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SI Appendix

SI1. Archaeological and Morphological information

Early Medieval graves from Bavaria
Brigitte Haas-Gebhard, Bernd Trautmann, Michaela Harbeck, Andreas Rott

For the epoch of the late 5"/early 6™ century, grave goods are the almost exclusive source
material available for archaeological research due to the fact that hardly any contemporary
settlements have so far been identified. During this time period the dead were placed on their
backs with their arms alongside the body and with their heads generally positioned to the
West. They were interred in burial groups, which are understood to represent the cemeteries
of small social units. From the mid-6" century onwards these cemeteries then merged into
large necropoles which can comprise more than 1000 inhumation burials. A large percentage
of the dead were buried with a sex-specific assemblage; in the case of males this consisted of
weapons, in the case of females it was jewelry. It is thought that burying the dead was
accompanied by an elaborate laying-out ceremony and other burial rites, which demonstrated
the social position of the dead and therefore also cemented that of their family (1). It was
quite common to re-open the graves after inhumation and to remove the precious grave goods.

By using methods of combination statistics, the large quantity of archaeological finds
available for this time period allows for a reliable reconstruction of the sequence of many
groups of grave goods. Combined with absolute dateable material such as coins, it enables
absolute dating to a time-frame of 30-40 years (2). Dates estimated this way are shown in
Table S1. Dendrochronological data is not yet available for this time period in most parts of
central Europe. Due to the shape of the calibration curve, the data collected from radiocarbon
analyses is also only of limited suitability for exact dating (3; see Table S1).

In the scholarly tradition of the 19™ century, the alleged ethnic origin of the wearer of a
certain type of jewelry was determined on the basis of specific embellishments on the so-
called bow-brooch, a highly ornamented garment fastener usually made of gilded silver and in
function similar to a modern-day safety pin (e.g. 4). This approach is now highly criticized
due to the fact that these brooches apparently were not personal property of the wearer and the
distribution types of Early Medieval jewelry have still not been fully identified (5). At best,
the archaeological-antiquarian analysis of a grave goods assemblage can tell us in which
cultural context the organizers of the funeral - in most cases probably the closest relatives —
placed the deceased at the time of their death. Nevertheless, “cultural labels” were assigned to
the bow-brooches, that were part of the study in order to be able to recognize any evolving
patterns (see Table S1).

All individuals from Bavarian sites (36 individuals in total) were re-examined in an
anthropological survey including the determination of sex and age-at-death as explained in
Grupe et al. (6), as well as paleopathological features with a special focus on re-evaluation of
artificial skull deformation (Table S1; 6).
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Before the project described here, a total of 30 skulls from Bavaria were reported as artificially
modified, of which 21 were potentially available for DNA analysis. However, before the
analysis of the genetic data started, all of the 36 examined skulls underwent an analysis for
modification. For the detailed procedure see Trautmann et al. (7). To differentiate artificially
deformed from non-deformed skulls, the criteria described in the studies of Clark et al. (8),
Ginzburg & Zirov (9) in Molnar et al. (10) and O'Brien & Stanley (11) were used. These
studies allow determining the level as well as the kind of deformation by means of skull
measurements. In addition, a morphological examination was carried out to assess and classify
the exterior shape of the skulls according to the descriptions in Cocilovo et al. (12). Skulls
were classified as artificially deformed when at least two of the metrical studies or one of the
metrical and the morphological examination revealed positive results (7). Skulls exhibiting a
suspicious exterior shape and with no positive result from any of the metric analyses were
classified as “intermediate”. Undeformed skulls neither yielded positive results from metric
analyses nor do they exhibit a suspicious exterior shape. From the 21 available crania
previously classified as deformed, only nine could be confirmed as artificially modified (Table
S1) while five skulls were categorized as “intermediate”, and seven have now to be considered
as not modified in any way (marked as “not deformed” in Table S1). In addition to individuals
with potentially deformed skulls, contemporary individuals without skull deformation were
also included in the morphological re-examination.

Radiocarbon dating was carried out for all individuals with deformed skulls and many of the
individuals from the site of Altheim (see below). The results of these analyses (Table S1)
support the archaeological dating of these women to around 500 AD. An example of the grave
goods of women with artificially deformed skulls is shown in Fig. S1.

The 36 individuals from Bavaria were buried in six different graveyards:

Comprising more than 1,400 graves containing 1,520 individuals (13), Altenerding-Klettham
(AED) is one of the biggest Early Medieval burial places in Bavaria. Its use begins in the
middle of the 5™ century AD and lasts until the end of the 7™ century AD (14) and it is located
near today’s Munich in the middle of the former Roman province Raetia Il (see Fig. 1B).
Three individuals exhibiting an artificially deformed skull (graves 125, 513 and 1108), and
seven individuals without an artificially deformed skull were included in genetic analyses.
Another such necropole was excavated at Straubing-Bajuwarenstrale (STR) which is located
at the river Danube directly at the border of the former Roman province Raetia Il. This burial
place comprised 819 graves dating from the mid-5" to the mid-7" century AD (15). 17
individuals, three of which (graves 228, 328, and 535) exhibited an artificially deformed skull,
of this burial place were included in the presented analyses. Altheim-Andreasweg (Alh; see
Fig. 1B) includes 404 inhumations dating from the first half of the 5 century AD to the
second half of the 7" century AD. Radiocarbon dating suggests that this burial place could
already have been in use since Roman times (16). The site was included in the present study
because the occurrence of individuals with artificially deformed crania was also reported here
(16). Yet, none of the individuals in question proved to have an artificially deformed skull (7).
4 individuals were included in the present study.
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In addition to these large burial places, several smaller burial groups, in which the presence of
individuals with artificially deformed skulls were reported, were also included in the current
study. All of these are located in the vicinity of Regensburg, which is situated at the river
Danube directly at the border of the former Roman province Raetia 11 (see Fig. 1B).
Barbing-Irlmauth (BIM) is a small burial group of 29 inhumation graves dating to the first
half of the 6™ century AD (17). Two individuals, one with an artificially deformed skull
(grave 33) and one without artificial skull deformation (grave 37) were included in the
analyses. Due to the fact that this burial site was excavated in the 1930s, some inconsistencies
regarding the archeological finds appeared: while grave inventory 33, without any doubt the
equipment of a male, does not seem to match with the female with an artificially deformed
skull, the artificially deformed skull might well be attributed to the female inventory of grave
3L

Burgweinting Nordwest 11 (NW) is one of three contemporary 5" century AD burial places
that were oriented alongside a former Roman road connecting Regensburg to the south of the
Roman province Raetia Il. The burial site Nordwest Il comprised 15 graves, some of which
were equipped with rich grave goods. Among the 15 burials of Nordwest Il one burial of a
woman with an artificially deformed skull was recovered (grave 10254, NW 54; 18, 19).
Additionally, the woman of grave 10255 was also included in this study.

Another individual with an artificially deformed skull stems from Alteglofsheim (AEH). This
skeleton represents one of the very rare singular graves known from this time-period. Yet, it
remains possible that further graves in its vicinity are still to be found (20).

In summary, all other individuals with artificially deformed skulls from Bavaria were found
on regular, Early Medieval cemeteries.

None of the graves showed peculiarities in burial practice. There are no signs of any special
treatments during the burial ceremony or regarding the duration of the laying-out. A
secondary re-opening of the graves seems to have happened to two graves from Straubing-
Bajuwarenstralle (15). It seems plausible that during this re-opening grave goods were
removed at least from grave 228, while removal of grave goods cannot be excluded for grave
328 (7).

Sarmatian samples
Melanie Grol}

Two Early Sarmatian individuals from Russian Pokrovka, Southern Ural (Fig. 1B), were
chosen to complement the internal reference data set. They have previously been described in
Unterlander et al. (21).

Burials were excavated from kurgans located within the territory of Russia’s Orenburg
Region (22). Both samples (PR_4, PR_10) were assigned to Pokrovka cemetry 02 that is
divided in two groups, situated above the Khobda River near Pokrovka Village (23) and
graves are dated to 4™-2" century BC. Most of the burials were individual graves with clay
vessels (22).

Sample PR_4 was morphologically classified as a male adult, 30-40 years old, buried with
some sheep bones, bronze arrowheads, one leather quiver, one iron dagger, one iron sword
and one iron knife. The burial of the male individual PR_10 was found next to a 1.5-2-year-
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old child, buried with sheep bones, glass beads under the child’s chin, one iron knife, one iron
fragment and sherds hand.

Late Roman grave from Bavaria
Jochen Haberstroh, Bernd Trautmann, Andreas Rott

As there is no final analysis published or available yet, the preliminary findings regarding the
site of Freiham-Nord (FN) and especially the individual from grave 1335 shall be briefly
presented here:

In the course of archeological investigations previous to construction works in the newly
developed Munich district “Freiham-Nord”, a previously unknown Late Roman cemetery
containing inhumation graves was discovered in autumn 2014. In total, 20 graves could be
recovered. They were orientated in different directions with the majority (13 individuals)
lying on an east-west axis with the head to the east. The majority of the graves contained sex-
specific grave goods typical of Southern Bavaria. Necropoles of this type in Southern Bavaria
can be found as of the mid-3" century AD and were typically in use until the first half of the
5™ century AD. Not unusual for such cemeteries in the area surrounding Munich, the find
material also contains elements of non-Roman origin. Grave goods originating in the so-called
Barbaricum (brooches, ceramics) were already present at the onset of this type of Late Roman
cemeteries.

Individuals were already sampled for subsequent population genetic analyses during
excavation work. One individual was selected for analysis in the present study. With regard to
the historical developments of the settlement in the 4™ and 5™ century AD, the selected burial
had to be classified as “local”, i.e. “Roman” in the present setting.

Grave 1335 in the eastern half of the cemetery was chosen. It contained the burial of a senile
(aged 60+) man, who was buried in east-west direction on his back with his arms crossed over
his pelvis. The grave cavity was very well differentiated from the surrounding gravel. It was
0.9 m wide and with 2.40 m exceptionally long. The man was probably buried on a wooden
board (“Totenbrett”) and there were no signs of burial offerings in the drawn in head section
of the grave cavity. Meat offerings of chicken and pork were deposited at four positions next
to the shoulders and the feet of the man.

Close to his left thigh a pierced bronze sheet and a thin iron ring could be found, as well as a
big iron knife with a bronze plate pommel on the right of his right knee. A crossbow brooch
of type 1 according to Keller/Prottel could be recovered at the man’s right ankle (Fig. S2).
Finally, a soapstone bowl with antique traces of repair and a small bowl of the form Alzey
2/Chenet 320 a (Fig. S2), which probably resembles an imitation, could be recovered from the
foot section of the grave cavity that was also slightly drawn in. Bowls comparable to the small
one described here were found in Late Roman graves from Potzham, county of Munich, and
Gilching, county of Starnberg near Munich. The crack in the bottom of the soapstone bowl
was repaired using a riveted bronze clamp while the bowl’s rim was fixed with an iron metal
sheet. This allowed for further use of the bowl, with some limitations. The bronze crossbow
brooch (Prottel type 1) that was probably deposited in the foot section of the grave cavity
together with an associated coat, is crucial for the dating of the burial. Similarly, cast pieces
could be recovered from sites at Passau, Eining or Burghtfe where they were probably
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manufactured. It is among the oldest types of crossbow brooches, whose wearers were very
often identified to be executives in the Late Roman military. Dating around 300 AD, grave
1335 is among the oldest inhumation burials of the small cemetery at Freiham.

Viminacium-Vise Grobalja
Andreas Rott

The burial place of Viminacium-Vise Grobalja (VIM) is located in today’s Serbia and is
referred to as a Medieval Gepidian cemetery dating to around the middle of the 6™ century
AD. Of 103 skeletons excavated there, 46 could be identified as adult men, 27 as adult
women, and 16 as children (24). In contrast to the Bavarian sites mentioned above, about one
third of the individuals exhibited artificially deformed skulls. Here, both men and women of
all ages could be diagnosed with this phenomenon (24). From this burial place, the individual
from grave 2022, a subadult individual with artificially deformed skull (24), was included as a
reference sample in the genetic analysis.

Kerch
Bernd Paffgen, Andreas Rott

A find which is especially interesting and important to the context of our samples, is that of an
artificially deformed skull from antique Pantikapaion, today’s Kerch in Crimea. As very few
details about the find’s history of discovery have been published so far, we will briefly
describe it here:

The skull was discovered around 1900 in a burial chamber at Pantikapaion’s Mithridates hill
and reached the Collection of the Romano-Germanic Museum in Cologne on ways that are
best described as adventurous.

Pantikapaion (Greek: ITavticdmowov; Latin: Panticapaeum) is recognized as a Greek-Milesian
colony that was established in the 6™ century BC at the western shores of the Cimmerian
Bosporus. Later, Pantikapaion gained importance as capital of the Bosporan Kingdom. In its
golden period the city reached from the port at the road coming from Kerch, which connects
the Black Sea to the Sea of Azov, up to the Acropolis on the Mithridates hill (25).

In Late Antique times the city’s importance ceased and the settlement structure changed.
Under King Rheskuporis VI. (reign: 314/15-341/42) Pantikapaion’s mintage came to an end,
yet, in his regency the city became newly fortified. Around the middle of the 4™ century AD
Gothic Tetraxits established their rule (26) before it was overtaken by the Huns in the
seventies of the same century (27, 28). After they had destroyed the city to an unclear extent,
the Huns and their allies were probably also aware of its strategically important location. In
534 Emperor Justinian 1. conquered Pantikapaion, which was still important, and integrated it
into the Byzantine area of authority. The city was also renamed “Bosporus” (Procop, De
Aedif. 111, 7; Bell. Pers. I, 12; bell. Goth. IV, 5). After roughly one generation the Byzantine
rule ended in 576 when Angai, a prince of the Utigurs, conquered the city.

It is assumed that more than 2,000 graves were uncovered at and around the Mithridates hill
and in the district of Glinisce. Yet, no exact inventories of the finds were passed on. Only
exceptional finds were recognized, such as the “Kerch vases” which today are very well-
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known in the community of antiquarians (29, 30), and the terracotta which were discovered
there (31-33). Burial chambers that were described as catacomb graves were mainly laid out
at the northern side of the Mithridates hill. Some of these graves were situated within the city
boundaries of the Classic Epoch. The burial chambers were laid out during the Bosporan
Kingdom and were used until Late Antique times. Some burial chambers that were painted or
otherwise decorated were published by Rostovtsev (34).

Around 1900 (the exact time is unknown) a burial chamber containing several inhumation
burials was discovered and attracted attention due to the find of a diadem with multi-colored
stones. It was manufactured from three golden plates and its superelevated front plate
resembles the form of two eagle heads. The diadem that is decorated with more than 250
individually set almandines and green glass (resembling the eyes of the eagle heads) can be
dated to around 400 AD or into the first half of the 5™ century AD (35-39). Such golden
diadems with precious stone inlays are typically found in female burials of the Hunnic elite
(36, 39-44). According to Anke (45) the custom of wearing such diadems in the 4"/5"
century AD may be seen as a stimulus from the Sarmatian cultural sphere.

The diadem and an artificially deformed skull from the same burial chamber which was not
the skull of the diadem’s wearer reached the Museum’s collection via detours. Both are still
held there today. It remains without doubt that both the diadem and the skull were discovered
within the same burial chamber around 1900. From today’s perspective it is very unfortunate
that only the exceptional finds, diadem and artificially deformed skull, were paid attention to
while the remaining grave inventory including several skeletons was not even properly
documented.

In 2009 Dr. Anja Staskiewicz re-examined the skull from Kerch (Fig. S3) at the State
Collection for Anthropology and Palaeoanatomy. The results of this re-examination are
briefly summarized here:

As obvious in Fig. S3, the calvarium of the skull (labeled 43,95) is mounted to a wire rack
that is attached to the occiput. A mandible is attached to the skull with a wire on both sides
and is labeled “[belonging] to 43,95”. Yet, doubts remain whether the mandible originally
belonged to the skull. Due to missing mandibular condyles it was impossible to test how well
these fit into the respective jaw sockets. Nevertheless the mandible seems less robust and
masculine than the skull. It is furthermore conspicuous that 11 teeth are present in the
mandible and most probably no tooth was intravitally lost, while not a single tooth was
present in the maxilla and at least seven of these were intravitally lost.

Almost all features relevant for sex estimation of the calvarium point to a male individual due
to their extreme robusticity (relevant criteria for sex estimation were taken from Herrmann et
al. (46)). Additionally, age at death was roughly estimated by the degree of ossification of
cranial sutures (relevant criteria were also taken from Herrmann et al. (46)). Under normal
conditions the degree of ossification indicates a higher, possibly (late) mature age of ca. 50 to
60 years. Such an age-at-death would also be in accordance with the many intravital maxillary
tooth losses.

For the genetic analyses presented here, a petrous bone from the calvarium was sampled.
Radiocarbon dating from a piece of the same petrous bone yielded an age of 256 — 401 cal
AD (1709 £ 23 years).
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S12. Sample preparation and sequencing
Melanie Grol3, Andreas Rott, Joachim Burger

Ancient DNA work on the skeletal samples from southern Bavaria, Germany, was carried out
in dedicated facilities of the Palaeogenetics Group at Johannes Gutenberg-University Mainz.
Decontamination and first steps of sample preparation (drilling and milling) were performed
as described in Scheu et al. (47). For contamination monitoring and decontamination
efficiency of used devices blank controls during milling (47) and all further steps were
processed. A PCR on a mitochondrial fragment was performed on milling and extraction
controls. In order to find the most suitable samples for nuclear target enrichment and whole
genome sequencing, all sampled petrous bones were tested for high complexity and
endogenous DNA content as described below (Table S2).

DNA extraction

Extraction was performed according to Scheu et al. (47) and Hofmanova et al. (48) with slight
modifications: 6.7 ml of EDTA (0.5M, pH8; Ambion/Applied Biosystems, Life technologies,
Darmstadt, Germany), N-laurylsarcosine (250ul, 0.5%; Merck Millipore, Darmstadt,
Germany) and proteinase K (30ul, 18U/ul; Roche, Mannheim, Germany) were added to bone
powder in a lysis step. This solution was incubated on rocking shakers at 37°C for 72-120
hours. The DNA was isolated via phenol/chloroform/isoamyl alcohol (25:24:1, Roth,
Karlsruhe, Germany), then desalted by stepwise washes with HPLC-water (10-12 ml) and
concentrated to approximately 300l using Amicon Ultra-15 Centrifugal Filter Units (Merck
Millipore, Darmstadt, Germany).

For STR_288, STR_355 and AED_1108 two extractions were performed from one tooth and
one petrous bone respectively.

PCRs on mitochondrial DNA fragment were performed for all extracts to monitor extraction
success and cleanness of blank controls.

Library Preparation

All libraries were prepared based on Kircher et al. (49) and as described in Hofmanova et al.
(48). Two libraries of AED_432 and STR_300 were treated with USER-Enzyme and pooled
with 4 non-treated libraries for target enrichment respectively (Table S3).

Index-Primer P7 and 1S7 were used for library PCR with AmpliTaq Gold® DNA Polymerase
(Applied Biosystems) in at least three PCR parallels and 10-12 cycles for screening libraries
and 10-16 cycles for libraries prepared for target enrichment. A second round of PCR was
performed with Herculase 11 Fusion DNA Polymerase (Agilent) and enabled us:

I.) to add individual P5 -index on short end of library molecules for MiSeq sequencing

[1.) to increase molecule numbers for further target enrichment.

The cycle number was adjusted to the concentration of each library as measured by Qubit®
Fluorometric quantitation (ASDNA HS assay, Invitrogen) and the Agilent 2100 Bioanalyzer
System (HS, Agilent Technologies) following the manufacturer's protocols.
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Sample selection

For 63 samples in total, quantity and quality of molecules of libraries prepared from each
DNA extract were determined using a quantitative real-time PCR and shallow shotgun
sequencing. Only DNA extracts with at least more than 10° molecules per ul of library
product and endogenous content > 30% were selected for subsequent nuclear target
enrichment and whole genome shotgun sequencing (Table S2; Fig. S4).

All individuals with skull deformation and two Sarmatian samples were included in this study
regardless of their screening results because these were of special interest.

A Quantitative real-time PCR

Quantitative real-time PCR was performed on each library fill-in product with KAPA Sybr
Fast Universal Mastermix (PegLab, VWR International) on a Step One PlusTM Real-Time
PCR system (Applied Biosystems, Thermo Fisher Scientific) with primer pair 1S7/I1S8 as
described in Hofmanova et al. (48).

As an additional monitoring step, molecule numbers for most of the libraries prepared for
capture enrichment were gauged with quantitative real-time PCR.

B MiSeq screening

Endogenous content was estimated by calculating the percentage of aligned reads against all
reads after quality filtering.

Among the selected samples, eleven show an endogenous content of above 30% and 23
samples above 50% endogenous molecules. Four samples (STR_241, STR_266, STR_360,
STR_491) were selected despite an endogenous DNA content below 30% (28.58%, 27.66%,
20.93%, 15.63%) due to their high molecule number per ul of library fill-in product
determined by gPCR. Two Sarmatian samples PR_4 and PR_10 were included in this study as
internal references although they do not meet previously set quality criteria. The biological
sex of the samples was determined using the method described in Skoglund et al. (50). Even
in cases with low read numbers, results are consistent with morphologically classified sex.
Post-mortem damage patterns were determined for all samples with the software package
MapDamage 2.0 (51). For all ancient samples a typical increase of C/T deamination at the 5°-
end of reads could be observed. Due to relatively good biomolecular preservation of Bavarian
samples, deamination rates range from 0.13 to 0.35.

The bioinformatic pipeline for analyzing the data is described in S14.

C blank controls

Extraction and library blank controls were treated as samples separately and transformed into
libraries. All blank controls were measured on a high sensitivity chip with the Agilent
Bioanalyzer. If a low concentration could be measured, either a g°PCR and / or a MiSeq
sequencing was performed. For shallow sequencing on MiSeq, complete blank controls were
vaporized and resupended in 2 pl UV-HPLC-H,0 to examine the whole library product.
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Molecules in fill-in product of library blank control ranging from 1.32x10° to 6.86x10°,
represent low estimates of contamination between 0.004 to 1.25% per library (0.0003613 ng -
0.0025056 ng).

While evaluating the MiSeq screening results, between 2 and 10 unique molecules were
counted that could be aligned against hgl9 reference genome. For one extraction control
(B_Ex_4) 3,687 aligned reads were detected.

Mitochondrial Capture Enrichment

All samples that were screened showed a DNA preservation that was good enough for
enrichment of whole mitochondrial DNA. Sample DNA from at least two independent
libraries (Table S2, S3) was pooled for every sample to achieve 20.13 ng to 277.40 ng of
starting amount per sample. Whole mitochondrial genome capture was carried out using the
custom designed SureSelectXT in solution target enrichment kit (Agilent) based on Gnirke et
al. (52) according to the modified protocol described in Hofmanova et al. (48) without
lowering the washing temperature. Samples were double-captured and PCR-amplified in three
parallels. An individual P5-index was added to every sample after the second enrichment.
Purification of the capture products between different steps was carried out using MSB® Spin
PCRapace (Invitek, Stratec Molecular, Berlin, Germany).

Mitochondrial DNA of samples ALH_1, ALH 10, and FN_2 was retrieved from shotgun
sequencing runs of these samples (Table S7).

Nuclear capture enrichment

Samples were pooled together from at least 4 libraries to achieve a DNA starting quantity of
approximately 1 pg per sample per reaction and in order to maintain complexity (Table S4).
Each library pool was concentrated using a vacuum centrifuge (SpeedVac) and subsequently
diluted in 5.4 pl UV-HPLC-H20. Double captures were carried out following the MY baits
protocol v2. Incubation for the first round of enrichment was set to 36 h, followed by a clean-
up of the captured products and 7 - 10 cycles of PCR. Adapter sequences were blocked on the
reverse strand only with a custom blocking oligo-mix around the varying index sequence
including 1 pg/ul Human Cot-1 DNA and 1 ug/ul Salmon Sperm DNA. Incubation in the
second capture cycle was set to 24 h, followed by purification of the products and 12 - 14
cycles of PCR in which also an individual P5-index was added to every sample. Purification
of capture products was performed using MinElute™ PCR Purification Kit (Qiagen, Hilden,
Germany) and PCR products were purified using MSB® Spin PCRapace (Invitek, Stratec
Molecular, Berlin, Germany), both following the manufacturer’s instructions. Enriched
libraries were quantified with Qubit and visualized on Agilent Bioanalyzer HS chip to exclude
dimer peaks and overamplification.

Sequencing

A Screening
MiSeq screening of library products was carried out on Illumina's MiSeq with 50 bp read

length and single-end runs. All double-indexed libraries were diluted and pooled in equimolar
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proportions on several lanes respectively, resulting in 300k to 1.3 million raw reads per
sample.

B Enrichment

Sequencing of enriched mitochondrial DNA was carried out on an Illumina MiSeq machine
(150 bp, single end) at StarSeq, Johannes Gutenberg-University Mainz, Germany. Samples
were pooled together in equal quantity.

Enriched nuclear DNA of samples AED 1119, ALH_1, ALH 3, ALH_10, FN_2, PR _4,
STR_316, and VIM_2 was carried out on an lllumina HiSeq 2500 platform at the Institute for
Molecular Genetics, Johannes Gutenberg-University Mainz, Germany, using the rapid mode
(100 bp, paired end; see Table S4). The other samples were also sequenced on an Illumina
HiSeq 2500 platform at the same institute (100 bp, paired end). Four samples each were
pooled together in equal quantity and subsequently sequenced on one lane per pool. Possible
dimer peaks in prepared sequencing pools were eliminated while cleaning with AMPure SPRI
beads.

C Shotgun
Next generation shotgun sequencing was carried out on an lllumina HiSeq 2500 platform at

the Institute of Genetics, Johannes Gutenberg-University Mainz, Germany. To achieve this,
two libraries each were pooled together for samples ALH_1, ALH_10, and six libraries for
FN_2 and directly sequenced (100 bp, paired end) on one, one, and two lanes, respectively.
Additionally, samples NW_54, KER_1, STR_220, STR_300, STR_310, STR_355, STR_486,
and VIM_2 were also shotgun sequenced on Illumina HiSeq 2500 (100 bp, single end). Four
to seven libraries were pooled for every sample, the samples were pooled together and finally
sequenced on two lanes. See Tables S3 and S4 for detailed information on pooling and
sequencing strategy.

Average coverage calculation of hgl9 for all samples is calculated including mitochondrial
genome and refers to 3.75-35.81% coverage of whole genome for capture and 17.95-85.47%
coverage for shotgun data.

See Table S6 for detailed sequencing results.

S13. Description and implementation of the 5 Mb capture assay
Christian Sell, Melanie Grol3, Karola Kirsanow, Joachim Burger, Krishna Veeramah

In order to apply population genetic methods that make inferences from the allele frequency
spectrum (53, 54) it is desirable to analyze specific regions of the genome that are considered
putatively neutral (i.e. where patterns of genetic variation are not skewed due to the impact of
mutations under natural selection either within or linked to the region of interest) across
multiple individuals. Due to generally disparate conservation status of ancient DNA resulting
in low coverage fragments of the genome, the intersection of such regions with high coverage
could be comparatively small when performing shotgun sequencing. Therefore we designed
an ~5 Mb capture approach to enrich samples of interest for multiple genomic regions to
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create a reliable and comparable data resource for further usage of population genetic
methods. The bait library were designed by Palaeogenetic Group at the Institute of
Organismic and Molecular Evolution of Johannes-Gutenberg University in Mainz and by the
Veeramah Lab at Stony Brook University in cooperation with MYcroarray (USA).
Implementation of 5 Mb capture assay was carried out at post-PCR Laboratories of
Palaeogenetic Group in Mainz and described in Grol3 (PhD dissertation; work in progress) and
Sell (55).

Identifying the regions

Gronau et al. (56) previously identified 37,574 1 kb “neutral” regions on chromosomes 1 to
22. These were chosen such that they encompass regions that are syntenic with chimp
(syntenic net track) and were subject to the following filters:

a) Recent segmental duplications (UCSC segmental dups track)

b) Recent transposable elements (RepeatMasker with elements with < 20% divergence from
consensus)

c) Exons of protein coding genes, UTRs and 1000 bp flanking region (RefSeq, ENSEMBLE,
UCSC)

d) Noncoding RNA and 1000 bp flanking region (RNA Genes track)
e) Conserved noncoding elements (phastCons elements and 100 bp flanking)

These loci were lifted over from hgl8 to hgl19, with four regions being lost due to the changes
in the genome assembly. The liftover regions were then used as an additional inclusion mask
within the program NRE (57). We then identified all regions identified by NRE that also
overlapped 100% with the hg19 Gronau 1 kb regions. There is some redundancy between the
filters of NRE and the original Gronau et al. filter (Known Genes, SegDups, EST, CNVs etc).
Thus utilizing NRE provides an extra layer of stringency in identifying putatively neutral
regions while accounting for the change in reference builds. We then applied the following
extra filters to remove individual 1 kb loci:

a) Background selection (58) value < 0.85 (any more stringent than this and we start losing a
lot more loci).

b) Recombination rate < 0.01 and > 10 cm/Mb
c) >0.01 cM from genes

d) Extreme fastCons and simple repeats scores overlap (these were already low from the
filtering by Gronau et al., but a few slipped through from hg18-hg19)

Finally we ensured that all loci were at least 50 kb from each other. After the filtering there

were 4,687 1 kb loci. These were supplemented with 429 500 bp loci using similar but

slightly more stringent criteria. With a background selection value of 0.95 and a distance of at

least 0.5 cM between each of the regions and towards genes. In addition we have identified a
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small set (n=26) of X-linked loci, which may be useful to look at sex differences in
demographic history. These were found using NRE and are all separated by at least 500 kb
and are not in the pseudoautosomal region.

Identifying possible probe specificity/mapping issues

We chose loci based on criteria that excludes regions containing repeats similar to the known
consensus sequence (20% divergent). However, there may be still some issues with sequence
similarity across the chromosome because of the recent replication of divergent repeats that
could affect how well aDNA fragments hybridize to the designed probes or map to the
reference genomes, especially if they contain substantial polymorphism or sequence errors.
To explore this further we performed the following multi-alignment experiment using BLAST
for each 1 kb loci.

a) Extract 100 bp sequences every 20 bp sliding along the entire length of the 1 kb region.
b) BLAST each 100 bp sequence against hg19.

c) For each 100 bp sequence determine the alignment score for its true genomic position and,
if one is found, the alignment score for the next best match.

d) For each 100 bp sequence with at least one alternative alignment, extract 100 bp sequences
1-19 basepairs up and downstream (so we narrow down the precise problem regions after the
coarser sliding window search in set a).

e) BLAST each 100 bp sequence against hg19

f) For each 100 bp sequence determine the alignment score for its true genomic position and,
if found, the alignment score for the next best match.

We also repeated this analysis using 50 bp sequences with 10 bp sliding windows to reflect
shorter aDNA fragments. Thus we should obtain almost all 100 bp and 50 bp windows where
there are potential multiple alignments with hg19 such that they may cause problems in probe
specificity or read mapping. Table S4 shows how many loci contain at least one 100 bp or 50
bp sequence that can align to an alternative region along the hg19 genome, as well as the total
number of base pairs across all regions where these matches were identified. For 100 bp
sequences there was no match that was as good as the true position, while for the 50 bp
windows, there were 101 1 kb loci and a total 15,292 bp (0.3% of the total target sequence)
where there was a match with another region of hgl19. Further breakdowns are given in Table
S5. For 100 bp sequences the probability of finding a match outside the target region with at
least 90% of the alignment score of the true position is very low (only 35 1 kb loci with at
least one alternative match, and 0.13% of the total target sequence). Unsurprisingly there is
more alternative matching for 50 bp windows, though it still only encompasses ~1.2% of the
total target sequence. To give some perspective on the values in the table below, with 90%,
80%, and 70% alignment scores the alternative region contains approximately 5, 10, 15
differences from the original 100 bp sequence and 3, 6 and 10 differences from the original 50
bp sequence, though the exact relationship changes due to the introduction of gaps and
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appropriate gap penalties. Based on the figures below, probe specificity and mismapping
should not be a major issue, though, depending on the aDNA fragment size distribution, there
may be some small (~1-5%) amount of sequence across the total of ~5 Mb where we may
expect poorer coverage after bioinformatics processing. From our BLAST results we have
identified these regions such that we can account for them in any downstream analysis

In addition, to explore how actual fastq reads might be affected during aligning by BWA, we
performed the following experiment.

For each region, 100 fastq reads were generated by randomly picking a range between 40-180
bp starting from anywhere in the region. To ensure the fastq reads aligned with BWA, a
random base quality between 40-60 Phred-scaled quality score was assigned to each base. The
reads were aligned using BWA default parameters and filtering for a mapping quality of 25
(bwa places multiple hits randomly and assigns a mapping quality of 0). Only 352 reads of
468,700 could not be aligned.

The divergence of the regions was checked further by adding up mismatches, deletions and
insertion divergence from repeatmasker and only 50 regions were found that overlapped a
repeat with a divergence less than 20% with more than 500 bp. From the 352 not aligning
sequences 216 could be assigned to those regions.

Finally, mrna databases were also checked against all regions. 317 regions overlap with the
mrna and EST database.

Phenotypic Markers

486 phenotypic informative markers were added to the capture assay. These SNPs were
selected on the basis of association with aspects of the visible (e.g. pigmentation,
morphology) or metabolic (e.g. lactase and alcohol digestion, diabetes risk) phenotype, or
their association with certain medical conditions (e.g. non-infectious and inflammatory
diseases), in modern humans. Many of the SNPs are also hypothesized to have been under
relatively recent selection. Each SNP Position was extended for 60 bp on each side to achieve
120bp long sequence regions to enable further enrichment.

Bait design
In total 4,915,000 bases (0.16% of the whole genome) are covered by 80 bp long RNA-baits.

