821 LBK DE (49,119)
11550 LBK DE (119)
Stuttgart LBK DE (125)
11496 LBK HU (113,119)
11495 LEN HU (113,119)
10058 LN DE (49)
10118 LN DE (49,119)
10171 LN DE (49,119)

10550 LN DE (49,119)
RISE71 LN DK (48)
oll009 LN SE This study
ollo10 LN SE This study
Olsund LN SE (39)
RISE97 LN SE (48)
RISE98 LN SE (48)
11502 MAK HU (113,119)
Mal'ta Malta RU (116)
RISE373 MAR HU (48)
RISE374 MAR HU (48)
10405 MEG ES (49,119)
10406 MEG ES (49,119)
10407 MEG ES (49,119)
10408 MEG ES (49,119)
Ballynahatty MEG IE (117)
RISE523 MEZ RU (48)
RISE525 MEZ RU (48)
RISE61 MN DK (48)
ZVEJ26 MN Lv (38)
ZVEJ31 MN Lv (38)
0ll007 MN SE This study
10707 NEO TR (119)
10708 NEO TR (119)
10709 NEO TR (119)
10723 NEO TR (119)
10726 NEO TR (119)
10736 NEO TR (119)
10744 NEO TR (119)
10745 NEO TR (119)
10746 NEO TR (119)
11096 NEO TR (119)
11097 NEO TR (119)
11098 NEO TR (119)
11099 NEO TR (119)
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11100 NEO TR | (119)
11101 NEO TR | (119)
11102 NEO TR | (119)
11103 NEO TR | (119)
11579 NEO TR | (119)
11580 NEO TR | (119)
11581 NEO TR | (119)
11583 NEO TR | (119)
11585 NEO TR | (119)
Kumé NEO TR | (126)
StPet2 NEO UA | (38)
RISE515 OKU RU | @48)
RISE516 OKU RU | (48)
10126 POL RU | (119)
10371 POL RU | (119)
10374 POL RU | (119)
10433 POL RU | (119)
10440 POL RU | (119)
10432* POLo RU | (119)
10418 POT RU | (119)
10419 POT RU | (119)
ajvs4 PWC SE This study
ajv58 PWC SE | (78,80)
ajv70 PWC SE | (78,80)
RISE486 REM IT (48)
RISE487 REM IT (48)
RISE489 REM IT (48)
RISE386 SIN RU | (48)
RISE392 SIN RU | (48)
RISE394 SIN RU | (48)
RISE395 SIN RU | (48)
10232 SRU RU | (119)
10234 SRU RU | (119)
10235 SRU RU | (119)

10354 SRU RU (119)
10358 SRU RU (119)
10359 SRU RU (119)
10361 SRU RU (119)
10422 SRU RU (119)
10423 SRU RU (119)
10424 SRU RU (119)
10430 SRU RU (119)
10174 STA HU (49,119)
11505 TIS HU (113,119)
RISE577 UNE cz (48)
RISE586 UNE cz (48)
10115 UNE DE (49,119)
10116 UNE DE (49,119)
10117 UNE DE (49,119)
10164 UNE DE (49,119)
10803 UNE DE (49,119)
RISE109 UNE PL (48)
RISE150 UNE PL (48)
RISE154 UNE PL (48)
10099 URN DE (49,119)
Ust Ustlshim RU (112)
RISE247 VAT HU (48)
RISE479 VAT HU (48)
RISE480 VAT HU (48)
RISE484 VAT HU (48)
10231 YAM RU (49,119)
10357 YAM RU (49,119)
10370 YAM RU (49,119)
10429 YAM RU (49,119)
10438 YAM RU (49,119)
10439 YAM RU (49,119)
10443 YAM RU (49,119)
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10444 YAM RU (49,119) RISE548 YAM RU (48)

RISE240 YAM RU | (8) RISE550 YAM RU | (8)
RISE546 YAM RU | (48) RISESS2 YAM RU | (48)
RISE547 YAM RU | (8)

Population genetic analyses
Principal component analyses

We used smartpca to conduct a principal component analysis (PCA) of modern Western
Eurasians from the Human Origins panel. The ancient individuals were projected onto the PC
space employing Isqproject: YES and shrinkmode: YES.

