
S8 Functional variation in ancient samples

Methods
In order to generate a detailed portrait of the putative physical and metabolic phenotypes of Mesolithic
hunter-gatherers,  we  screened  all  individuals  presented  in  this  study  for  variants  associated  with
different traits of interest. We attempted to predict their physical appearance (pigmentation, scalp and
facial hair phenotype), resistance to infectious diseases and other immune-related conditions, ability to
digest  certain  animal  or  plant  products,  predisposition  to  genetic  disorders,  and  other  relevant
conditions. The allelic states from these newly sequenced individuals were compared to those from the
literature, including Motala, Western European HGs (WHG), Eastern European HGs (EHG), Caucasus
hunter-gatherers (CHGs),  as well  as Eurasian Upper Paleolithic  and Neolithic  individuals to better
understand the evolution and spread of these traits. Furthermore, only individuals with an average of
>1x coverage for the captured SNPs were considered from  [1] (ElMiron, Villabruna, GoyetQ116-1,
Vestonice16 and Kostenki14). Genome sequence data and target-SNP capture data have been produced
for some Motala individuals  [2,3]. To jointly analyze those two types of data, we merged data per
individual, after manually checking that no contradicting information was observed between the two
BAM files at the investigated positions.

Both transversions and transitions were investigated for this analysis, as roughly two thirds of variants
of interest are transitions. MapDamage V2.0.2-15 [4,5], was used with default parameters to rescale the
base qualities of potentially deaminated sites in all BAM files. Data from individuals whose libraries
had been damage-repaired (UDG treated) were not included in this base quality rescaling step. This
approach may not completely remove all  aDNA damages at  the sequence fragment  termini,  but  it
controls  for  aDNA damage  under  a  probabilistic  framework  by  utilizing  all  information  from the
ancient genome sequence data. Samtools v1.3 [6] mpileup was used to restrict our analysis to variants
with base qualities >= 30 and reads with MAPQ >= 30. The classification of published ancient samples
can be found in table S8.1 and all calls at functional sites can be found in S1 Table.



Table S8.1 Samples used in the functional variants section.

Sample Group
Group assignment for functional variant

section Country Reference

Ajv58 NHG Neolithic Hunter-gatherer Scandinavia Sweden
Skoglund et al., 2014 and this

study

Ajv70 NHG Neolithic Hunter-gatherer Scandinavia Sweden
Skoglund et al., 2014 and this

study
Motala1/I0011 SHG Mesoltihic Hunter-gatherer Scandinavia Sweden Haak et al 2015

Motala2/I0012
SHG Mesoltihic Hunter-gatherer Scandinavia Sweden

Lazaridis et al 2014, Haak et al
2015

Motala3/I0013
SHG Mesoltihic Hunter-gatherer Scandinavia Sweden

Lazaridis et al 2014, Haak et al
2015

Motala4/I0014
SHG Mesoltihic Hunter-gatherer Scandinavia Sweden

Lazaridis et al 2014, Haak et al
2015

Motala6/I0015
SHG Mesoltihic Hunter-gatherer Scandinavia Sweden

Lazaridis et al 2014, Haak et al
2015

Motala12/I0017
SHG Mesoltihic Hunter-gatherer Scandinavia Sweden

Lazaridis et al 2014, Haak et al
2015

Steigen SHG Mesoltihic Hunter-gatherer Scandinavia Norway This study
SF9 SHG Mesoltihic Hunter-gatherer Scandinavia Sweden This study

SF11 SHG Mesoltihic Hunter-gatherer Scandinavia Sweden
This study and Skoglund et al

2014
SBj SHG Mesoltihic Hunter-gatherer Scandinavia Sweden This study

Hum2 SHG Mesoltihic Hunter-gatherer Scandinavia Norway This study
Hum1 SHG Mesoltihic Hunter-gatherer Scandinavia Norway This study
SF12 SHG Mesoltihic Hunter-gatherer Scandinavia Sweden This study

LaBrana1 WHG Mesoltihic Hunter-gatherer West Europe Spain Olalde et al 2014
Loschbour WHG Mesoltihic Hunter-gatherer West Europe Luxembourg Lazaridis et al 2014

Bichon WHG Mesoltihic Hunter-gatherer West Europe Switzerland Jones et al. 2015
KO1 WHG Mesoltihic Hunter-gatherer West Europe Hungary Gambaet al. 2014

UzOO74/I0061 EHG Mesoltihic Hunter-gatherer East Europe Russia Mathieson et al. 2015
SVP44/I0124 EHG Mesoltihic Hunter-gatherer East Europe Russia Mathieson et al. 2015

Kotias CHG Mesoltihic Hunter-gatherer Caucasus Georgia Jones et al. 2015
Satsurblia CHG Mesoltihic Hunter-gatherer Caucasus Georgia Jones et al. 2015
ElMiron PEHG Paleolithic Hunter-gatherer Europe Spain Fu et al. 2016

Villabruna PEHG Paleolithic Hunter-gatherer Europe Italy Fu et al. 2016
GoyetQ116-1 PEHG Paleolithic Hunter-gatherer Europe Belgium Fu et al. 2016
Vestonice16 PEHG Paleolithic Hunter-gatherer Europe Czech Republic Fu et al. 2016
Kostenki14 PEHG Paleolithic Hunter-gatherer Europe Russia Fu et al. 2016

Klei10 EEF Early Neolithic Balkans Greece Hofmanova et al. 2016
Rev5 EEF Early Neolithic Balkans Greece Hofmanova et al. 2016
Pal7 EEF Early Neolithic Balkans Greece Hofmanova et al. 2016
Bar8 EEF Early Neolithic Anatolian Turkey Hofmanova et al. 2016

Bar31 EEF Early Neolithic Anatolian Turkey Hofmanova et al. 2016
Tep002 EEF Early Neolithic Anatolian Turkey Kılınç et al. 2016
Tep003 EEF Early Neolithic Anatolian Turkey Kılınç et al. 2016
Tep004 EEF Early Neolithic Anatolian Turkey Kılınç et al. 2016
Tep006 EEF Early Neolithic Anatolian Turkey Kılınç et al. 2016
Bon001 EEF Early Neolithic Anatolian Turkey Kılınç et al. 2016
Bon002 EEF Early Neolithic Anatolian Turkey Kılınç et al. 2016
Bon004 EEF Early Neolithic Anatolian Turkey Kılınç et al. 2016

BAR2/I0707 EEF Early Neolithic Anatolian Turkey Mathieson et al. 2015
BAR6/I0708 EEF Early Neolithic Anatolian Turkey Mathieson et al. 2015

BAR20/I0709 EEF Early Neolithic Anatolian Turkey Mathieson et al. 2015
M11-363/I0745 EEF Early Neolithic Anatolian Turkey Mathieson et al. 2015
L11-322/I0746 EEF Early Neolithic Anatolian Turkey Mathieson et al. 2015
L14-200/I1583 EEF Early Neolithic Anatolian Turkey Mathieson et al. 2015

Stuttgart EEF Early Neolithic Central European Germany Lazaridis et al. 2014

HAL2/I0659 EEF Early Neolithic Central European Germany
Haak et al. 2015, Mathieson et

al. 2015

HAL24/I0821 EEF Early Neolithic Central European Germany
Haak et al. 2015, Mathieson et

al. 2015
HAL25/I0048 EEF Early Neolithic Central European Germany Haak et al. 2015, Mathieson et



al. 2015

HAL34/I0057 EEF Early Neolithic Central European Germany
Haak et al. 2015, Mathieson et

al. 2015

HAL4/I0100 EEF Early Neolithic Central European Germany
Haak et al. 2015, Mathieson et

al. 2015

HAL5/I0046 EEF Early Neolithic Central European Germany
Haak et al. 2015, Mathieson et

al. 2015

KAR16A/I0797 EEF Early Neolithic Central European Germany
Haak et al. 2015, Mathieson et

al. 2015

KAR6 EEF Early Neolithic Central European Germany
Haak et al. 2015, Mathieson et

al. 2015

LBK1976/I0022 EEF Early Neolithic Central European Germany
Haak et al. 2015, Mathieson et

al. 2015

LBK1992/I0025 EEF Early Neolithic Central European Germany
Haak et al. 2015, Mathieson et

al. 2015

LBK2155/I0026 EEF Early Neolithic Central European Germany
Haak et al. 2015, Mathieson et

al. 2015
SZEH4/I0176 EEF Early Neolithic Central European Hungary Haak et al. 2015