Overlapping regions were combined into continous sequences. For neutral regions and
prolonged SNP positions a 5x tiling was applied. Under the assumption of recommended
hybridization temperature and conditions from MYbait user manual in silico designed bait
sequences were blasted against the human genome and melting temperatures were calculated.
This allows multiple matching sequences to be marked according to six bins of Tm: 40-60°C,
60-62.5°C, 62.5-65°C, 65-67.5°C, 67.5-70°C and > 70°C. Various stringency filters could be
chosen for bait design. In the present work, only baits were selected according to the strictest
guidelines.

Following stringency filters were applied for most of the RNA-Baits:
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No blast hit with a Tm above 60°C

< 2 hits at 62.5 — 65°C or 10 hits in the same Bait interval and at least one neighbor

candidate being rejected

C. <2hitsat 65 - 67.5°C and 10 hits at 62.5 — 65°C and two neighbor candidates on at
least one side being rejected

D. <1 hit at or above 70°C and no more than 1 hit at 65 -67.5°C and 2 hits at 62.5 — 65°C

and two neighbor candidates on at least on side being rejected

w >

Some baits for functional markers were chosen with less stringency to increase the amount of
baits covering the loci. In order to achieve better hybridization conditions of the bait
sequences, the region of critical marker positions was expanded to 300 bp and less stringent
filter criteria was applied (< 10 hits at 62.5 — 65°C or 10 hits and not surrounded by two
candidates being rejected). If it could not be guaranteed under these relaxed filter criteria that
all 5 baits covering SNP positions those bait sequences closest to original positions were
selected to enable a possible by-catch.

Sl4. Read processing
Christian Sell, Melanie Grof3, Andreas Rott, Joachim Burger

All sequence reads were processed as described previously in Hofmanova et al. (48) and
Broushaki et al. (59), with the addition that reads that could not be merged prior to the
alignment using ea-utils (60) were aligned using bwa aln and bwa sampe. All paired-end reads
gained from bwa sampe were filtered for proper pairs.

For further population genetic analysis, bam files of whole genome sequencing and nuclear
capture enrichment were merged together and processed as one.

See Table S6 for read counts and coverage information of the nuclear captures and shotguns
and Table S7 for the mitochondrial captures.

SI5. SNP and genotype call
Krishna Veeramah

Genotype calling

Genotype calling was performed for each of the 41 ancient individuals using the likelihood
model described in Hofmanova et al. (48) but using weibull distribution to model post-
mortem damage as described in Botigue et al. (61).

We took advantage of the high endogenous content of our ancient samples by determining
allele-presence (i.e. haploid) calls at specific SNP positions identified in the POPRES and
HellBus reference datasets (see SI6). These calls take advantage of “off-target” reads that
overlap known SNPs. Note that these allele-presence calls will usually only be determined by
a single overlapping read, and there will also be very little overlap amongst ancient samples
(i.e. each ancient individual will have its own random distribution of off target reads); thus
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between ancient sample comparisons cannot be made using these calls, only comparisons
between an ancient samples and modern reference samples can be made.

In addition, because of the high-coverage obtained, we determined full diploid genotypes for
the entirety of our 5 Mb capture region across all samples. Mean coverage at these regions
ranged from 13x to 148x, with a mean 73x across the 41 samples (Fig S5). Excluding the two
samples with lowest coverage (STR_328 = 16x, PR_4 = 13x), we were able to obtain
reasonably consistent titv ratio at heterozygous and homozygous non-reference sites for all
samples (mean 1.99) when we filtered out (in this case by making them homozygous
reference) sites with a variant quality score (62) of <30 (Fig S6). Not including this filter led
to some samples with excessive post-mortem damage (such as STR_502) and/or lower
coverage also demonstrating excess titv ratios (suggesting post-mortem damage was
excessive) and behaving abnormally in subsequent analyses.

S16. Modern Reference Datasets

We assembled a variety of reference datasets for comparison to our 41 ancient samples.
Imputed POPRES and SGDP

The Michigan Imputation Server (63) was used to impute additional SNPs from the original
197,108 SNPs in 1,385 European individuals analyzed in Novembre et al. (64) that form part
of the POPRES project (65). After accounting for potential strand flips there were 165,443
usable SNPs that could be orientated with human reference genome build 37. Phasing was
performed using Eagle2 (66) using the worldwide sample set from 1000 Genomes Phase 3
(67) as the reference panel. Following imputation, biallelic SNPs were filtered to be >=5%
minor allele frequency with a r’ imputation of value of >= 0.9, resulting in a final imputed
SNP set of 2,113,389 SNPs. These SNPs were then extracted from 279 publically available
whole genomes from the Simon Genome Diversity Panel (68) and merged using PLINK (69).
This modern reference dataset was merged with the allele presence calls for the 41 ancient
genomes generated here as well as seven previously published 5-7th century low to medium
coverage genomes from Britain (70). As these genomes were UDG treated, allele presence
calls did not model post-mortem damage. Instead the first and last five bp of each read were
removed before applying the standard GATK likelihood model (62).

Imputed HellBus, 1000 Genomes and SGDP

The same imputation procedure was carried out on 512,368 SNPs in 1,582 European and
Asian individuals from Hellenthal et al. (71) (hence forth known as the HellBus dataset).
Following imputation, biallelic SNPs were filtered to be >=5% minor allele frequency with a
r? imputation of value of >=0.9, resulting in a final imputed SNP set of 4,883,514 SNPs.
These SNPs were then extracted from 279 publically available whole genomes from the
Simon Genome Diversity Panel (68) as well as 504 East Asian genomes from the 1000
Genomes project (67) and merged with the HellBus dataset using PLINK (69). This modern
reference dataset was merged with the allele presence calls for the 41 ancient genomes as well
as the seven 5-7th century British genomes (70).
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1000 Genomes, SGDP, Turkish, and GoNL

142,834 biallelic variants were found within the 5 Mb neutral region that were segregating
amongst 1000 Genomes samples from the 15 Eurasian populations (European, South Asian,
East Asian). Phased haplotypes at these variants were extracted and used as a reference panel
for phasing these sites and specific alleles (i.e. we condition our other data on 1000 Genomes
variants) for the 41 ancient samples, 264 Eurasian SGDP, 16 Turkish and 100 Dutch GoNL
genomes.

The high coverage (32-48x) Turkish genomes were originally mapped to gr38 (72).
Therefore, Liftover was used to identify the 5 Mb regions in this new build, fastq files
overlapping these regions with 1,000 bp padding either side were extracted using bedtools
bamtofastq, reads were remapped to gr37 using bwa (73), realigned using GATK
Indelrealigner and multisample calling performed using GATK Unified Genotyper (62).

BAM files containing reads overlapping our 5 Mb region for 250 Dutch trios was kindly
provided the GoNL consortium (74). The 100 Dutch parental samples with the highest
coverage (17-26x) were used for multisample calling performed using GATK Unified
Genotyper (62).

Phasing was performed at both a whole genome level using Eagle2 (66) and for individual 1
kb loci using PHASE (75) under default parameters, with 1000 Genomes phasing used to
supervise the phasing of other genomes.

GoNL AFS

In order to construct a robust allele frequency spectrum AFS) from our medium to high
coverage Dutch genomes (for which we do not care about haplotype phase), single-sample
called vcf files for all 750 GoNL individuals (250 trios) for the 5 Mb regions were grouped
into trios, phased by transmission using GATK (62) and then for each site the most likely
allele from each parent (the highest homozygous genotype likelihood) in a trio combined to
create an AFS across the 5 Mb region for 250 pseudo-diploid individuals.

S17. Functional Variants
Andreas Rott, Jens Blécher, Melanie GroR, Michaela Harbeck, Karola Kirsanow, Joachim
Burger

419 single nucleotide polymorphisms (SNPs) included in the capture described in SI3 were
called for all individuals as described in SI5 and genotypes were assessed (67 capture
positions located on the X and Y chromosomes were excluded from these analyses).

The Bavarian individuals were each assigned to one of the following two groups:

1. The “non-deformed” group, which also includes three individuals of morphological
intermediate status but not STR_300, STR 502, and STR_310, which showed
substantial or complete non-central European ancestry. STR_491 was also excluded

from this group as it is a sibling of STR_355 (see also SI15).
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2. The “deformed” group with all individuals displaying unquestionable skull
deformation.

Markers associated with pigmentation phenotype

All markers except for rs12821296 (KITLG) of the Hlrisplex complex (76) were investigated.
Only genotypes with QUAL > 30 were submitted to the HIrisplex online tool
(https://hirisplex.erasmusmc.nl/) in order to assess individual iris and hair color phenotypes.
Furthermore, several markers affecting skin pigmentation were assessed and skin color was
reconstructed according to the 7-SNP approach described by Spichenok et al. (77):
Individuals homozygous for the derived allele of at least two loci out of rs12913832,
rs1545397, rs16891982, rs1426654, rs885479, or rs12203592 were classified as “non-dark”,
while individuals homozygous for the ancestral allele at rs6119471 were classified as “non-
white”.

Using the Hlrisplex eye and hair color assignment scheme (Table S8), the “deformed” group
appears different from the “non-deformed” group (Table S9; Fig. S7A, B). These differences
are less pronounced when male individuals are compared to female individuals. Regarding
eye color, observed differences are significant for the groups “deformed” vs. “non-deformed”
(Fisher Exact Test; p = 0.0026). Although there are far more blonde individuals in the “non-
deformed” group, the difference is not statistically significant. If only HERC2 (rs12913832) is
considered, there is also a significant difference (Fisher Exact Test; p = 0.0052) between the
frequencies of the derived allele (depigmentation) in the deformed group (55.6%; 95% CI:
0.326-0.785) and the non-deformed group (89.1%; 95% CI: 0.801-0.981). Again there is no
significance when females are compared to males.

Most individuals’ skin tone was classified as “non-dark” (Table S10). The falling along
spectrum from depigmented to partially depigmented skin color predicted for the Bavarian
individuals therefore falls within the typical modern range for central Europeans. Individuals
AED 1108, AED 1135, KER 1, STR 328, STR_486, and VIM_2, are all heterozygous at
most of the loci affecting skin color and might therefore have had a relatively darker skin tone
than the Bavarian individuals homozygous for the derived allele at all positions. All of the
Bavarian individuals carry at least one copy of the C11-haplotype of SLC24A5 carrying the
derived allele at rs1426654 (A111T), which is almost fixed in all European populations (78;
Table S11). Previous analyses indicate that this allele is the largest single contributor to
depigmentation differences observed in modern Europeans relative to modern Africans (79,
80). Only individuals AED_1108, PR_10, and VIM_2 were heterozygous at some positions
(see Table S11), which is consistent with these individuals each carrying one copy of C11 and
C9, C3, and C7, respectively. The C9, C3, and C7 haplotypes are not observed in modern
European HapMap populations and have distribution peaks in Central/East Asia today (78).
We additionally assessed a 3-SNP SLC24A5 haplotype as described and identified in Giardina
et al. (81) (Table S11). Consistent with the 16-SNP method, AED_1108, PR_10, and VIM_2
show patterns that today are absent in Europe but appear in Asia with frequencies of 13.9%
(AED_1108) and 23.5% (PR_10, VIM_2).

The derived allele of an additional SNP (rs1800414) in the OCA2-HERC2 region, which

causes light skin color via a missense mutation and is restricted to East Asian populations
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(82), did not appear in any of the samples investigated.

Two individuals (AED_92, ALH_3) are heterozygous for the derived allele of EDAR
rs3827760 (Table S10). This allele has a frequency of 87.3% in East Asia and 1.1% in Europe
(EUR; Ensembl GRCh37 release 88, last retrieved on 23 May 2017), and is associated with
incisor shape and hair morphology (83, 84).

OCA2-HERC2 haplotypes were determined following the 13-SNP approach by Eiberg et al.
(85) and via determination of the 3 “blue-eye haplotypes” (BEH) defined by Donnelly et al.
(82). Results (Table S12) for the OCA2-HERC2 haplotypes were consistent with eye color
prediction of Hlrisplex; all individuals predicted as having the highest probability for blue
eyes in Hlrisplex are most probably homozygous for a blue-eye haplotype according to both
methods (according to the Donnelly-method, they are either homozygous for only BEH2 or
for all BEH). Individuals that were assigned brown-eyed by Hirisplex at least carried one
brown-eye haplotype. Interestingly, five individuals (AED_1135, AEH_I, STR_300,
STR_328, VIM_2) can be excluded from the blue-eyed haplotypes identified by Eiberg et al.
(85), but could not be conclusively assigned to one of the 6 commonly observed brown-eyed
haplotypes.

The derived allele of an additional SNP (rs1800414) in the OCA2-HERC2 region which
causes light skin color via a missense mutation and is restricted to East Asian populations
(82), did not appear in any of the samples investigated.

Markers associated with metabolic phenotype

Xenobiotic metabolism

All individuals were genotyped at 8 SNPs in the NAT2 region, which is associated with
xenobiotic metabolism through acetylation speed (slow/ intermediate/ rapid). Acetylation
phenotypes are associated with the risk of developing certain cancers and the efficacy of drug
metabolism (86). It has been hypothesized that the NAT2 region might have been under recent
selection as a consequence of altered human exposure to toxins and carcinogens in the course
of transition to agriculture (87).

The Bavarian individuals’ most probable acetylation phenotypes were determined using the
online tool nat2pred (http://nat2pred.rit.albany.edu; 88), which infers the phenotype from 6
SNPs within the NAT2 region (Table S13). The acetylation phenotypes inferred using the
online tool were consistent with phenotype determinations made using a single SNP
(rs1495741) that correlates with a 7-SNP NAT2 haplotype (89). In accordance with previous
observations, the ancient Bavarian population and its different subgroups show a higher
proportion of the slow acetylation phenotypes (i.e. slow and intermediate phenotypes), which
is similar to the pattern observed in modern central Europeans and typical for agriculturalists
in general (Fig. S8; Table S13; Table S14; 87, 89, 90). Differences between the deformed and
the non-deformed group are not significant (Fisher Exact test; p > 0.05). However, there is a
significant difference between the male and female group (Fisher Exact test; p = 0.03). The
observation of relatively high frequencies of intermediate acetylation phenotypes could be the
result of balancing selection acting on heterozygotes: as both homozygous slow and
homozygous fast acetylators are at higher risk of developing certain cancers, being
heterozygous might be advantageous over any homozygous state at this locus (86, 91).

Proteins of the cytochrome P450 family are involved in drug metabolism and bioactivation
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(92-94). Modern populations display a great deal of phenotypic variability related to
cytochrome enzyme activity, which may be related to past selection (e.g. 93, 95, 96). We
determined the haplotypes of several cytochrome genes in order to characterize the Bavarian
individuals.

Results of the genotyping of cytochrome P450 enzyme 2C19 (CYP2C19) are shown in Table
S15. Phenotypes were assigned according to the nomenclature of ‘The Human Cytochrome
P450 (CYP) Allele Nomenclature Database’ (http://www.cypalleles.ki.se/) as far as possible.
This locus is of modern medical relevance because the ultra-rapid metabolizer allele
(CYP2C19*17) is associated with certain serious drug complications, and the various
deficiency alleles have been associated with poor drug response (see 97). As with NAT2,
different CYP2C19 phenotypes are associated with different cancer risks. The majority of the
Bavarian individuals (75%, 95% CI: 0.609-0.891) appear to be homozygous for the wild-type
allele (CYP2C19*1, extensive metabolizers) with minor frequencies of heterozygous
CYP2C19*17 carriers (intermediate and indeterminate metabolizers), which is the pattern
observed in a pan-ethnic sample of modern populations (see 97). The Asian-specific
deficiency allele CYP2C19*3 (93, 97) could not be detected within the sample. Differences in
phenotype frequencies (Table S16) among the different groups of individuals (Fig. S9) were
not significant (Fisher Exact test, p > 0.05). However, high-confidence phenotypes could not
be determined for all of the ancient individuals, and there is a huge complexity of possible
allele combinations with allele *17 (see 97), which could not always be properly assessed for
the ancient samples. Therefore, statistical testing between modern and ancient samples was
not conducted.

Like CYP2C19, CYP2DE6 is a gene in the cytochrome family having important implications
for drug efficacy in modern populations. DNA preservation did not allow determining
CYP2D6 alleles for every individual of the sample (Table S17). In 14 Bavarian individuals
that could be genotyped, eight displayed a haplotype combination associated with normal
enzymatic function (i.e. a combination of haplotypes *1, and *2), five with intermediate
function (i.e. a combination of *1 or *2 with haplotype *4), and one with slow function (i.e.
one haplotype with decreased function [*10] together with one haplotype with no function
[*4]) (94).

Ancient Bavarian haplotype frequencies were 44.8% (95% CI: 0.267-0.629) for CYP2D6*1
(95% CI: 0.267-0.629), 31.0% for CYP2D6*2 (95% CI: 0.142-0.478), 20.7% for CYP2D6*4
(95% CI: 0.059-0.354), and 3.4% for CYP2D6*10 (95% CI: 0-0.101). This pattern is similar
to the allele frequency spectrum of modern Germans/ Europeans (94). It was not possible to
assess differences in haplotype and/or phenotype frequencies between ancient Bavarian sub-
groups because too few individuals could be genotyped.

Frequencies of the deficiency alleles of CYP3A4 and CYP3AS vary with geographical latitude
(98). Although the products of both genes are of modern clinical significance because of their
importance in drug metabolism, it has been suggested that their modern patterns of variation
were shaped by their roles in sodium reabsorption (CYP3A5) and vitamin D metabolism
(CYP3A4). It is hypothesized that the advantage in salt and water retention conferred by the
ancestral allele CYP3A5*1 decreases with distance from the equator, while the risk of pre-
eclampsia associated with the same allele increases, creating a selection pressure favoring the
derived nonexpressor allele CYP3A5*3 at high latitudes (98). In the case of CYP3A4,
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selection probably acted against the high-expressor allele CYP3A4*1B as it potentially
increases the risk for rickets through its involvement in vitamin D homeostasis (95). The
derived alleles CYP3A5*3 and CYP3A4*1 appear linked in the four most common haplotypes
in modern Europeans, which together account for >80% of all haplotypes (95). Consistent
with these modern observations, CYP3A5*3 accounts for 86.1% (95% CI: 0.781-0.941) of
alleles present in the ancient Bavarian sample (Table S18), while the ancestral allele
CYP3A5*1 only appears at 13.9% (95% CI: 0.059-0.219) with only one individual (ALH_2)
homozygous for this variant. Of the 14 Bavarian individuals which could be genotyped for
CYP3A4, 13 appear homozygous for allele CYP3A4*1, while only one individual (AED_204)
is heterozygous at this locus (Table S18).

The ABCB1 or multidrug resistance (MDR1) gene plays an important role in xenobiotic
elimination. In Asian and European populations, haplotypes carrying derived alleles at three
positions (rs1128503, rs2032582, and rs1045642) are hypothesized to be selected and make
up 37% and 41% of all haplotypes found in these populations, respectively (99, 100). 23 of
the Bavarian individuals exhibit genotypes consistent with each of them carrying at least one
copy of this 3-SNP haplotype (Table S18). 18 individuals have at least one copy of ancestral
allele at all three positions, which may represent haplotype ABCB1*1, the second most
abundant allele among Asians and Europeans (haplotype frequency of 15% in both
populations; 99). Precise haplotype determinations and haplotype frequency estimations for
this locus are not possible with the SNP coverage in the current unphased dataset.

Similar to CYP3AD5, the angiotensinogen gene (AGT) also contributes to hypertension risk in
humans (101, 102). One particular mutation in the gene’s promoter region (A-6G) is assumed
to play an important role in reduction of hypertension risk in most populations outside Africa
(101). We examined all individuals at 9 positions in the AGT region (Table S19) in order to
determine the presence/ absence of four risk alleles (A-6, C4072, C6309, G12775) and
possibly extrapolate haplotypes (102). 27 individuals carry at least one copy of the possibly
protective haplotypes H2 or H4 (102), 16 of these are either homozygous for one of the
protective haplotypes or potentially carry both.

Alcohol metabolism

We genotyped all samples at ADH1Bb and ADH1Ba (rs1229984 and rs3811801) and ALDH2
(rs671). These genes encode enzymes that are crucial in the metabolism of alcohol into
acetaldehyde and acetaldehyde into acetate. Generally, derived alleles at these loci are
suspected to be under recent positive selection in East Asians but virtually absent in other
regions of the world (103-105). At ALDH2 all individuals appear homozygous for the
ancestral allele (Table S20). In the case of ADH1Ba and ADH1Bb most of the individuals
were also homozygous for the ancestral allele. The only exceptions are seen in NW_54 who is
heterozygous at ADH1Bb, and VIM_2 who appears heterozygous at ADH1Ba. These
genotypes indicate that all of the ancient Baiuvarians exhibited the ancestral phenotype
common in modern Europeans (e.g. 103, 105).

Lactase persistence
We typed individuals at rs4988235 (LCTa/MCM6 -13910C>T) and rs182549 (LCTb -
22018A>G) in order to assess their ability to digest lactose during adulthood (lactase
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persistence) (106). The genotypes are presented in Table S20, the allele frequencies are shown
in Table S21 and Fig. S7C. Lactase persistence status could not be assessed for AED_106 and
AED 432 as both LCT SNPs could not be determined for these individuals. All other
individuals belonging to the non-deformed group except for AED_1135, ALH_2, ALH_3,
NW_255, STR_360, and STR_393 (15/21 total non-deformed individuals where LCT SNPs
could be determined) are lactase persistent. Among the individuals with artificially deformed
skulls, AED 513, AED 1108, and STR_328 appear non-persistent, while all other females
with artificially deformed skulls are lactase persistent. Among the reference samples, PR_10
and KER_1 are non-persistent, while PR_4, FN_2, and VIM_2 are lactase persistent. As for
modern samples (e.g. 107), LCT SNPs are in high LD in the ancient sample as well. The only
exception is ALH_1 (Table S20).

The -13910C>T allele frequency difference between the deformed and non-deformed groups
is close to significance (p = 0.0501, Fisher Exact Test, Table S22). Compared to modern
European populations from the 1000 Genomes Project, the non-deformed group is
significantly different from the Central European (CEU) and the Tuscany (TSI) population
while the deformed group is significantly different from all European populations except
Iberians (IBS) and Europeans in total (EUR) (Table S22). This indicates that the non-
deformed group falls into the allelic spectrum of north/ central European populations while
the deformed group falls into the spectrum of Southern European populations. We also
observed a significant difference in allele frequency between males and females (p = 0.0125;
Fisher Exact test; Table S22). Compared to the modern 1000 Genomes populations, males
only differ significantly from IBS and TSI, while females differ significantly from all
populations except IBS (Table S22).

Metabolic Syndrome — associated markers

It has been hypothesized that susceptibility to a number of diseases, including the various
facets of metabolic syndrome (MetS) (e.g. obesity, hypertension, type 2 diabetes,
dyslipidaemia), have varied in recent human evolutionary history, and that this variability
stems from gene-environment interaction (e.g. 108). Here we used modern type 2 diabetes
genetic risk scores to compare ancient Bavarian variability at MetS-associated loci to that
observed in modern Europeans (the average modern genotype is modeled here by the score
representing “normal risk”) .We determined individual risk scores using scoring metrics
developed by Meigs et al. (109), Cornelis et al. (110), and Hivert et al. (111), and by
assessing the TCF7L2 haplotype of each individual following the definition of Helgason et al.
(112). Of the 34 SNPs taken into account by Hivert et al. (111), only 33 SNPs could
maximally be assessed per individual as rs4747969 (CDC123) was not part of the Nuclear
Capture assay. All of these risk scores are not independent of each other as there is a certain
degree of overlap between markers used for each of them.

Genetic risk scores (GRS) were calculated by summing up the numbers of risk alleles per
individual. Missing SNPs were accounted for by calculating a standardized GRS following
Cornelis et al. (110): count GRS = [total number of risk alleles/number of alleles present] x
number of maximum alleles per model. This standardization was only applied to individuals
with at least half of the loci present per score model. Standardized ancient Bavarian genetic
risk scores according to the Meigs et al. model (109) ranged from 14.78 to 27.31 (Table S23),
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and mean values for the different groups we identified in our sample ranged between 20.43
and 20.89. As Fig. S10 demonstrates, these values are well distributed around 17.7 which is
the mean risk score of modern Americans developing diabetes in the study by Meigs et al.
(109). The same pattern can be seen when T2D risk scores are determined following the
Hivert et al. (111) model: the standardized GRS of the Bavarian individuals reach values
between 26.97 and 46.90 and are distributed around the modern weighted median score of 37
(111; Fig. S11, Table S24). Mean values of all different groups range from 35.25 to 36.43 and
are therefore also in good accordance with the published value for modern individuals (see
above). Applying the Cornelis et al. (110) model, ancient Bavarian standardized GRS values
vary between 7.14 and 16.67 (Table S25). Mean values for all groups range from 10.26 to
11.76 and are comparable to the median value which was 11 for both cohorts of modern
individuals examined by Cornelis et al. (110).

If the GRS results reported here occurred on a modern European genetic background, they
would be consistent with average T2D risk. Nevertheless, development of T2D is not only
dependent on the genetic risk but also on several environmental factors, such as physical
activity and nutrition (110). The risk score alone is therefore not sufficient to infer an
individual’s T2D status. Although standardized GRS tend to be higher in the deformed than in
the non-deformed group (Table S26), these differences are not significant (t-test; p > 0.05 for
all groupings tested).

TCF7L2 haplotypes were determined as defined by Helgason et al. (112). Haplotype A
(HapA) which is assumed to confer some protection against T2D, is defined by the derived
allele (C) at rs7903146 and the derived allele (A) at rs10885406. HapA furthermore correlates
with the ancestral allele (T) at rs7924080. Haplotype B (HapB) comprises haplotypes carrying
the ancestral allele (T) at rs7903146. From all haplotypes determined for Bavarian individuals
(Table S27), HapA accounts for 44.4% (95% CI: 0.330-0.560) and HapB for 55.6% (95% CI:
0.441-0.670) of the sample. This is in the same range as CEU samples, where HapA
frequency is at 58%, while it accounts for 95% of all alleles in East Asians (112). Generally,
the number of individuals carrying at least one copy of the protective haplotype seems to be a
little bit lower in the deformed group but these differences are not significant (Fisher Exact
test; p > 0.05).

We furthermore assessed a haplotype in SLC16A11 which is associated with T2D risk in Latin
American populations and also appears at low frequencies in Europe and Asia (113). An
additional SNP (rs312457) located in SLC16A13, which is associated with T2D risk in East
Asian populations (114), was also genotyped. None of the individuals genotyped for
SLC16A13 except for AED 1119 displayed the T2D risk associated SNP (Table S28).
Regarding SLC16A11 haplotypes, most of the individuals showed the reference haplotype or
SNP combinations that are consistent with carrying the reference haplotype (in cases where
only few SNPs of the haplotype could be genotyped; see Table S28). Individual AEH_I was
heterozygous at rs13342232 and rs13342692 which indicates that this individual carried one
copy of the ancestral haplotype and one copy of the “2 SNP” haplotype defined by SIGMA
(113), which appears at frequencies of < 1% in Europe and is absent in Asia. Individual
STR_266 was also heterozygous at rs13342692 and homozygous for the derived allele at
rs117767867 which would be consistent with this individual carrying at least one copy of the
“5 SNP” haplotype defined by SIGMA (113) which is associated with T2D risk and appears

24


https://paperpile.com/c/Gfcnrc/u7HB
https://paperpile.com/c/Gfcnrc/kn8r
https://paperpile.com/c/Gfcnrc/kn8r/?suffix=%3B%20Fig.%20S11%2C%20Table%20S24
https://paperpile.com/c/Gfcnrc/VTKc
https://paperpile.com/c/Gfcnrc/VTKc
https://paperpile.com/c/Gfcnrc/VTKc
https://paperpile.com/c/Gfcnrc/q6Wh
https://paperpile.com/c/Gfcnrc/q6Wh
https://paperpile.com/c/Gfcnrc/X8Uy
https://paperpile.com/c/Gfcnrc/0dUF
https://paperpile.com/c/Gfcnrc/X8Uy
https://paperpile.com/c/Gfcnrc/X8Uy

at frequencies < 2% in European populations and about 12% in Asian populations (113). Yet,
as other positions of the haplotype could not be genotyped for this individual, definite
determination of the haplotype is not possible in that case.

Markers associated with non-infectious and inflammatory diseases

We furthermore assessed the status at several loci (Table S29) associated with the
development of different diseases, such as Crohn’s disease (CD), type 1 diabetes (T1D),
multiple sclerosis (MS), and celiac disease (CeD). Inflammatory-disease associated alleles are
believed to have risen to higher frequencies in tandem with changes in pathogen load, as they
may confer resistance to various disease organisms (115). In all markers allele frequencies
were similar between the Medieval sample and in modern European (Table S30). The only
exception from this is rs2058660 with an estimated sweep date ~ 7,500 ya (115). Here, the
non-deformed and male individuals show significantly lower frequencies than modern
European samples (p < 0.05, Fisher Exact Test), while the deformed and female group do not.
Differences between groups were not significant.

Rs2188962, rs6822844, and rs17810546 have been shown to have undergone recent positive
selection along with four other markers forming a core network. Raj et al. (115) suggested
that the selective pressure behind this sweep may have been a Yersinia pestis pandemic, the
so-called Black Death. As our Medieval sample clearly predates the era of the Black Death,
we might expect to find allele differences between our sample and modern populations.
However, no such differences in the frequency of the derived alleles were observed (Fig. S7D,
Tables S30, S31).

The Medieval Bavarian sample also predates the earlier Justinianic Plague, an Early Medieval
Y. pestis pandemic that reached southern Germany during the 6th century (116-118). It is
possible that earlier Y. pestis epidemics were already driving the supposedly protective alleles
to higher frequencies. Several earlier plagues - potentially Y. pestis pandemics - were recorded
for the Roman Empire (e.g. 119, 120), and a recent study demonstrated the presence of Y.
pestis in human skeletons as early as the Bronze Age (121). However, such early dates are
inconsistent with the estimated date of the selective sweep.

Although many of the Bavarian individuals carry risk alleles for the above mentioned
diseases, the “hygiene hypothesis” poses that these alleles only became deleterious very
recently due to the reduction of microbial load by modern hygiene standards. Therefore, it
cannot be inferred whether any of the individuals in the sample suffered from Crohn’s disease
or not.

S18. Analysis of uniparental markers
Andreas Rott, Melanie Grof3

Mitochondrial haplogroups

Mitochondrial DNA was investigated for all individuals that were part of this study (see Table
S7). Determination of mitochondrial haplogroups (mtDNA hg) was achieved using Haplofind
(122). Mitochondrial genomes vyielded average coverages of 123.49 to 557.68x. The ancient
Bavarian individuals’ haplogroups belong to clades U4, U5a, U5b, W, X, J, I, H, HV, T1, T2,
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K, and C. These haplogroups, except for the one from the C-clade, are not uncommon among
modern central Europeans (123, 124).

Between-group comparisons were conducted for the groups “non-deformed” and “deformed”
(see SI 7 & 15). Haplotype and nucleotide diversity, as determined with Arlequin ver 3.5.2.2
(125) according to Nei (126) and Tajima (127) (Table S32), indicate a rather heterogeneous
population, which is in accordance with the assumptions made regarding composition of the
Baiuvarii Genetic distances (according to Slatkin (128)) between groups and between
Bavarian samples and other contemporary samples from eastern and southern Europe are
negligible (Table S33).

Among individuals with artificially deformed skulls we find hgs belonging to clades C4a, H5,
H7, HV9, Kla, T2b, U4a, U5a, and U5b. All of these haplogroups, with the exception of hg
C4a, appear throughout Europe at least at low frequencies. Nevertheless, U4 just like hg C
also appears in northwestern Siberia at a rather high frequency (129). Furthermore, also hgs
U5a, Ubh, T1, K, HV, and H5 appear at higher frequencies in eastern Europe and the
Caucasus (130, 131) and might therefore hint at an influx of people from eastern Europe/
Western Asia into today’s Bavaria/ central Europe. Yet, among the individuals without
artificially deformed skulls we also find hgs V, U5b, H2, H1, which might hint at an eastern
origin as today these hgs are more frequent in eastern Europe and Western Asia (123, 130-
134).

Seven Bavarian individuals with deformed skulls (out of nine; 77.8%; 95% CI: 50.6 — 100%)
exhibit hgs that are among those with a possible eastern affinity. In the non-deformed group
only eight (out of 23; 34.8%; 95% CI: 15.3 — 54.3%) exhibit hgs that appear at higher
frequencies in eastern Europe/ Western Asia than in western/ central Europe (130, 131).

In summary, the distribution of mitochondrial haplogroups would be in accordance with the
initial hypothesis that there is genetic influx from eastern regions to central Europe during the
Migration Period and that women with deformed skulls might be morphologically visible
traces of such an influx.

Mitochondrial and X-chromosome contamination estimates

Mitochondrial and X-chromosomal reads were processed as described in Sl4. The
mitochondrial contamination rate was assessed for all mitochondrial genomes using the
likelihood approach described in Fu et al. (135). The genomes exhibit potential contamination
ranging from 0.006 — 7.094% (Table S34). X-chromosomal contamination was assessed for
all male individuals for which shotgun sequencing data were available (ALH_1, FN_2;
KER_1, STR_486, and VIM_2). This was achieved using ANGSD (136). As described in the
software’s documentation, a binary count file of positions X:5000000-154900000 was
generated for every sample from which contamination was estimated using a Fisher’s Exact
Test and jackknife (“contamination.R”). The analysis was restricted to unique sites on the X-
chromosome (“RES/ChrX.unique.gz") and known HapMap polymorphic sites

("RES/HapMapChrX.gz"). Contamination as assessed from X-chromosomal DNA ranged
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from 0.1779 — 1.5904% (Table S34).