Unsupervised admixture

In order to perform model-based clustering, we used the software ADMIXTURE (127). We ran
the software after LD pruning the full Human Origins data set together with all ancient
individuals using plink and the parameters --indep-pairwise 200 25 0.4. ADMIXTURE was run
for K ranging from 2 to 15 with 20 iterations per value of K. Joint modes across the independent
runs were found using pong in greedy mode and displayed using GNU R.
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Figure S6. Genomic composition of eleven ancient individuals from this study and 272
previously published ancient individuals (see table S7) using unsupervised Admixture (127).

f4 statistic and Admixture graphs

In order to investigate source populations and admixture proportions we used ADMIXTOOLS’
gpWave and gpAdm (versions 400 and 650) (49,128). We employed Ustlshim_RU_Ust,
Villabruna, Mixe, Natufian, Iran_Neolithic, Mbuti, CHG, Malta_RU_Malta,
Kostenki_RU_Kostenki as outgroups and used all autosomal sites included in the 1240k SNP
capture data. Additional ancient outgroup individuals were obtained from Lazaridis et al. (129),
data for modern populations was obtained from the SGDP panel (123). Additionally, we used
gpGraph (version 6100) to reconstruct admixture graphs. These were based on transversions
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only and by using the Mbuti from the SGDP data as an outgroup. We only included CWC
models older than 2600 cal BCE in the models and excluded models with less than 15000 SNPs
due to low power for rejection. Tested models with worst |Z|<3 were considered consistent with
the data (Figures 3, S7 and S8).

popstats (130) was used to calculate f4 statistics across all autosomal sites included in the
1240k SNP capture data (119) and the chimp reference genome as an outgroup. The
comparative data used in this study consists of published data from a number of different
studies (Table S7). Two main types of data are prevalent in the aDNA research field: whole
genome shotgun sequencing and genome-wide SNP capture. The different wet lab procedures
used for producing the data introduce the potential of methodological biases due to different
mapping properties. aDNA data generated with both different strategies can display affinities
due to a shared experimental methodology and not to a recent shared demographic history.
This can particularly impact analyses involving direct pairwise comparisons between individuals
such as f statistics and related measures [see e.g. (78,131)]. Therefore, out f4 analysis could
potentially be affected by such biases even though the strong genetic differences between the
reference groups YAM and LBK should be stronger than such technical biases. We still wanted
to test if our results still hold when accounting for potential spurious allele sharing due to similar
wet lab procedures used to produce some individuals. We repeat the analysis shown in Figure 2
but only use SNP capture data (Figure S9) or shotgun data (Figure S10) for the reference
populations YAM and LBK. Reducing the sample sizes for the reference populations led to
higher uncertainties in general as indicated by the longer error bars. Nevertheless, we observe
that all regression lines show a positive slope so we would always have arrived at the
conclusion that YAM ancestry reduces over time regardless of what type of data is used for the
analysis. Our conclusions do not seem to be affected by potential technical artifacts related to
the type of data used in the analyses.
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Table S8. The BAC and CWC samples used for Figures 2, S9 and S10. The dates are
presented as reported in the original publications for each sample [see table S7 for references
and (132) for RISEQQ], either as calibrated radiocarbon dates (cal BCE), with 95% or 68% ClI, or
estimated based on archaeological contexts (BCE). It was not possible to re-calibrate all
radiocarbon dated samples with 95% CI, as some of the original publications had not reported
conventional radiocarbon ages BP. For the conclusions in Figure 2, we use the mid-points of the
reported time intervals as they should not be sensitive to the differences in Cl between the
samples. Data type indicates if the data was generated using shotgun sequencing (SG) or
capture (CAP).