Starcevo EEF Early Neolithic Central European Hungary Haak et al. 2015
Troc1/I0409 EEF Early Neolithic Iberian Spain Haak et al. 2015
Troc3/I0410 EEF Early Neolithic Iberian Spain Haak et al. 2015
Troc5/I0412 EEF Early Neolithic Iberian Spain Haak et al. 2015
Troc7/I0413 EEF Early Neolithic Iberian Spain Haak et al. 2015

Finally, it  is noteworthy that the variants used in our subsequent phenotypic predictions have been
validated in present-day human populations,  thus it  is  possible  that undetected functional  variation
within the analyzed genes (or even other regions) contributed to phenotypic variation in ancient human
populations. Such variation would not be captured by the following analyses [2]. 

S8.1 Pigmentation

Predicting human eye,  hair, and skin pigmentation scales and color  has recently been reported by
analyzing genetic variation at several genes and SNPs [7–12]. Here we reconstructed the phenotypic
appearance of the SHGs, and screened these functional variants in other hunter-gatherer individuals as
well as Early Neolithic farmers across Europe, and thus improved the understanding of the history and
evolution of these variants.

Eye, hair, and skin color/pigmentation was assessed by screening two sets of pigmentation-associated
markers recently validated in present-day human populations  [10,12–14]. The probability for certain
eye and hair color for each ancient individual was computed using the enhanced version 1.0 Hirisplex
Microsoft Excel macro [14], a SNP system originally designed for forensic purposes. We attempted to
predict  skin  pigmentation  using  the  8plex  system described  by Hart  et  al  [12],  but  as  previously
reported [2,15], the results were inconclusive for ancient samples using this panel. Similar to previous
investigations of ancient humans  [2,15–17],  we provide skin-color predictions based on the genetic
variants at the rs16891982 (in the SLC45A2 gene) and rs1426654 (SLC24A5) SNPs. The derived allele
at  rs1426654  (SLC24A5)  has  the  greatest  effect  on  skin  pigmentation  among  Europeans  [18–21].
Moreover, this variant is part of a light skin haplotype termed “C11”, which is defined by a set of 16
SNPs  across  78kb within  the  SLC24A5 gene.  In  addition  to  rs1426654,  we  investigated  the  non-
synonymous SNP rs16891982 in the SLC45A2 gene, which is a second major-effect pigmentation locus
in  Europeans  [22].  The  derived  alleles  at  both  rs1426654  and  rs16891982  positions  are  found  at
extremely high frequencies in present-day European populations (where the former allele is virtually
fixed and the latter is ~90%), an observation that has been interpreted as the signature of recent positive
selection in Europeans [23].
 



In studies of eye pigmentation, the derived allele at SNP rs12913832 (within the  HERC2 gene) has
been associated with iris depigmentation. Individuals carrying the homozygous derived variant exhibit
a blue eye-color, whereas carriers of the heterozygote genotype or the homozygote ancestral  allele
display  an  intermediate  or  a  brown  eye-color  phenotype  [24].  Across  present-day  Europeans
populations from the 1000 genomes project, the blue eye color associated variant is found at an average
frequency of 60%, and it reaches its highest frequency in the Finnish population (90%) and the British
population (81%) [25]. The SNP rs12913832 is part of the h-1 haplotype, which is carried by 97% of
blue-eyed individuals in a present-day study population from Turkey, Jordan, and Denmark [26]. The
presence  of  h-1 can  be  assessed  through  screening  the  allelic  states  at  a  set  of  13  SNPs  in  the
OCA2/HERC region.

Allelic states of the investigated SNPs as well as the C11 and h-1 haplotypes for each ancient group is
shown in S1 Table. A brief summary of the pigmentation phenotypic reconstruction can be found below
for each group and individual, as well as interpretations of the history of these variants.

Western hunter-gatherers (WHGs)
The Mesolithic La Braña,  Loschbour WHGs, the Upper Palaeolithic Villabruna individual,  and the
Neolithic KO1 individual, which has a genetic makeup of a WHGs [27], had dark skin and blue eyes
based  on  their  allelic  states  at  the  rs1426654,  rs16891982  and  rs12913832  SNPs  [1,2,16,27];  an
observation supported by their high probabilities of blue eye color inferred by Hirisplex in this study.
The Upper  Paleolithic  Bichon from central  Europe  [15] had likely  dark-skin  and brown eyes  (S1
Table). The dark skin and blue eyes phenotype combination was likely very common among WHGs
and it has been inferred for four out of five Mesolithic and Upper Paleolithic individuals in western and
central  Europe.  Moreover,  the  allelic  states  at  the  h-1 defining  positions  suggest  that  La  Braña,
Loschbour and Villabruna carried this haplotype. The haplotype determination was inconclusive for the
remaining  individuals  due  to  alternative  alleles  and  missing  data  at  informative  positions.  All
individuals from this group were predicted to have a dark hair color, where Loschbour, Villabruna and
Bichon probably had black hair, whereas La Braña and KO1 present similar probabilities of having
brown or black hair (S1 Table).

Eastern hunter-gatherers (EHGs)
The  Karelian  and  Samaran  Russian  Mesolithic  hunter  gatherers  [3] are  currently  the  best
representatives of a group of EHGs that migrated and admixed with WHGs to form SHGs. Mathieson
et al [28] recently reported data from another Karelian Mesolithic hunter gatherer (sample I0211), with
low coverage (0.136X across all captured SNPs), preventing pigmentation characterization. Hirisplex
skin and hair color predictions suggest some opposing pigmentation patterns for the EHG individuals.
The Karelian individual presents high probabilities of being brown-eyed (0.99), and having a dark hair
(0.96).  Without  speculating  about  the  genetic  architecture  of  skin  pigmentation,  we  suggest  an
intermediate skin-pigmentation phenotype for the Karelia individual, as it carried the ancestral allele at
rs16891982 and the derived allele at rs1426654 (S1 Table). The presence of the rs1426654 light-skin
allele,  in  addition  to  five  additional  C11-associated  alleles  at  haplotype  defining  SNPs (S1 Table)
suggests that  the Karelian individual carried the  C11 light-skin haplotype.  The Samaran individual
exhibits high probabilities of being blue-eyed (0.88), light hair shade (0.99); most likely being blond
(0.75). The two skin pigmentation SNPs suggest that the Samaran individual was light-skinned. In
summary, the EHGs had high frequencies of the light-skin variants and intermediate frequencies of the
blue-eye variants. 

   
Scandinavian hunter-gatherers (SHGs)



The SHG group includes the seven individuals from this study, the six Motala hunter-gatherers [2], and
the Neolithic Ajvide 58 hunter-gatherer [29]. From SHGs sequenced in this study, we obtained an eye
and  hair  pigmentation  portrait  for  SF9,  Hum2,  SBj  and  SF12.  No  pigmentation  predictions  were
generated for the SF11, Hum1 and Steigen samples, due to missing data at the relevant positions. Out
of the four individuals with a Hirisplex prediction, both light and dark pigmentation phenotypes were
observed. SBj and SF12 exhibited high probabilities of being blue-eyed (0.91 and 0.88, respectively),
while SF9 and Hum2 were predicted to have been brown eyed. The high-coverage and high quality
genome of SF12 carried two copies of the h-1 haplotype (defined by the homozygous state of all h-1
haplotype SNPs, S1 Table). SF12 and Hum2 likely had dark hair (p=0.75 and p=0.99), while SF9 and
SBj had light hair  (p=0.58 and p=0.90). SBj presented slightly higher probabilities of being blond
(0.52) than having black, brown or red hair. 