S19. Principal component analysis
Krishna Veeramah

All principal components analysis (PCA) was conducted for the ancient Bavarian samples
alongside each of the three reference dataset using smartpca (137).When analyzing the off-
target calls, individual pseudo-haploid PCAs were conducted for each ancient sample
separately using a maximum of 200,000 overlapping SNPs with the reference dataset (if more
than 200,000 SNPs were overlapping a random set was sampled), and then individual
analyses were combined using a Procrustes transformation in R using the vegan package as
described previously in (138). In addition haploid calls in the seven 5-7th century genomes
from Britain (70) were included in these analysis. We constructed three such PCA plots, one
using the POPRES reference dataset (Fig. S12), one using the HellBus, SGDP and 1000G
East Asians reference dataset (Fig. S13), and one using the HellBus, SGDP and 1000G East
Asians reference dataset minus any modern individuals of South Asian origin (Fig. S14).

When analyzing data from the 5 Mb neutral regions, as suggested in Patterson et al. for
microsatellite data (137) each distinct 1 kb haplotype from each of the ~5,000 regions was
coded as a distinct biallelic SNP allele in plink format, i.e. either an individual had two copies
of the haplotype (coded 2), one copy (coded 1) or no copies (coded 0). There were ~90,000
such haplotypes amongst the combined modern and ancient sample dataset. Unlike for the
off-target SNPs, a single diploid-based PCA was constructed using all modern and ancient
samples without the need for a procrustes transformation. However, PR_4 and STR_328 were
clear outliers in this analyses of PCs 1 and 2 (Fig. S15). As there are the two samples with the
lowest coverage and more extreme titv ratio, we concluded this was a result of poor phasing
for these samples, and they were removed from further analysis.

We then conducted three PCA analyses: a) all ancient samples as well as 1000 Genomes and
SGDP Eurasian samples (Fig. S16), b) all ancient samples as well as 1000 Genomes samples
from Europe and SGDP Western Eurasian samples (Fig. S17) and c) all ancient samples as
well as 1000 Genomes and SGDP samples from Europe (Fig. S18). Despite being constructed
using very different data types, this plots were highly concordant with the Procrustes
transformed PCAs using off-target SNPs.

S110. Model-based clustering analysis
Krishna Veeramah

Model-based clustering analysis was applied two different ways to the haplotypes from 5 Mb
region. In the first a supervised analysis was performed on the ancient samples using
ADMIXTURE (139), treating the data as in the PCA analysis with each haplotype coded as
0,1 or 2. Given our PCA results, the following reference populations were utilized: 1000
Genomes CEU, GBR, IBS, TSI, FIN, along with SAS and EAS (all South Asian and East
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Asians pooled into single populations) and GoNL. These populations were chosen as they
possessed large sample sizes (>100 individuals, and thus should provide high resolution in the
difference of haplotype frequencies, even when they are subtle). 100 independent runs were
performed for the 38 ancient samples (we excluded PR_4 and STR_328 because of their low
coverage and STR_491 because of their relatedness to STR_355). To examine consistency
across runs, we plotted the estimated admixture coefficient for each reference population
across the 100 runs. Estimates for GBR, CEU and GoNL were highly variable across runs
(Fig. S19). However, summing coefficients for these populations into a single northern/central
European provided more consistent results (Fig. S20), demonstrating the ADMIXTURE
found it difficult to assign ancestry to one of these three specific populations because of their
genetic similarity. However, in general GoNL had higher coefficients, followed by CEU and
GBR.

Estimates of EAS, SAS and to a lesser extent IBS and FIN were consistent across runs,
suggesting these results are fairly reliable. Our final plot (Fig. 2C) is based on the run with the
highest likelihood and with CEU, GBR and GoNL merged into a single population.

The same analyses was conducted on old world SGDP individuals from Europe, the
Caucasus, Central Asia, the Middle East, South Asia and East Asia in order to better
understand the expected admixture coefficients of modern samples given our approach of
eight reference populations. Only European individuals from south and southeast Europe
demonstrated TSI ancestry (Fig. S21). No modern European possessed any EAS or SAS
ancestry (making the result for AED_1108 highly unusual), except one individual from
Hungary that showed a very small East Asian component. As neither a Caucasus nor Middle
Eastern reference panel was present, all individuals from these two regions (Fig. S22 and Fig.
S23) demonstrated a very high TSI component, though the latter also had South Asian
ancestry. Central Asian individuals demonstrate a highly mixed ancestry (Fig. S24), while
East Asians (Fig. S26) and South Asians (Fig. S25) tended to derive most of their ancestry
from their respective reference populations.

In addition we performed an unsupervised analysis using the variable haplotypes only for the
38 ancient samples. Our first attempt using ADMIXTURE failed to identify consistent
clusters. However, the use of STRUCTURE (140) allowing for correlated allele frequencies
successfully identified two consistent clusters of individuals across 100 runs. When testing for
the most likely value of K across K=2-6 using both the mean probability of the data across
runs and the run with the highest probability, K=2 had a probability of 1.0 (all other K
probabilities were negligible). There was a clear correspondence between these two cluster in
our unsupervised analysis and the northern/central European and TSI clusters in the
supervised ADMIXTURE analysis (Pearson’s correlation coefficient 0.86 and 0.74, p-value
7.17 x 103, 1.05 x 10™) (Fig. S27) that is also correlated with normal versus elongated skulls
and makes up the bulk of the ancestry in that analysis. Given how diverse the rest of the
ancestry inferred from the supervised analysis was, it is perhaps unsurprising that further clear
clustering could not be identified.
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SI11. Population Assignment Analysis (PAA)
Krishna Veeramah

In order to obtain a more precise estimate of the modern population most closely resembling
our ancient samples we applied the following likelihood framework to our off-target ancient
sample data matching the HellBus reference dataset.

For every HellBus reference population, k, with at least 10 individuals and for which a
geographic latitude and longitude could be assigned we estimated for every SNP, i, the allele
frequency of an arbitrary allele (gix) for a randomly drawn set of 20 chromosomes (so sample
sizes were equal across populations). Then, for each ancient sample we determined the most
likely population of origin by estimating the log-likelihood of observing the pseudo-haploid
call, Dj, given a particular reference population for each SNP position, which is simply the log
of g for the observed allele, and summing across loci. In order to account for a reference
population being fixed for the allele not observed in a particular ancient sample (which may
happen because of either the low sample size of the reference population or a sequencing error
for the ancient sample), we allowed an 0.1% error rate, e, such that the log likelihood for each
SNP used was:

InLL(K | Di) = In[qi X (1-€)) + ((1-qi) X €)]

where qi is the frequency of the observed allele, D;. However, the results were robust to
different choices of e (both smaller and larger). The most likely reference population is shown
in Table S35.

In order to obtain an estimate of uncertainty in our most likely reference population and take
into account correlation amongst neighboring SNPs, we performed 100 bootstrap iterations,
where for each iteration we resampled with replacement 5 Mb non-overlapping windows of
SNPs from across the genome. For each bootstrap iteration we noted the reference population
with the highest likelihood using the above expression and scored the total number of times
each population obtained the highest log likelihood across the 100 iterations. We visualized
this uncertainty on a geographic map of Eurasia using a 1,000 x 1,000 rasterized grid
(longitude limits -20-140, latitude limits 30-62) using interpolation over the surface of the
grid via a thin plate spline regression with lambda set to 0.0001 based on the score for each
reference population considered using the R package fields. We performed both individual
sample interpolation, and grouped based interpolation within 5 phenotypic class (by summing
scores across individuals within a group): males with normal skulls (Fig. 4A), females with
normal skulls Fig. 4B, females with intermediate skulls (Fig. S28), females with elongated
skulls (Fig. 4C) and non-Bavarians with elongated skulls (Fig. 4D).

All males and females with normal skulls had estimated origins with north and central
Europe, apart from STR_300 and STR_502, with their most likely geographic origins being
Greece and Turkey respectively (Fig. S29).

As they demonstrated substantial heterogeneity within southeast Europe and West Asia,
individual maps for fully elongated skulls, as well as STR_310 (the only non-northern or
central European with an intermediate skull) are shown in Fig. S30.
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Finally, individual maps for our five non-Bavarian and the Anglo-Saxon samples are shown
in Figs. S31 and S32, respectively.

S112. Outlier analysis
Krishna Veeramah

Given how both diverse and low the non-European ancestry inferred from the supervised
ADMIXTURE analysis and population identity analysis was (for example only AED_1108
and VIM_2 appear to possess substantial East Asian ancestry, it is perhaps unsurprising that
further clear clustering could not be identified in the unsupervised STRUCTURE analysis).
To determine whether we could identify outliers from the ancient samples without the use of a
reference panel we conducted the following analysis on the 1 kb haplotype data for all 38
ancient samples. We first treated these 38 samples as a single population and determined for
each locus,k, the haplotype frequencies (pix,pzk..-Pik). We then determined the likelihood that
each of these 38 samples in turn belonged to this single population by estimating the
probability of observing a particular pair of haplotypes in the target individual given the
population haplotype frequencies, which is simply pi for a homozygous locus and 2pikpjk for
a heterozygote locus. Assuming each locus is independent, we then summed the log
probability across loci to determine the likelihood for the individual.

As it is not clear how to form a null hypothesis to determine whether a particular likelihood is
indicative of being an outlier or not, we also used the population haplotype frequencies to
generate 1,000 random individuals from the population and estimated their likelihood to
provide us with a null distribution to estimate an empirical probability that one our target
individual came from our overall population or not (Table S36). Based on this analysis,
VIM 2, PR_10, KER_1, AED 1108 and STR_502 are all highly significantly different from
our null distribution, and consistent with our supervised ADMIXTURE analysis that these
particular samples have a very different ancestry than the rest of the ancient individuals, who
primarily resemble modern Europeans (either NC_Europe, TSI or in the case of FN_2, IBS).

SI113. Private East Asian Haplotypes
Krishna Veeramah

In order to examine how robust the inferred East Asian ancestry observed in AED_1108 was
based on the ADMIXTURE analysis, we scored the number of 1 kb haplotypes found in the 5
Mb neutral loci found in our ancient and SGDP samples that were private to EAS individuals
from the 1000 Genomes project when compared to CEU, TSI, IBS, FIN and SAS individuals.
12,197 haplotypes were unique to EAS. VIM_2, AED_1108, PR_4, STR_328, PR_10 and
KER_1 had 14, 12, 10, 7, 7, and 6 of these haplotypes respectively, within the range found
Central Asians, and substantial more than any other Bavarian samples (Fig. S33). ALH_3 had
4 haplotypes, consistent with the very small amount of inferred EAS ancestry, STR_248 and
STR_502 had 3 haplotypes, while the remaining had 2 EAS haplotypes or less. Other than 2
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Russian samples (with 5 and 3 EAS haplotypes), no modern European samples had more than
2 EAS haplotypes either.

S114. Fs and Fst analysis
Krishna Veeramah

We took advantage of the presence of the same regions being called across all ancient samples
to calculate classic population genetic parameters, Wright’s F-statistics within population Fs
and population pairwise Fst (141). As well as the 1000 Genomes, GoNL and Turkish
populations we grouped our ancient samples into male normal skulls, female normal skulls,
female intermediate skulls and females elongated skulls (Fig. S34). While it is arguable that
these four groupings do not reflect natural randomly sampled populations for which Wright’s
parameters were originally intended for, the estimation of these parameters are still
informative with regard to the structure of these groupings. Phased 1 kb haplotypes were used
for this analysis as above. We used the Fst estimator introduced by Bhatia et al. (142) as this
has been shown to be the most robust to differences in sample size. The ratio of averages of
the numerator (variance of allele frequencies between populations) and denominator (total
variance of allele frequencies in the ancestral population) was used to combine results across
multiple loci. Standard errors and 95% CI’s were constructed by performing 100 bootstraps
for individual loci. As would be expected Fst was smallest between populations within
continents. In this regards the four ancient populations were mostly in line with Fst expected
for modern European samples compared to non-European samples (Table S37).

However, there was also clear differences when comparing the four ancient populations to
modern European populations and Turkey. Ignoring the intermediate population because of
their low sample size, both non-deformed males and females were genetically most similar to
CEU and GoNL, while the deformed female population was closest to TSI, consistent with
the substantial southern ancestry we have observed in previous analysis. They were also
noticeably closer modern Turkish populations. In addition non-deformed females were closer
to IBS, TSI and Turkey and more distant to FIN, consistent with the increased southern
European ancestry observed in STR_502 and STR_300.

Fis was calculated for each individual population (Fig. S35) using the estimator from Nei
1978 (143) that corrects for small sample size. Standard errors and 95% CI’s were constructed
by performing 1000 bootstraps for individual loci. The male non-deformed population had
levels consistent with other modern populations and with Cls that overlapped 0. The female
deformed population was amongst a set of elevated Fis estimates. While this could be the
result of inbreeding (an excess of homozygotes), the more likely explanation is that these
values reflect the increased population structure of this group with individuals having various
origins based on our other analyses. Interestingly, the female non-deformed population also
had increased F;s values. While STR_300 and STR_502 likely contribute to this result, the
values are still elevated even when these two samples are removed from the analysis (f_non-
def_rm), suggesting that the female non-deformed population is more structured than the male
population, though the 95% Cls now overlap 0.
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SI15. Inference based on the variation in allele frequency spectra
Krishna Veeramah

Constructing a joint allele frequency spectrum

In order to construct a robust allele frequency spectrum (AFS) from our medium to high
coverage Dutch genomes (for which we do not care about haplotype phase), single-sample
called vcf files for all 738 GoNL individuals (246 trios, 4 trios were corrupted during data
transfer and thus discarded) for the 5 Mb regions were grouped into trios, phased by
transmission using GATK (62) and then for each site the most likely allele from each parent
(the highest homozygous genotype likelihood) in a trio combined to create an AFS across the
5 Mb region for 246 pseudo-diploid individuals. In this way we should dramatically reduce
false negative and positives, as we do not require a heterozygote genotype quality threshold,
we only need to correctly identify one callable allele at each site in a diploid allele.

We constructed an AFS for the Medieval samples using all normal and intermediate skulled
males and females with >20x (Fig. 1B) excluding the three samples with significant non-
central/northern European ancestry (STR_310, STR_300, STR_502), giving us a total of 23
diploid individuals. For any given site we counted the reference and alternate alleles for all
genotypes with at least 20x coverage depth of coverage. We discarded sites for which at least
20 individuals did not meet this criteria.

Site with evidence of three or more different nucleotides (i.e. trinucleotide SNPs) across both
GoNL and Medieval datasets were excluded from any downstream analysis. The ancestral
state for each site were taken from the 1000 Genomes ancestral fasta sequence for GR37
(144). 0acoi’s (53) ‘Spectrum.from_data_dict’ function with a correction for ancestral state
mis-identification (145) and projecting down to 40 chromosomes (from a maximum of 46) for
the Medieval data was utilized to construct a unfolded joint 40 by 492 chromosome 2D-AFS
for further downstream analysis based on 4,100,927 sites. Projecting sample size down this
way provided the best balance of number of callable sites versus chromosome number.

Inference Procedure for dadi

We used the diffusion approximation approach of dadi (53) to fit various models of
demographic history to the 2D-AFS, assuming that the 492 GoNL samples would represent
modern central and northern Europeans, and that the 23 Medieval samples would represent
the same population 1,500 years (60 generations assuming 25 years per generation) prior. As
in recent studies that have been able to successfully fit modern European sequence data using
large sample sizes (146, 147) we applied an approach that involved only modelling very
recent European population history rather than also modelling African and Asian populations
simultaneously, with these inter-continental features accounted for via a fixed set of
parameters in our underlying model.
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In particular we attempted to fit the model of Gazave et al. (146) that included two population
bottlenecks 4,720 and 720 generations ago, followed by recent exponential growth (Fig. S36).
The free parameters in our model were as in Gao et al. (147), the effective populations size
prior to recent growth Ne_growtn, the start time of recent growth, tyouth and the current effective
population size N present. These three parameters inherently describe a per generation
exponential growth rate.

The model from Gazave was based on parameters estimated in (148), which itself assumed a
human mutation rate, x, of 2.59 x 10 per site per generation (presented in the paper as
=1.99 x 10°® when excluding CpG sites, assuming a 1.3x correction). Therefore we rescaled
all Ne and time in generation, t; parameters to & = 4Neu and time in coalescent, t; = tg/2Ne,
units respectively prior to analysis. This allowed us to infer parameters using more recent
estimates of x (1.2 x 10®), as well as ultimately estimate 4 calibrating using our ancient time
point (see below). All analyses were performed with and without transitions, the class most
prone to post-mortem damage, with 6 and u scaled assuming a titv ratio of 2.1.

As the time of the start of growth in Europe has previously been estimated to occur well
before the age of our Medieval sample (~200 generations), we limit the timing of growth to be
between the interval of the final bottleneck 720 generation ago (or equivalent coalescent
scaling of 0.031) to 60 generations ago, which we rescale as 0-1 (0O being immediately
following the bottleneck). We explore both Gyrowin/@s2 and Gpresent! Ogrowtn ON 10910 Scale.

Free parameters were fitted using the Broyden—Fletcher—Goldfarb—Shanno (BFGS) optimizer.
Because of the large size of the AFS we used a two-tier process to fit free parameters for any
given model. In an initial run we set the grid sizes for extrapolating the approximate solution
to the partial differential equation from Gutenkunst et al. (53) to 50, 60 and 70. This
optimization was performed five times from random start points in parameter space. This
allowed us to identify an appropriate start point when using a larger grid (which is much more
computationally intensive). Parameters from the run with the highest likelihood were then
used as a starting point for a final run with grid sizes of 500, 750, 1000 (i.e. a fine-tune step).
A fixed value of ¢ was utilized in all analyses when fitting the 2D-AFS, and likelihoods were
calculated using the Poisson count approach. Parameter bounds are shown in Table S38.
Confidence intervals for all parameters were estimated by applying the entire inference
framework on 100 individual bootstrapped datasets based on sampling data for individual loci
with replacement.

Usually fitting the AFS of modern populations does not depend on a specific u, as units are
estimated in units of & and t.. x is only required to convert these units into time in
years/generations and diploid population size. However, in order to include the AFS in the
inference from a past population that is separated by a specific number of years from the
present day population, the use of a specific  becomes necessary in order to convert this time
into coalescent units. Therefore, we performed our daci analysis assuming both the original
rate from Keinan et al. (148) which essentially captures the phylogenetic-based estimate of u
by Nachman and Crowell (149) of 2.5 x 108, as well as the more recent pedigree-based
estimates derived from whole genome sequencing of trios and quartets (150-152) of ~1 x 10°®
(we specifically utilize the 1.2 x 10°® estimate of Kong et al. (152)). However, the presence of
population samples from two time points and the very large samples size of the modern
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population also presents the possibility to estimate x as an additional free-parameter along
with the other demographic parameters, as the two sampled time points provide a specific per
generation interval within which a certain number of mutations must arise given the
underlying demographic model. As the addition of this extra parameter increases the
complexity of the likelihood space that must be traversed, our BFGS optimization includes
two additional pre-runs using the smaller 50, 60 and 70 grid combination in which each run is
initiated to the best parameter estimates when assuming u is fixed at 1.2 x 10® or 2.59 x 108,
as well as the original five iterations based on random draws from the space. The parameter is
explored on a log, scale.

Results

Estimates for the growth rate (2.8%) and time of growth (~3,000 years) in the European
population assuming the original phylogenetic estimate of x =~2.5 x 10® (149) were
consistent with previous estimates that utilized AFS data (146, 147, 153, 154) (Table S39).
While these it did not greatly affect the resulting demographic parameter estimates (growth
rate = 1.8% and time of growth =~5,000) years, higher log likelihoods were obtained using
the pedigree rate of x = 1.2 x 10 (152) both with and without transitions, though the time of
growth. When x was allowed to freely vary we obtained an estimate of x of 1.14 x 10 (95%
Cl: 6.51 x 10 - 1.53 x 10®) much more in line with the pedigree-based estimate. Even when
the starting u in the optimization procedure began at the higher phylogenetic rate, it tended
towards the lower rate pedigree rate. Finally, the lower pedigree rate was also obtained when
excluding transitions (i.e. potential damaged bases) 1.1 x 10 (95% CI: 4.62 x 10 - 3.46 x
10'®), albeit with wider confidence intervals that included the phylogenetic rate. Utilizing a
generation time of 30 years only moderately changes our results, with an estimate u = 1.29 x
10® and 1.34 x 10® with and without transitions respectively. Our estimates of x calibrated
using our ancient AFS are not only in line with recent pedigree-based rates, but also an
estimate (1.3 x 10°®) based on large individuals sequenced at ~200 drug metabolizing enzymes
(154), while being closer to an estimate (1.6 x 10®) calibrated using recombination rates (155)
than the phylogenetic rate.

Our best-fit parameters under this x are consistent with a recent exponential growth rate of
1.81% (95% ClI: 1.00-2.36%), with a current Ne of 1.4 million (750K-2.8 million) with growth
beginning 5.924 years ago (95% CI: 4,402-10,402) from an initial Ne of 19,694 (95% CI:
14,445-34,458). The N, at the time of sampling of the Medieval samples (1,500 years ago)
would have been ~500,000. Both the individual and 2D-AFS for our data were well fit by the
model (Figs. S37-S41), in particular when compared to a model with constant effective
population size (a difference of ~3000 log likelihood units) and even a model with no fixed
bottlenecks (a difference of ~80 log likelihood units), the latter of which had trouble fitting
the large singleton and doubleton classes of the AFS. Estimates were also highly consistent
when excluding transitions suggesting our results are fairly robust.
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S116. Comparing patterns of allele and haplotype sharing between ancient and modern
samples
Lucy van Dorp, Saioa Lopez, Garrett Hellenthal

Introduction

The aim of this section is to apply additional techniques to explore the ancestry of sampled
ancient DNA individuals in relation to modern populations. In particular, we compare
haplotype and allele sharing patterns to identify which sampled groups are most related
genetically, reflecting shared common ancestry relative to other sampled groups.

Methods

We merged our aDNA samples with modern reference panels, using three different datasets
which consider either only the high coverage neutralome or high coverage whole genome
data.

As previously described in Supplementary Section SI6, we merged our 41 ancient genomes
together with 5-7" century British genomes (70) in a modern dataset merge we name
“HellBus”. In particular we merged our aDNA samples with imputed data (as described in
Section S16) from 1,582 European and Asian individuals from Hellenthal et al. (71), 279
publicly available whole genomes from the Simons Genome Diversity Panel (68) together
with 504 East Asian genomes from the 1000 Genomes project (67). This dataset contained
8,692 neutralome SNPs. We also utilized the 1000 Genomes, SGDP, Turkish, and GoNL
dataset described in Section S16 which also considers only the neutralome but without
imputation of modern genomes. Individual 1 kb loci in this dataset were phased using the
program PHASE (20) with 1000 Genomes data used to supervise the phasing. This dataset
comprised 264 Eurasian SGDP, 16 Turkish and 100 Dutch GoNL genomes and in this section
we refer to this merge as “Phase loci”.

As discussed in Section SI5, PR_4 and STR_328 were excluded from all analyses based on
diploid calls due to their low coverage. STR_355 and STR_491 were identified as siblings but
included in the analyses presented in this section given individuals were analyzed
independently.

In addition we performed a further merge that utilized only our novel samples which were
shot-gun sampled to high coverage (>10X) as described in Section SI2. Our new aDNA
samples ALH_10, ALH_1 and FN_2 were combined with genotype data from all individuals
in Busby et al. (156) and Hellenthal et al. (71) genotyped on the Illumina Infinium series chip.
Throughout the labels used in these original publications are used to refer to modern groups.
We term this merge “HellBus_SG”, which comprised 402,586 non-missing autosomal SNPs,
across 2,457 individuals. The HellBus_SG dataset was phased using SHAPEIT v2 (157) with
build 37 genetic maps.

Inferring Allele Sharing Profiles
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We applied the CHROMOPAINTER “unlinked” model (“~u« " switch) to each of the datasets
(HellBus, Phase loci and HellBus_SG), as described in Lawson et al. (158). Briefly, this
program compares the DNA patterns in a “recipient” chromosome to that in a collection of
“donor” chromosomes. Under the “unlinked” model, CHROMOPAINTER calculates,
separately for each SNP, the probability that a “recipient” chromosome is most closely related
to a particular “donor” individual given their genotype data at that SNP. Throughout we use
modern populations as donors, while analyzing each ancient and modern individual
independently as a recipient. We note that when running CHROMOPAINTER with a modern
individual as a recipient, that modern individual was removed from the set of donors.

For each recipient r, we define y/; to be the total amount (measured in SNP count) of DNA for
which individual r is inferred to be most closely related to a donor chromosome from group d
(i.e. the “.chunkcounts.out” output from the unlinked CHROMOPAINTER model). We define
f4i to be the total proportion of DNA for which individual r is inferred to be most closely
related to a donor chromosome from group d. For the HellBus and Phase_loci datasets, y/ and
f.; are formed from genetic information exclusively across the neutralome. Here r can refer to
a single individual (e.g. for an ancient sample) or can represent an average across individuals
with the same group label (e.g. for modern groups). We let each distinct population label
represent a different donor group d, leading to D=231 total donor groups for the HellBus
dataset, D= 98 total donor groups for the Phase_loci dataset and D=161 total donor groups for
the HellBus_SG dataset.

We refer to the f] as “allele sharing profiles” and the yJ as the “unscaled allele sharing
profiles”, which can be used to assess the relative proportion or amount, respectively, of DNA
that recipient r shares with modern groups from different continental regions. Uncertainty in
these profiles was assessed by performing jack-knifing dropping one chromosome at a time
(159).

Inferring Haplotype Sharing Profiles

Additionally, for the Phase loci and HellBus_SG datasets we applied a “linked”
CHROMOPAINTER analysis that can utilize the rich information provided by considering
haplotype information (158). Under this “linked” model, CHROMOPAINTER calculates the
genome-wide amount of DNA (in cM) for which a “recipient” chromosome is most closely
related to a particular “donor” individual given their joint genotype data across all SNPs, thus
explicitly modeling linkage disequilibrium information to inform the inference. As before, we
use modern individuals as donors and modern and ancient individuals as recipients, again
excluding a modern individual as a donor when analyzing that modern individual as a
recipient. Also, as before, though now defined using “linked” CHROMOPAINTER, for each
recipient r, we define y} and f] to be the total amount (in cM) and proportion, respectively,
of DNA for which individual r is inferred to be most closely related to a donor chromosome
from group d (i.e. the “chunklengths.out” output from CHROMOPAINTER linked model).
We refer to these f; and y} under the linked model as “haplotype sharing profiles” and
“unscaled haplotype sharing profiles” respectively.
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Following Lawson et al. (158), we estimated the CHROMOPAINTER switch rate (N, “-n”
switch) and mutation rate (M, “-M” switch) on every 10" individual on chromosomes 1, 4, 15
and 22 using E-M with 10 iterations (i.e. “-i 10 -in -iM”) in the HellBus_SG dataset. We
weight-averaged these inferred values across these four chromosomes, weighting by the
number of SNPs per chromosome. This resulted in estimates of N =231.0991 and M=
0.0006024927. For the Phase_loci dataset we used default values of switch rate and mutation
rate.

Principal Components Analysis (PCA) of inferred allele sharing and haplotype sharing
profiles

We perform principal components analysis (PCA) separately on the matrices of unscaled
allele sharing and haplotype sharing profiles inferred using CHROMOPAINTER generated as
described above. PCA was implemented using the prcomp function in R.

Measuring differences in inferred allele sharing and haplotype sharing profiles (TVD)

In order to quantify differences in the inferred haplotype or allele profiles between each of the
ancient samples, including those with and without a deformed skull phenotype, we apply the
total variation distance (TVD) measure as originally applied in Leslie et al. (160). As before,
let f7 be the genome-wide proportion of DNA that recipient individual (or group) r copies
from each of donor groups d € [1,...,D]. We then calculated the TVD between any 2
recipients X and Y as:

Discussion

The PCA of our allele sharing profile (Fig. S42) demonstrates that these profiles clearly
resolve large continental groupings worldwide despite the low SNP count of the neutralome,
suggesting this dataset provides some power to resolve regional population structure. Within
our Baiuvarii samples, a subset: AED_125, STR_328 (low coverage), STR_502, AED_204
and AED_92 tend to cluster with present-day populations from the Middle East and West
Asia, whilst AED_1108 also clusters with Middle Eastern and West Asian populations but is
positioned more closely to modern populations from Central and East Asia across component
1. The majority of our other Baiuvarii samples tend to cluster more closely with modern
populations from South and North West Europe, with little resolution to distinguish these
modern groupings using this low-SNP dataset. The Crimea individual (KER_1), the
Sarmatian individuals (PR_4 and PR_10) and the Gepid individual (VIM_2) all appear
genetically distinct from the core group, though only the latter two exhibit deformed skull
phenotypes.

Consistent with Fig. S42, the largest differences we infer (highest TVD) between any 2
ancient Bavarian individuals is found when comparing AED_1108 to other individuals from
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the archeological sites of Altenerding-Klettham (AED) and Straubing-Bajuwarenstrale (STR)
(Fig. S43). However, pairwise TVD values among individuals with a deformed skull
phenotype were not notably higher or lower than the pairwise TVD values among individuals
without a deformed skull phenotype.

To explore more closely the most marked genetic differences between AED_1108 compared
to other sampled individuals, we evaluated the proportions of DNA matched to different
regional groupings of modern populations in the allele-sharing profiles inferred in the HellBus
dataset and haploptype sharing profiles inferred in the Phase_loci dataset (Figs. S44-S46). We
note that the differences we infer across ancient individuals are subtle and will be due in part
to differences in sample size of the regional groupings. We also note that there are some
inconsistencies between results for the HellBus and Phase_loci dataset likely relating to both
differences in the type of data analyzed as well as the differences in modern donor groups
present in these datasets. Therefore the inferred differences should not be interpreted as a
robust measure of the proportion of recent shared ancestry with a particular modern group.
However, given each individual is analyzed in the same way, relative patterns of donor
contributions can be informative on general trends in relatedness to modern populations.

Notably, Figs. S44-S46 highlight that the Baiuvarii individual with the largest amount of
ancestry matching to modern East Asian groups is AED 1108 across datasets. This is
consistent with this individual sharing relatively more East Asian-like ancestry compared to
our other sampled ancient individuals, and is supported by the observation that this individual
carries the derived Asian SLC24A5 haplotype (Section SI7). Interesting this is also the
individual with the strongest ‘deformed’ phenotype, Fig. 1b main text. Most of the differences
in inferred ancestry between AED 1108 and AED 1119, which is from the same
archeological site of Altenerding without a deformed phenotype, appear to relate to
differences in East Asian-like ancestry (Fig. S47). The Sarmatian individual PR_10 and
Serbian Gepid VIM_2 also carry the derived SLC24A5 haplotype and are amongst our
individuals with the highest amount of DNA matching to East Asia. Indeed, AED_1108,
PR_10 and VIM_2 are the individuals with not only the highest East Asian ancestry but also
the lowest Middle Eastern and North West European contributions. Interestingly, NW_54
from Burgweinting is amongst the individuals with the highest Central Asian ancestry,
consistent with mitochondrial data showing this individual carries a haplogroup from the C-
clade found commonly in modern-day Central Asia.

We also note that, despite not exhibiting a deformed phenotype, ALH_3 and AED_92 are
inferred to carry the derived East Asian EDAR gene, whilst all other individuals analyzed
were homozygous for the non-derived gene (Section S17). Consistently, these two individuals
are also amongst the individuals with the highest levels of allele sharing with East Asian
populations (Figs. S44-S46).

As noted, KER_1 is our most easterly sampled individual whilst also pre-dating AED_1108
and VIM_2. However, we do not detect a strong signal of East Asian ancestry in this
individual (Figs. S44-S46).
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Amongst other individuals with deformed skulls, there are a mixture of ancestries with some
(e.g. AED_513, STR_228 and AEH_1) appearing more central to eastern European, others
slightly more Central South Asian (AED_125) and others more East Asian (AED_1108). This
IS consistent with a diversity of ancestries amongst individuals adopting the same cultural
practice of skull deformation. Overall with our sample sizes, we found no evidence for a
higher amount of matching to modern East Asian groups in the 10 deformed skull individuals
relative to 29 individuals without deformed skulls when analyzing the neutralome (Wilcoxon
rank-sum test two-sided p-value = 0.84).

We also more closely considered the ancestry of those samples for which we had high
coverage shotgun data, in particular ALH_10 (12.17X), ALH_1 (13.27X) and FN_2 (11.08X),
using our HellBus_SG dataset. The high SNP overlap between these individuals and our
world-wide reference populations offers the opportunity to utilize genome-wide haplotype
information in these samples, potentially allowing more refined ancestry inference.