Date Date Data
Sample ID Site Contry lower upper cl type
BAC_SE_berl Linkoping Sweden 2620 2470 95% cal BCE SG
BAC_SE_ber2 Linkoping Sweden 2640 2480 95% cal BCE SG
BAC_SE_RISE94 Viby Sweden 2621 2472 95% cal BCE SG
CWC_DE_lI0049 Esperstedt Germany 2464 2210 68% cal BCE CAP
CWC_DE_l10103 Esperstedt Germany 2578 2468 68% cal BCE CAP
CWC_DE_lI0104 Esperstedt Germany 2559 2296 68% cal BCE CAP
CWC_DE_10106 Esperstedt Germany 2464 2210 68% cal BCE CAP
CWC_DE_I1532 Esperstedt Germany 2500 2050 BCE CAP
CWC_DE_11534 Esperstedt Germany 2500 2050 BCE CAP
CWC_DE_I1536 Esperstedt Germany 2500 2050 BCE CAP
CWC_DE_11538 Esperstedt Germany 2500 2050 BCE CAP
CWC_DE_I1539 Esperstedt Germany 2625 2291 95% cal BCE CAP
CWC_DE_11540 Esperstedt Germany 2500 2050 BCE CAP
CWC_DE_I1544 Esperstedt Germany 2500 2050 BCE CAP
CWC_DE_RISE446 Bergrheirfeld  Germany 2829 2465 95% cal BCE SG
CWC_EE_Ardu2 Ardu Estonia 2921 2555 95% cal BCE SG
CWC_EE_karl Karlova Estonia 2460 2130 9% cal BCE SG
CWC_EE_Kunila2 Kunila Estonia 2626 2390 95% cal BCE SG
CWC_EE_RISEOO Sope Estonia 2575 2349 95% cal BCE SG
CWC_LT_Gyvakarail Gyvakarai Lithuania 2620 2470 95% cal BCE CAP
CWC_LT_Plinkaigalis242 Plinkaigalis Lithuania 3260 2630 95% cal BCE CAP
CWC_LT_Plinkaigalis241 Plinkaigalis Lithuania 2860 2410 95% cal BCE CAP
CWC_LV_ZVEJ28 Zvejnieki Latvia 3089 2676 95% cal BCE SG
CWC_PL_N44 Pikutkowo Poland 2570 2340 95% cal BCE SG
CWC_PL_N45 Pikutkowo Poland 2570 2340 95% cal BCE SG
CWC_PL_N47 Pikutkowo Poland 2570 2340 95% cal BCE SG
CWC_PL_NA49 Pikutkowo Poland 2570 2340 95% cal BCE SG
CWC_PL_poz44 Obtaczkowo Poland 2865 2578 95% cal BCE SG
CWC_PL _poz81 Obtaczkowo Poland 2880 2628 95% cal BCE SG
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Figure S7. Admixture graph using CWC individuals from Latvia (CWC_LT) as source for BAC
individuals from Sweden (BAC_SE), worst |Z|=1.7.
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Figure S8. Admixture graph using CWC individuals from modern day Estonia (CWC_EE) as
sister group to BAC individuals from Sweden (BAC_SE), worst |Z|=2.3.
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Figure S9. Similar analysis as in figure 2 but using only SNP captured data for the reference
populations LBK and YAM. For each individual X, we indicated the data type in its symbol
shape. Regression lines were calculated for SNP capture and shotgun individuals separately.

Shotgun references
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Figure $10. Similar analysis as in figure 2 but using only shotgun sequenced data for the
reference populations LBK and YAM. For each individual X, we indicated the data type in its
symbol shape. Regression lines were calculated for SNP capture and shotgun individuals
separately.
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0.18

0.16

Average pairwise PO (= 2SE)
0.14

We ran READ (133) on all shotgun-sequenced CWC and BAC individuals to investigate kinship
0.12

and potentially duplicated individuals (figure S11). Only the individuals poz44 and poz81 were
not have genetic data from any unrelated individuals buried at Obtaczkowo, making it
impossible to establish a baseline for this classification. Using all CWC individuals for this
baseline comes with the risk of overestimating the expected distance between two unrelated
individuals, which could overestimate their degree of relationship. Nevertheless, these two
individuals show a much higher pairwise similarity than any other pair of CWC individuals (figure

inferred to be second degree relatives. It is difficult to verify this degree of relationship, as we do
S11), suggesting that they might be closely related.

Kinship analysis
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Figure S11. Kinship estimation using READ’s (133) average PO value for all pairwise

comparisons between BAC and CWC individuals.
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