The common feature of the skin-pigmentation SNPs among these Scandinavian hunter-gatherers was a
mix of light and dark skin alleles at either rs16891982 or rs1426654 (S1 Table). The Hum2 individual
exhibited only derived haplotype-associated alleles at the 16  C11-defining positions, suggesting that
Hum2 had at least one copy of this haplotype. SF9 and Steigen present derived variants at 8 and 13 out
of the 16 screened positions, respectively. Even though both Steigen and SF9 lacked information for
the  core  SNP  rs1426654,  Steigen  only  carried  C11-associated  alleles  at  rs1834640,  rs2675345,
rs938505 positions, and SF9 at rs1834640 and rs938505, which distinguish C11 from other SLC24A5
haplotypes.  SF12 exhibits  a  different  haplotype,  C9, compared to  the other  SHGs, and carries the
ancestral allele at the core SNP rs1426654, indicating dark skin pigmentation.

A Hirisplex eye and hair color prediction was obtained for the six hunter-gatherers from Motala  [2,3].
Interestingly, all individuals exhibited high probabilities of being blue-eyed (0.71-0.92). The Motala2,
Motala3,  Motala4  and  Motala12  individuals  most  likely  had  a  dark  hair  color  (0.70-0.99),  while
Motala1 and Motala6 had a light shaded hair (~0.91); they may have been blond (~0.60). Similar to
SF9, SF11, SF12, SBj, Hum1, Hum2 and Steigen, the Motala hunter-gatherers presented a combination
of light and dark skin pigmentation alleles. Only Motala2 presented exclusively light-skin variants at
both rs16891982 and rs1426654. Motala12 exhibited only haplotype-defining derived alleles at both
the h-1 and the C11 associated positions. The combination of C11-associated alleles at the rs1834640
and rs2675345 SNPs with a light-pigmentation allele at the core SNP rs1426654, suggest that Motala2
and Motala4 individuals carried the C11 haplotype as well.

The Neolithic  Ajvide 58 and 70 individuals from a Pitted Ware Culture context  shares part  of  its
phenotypic variation with SHGs. While they presented high probabilities of being blue-eyed (0.79 and
0.86) and having a dark hair color (0.94 and 0.97), Ajv58 exhibits the dark skin pigmentation alleles at
rs16891982 and rs1426654 positions, while Ajv70 is heterozygous at those positions..

Interestingly, the eye and light skin pigmentation phenotypes observed in all SHGs could potentially be
explained by admixture between WHG and EHG groups. The high relative-frequency of the blue-eye
color allele in SHGs, resembles WHG, while the intermediate frequencies of the skin color determining
SNPs in SHGs seem more likely to have come from EHG, since both light-pigmented alleles are
virtually absent from WHG. However, for all three well-characterized skin and eye-color associated
SNPs, the SHGs display a frequency that is greater for the light-skin variants and the blue-eye variant
than  can  be  expected  from  a  mixture  of  WHGs  and  EHGs.  This  observation  indicates  that  the
frequencies may have increased due to continued adaptation to a low light conditions.



Caucasus hunter-gatherers (CHGs)
Both Kotias and Satsurblia CHGs [15] were predicted by Hirisplex to have brown eyes (>0.96) and a
dark hair  shade (>0.92).  Looking at  skin-pigmentation sites,  both individuals  carried the dark-skin
allele at rs16891982 and the light-pigmentation allele at rs1426654. Similar to the Hum2 and Motala12
individuals, Kotias showed exclusively haplotype-associated alleles at the C11-defining positions (with
at least 5 reads of such alleles per site), suggesting it carried the C11 haplotype.

Palaeolithic European hunter-gatherers (PEHG)
The Hirisplex eye and hair  color prediction for the Paleoltihic European hunter gatherers ElMiron,
GoyetQ116-1, Vestonice16, Kostenki14 (dated from 18,000 to 36,000 ya), displayed high probabilities
of being brown-eye color (> 0.99), and high probabilities of exhibiting a dark hair pigmentation (0.60-
0.99).  All  four  individuals  presented  only  dark-skin  alleles  at  rs16891982.  The  GoyetQ116-1  and
Vestonice16 individuals missed information at the rs1426654, while El Miron carried only dark-skin
alleles at that position, and Kostenki14 had four dark-skin alleles and one light-pigmentation allele.

Early European farmers (EEF)
The Hirisplex eye and hair color prediction of 37 Early Neolithic farmers sequenced across Europe and
Anatolia  [2,3,17,30] revealed  that  four  individuals  presented  high  probabilities  of  being  blue-eyed
(p=0.55-0.91), 23 were predicted to be brown-eyed (p=0.76-0.99), and 10 individuals did not have
enough data  to  make a  prediction.  In  total  23 individuals  exhibit  a  high  probability  for  dark hair
pigmentation (p=0.57-0.99), five had most likely a light hair shade; the remaining nine farmers lacked
data for meaningful hair pigmentation prediction (S1 Table). The Anatolian Barcin I1583 individual
[28] exhibited blue-eye color variants at the core h-1 SNP rs12913832 and its linked rs1129038 variant.
Interestingly,  it  also  presented  h-1-haplotype-defining  alleles  at  rs7170852,  rs2240203,  rs916977,
suggesting that this individual might have harbored the blue-eye color founder haplotype as well. No
other early farmer presented direct evidence for the h-1 haplotype’s presence.

While both pigmentation alleles were observed at rs16891982 (although the derived allele in much
higher  proportion,  see  below),  virtually  only  the  light-skin  allele  was  observed  at  rs1426654.
Unequivocal evidence for the presence of the  C11-haplotype was observed for the central European
Stuttgart sample, while (although at low coverage) only haplotype-associated alleles were observed in
the Greek Klei10 early farmer individual.

Summary
After  investigating  the  presence  of  light-pigmentation  alleles  and  haplotypes  in  different  hunter-
gatherers and early farmers across Europe and Anatolia, it seems as if eye and light skin pigmentation
alleles  entered  Europe several  times during different  migration  events.  In  particular, the  light  skin
pigmentation variant arrived to Scandinavia already in the Mesolithic with migrants from the northeast,
whereas the blue-eye variants probably arrived in Scandinavia with migrants from the south.

Light eye pigmentation variants were present at high frequencies in WHG, SHG, EHG and EEF (not
present  in  PEHG),  while  the  blue-eye  color  founder  haplotype  h-1 was  found  in  the  La  Brana,
Loschbour, Villabruna WHGs, SF12, Motala1 and Motala12 SHGs and at least one early farmer. Such
results suggest that the blue eye-color allele is rather old. Using an ABC modeling approach Nakagome
et al. [31], predicted that the light-pigmentation allele at rs12913832 emerged around 42,000 years ago
or earlier; a date close in time to the initial peopling of Europe. A plausible scenario of the origin of the
blue-eye mutation that reconciles our results with findings from other studies is one where this variant
appeared in an ancestral population before the ancestors of the WHG migrated from Near East into
West and Central Europe [1]. 



The large effect light-skin alleles at rs16891982 and rs1426654 were present in SHG, EHG, CHG and
EEF but absent in WHG and PEHG. Similarly, the C11 haplotype is present in hunter-gatherers (SHG,
EHG and CHG but not WHG and PEHG) throughout Europe, as well as in at least two early farmers.
This pattern is consistent with reports that the rs1426654 derived allele arose ~22,000-28,000 years ago
[31,32], and that the light-pigmentation allele at rs16891982 arose only once in Eurasians  [31,33]. A
possible geographical origin for these two major light-skin alleles is West Asia or the Near East [34].
Later migrations across the Caucasus (CHG) and Eastern Europe would have brought it to Scandinavia,
while EEF migrations introduced both alleles into central Europe.