As before, but now using the haplotype sharing profiles we evaluated the proportion of DNA
matching to relevant regional groupings (Figs. S48-S49). In particular we considered how the
haplotype sharing patterns inferred for our two samples from Altheim (ALH_1, ALH_10)
differed from that of the Roman soldier sampled from Munich (FN_2). We find some
significant differences in regional ancestry comparing the Altheim individuals to FN2. For
example, FN2 exhibits substantially more West Asian-like ancestry than ALH_1 and ALH_10
(Fig. S48), also consistent with Fig. S44-S46, and substantially more Middle Eastern-like and
Southern European-like ancestry. Conversely ALH_1 and ALH_10 match significantly more
to modern populations from northwest and east Europe. We do not, however, always replicate
these results when analyzing the neutralome (Figs. S44-S46), especially when considering
allele-matching, perhaps illustrating the lack of precision with these techniques when
analyzing a relatively small proportion of the genome and/or ignoring haplotype information.
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SI Appendix figures

Figure S1 Grave inventory of individual Altenerding (AED) 1108. As many of the other individuals with an
artificially deformed skull, AED 1108 was buried with a (“Thuringian”) bow brooch that shows their close
connection to an East Germanic complex. © Bavarian State Archaeological Collection.
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Figure S2 Two of the finds associated with the Late Roman burial from Freiham, grave 1335. The left panel
shows the crossbow brooch (Préttel type 1) which is crucial for the individual’s dating to the 3" century AD.
The right panel shows the small bowl of type Alzey/Chenet 320 a that was recovered from the foot section of the
grave cavity. © Bavarian State Department of Monuments and Sites.
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Figure S3 Artificially deformed skull from Kerch, Crimea. As described in the text, the skull is mounted to a
wire rack and a mandible was attached to it. According to the morphological analysis by Dr. A. Staskiewicz,
doubts remain about the correct assignment of the mandible to the male skull. A petrous bone could be sampled
for both radiocarbon and ancient DNA analysis. Photo: A. Staskiewicz.
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Figure S4 Copy number of library molecules after Fill-In reaction are plotted against their corresponding
endogenous DNA content of screening libraries analyzed in this study. Samples are grouped according to their
respective sites.

o 120 A
&
| .. -
£ 100
5
8 80
c
o 60
GE,
0 T O~ AN NOMNOUWLO«~MOTSTOM -COoOWLOMNOONOO©NDO— DLW O© OO ST AN OO N «—
IN | _ |+~ MmO N — [ — LN DO N [N M © O O N — W0 O IF 10 O oot~ _|_|
rorT® |JdJev-oTrxwo TNOFT =T 0= TN dATFTANONZOON _|S T
& g Jes < 0 oz i gs g = S e I T 2 S
ryIros JorrsoxrSeoex T s orxonpy lzgrerarat e iSg
= E 00 0E S LUEfEEEEO 0l LlgEER S EFFWEL EEE<
n » oo <o onononld v ool Tonogcncs voo

Figure S5 Mean coverage for each of the 41 ancient samples at the 5 Mb capture region. Two samples in red
were excluded from any analyses utilizing diploid calls due to their lower coverage (<20X).
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Figure S6 TITV ratios at the 5 Mb capture region for heterozygous and non-reference homozygous sites with
and without a variant quality filter of 30.
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Figure S7 A & B: Distribution of eye and hair color among the different groups of individuals. Error bars
indicate 95% Cls. To calculate frequencies and 95% Cls, each individual was assigned the most likely iris and
hair color of the Hlrisplex output and the numbers of appearance of each color were determined on the group
level. C: Derived allele frequencies of rs4988235 per group of individuals. Error bars indicate 95% Cls. D:
Derived allele frequencies of rs2188962 per group of individuals. Error bars indicate 95% Cls.
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Figure S8 Frequencies (%) of rapid, intermediate, and slow acetylation phenotypes among the different groups
of individuals. Error bars indicate 95% confidence intervals. Furthermore, modern phenotype frequencies from
both the Spanish Bladder Cancer Study and for individuals of European descent from the New England Bladder
Cancer Study as published in Garcia-Closas et al. (89) are shown.
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Figure S9 Frequencies (%) of CYP2C19 phenotypes in the different groups of individuals. Error bars indicate
95% confidence intervals. Frequencies of whites of European descent were taken from Strom et al. (97).
Numbers of ultrarapid and poor metabolizers are not shown as they did not occur in the ancient samples.
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Figure S10 GRS for development of T2D according to Meigs et al. (109). Individual data points are shown for
every group, as well as the modern threshold for developing T2D of 17.7 (red line).
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Figure S11 GRS for development of T2D according to Hivert et al. (111). Individual values are shown for every
group, as well as the median value of modern individuals (red line).
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Figure S12 Procrustes transformed PCA of ancient samples against POPRES imputed SNP dataset. Percentage
of variation explained PCs 1 and 2 for modern populations only is 0.25% and 0.15% respectively. Two letter and
three codes for POPRES samples: AL=Albania, AT=Austria, BA=Bosnia-Herzegovina, BE=Belgium,
BG=Bulgaria, CH=Switzerland, CY=Cyprus, CZ=Czech Republic, DE=Germany, DK=Denmark, ES=Spain,
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RO=Romania, SM=Serbia and Montenegro, RU=Russia, Sct=Scotland, SE=Sweden, SI=Slovenia,
SK=Slovakia, TR=Turkey, UA=Ukraine. Three letter codes for SGDP samples: Ber=Bergamo, Bul=Bulgaria,
Cze=Czech Republic, Eng=England, Est=Estonia, Fre=France, Gre=Greece, Hun=Hungary, Nor=Norway,
Pol=Poland, Sar=Sardinian, Spa=Spain, Tus=Tuscan.
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Figure S13 Procrustes transformed PCA of ancient samples against HellBus imputed SNP dataset plus 1000
Genomes East Asian populations. Percentage of variation explained PCs 1 and 2 for modern populations only is
5.17% and 0.77% respectively.
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Figure S14 Procrustes transformed PCA of ancient samples against HellBus imputed SNP dataset excluding
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and 2 for modern populations only is 5.12% and 0.50%.
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Figure S15 PCA of ancient samples, 1000 Genomes European populations, GONL, SGDP West Eurasian and
Turkish genomes based on 5 Mb haplotypes.
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Figure S16 PCA of ancient samples, 1000 Genomes Eurasian populations, GoNL, SGDP Eurasian and Turkish
genomes based on 5 Mb haplotypes.
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Figure S17 PCA of ancient samples, 1000 Genomes European populations, GoNL, SGDP West Eurasian and
Turkish genomes based on 5 Mb haplotypes.
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Figure S18 PCA of ancient samples, 1000 Genomes European populations, GoNL and SGDP European
genomes based on 5 Mb haplotypes.
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Figure S20 Box plot distribution of ADMIXTURE coefficient estimates for ancient samples summed for GoNL,
CEU and GBR across 100 independent runs based on 5 Mb haplotypes.
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Figure S21 Box plot distribution of ADMIXTURE coefficient estimates for modern SGDP European samples
against each individual supervised population (GoNL, CEU, GBR, FIN, IBS, TSI, SAS and SAS) across 100

independent runs based on 5 Mb haplotypes.
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Figure S22 Box plot distribution of ADMIXTURE coefficient estimates for modern SGDP Caucasus samples
against each individual supervised population (GoNL, CEU, GBR, FIN, IBS, TSI, SAS and SAS) across 100
independent runs based on 5 Mb haplotypes.
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Figure S23 Box plot distribution of ADMIXTURE coefficient estimates for modern Middle Eastern SGDP
samples against each individual supervised population (GoNL, CEU, GBR, FIN, IBS, TSI, SAS and SAS) across
100 independent runs based on 5 Mb haplotypes.
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Figure S24 Box plot distribution of ADMIXTURE coefficient estimates for modern SGDP Central Asian
samples against each individual supervised population (GoNL, CEU, GBR, FIN, IBS, TSI, SAS and SAS) across
100 independent runs based on 5 Mb haplotypes.
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Figure S25 Box plot distribution of ADMIXTURE coefficient estimates for modern SGDP South Asian samples
against each individual supervised population (GoNL, CEU, GBR, FIN, IBS, TSI, SAS and SAS) across 100
independent runs based on 5 Mb haplotypes.
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Figure S26 Box plot distribution of ADMIXTURE coefficient estimates for modern SGDP East Asian samples
against each individual supervised population (GoNL, CEU, GBR, FIN, IBS, TSI, SAS and SAS) across 100

independent runs based on 5 Mb haplotypes.
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Figure S28 Geographic distribution of population similarity analysis for grouped Bavarian samples with
intermediate heads.
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Figure S29 Geographic distribution of population similarity analysis for individual Bavarian samples with
normal head and non-central European median location.
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Figure S32 Geographic distribution of population similarity analysis for individual Anglo-Saxon ancient

samples.
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Figure S33 Boxplot showing number of private haplotypes for individual 1k loci from the 5 Mb neutralome in
the 1000 Genomes East Asian populations for ancient samples and SGDP samples grouped by modern region.
Ancient Bavarian samples are either grouped together (all males and females with normal skulls) or shown
individually (all females with elongated skulls, red labelling, and non-Bavarian ancient samples, purple
labelling). Order is sorted by point estimate of median for groups of individuals.
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Figure S34 Pairwise Fst estimates for haplotype data at the 5 Mb region for Medieval populations against each
of the 1000 Genome European populations as well at the Dutch and Turkish samples.
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Figure S36 Demographic model of European populations under recent exponential growth. Blue line represent
portion of model fixed based on previous estimates of Gazave et al.. Fixed parameters are represented by three
numbers, top: units of 6 and time in coalescent, t,, middle: assuming p =2.59 x 10°®, bottom: assuming p =1.2 x
10°®. Green line represents portion of model fit in this study using dadi using a 2D-AFS. Years were based on
assuming a generation time of 25 years. Figure not to scale.
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Figure S37 Top - AFS of Medieval Bavarian genomes (blue) and best fit model (red), Bottom -residual
difference between model and data.
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Figure S38 Top - AFS of modern Dutch (GoNL) genomes (blue) and best fit model (red), Bottom -residual
difference between model and data.
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Figure S39 Top - AFS of modern Dutch (GoNL) genomes (blue) for the first 50 frequency classes and best fit
model (red), Bottom -residual difference between model and data.
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with those individuals exhibiting a deformed phenotype depicted with a triangle. (a) provides a zoomed insert of
(b) as highlighted in the grey box.
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Figure S43 (top) PCA of the inferred allele sharing profiles for ancient samples based on the HellBus dataset.
Individuals are colored according to culture with those with a deformed skull phenotype plotted with triangular
symbols (bottom) Heatmap providing the pairwise inferred TVD between each of the ancient samples, excluding
those from Schiffels et al. (70), based on the allele sharing profiles inferred using the HellBus dataset.
Individuals are ordered according to their gender and skull phenotype.
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Figure S44 Proportion of regional ancestry (y-axis) assigned to each ancient sample (x-axis) in the allele-sharing

profiles using the HellBus dataset. Regions are grouped according to the clusters inferred in Hellenthal et al. (71)

and provided at top-left with the colored points as in Fig. S42 and symbols as in Fig. S43. Ancient samples are

ordered according to the inferred proportion for each set of donor contributions with individuals with deformed
skulls are highlighted with a triangle. Female individuals with a deformed skull are depicted in dark green. Error

bars give the standard error after jack-knife resampling dropping one chromosome at a time.

82


https://paperpile.com/c/Gfcnrc/4yxB9

© male:non-deform

A male:deform

® female:non-deform
female:deform ‘

0.200

0.198

Proportion E.Asian

0.196

0.194
|
_e_
+
oo

Or-rOOoOOCO~NMOMNTOMNO-NOLrFO-—TONMNULOOTANNDOWLWLMONODON
O_ON— | |[mOUuOoOATOOoOn 0~ MrTOo00_ |SONMm_~0O |
OTANOOTZD | IF_INAA~rorSs_ [FOO-rAADTANS~T | I-S
o == == = o S e O B A b P V' Rt —
CICCrrg OSSCESICIOXyCCJOrr _ ICorgOro oo >
[l el vl WSO S WETEE<WEEOELE WEWo ~ g 0

n nnnn < 0 ONTgn On <mm£m<m <m<£ %

Figure S45 Proportion of East Asian ancestry based on allele-sharing profiles inferred for the HellBus dataset.
The axis at left provides the proportion of East Asian ancestry where East Asian includes contributions from:
Ami, Atayal, Beijing_Han_Chinese, Cambodian, Chinese_Dai, Dai, Daur, Han, Hezhen, Japan, Japanese, Kinh,
Korean, Kyrgyz, Lahu, Miao, Mongola, Naxi, Orogen, She, Southern_Han_Chinese, Tu, Tujia, Uygur, Vietnam,
Xibo, and Yi (as also provided in Fig. S44). Ancient samples are ordered according to the inferred proportion for
each dataset with individuals with deformed skulls highlighted with a triangle. Female individuals with a
deformed skull are colored green. As in Fig. S44, error bars give the standard error after jack-knife resampling
dropping one chromosome at a time.
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Figure S46 Proportion of regional ancestry (y-axis) assigned to each ancient sample (x-axis) in the haplotype
sharing profiles using the Phase loci dataset. Regions are grouped according to the clusters inferred

Hellenthal et al. (71) and provided at top-left with the colored points as in Fig. S42 and symbols as in Fig. S43.
Ancient samples are ordered according to the inferred proportion for each set of donor contributions with
individuals with deformed skulls are highlighted with a triangle. Female individuals with a deformed skull are
depicted in dark green. Error bars give the standard error after jack-knife resampling dropping one chromosome

at a time.
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Figure S47 Difference in CHROMOPAINTER inferred allele-sharing profiles for pairwise comparison of
AED_1108 (red triangle - strong deformed phenotype) and AED_1119 (blue triangle - non-deformed phenotype)
for the HellBus dataset. The size and color of the depicted circles corresponds to the degree of difference
between the two samples being compared (so for example a higher relative proportion of matching in AED_1108
is indicated with darker red as given in the scale at bottom-left).
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Figure S48 Proportion of regional ancestry (y-axis) assigned to each ancient sample (x-axis) based on the
haplotype-sharing profiles using the HellBus_SG dataset. Regions are grouped according to the clusters inferred
in Hellenthal et al. (71) and provided at top-left with the colored points as in Fig. S42. Error bars give the
standard error after jack-knife resampling dropping one chromosome at a time.
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Figure S49 Difference in CHROMOPAINTER inferred haplotype-sharing profiles for pairwise comparison of
Altheim individuals ALH_1 and ALH_10 with the Roman individual FN_2 based on the HellBus_SG dataset
painting profiles. The size and color of the depicted circles corresponds to the degree of difference between the
two samples being compared as given in the scale at top-right.
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Figure S50 Artificial skull deformation in Africa and Eurasia until 500 AD. The first appearances (turquoise) span an area from Tanzania up to Turkmenistan and the Crimean

Peninsula. Around the beginning of the first millennium AD (purple) cranial deformation was practiced both in Central Asia and in the Caucasus. After that, some finds are
unsharply dated to the first half of the first millennium AD (light blue) while others are dated between 0 and 400 AD (dark blue). Beginning in 400 AD artificial skull
deformation shifts south into the Northern Caucasus (yellow). In central Europe the earliest crania with artificial deformation appear since 200 AD (orange), while most of the
sites harboring artificially deformed skulls set in since 300 AD (light red). The distribution in the time between 0 and 500 AD (light blue and dark blue) looks like some sort of
bifurcation, however, this could mainly be an artifact as basically all of Kazakhstan is spared which might be related to the current state of research there. Burial sites spanning
two “time periods” were always included in the era when they set in. As for few burial sites the numbers of artificially deformed were unsharply defined as “several” and
“numerous”, approximate numbers were given to these sites after comparison to terms used for burial sites where clear numbers were given (“several” =~ 10; “numerous” = 50),
locations without any definition of the quantity of artificially deformed skulls were included with count 1. Furthermore, the extents of Fig. S49 (black frame) and Fig. S50 (red
frame) are indicated. Dating and determination of skull deformation is based on information given in the literature, which were not re-evalutated. Sources for artificially deformed
skulls: Alt (161), Batieva (162), Bernstam (163), Dubova (164), Ginzburg & Zirov (9), Hotz (165), Kiszely (166), Sellenk (167), Wagner (168), Werner (36). Map created with
ArcMap 10.5.
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Figure S51 Artificial skull deformation in eastern and central Europe. Earliest appearances of artificially deformed skulls are mainly located at the river Don (dark blue, see also
Fig. S50). After the inroad of the Huns to that area, the appearance of artificially deformed skulls shifts towards the Caucasus Mountains (yellow). In Western Europe, only very
few deformed skulls appear before the 4™ century AD (orange), while the custom rises in appearance beginning in the 4™ century AD (light red). Burial sites spanning two “time
periods” were always included in the era when they set in. As for few burial sites the numbers of artificially deformed were unsharply defined as “several” and “numerous”,
approximate numbers were given to these sites after comparison to terms used for burial sites where clear numbers were given (“several” = 10; “numerous” = 50), locations
without any definition of the quantity of artificially deformed skulls were included with count 1. Dating and determination of skull deformation is based on information given in
the literature, which were not re-evalutated. Sources for artificially deformed skulls: Alt (161), Batieva (162), Bernitam (163), Dubova (164), Ginzburg & Zirov (9), Hotz (165),

Kiszely (166), Sellenk (167), Wagner (168), Werner (36). Map created with ArcMap 10.5.
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Figure S52 Appearances of artificially deformed skulls in central and western Europe. The time of the greatest distribution of this custom in Europe starts in the 5" century AD
(red). While some of these sites also contain skulls dating to later centuries, the number of new sites with artificially deformed skulls decreases beginning in the 6" century AD
(yellow and purple). Burial sites spanning two “time periods” were always included in the era when they set in. As for few burial sites the numbers of artificially deformed were
unsharply defined as “several” and “numerous”, approximate numbers were given to these sites after comparison to terms used for burial sites where clear numbers were given
(“several” = 10; “numerous” =~ 50), locations without any definition of the quantity of artificially deformed skulls were included with count 1. Dating and determination of skull
deformation is based on information given in the literature, which were not re-evalutated. Sources for artificially deformed skulls: Alt (161), Batieva (162), Bernstam (163),
Dubova (164), Ginzburg & Zirov (9), Hotz (165), Kiszely (166), Sellenk (167), Wagner (168), Werner (36). Map created with ArcMap 10.5.
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Figure S53 Distribution of female, male and subadult individuals with artificially deformed crania in central Europe. The map shows all sites in the time frame 400 — 500 AD
(see Fig. S52) from which at least 2 individuals with artificially deformed skulls could be recovered. While, except for a few sites at France’s eastern border, in Western Europe
mainly adult female individuals exhibit artificially deformed skulls, the proportion of male and subadult individuals showing this modification increases in the more eastern sites
in and around Hungary. Dating and determination of skull deformation is based on information given in the literature, which were not re-evalutated. Sources for artificially
deformed skulls: Alt (161), Batieva (162), Bernitam (163), Dubova (164), Ginzburg & Zirov (9), Hotz (165), Kiszely (166), Sellenk (167), Wagner (168), Werner (36). Map
created with ArcMap 10.5.
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S| Appendix tables

Table S1 Overview of the samples of the present study. The table lists the site, grave and sample number as well as the basic morphological data (sex, age at death, status of skull
deformation) for each individual. Furthermore an overview of the grave goods is given and, where possible a “cultural label” is assigned to each individual. Datings of the
samples are either based on archaeological dating (AD) or on *“C dating (cal AD). *information only given for skulls that were formerly discussed to be deformed, individuals

without information show no skull deformation (7); °**C dates taken from Trautmann et al. (7); M=male, F=female.

site grave | sample no. | sex | age-at- | artificially Grave good Cultural label of 14C- Dating according to
no. death | deformed * bow-brooches date® | grave finds and «C
dates®
Straubing- 2 bow brooches, 2 eagle
Bajuwarenstralle 220 STR_220 F 30-50 | intermediate brooches, beads, chatelaine ostrogothic 480-530 AD
Straubing- 1606 +
Bajuwarenstrafle 228 STR_228 F 30-50 | deformed disturbed grave 23 382 — 546 cal AD
Straubing-
Bajuwarenstralle 241 STR 241 | M 50-60 belt, bag? 480 - 510 AD
Straubing- 2 S-shaped brooches,
Bajuwarenstralie 248 STR_248 F 40-60 chatelaine, beads 530 — 560 AD
2 brooches, 2 bird brooches, 2
Straubing- earrings, needle, beads,
Bajuwarenstralie 266 STR_266 F 20-30 chatelaine ostrogothic 510 - 530 AD
Straubing-
Bajuwarenstralie 300 STR_300 F 40-60 2 bow brooches, chatelaine alamannic-frankish 510 - 530 AD
Straubing-
Bajuwarenstrafle 310 STR_310 F 60+ intermediate 2 bow brooches nordic type 510 — 530 AD
Straubing-
Bajuwarenstrafle 316 STR 316 | M 40-60 belt, bag, vessel 480 - 510 AD
350 — 367 cal. AD
380 — 432 cal. AD
Straubing- 1635+ | 491 -530cal. AD
Bajuwarenstralle 328 STR_328 F 40-60 | deformed 2 bow brooches ostrogothic 19 480 - 510 AD
2 bow brooches, 2 bird
Straubing- brooches, needle, chatelaine, Alamannic-
Bajuwarenstrafle 355 STR_355 F 30-50 | intermediate beads Frankish 510 — 530 AD
Straubing- 360 STR_360 F 50-60 | intermediate 2 bow brooches, 1 bird Alamannic - 510 — 530 AD

96



https://paperpile.com/c/Gfcnrc/EXdJ
https://paperpile.com/c/Gfcnrc/EXdJ

Bajuwarenstralle brooch, beads, chatelaine Frankish

Straubing-

Bajuwarenstralie 393 STR_393 40-55 spatha 460 — 530 AD

Straubing- 2 S-shaped brooches,

Bajuwarenstrafle 480 STR_480 60+ chatelaine, beads 510 — 530 AD

Straubing-

Bajuwarenstrafle 486 STR_486 60+ spatha, seax, belt, bag 460 — 530 AD

Straubing-

Bajuwarenstralie 491 STR_491 60+ intermediate spatha, lance, belt, bag 510 — 530 AD
430 — 492 cal AD

Straubing- 2 earrings, beads, spindle 1492 + | 530 - 647 cal AD

Bajuwarenstralie 502 STR_502 60+ not deformed whorl 24 580 — 620 AD
348 — 368 cal AD

Straubing- 2 bow brooches , 2 bird 1625+ | 380 —538 cal AD

Bajuwarenstralie 535 STR_535 50-60 | deformed brooches, chatelaine, beads nordic type 19 510 — 530 AD

Altenerding- spatha, seax, lance, shield,

Klettham 92 AED_92 20-30 belt, bag 480 -510 AD

Altenerding-

Klettham 106 AED_106 60+ spatha, belt, bag, vessel, glass 480 - 510 AD

Altenerding- 1636 + | 338 —475 cal AD

Klettham 125 AED_125 40-60 | deformed no grave goods 20 485 — 535 cal AD

Altenerding- 2 bird brooches, beads,

Klettham 204 AED_204 60+ chatelaine 480 - 510 AD

Altenerding-

Klettham 249 AED_249 40-55 belt, bag, arrowheads 460 - 510 AD

Altenerding- disturbed grave;

Klettham 432 AED 432 60+ not deformed 1 S-shaped brooch 480 - 530 AD
261 - 279 cal AD
326 — 475 cal AD

Altenerding- 1649 + | 485535 cal AD

Klettham 513 AED 513 30-50 | deformed spindle whorl, belt 23 480 - 510 AD
355 — 365 cal AD
381 -433 cal AD

Altenerding- 1 bow brooch, chatelaine, 1601 + | 489 —532 cal AD

Klettham 1108 | AED_1108 60+ deformed comb Thuringian 19 460 — 510 AD

disturbed grave;
Altenerding- 1 bow brooch, chatelaine, Alamannic-
Klettham 1119 | AED_1119 30-45 beads Frankish 510 — 530 AD
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Altenerding- 2 bird brooches, chatelaine,

Klettham 1135 | AED 1135 | F 30-50 | not deformed beads 480 - 530 AD
1619+ | 387 — 475 cal AD
Altheim 55 ALH 10 F 30-50 no grave goods 22 485 — 535 cal AD
1651 +
Altheim 73 ALH_2 F 40-55 | not deformed disturbed grave 40 260 — 535 cal AD
1631+ | 356 —535 cal. AD
Altheim 74 ALH_3 F 30-50 disturbed grave 19 480 - 510 AD
Altheim 84 ALH_1 M 50-60 disturbed grave Non-datebable
1616 + | 349 — 368 cal AD
Barbing-Irimauth 33 BIM_33 F 30-50 | deformed no grave goods attributable 23 380 — 542 cal AD
Barbing-Irimauth 37 BIM_37 M 60+ spatha, belt, bag 580 — 620 AD

346 — 370 cal AD
377 —430 cal AD
1639 = | 492 — 529 cal AD

Alteglofsheim 145 AEH_1 F 30-50 | deformed 1 bow brooch, bracelet Ostrogothic 20 480 - 510 AD
Burgweinting — 1624 +

Nord-West 1 10254 NW_54 F 38-45 | deformed 1 Pelta brooch 20 388 — 532 cal AD
Burgweinting — 2 silver-gilt bow brooches, 2 Alamannic- 1594 +

Nord-West 11 10255 NW 255 F 45-60 bird brooches Frankish 23 417 - 536 cal AD
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Table S2 Results of quality assessment with shallow MiSeq sequencing and quantitative real-time PCR of
library fill-in products (mD5 = deamination rate of first position at 5' molecule end, C/T).

skull unique library endogenous DNA content | aligned reads

sample ¥ deformation molecules [%] Mkdup mD5
AED_106 | m | non-def 1.06x10° 66.51 255372 0.28
AED_1108 | f def 1.73x10¢ 62.52 143822 0.22
AED_1119 | f non-def 1.62x10° 58.7 576008 0.26
AED 1135 | f non-def 5.68x10¢ 55.72 438996 0.29
AED_125 | f def 2.30x10° 21.65 152871 0.30
AED_204 | f non-def 1.84x10° 31.84 259558 0.23
AED_249 m non-def 4.57x10¢ 63.14 301736 0.26
AED_432 | f non-def 2.89x10° 60.04 242187 0.30
AED_513 f def 4.17x10° 69.57 269402 0.19
AED_92 m | non-def 1.49x10° 57.06 460128 0.28
AEH_|I f def 1.02x10° 27.78 85444 0.27
Alh_1 f non-def 1.79x10° 42.29 497240 0.28
Alh_10 m non-def 1.59x10° 70.63 311719 0.24
Alh_2 f non-def 4.38x10° 13.19 80909 0.13
Alh_3 f non-def 6.11x10° 58.28 308223 0.14
BIM_33 f def 3.49x10¢ 72.64 369168 0.21
BIM_37 m | non-def 2.38x10¢ 41.45 389009 0.21
NW_255 f non-def 3.03x10 67.34 431987 0.30
NW_54 f def 5.35x10° 15.65 67865 0.35
STR_220 f interm. 1.26x10¢ 66.75 223146 0.21
STR_228 f def 4.71x10° 67.86 445253 0.29
STR_241 m non-def 2.39x10° 28.58 119490 0.23
STR_248 f non-def 2.78x10° 304 215236 0.23
STR_266 f non-def 4.56x10° 27.66 164990 0.24
STR_300 f non-def 2.69x10° 40.64 233026 0.30
STR_310 f interm. 4.34x10° 67.49 270427 0.25
STR_316 m non-def 3.69x10¢ 69.29 253100 0.22
STR_328 f def 6.61x10° 66.5 345320 0.23
STR_355 f interm. 2.61x10° 63.97 227284 0.09
STR_360 f interm. 1.31x10° 20.93 79885 0.22
STR_393 m non-def 5.88x10° 35.46 277044 0.30
STR_480 f non-def 3.21x10¢ 69.12 247233 0.19
STR_486 m non-def 2.01x10° 30.22 227868 0.24
STR_491 m interm. 5.33x10° 15.63 64224 0.25
STR_502 f non-def 3.06x10¢ 4551 170147 0.33
STR_535 f def 2.57x10° 71.67 230403 0.22
FN_2 m non-def 4.72x10° 52.37 399463 0.29
KER_I m def 2.30x10¢ 66.15 258420 0.22
Vim_2 m def 1.82x10° 66.79 420021 0.22
PR_10 m non-def 7.54x10° 16.1 113769 0.08
PR_4 m non-def 1.03x10¢ 1041 68161 0.12
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Table S3 Overview of libraries that were produced per sample. Library code: S = screened library; mt = library
also used for mitochondrial capture, USER = library treated with USER enzyme. PCR cycles: Taq PCR/
Herculase PCR/ Reamplification with Herculase. For nuclear capture all libraries were used.

Sample Extraction Code | Libraries produced PCR cycles
AED_92 B_EX_ 4.2 LMe6_2° 10/14/0
LBC8_1™ LBC8_2™ LBC8_3 10/12/0
LBC18_1,LBC18_2™ LBC18 3™ LBC18_4 16/0/0
AED_106 | B_EX 6_4 LM7_3%™ LBC10_10™, LBC10_11™, LBC10_12, LBC15_10, LBC15_11™ 10/12/0
AED_125 | B_EX_4_10 LM6_9° 10/14/0
LBC8_4, LBC8 5™, LBC8 6™ 10/12/0
LBC18 5, LBC18_6™, LBC18 7™ LBC18_8 16/0/0
AED_204 | B_EX_5_10 LM5_10%™, LBC9_7™, LBC9_9™ 10/12/0
LBC9_8™ 10/12/6
AED 249 | B_EX 6.5 LM7_45™ LBC15_5™, LBC15 6™ 10/12/0
LBC10_13, LBC10_14™ LBC10_15 10/12/10
AED 432 | B_EX 6.2 LM7_115™ 10/14/0
LBC11_6, LBC11_7™ LBC11_8™ LBC16_12YSER™ | BC16_13YSERm 10/12/0
AED 513 | B_EX 6_3 LM7_25m 10/14/0
LBC10_4™ 10/12/0
LBC10_5™, LBC10_6™ 10/12/6
AED_ 1108 | B_EX 59 LM5_9° 10/14/0
AED_1108 | B_EX_7_1 Lmsg_15m 10/14/0
LBC12_7,LBC12 8™ LBC12 9™ 10/12/5
LBC17_12™ 10/12/0
AED 1119 | B_EX 4 11 LMe6_105™ 10/12/0
LBC14_1™ 10/12/4
AED 1119 | B_.EX 8.6 LBC14 2™, LBC14 3™ 10/12/4
LBC20_1, LBC20_2 16/0/0
AED_1135 | B_.EX 5.5 LM5_55m 10/14/0
LBC9_4™ LBC9 5", LBC9_6™' 10/12/4
AEH_I B_EX 52 LM5_25m 10/12/0
LBC9 1™ LBC9 2™ LBC9 3™ 10/12/5
ALH_1 EX_4 LM4 25 LBC4 1,LBC4 2, LBC4 3,LC3 1,LC3 2,LC3 3 10/9/0
ALH_2 EX_2 LM2_75™ LBC5_1™ LBC6_1™, LBC6_2™, LBC7_1™ LBC7_2™ 10/9/0
ALH_3 EX_1 LM1_4%™ LBC5_3, LBC5_4™, LBC6_6, LBC7_3™, LBC7_4™ 10/9/0
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ALH_10 EX_4 LM4_5° 10/9/0
LBC4_7,LBC4 8 12/8/0

LC3_7,LC3_8,LC3 9,LC3_10 10/9/0

BIM_33 B_EX_6_8 LM7_75™ LBC15_4 10/12/0
LBC10_7™, LBC10_8, LBC10_9™ LBC15_3™ 10/12/8

BIM_37 B_EX_ 4 4 LM6_45™ 10/14/0
LBC14_13™ 10/12/5

B_EX 8.3 LBC14_14™ 10/12/5
LBC14_15™ 10/12/0

FN_2 B_EX_5_12 LM5_12%, LBC8_7 10/9/0
LBC8_8, LBC8_9, LBC8_10, LBC8_11, LBC8_12 10/12/0

KER_1 B_EX 6.6 LM7_55™ 10/14/0
LBC11_1™ LBC11_2 10/12/6

B_EX 8.9 LBC11_12 10/12/6
LBC16_10™ LBC16_11' 10/12/0

LBC17_8™ 16/0/0

NW_54 B_EX 6.7 LM7_65™ LBC10_1™, LBC10_2™, LBC10_3™ 10/12/0
NW_255 B_EX 82 LBC11_155™ 10/12/0
LBC17_4™, LBC17_5™ LBC17_6™, LBC18_11, LBC18_12 16/0/0

PR_4 Ex18 LBC15_15 10/12/5
LBC16_1, LBC16_2, LBC16_3, LBC16_4 10/12/6

Ex11 LBC17_15 16/0/6

PR_10 Ex18 LBC16_5, LBC16_6 10/12/6
Ex12 LBC16_7,LBC16_8 10/12/6

STR_220 B EX 69 LM7_gs™ 10/14/0
LBC13_ 4™, LBC13_5, LBC13 6™ 10/12/8

LBC17_13™ 16/0/0

STR_228 B_EX 4 14 LM6_125™ |BC15_7™, LBC15_8 10/12/0
B_EX 8 8 LBC12 4™, LBC12 5™ LBC12_6 10/12/0

STR_241 B EX 79 LM8_95™ LBC14 4™ LBC14 5™, LBC14_6™ 10/12/0
STR_248 B_EX 5_1 LM5_15™ LBC9_10, LBC9_11™ LBC9_12™, LBC16_9™ 10/12/0
STR_266 B_EX_4_13 LM6_115™ LBC12_10™ LBC15 9™ 10/12/0
B_EX_8_7 LBC12 11, LBC12 12™ 10/12/0

STR_300 B EX 4.7 LM6_6°™ LBC14_10, LBC14_11™, LBC14_12™ LBC16_14"R LBC16_15Y*™ | 10/12/0
STR_310 B_EX 6_10 LM7_g5™ 10/14/0
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LBC12_13™ 10/12/8
LBC12_14, LBC12_15™ LBC15_12, LBC15_14™ 10/12/0
LBC15_13 10/12/5
STR 316 | B_EX_7_10 LM8_10° 10/12/0
LBC14_7™ LBC14 8™ LBC14 9™ 10/12/8
LBC17_14™ 16/0/0
STR 328 | B_LEX 7.3 LM8_35™ 10/14/0
LBC13_7™ LBC13_8™ LBC13_9™ 10/12/8
LBC17_16 16/0/0
STR 355 | B_LEX 58 LM5_8g® 10/9/0
STR 355 | B_EX 7 11 LM8_115™ | BC13_1™ LBC13 2™ LBC13 3™ 10/12/0
STR 360 | B.EX 7.4 LM8_45™ | BC13_13™ LBC13_14™ LBC13 15™ 10/12/0
STR 393 | BLEX 5 4 LM5_45m 10/14/0
LM8_12, LM8_13™ 10/9/5
LBC15_1, LBC15_2™ 10/12/5
LBC17_7™ 16/0/0
STR 480 | B_EX_ 7.8 LMs_gsm 10/14/0
LBC11_9, LBC11_10™ LBC11_11™ 10/12/0
LBC17_11™ 16/0/0
STR 486 | B_EX 5 3 LM5_35™ LBC9_13™, LBC9_14™, LBCY_15™ 10/12/0
STR 491 | B.LEX 7.6 LM8_65™ LBC12_ 1™, LBC12 2™, LBC12_3™ 10/12/0
STR 502 | B_LEX 7.2 LMsg_25m 10/14/0
LBC13_10™, LBC13 11™, LBC13_12™ 10/12/0
STR 535 | B_EX 7.7 LMs_75m 10/14/0
LBC11_3™ LBC11 4™ LBC11 5 10/12/0
LBC17_9, LBC17_10™ 16/0/0
VIM_2 EX_4 LM4_75™ LBC4 4, LBC4 5, LBC4 6™, LC3 4™ LC3 5™ LC3 6 10/9/0
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Table S4 Overview of pooling and sequencing strategy for nuclear capture and shotgun sequencing. NE =
nuclear enrichment; PE = paired end; SE = single end; all nuclear enrichment products are sequenced with 100
bp and PE mode.

sample n libraries pooled starting quantity seg. mode n libraries pooled for seg. mode
for NE NE (ng) NE shotgun seq. shotgun

AED_106 6 978.51 HS - -

AED 1108 | 5 924.30 HS - -

AED_1119 | 6 853.70 RM - -

AED 1135 | 4 1014.20 HS - -

AED_ 125 5 915.20 HS - -

AED_204 4 900.00 HS - -

AED_249 6 1708.00 HS - -

AED_432 6 923.10 HS - -

AED 513 4 871.80 HS - -

AED 92 5 797.54 HS - -

AEH_| 4 1058.30 HS - -

ALH_10 7 2173.00 RM 2 HS 100 bp PE
ALH_1 6 1494.00 RM 2 HS 100 bp PE
ALH 2 6 767.18 HS - -

ALH 3 6 1474.72 RM - -

BIM_33 6 1422.42 HS - -

BIM_37 4 964.60 HS - -

FN 2 6 1187.25 RM 6 HS 100 bp PE
KER_1 7 852.03 HS 7 HS 100 bp SE
NW 255 6 1077.95 HS - -

NW _54 4 1590.00 HS 4 HS 100 bp SE
PR_10 4 709.00 HS - -

PR 4 6 1288.75 RM - -

STR_220 5 994.83 HS 5 HS 100 bp SE
STR_228 6 1604.20 HS - -

STR_241 4 950.00 HS - -

STR_248 5 1008.00 HS - -

STR_266 5 1023.15 HS - -

STR 300 6 1950.00 HS 6 HS 100 bp SE
STR 310 7 886.10 HS 7 HS 100 bp SE
STR_316 5 862.65 RM - -

STR_328 5 520.33 HS - -

STR 355 4 810.80 HS 4 -

STR 360 4 1471.50 HS - -

STR 393 6 1413.80 HS - -

STR_480 5 670.75 HS - -

STR_486 4 898.50 HS 4 HS 100 bp SE
STR 491 4 943.75 HS - -

STR 502 4 953.80 HS - -

STR_535 6 800.50 HS - -

VIM_2 6 1672.30 RM 6 HS 100 bp SE
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Table S5 Summary of number and percentage of 1 kb loci and total bp count and total target percentage where a
100 bp or 50 bp target sequence aligns to an alternative region of the genome with an alignment score reaching
at least a certain % of the alignment score for the true position.