Moreover,  [21] suggested  that  selective  sweeps  on  rs1426654 and rs16891982 (light-pigmentation
alleles), started at between ~15-19 kya (under a dominant model) and ~11-13 kya (under an additive
model), respectively. In a comparison of SNP capture data of hunter-gatherers of mixed geographic
origin,  early farmers  and modern-day Europeans,  Mathieson et  al  [28] suggested  that  while  light-
pigmented alleles frequencies in extant Europeans at rs1426654 could be explained by demography,
variation at the rs16891982 locus produced the second highest genome-wide selection signal observed
in  their  study.  These  results,  of  a  high  frequency  of  rs1426654  light-skin  allele  in  Mesolithic
Scandinavia and Eastern Europe, at a time when it is not seen in central Europe, supports a scenario of
environmental adaptation to northern latitudes.

To summarize the results of the skin and eye color section, we display the allele frequencies of light-
pigmentation  alleles  of  the  three  SNPs  rs12913832,  rs16891982 and rs1426654 for  each group in
Figure  3.  Allele  frequencies  are  estimated  as  the  proportion  of  chromosomes  carrying  the  light
pigmentation allele. A distinction was made between low coverage (haploid calls) sites (SNPs covered
by less than five reads in a particular individual), versus higher coverage (diploid calls) sites (SNPs
covered by five or more reads in a particular individual). The maximum count of light-pigmentation
alleles  at  haploid  sites  was  1,  and  2  at  diploid  sites.  Positions  where  both  alleles  were  observed
contributed either 0.5 (haploid call) or 1 (diploid call) to light-color allele frequencies in order to be
consistent  with  only  calling  2  alleles  if  we  have  5  or  more  reads  covering  a  site.  Data  from all
individuals was used to calculate standard errors for each estimate.

S8.2 Scalp and facial hair associated SNPs

Genetic  studies  in  modern-day humans  have  found certain  SNPs  to  be  associated  with  scalp  hair
(shape, greying, balding) and facial hair (beard thickness, monobrow, eyebrow thickness)  [35]. Here,
we investigate these SNPs in ancient Scandinavian individuals. Table S8.2 summarizes the results. 

Regarding  hair  shape,  we  screened  SNPs  rs3827760  and  rs11803731,  where  variants  have  been
associated with straight  hair  in Europeans and Asians.  Furthermore,  it  has been suggested that the
associated variants have been under recent selection in both populations  [36,37]. At rs11803731, we
find both the associated and non-associated variant among SHGs (SF12 is homozygote for the straight-
hair associated variant), which is similar to other hunter-gatherers throughout Europe. For rs3827760,
within the EDAR gene, the derived G allele is associated with shovel-shaped teeth and hair thickness
phenotype in East Asians. In the novel SHGs in this study, only the ancestral A allele is present (SF12
is homozygote AA). The derived variant was reported in three of the six Motala SHGs which are
younger than most other SHGs in this study [28]. It is clear that the variant was present among SHGs
[28], and it is possible that it has a continuous (but varying) distribution from Scandinavia to East Asia
during the Mesolithic, and that the very low sample size of EHGs has failed to pick up the variant. It is



also possible that the derived rs3827760 variant was brought to Scandinavia by migration in the Late
Mesolithic, perhaps related to the specific Motala group. 

In total 13 SNPs have been associated to facial hair presence and shape [35]. Among those positions,
rs365060, rs4864809, rs6901317 and rs117717824 have been linked to beard thickness, rs112458845 to
eyebrow  thickness  and  rs2218065  to  monobrow. These  SNPs  were  ascertained  in  admixed  Latin
American populations and it is still unclear how well these variants influence facial hair presence and
shape in non-Latin Americans. These are also highly polygenic traits, so the markers investigated here
do not allow for reliable conclusions regarding the ancient individuals. Nonetheless, in order to get an
indication for these traits among the ancient individuals, we investigated these SNPs.

For beard thickness, 2 SNPs (rs365060 and rs117717824) showed opposing patterns of only the thick
beard variant for the former SNP, and only the thin beard variant for the latter SNP. For the 2 remaining
beard thickness SNPs, we observe both variants (2 of 5 vs 3 of 5 for rs4864809) and 5.5 of 8 vs 2.5 of 8
in rs6901317). Hence,  the SHGs would, on average, have intermediate and varied beard thickness.
While SF12 is a female (she is heterozygote for 2 of the SNPs, and homozygote thick beard for one site
and homozygote thin beard for one site), Steigen is a male and has the thick beard variant at 2 sites,
possibly heterozygote at one site and carries one thin beard variant at the 4th site. Interestingly, the
thick beard variant at rs365060 has been shown to be under selection in modern-day western Europeans
[35]. A comparison of the allelic state of the individuals from this study to other HGs, showed that the
thick beard variant at rs365060 was widely spread within WHGs, EHGs and CHGs. Thus, a selective
event probably predated the split of hunter-gatherers in Europe.

The eyebrow thickness associated SNP rs112458845 showed variation among SHGs (3As and 2Gs
called), whereas the monobrow variant G (rs2218065) appears to be in high frequency (6 of 6) among
SHGs.  SF12 was  homozygote  for  both  the  thick  eyebrow and monobrow variants.  The  gray  hair
associated variant was also quite common among SHGs (4 of 5).The SNPs rs2814331 and rs4258142
have been associated to balding  [35,38]. Among all  7 individuals, we only find balding associated
variants at these two SNPs (3 individuals had no data on these SNPs).

Table S8.2 Scalp and facial associated SNPs
SNPID gene mutation strand Steigen SF9 SF11 SBj Hum2 Hum1 SF12

Hair shape rs11803731 TCHH A > T + NA 1A NA NA 2T NA 77T
Hair shape rs3827760 EDAR A > G - 1A 1A NA NA 8A NA 88A
Beard thickness rs365060 EDAR G > C + 2C NA NA NA 4C NA 85C
Beard thickness rs4864809 LNX1 A > G + 2G 1G NA NA 3A NA 29G,23A
Beard thickness rs6901317 PREP G > T + 1T,1G 1G 1G NA 2G 1G 35T,35G
Beard thickness rs117717824 FOXP2 G > T + 2G 2G NA NA 1G 1G 54G
Eyebrow thickness rs112458845 FOXL2 G > A + NA NA NA 1G 2G NA 31A
Monobrow rs2218065 PAX3 A > G + 2G 1G NA NA 1G NA 41G
Hair greying rs12203592 IRF4 C > T + NA NA NA NA 4T 2T 40C,34T
Balding rs2814331 GRID1 C > T + 1T 1T NA NA NA NA 45T
Balding rs4258142 AR/EDA2R C > T + 3T 2T NA NA 2T NA 24T

S8.3 Acetylator phenotype 

The genetic basis of drug response is a major focus of pharmacogenetics. Drugs are metabolized using
metabolic pathways, which evolved to degrade harmful metabolic by-products, as well as dietary and
environmental toxins. Therefore, individual drug response constitutes a complex genetic trait shaped by
both  genetic  and  environmental  pressures.  N-acetylotransferase  2  gene  (NAT2)  is  involved  in  the
metabolism of a wide variety of foreign chemical substances (xeniobiotics) [39]. The metabolism can



be either  fast  or  slow depending on the  polymorphisms within  NAT2 gene.  This  differential  drug
response has also been linked to response to a number of carcinogens, especially those causing bladder
and colon cancers  [40]. The global distribution of the two phenotypes suggests the incidence of the
fast-acetylator phenotype is higher in modern hunter-gatherers, Native Americans and East Asians than
in  Africans  and  West  Eurasians.  The  prevalence  of  each  of  the  phenotypes  has  been  reported  to
correlate with the type of subsistence practiced by various populations, ranging from high frequency of
fast  phenotype  among  hunter-gatherers  (>77%)  to  medium  levels  among  pastoralists  and
agriculturalists (51-54.9%) [41]. There is evidence from present-day populations for selection favoring
the slow-acetylator phenotype, which was hypothesised to be related to dietary changes accompanying
the transition to agriculture [42,43]. Traditionally, NAT2 phenotype is predicted based on phased NAT2
haplotypes.  However, in  the  absence  of  phased data,  genome-wide shotgun sequence  data  from 7
informative SNPs (rs1801279, rs1801280, rs1799930, rs1799931, rs1041983, rs1799929, rs1208) can
be used in phenotype prediction. The methodology was adopted in an online  NAT2 prediction tool -
NAT2PRED  (http://nat2pred.rit.albany.edu/)  [44].  Alternatively  to  the  7-SNP phenotype  prediction
panel  it  is  possible  to  use  a  single  tag  SNP (rs1495741)  and/or  a  2-SNP panel  (rs1041983  and
rs1801280)  [45].  In  general,  presence  of  ancestral  alleles  is  associated  with  the  presence  of  rapid
metabolizer  phenotypes.  It  has  however  been  suggested  that  the  2-SNP  panel  outperforms  the
prediction power of the single tag SNP, which may be Caucasian specific  [46].  We have used the
combination of all three methods to predict the acetylation state in 6 out of 7 investigated individuals.
The 7-SNP panel was only useful for two individuals: SF12 and Hum2. While SF12 was estimated to
be a slow acetylator, this type was previously described in the Stuttgart farmer [2], Hum2 was probably
an  intermediate  or  rapid  acetylator  (similarly  to  Motala12  and  Loschbour  foragers).  Remaining
individuals did not have enough genome coverage for reliable prediction based on the 7-SNP system.
However,  using  the  tag  single-  and  two-SNP  panels,  it  was  possible  to  predict  the  following
phenotypes: Steigen (slow), SF9 (slow), SF11 (intermediate). Thus, the Scandinavian hunter-gatherers
from  this  study  exhibit  the  whole  range  of  acetylator  phenotypic  variation  with  excess  of  slow
acetylator phenotype (N=4) over the rapid and intermediate phenotypes (N=3). While those phenotype
frequencies are similar to those observed among present day Europeans, they deviate from previous
observations of modern-day and two ancient hunter-gatherers [2,41]. In order to further investigate this
scenario, we screened the aforementioned markers in 17 other European hunter-gatherers. We were
able to assign the 7-SNP acetylator phenotypes in five of the tested individuals. Two of the individuals
were slow (Bichon, Kotias), two were intermediate (LaBrana, Loshbour) and the Motala12 individual
was a rapid metabolizer (based on NATPRED and 2-SNP prediction). We then applied the tag-SNP
(rs1495741) in order to increase the number of individuals and managed to assign the metabolizer state
in 17 hunter-gatherers (S1 Table).  According to tag-SNP analyses  only one individual  was a  rapid
metabolizer (KO1), five were intermediate metabolizers (Motala4, Motala12, Loshbour, Vestonice16
and  Kostenki14),  while  9  foragers  were  slow metabolizers  (Ajvide58,  Motala6,  LaBrana,  Bichon,
Kotias, Karelia, Samara, ElMiron and Villabruna). In Motala12 we see an inconsistency between the
scoring systems, where both 7-SNP and the 2-SNP give the same type, while the phenotype based on
the 1 tag SNP system differs.

Identified  mixed  phenotypes  with  a  slight  excess  of  slow  metabolizers  in  populations  pre-dating
introduction of farming, contradicts the widely held view that the slow-acetylator phenotype arose as a
result of dietary changes accompanying the transition to agriculture  [42,43], however, it might have
increased its frequency as a consequence of adaptation to new dietary habits.

http://nat2pred.rit.albany.edu/


Table S8.3 Allelic state of NAT2 associated SNPs in all seven new SHGs.

SNPID gene mutation strand Steigen SF9 SF11 SBj Hum2 Hum1 SF12

rs1801279 NAT2 G > A + 3G 2G NA NA 1G NA 79G

rs1801280 NAT2 T > C + NA 1T NA NA 1T,1C NA 57T

rs1799930 NAT2 G > A + NA 1G 1A* NA 4G NA 46A

rs1799931 NAT2 G > A + 2G,1A NA NA 1G 8G 1A 68G

rs1495741# NAT2 G > A + 1A 2A 1G,1A NA 1G NA 62A

rs1041983 NAT2 C > T + NA 1C 1C NA 5C NA 49T

rs1799929 NAT2 C -> T + NA 1C NA NA NA NA 55C

rs1208 NAT2 A > G + 1G NA NA 1A 5G,5A* 1A 41A

Table  S8.4 Predicted  acetylation  status  in  seven new SHGs using  the  7-SNP panel  (NAT2PRED:
http://nat2pred.rit.albany.edu/) (Kuznetsov et al. 2009), 2-SNP panel and the rs1495741 tag SNP.

SNPID NAT2 allele Steigen SF9 SF11 SBj Hum2 Hum1 SF12

rs1801279 G191A (+) (+) nd nd (+) nd (+)

rs1801280 T341C nd (+) nd nd (+/-) nd (+)

rs1799930 G590A nd (+) (-) nd (+) nd (-)

rs1799931 G857A (+/-) nd nd (+) (+) (-) (+)

rs1041983 C282T nd (+) (+/-) nd (+) nd (-)

rs1799929 C481T nd (+) nd nd (-) nd (+)

rs1208 A803G (-) nd nd (+) (+/-) (+) (+)

NAT2PRD prediction nd nd nd nd interm. nd slow

rs1495741 # tag SNP (-) (-) (+/-) nd (+) nd (-)

rs1495741 prediction slow slow interm. nd rapid nd slow

rs1801280 T341C nd (+) nd nd (+/-) nd (+)

rs1041983 C282T nd (+) (+/-) nd (+) nd (-)

2-SNP prediction nd nd nd nd rapid nd interm.

(+) indicative of presence of a fast metabolizer NAT2*4 allele
(-) indicative of presence of a slow metabolizer NAT2*4 allele
(+/-) intermediate allele
# rs1495741 is a prediction tag where genotypes are interpreted as metabolizers: (A;A) slow, (A;G) 
intermediate, (G;G) rapid



S8.4 Diet and taste related SNPs

We have typed all 7 SHG individuals from this study at a number of SNPs of known dietary function,
closely  linked  to  Vitamin  D  levels  and  rickets  in  modern  populations.  All  those  sites  have  been
suggested to have undergone recent positive selection [28,47], and in the case of the SHGs of this study
they may have conferred local adaption to high latitude climates.

Blood  levels  of  circulating  vitamin  D  are  the  result  of  diet,  exposure  to  sunlight  and  genetic
predisposition  [48].  Some of  those  genetic  components  include  the  genes  DHCR7 and  NADSYN1
which are associated with circulating vitamin D levels. All sites associated with circulating vitamin D
levels  show  high  levels  of  heterozygosity  among  SHGs,  clearly  observed  in  SF12  and  Hum2.
Furthermore, high diversity was found among other tested ancient hunter-gatherer groups including
WHGs, EHGs and CHGs (see S1 Table). 

FADS1 and  FADS2 are involved in fatty acid metabolism and the derived rs174546 SNP has been
linked to  lower triglyceride levels  in  Europeans  [49].  The high  coverage individual  (SF12) was a
heterozygote at the site, while two other individuals were carriers of a single C allele associated with
increased  LC-PUFAS  levels  and  one  non-associated  allele  T  respectively  (SBj  and  SF9)  [50].
Fumagalli et al [51] found selection on the FADS region in Greenlandic Inuit (GI) populations, which is
thought to be an environmental adaptation. The presence of the derived T allele at position rs7115739
has been associated with reduced height and Body-Mass-Index (BMI) in GI. The authors also found
similar  albeit  weaker  associations in  Europeans between the derived alleles  (T) on rs7115739 and
rs174570 and reduced height [51]. Neither Hum2 nor SF12 were carriers of derived allele at rs7115739
(T), however, almost all ancient individuals were homozygous for the associated alleles at rs174602
and rs174570 (FADS1-3) with only SF12 being heterozygous at rs174570. The latter is associated with
low  fasting  serum  insulin,  LDL and  cholesterol  levels  in  Europeans  [51].  Variation  in  FADS1-3
probably reflects interactions between  FADS1 and the dietary intake of omega-3 and omega-6 fatty
acids [52].