100 bp region | >70% >80% >90%

Total loci 194 100 35

% of loci 4.14% 2.13% 0.75%

Total bp count | 83,809 | 40,854 | 6,522

% bp count 1.79% 0.87% 0.14%

50 bp region | >70% >80% >90%

Total loci 895 581 251

% of loci 19.10% | 12.40% | 5.36%

Total bp count | 186,036 | 122,883 | 57,138

% bp count 3.97% 2.62% 1.22%
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Table S6 Overview of the sequencing results. Given are the number of raw reads, aligned reads after duplicate

removal and filtering for proper-pairs (MkdupFULLpp), and the sequencing method (Cap = capture, Shot =

shotgun, PE = paired end, SE = single end). Furthermore average sequencing depth (Av.depth) with standard
deviation (stdv.) is calculated including mtGenome, the number of bases covered (Bases covered) and the
percentage covered (Coverage [%]) are shown both for the Capture regions and the whole genome (Hg19). For
Samples with available WGS and capture data these statistics are calculated for merged BAM-files.

Capture regions Hg19

Reads Cap/ Bases Cov. Bases Cov.

Sample raw MkdupFULLpp| Shot Av.depth| stdv covered [%0] Av.depth| stdv covered [%0]
Cap

AED_106 104212408 10458190 PE 72.63| 31.52 4907350 99.84 2.32 7.39 459732085 14.85
Cap

AED_1108| 113534672 8982907| PE 33.23] 1451 4894117 99.58 1.96 3.65 462614282 14.94
Cap

AED_1119 88512400 8388113 PE 92.44] 47.04 4895932 99.61 3.13] 12.65 254696370 8.23
Cap

AED_1135 98361148 10824787| PE 61.6 31.8 4897467 99.64 2.49 6.9 437081179 14.12
Cap

AED_125 110811420 4762635| PE 38.4| 26.95 4854267 98.76 2.73 7.91 133234560 43
Cap

AED_204 79717468 10604895| PE 109.24| 71.05 4890234 99.5 2.86] 12.98 386147806 12.47
Cap

AED_249 115229492 12192831| PE 103.16| 51.59 4907430 99.85 27| 1073 457239608 14.77
Cap

AED_432 99599846 8563133| PE 66.52| 35.67 4890905 99.51 2.45 8.68 291710240 9.42
Cap

AED_513 86634502 7993500 PE 42,71 18.28 4893723 99.57 1.94 4.71 404173044 13.06
Cap

AED_92 106989782 9737385| PE 79.47| 5381 4891001 99.51 2.87| 11.43 284752124 9.2
Cap

AEH_I 104045520 8226930| PE 42.95| 23.92 4886291 99.42 2.1 5.52 386147806 12.47
Cap
63540778 165882072 PE
Shot

Alh_10 869005670 143966599 PE 145.6| 83.48 4905167 99.8 12.17| 10.79 2653997341 85.73
Cap
115255770 173032798 PE
Shot

Alh_1 502612874 145655720 PE 148.12| 66.49 4914469 99.99 13.27| 10.81 2645754801 85.47
Cap

Alh_2 88999638 3782115| PE 20.45 8.35 4895521 99.6 2.28 3.32 215823622 6.97
Cap

Alh_3 151874886 20412034| PE 61.72 322 4889728 99.49 3.79 5.3 1108608771 35.81
Cap

BIM_33 114245484 9979595| PE 62.68| 27.22 4897088 99.64 2.16 6.57 437576306 14.13
Cap

BIM_37 116847674 6898036 PE 29.83| 11.27 4905709 99.81 1.88 3.59 347767347 11.23
Cap
100423988 166625673 PE
Shot

FN_2 661497130 153139685 PE 12295 64.19 4914426 99.99 11.08 9.24 2621363406 84.68
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Cap

88745526 23290846| PE
Shot

KER_I 26290049 17686401 SE 19.22 9.82 4890773 99.51 2.36 2.08 1139501652 36.81
Cap

NW_255 112035972 13417629 PE 92.87| 49.46 4898283 99.66 2.8 9.76 479526058 15.49
Cap
108407546 11896192 PE
Shot

NW_54 36991270 5869938| SE 50.01| 27.79 4890107 99.49 2.26 5.26 555771265 17.95
Cap

PR_10 114870126 5974673| PE 29.08 9.7 4907878 99.86 2.53 3.79 361354505 11.67
Cap

PR_4 88230506 2728956| PE 13.38 5.79 4897770 99.65 2.56 2.79 176526733 5.7
Cap
117926744 22728574 PE
Shot

STR_220 15654924 10662652 SE 51.69| 19.26 4900994 99.72 2.96 4.09 1224068654 39.54
Cap

STR_228 125186938 14550582 PE 80.36| 37.17 4899080 99.68 2.44 7.19 649084478 20.97
Cap

STR_241 87373228 8208222 PE 90.9| 43.67 4910541 99.91 3.35 12.6 250288449 8.08
Cap

STR_248 101333860 12245470 PE 146.08 74.92 4902501 99.75 3.6] 17.05 354547567 11.45
Cap

STR_266 65456960 7023738| PE 102.95| 55.73 4897418 99.64 4271 17.35 168056318 5.43
Cap
95746172 25565967 PE
Shot

STR_300 31517778 13577549 SE 13543 85.17 4900894 99.71 3.55| 11.01 960184340 31.02
Cap
97301284 32277898| PE
Shot

STR_310 32048462 21626267 SE 38.06| 15.65 4898384 99.66 3.7 3.48 1581991988 51.1
Cap

STR_316 103800972 10378302 PE 47.38| 20.08 4906211 99.82 2.2 4.76 523470757 16.9
Cap

STR_328 101455199 12242555 PE 16.23 7.69 4871783 99.12 1.96 1.96 699788757 22.6
Cap
110261624 30311257| PE
Shot

STR_355 28479585 19251247 SE 104.34| 48.73 4901126 99.72 3.33 6.99 1385950767 44.77
Cap

STR_360 96803297 6232900 PE 69.53| 31.94 4895387 99.6 3.09 10.9 182921705 5.91
Cap

STR_393 106633500 7593951| PE 55.07| 27.69 4907706 99.85 2.53 7.38 285908772 9.24
Cap

STR_480 96617542 10368056| PE 57.58| 23.42 4899089 99.68 2.15 5.62 526352689 17
Cap
108822884 18700690 PE
Shot

STR_486 20670362 6964981| SE 99.29] 51.81 4911259 99.92 2.79 8.05 864902028 27.94
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Cap

STR_491 75860290 4633068| PE 57.41| 33.35 4897344 99.64 3521 1171 116059302 3.75
Cap

STR_502 103782545 5043188 PE 23.85 11.6 4875952 99.21 2.05 3.84 206428437 6.67
Cap

STR_535 92309750 12613019| PE 126.81| 65.47 4902940 99.75 3.01| 13.39 439297888 14.19
Cap
85102788 24873215| PE
Shot

Vim_2 16692542 11182639| SE 146.55| 77.05 4909035 99.88 3.69| 10.46 1122639173 36.26
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Table S7 Overview of the results of the mitochondrial captures. The table shows the number of raw reads, and
aligned reads after duplicate removal (Mkdup). The numbers of positions of rCRS that could not be covered are
given as well as average coverage depth (Av.depth) with standard deviation (stdv.), average read length
(Av.length), and deamination rate (mD5) at the 5’ end of the molecules (C>T). Furthermore the mitochondrial
haplogroup (Hg) as determined with Haplofind (122) is presented for every sample. *mD5 value very low due to
USER treatment of libraries.

Sample Raw reads Mkdup | Not covered | Av.depth | stdv. | Av.length | mD5 | Hg
AED_92 783869 54621 |0 380.15 73.58 | 115.32 0.26 | Uda
AED_106 | 427042 28648 |0 23241 29.47 | 134.54 021 |V3
AED_125 713424 52848 0 341.24 63.85 | 107 0.26 Kla
AED_204 | 453877 29951 |0 247.91 34.32 | 137.29 0.20 | X2b
AED_249 807922 31854 0 263.83 23.14 | 137.24 0.21 T2cldla
AED_432 843872 55187 0 384.73 61.63 | 115.53 0.15 H1lhl
AED_513 | 515293 28706 | 0 234.28 28.82 | 135.36 0.20 | H7a
AED_1108 | 590764 27291 0 214.59 29.44 | 130.41 0.24 Uda2a
AED_1119 | 654199 30625 0 255.74 30.25 | 138.49 0.20 Wlela
AED_1135 | 431310 28675 | 0O 228.33 33.68 | 132.06 0.26 | H60a
AEH_|I 925952 46783 0 322.38 52.77 | 114.19 0.26 H5
ALH_1 extracted from shotgun | 39011 105 196.55 92.16 | 83.48 0.32 | J2a2b
ALH_2 793978 31641 0 252.11 19.70 | 132.03 0.22 H2a2al
ALH_3 626400 31782 0 279.12 22.35 | 145.52 0.16 H2a2b
ALH_10 extracted from shotgun | 30461 148 160.80 76.85 | 87.46 0.30 11
BIM_33 288980 24076 0 189.41 38.42 | 130.49 0.24 USb1b
BIM_37 310033 23935 0 183.41 34.02 | 127.08 0.22 T2b16
FN_2 extracted from shotgun | 37086 63 169.61 84.09 | 75.78 035 | H3
KER_1 280050 18809 |0 123.39 29.83 | 108.79 0.24 | HV9a
NW_54 433135 26196 |0 198.90 36.41 | 125.93 0.32 | Cdala
NW_255 600149 30100 0 238.12 30.55 | 131.19 0.28 H18b
STR_220 388191 27877 0 229.69 30.19 | 136.65 0.23 U5hb2b
STR_228 529897 29346 0 242.38 28.80 | 136.97 0.25 T2b21
STR_241 288920 26989 0 220.45 36.94 | 135.47 0.21 H1
STR_248 501335 29822 0 251.39 30.92 | 139.81 0.20 H11la2
STR_266 646073 76859 0 557.68 86.43 | 120.23 0.26 Jics
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STR_300 646822 30950 235.89 27.60 | 126.4 0.09* | J1c10
STR_310 642024 29719 232.36 19.08 | 129.55 0.24 | HY
STR_316 767155 31331 244.16 20.09 | 129.13 022 | H3
STR_328 508046 27351 192.33 22.97 | 116.52 0.26 | U5alh
STR_355 722970 32215 257.87 19.71 | 132.64 022 | T2b
STR_360 612490 29716 226.47 24.93 | 126.29 0.23 | H5
STR_393 836998 53281 395.41 52.85 | 122.97 0.26 | H5al
STR_480 714467 30790 255.82 23.01 | 137.67 0.21 | Jlc2o
STR_486 747838 50819 399.05 60.18 | 130.11 024 | T2b
STR_491 561070 30011 234.94 26.87 | 129.72 0.23 | T2b
STR_502 605930 31131 212.69 21.27 | 113.21 031 | T1
STR_535 467471 27313 224.42 31.26 | 136.28 0.23 | HV9
VIM_2 849940 32620 283.19 18.88 | 143.86 020 | H7
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Table S8 Results of Hlrisplex analysis for all individuals subjected to nuclear target enrichment.

Sample blue eye intermediate eye brown eye blonde hair brown hair red hair black hair light hair dark hair

P AUC loss | P AUC loss | P AUC loss | P AUC loss | P AUC loss AUC loss | P AUC loss | P AUC loss | P AUC loss
AED 92 |0.917 0.000 | 0.052 0.000 | 0.031 0.000 | 0.671 0.003 | 0.163 0.003 0.163 0.000 | 0.003 0.004 | 0.997 0.004 | 0.003 0.004
AED_106 |0.863 0.002 | 0.079 0.009 | 0.058 0.005 | 0.690 0.007 | 0.269 0.006 0.012 0.008 | 0.030 0.008 | 0.948 0.006 | 0.052 0.006
AED_125 |0.052 0.000]0.116 0.000 | 0.832 0.000 | 0.265 0.003 | 0.623 0.003 0.004 0.000 | 0.107 0.004 | 0.707 0.004 | 0.293 0.004
AED_204 |0.936 0.000 | 0.043 0.000 | 0.021 0.000 | 0.666 0.006 | 0.281 0.003 0.032 0.008 | 0.021 0.005 | 0.955 0.004 | 0.045 0.004
AED 249 |0.936 0.0000.043 0.000 | 0.021 0.000 | 0.686 0.004 | 0.279 0.005 0.003 0.001 | 0.032 0.006 | 0.946 0.005 | 0.054 0.005
AED 432 |0.963 0.002 | 0.026 0.009 | 0.010 0.005 | 0.663 0.007 | 0.307 0.004 0.010 0.007 | 0.021 0.006 | 0.977 0.005 | 0.023 0.005
AED 513 |0.144 0.003]0.171 0.016 | 0.686 0.007 | 0.206 0.056 | 0.574 0.053 0.003 0.010 | 0.217 0.019 | 0.500 0.036 | 0.500 0.036
AED_1108 | 0.001 0.000 | 0.018 0.000 | 0.981 0.000 | 0.102 0.006 | 0.636 0.003 0.001 0.008 | 0.262 0.005 | 0.213 0.004 | 0.787 0.004
AED_11190.937 0.002 | 0.042 0.009 | 0.020 0.005 | 0.753 0.005 | 0.205 0.004 0.003 | 7.728E-05 | 0.038 0.009 | 0.956 0.006 | 0.044 0.006
AED_11350.014 0.0000.051 0.000 | 0.935 0.000 | 0.151 0.003 | 0.491 0.003 0.002 0.000 | 0.356 0.004 | 0.295 0.004 | 0.705 0.004
AEH_| 0.143 0.000 | 0.155 0.000 | 0.702 0.000 | 0.449 0.006 | 0.410 0.003 0.001 0.008 | 0.140 0.005 | 0.752 0.004 | 0.248 0.004
ALH 1 0.143 0.000 ] 0.155 0.000 | 0.702 0.000 | 0.466 0.003 | 0.406 0.003 0.059 0.000 | 0.069 0.004 | 0.858 0.004 | 0.142 0.004
ALH_2 0.858 0.000 | 0.081 0.000 | 0.061 0.000 | 0.161 0.026 | 0.175 0.017 0.658 0.085 | 0.006 0.019 | 0.954 0.011 | 0.046 0.011
ALH_3 0.924 0.010 | 0.057 0.029 | 0.019 0.005 | 0.392 0.004 | 0.455 0.004 0.005 0.000 | 0.147 0.005 | 0.765 0.005 | 0.235 0.005
ALH_10 |0.075 0.000 | 0.136 0.000 | 0.788 0.000|0.319 0.003 | 0.543 0.003 0.001 0.000 | 0.136 0.004 | 0.638 0.004 | 0.362 0.004
BIM_33 0.893 0.002 | 0.067 0.009 | 0.040 0.005 | 0.687 0.012 | 0.275 0.010 0.005 0.010 | 0.034 0.011/0.944 0.006 | 0.056 0.006
BIM_37 |0.958 0.002 | 0.030 0.003 | 0.013 0.001 | 0.754 0.003|0.214 0.003 0.006 0.000 | 0.027 0.004 | 0.961 0.004 | 0.039 0.004
FN_2 0.052 0.000 ] 0.116 0.000 | 0.832 0.000 | 0.340 0.005 | 0.538 0.005 0.006 | 5.983E-05 | 0.117 0.008 | 0.656 0.005 | 0.344 0.005
KER_1 0.014 0.0000.051 0.000 | 0.935 0.000 | 0.144 0.003 | 0.527 0.003 0.001 0.000 | 0.328 0.004 | 0.300 0.004 | 0.700 0.004
NW_54 0.052 0.000 | 0.116 0.000 | 0.832 0.000 | 0.389 0.003 | 0.493 0.003 0.003 0.000 | 0.115 0.004 | 0.806 0.004 | 0.194 0.004
NW_255a |0.963 0.002 | 0.026 0.009 | 0.010 0.005 | 0.799 0.005 | 0.155 0.004 0.010 -0.001 | 0.036 0.006 | 0.961 0.005 | 0.039 0.005
PR_4 0.297 0.002]0.175 0.009 | 0.528 0.005 | 0.455 0.027 | 0.394 0.023 0.018 0.078{0.133 0.016 | 0.771 0.013]0.229 0.013
PR_10 0.919 0.002 | 0.051 0.009 | 0.030 0.005 | 0.631 0.011 | 0.306 0.006 0.008 0.009 | 0.055 0.010 | 0.905 0.006 | 0.095 0.006
STR_220 |0.919 0.002 | 0.051 0.009 | 0.030 0.005 | 0.655 0.009 | 0.316 0.005 0.011 0.008 | 0.018 0.009 | 0.958 0.007 | 0.042 0.007
STR_228 |0.937 0.002 | 0.042 0.009 | 0.020 0.005 | 0.792 0.007 | 0.175 0.005 0.004 0.007 | 0.029 0.008 | 0.968 0.006 | 0.032 0.006
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STR_241 |0.891 0.000 | 0.068 0.000 | 0.041 0.000 | 0.706 0.003 | 0.245 0.003 0.013 0.000 | 0.036 0.004 | 0.961 0.004 | 0.039 0.004
STR_248 |0.951 0.000 | 0.035 0.000 | 0.014 0.000 | 0.586 0.003 | 0.322 0.003 0.003 0.000 | 0.088 0.004 | 0.855 0.004 | 0.145 0.004
STR_266 |0.851 0.005 | 0.081 0.018 | 0.068 0.008 | 0.532 0.008 | 0.201 0.005 0.261 0.008 | 0.005 0.007 | 0.991 0.005 | 0.009 0.005
STR_300 |0.003 0.000 | 0.054 0.000 | 0.943 0.000 | 0.036 0.003 | 0.610 0.003 0.001 0.000 | 0.353 0.004 | 0.106 0.004 | 0.894 0.004
STR_310 |0.069 0.002 | 0.136 0.009 | 0.795 0.005 | 0.492 0.009 | 0.381 0.005 0.113 0.010 | 0.015 0.007 | 0.972 0.007 | 0.028 0.007
STR_316 |0.953 0.002 | 0.032 0.009 | 0.015 0.0050.783 0.011]0.186 0.006 0.004 0.009 | 0.027 0.007]0.969 0.005]0.031 0.005
STR_328 |0.165 0.019 | 0.157 0.048 | 0.678 0.017| NA 0.052| NA 0.045 NA 0.255| NA 0.050 | 0.538 0.030 | 0.462 0.030
STR_355 |0.917 0.000 | 0.052 0.000 ] 0.031 0.000 | 0.687 0.003 ] 0.253 0.003 0.016 0.000 | 0.044 0.004|0.931 0.004 | 0.069 0.004
STR_360 |0.910 0.002 | 0.068 0.009 | 0.022 0.005 | 0.354 0.026 | 0.496 0.020 0.074 0.079 ] 0.075 0.012 | 0.799 0.010 | 0.201 0.010
STR_393 |0.917 0.000 | 0.052 0.000 ] 0.031 0.000 | 0.655 0.024 ] 0.246 0.022 0.006 0.084 | 0.092 0.012]0.901 0.009 | 0.099 0.009
STR_480 |0.858 0.000 | 0.081 0.000 | 0.061 0.000 | 0.743 0.007 | 0.223 0.004 0.003 0.009 | 0.030 0.006 | 0.961 0.005 | 0.039 0.005
STR_486 | 0.001 0.000 | 0.019 0.000 | 0.981 0.000 | 0.018 0.003 | 0.229 0.003 | 6.577E-05 0.000 | 0.753 0.004 | 0.029 0.004 | 0.971 0.004
STR_491 |0.851 0.005|0.081 0.018 | 0.068 0.008 | 0.629 0.037]0.309 0.036 0.046 0.079]0.015 0.024 1 0.969 0.020]0.031 0.020
STR_502 | 0.003 0.005 | 0.095 0.018 | 0.902 0.008 | 0.004 0.024 | 0.431 0.027 0.000 0.017 ] 0.565 0.025 | 0.007 0.018 | 0.993 0.018
STR_535 |0.087 0.000|0.192 0.000]0.721 0.000 | 0.162 0.003 ] 0.635 0.003 0.088 0.000|0.116 0.004 | 0.559 0.004 | 0.441 0.004
VIM_2 0.001 0.002 | 0.017 0.011 | 0.983 0.003 | 0.049 0.013 | 0.269 0.013 0.000 0.004 ] 0.682 0.016 | 0.086 0.016 | 0.914 0.016
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Table S9 Frequencies (%) of eye and hair colors in the respective groupings of the ancient Bavarian individuals.
95% Cls are given in brackets.

Group blue eyes brown eyes blonde hair brown hair black hair red hair
(%) (%) (%) (%) (%) (%)

Deformed 222 77.8 375 62.5 0 0
(0-49.3) (50.6-100) (4.0-71.1) (29.0-96.1)

Non- 82.6 17.4 73.9 17.4 4.35 4.35

Deformed (67.1-98.1) (1.9-32.9) (56.0-91.9) (1.9-32.9) (0-12.7) (0-12.7)

Male 77.8 22.2 88.9 0 0 11.1
(50.6-100) (0-49.4) (68.4-100) (0-31.6)

Female 53.8 46.2 52.0 40.0 4.0 4.0
(34.7-73.0) (27.0-65.3) (32.4-71.6) (20.8-59.2) (0-11.7) (0-11.7)

Table S10 Markers applied for prediction of skin color
individuals subjected to nuclear target enrichment.

(17)

and genotypes for EDAR (rs3827760) for all

ol N D N
(3] N~ o] < (2] — D o
@ (2] (2] (2] L ™ ~ n o
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@ 7 7 2 4% @ ] @ ]
Gene HERC2 [ OCA2 | SLC45A2 | MCI1R | SLC24A5 | SLC24A4 | ASIP | IRF4 EDAR
Ancestral/
Derived AIG AIT CIG G/A G/A GIT G/IC | CIT AIG
non- light-
AED_92 GIG A/A G/IG GIG A/A GIT C/IC |CIC |dark medium AIG
non- light-
AED_106 GIG AIA GIG - AIA GIG C/IC |CI/IC |[dark medium A/A
non- light-
AED_125 AIG A/A G/IG GIG A/A GIG C/IC |CIC |dark medium AJA
non- light-
AED_204 GIG AIA GIG GIG AIA GIT C/IC |CI/IC |dark medium A/A
non- light-
AED_249 GIG A/A G/IG GIG A/A GIT C/IC |CIC |dark medium AJA
non- light-
AED_432 GIG AIA GIG GIG AIA TIT C/IC |CI/IC |[dark medium -
non- light-
AED_513 AIG AIA GIG - AIA GIT cic |- dark medium A/A
AED_1108 A/A AIT GIG GIG AIG GIT C/C | C/C | inconclusive -
non- light-
AED_1119 GIG AIA GIG GIG AIA GIT C/IC | CIC | dark medium A/A
AED_1135 AIG AIA CIG GIG AIA GIG C/C | C/C | inconclusive -
non- light-
AED_204 GIG AIA GIG GIG AIA GIT C/IC | CI/IC | dark medium A/A
non- light-
AEH_I AIG AIA GIG GIG AIA GIT C/IC |CIC |dark medium A/A
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non- light-

ALH_1 AIG AIA GIG GIG AIA GIT C/IC |CI/C |dark medium A/A
non- light-

ALH_2 GIG AIA G/G GIG AIA GIG C/IC |CI/C |dark medium AIA
non- light-

ALH_3 GIG AIA G/G - AIA - C/IC | CIT |dark medium AIG
non- light-

ALH_10 AIG AIA G/G GIG AIA GIG C/IC |CI/C |dark medium AIA
non- light-

BIM_33 GIG AIT GIG GIG AIA GIG C/IC |CIC |dark medium A/A
non- light-

BIM_37 GIG AIA G/G GIG AIA TIT C/IC | CI/C |dark medium AIA
non- light-

FN_2 AIG AIA G/IG GIG AIA GIG C/IC |CIC |dark medium AIA

KER_1 AIG A/A CIG GIG A/A GIG C/IC | CI/C | inconclusive -
non- light-

NW_54 AIG AIA G/IG GIG AIA GIG C/IC | CIC |dark medium AIA
non- light-

NW_255 GIG AIA GIG GIG A/A TIT C/IC | CIC | dark medium A/A
non- light-

PR_4 AIG AIA G/G - AIA TIT - C/C | dark medium -
non- light-

PR_10 GIG AIA GIG GIG AIG GIT C/IC | CIC | dark medium A/A
non- light-

STR_220 GIG AIA G/IG GIG AIA GIT C/IC |CIC |dark medium AIA
non- light-

STR_228 GIG AT GIG GIG A/A GIT C/IG | CIC | dark medium AIA
non- light-

STR_241 GIG A/A G/IG GIG A/A GIG C/IC |CIC |dark medium AJA
non- light-

STR_248 GIG A/A G/IG AIG A/A GIT C/IC |CIC |dark medium AIA
non- light-

STR_266 GIG A/A - GIG A/A GIG C/IC |CIC |dark medium AJA
non- light-

STR_300 A/A AIA GIG GIG A/A TIT C/IC | CIT |dark medium A/A
non- light-

STR_310 AIG A/A G/IG GIG A/A GIG C/IC |CIC |dark medium AJA
non- light-

STR_316 GIG AIA GIG GIG A/A TIT - C/C | dark medium A/A

STR_328 AIG AT - - AIA - C/IC | CIC | inconclusive -
non- light-

STR_355 GIG AIA GIG GIG AIA GIT C/IC |CI/C | dark medium A/A
non- light-

STR_360 GIG AIA GIG GIG AIA GIG C/IC | CIT |dark medium A/A
non- light-

STR_393 GIG AIA GIG AIA AIA GIT C/C |CI/IC |dark medium A/A
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non- light-

STR_480 GIG AIT GIG GIG AIA GIG C/IC |CI/C |dark medium A/A

STR_486 AJIA AIA CIG AIG AIA GIT C/IC | CIC | inconclusive -
non- light-

STR_491 GIG AIA - - AIA GIG - C/C | dark medium AIA
non- light-

STR_502 A/A AIA - - A/A GIG C/IC | T/IT |dark medium A/A
non- light-

STR_535 AIG AIA GIG GIG AIA GIG C/IC | CIT |[dark medium A/A

VIM_2 A/A AT - - AIG GIT C/IC | CIC | inconclusive -
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Table S11 Results of determination of SLC24A5 haplotypes following the approaches by Canfield et al. (78) and Giardina et al. (81). Haplotypes marked with “?” are not
completely secure.

rs1834640
rs2675345
rs2469592
rs2470101
rs938505
rs2433354
rs2459391
rs2433356
rs2675347
rs2675348
rs1426654
rs2470102
rs16960631
rs2675349
rs3817315
rs7163587
rs16960620
rs2555364
rs1426654

SNP

(9]
(9]
9]
e)
—
(9]
>
o
o
o
o
>
o
—
—
>
9}
(9]

Ancestral |G

Derived A |A |A |T T |C |A |G |A A A |A G |A |C C | Haplotype | G G |A Haplotype

AED 92 |A/JA|AJA|A/A|TIT |CIC|CIC|AIA|GIG|AIA |AIA|AIAAIA [AIA |- C/IC | CIC Ci11 A/A | G/G | A/A| Hol/Ho2/Hol
AED_106 |A/A|A/A|A/A|TIT |CIC|CIC|AIA|GIG|AA |AIA|AA|AIA |A/A]- C/IC |CIC Cl11 A/A | G/G | A/A | Hol/Ho2/Hol
AED_125 |AJA|A/A|AJA|TIT |CIC|CIC|AIA|GIG|AA |AIA|AAAIA [AIA|- C/IC |CIC Ci11 A/A | G/G | A/A| Hol/Ho2/Hol
AED_204 |A/A|AJA|A/A|TIT |CIC|CIC|AIA|GIG|AA |AIA|AA|AIA |AA]- C/IC |CIC Cl11 A/A | G/G | A/A | Hol/Ho2/Hol
AED_249 |AJA|A/A|AJA|TIT |CIC|CIC|AIA|GIG|AA |AIA|AIAIAIA [AIA|- C/IC |CIC Cl1 A/A | G/G | A/A| Hol/Ho2/Hol
AED 432 |A/JA|AJA|AJA|TIT |CIC|CIC|AIA|GIG|AIA |AIA|AIATAIA [AIA|- C/IC | CIC Cl11 A/A | G/G | A/A| Hol/Ho2/Hol
AED 513 |A/A|A/A|AJA|TIT |CIC|CIC|AIA|GIG|AA |AIA|AAAA [AA|- C/IC |CIC Cl11 A/A | GIG | A/IA| Hol/Ho2/Hol
AED_1108 | A/G |A/IG |A/A|T/IT |CIC|CIC|AIA|GIG |- AIA |AG | - AIA| - C/C |C/IC| C11/C9 |AJA |GIG|A/G| Hol/Ho2/He
AED_1119 | AIG |AIA|A/JA|TIT |CIC|CIC|A/A|GIG|AA |AIA|AAAIA [AA|- C/IC |CIC Cl1 A/A | GIG | A/IA| Hol/Ho2/Hol
AED_1135 | AJA|AJA|AJA|TIT |CIC|CIC|AIA|GIG|AIA |AIA|AIATAIA [AIA |- C/IC | CIC Cl11 A/A | G/G | A/A| Hol/Ho2/Hol
AED 204 |A/A|A/A|AJA|TIT |CIC|CIC|AIA|GIG|AA |AA|AAAA [AA|- C/IC |CIC Cl1 A/A | GIG | A/IA| Hol/Ho2/Hol
AEH_I AIA|AIA|A/A|TIT |CIC|CIC|AIA|GIG|AIA |AIA|AIA|AIA |AIA]- C/IC |CIC Cl1 A/A | GIG | A/IA| Hol/Ho2/Hol

ALH_1 A/A|AIA|A/A|TIT |CIC|CIC|AIA|GIG|AIA |AIA|AIA|AIA |AIA|AIA|CIC |CIC Cl1 A/A | G/G | A/A| Hol/Ho2/Hol

ALH_2 A/A|AIA|A/A|TIT |CIC|CIC|AIA|GIG|AIA |AIA|AIA|AIA |AIA|A/IA|CIC |CIC Cl1 A/A | GIG | A/A| Hol/Ho2/Hol

ALH_3 A/ATAIA|A/A|TIT |CIC|CIC|AIA|GIG|AIA |AIA|AIAIAIA |AA]- C/IC | CIC Cl1 (A/A) | GIG | A/A | Ho1?/Ho2/Hol
ALH_ 10 |A/A|A/A|AJA|TIT |CIC|CIC|AIA|GIG|AA |AIA|AAIAA [AIA|A/A|CIC |CIC Cl1 A/A | GIG | A/A| Hol/Ho2/Hol
BIM_33 A/A|AIA|A/A|TIT |CIC|CIC|AIA|GIG|AIA |AIA|AIA|AIA |AA]- C/IC |CIC Cl1 A/A | G/G | A/A| Hol/Ho2/Hol
BIM_37 A/AIAIA|A/A|TIT |CIC|CIC|AIA|GIG|AIA |AIA|AIAIAIA |AA]- C/IC | CIC Cl1 A/A | G/G | A/IA| Hol/Ho2/Hol
FN_2 A/A|AIA|A/A|TIT |CIC|CIC|AIA|GIG|AIA |AIA|AIA|AIA |AIA|A/IA|CIC |CIC Cl1 A/A | G/IG | A/IA| Hol/Ho2/Hol
KER_1 AIA|A/A|AIA|TIT |CIC|CIC|A/A|GIG|A/A |AIA|AIAIAIA |AIA |- C/C |CIC Cl1 A/A | G/G | A/A | Hol/Ho2/Hol

NW_54 A/AAIA|AIA|TIT |CIC|CIC|AA|GIG|AIA |AIA|AIAIAA |AA - C/IC |CIC Cl1 A/A | G/G | A/IA| Hol/Ho2/Hol
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NW_255 |A/JA[A/A|A/A|TIT |CIC|CIC|A/A|GIG|AIA |AIA|AATAIA [AA|- C/IC |CIC Cl1 A/A | G/G | A/A| Hol/Ho2/Hol
PR_4 AIA|A/A|AIA|TIT |CIC|CIC|AIA|GIG|A/A |AIA|AIAIAIA |AIA |- C/IC |CIC Cl1 A/A | G/G | A/A | Hol/Ho2/Hol
PR_10 A/A|AIG|AIG|C/IC*|CIT |CIT |AIG| - - A/IG|AIG|AIG |AA]- C/IC*|CIT| C11/C3? |A/A |C/G|A/G| Hol/He/He
STR_ 220 |A/A|A/A|A/A|TI/T |CIC|CIC|A/A|GIG|A/A |AIA|AIA|AIA |AIA |- C/IC |CIC Cl1 A/A | G/IG | A/A | Hol/Ho2/Hol
STR_ 228 |A/A|A/A|A/A|TIT |CIC|CIC|AIA|GIG|AIA |AIA|AIA|AIA |AIA]- C/IC |CIC Cl11 A/A | G/G | A/A| Hol/Ho2/Hol
STR_241 |A/A|A/A|A/A|TIT |CIC|CIC|AIA|GIG|AIA |AIA|AIAIA/A |AIA|AIA|CIC |CIC Cl1 A/A | G/G | A/A| Hol/Ho2/Hol
STR_ 248 |A/IA|A/A|A/A|TI/IT |CIC|CIC|A/A|GIG|A/A |AIA|AIA|AIA |AIA |- C/IC |CIC Cl11 A/A | G/G | A/A | Hol/Ho2/Hol
STR_266 |A/A|A/A|A/A|TIT |CIC|CIC|AIA|GIG|AIA |AIA|AIAIAIA |AA]- C/IC Cl1 A/A | G/G | A/A| Hol/Ho2/Hol
STR_300 |A/A|A/A|A/A|TIT |CIC|CIC|A/A|GIG|A/A |AIA|AIA[AIA |AIA |- C/IC |CIC Cl11 A/A | G/G | A/A | Hol/Ho2/Hol
STR_310 |A/A|A/A|A/A|TIT |CIC|CIC|AIA|GIG|AIA |AIA|AIAIAIA |AA]- C/IC |CIC Cl1 A/A | G/G | A/A| Hol/Ho2/Hol
STR 316 |A/A|A/A|A/A|T/T |CIC|CIC|AIA|GIG |- AIA |AIATAIA |AIA |- C/IC |CIC Cl1 A/A | G/G | A/A | Hol/Ho2/Hol
STR 328 |A/A|A/A|A/A|T/T |CIC|CIC|A/A]- - AIAAIA|AIA |AIA |- C/C |CIC Cl11 A/A | G/G | A/A | Hol/Ho2/Hol
STR_355 |A/A|A/A|A/A|TIT |CIC|CIC|AIA|GIG|AIA |AIA|AIATAIA |AIA]- C/IC | CIC Cl1 A/A | G/G | A/A| Hol/Ho2/Hol
STR_360 |A/A|A/A|A/A|TIT |CIC|CIC|AIA|GIG|AIA |AIA|AIAIAIA |AIA]- C/IC |CIC Cl11 A/A | GIG | A/IA| Hol/Ho2/Hol
STR_393 |A/A|A/A|A/A|TIT |CIC|CIC|AIA|GIG|AIA |AIA|AIATAIA |AA]- C/IC | CIC Cl1 A/A | G/G | A/A| Hol/Ho2/Hol
STR_480 |A/A|A/A|A/A|TIT |CIC|CIC|AIA|GIG]|- AIATAIA|AIA |AIA] - C/IC |CIC Cl1 A/A | GIG | A/IA| Hol/Ho2/Hol
STR_486 |A/A|A/A|A/A|TIT |CIC|CIC|AIA|GIG|AIA |AIA|AIAIAIA |AIA]- C/IC |CIC Cl1 A/A | G/G | A/A| Hol/Ho2/Hol
STR_491 |A/A|A/A|A/A|TIT |CIC|CIC|AIA]- A/A |AIA|AIATAIA |AIA]- C/IC | CIC Cl1 A/A | G/G | A/A| Hol/Ho2/Hol
STR 502 |A/A|AIA|A/A|TIT |CIC|CIC|AIA|GIG]|- AIATAIATAIA |AIA| - C/IC |CIC Cl11 A/A | GIG | A/A| Hol/Ho2/Hol
STR 535 |A/A|A/A|A/A|TIT |CIC|CIC|AIA|GIG|AIA |AIA|AIAIAIA |AIA|AIA|CIC |CIC Cl1 A/A | G/G | A/A| Hol/Ho2/Hol
VIM_2 AIG|AIG|A/A|TIT |CIC|CIT|AIA|GIG|AIA* | AIG|AIG|GIG* |AIG | - CIT _|CI/C| c11/C7? |AIA |C/IG|A/G| Hol/He/He
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Table S12 Determination of OCA-HERC haplotypes according to the approach by Eiberg et al. (85) and the blue eye haplotypes (BEH) following Donnelly et al. (82).
Haplotypes marked with “? are not completely secure.

BEH1 BEH2 BEH3
Q| N N g & S

S| gl 28| 5l 2285|8858 g S S| S| 8| 8| & 3 3

SNP Pl 9| P 2| BB 9| 2| R B| G| B| B o Bl B| B B G| B P i -
Ancestral |[A |C |G |A |[c |T |T |A |T |c |c |A |T % G |A |G |c |A [T |C T
Derived |C |T |A |G |A |C |A |G |G |T |T |G |cC = A |c |A |T |G |c |T C
AED 92 |CIC|TIT |A/A|GIG|CIC |CIC|AIA|AA|GIG|T/T|TIT |GIG|CIC|h-1 AIA | CIC | AJA | T/T | GIG | CIC | T/T | BEH1/2/3 T
AED 106 |CIC |- - G/G|CIC |CIC|AJA|- - T - C/C | h-1 A/A|CIC |A/A| - |GIG|CIC|TIT | BEH1/2?/3 T
AED_125 |C/IC| - |A/A|A/G|CIC |CIC|AIA|AIA|GIG|T/T |T/T |GIG|CIC|h-1/h-5 AIG|CIC |A/A| - |AIG|CIC|T/T |BEH3 T
AED 204 |CIC| - |A/A|GIG|CIC |CIC|AIA|AA|GIG|T/T|TIT |GIG|CIC|h-1 AIA|CIC |A/A| - |GIG|CIC|TIT | BEH1/22/3 T
AED 249 |c/C|- |- |alGg|cic |- |ANA|- |- |TT|TIm| - |CIC|h-1?2, h-3? AIA|CIC |A/A| - |GIG|CIC|TIT | BEH1/2/3 TIT
AED 432 |CIC | - - leclcc |- |AT|- |- |TT|TT|- |CiC|h1/h3 AIA|CIC |AJA| - |GIG|CIC|T/T | BEH1/2/3 T
AED 513 | - | - - |AaG|cc |- |AA|- |- |TT|TT |- |CIC|h-12/h-32,h-52/h-62 |AIG | - |- - |AG|CI/C|TIT |BEH3 TIT
AED 1108 |C/C | - - |aajcic |- |AA|- |- |TIT|TIT|- |CIC|h-5 A/A|CIC| - |- |AA|CIC|TIT |BEH1?/22/3 T
AED 1119 |C/C | - - |le|cic |- |AAl- |- |TT|Tm]- |ciclhl AIA|CIC|A/A| - |GIG|CIC|TIT | BEH1/22/3 TIT
AED 1135 | A/C |C/T | AIG |AIG | CIC* | CIT | AIT | AIG | GIT | CIT | CIT | AIG | CIT | h-1/h-10?, h-3/h-9? | AIG | AIC | AIG | CIT | A/G | CIT | CIT | het for all BEH TIT
AED 204 |CIC| - |AJA|GIG|CIC |CIC|AIA|AA|GIG|T/T|TIT |GIG|CIC|h-1 AIA|CIC |A/A| - |GIG|CIC|TIT | BEH1/22/3 T
AEH _| AIA| - |AG|AG|CIC*| - |AT|AG|- |CIT|CIT|AIG|CIT|h-1/h-10 GIG|A/A|AIA| - |AIG|CIT |CIT | het BEH2/3? TIT
ALH 1 C/C |CIT |AJA|AIG|CIC |CIC|AIA|AIA|GIG|TIT |TIT |GIG|CIT | h-2/h-5? AIG | CIC | AJA | CIT | AIG | CIT | CIT | het for all BEH T
ALH 2 c/IC|TIT |- |GIG|CIC |CIC|AA|AIA|GIG|TIT|T/T |GIG|CIC|h-1 AIA | CIC | AJA | TIT |GIG | CIC | TIT | BEH1/2/3 TIT
ALH_3 c/C| - - |eGlcc |- |ANA[AAL- |TIT|TT| - |ciClh1 AIA|CIC|A/A| - |GIG|CIC|TIT | BEH1/22/3 T
ALH 10 [c/C|- |AIA|A/G|CIC |CIC|AIA|AIA|GIG|TI/T |T/T |GIG|CIT | h-2/h-5 AIG|CIC |AJA| - |AIG|CIT |CIT | het for all BEH T
BIM 33 |C/C| - - |lelce |- |AAl- |- |Tm|TT]- |ciclhl AIA|C/IC| - |- |GIG|CIC|TIT |BEH1/22/3 TIT
BIM 37 |CI/C| - - |GIG|CIC |CIC|AIA]| - - |Tm|TuT |- |ciclh1 AIA|CIC | - - |GIG|CIC|T/T | BEH1/22/3 T
FN_2 AIC | T/IT° |AIA|AIG|CIC |CIT|AT|AA| - |TIT|TT| - |CIT|h-3h-7? AIG | AIC | A/G | T/T | AIG | CIT | CIT | het for all BEH? TIT
KER 1 CIC|- |AIA|AIG|CIC |CIC|AIA|AIA| - |T/T|TIT|GIG|CIT|h-2/h-5 A/G|CIC |AIA| - |AIG|CIT | CIT | het for all BEH 7T
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NW 54 |C/C|C/T |A/A|AIG|CIC |CIT|AIA|AIA|GIG|T/T|TIT |GIG|CIC|h-1/h-5? AIA | CIC | AJA | CIT | AIG | CIC | T/T | BEH1/3; het BEH2? T
NW 255 |C/C|- |AI/A|GIG|CIC |- |AA| - - ||| - |ciclh1 A/A|CIC |A/A| - |GIG|CIC|TI/T | BEH1/2?/3 7T
PR 4 c/c| - - |AGlcic |- |ANA|- |- |TT|TT |- |ciC|h1/h5 AIA|CIC| - |- |AIG|CIC|T/T | BEH1/3; het BEH2? T
PR_10 c/c | - - _|le|cc |- |AA|- |- |TT|TT |- |ciclhl AIA|CIC| - |- |GIG|CIC|TIT |BEH1/22/3 -

STR 220 |CIC | - - |leG|ce |- |AAl- |- |Tm|Tm]- |ciclhl AIA|CIC |AJA| - |GIG|CIC|T/T | BEH1/22/3 T
STR 228 |A/C| - - |GIG|CI/IC |CIC|AIA]| - - |Tm|TT |- |ciC|hlh-1 A/G|AIC |A/A| - |GIG|CIC|TI/T | BEH2?/3; het BEH1 7T
STR 241 |C/C|T/T |A/IA|GIG|CI/C |CIC|A/A|A/A|GIG|T/T|T/T |GIG|CIC|h-1 AJA | CIC | AJA|TIT |GIG | CIC | T/T | BEH1/2/3 7T
STR 248 |CIC |T/T |AIA|GIG|CIC |CIC|A/A|AIA|GIG|T/T|T/T |GIG|CIC|h-1 AIA | CIC | AJA | T/T | GIG | CIC | T/T | BEH1/2/3 T
STR 266 |CIC| - - |Gig|cic |- |AA] - - |Tm|TT |- |ciclh1 A/A|CIC |AIA| - |GIG|CIC|TIT | BEH1/2?/3 7T
STR_300 |A/A[CIC |AIG|A/A|CIC* |CIT |AIT |AIG|GIT |CIT|CIT | AIG | CIT | h-5/h-10? GI/G|A/A| - |CIC|AJA|CIT |CIT | het BEH3 T
STR 310 |A/C| - - |AG|cIC |- |AT] - - |Tm|TT |- |CIT|h-3h-7 A/G|AIC|A/A| - |AIG|CIT | CIT | het BEH1/2/3? 7T
STR 316 |- |- - |GG |- - |AA[- |- |Tm|Tm |- |ciclhl AIA| - |AA| - |GIG|CIC|T/T |BEH1?/22/3 T
STR 328 |- |- - |AG|cic*| - |AT|- |- |cmcic| - | CIT|h-4/h-10? AlG |- - |- |AG|c/T|- |all BEHs only possible het | T/T
STR 355 [C/IC|- |AIA|GIG|CIC |CIC|AA|- |- |Tm|TT|- |c/clh1 AIA|CIC| - |- |GIG|CIC|TIT |BEH1?/22/3 TIT
STR_ 360 |C/C | - - |eGlcc |- |ANA[- |- |TT|TT|- |CIClh1 AIA|CIC| - |- |GIG|CIC|T/T |BEH1/22/3 T
STR 393 |[C/C|TIT |AIA|GIG|CIC |CIC|A/A|AIA|GIG|T/T|T/T |GIG|CIC|h-1 AIG | CIC | AJA | TIT |GIG | CIC | TIT | BEH2/3; BEH1 het TIT
STR_ 480 |C/C | - - |eGlcc |- |ANA[- |- |TT|TT|- |CiClhl AIA|CIC |AJA| - |GIG|CIC|T/T | BEH1/22/3 T
STR 486 |A/A|CIC |AIA|A/A|AA |TIT |TIT |GIG|T/T |T/T | TIT |AIA|TIT | h-8 AIA | AIA| AJA | CIC | AIA| TIT | CIC | no BEH T
STR 491 |C/C | - - |le|cc |- |AAl- |- |TT|TT]- |ciclhl AIA|CIC| - |- |GIG|CIC|TIT |BEH1?/22/3 TIT
STR 502 |C/C | - - |aajcic |- |AA]- |- |TIT|TIT| - |CIC|h5 A/A|CIC| - |- |AJA|CIC|T/T |BEH1?/3 T
STR 535 |A/C|CIT |AIA|A/G|CIC |CIC|A/A|AIA|GIG|TIT|TIT |GIG|CIC|h-1/h-5 AIG | AIC | GIG | CIT | AIG | CIC | TIT | BEH3; BEH2 het TIT
VIM 2 AA|CIC | - |AA|AC*| - |TIT |- - |loT|cm| - | TT | h-8/h-10? GIG | AIA| GIG | CIC | AIA|TIT | CIC | no BEH /T
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Table S13 Determination of NAT2 genotypes and acetylation phenotypes for all individuals subjected to nuclear
target enrichment. Genotypes marked with * were included in order to allow for analysis with the online tool
nat2pred (http://nat2pred.rit.albany.edu; 88) and exhibited QUAL > 12 and sequence depth (DP) > 3.

c
SRI8ERa2EIRSIRR 258 >
28|23 PR AR (R RAEAS 3 <
Sample it it e Mt it it it i ® 2 | p as determined with nat2pred-onlinetool
AED_92 C/T |T/IT |CIC|G/G |AJA|GIA|G/A|G/G |intermediate 0.99704
AED 106 |C/C |C/T |CIT|GIG |G/A|GIG|G/A|GI/G |intermediate 0.99696
AED 125 |C/C |C/T |CIT|GIG |G/A|GIG|G/A|GIG |intermediate 0.99696
AED 204 |C/T |CIT |CIT |G/IA |GIA|GIG|A/A|GI/G|slow 0.99873
AED 249 |C/T |C/C |CIT|GIA |A/A|GIG|A/A|GIG |slow 1
AED 432 |C/C |C/C |CIT |GIG |G/A|GIG|G/A|GIG |slow 0.99718
AED 513 |C/C |T/T |CIC|GIG |A/A|GIG|GIG|G/G | rapid 0.97995
AED 1108 |C/T*|C/C |CIT |G/IA* | G/A|GIG | A/A|GIG |slow 1
AED 1119 |C/C |T/T*|CIT |GIG |G/A|GIG|G/A|GI/G | rapid 0.61491
AED 1135|C/C |C/C |TIT |GIG |G/G|GIG|A/A|GIG |slow 0.99718
AEH | C/T |CIT |CIT|G/A |GIA|GIG|A/A|G/G |slow 0.99873
ALH 1 C/IC |CIT |CIT|GIG |G/IA|GI/G|G/A|GIG |intermediate 0.99696
ALH 2 C/C |CIC |TIT |G/IG |GIG|GIG|A/A|G/G |slow 0.99718
ALH 3 C/T |T/IT |CIC|G/A |AJA|GIG|G/A|G/G |intermediate 0.99704
ALH 10 |C/C |C/C |TIT |GIG |GI/G|GIG|A/A|GIG |slow 0.99718
BIM_33 C/IC |TIT |CIC|GIG |A/A|GI/G|G/IA|GIG | rapid 0.97995
BIM 37 C/IC |CIT |CIT|GIG |G/IA|GI/G|G/A|GIG |intermediate 0.99696
FN 2 T/IT |T/IT |CIC|AIA |AIA|G/G|A/A|GIG |slow 0.99758
KER 1 T/T |C/T |CIC|AIA |AIA|GIG|A/A|G/G |slow 0.99994
NW 54 C/C |CIT |CIC|GIG |GIA|GIG|G/A |G/G | intermediate 0.99646
NW 255 |C/C |CIT |CIT |GIG |G/A|GIG|GI/A|GIG |intermediate 0.99696
PR 4 C/T |CIC |CIT |G/IA*|GIA|GIG|AIA|GIG |slow 1
PR 10 C/IC |CIT |C/T|G/G |GIA|GIG|G/A|G/G |intermediate 0.99696
STR 220 |C/T |T/IT |CIC|G/IA |AIA|G/G|G/A|G/G | intermediate 0.99704
STR 228 |C/IC |TI/T |CIC|GIG |A/A|G/G|GI/G |G/G | rapid 0.97995
STR 241 |C/T |T/T |CIC|G/A |A/IA|G/G|G/A|GIG | intermediate 0.99704
STR 248 |T/T |T/T |CIC|AIA |AIA|GIG|A/A|GIG | slow 0.99758
STR 266 |C/C |T/T |CIC|GIG |A/A|GI/G|GIG |G/G | rapid 0.97995
STR 300 |[C/T |C/T |C/T |G/IA |GIA|GIG|A/A|GIG |slow 0.99873
STR 310 |C/C |T/T |CIC|GIG |A/A|GI/G|GI/G |GIG | rapid 0.97995
STR 316 |C/C |C/C |TIT |GIG |GIG|G/G|A/A|GIG|slow 0.99718
STR 328 |C/T*|T/T |C/C|G/G*|AIA|G/G|G/G|G/G |intermediate 0.92143
STR 355 |C/T |C/C |CI/T|GIA |GIA|G/G|A/A|GIG|slow 1
STR 360 |[C/C |C/C |TIT |GIG |GIG|G/G|A/A|GIG|slow 0.99718
STR 393 |C/T |T/T |CIC|G/IA |[A/A|GIG|A/A|G/G |intermediate 0.99704
STR 480 |[C/C |C/T |C/T |G/IG |G/A|G/G|A/A|GIG |intermediate 0.99696
STR 486 |C/C |C/T |CIT|G/G |G/IA|GI/G|GI/A |G/G |intermediate 0.99696
STR 491 |C/C |C/C |TIT |GIG |GIG|G/G|A/A|GIG|slow 0.99718
STR 502 |C/C |T/IT |CIC|GIG |A/A|GI/G|GI/G|G/G | rapid 0.97995
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STR 535 |C/T |T/IT |CIC|GIA |A/A|GIG|G/A|G/G |intermediate 0.99704

VIM_2 C/IT |CIT |CIT|GIA |G/IA|GIG]|A/A|GIG|slow 0.99873

Table S14 NAT2 phenotype frequencies (%) of the modern samples as published by Garcia-Closas et al. (89)
and subgroups of ancient Bavarian samples. 95% Cls are given in parentheses.

Group rapid (%) intermediate (%) slow (%)
New England Bladder Cancer Study 5.3 34.2 60.3
(4.4-6.2) (32.2-36.2) (58.2-62.4)
Spanish Bladder Cancer Study 4.9 354 59.7
(3.7-6.1) (32.8-38) (57.0-62.4)
Medieval Bavarians (total) 194 41.7 38.9
(6.5-32.3) (25.6-57.8) (23.0-54.8)
Deformed 333 44.4 22.2
(2.5-64.1) (11.9-76.9) (0-49.4)
Non-Deformed 8.7 47.8 435
(0-20.2) (27.4-68.2) (23.2-63.8)
Male 0 77.8 22.2
(50.6-100) (0-49.4)
Female 26.9 30.8 423
(9.9-43.9) (13.1-48.5) (23.3-61.3)
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Table S15 Determination of CYP2C19 phenotypes. Haplotypes marked with “?” are not completely secure.

2l sl sl 3 2 8lglal vl sl slaelsly glslls

S8 Z| Bl 8l 3|2 5|3 2|58/ 828|888

ol 9 2| ¢ a| 2| @ @ @
SNP = =
Ancestral/ Derived | C/T,A | AIG | TIC|G/A|G/IA|G/IA|T/IA|CIT |G/A|T/C |G/C|T/C |AIT|CIT|T/G |C/T|T/C|CI/T |Haplotype |Phenotype
AED_92 CiIC |- T/T |GIG | GIG | GIA |- C/IC|GIG|CIC|CIG|CIT |T/IA|TIT |GIT |CIT |CIC|CIT | *1/*2? intermediate
AED_106 ciC |- T/T |GIG|GIG | GIG |- C/IC|G/G|CIC|CIC |- T/T |T/IT |GIG|CIC|CIC|TIT | *1/*1? extensive
AED_125 CiIC |- T/T |GIG | GIG|GIG |- C/IC|GIG|CIC|CIC|CIC|TIT |TIT |GIT |CIC|CIC|TIT | *1/*1? extensive
AED_204 ciC |- T/T |GIG|GIG | GIA |- C/C|GI/G|CIC|CIG|CI/T |AIT|TIT |GIT |CIC|CIC|CIT | *1/*2? intermediate
AED_249 ciC_ |- T/T |GIG|GIG | GIG |- C/IC|G/G|CIC|CIC |- T/T |CIT |GIG|CIC|CIC|CIC|*1/*1? extensive
AED_432 - - T/T |GIG | GIG | GIG |- C/IC |- C/C|CIC |- T/T |T/T |G/T |CIT|CIC|TIT | *1/*1? extensive
AED 513 ciIC |- T/T |GIG|GIG | GIG |- C/IC|G/G|CIC|CIC |- T/T |CIC|GIT |CIC|CIC|TIT | *1/*1? extensive
AED_1108 CIC - TIT |GIG|GIG|GIG |- C/IC|G/G|C/C|CIC |- T/T|TIT |GIG|CIT |[CIC|TI/T | *1/*1? extensive
AED_1119 CiIC |- T/T |GIG | GIG | GIG |- C/IC|GIG |- C/C |- T/T |T/IT |GIG|CIC|CIC|TIT | *1/*1? extensive
AED_1135 CIC - TIT |GIG|GIG|GIG |- C/IC|G/G|C/C|C/C|CIC|TI/T |CIC|GIG|CIT|C/C|TIT | *1/*1? extensive
AEH_| CIC - TIT |GIG|GIG|GIG |- C/IC|G/G|C/C|CI/C|CIC|T/T |TIT |GIT |CIC|CIC|TIT | *1/*1? extensive
ALH 1 ciIC |- T/T |GIG|GIG | GIG |- C/IC|GI/G|CIC|CIC|C/C|TIT |TIT |GIT |CIT|CIC|T/T | *1/*1? extensive
ALH_2 CIT - TIT |GIG|GIG|GIG |- C/IC|G/G|C/C|CIC|CIC|T/T |T/T |GIT |C/C|C/C|TIT | *1/*1+*17? | extensive
ALH_3 CiIC |- T/T |GIG | GIG | GIG |- C/IC|GIG|CIC |- - T/T |T/IT |GIG|CIC|CIC|TIT | *1/*1? extensive
ALH_10 C/C - T/IT |GIG|GIG|GIG |- C/IC|G/G|C/C|C/C|CIC|T/T |T/T |T/T |C/IC|C/C|TIT |*1/*1? extensive
BIM_33 ciIC |- T/T |GIG|GIG |- - C/IC|GIG|CIC|CIG |- AIT|TIT |GIT |CIT | CIC | CIT | *1/*2? intermediate
BIM_37 CiIC |- T/T |GIG | GIG | GIG |- C/IC|G/G|CIC|CIC |- T/T |T/IT |GIG|CIT|CIC|TIT | *1/*1? extensive
FN_2 CIT - T/IT |GIG|GIG|GIG |- C/IC|G/G|C/C|C/C|CIC|T/T |T/T |GIT|C/C|C/C|TIT | *1/*1+*177? | extensive
KER_1 CiIC |- T/T |GIG | GIG | GIG |- C/IC|GI/G|CIC|CIC|C/C|TIT |TIT |GIT |CIC|CIC|T/T | *1/*1? extensive
NW_54 CIT - T/IT |GIG|GIG|GIG |- C/IC|G/G|C/C|C/C|CIC|T/T |T/T |GIT |CIT|CIC|TIT | *1/*1? extensive
NW_255 CciIC |- T/T |GIG|GIG |- - C/IC|GIG|CIC|CIG |- AIT|TIT |GIT |CIC|CIC|CIT | *1/*2? intermediate
PR_4 C/C - T/IT |GIG|GIG|G/G |- C/IC|G/G|C/C|C/C |- T/T |T/IT |G/IG|CIT |CIC|T/T | *1/*1? extensive
PR_10 C/C - T/IT |GIG|GIG|GIG |- C/IC|G/G|C/C|CIC |- T/T |T/IT |G/G|CIT |CIC|T/T | *1/*1? extensive
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STR_220 Cc/C T/T |GIG | GIG | GIG C/IC|GIG|C/C|CIC |- T/T |T/T |GIG|CIC|CIC|TIT | *1/*1? extensive
STR_228 C/iC T/T |GIG | GIG | GIG C/IC|G/G|Cc/C|CIC |- T/T |T/T |GIG|CIT |[CIC|TIT | *1/*1? extensive
STR_241 Cc/C T/T |GIG | GIG | GIG CIC|GIG|C/C|C/C|CIC|T/T |T/T |GIT |CIC|CIC|TIT | *1/*1? extensive
STR_248 c/iC T/T |GIG | GIG | GIG C/IC|GIG|C/C|C/C|CIC|T/T |TIT |G/G|CIT |CIC|TIT | *1/*1? extensive
STR_266 C/IC T/T |G/G|G/G |- C/IC|GIG|C/C|CIC |- T/T |T/T |GIT |C/IC|CIC|TIT | *1/*1? extensive
STR_300 CIT T/T |G/G | GIG | GIG CIC|GIG|[C/C|C/C|CIC|T/T |T/T |T/T |CIC|CIC|TI/T | *1/*1+*177? | extensive
STR_310 c/ic T/T |GIG | GIG | GIG CiC|- c/c|CiC |- T/T |T/T |GIT |[CIC|CIC|TIT | *1/*1? extensive
STR_316 - T/T |G/IG | GIG | GIG C/iC|GIG|C/C|CIC |- T/T|T/T |GIT |C/T|CIC|TIT | *1/*1? extensive
STR_328 c/ic T/T |GIG | GIG | GIG CiC|- c/c|CiC |- T/T |T/T |GIG|CIT [CIC|TIT | *1/*1? extensive
STR_355 - T/T |G/G | GIG | GIG C/IC|GIG|C/C|CIC |- T/T|T/T |GIT |C/T|CIC|TIT | *1/*1? extensive
STR_360 C/IT T/T |GIG | GIG | GIA C/IC|GIG|C/C|CIG |- AT |T/T |T/T |CIC|CIC|CIT | *1/*2+*17? | undetermined
STR_393 c/ic T/T |GIG | GIG | GIG C/IC|G/G|C/C|C/C|CIC|T/T |TIT |G/G|CIT|CIC|TIT |*1/*1? extensive
STR_480 - T/T |GIG | GIG | GIG C/ic|G/IG|Cc/C|CIC |- T/T|T/T |T/T |CIC|CIC|TIT | *1/*1? extensive
STR_486 C/C T/T |GIG | GIG | GIA CIC|GIG|CIC|CIG|CIT |AIT|TI/T |GIT |CIT | CIC|CIT | *1/*2? intermediate
STR_491 C/IC T/T |GIG | GIG | GIG C/ic|G/IG|Cc/C|CIC |- T/T|T/T |GIT |CIT|CIC|TIT | *1/*1? extensive
STR_502 C/C T/T |GIG |GIG | - C/IC|GIG|CIC|- - AIT]| - GIT |C/C | C/C | CIT | *1/*2? intermediate
STR_535 C/IC T/T |GIG | GIG | GIG CIC|GIG|C/C|C/C|CIC|T/T |T/T |GIT |C/T|CIC|TIT | *1/*1? extensive
VIM_2 - T/T |GIG|GIG | GIG C/ic|G/IG|Cc/C|CIC |- T/T|T/T |GIT |CIC|CIC|TIT | *1/*1? extensive
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Table S16 Frequencies (%) of the major CYP2C19 phenotypes in modern as well as ancient samples.
Differences in the frequencies of the two extensive phenotypes between ancient and modern samples due to the
fact that high-confidence phenotypes could not be determined for all ancient samples and that there is a huge
complexity of different possible combinations with allele *17 (see Sl text above). 95% Cls are shown in

brackets.

Group extensive (*1/*1) | extensive (*1/*17) | intermediate (*1/*2) | indeterminate (*1/*2+*17)

Whites of European descent | 42.0 27.0 19.0 4.8
(36.9-47.1) (22.4-31.6) (14.9-23.1) (2.6-7.0)

Medieval Bavarians (total) | 74.3 5.7 17.1 2.9
(59.8-88.8) (0-13.4) (4.6-29.6) (0-8.4)

Deformed 88.9 0 111 0
(68.4-100) (0-31.6)

Non-Deformed 73.9 4.3 174 4.3
(56.0-91.8) (0-12.6) (1.9-32.9) (0-8.3)

Male 77.8 11.1 11.1 0
(52.0-100) (0-30.6) (0-30.6)

Female 73.1 3.8 19.2 3.8
(56.1-90.1) (0-11.2) (4.1-34.3) (0-11.2)

Table S17 Genotyping results for SNPs at CYP2D6. Only 15 individuals yielded enough markers to allow for

determination of CYP2D6 phenotypes. Haplotypes marked with “?” are not completely secure.

SNP rs3892097 rs1065852 rs16947 rs1135840

Ancestral/Derived CIT G/A G/A G/C

Mutation 1846G>A 100C>T 2850C>T 4180G>C Haplotype Phenotype
AED_92 CIT G/IA G/A G/IG *2/*4? intermediate
AED_106 GIG ?

AED_125 CIT A/A G/IG G/IG *4/*10 slow
AED_204 CIT AIG G/IG CIG *1/*4 intermediate
AED_249 GIG ?

AED_ 432 GIG ?

AED 513

AED_1108 CIG ?

AED_1119 CIC ?

AED_1135 c/IC GIG AIG C/IG *1/*%2 normal
AEH_I c/IC GIG AIG C/IG *1/*%2 normal
ALH_1 GIG G/IG CIC *1/*1 normal
ALH_2 AIG GIG *2/?

ALH_3 C/IG ?
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ALH_10 - GIG GIG c/C *1/*1? normal
BIM_33 - - - GIG ?

BIM_37 - - - -

FN_2 - - - cic ?

KER_1 CIC GIG AIG CIG *1/*2 normal
NW_54 CIC GIG AIG CIG *1/*2 normal
NW_255 - - - GIG ?

PR_4 - - - -

PR_10 - - - GIG ?

STR_220 - - - C/C ?

STR_228 - . - .

STR_241 CIT AIG G/G CIG *1/*4 intermediate
STR_248 CIC GIG AIA G/IG *2/%2? normal
STR_266 - - - -

STR_300 CIC GIG G/G CIC *1/*1 normal
STR_310 - - - -

STR_316 - - - -

STR_328 - - - -

STR_355 - - - c/c 2

STR_360 - - - GIG ?

STR_393 CIT A/G G/IG CIG *1/*4 intermediate
STR_480 - y - .

STR_486 c/iC GIG AIA GIG *2/*2? normal
STR_491 - - - c/c 2

STR_502 - - - -

STR_535 CIT A/G G/IG CIG *1/*4 intermediate
VIM_2 - - - c/c ?
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Table S18 Genotyping results for SNPs associated with CYP3A5, CYP3A4, and ABCBI1, as well as

determination of CYP3A alleles.