The ability to digest sugars found in milk during adulthood is widely perceived as an important cultural
adaptation in humans. Initially thought to have been spread with early farmers, the ability to digest milk
has now been shown to be uncommon among early farmers and likely only increased in frequency in
Europe during the Iron Age [53]. We tested all our ancient individuals at both LCTa (rs4988235) and
LCTb (rs182549) loci and found that the three individuals for whom there was overlapping data, were
all carriers of non-lactase persistence alleles, indicating inability to digest milk in adulthood, thus in
line with previous observations.

Additionally, we screened polymorphisms at two SNPs loci linked to celiac disease which have been
identified as having undergone recent selection within the SLC22A4 and ATXN2 genes [28]. The two
SNPs in  SLC22A4 show a consistent pattern in which rs1050152 is a C variant not associated with
increased risk of Crohn’s disease (also in 12 other HGs) while rs272872 is heterogeneous among all
investigated HGs. Furthermore, ATXN2 associated with celiac disease displays a derived non associated
T in four SHG individuals  and 16 other  hunter  gatherers  with available  data  at  this  position.  The
identification of only non-associated alleles at position rs1050152 in our dataset as well as in 12 other
ancient  hunter  gatherers  is  concordant  with  Mathieson et  al.  [28] who suggested  that  the  disease
causing variant (L503F) did not reach significant frequency until recent times.

Finally,  according  to  Fumagalli  et  al.  [51] WARS2/TBX15 might  convey  adaptation  to  cold  in
Greenlandic Inuits by decreasing the waist/hip ratio and possibly influencing the regulation of brown



and beige adipose tissue. Subsequently, the type of tissue can influence lipid oxidation and increase of
heat generation in response to cold. We found ancestral rs2298080 alleles in Steigen and Hum1, while
both Hum2 and SF12 were heterozygotes.

Table S8.5 Diet related SNPs.

SNPID gene mutation strand Steigen SF9 SF11  SBj Hum2 Hum1 SF12

rs182549 LCTb C > T + NA NA NA NA 7C NA 90C

rs4988235 MCM6/LCTa G > A - 2G 3G 1G NA 2G 2G 66G

rs174546 FADS1/FADS2 T > C + NA 1C NA 1T NA NA 44C,36T

rs7940244 DHCR7&NADSYN1 C > T + NA 4T,2C 1T NA 4C,1T NA 52C,38T

rs7944926 DHCR7&NADSYN1 G > A + NA 1A NA NA 2A NA 41A,20G

rs12785878 NADSYN1 G > T + 1T NA NA NA 4G,1T 2T 48T,43G

rs1050152 SLC22A4 C > T + 3C NA NA NA 1C 1C 88C

rs272872 SLC22A4 G > A - 1A 2G NA NA 6A NA 68A

rs653178 ATXN2 C > T - 1T 1T NA NA 3T NA 52T

rs74771917 FADS1-3 C > T + 1C 2C NA 1C NA NA 91C

rs3168072 FADS1-3 A > T + NA 1A NA NA 1A NA 62A

rs12577276 FADS1-3 A > G + 3A NA NA NA 4A 2A 87A

rs7115739 FADS1-3 G > T + NA NA NA NA 3G NA 72G

rs174602 FADS1-3 C > T - 1T NA NA 2T 4T NA 99T

rs174570 FADS1-3 C > T + NA NA NA 1T 7T NA 31T,27C

rs2298080 WARS2/TBX15 G > A + 2G NA NA NA 6G,2A 2G 49A,29G

S8.5 Taste-perception related SNPs
   

The  ability  to  taste  phenylthiocarbamide  (PTC)  is  closely  linked  with  the  ability  to  taste  other
compounds containing thiocyanate. This ability was linked to a gene called taste receptor 2 member 38
(TAS2R38) and is present among humans on two common haplotypes: taster (PAV haplotype) and non-
taster (AVI haplotype). The latter is inherited as an autosomal recessive trait (OMIM 171200) [54]. In
our study, the two individuals with sufficient genome coverage at the sites of interest (Hum2 and SF12)
were carriers and were homozygous for the PAV haplotype (Table S8.6); thus, both had the ability to
taste PTC [55]. Interestingly, the taster haplotype frequency in present-day Norway and Finland is in
between PAV and AVI, and it has been suggested that the observed frequency arose as a result of drift
rather than selection favoring specific haplotypes  [56]. The distribution of PAV ad AVI haplotypes
among WHG, EHG, CHG and PHG revealed that most ancient individuals were carriers of the PAV
haplotype (see Table S8.6, S1 Table). Only two individuals were identified as carriers of AVI phenotype
(Samara, Vestonice16), while further two were carriers of mixed haplotypes (Ajvide58, Kostenki14).



Due to the limited  number  of  available  hunter-gatherer  genomes,  this  result  should  be taken with
caution,  however based on available data it  seems all  Western and Northern hunter-gatherers were
carriers  of  PAV phenotype  (with  the  exception  of  heterozygous  Ajvide58),  while  AVI  were  only
identified in individuals from central Europe.

Table S8.6 Bitter taste receptor TAS2R38 alleles

SNPID gene mutation strand Steigen SF9 SF11 SBj Hum2 Hum1 SF12

rs713598 TAS2R38 G > C - NA NA NA 1G 4C NA 96C

rs1726866 TAS2R38 G > A - 3G NA NA NA 4A NA 85A

rs10246939 TAS2R38 C > T + 1T 3T NA NA 7T NA 68T

rs4726481 TAS2R38 T > G + 2T,1G NA NA NA 9G NA 52G

rs17162635 TAS2R38 T > A + 2T NA NA NA 4T NA 63T

Haplotype TAS2R38 - - NA NA NA NA PAV NA PAV

S8.6 Copy number variation at the AMY1 region

Copy number variation (CNV) in the human loci encoding for salivary amylase (AMY1), an enzyme
involved in starch degradation, has been reported as an example of recent positive selection associated
to diet changes  [57]. Different from other great apes and archaic hominids  [57,58] – which have 2
AMY1 copies – the reference human genome has 3 copies of the  AMY1 gene:  AMY1A,  AMY1B and
AMY1C (a total of six diploid copies). Each of these loci has been observed to expand into a higher
copy number in present-day human populations, which might be explained by a starch-consumption
adaptation upon the advent of agriculture [57]. The authors reported that modern human agriculturalist
groups – known to have a higher starch consumption - present a higher AMY1 gene copy number, in
contrast to contemporary hunter gatherers – assumed to have a low-starch consumption - and exhibiting
a lower copy number variation. Most present-day Europeans seem to have around 8-10 copies, with as
low  as  two  and  as  high  as  sixteen  diploid  copies.  Other  present-day  African  and  non-African
populations have similar distributions, however Asians present the widest range of copies in modern
humans  [58]. Recently it has been reported that the La Braña and Loschbour WHGs, the Motala12
SHG and the Stuttgart  early farmer, had on average ~5, 13,  6 and 16  AMY1 diploid gene copies,
respectively  [2,16].  While  the  AMY1 diploid  gene  copy  numbers  in  La  Braña  and  the  Motala12
individual agree with a low-starch hunter-gatherer diet, the prediction for the Loschbour WHG, falls
well within the range of current European populations and farmers [2,57,58].

In order to continue to shed light on the distribution of AMY1 gene copies in ancient hunter-gatherer
groups, we aim to characterize the CNV in the SHGs from this study by predicting CNVs from the
distribution of de novo mapped reads [16,59]. Illumina reads without adapter sequences were split into
36 bp reads, using the fastqutils module of the ngstils 0.5.9 suite [60]. Split reads were mapped against
the human genome reference using mrFAST version 2.6.1.0  [59]. We used the hg19 version of the
human reference masked for repeats detected with RepeatMasker (www.repeatmasker.org) and Tandem
Repeat Finder [61]. Following mapping, mrCaNaVaR V 0.51 [59] was employed to calculate the mean
read depth per base pair in 1 kb non-overlapping windows of non-repetitive sequence. 



Using coordinates obtained from the UCSC browser for each of the AMY1 genes (AMY1A, AMY1B and
AMY1C), as well as the most upstream coordinate and most downstream positions, for  AMY1A and
AMY1C respectively, the average number of diploid  AMY1 gene copies was estimated for the SF12,
Hum2 and Steigen individuals. CNV detection in the other individuals from this study was hindered by
their  low  nuclear  genome  coverage.  Given  SF12’s  high  nuclear  genome  coverage,  and  that  the
described methodology involves remapping raw sequencing reads, the following time-saving strategy
was envisioned to analyze that individual’s data. In brief, SF12 libraries were ranked by a high nuclear
coverage and low mitochondrial contamination estimates. Following that order, libraries were grouped
and merged together to generate three separate “test genomes” of an average coverage of 5x each. The
protocol described above to call CNVs was performed for all three subsets separately as for the other
individuals. 

Table S8.7 Estimated copy numbers for the AMY1 region.

Sample AMY1A AMY1B AMY1C Full region

SF12_1st_5x 10.3065 10.3256 9.53159 8.53405

SF12_2nd_5x 10.4606 10.5248 9.83696 8.38953

SF12_3rd_5x 8.08692 8.11287 7.59612 7.0647

Steigen 14.7399 14.8016 14.9535 12.2159

Hum2 12.8483 12.8709 12.8003 11.6797

The predicted copy number for each  AMY1 gene loci varied from 7.5 to ~15 for SF12, Hum2 and
Steigen individuals. Given the high sequence similarity between the AMY1 A, B and C genes and as
mrFAST allows for each read to map against multiple sites, we expect most reads to map against all
three genes and not only one of them. Therefore, we also use the depth estimate  encompassing the
whole region to report the number of  AMY1 copies per individual, which results in slightly smaller
estimates.  Our results,  together  with those from the LaBraña1,  Loschbour, Motala12 and Stuttgart
individuals, suggest that the amylase copy number expansion in modern-humans had occurred prior to
the advent of agriculture in Europe. An observation also consistent with other recent studies on the
worldwide distribution of the CNV [62]. 

S8.7 Metabolic syndrome related SNPs

Type 2 diabetes (T2D; OMIM 125853) is a complex disease with a variable world-wide distribution. Its
development is preconditioned by a combination of genetic and environmental factors. A number of
genetic risk scoring systems have been developed aming to facilitate T2D risk prediction. Following
the approach of Lazaridis et al. [2] we use two scoring systems [63,64] to facilitate comparison of our
ancient metabolic genotypes to modern non-diabetic genotype.

We were able to calculate phenotype prediction scores for two out of six investigated ancient SHG
individuals. Note that results obtained for Hum2 should be treated with caution due to low coverage at
a  number  of  polymorphic  sites.  According  to  both  systems,  SF12’s count  based  risk  scores  seem
slightly lower than those of Hum2 with weighted genetic risk scores of 6.26 and 80.51 for SF12 and
8.16 and 79.14 for Hum2 according to the two different models respectively [63,64]. Both individuals



showed genetic risk scores (GRS) at the lower end of the score spectrum detected among modern-day
Europeans. Even though the GRS prediction power is limited due to a number of other non-genetic
factors influencing T2D, our results show that both SF12 and Hum2 had reduced MetS risk scores
compared to both modern day Europeans [63,64], as well as the ancient forager and farmer Loschbour
and Stuttgart individuals from continental Europe. We analyzed the genetic risk scores in another seven
hunter-gatherers with >1x genome coverage.  In all  ancient individuals the genetic risk scores were
either at the low (Motala12, Kotias, Kostenki14) or intermediate (Ajv58, LaBrana1, Bichon) levels
compared to modern populations. The two ancient individuals with highest risk score, but still within
the median range compared to modern populations, were Bichon and Loschbour or Ajv58, depending
on the SNP scoring panel used. 
  
Table S8.8 Method 2 results from Cornelis et al [64](217)

SNPID gene mutation risk allele strand Hum2 SF12
rs564398 CDKN2A/B T > C T - 3C 38C,40T

rs10010131 WFS1 G > A G + 2A,1G 42G,39A
rs4402960 IGF2BP2 G > T T + 3T,3G 45G
rs1801282 PPARG C > G C + 2C,1G 28G,26C

rs5219 KCNJ11 C > T T + 2C 58C
rs1111875 HHEX T > C C - 3C 34T,37C

rs13266634 SLC30A8 C > T C + 3C 71C
rs10811661 CDKN2A/B C > T T + 8T 47T,46C
rs7756992 CDKAL1 G > A G + 8A 53A
rs12255372 TCF7L2 G > T T + 6G 95G

The Genetic Risk Score (GRS) 9 7
Weighted Genetic Risk Score 8.16 6.26

Table S8.9 Method 1 results from Meigs et al. [63](216)
SNPID gene mutation risk allele strand Hum2 SF12

rs7901695 TCF7L2 C > T C + 2C,1T 55T
rs7903146 TCF7L2 T > C T + 6C 54C
rs1470579 IGF2BP2 C > A C + 2A 66A
rs10811661 CDKN2A/B C > T T + 8T 46C,47T
rs864745 JAZF1 T > C T - 1T,1C 35C
rs5219 KCNJ11 C > T T + 2C 58C
rs5215 KCNJ11 T > C C + 1T 75T

rs12779790 CDC123/CAMK1D A > G G + 8A 57A
rs7578597 THADA T > C T + 4T 63T
rs7754840 CDKAL1 G > C C + 2G 41G
rs7961581 TSPAN8/LGR5 C > T C + 3T 47T
rs4607103 ADAMTS9 C > T C + 5C 69C
rs1111875 HHEX T > C C - 3C 37C,34T

rs10923931 NOTCH2 G > T T + 6G 85G
rs13266634 SLC30A8 C > T C + 3C 71C
rs1153188 DCD A > T A - 4A 34T,27A
rs1801282 PPARG C > G C + 2C,1G 28G,29C
rs9472138 VEGFA C > T T + 6C 34C,32T
rs10490072 BCL11A T > C T + 4C* 57C

rs689 INS A > T A - 2A 35A,32T
The Genetic Risk Score (GRS) 14 14
Weighted Genetic Risk Score 79.14 80.51

S8.8 Blood type

ABO blood group polymorphisms often referred to as classical genetic markers have been utilized in
population studies ever since their discovery in the early 20th century. ABO blood groups consist of
three major alleles (A, B and O) located on chromosome 9. Alleles A and B are codominant, while O is



recessive. Allele A has two major subgroups: A1 and A2. Therefore, there are six major possible ABO
phenotypes encoded by various genotypes (listed in parenthesis): A1 (A1A1, A1A2, A1O), A2 (A2A2, A2O),
A1B (A1B), A2B (A2B), B (BO or BB) and O(OO). The Rh (Rhesus) system is encoded by the RHD
gene encoding for the D polypeptide.  Rh+ denotes presence of the D antigen, while Rh- indicates
absence of D [65].

By screening a number of SNPs associated with ABO polymorphisms we aimed at describing blood
group variation in the investigated ancient individuals. There are numerous different SNPs in the AB0
gene encoding amino acid changes defining various ABO alleles. We have checked our individuals at a
number  of  SNPs  in  the  region,  of  which  the  following are  the  best  known blood group defining
variants: rs8176719 (G/-) defines blood group O in case of G deletion; rs7853989 (C;C or C;G) defines
likely blood group B while (G;G) excludes B, rs8176746 (C;C) defines blood group A and (A;A) is
characteristic of blood group B, rs8176747 (G;G) defines either allele A or O while rs590787 is a SNP
defining Rhesus (Rh) with (C;C) defining Rh- and (C;T) and (T;T) defining Rh+ [66]. It was possible
to make broad blood group inferences in Hum2 who was carrier of at least one O allele. However lack
of coverage at rs590787 did not allow for evaluation of presence or absence of antigen D (Rh+/Rh-).
The high coverage individual (SF12) was identified as a carrier of A0+.