SNP rs776746 rs2740574 rs1128503 rs2032582 rs1045642

Gene CYP3A5 CYP3A4 ABCBla ABCB1b ABCBlc

Ancestral/Derived T/IC CIT G/IA C/IAT GI/IA Haplotypes

AED_92 CIC - G/G CiC AIG CYP3A5*3

AED_106 CIC TIT G/G AIC AIG CYP3A5*3 CY3A4*1
AED_125 CIC TIT G/G CiC GIG CYP3A5*3 CYP3A4*1
AED_204 CIT CIT AIG AIC AIG CYP3A5*1/*3 CYP3A4*1/*1B
AED_249 CIT - - AIC AIG CYP3A5*1/*3

AED_432 C/C - - AIC A/A CYP3A5*3

AED_513 c/ic - - AIA AIA CYP3A5*3

AED_1108 c/iC - - CIT AIA CYP3A5*3

AED_1119 CIT - AIA AIC AIG CYP3A5*1/*3

AED_1135 c/iC TIT AIG AIC AIG CYP3A5*3 CYP3A4*1
AEH_I C/C TIT AIG AIC A/G CYP3A5*3 CYP3A4*1
ALH_1 CIT TIT AIG AIC A/A CYP3A5*1/*3 CYP3A4*1
ALH_2 TIT - AIG A/C A/A CYP3A5*1

ALH_3 c/iC - - AIA AIA CYP3A5*3

ALH_10 C/C TIT A/A A/A A/A CYP3A5*3 CYP3A4*1
BIM_33 C/C - - c/C GIG CYP3A5*3

BIM_37 c/C - - c/c GIG CYP3A5*3

FN_2 C/IC TIT AIG AIC A/A CYP3A5*3 CYP3A4*1
KER_1 c/C - AIG AIC AIG CYP3A5*3

NW_54 C/C TIT AIG AIC AIG CYP3A5*3 CYP3A4*1
NW_255 CIT - GIG AIC AIG CYP3A5*1/*3

PR_4 c/iC - - AIA AIA CYP3A5*3

PR_10 CIC TT AIA AIA AIG CYP3A5*3 CYP3A4*1
STR_220 c/C - - c/Cc AIG CYP3A5*3

STR_228 c/C - - AIA AIA CYP3A5*3

STR_241 C/C TIT A/A A/A A/A CYP3A5*3 CYP3A4*1
STR_248 C/C TIT AIG AIC AIG CYP3A5*3 CYP3A4*1
STR_266 C/C - - AIC AIG CYP3A5*3

STR_300 c/C TIT GIG c/c GIG CYP3A5*3 CYP3A4*1
STR_310 c/iC - - c/c AIG CYP3A5*3
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STR_316 C/IT - - AIA AIA CYP3A5*1/*3

STR_328 C/C - - AIC AIG CYP3A5*3

STR_355 C/C TIT - c/C GIG CYP3A5*3 CYP3A4*1
STR_360 c/iC - - AIC AIG CYP3A5*3

STR_393 CIT - AIG AIC AIA CYP3A5*1/*3

STR_480 c/C - AIA AIA AIA CYP3A5*3

STR_486 CIT TIT GIG CIT AIG CYP3A5*1/*3 CYP3A4*1
STR_491 C/C - - c/C GIG CYP3A5*3

STR_502 C/C - - AIC AIA CYP3A5*3

STR_535 c/C TIT AIG AIC AIG CYP3A5*3 CYP3A4*1
VIM_2 CIT - - AIA AIA CYP3A5*1/*3

Table S19 Determination of AGT haplotypes via genotyping of 9 relevant markers. Crucial for distinguishing
between protective and risk haplotypes are SNPs coding for substitutions A-6G, C4072T, C6309T, and
G12775A. Haplotypes marked with “?” are not completely secure.

rs504 rs504 rs505 rs505 rs476 rs69 rs24931 rs707 rs94315
SNP 6 9 0 1 2 9 32 9 80
Ancestral
/ Derived | A/IG CIT T/IG T/IC G/IA G/IA CIT GIT GIA
C11535
Mutation | C-532T | G-217A | A-20C A-6G C3389T | C4072T | C6309T A G12775A
H4/H3?,H5
AED 92 | GIG CiIC GIT CIT - AIG CIT G/IG AIG ?
AED_106 | G/IG CiIC TIT CIC - AIA TIT GIT - H2/H4
AED_125 | G/IG CiIC TIT CIC - AIA TIT G/IG AIG H4/H8?
AED_204 | A/IG CIC TT CIC - AIG TIT GIT AIG H2/H6
H3?,H5?/H
AED_249 | G/IG CiIC GIT CIT - - - G/IG G/IG 7
AED_432 | GIG CiIC TIT CIC - - - GIT AJA H2/H4
AED 513 | AIG CIT TT TT - - - GIT - H2/H6
AED_110
8 GIG CIC TT CIC - - - TT AIA H2/H2
AED 111 H2?/H3?,H
9 GIG CiIC GIT - - - - GIT G/IG 5?
AED_113
5 GIG CIC GIT TT - G/IG CIC GIG GIG H1/H3,5?
AEH_| AIG CIT TT - - AIG TIT G/IG AIG H4/H6
H2/H3?,H5
ALH_1 GIG CIC GIT CIT - AIG CIT GIT AIG ?
ALH_2 GIG CIC TT TT - G/IG CIC GIG GIG H1
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ALH_3 GIG C/C TIT TIT GIG - - GIG GIG H1?, H8?
ALH_10 | G/G C/C GIG TIT - GIG c/C GIG GIG H3?, H5?
BIM_33 [ G/G C/C TIT c/C - - - TIT - H2
BIM_37 | G/G c/iC TIT c/iC GIG - - GIT AIA H2/H4
FN_2 AIG CIT TIT CIT GIG - TIT GIG AIG H4/H6
KER_1 AIG CIT TIT CIT - AIG TIT GIT AIG H2/H6
NW_54 AA TIT TIT TIT GIG GIG TIT GIG GIG H6
NW_255 | G/G C/C TIT - - AIA - TIT - H2
PR_4 AA TIT TIT TIT - - - GIG GIG H6
PR_10 GIG c/C TIT TIT - - - GIG GIG H1, H8?
STR_220 | G/IG c/C GIG - - - - GIG GIG H3, H5?
STR_228 | GIG c/C TIT c/iC - - TIT GIT AIA H2/H4
STR_241 | G/IG C/C TIT c/C GIG AIA TIT GIT AIA H2/H4
H3?,H5?/H
STR_248 | AIG CIT GIT TIT - GIG CIT GIG GIG 6
STR_266 | G/IG c/C TIT c/iC - - TIT GIT AIA H2/H4
STR_300 | G/G c/C GIT CIT GIG AIG TIT GIT AIA H2/H4?
H2/H4?,H8
STR_310 | G/G C/C TIT - - - TIT GIT - ?
STR_316 | G/IG c/iC TIT c/iC GIG - TIT GIT AIA H2/H4
STR_328 | - - - - - - - GIG GIG
STR_355 | G/IG c/iC TIT CIT - - - GIG AIG H3/H4
STR_360 | G/G c/C TIT c/IC - - - GIG AIA H4
STR_393 | G/G c/iC GIT CIT GIG AIG CIT GIT AIG H2/H5
STR_480 | G/G c/iC TIT - - - - GIT -
STR_486 | G/IG c/iC TIT c/iC - AIA TIT GIT AIA H2/H4
STR_491 | G/IG c/iC TIT - - - - GIG -
STR_502 | G/IG c/iC TIT c/iC - - - TIT AIA H2
H2/H3?,H5
STR_535 | G/IG c/iC GIT TIT - GIG CIT GIT AIG ?
VIM_2 GIG c/iC TIT c/C - - TIT TIT - H2
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Table S20 Genotyping of markers relevant for alcohol metabolism (ADH1Bb, ADH1Ba, ALDH2) and lactase
persistence (LCTh, MCM6/LCTa). + = lactase persistence, - = lactase non-persistence, / = persistence status
indeterminable. *Allele nomenclature for the LCT SNPs follows traditional nomenclature; bases in reference to
GRCh37 are given in brackets.

SNP rs1229984 rs3811801 rs671 rs182549* rs4988235*

LCTb MCM6/LCTa
Gene ADH1Bb ADH1Ba ALDH2 -22018A>G -13910C>T Lactase persistence

AIG CIT
Ancestral/Derived CIT G/IA G/IA (CIT) (G/A)
AED_92 C/C GIG GIG A/A (TIT) TIT (AJA) +
AED_106 CIC GIG GIG - - /
AED_125 clc GIG GIG GIA (CIT) CIT (GIA) +
AED_204 c/iC GIG GIG AIA (TIT) TIT (AJA) +
AED_249 C/C GIG GIG A/A (TIT) TIT (AJA) +
AED_432 C/C GIG GIG - - /
AED_513 C/C GIG GIG GIG (C/C) C/C (G/G) -
AED_1108 c/iC GIG GIG GIG (C/IC) CIC (GIG) -
AED_1119 c/c GIG GIG - TIT (AVA) +
AED_1135 c/iC GIG GIG GIG (C/IC) CIC (GIG) -
AEH_I C/C GIG GIG GIG (C/C) C/C (G/G) -
ALH_1 c/C GIG GIG A/A (TIT) CIT (GIA) +
ALH_2 c/C GIG GIG GIG (C/C) C/C (G/G) -
ALH_3 C/C - GIG GIG (C/C) CIC (GIG) -
ALH_10 C/C GIG GIG AIA (TIT) TIT (AJA) +
BIM_33 C/C GIG GIG - CIT (GIA) +
BIM_37 C/C GIG GIG - CIT (GIA) +
FN_2 c/C GIG GIG G/A (CIT) CIT (GIA) +
KER_1 c/C GIG GIG GIG (C/C) C/C (G/G) -
NW_54 CIT GIG GIG G/A (CIT) CIT (GIA) +
NW_255 C/C GIG GIG GIG (CIC) C/C (GIG) -
PR_4 - GIG GIG - TIT (AJA) +
PR_10 C/C GIG GIG GIG (CIC) C/C (GIG) -
STR_220 c/C GIG GIG GIG (CIC) CIT (GIA) +
STR_228 c/C GIG GIG G/A (CIT) CIT (GIA) +
STR_241 c/C GIG GIG A/A (TIT) TIT (AJA) +
STR_248 C/C GIG GIG G/A (CIT) CIT (GIA) +
STR_266 - GIG GIG - CIT (GIA) +
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STR_300 c/c GIG GIG GIG (C/C) CIC (GIG)
STR_310 - GIG GIG - CIC (GIG)
STR_316 cic GIG GIG - T/T (A/A)
STR_328 cic GIG GIG - CIC (GIG)
STR_355 cic GIG GIG AA (TIT) T/T (A/A)
STR_360 cic GIG GIG GIG (C/C) CIC (GIG)
STR_393 cic GIG GIG GIG (C/C) CIC (GIG)
STR_480 cic GIG GIG AJA (TIT) T/T (A/A)
STR_486 cic GIG GIG GIA (CIT) CIT (GIA)
STR_491 cic GIG GIG - T/T (A/A)
STR_502 - GIG GIG GIG (C/C) CIC (GIG)
STR_535 cic GIG GIG GIA (CIT) CIT (GIA)
VIM_2 - GIA GIG - CIT (GIA)
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Table S21 Derived allele frequency of -13910C>T at rs4988235 within modern populations and the different
subgroups of ancient Bavarian samples.

Group Frequency (%) derived allele rs4988235
EUR 50.8 (47.7 — 53.9)
CEU 73.7 (67.6 — 79.9)
FIN 59.1 (52.2 — 65.9)
GBR 72.0 (65.5 — 78.5)
IBS 45.8 (39.1 - 52.5)
TSI 8.9(5.1-12.7)
Non-Deformed 57.1(42.2-72.1)
Deformed 27.8 (7.1 - 48.5)
Male 72.2 (51.5-92.9)
Female 36.0 (22.7 - 49.3)

Table S22 Fisher Exact results of the comparison of the Baiuvarii allele frequency spectrum of rs4988235 (-
13910C>T) with allele frequencies of modern European populations. Allele frequencies of modern populations
as well as naming of the populations were taken from the Ensembl GRCh37 release 88
(http://grch37.ensembl.org/Homo_sapiens/Variation/Population?db=core;r=2:136608146-
136609146;v=rs4988235;vdb=variation;vf=3096507; last retrieved on May 24, 2017).

EUR CEU FIN GBR IBS TSI Deformed Female
Non-Deformed 0.4358 | 0.0398 0.8638 | 0.0662 0.2367 | 1.84E-11 | 0.0501
Deformed 0.0595 | 0.0001 0.0128 | 0.0003 0.2160 | 0.0263
Male 0.0950 1 0.3236 1 0.0471 3.03E-09 0.0125
Female 0.0433 1.36E-06 0.0041 4.83E-06 0.2679 7.19E-06
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Table S23 Determination of type 2 diabetes genetic risk score (GRS) according to Meigs et al. (109).
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risk allele/non-risk allele | T/C | C/A | T/IC | T/C | T/G |G/A|TIC |CIG |CI/T |C/T |CIT|T/G |CIT |A/IT |C/G|T/C |T/C |T/A | CIT | Count GRS | Standardized GRS
AED 92 CIT|A/A|TIT|T/T|T/IG|A/A|T/IC|G/G|CIT|CIC|CIC|GIG|TIT|- CIG |- T/C|TIT |CIT 16 17.88
AED 106 C/IT |AIC|T/T|CIC|- A/A|TIT|C/IC|C/T|C/T|T/T|TIT |TIT |AIA|CIC |- TT|TIT |TIT 20 22.35
AED 125 T/T |AIA|TIC|CIC|GIG|A/A|TIT|GIC|C/IC|CIT|CIT|GIT|CIT|AIA|CIC|- TIT |AIT |- 19 21.24
AED 204 C/IC|A/C|TIT|T/IC|GIG|A/A|TIT|CIC|TI/T|CIC|CI/T|GIG|C/C|T/IT |CIG|CIT|TIC|AIT]|- 17 17.94
AED 249 C/IC|A/A|TIT|TIC |- - T/IT|GIG|T/T |CIC|CIT|GIG|CIC|AIA|CIC |- - AIT |C/C 16 17.94
AED 432 - C/IC |T/C|TIC |- G/G|T/C|G/IG|T/T |CIC|CIC|GIG|- A/A|C/G|C/IC|T/IC|AIT|TIT 15 20.27
AED 513 C/IT|AIC|TIT|TIC|- - TIC|GIG|T/T |TIT |CIT|GIG]| - A/A|CIC |- TIC|TIT |CIT 17 17.81
AED_1108 CIC|A/A|TIC|TIC |- - T/T |CIC|T/T|CIC|CIC|GIG|C/C|TIT |CIC |- TIT |AT|TIT 18 21.53
AED 1119 CIT|A/A|TIT|TIC |- - T/T |CIC |T/T |C/T|CIC|GIG|CIC|AIA|GIG |- T/IC|AIT |CIT 18 21.38
AED 1135 C/IC|AC|TIT|TIT|TIT |AIA|TIT|G/IG|T/T |CIT|CIT|GIG|CIT|T/IA|C/C|CIC|T/IT |AIT]|- 17 21.38
AEH | CIT|A/A|TIT|TIC|- A/A|TIT|G/IC|TIT |CIT|CIC|GIG|CIC|A/A|CIC|CIT|TIT |AIT|CIT 21 22.17
ALH 1 CIT|AIC|TIT|TIC|TIG|AIA|TIC|G/IC|CI/T|CIT|CIT|GIT|CIC|TIA|CIG|CIT|T/T |AIT]|- 20 21.11
ALH 2 C/IT|A/C|T/IC|CIC|TIT |AIA|TIT|G/G|T/T|CIC|CIC|GIG|CIT|T/A|CIC |- TIT |AIT |- 18 20.12
ALH 3 - AA|TIT|TIT|GIG|G/IG|TI/T|GIG|C/T|CIC|CIC|GIG|CIC|- CIG |- - AIT |- 17 23.07
ALH 10 C/C|C/IC|TIT|TIC|- A/A|T/IC|G/C|CIC|CIT|CIC|GIT|CIC|A/A|CIC|CIC|TIT |AIT|CIT 23 24.28
BIM_33 T/IT |AIC|T/T|TIT |- A/A|TIT|GIG|CIT|CIC|CIT|GIT|TIT |- C/C |- - AT |TIT 17 21.53
BIM_37 C/IC|A/A|TIC|TIC|TIT |- T/T|GIG|C/T|CIC|CIT|GIG|CIT|TIA|- CIC|TIT |AIT |- 15 17.81
FN_2 C/IC|A/A|TIC|CIC|GIG|A/A|TIT|G/IC|T/T|CIT|CIT|GIG|CIT|A/A|CIC| - T/IC|TIT |TIT 14 14.78
KER_1 C/IC|A/A|TIT|T/T|TIT |AIG|T/IT|G/G|T/T |CIT|CIC|GIG|CIT|A/A|C/C|CIC|T/IC|TIT |- 20 21.11
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NW_54 CIT |A/A[TIC|T/IC|T/IT |AJA|TIT |GIG|T/T |C/T |CIT|GIG|CIT|AA|C/IC|CIT|T/T|TIT |- 19 20.06
NW_255 C/IC|AC|TIT|TIT |- A/A|T/C|G/C|TIT |CIT|CIT|GIG|CIT|T/IA|CIC |- TIC|AIT |CIT 16 17.88
PR_4 CIC|A/A|TIT|TIC]|- - T/T |GIC|CIT|- - GIT |CIC|A/A[CIC |- TIC|TIT |TIT 17 23.07
PR_10 C/IC|CIC|TIT|TIC |- - T/T|C/C|T/T |CIT|CIT|GIG|CIC|A/A|CIG|CIC|TIC|TIT |- 19 22.56
STR_220 - AA|TIT|TIC|GIG |- T/T |G/IC|C/T|CIT|TIT |GIG |- A/A|CIC |- TT|TT |- 16 21.71
STR_228 CIC|AIC|TIT|TIT|GIG]|- T/T |G/G|CI/T|CI/T|T/T |GIG|CIT |A/A|CIC |- TIT AT |- 17 20.19
STR_241 C/IC|A/A|TIT|T/T |T/T |AJA|TIT |GIC|T/T |CIC|CIT |GIG|CIC|A/A|CIG|CIT|TIT|TIT |- 22 23.22
STR_248 CIT|AC|T/T|T/IC|T/IG |A/A|TIT|G/IC|T/T |C/T|T/T |GIG|CIC|T/IA|CIC|CIC|TI/C|TIC |- 17 17.94
STR_266 C/IC|A/IC|T/IC|TIC|T/T |[AJA|TIC|GIC |CIT|CIT|CIT|GIG|CIC|A/A|CIC |CIC|TIC|TIT |- 19 20.06
STR_300 CIT|AIC|T/IC|T/IC|T/IT |AIG|T/T|GIG|CIT |T/T |CIT|GIG|CIC|A/A|CIC|CIC|TIT |AT|- 20 21.11
STR_310 T/T |C/IC|TIT|TIT |- - T/T |G/IG|CIT|CIC|T/T |GIG|CIC|T/T |CIC|CIC|TIC|AIT|CIT 20 22.35
STR_316 - AIA|T/IC|TIC|- A/A|T/C|CIC|TIT |CIT|CIC|GIT|CIC|TIA|CIC |- TT|TT |TT 18 21.38
STR_328 CIT |AIC|TIC|TIC]|- - T/T |GIC |- - T/T |GIG|CIC|AIA|CIC |- TT |AIA|CIT 16 21.71
STR_355 CIT|CIC|TIT|TIC|GIG|A/A|TIT|GIG|T/T |[C/IC|CIT|- CIC|A/IA|CI/G|C/IC|TIT |TIT |- 20 22.35
STR_360 - AA|TIT|TIC|TIT |- T/T|G/G|T/T |[CIC|TIT |GIG |- T/IA | CIG | - TT AT |- 14 19.00
STR_393 CIC|A/A|TIT|TIC|GIG|A/G|TI/IC|GIG|TIT |[CIC|CIC|GIG|CIC|A/A|CIC|CIC|T/T |TIT |- 19 20.06
STR_480 CIC|A/A|TIT|TIC|- G/G|T/T |G/C |CIT |CIC|CIT |GIG|CIC|AIA]|- - C/C |- CIT 17 21.53
STR_486 CIT |A/A|TIT|T/T |TIG |A/A|TIT|GIG|TIT |CIC|CIT|GIG|CIC|A/A|CIC|CIC|T/T|TIT |- 21 22.17
STR_491 CIC|A/A|TIT|TIC]|- - T/T|G/G|T/T |[CIC|CIT |GIG |- A/A|CIC |- TIC | - T/T 13 17.64
STR_502 T/T|AC|TIT|TIT |- - T/T|G/G|T/T |[CIC|CIC|GI/G|CIC|T/IA|CIC |- TIT |- CIT 21 26.60
STR_535 CIT|AIC|TIC|TIT |GIG|A/A|TIT|GIG|T/T |[CIC|TIT |GIG|CIC|T/A|CIC|CIT|TIC|AT |- 17 17.94
VIM_2 C/IC|CIC|TIT|TIC|- - T/T|C/IC|T/T |CIT|CIC|GIG|CIC|A/A|CIC |- TT|TT |CIT 23 27.31
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Table S24 Genotypes for calculation of T2D GRS according to Hivert et al. (111). Presented are the genotypes, the GRS, and the standardized GRS accounting for missing

genotypes. *rs5215 was used as a proxy for rs5219.
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BIM_33 TT |T/T |GIG|CIC |CIT [AIC|CIC* | TIT [T/IT |AA|GIT |AA]- AA | CIC | TIT |- G/IG|CIC |CIT |- GIG [AIG|AA|CIC |AA|[GIG|AC |T/T |GIG[CIT |CIC |AG] 34| 3853
BIM_37 C/IC | CIT |GIG | - CT [AA|TT [CIT |TIT |AA[GIG|AA]- AA|CIC [ CIT |- GIG[CIC |CIT |CIC |AG|GIG|AG|CIT |AA|GG|CIC|T/T |[T/T |[CIT |CIT |GIG] 34| 3853
FN_2 C/IC |CIT |CIG|CIC |CIT [AIA|CIC |CIT |T/IT |AA|GIG|AA|GIG|AG|CIC|CIC|CIC|[GIG|CIT |T/IT |CIC|AG|AG|AA|CT [AA|AG|AC|TIT [T/T |C/T |C/IC|G/G] 30| 3091
KER_1 CIC|T/T |[GIG|CIC|CIC|AA|TT |CIT |TIT |AA|GIG|AG|ANA|AG|CIC|TIT|CIC|CIG|CIT[T/T |CIG|AG]- AA|CIT |[AA[AA|AC | TIT |GIT [T/T |CIC|AG]| 29| 3081
NW_54 CIT |CIT |GIG|CIC |CIT [AA|T/T |CIT |T/IT |AA|GIG|AG|AG|AG|CIC|CIT|CIC|[CIG|CIT |T/IT |GIG|AA|AG|AA|CIT [AT|AG|CIC|AT]|[GIG|CIC|CIT |GIG] 34| 3503
NW_255 C/IC|T/T |CIG|CIC|CIT [AIC|C/T*|CIT [CIT |AC |GIG]|GIG |- AA | CIC | TIT |- GIG|CT | TIT |- AG [AG |AA|TIT |AA|[AG|AC|T/T |GIG[CIT |TIT [GIG] 29| 32.87
PR _4 CIC|T/T |CIG|CIC |- AA | C/IC* [CIC | TIT [AA | GIT [ AA ]| - AA | - CIT | - - - CIT [CIC|GIG|GIG|GIG|[CIT |AT [GIG|AC |TIT |GIT |CIC|CIC|AG] 33| 4156
PR_10 CIC |T/T |CIC|CIG|CIT |CIC]|- CIC | TIT [AA|GIG | AA | - AA | - CIT | - cic|cT | 1T |- AIG [GIG |AG |CIT |AJA|AIG | CIC [ T/T |GIG [CIT |CIT [GIG | 34| 41.29
STR_220 - TT [CG|CIC|TIT |AA|CIC |- TT [AA| GIG [GIG | AA | AG | CIC [CIT | - G/IG|CIT |CIT |CIG|AA|AA|AA|CIT |[ANAJAG|CIC|T/IT |GIT [CIC|CIT [GIG] 28| 3173
STR_228 CIC |T/T |GIG|CIC|TIT [AIC|CIC |CIT [T/IT |AC|GIG]|AA]- - - T/T [CIC|GIG|CIT [CIT |CIC |AG |GIG|AG|CIC|AA|AG|AC|AT|GT|TT |CT |[AG] 27| 3060
STR_241 CIC|T/T |CIG|CIG|CIT [AA|T/T |CIC|T/T |AJA|GIG|GIG |- AA|CIC|T/T [TIT|GIG|CIC |TIT |CIG|GIG|AG|GIG|CIT |AA|AA|CIC|T/IT |GIG|CIC|CIC |GIG] 34| 36.13
STR_248 CIT |T/T |CIG|CIC|TIT [AC|CIT |CIC|T/IT |AC|GIG|AA|[AG]|GIG|CIC|CIT|CIT|[CIG|CIT |T/T |CIG|AG|GIG|AG|CIC|[AA|AA|[AC|TIT [T/IT |CIC|CIC|AG] 37| 3812
STR_266 C/IC |CIT |CIG|CIC |CIT [AIC|TIT |CIC|CIT |AC|GIG|AA|AA]|AG]- CIm | - GIG | CIT |CIT |GIG|GIG|AG|AA|CIT |ANA|GIG|CIC|T/T |GIG|CIC|CIT [GIG] 31| 34.00
STR_300 CIT |CIT |GIG|CIC |CIT [AC|TIT |CIC|T/IT |AA|GIG|AA|[AG]|GIG|CIC|CIT|CIC|GIG|TIT |[CIT |CIC |AG|GIG|AA]|TIT [ANA|GIG|CIC |AT [GIG|T/T |CIT | AIG] 29| 29.88
STR_310 TT |T/T |GIG|CIC|T/IT [CIC|C/T*|CIC|T/IT |AA]|GIG]|- - AG | - TT |- G/IG|CIC |CIT |CIC |AG |GIG|AG |CIT |AT |AA|AC|T/T |GIT|CIC|CIT |[AG] 35| 41.03
STR_316 - CIT |CIC |CIC |CIC|AA|CIC*|CIC |CIT |AIA|GIT |GIG |- AA [ CIT | - TT[GIG[CIT |T/IT |CIC|AIA|AA|AA[CIT |AA|AG|AC |TIT |GIT |CT |CIT |AG] 30| 3400
STR_328 CIT |C/IT |CIG|CIC|TIT [AIC|C/T*|CIC|[T/IT | ANA|GIG|AA] - GIG | - CIT | - GIG | - - - GIG | - A/A | CIC | - AIA [ CIC |T/T |G/T |CIC |CIC | AIG] 24| 32.64
STR_355 CIT |T/T |GIG|CIG|CIT [CIC|CIC |CIC|TIT |AA]- AA | - AIA [ CIC | CIT | - G/IG|CIC | TIT |CIG |GIG |GIG|AA|CIC|AA|GIG|AC|T/IT |GIT |[CIT |CIT | AG] 36| 40.80
STR_360 - TT [GIG|CIG|TIT |AA|TIT |- T/T [AIC | GIG |AA] - AG | - CIT | - G/IG|CIC | TIT |CIC | AG | - AG|TIT |AIT |AG|CIC |TIT |[GIT |[CIC|CIT |AA] 24| 3022
STR_393 C/IC |TIT |GIG|CIC |CIC |[AIA|CIC |CIC |CIT |AA|GIG|AA|[AA|AA|CIC|CIT|TIT|[GIG|CIC|TIT |GIG|AG|AG|AA]|TIT [ANA|AG|AC |TIT [GIG|CIT |CIT |AA] 32| 3297
STR_480 CIC|TIT |CIG|CIG |- A/A | C/T* [CIC | TIT | AIC | GIG | AIG | - GIG | - CIT | - G/IG|CIC |CIT |CIG |GIG |GIG|AG |CIT | AT |- CIC|TT |GIT |T/T |CIT [GIG] 27| 3279
STR_486 CIT |T/T |GIG|CIC |CIT [ANA|CIT |CIC |TIT |AA|GIG|AA|[AG|AA|CIC|TIT|CIT|[GIG|CIC|T/T |CIC|AG|AG|AA|TIT [AA|GIG|AA|TIT [T/T |CIT |CIC|GIG] 38| 39.15
STR_491 CIC |T/IT |GIG|CIC |CIT [AA|CIC* | - T/T [AA| GIG | GIG | - AIA | - CIT | - G/IG|CIC | TIT |CIC |GIG |AA|AA|CIT |AA|AG|AC|T/IT |GIT [CIT |CIT |[AG] 23| 26.97
STR_502 TT |T/T |GIG|CIC|CIC|[AC|CT*|CIC|T/IT |ANA|GIG]|AA]- AIA[CIC|TIT |- G/IG|C/IC |TT |- AG | - AA [ CIT | AIT |AG|AA|TIT |GIG|CIC |T/T | GIG] 40| 46.90
STR_535 CIT |CIT |[GIG|CIC|TIT [AIC]|CIC |[CIC|T/T |CIC|GIG|AG|AA|AG|CIC|T/IT|TIT|[GIG|CIC|T/T |CIC|AG]|GIG|AG|CIC|[AT|GG|AC|T/T [T/T |T/T |CIT |GIG] 36| 37.09
VIM_2 CIC|T/T |[CIC|CIC|CIC|[CIC|C/T*|CIC |T/IT |AA|GIG]|AA]- AIA|CIC | CIT |- G/IG|CIT |TIT |GIG|AA|AG|AA|TIT |AT |GIG|AC|T/T |TIT [CIT |CIT [AG] 41| 4497
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Table S25 T2D GRS according to Cornelis et al. (110). Presented are genotypes, count GRS, and standardized
GRS accounting for missing genotypes for each individual.

— < — N
2 3| | | § 5887
(32} — < N - Yo} — © — Yo}
IR IR IEIEIEIR
SNP 2 o &2 & & 2 &2 &2 £ &2
< 2| <
— N
Gene 8l 2| 8| ¢l &g F|al8|R
Risk/ Non-Risk allele | T/C | G/A | C/IG | T/G | C/G | C/T | C/T | CIT | T/IC | T/G | GRS | Standardized GRS
AED_92 CIT|AIG|GIG|G/IG|CI/G|CIT|CIC|T/T |TIT|GIT 9 9.00
AED_106 - - C/IC|G/T|C/IC|T/T|T/T|TIT|TIT|GIT 8 10.00
AED_125 C/IT|AIG|C/IG|GIG|C/IC|T/T|CIT|CIT|CIT|TIT 10 10.00
AED_204 T/T |G/IG|C/C |G/T |C/G|T/T |[C/T|CIC|TIT|GIG| 13 13.00
AED_249 CIC |- G/G|G/G|C/C |C/C|CIT |CIC|TIT|GIG 9 10.00
AED_432 - - G/G|TIT |[CIG|TIT|CIC|- CIT|TIT 8 11.43
AED_513 - - G/G|G/T |C/C |CIT|CIT |- TIT|GIT 8 1143
AED_1108 TT |- CIC|G/G|C/IC|TIT|C/IC|C/IC|CIT|GIG| 11 12.22
AED_1119 TIT |- CIC |G/IG|GI/G|CIT|CIC|CIC|TIT|GIT 12 13.33
AED_1135 T/T |A/A|GIG|GIT |[C/IC|CIC|C/T|CIT|TIT|GIG| 11 11.00
AEH_I CIT |AJA|C/IG|GIG|C/C |CIT|C/C|CIC|TIT |GIT 12 12.00
ALH_1 C/IT |GIG|CIG|GIT|CI/G|CIT|CIT|CIC|TIT |GIT 13 13.00
ALH_2 CIT|AIG|G/G|G/T|C/IC|CIT|C/IC|CIT|CIT|TIT 12 12.00
ALH_3 TT |- G/G|GI/IG|CIG|CI/T|C/C|CIC|TIT |GIT 11 12.22
ALH_10 - G/G|C/G|T/T |[C/IC|CIT|CIC|CIC|TIT|GIG| 14 15.56
BIM_33 CIC |- G/G|G/T|C/IC|T/T |CIT|T/T |TIT|TIT 8 8.89
BIM_37 - - G/IG|GIG | - C/IC|CIT|CIT |CIT|GIG 5 7.14
FN_2 T/T |GIG|CIG|GIG|C/IC|T/T|CIT|CIT|CIT|GIG| 10 10.00
KER_1 TIT |AJA|GIG |GIG |CIC |CIC|CIC|CIT |TIT |GIG 11 11.00
NW_54 CIC|AIG|G/G|GIG|C/C |C/IC|CIT|CIT|CIT|GIT 9 9.00
NW_255 CIT |- C/IG|GIT |C/C |CIT|CIT |CIT |TIT|GIG 10 11.11
PR_4 TIT |- C/IG|GI/IG|CIC|TIT |- CIC|TIT |GIG 9 11.25
PR_10 - - C/IC|TIT |CIG |- CIT|CIC|TIT|GIG| 10 14.29
STR_220 CIT|A/A|CIG|GIG|CIC|TIT|TIT |- T/T |GIT 7 7.78
STR_228 CIT |- G/G|G/T |C/IC|T/IT |T/T |CIT|TIT|GIT 8 8.89
STR_241 CIT |- C/IG|GIG|CIG|C/C|CIT|CIC|TIT|GIG 10 11.11
STR_248 CIC|AIG|C/IG|GIT|C/C |CIT|TIT |CIC|TIT |GIT 11 11.00
STR_266 C/T|A/JA|C/G |GIT |CIC |CIC|CIT |CIC|CIT|GIG 11 11.00
STR_300 CIT|AIG|GIG|GIT|CI/IC|CIC|CIT|CIC|CIT|GIT 12 12.00
STR_310 CIT |- G/G|G/T |C/IC|CIT|T/T |CIC|TIT|TIT 11 12.22
STR_316 TT |- C/IC|G/G|C/C|TIT |TIT |CIC|CIT|GIT 10 11.11
STR_328 - - C/IG|GI/T |C/IC |CIT|TI/T |CIC|CIT|GIT 9 11.25
STR_355 TT |- G/G|T/T |C/IG|T/T |CIT |CIC|TIT |GIT 11 12.22
STR_360 - - G/G |G/IG|CIG |CIC|TIT |- TIT|GIT 6 8.57
STR_393 CIT |AJA|G/G|GIG|CIC |TIT |CIC|CIC|TIT|GIG 9 9.00
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STR_480 CIT |- CIG |GIG |- C/T|C/T|CIC|TIT |GIG 8 10.00
STR_486 T/IT |AIG|GIG|G/G|CIC|CIT|CIT|CIC|TIT |GIT 12 12.00
STR_491 - - G/IG|GIG|C/IC |T/T |CIT |- T/T |GIT 6 8.57
STR_502 TT |- G/IG|GIT |C/C |CIT |C/C|C/IC|TIT |TIT 14 15.56
STR_535 T/T |AIA|GIG|G/T |C/IC|T/T |T/T |CIC|CIT|GIT 9 9.00
VIM_2 TT |- C/IC|T/T |C/IC|CIT|C/IC|CIC|TIT|GIG]| 15 16.67

Table S26 Mean values of standardized GRS and standard deviation (sd) for groups of individuals according to
Meigs et al. (109), Cornelis et al. (110), and Hivert et al. (111).

Meigs et al. (2008) Cornelis et al. (2009) Hivert et al. (2011)

Group mean sd mean sd mean sd

all 20.69 2.08 10.93 1.91 35.87 4.39
deformed 20.46 1.53 10.30 1.34 35.96 3.11
north 20.56 1.94 10.98 1.88 35.78 3.86
female 20.89 2.05 11.26 1.90 36.43 4.36
female without deformed/south 20.64 1.90 11.44 1.87 36.12 4.07
male 20.44 1.99 10.26 1.67 35.25 3.64

Table S27 Determination of TCF7L2 haplotypes according to the method of Helgason et al. (112). Haplotypes

marked with “?” are not completely secure.

SNP rs7903146 rs10885406 rs12255372 rs7924080 rs11196199
Ancestral/ Derived T/IC G/IA GIT T/C AIG Haplotype
AED_92 CIT GIG GIT C/C AJA B/B?
AED_106 CIT AIG GIT CIT AJA A/B
AED_125 TIT G/G TIT CiC AIA B/B
AED_204 C/C AIG G/G CIT AIG A/B?
AED_249 C/C AIG G/G CIT AIA A/B
AED_432 TIT - TIT C/C AIA B/B
AED_513 CIT AIG GIT CIT AIA A/B
AED_1108 C/C AIA G/G TIT AIA AIA
AED_1119 CIT AIG GIT CIT AIA A/B
AED_1135 C/C AIA G/G TIT AIA AIA
AEH_|I CIT G/G GIT CIC AIG B/B?
ALH_1 CIT AIG GIT CIT AIA A/B
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ALH_2 CIT AlG TIT CIT A/A A/B
ALH_3 - GIG GIT GIG - B?/B?
ALH_10 CIC A/A GIG TIT A/A A/A
BIM_33 TIT GIG TIT c/C A/A B/B
BIM_37 C/C AlG GIG CIT A/A A?/B
FN_2 C/C A/A GIG T/T A/A A/A
KER_1 CIC A/A GIG T/T A/A A/A
NW_54 CIT AlG GIT CIT A/A A/B
NW_255 C/C A/A GIG T/T A/A A/A
PR_4 C/IC A/A GIG - A/A A/A
PR_10 C/IC A/A GIG T/T A/A A/A
STR_220 CIT - GIT CIT A/A A/B
STR_228 C/IC AlG GIT CIT A/A A/B?
STR_241 C/IC A/A GIG T/T A/A A/A
STR_248 CIT AlG GIT CIT A/A A/B
STR_266 CIC A/A GIG TIT A/A A/A
STR_300 CIT GIG GIT c/C AIG B?/B
STR_310 TIT GIG TIT CIC A/A B/B
STR_316 - G/IG GIT CIC AlG B/B
STR_328 CIT AIG GIT TIT A/A A/B
STR_355 CIT AIG GIT CIT A/A A/B
STR_360 - AIG GIT CIT AlG A/B
STR_393 C/IC A/A G/IG TIT A/A AIA
STR_480 C/IC A/A G/IG TIT A/A AIA
STR_486 CIT G/IG GIT CIC A/A B/B
STR_491 C/IC AIG GIT CIT A/A A/B?
STR_502 TIT GIG TIT c/C A/A B/B
STR_535 CIT GIG GIT c/C A/A B/B?
VIM_2 CIC A/A GIG TIT A/A A/A
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Table S28 Genotyping of markers relevant for determination of a T2D risk haplotype in SLC16A11 (113), and
an additional risk conferring SNP in SLC16A13 (114). Haplotypes marked with “?” are not completely secure.

rs7549359 rs7541818 rs1334223 rs1334269 rs11776786 rs31245

SNP 3 8 2 2 7 7
Ancestral
/ Derived | GIT CIT G/IA CIT CIT G/IA
Gene SLC16A11 SLC16A13

SLC16A1

1 SLC16A1
Mutation | P443T G340S L187L D127G V113I haplotype | 3
AED 92 | GIG - A/A TIT CIC AIA non-risk non-risk
AED_106 | - - - TIT CIC AIA non-risk? | non-risk
AED_125 | GIG - AIA TIT CIC AIA non-risk non-risk
AED 204 | GIG - A/A TIT CIC AIA non-risk non-risk
AED_249 | GIG - - - CIC A/A non-risk? | non-risk
AED_432 | GIG - - TIT CIC A/A non-risk? | non-risk
AED 513 | - - - - - -
AED_110
8 - - - TIT c/iC AIA non-risk? | non-risk
AED_111
9 - - AIA TIT CIC G/G non-risk non-risk
AED 113
5 GIG - AIA TIT c/iC AIA non-risk non-risk

non-risk/2
AEH_I GIG - AIG CIT c/iC A/A SNP non-risk
ALH_1 GIG - A/A TIT CIC AJA non-risk non-risk
ALH_2 GIG - A/A TIT CIC AIA non-risk non-risk
ALH_3 GIG - A/A TIT CIC AIA non-risk non-risk
ALH_10 |G/G - A/A - CIC A/A non-risk? | non-risk
BIM_33 - - - TIT CIC A/A non-risk? | non-risk
BIM_37 GIG - - TIT CIC A/A non-risk? | non-risk
FN_2 GIG - A/A TIT CIC AJA non-risk non-risk
KER_1 G/IG - AIA TIT CIC AIA non-risk non-risk
NW_54 G/IG - AIA TIT CIC AIA non-risk non-risk
NW_255 | G/IG - A/A TIT CIC A/A non-risk non-risk
PR_4 GIG - - - - A/A ? non-risk
PR_10 GIG - - TIT CIC A/A non-risk? | non-risk
STR_220 | G/IG - - TIT - AIA non-risk? | non-risk
STR_228 | GIG CIC - TIT CIC AIA non-risk non-risk
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STR_ 241 | GIG - A/A TIT CIC AIA non-risk non-risk
STR_248 | G/IG - A/A TIT CIC AIA non-risk non-risk
STR_266 | - - - CIT TIT - risk?

STR_300 | G/IG - AJIA TIT C/IC AIA non-risk non-risk
STR_310 | G/IG - - TIT CIC AIA non-risk? | non-risk
STR_316 | G/IG - - TIT CIC AIA non-risk? | non-risk
STR_328 | - - A/A TIT CIC AIA non-risk? | non-risk
STR_355 | G/IG - A/A TIT CIC AIA non-risk non-risk
STR_360 | - - A/A TIT CIC AIA non-risk? | non-risk
STR_393 | G/IG - AJIA TIT CIC AIA non-risk non-risk
STR_480 |- - - TIT CIC AIA non-risk? | non-risk
STR_486 | G/IG - A/A TIT CiIC AIA non-risk non-risk
STR_491 | - - AIA TIT - AIA non-risk? | non-risk
STR_502 | - - - TIT - AIA ? non-risk
STR_ 535 | G/IG - A/A TIT CIC AIA non-risk non-risk
VIM_2 GIG CIC A/A TIT - A/A non-risk non-risk
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Table S29 Genotyping results for SNPs associated with common inflammatory diseases according to Raj et al. (115). CD = Crohn’s disease, T1D = Type 1 diabetes, MS =
Multiple sclerosis, CeD = Celiac disease.
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Gene FUT1/ FUT2 | SLC22A5/C50rf56/ IRF1 | INPP5D/ Atgl6L1 | RNASET?2 | IL18RAP | ZNF365 | PUS10 | HPSE2 | CENPW | LEKR1 | CYP24A1 | I1L2/ IL21 | SCHIP1/ IL12A
Ancestral/ Derived | AIG CIT T/C CIG AIG AIG AIG CIT AIG CIT CIT GIT AlG
Disease association | CD CD CD CD CD CD CD T1D T1D MS MS CeD CeD
AED 92 AIG C/IC C/IC C/IC A/A G/G A/A CIT G/IG T/IT G/G A/A
AED 106 AIG - - CIG A/A A/G A/G CIC A/A CIT CIC GIG A/A
AED 125 AIG CIC T/T CIC A/A G/G A/G CIT A/G T/IT CIT GIG A/A
AED 204 GIG C/IC CIT CIG A/A A/G A/G CIT A/A T/IT C/IC G/G A/A
AED_249 AIA - - CIG A/A AIG A/A C/C GIG CIT TIT GIG A/A
AED 432 GIG - - CIG A/A A/A A/G - A/G T/IT CIT GIG A/A
AED_513 AIA - - CIG A/A A/A AIA C/C AIA TIT C/C G/IG AIA
AED_1108 GIG C/IC - CIG - G/G A/A - GIG - C/IC GIG A/A
AED 1119 G/G - - C/IC A/A A/G A/A CIT A/A - C/IC GIG A/G
AED_1135 GIG - CIT CIG AIG AIG AIA TIT AIA CIT TIT G/IG AIA
AEH | GIG CIT - CIG A/A A/G A/G CIC A/G CIT CIC GIT A/A
ALH_1 - CIT T/T C/IC AIA AIG A/G - A/G CIT CIT GIT A/A
ALH 2 AlG - C/IC C/IC A/G G/G A/G CIC A/G TIT CIT GIT A/A
ALH 3 GIG - - CIG - A/G A/G CIC A/G - CIT GIG A/A
ALH_10 AIG T/T CIT C/C AIA AIA A/G CIT A/A CIT CIT G/G A/A
BIM 33 AlG - - CIG A/G A/A A/G TIT A/G TIT TIT GIT A/A
BIM_37 GIG - - GIG AIA G/G A/G C/C A/G TIT C/IC G/IG A/A
FN 2 AlG C/IC - CIG A/G A/G GIG C/C A/G CIT CIT GIG A/A
KER_1 AlG C/C TIT C/IG A/A AIG G/IG CIT G/IG CIT C/C G/G AIG
NW_54 GIG TIT CIT CIG AlG AlG AIA C/C AIG CIT CIT GIT AIA
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NW_255 AIG C/C - C/G AIA AIG GIG Cic AIG - CIT GIG AIG
PR_4 G/IG - - C/G GIG AIG AJA - AIG - CIT GIG AA
PR_10 A/A - - GIG AIA AIA AIA - AIG TIT C/IC GIG AIA
STR_220 AIG C/C - C/G AIA AIG AJA CIT AIG - - GIG AIG
STR_228 AlG - - CIG AIA GIG AIA CIT AIG - C/IC GIG AIA
STR_241 AIG TIT CIT C/G AIA GIG AIG CIT AA CIT TT GIG AIG
STR_248 A/A CIT TT C/IG AlG GIG AIA CIT AIG CIT CIT GIG AA
STR_266 A/A - - CIG AIA AIA AIG CIT AIG C/ic C/IT GIG AA
STR_300 AIG C/IT TIT C/G AIA AIG AA CIT AIG CIT CIT GIG AIG
STR_310 AlG - - GIG AIA GIG AA C/ic GIG C/ic C/IT GIG AIG
STR_316 - - - C/G AIA GIG AA CIT AIA C/IC C/IC GIG AIG
STR_328 - C/IC - G/IG AIA AIG - C/ICc AIG C/iCc CIT GIG AIG
STR_355 G/IG c/IC - GIG AIA AIG AIG CIT AIG CIT C/IC TT AA
STR_360 AIA C/IC - C/IG AIA GIG AIG CIT AIG CIT C/IC GIT AA
STR_393 AIG C/C C/IT C/ic AIA AIG GIG CIT AIG C/IC TIT GIG AIA
STR_480 G/IG - - GIG - AIG AA CIT AIG C/IC CIT GIG AA
STR_486 GIG CIT CIT C/IC AIA AlG AIA CIC AIA CIT TIT GIT AIA
STR_491 G/IG - - C/G AIA AIA AIG - AIG - - GIT AA
STR_502 GIG - - GIG AIA AlG - CIT AIG TT - GIG AIA
STR_535 AIG - TT c/iCc AIA AIG AIG TIT AIA CIT TT GIT AIA
VIM_2 A/A - - C/IC AIA GIG GIG CIC AIG - C/IC GIT AIG
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Table S30 Derived allele frequencies for markers associated with common inflammatory diseases according to Raj et al. (115). CD = Crohn’s disease, T1D = Type 1 diabetes,

CeD = Celiac disease. Frequencies for EUR, CEU, FIN, GBR, IBS, and TSI were retrieved from the Ensembl GRCh37 release 87
(http://grch37.ensembl.org/Homo_sapiens/Info/Index). 95% confidence intervals for ancient Bavarian allele frequencies are given in brackets.
SNP rs10210302 rs2058660 rs2188962 rs281379 rs415890 rs10786436 | rs12638253 | rs2248359 16822844 rs17810546
INPP5D/Atg16L SLC22A5/C5o0rf56/IRF SCHIP1/IL12
Gene 1 IL18RAP 1 FUT1/FUT2 | RNASET2 HPSE?2 LEKR1 CYP24A1 IL2/1L21 A
Associated disease CD CD CD CD CD T1D MS MS CeD CeD
Selective sweep (ya) n.a. ~7500 ~1380 n.a. n.a. ~6560 ~5100 ~8500 ~2150 ~2310
Ancestral/Derived TIC AIG CIT AIG C/G CIT CIT T/C GIT AIG
0.076 0.636 0.458 0.359 0.536 0.545 0.153
Medieval Bavarians 0.393 (0.012- 0.306 (0.520- (0.343- (0.242- (0.405- (0.425- (0.070- 0.111
(total) (0.212-0.574) 0.140) (0.155-0.456) 0.752) 0.573) 0.477) 0.666) 0.666) 0.236) | (0.039-0.184)
0.625 0.444 0.375 0.643 0.611 0.222
0.167 0.125 0.300 (0.388- (0.215- (0.138- (0.392- (0.386- (0.030- 0.056
deformed (0-0.465) (0-0.287) (0.016-0.584) 0.862) 0.674) 0.612) 0.894) 0.836) 0.414) (0-0.161)
0.619 0.413 0.357 0.500 0.532 0.130
0.500 0.071 0.292 (0.472- (0.271- (0.212- (0.337- (0.375- (0.033- 0.109
north (0.281-0.719) (0-0.149) (0.110-0.474) 0.766) 0.555) 0.502) 0.663) 0.670) 0.228) | (0.019-0.199)
0.571 0.333 0.250 0.438 0.389
0.500 0.000 0.400 (0.312- (0.115- (0.038- (0.194- (0.164- 0.111 0.111
male (0.190-0.810) (0-0) (0.096-0.704) 0.830) 0.551) 0.462) 0.681) 0.614) (0-0.256) (0-0.256)
0.109 0.640 0.500 0.396 0.575 0.604 0.154
0.667 (0.019- 0.269 (0.507- (0.364- (0.257- (0.422- (0.466- (0.056- 0.115
female (0.449-0.884) 0.199) (0.099-0.440) 0.773) 0.636) 0.534) 0.728) 0.743) 0.252) | (0.029-0.202)
EUR 0.462 0.221 0.387 0.540 0.494 0.330 0.525 0.593 0.153 0.094
CEU 0.439 0.207 0.389 0.424 0.520 0.323 0.449 0.611 0.152 0.091
FIN 0.545 0.202 0.333 0.702 0.551 0.298 0.500 0.641 0.146 0.106
GBR 0.473 0.253 0.401 0.500 0.505 0.401 0.566 0.621 0.220 0.115
IBS 0.411 0.229 0.449 0.556 0.439 0.327 0.561 0.621 0.117 0.084
TSI 0.449 0.215 0.360 0.514 0.463 0.308 0.547 0.481 0.140 0.079
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Table S31 Results of Fisher exact tests to test for allele frequency differences between groups of ancient
Bavarian samples and modern European groups at rs2188962. To conduct the tests, numbers of homozygous and
heterozygous individuals for modern European populations were retrieved from Ensembl GRCh37 release 88
(http://grch37.ensembl.org/Homo_sapiens/Variation/Population?db=core;r=5:131770305-
131771305;v=rs2188962;vdb=variation;vf=1575398).

EUR CEU FIN GBR IBS TSI Deformed Female
Non-Deformed 0.4014 0.384 0.8195 0.3758 0.1923 0.6536 1
Deformed 0.749 0.7442 1 0.7425 0.5183 1
Male 1 1 0.7355 1 1 0.7505 0.4539
Female 0.3072 0.2853 0.6574 0.2811 0.09515 0.3944

Table S32 Diversity indices for the groups of samples that were used for analysis of mitochondrial DNA.
Mitochondrial HVR | data for comparison were taken from *Rott (169), *Rott et al. (170), *Sofeso et al. (171),
*Csész et al. (172), *Unterlander et al. (21), ®Vai et al. (173), "Alt et al. (174).

Population n k Haplotype Diversity Nucleotide diversity FS FS p-value
Deformed 9 |9 | 1.0000 +0.0524 0.016788 +0.010133 -4.62107 0.009
Non-Deformed 23 | 19 | 0.9802 +0.0198 0.013865 + 0.007910 -13.32554 | 0
Baiuvars 6'/7» century: 17 | 14 | 0.9706 + 0.0323 0.011407 + 0.006795 -8.97715 0
Baiuvars 7+/8 century:: 11 | 11 | 1.0000 + 0.0388 0.013707 + 0.008266 -7.6522 0
Baiuvars 4v/5" century: 8 |6 |0.9286+0.0844 0.015576 + 0.009644 -0.4842 0.37
Avars 6/7" century: 8 |8 | 1.0000 +0.0625 0.011237 +0.007252 -4.9581 0
Avars 89" century- 18 | 16 | 0.9869 + 0.0229 0.017083 + 0.009641 -9.45658 0.001
Avars 9v/10" century* 5 5 1.0000 £ 0.1265 0.016199 + 0.011021 -1.28257 0.129
Initial Scythianss 3 |3 | 1.0000+0.2722 0.010384 + 0.009026 -0.07696 0.257
Scythianss 19 | 17 | 0.9883 +0.0210 0.019092 + 0.010618 -9.77518 0
Sarmatians® 11 | 11 | 1.0000 + 0.0388 0.022883 + 0.013089 -5.32228 0.008
Italian Longobards® 28 | 18 | 0.9418 +0.0298 0.010631 + 0.006240 -10.96882 0
Hungarian Longobards’ 26 | 20 | 0.9723 +0.0209 0.012279 = 0.007079 -14.53894 0
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Table S33 Results of determination of Fg values between “Deformed” and ‘“Non-Deformed” according to Slatkin (128). Fg values (lower left triangle) and according p-values
(upper right triangle) were determined using Arlequin ver 3.5.2.2. For sources of mitochondrial data for comparison see Table S32.

Avars 9-
Non- Bavaria 6- Bavaria 7- Bavaria 4- Avars 6-7th | Avars 8-9th | 10th Initial Italian Hungarian
Population Deformed Deformed | 7th century | 8th century | 5th century | century century century Scythians Scythians | Sarmatians | Longobards Longobards
0.676 £ 0.270 £ 0.541 £ 0.441 + 0.207 £ 0.586 £ 0.045 0.703 £ 0171+ 0.063 £ 0.198 + 0.198 +
Non-Deformed | 0 0.046 0.033 0.033 0.039 0.047 0.053 0.020 0.048 0.025 0.014 0.030 0.038
0.973+ 0.901+ 0.685+ 0.838+ 0.568+ 0.027+ 0.964+ 0.523+ 0.685+ 0.396+ 0.541+
Deformed 0.001 0 0.013 0.027 0.058 0.027 0.043 0.014 0.014 0.054 0.028 0.055 0.038
Bavaria 6-7th 0.496+ 0.189+ 0.811+ 0.117+ 0.009+ 0.631+ 0.216% 0.144+ 0.054+ 0.009+
century 0.009 0.001 0 0.053 0.032 0.036 0.031 0.009 0.053 0.045 0.034 0.020 0.009
Bavaria 7-8th 0.838+ 0.333+ 0.514+ 0.063+ 0.613+ 0.459+ 0.793+ 0.514+ 0.243+
century 0.001 0.001 0.001 0 0.039 0.033 0.041 0.024 0.049 0.044 0.033 0.047 0.043
Bavaria 4-5th 0.324+ 0.694+ 0.081+ 0.595+ 0.396+ 0.910% 0.162+ 0.045+
century 0.001 0.001 0.020 0.001 0 0.049 0.039 0.029 0.041 0.034 0.021 0.042 0.020
Avars 6-7th 0.081+ 0.000+ 0.883+ 0.811+ 0.198+ 0.090+ 0.459+
century 0.022 0.001 0.001 0.010 0.046 0 0.025 0.000 0.033 0.030 0.030 0.030 0.052
Avars 8-9th 0.027+ 0.919+ 0.342+ 0.721% 0.000+ 0.000+
century 0.001 0.001 0.018 0.001 0.001 0.040 0 0.019 0.023 0.038 0.051 0.000 0.000
Avars 9-10th 0.270+ 0.027+ 0.063+ 0.000+ 0.000+
century 0.086 0.114 0.187 0.093 0.120 0.212 0.097 0 0.036 0.014 0.019 0.000 0.000
Initial 0.991+ 0.928+ 0.306+ 0.559+
Scythians 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.056 0 0.003 0.024 0.045 0.056
0.721+ 0.000+ 0.036+
Scythians 0.016 0.001 0.015 0.001 0.001 0.001 0.006 0.087 0.001 0 0.038 0.000 0.015
0.018+ 0.018+
Sarmatians 0.022 0.001 0.020 0.001 0.001 0.020 0.001 0.071 0.001 0.001 0 0.012 0.012
Italian 0.135+
Longobards 0.012 0.001 0.028 0.001 0.022 0.037 0.044 0.142 0.034 0.039 0.054 0 0.031
Hungarian
Longobards 0.009 0.001 0.030 0.013 0.057 0.001 0.050 0.132 0.001 0.027 0.050 0.016 0
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Table S34 Results from contamination estimation based on mitochondrial DNA for all individuals and based on
X-chromosomal DNA for all male individuals of which shotgun data was available.

Sample Mitochondrial DNA X-chromosomal DNA
estimated authentic | contamination Method | SE p- Method | SE p-
error rate (%) estimate (%) 1 (%) Value | 2 (%) Value

AED_92 0.0016 99.03 0.638 —1.439

AED_106 | 0.004 98.80 0.659 —1.844

AED_125 | 0.0012 99.23 0.442 —1.095

AED_204 | 0.0019 97.86 1.501-3.129

AED_249 | 0.0028 99.14 0.522 —1.288

AED_432 | 0.0011 99.61 0.187 - 0,684

AED_513 | 0.0048 94.75 4.260 — 6.332

AED_1108 | 0.0042 99.42 0.270 - 1.006

AED_1119 | 0.0035 98.84 0.797 - 1.713

AED_1135 | 0.0028 99.01 0.566 —1.790

AEH_I 0.0029 98.84 0.783-1.799

ALH_1 0.0017 99.57 0.159-1.014 1.447 0.0993 | 2.20E- | 1.282 0.1779 | 2.20E-

16 16

ALH_2 0.003 99.24 0.353-1.512

ALH_3 0.004 99.10 0.490-1.384

ALH_10 0.0018 99.97 0.006 —0.477

BIM_33 0.0038 98.26 1.192 - 2.519

BIM_37 0.0045 99.41 0.237-1.095

FN_2 0.0012 99.73 0.033-0.954 1.567 0.1132 | 2.20E- | 1.316 0.1867 | 1.80E-

16 13

KER_1 0.0043 94.84 3.887 —7.094 1.590 0.4503 | 0.0004 | 1.934 0.7483 | 0.0019

NW_54 0.0034 98.42 1.133-2.190

NW_255 0.0032 98.83 0.541 - 2.006

STR_220 0.0046 98.71 0.830-1.880

STR_228 0.0043 99.52 0.200-0.875

STR_241 0.0041 99.73 0.044 —1.026

STR_248 0.0036 99.22 0.388 —1.397

STR_266 0.0012 99.34 0.418-1.081

STR_300 0.0009 99.33 0.374 —-1.058

STR_310 0.0026 99.03 0.548 —1.549
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STR_316 | 0.0022 99.27 0.216 - 1.626
STR_328 | 0.002 98.45 0.955 —2.467
STR_355 | 0.0037 99.54 0.208 — 0.849
STR_360 | 0.0026 99.02 0.557-1.710
STR_393 | 0.002 99.43 0.285-1.093
STR_480 | 0.0028 98.35 1.092 - 2.328
STR_486 | 0.0022 99.65 0.172-0.671 0.736 0.5104 | 0.2192 | 1.522 0.9224 | 0.0713
STR_491 | 0.0027 99.93 0.009 - 0.449
STR_502 | 0.0015 99.59 0.144 - 0.948
STR_535 | 0.0039 97.35 1.859 —3.588
VIM_2 0.0023 98.92 0.548 -1.762 1.274 0.4469 | 0.0056 | 0.560 0.5812 | 0.4851

Table S35 Most likely population origin from population similarity analysis for all ancient samples.

Sample Phenotype | Best refpop | Probability | Log Likelihood | Nb of SNPs used
BIM_37 m_non-def UK 0.53 -325208 601.326
AED_249 m_non-def FRE 0.56 -421935 784.135
STR_486 m_non-def FRE 0.56 -817831 1.504.828
STR_393 m_non-def FRE 0.31 -265561 490.457
AED_106 m_non-def GER 0.86 -427149 790.203
ALH_1 m_non-def GER 0.64 -2460495 4.621.155
STR_241 m_non-def GER 0.3 -234857 435.988
AED_1119 f_non-def GER 0.66 -232654 435.102
AED_92 m_non-def GER 0.48 -266321 492.745
STR_316 m_non-def NOwW 0.29 -493841 912.025
ALH_2 f_non-def FRE 0.36 -199988 369.189
AED_432 f_non-def FRE 0.39 -264622 491.462
ALH_3 f_non-def FRE 0.51 -1028164 1.903.507
NW_255 f_non-def GER 0.62 -438121 808.395
STR_266 f_non-def GER 0.58 -154454 287.642
STR_480 f_non-def GER 0.52 -482392 891.251
AED_1135| f_non-def GER 0.39 -396899 732.071
ALH_10 f_non-def GER 0.67 -2463425 4.634.247
STR_248 f_non-def HUN 0.41 -329217 604.708
AED_204 f_non-def NOw 0.28 -352715 653.560
STR_502 f_non-def TUS 0.31 -187039 341.464
STR_300 f_non-def GRE 0.44 -891249 1.641.970
STR_491 | m_intermediate GER 0.47 -108342 200.526
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STR_355 | f_intermediate GER 0.34 -1286343 2.373.280
STR_220 | f_intermediate GER 0.42 -1131870 2.095.121
STR_360 | f_intermediate GER 0.68 -167764 309.943
STR_310 | f_intermediate ROM 0.38 -1483461 2.705.440
AED 513 f_def BUL 0.69 -371517 684.245
STR_535 f_def BUL 0.3 -409691 748.453
STR_228 f_def CRO 0.39 -590457 1.090.644
AED_125 f_def FRE 0.3 -123648 227.299
BIM_33 f_def ROM 0.43 -399480 738.213
AEH_1 f_def ROM 0.18 -297956 549.882
NW_54 f_def sIC 0.71 -510023 940.779
STR_328 f_def TUS 0.91 -649438 1.178.656
AED_1108 f_def NOG 0.67 -425068 777.077
VIM_2 Other NOG 0.94 -1075867 1.956.521
PR_10 Other TAJ 0.96 -345301 631.544
PR 4 Other TAJ 0.8 -169088 307.669
FN_2 Other ITN 0.38 -2450237 4.582.464
KER_1 Other TUS 0.29 -1084016 1.977.874
HI1 Other UK 0.83 -1504087 2.722.385
HS1 Other UK 0.52 -2180386 3.888.836
HS2 Other NOW 0.34 -2235851 3.967.747
HI2 Other UK 0.61 -2532684 4.592.425
HS3 Other UK 0.43 -1144959 2.085.379
01 Other GER 0.4 -2085931 3.758.121
02 Other GER 0.67 -1820179 3.265.587
03 Other GER 0.29 -2528987 4.512.789
04 Other UK 0.5 -2496737 4.489.572
L Other UK 0.41 -1173405 2.133.620
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Table S36 Individual log likelihoods and associated p-values for each individual ancient sample for outlier
analysis.

Sample | Log Likelihood | Empirical P-value
AED_1108 -5917 0
KER_1 -5883 0
PR_10 -5850 0
VIM_2 -5844 0
STR_502 -5787 0.006
AED_125 -5723 0.091
STR_535 -5702 0.161
STR_310 -5677 0.268
AED_1135 -5673 0.289
AEH_1 -5670 0.306
ALH_1 -5667 0.325
STR_300 -5661 0.369
ALH_3 -5656 0.402
STR_355 -5652 0.427
AED_432 -5641 0.506
STR_486 -5641 0.506
ALH_2 -5635 0.533
AED_1119 -5634 0.538
BIM_37 -5615 0.656
STR_248 -5611 0.677
STR_393 -5610 0.683
NW_54 -5607 0.697
AED_204 -5604 0.713
FN_2 -5603 0.721
BIM_33 -5602 0.723
STR_228 -5597 0.74
AED 513 -5595 0.752
STR_316 -5581 0.828
AED_106 -5580 0.834
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STR_360 -5580 0.834
AED_92 -5576 0.846
STR_220 -5568 0.882
STR_241 -5558 0.912
STR_480 -5522 0.972
AED_249 -5513 0.981
ALH_10 -5447 0.997
NW_255 -5447 0.997
STR_266 -5453 0.997
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Table S37 Pairwise Fsy estimates for haplotype data at the 5 Mb region for all populations. Colors overlaying numbers indicate smallest (orange) to largest (green) Fsr,

FST x 100

CHB

JPT

CHS

CDX

KHV

CHB
JPT
CHS
CDX

KHV

m_non-def
f_non-def

f_inter

f def

2.663

m_non-
def

f_non-
def

f_inter

f_def

3.754
3.594
3.682
3.704
3.803
3.673

3.939
3.652
3.798
3.304
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Table S38 Free parameter estimates for our demographic model against the observed GoNL-Medieval Barbarian
2D-AFS under two fixed mutation rates and a variable mutation rate.

Parameter | Bounds u=12x10" u=259x10° Variable
Lower Point 5% CI Point| 5% CI Point 5% ClI
Upper 95% ClI 95% ClI 95% CI
Log likelihood -7591.96 -7606.71 -7591.599
10910(Ogrowtn/ 0 82) 0 1.198 1.18 1.174 1.12 1.197 1.17
2 1.22 1.22 1.22
10910(Gpresent/ @growtn) 0 1.785 1.69 1.539 1.3 1.859 1.67
3 2.01 2.97 2.03
te_growtn iNterval 0 0.869 0.85 0.883 0.82 0.87 0.85
1 0.88 0.94 0.88
log10() -10 -7.944 -8.18
-6 -7.81
Ne growth 18.711 17.7K 8.198 7.3K 19.694 14.4K
19.5K 9.2K 34.5K
Ne_present 1.140.508 896K 283.829 151K | 1.422.153 751K
1,951K 8,645K 2,836K
tgrowtn (yeQrs) 5.712 5.283 3.146 2.329 5.924 4,402-10,402
6.211 3.989
growth rate (%) 1.8 1.63 2.82 1.88 1.81 1
2.16 7.2 2.36
u 1.14 x 10°® 6.51 x 10°°
1.53x10°
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Table S39 Free parameter estimates for our demographic model against the observed GoNL-Medieval Barbarian
2D-AFS excluding transitions under two fixed mutation rates and a variable mutation rate.

Parameter | Bounds u=12x10" u=259x10° Variable
Lower Point | 5% CI Point| 5% CI Point 5% ClI
Upper 95% ClI 95% ClI 95% CI
Log likelihood -4443.302 -4446.69 -4443.279
10910(Bgrowtn/Os2) 0 1.204 053| 1.158 0.62 1.207 1.13
2 1.3 1.27 1.27
10910(Bpresent! @growth) 0 1.657 1.26 1.35411.15-2.93 1.676 1.23
3 2.05 2.07
te_growth iNterval 0 0.833 0.05 0.806 0.1 0.835 0.77-0.89
1 0.87 0.92
logio() -10 -8.451 -8.82
-6 -7.95
Ne growth 18.941 4.1K 7.908 2.3K 20.880 5.9K
22.9K 10.1K 53.0K
Ne_present 859.628 107K | 178.666 50K 989.559 101K
2,212K 8,422K 4,128K
tyrowtn (Years) 6.865| 5.577 4.221 2.616 7.316 | 3,286-15,600
31.719 14.176
growth rate (%) 1.39 0.26 1.85 0.55 1.32 0.6
25 5.59 3.14
u 1.10x10%| 4.62x10°
3.46 x 10°

Note, u is scaled based on titv of 2.1
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