Table S8.10 Blood defining SNPs
SNPID gene mutation strand Hum2 SF12

rs8176719 ABO A > C - 2- 25G,25-
rs1053878 ABO G > A - NA 44G,36A
rs7853989 ABO G > C + 4G 102G
rs8176740 ABO A > T - 3A 83A
rs8176743 ABO C > T - 5C 99C
rs8176746 ABO G > T - 1G 84G
rs41302905 ABO C > T + 1C 80C
rs8176747 ABO C > G - 1C 79C
rs8176749 ABO C > T - 2C 81C
rs8176720 ABO C > T - NA 50T
rs8176741 ABO G > A - 3G 89G
rs8176750 ABO G > - - NA 55G
rs590787 ABO A > C/G/T - NA 1A

Blood type
(genotype) 

NA
(O?)

A+
(A1O)

(http://www.ncbi.nlm.nih.gov/projects/gv/mhc/xslcgi.cgi?cmd=bgmut/systems_info&system=abo)

S8.9 Other phenotypic traits

We have tested all individuals for a number of SNPs associated with various additional phenotypic
traits. SF12, SF9 and Hum1 had normal risk of hypertension carrying the low-risk allele A at the AGT
gene (similar to 12 other hunter-gatherers) [67]. This was not the case for Steigen and Hum2 who were
carriers of risk associated allele G and had increased risk of hypertension (the allele was also found in
Motala1, Loschbour, Bichon, Karelia and Kotias individuals) (see S1 Table and Table S8.11).

KITLG conveys increased  risk of  testicular  cancer, but  also provides  protection  from sun damage
causing UV protective tanning response in lighter skinned individuals [68]. The variant associated with
UV protection  was  found  in  SF12  but  not  in  SF11 or  Hum2.  The  ancestral  variant  seems  to  be
widespread among Scandinavian hunter-gatherers (identified in all Motala individuals), moderate in
EHG and CHG individuals, but not particularly common within WHGs (See table S8.11). 



Furthermore, SF9, SBj, Hum2 and SF12 as well as all other HG tested (with the exception of KO1),
carried allelic variants at  ABCC1 gene associated with wet earwax,  normal  body odor and normal
colostrum [69]. 

The lack of variant A alleles at the  ALDH2 (rs671) suggests absence of the Asian flush and reduced
hangovers in SF12, SF9, SF11, SBj as well as all tested Hgs  [70,71]. None of the tested individuals
with sequence coverage at position rs1229984 were carriers of the A allele. If present, ADH1B*47His
conveys reduced risk for oral cancer and is associated with alcohol metabolism in East Asians. The
mutation is closely linked to Asian flush, which is believed to protect from alcoholism [43,72]. It has
been suggested that prevalence of derived ADH1B*47His alleles could be explained by the increased
alcohol consumption in connection to Neolithic rice domestication [43].

Hereditary haemochromatosis is a genetic disease caused by mutations in the  HFE gene leading to
increased accumulation of iron in body tissues, especially the liver, often resulting in cirrhosis [73]. The
mutation causing haemochromatosis was hypothesized to have been disseminated with either Viking or
Celtic expansions [74,75]. Steigen and Hum2 carried at least one copy of the risk-allele so they could
be affected by a mild form of haemochromatosis. The distribution of alleles was very similar in all
other  tested  hunter-gatherers  with  not  a  single  identified  carrier  of  the  risk  allele  A at  position
rs1800562 and various mixed variants at rs1799945. Thus, the oldest so far identified European carrier
of the C282Y mutation was a Bronze Age individual from Ireland [76].

Table S8.11 Allelic state of selected metabolic and physical conditions in all seven new SHGs.
SNPID gene mutation strand Steigen SF9 SF11 SBj Hum2 Hum1 SF12

rs699 AGT G > A - 1G 2A NA NA 2G,2A 2A 98A
rs4590952 KITLG G > A + NA NA 1A NA 5A,1G NA 50G
rs3827760 EDAR A > G - 1A 3A NA NA 8A NA 88A

rs17822931 ABCC1 C > T + NA 4C NA 1C 1C NA 79C
rs671 ALDH2 G > A + NA 3G 1G 2G NA NA 100G

rs3811801 ADH1Ba G > A - 2G NA NA 1G 1G 3G 73G
rs1229984 ADH1Bb C > T - NA 1C NA NA 3C NA 57C
rs1800562 HFE G > A + NA 1G NA NA NA NA 87G
rs1799945 HFE C > G + 2G 2C NA NA 2C,1G NA 82C

   

S8.10 Immunological variants

A host-pathogen “arms race” has shaped the human genome as a result of selective pressures acting
upon  genes  involved  in  host  resistance  and  immune  response.  The  Neolithic  revolution  has  been
regarded as one of the most important events during that process, due to the unprecedented exposure to
zoonotic infections within relatively large new farmer settlements  [77]. While several studies have
suggested that a large number of the common modern infections in humans could be due to zoonotic
post-Neolithic events [77,78], more recent findings suggest a more complex scenario. 

It is reported that a Mesolithic hunter-gatherer from the Iberian Peninsula presented both derived and
ancestral variants at SNPs influencing the susceptibility to infections, and within immune-related genes
under positive selection in Europeans  [16]. It was thus concluded that both pre- and post-Neolithic
events contributed to shaping the immune system of present-day Europeans. However, if post-Neolithic
events contributed or not to such adaptation remains unknown. The genomes of the seven SHG in this
study,  together  with  other  Mesolithic  and  Paleolithic  hunter-gatherers  across  Europe,  provide  an
unprecedented sample size of 27 pre-Neolithic hunter-gatherers (Table S8.1 and S8.12) to investigate
this topic.



We  built  an  empirical  distribution  of  derived  allele  frequency  differences  between  present-day
Europeans and HGs for all genic SNPs throughout the genome. We then compared this genome-wide
distribution to the allele frequency differences for 67 SNPs from genes which show patterns of positive
selection in Europeans and which include polymorphisms that influence susceptibility to infections in
Europeans (Table S8.12) [16]. If these immune response sites are among the regions of the genome that
have changed the most, then exposure to previously unknown environments and pathogens would have
shaped the immune system since Mesolithic times.

In order to build the empirical distribution, derived allele frequencies were estimated for all 16,668,219
SNPs (as annotated in Ensemble 75) in all present-day Europeans of the 1000 genomes project (1KGP)
data  [79]. Next, we also estimated the derived allele frequency at each of these positions for the 27
screened European HGs as described above (S8.1). We restricted our analysis to sites were the derived
allele was variable in both populations. Singletons in present-day Europeans, and singletons in the
ancient population with data for less than four HGs were excluded as well. This filter avoids potential
sequencing errors  or  unfiltered  DNA damage (see beginning of  S8 Text)  to  be  considered  as  low
frequency variants. Our empirical distribution of allele frequency differences between the two groups
was derived from 5,488,574 sites after filtering. However, since HG sequencing mainly came from
low-coverage shotgun or capture data, large proportions of missing data adds noise to the derived allele
frequency estimations for ancient populations. In order to obtain somewhat reliable allele frequency
estimates, we restricted our analysis to SNPs that had sequence data from at least 25% (7/27) of the
HGs. 

Table S8.12 shows the results for all SNPs in this analysis. There appears to be an enrichment of the
immunological SNPs among the sites that have changed the most after the Mesolithic period. Nine out
of 67 immune SNPs (13.4%) were in the top 5% of the empirical distribution when restricting to sites
which were covered in at least 25% of the HGs. Seven out of 42 sites (16.7%) were among the top 5%
when restricting to sites covered in at least 50% of the HGs. Figure S8.1 was produced with sites that
had information from at least 25% of all HGs.



Figure S8.1 Distribution of absolute allele frequency differences between modern Europeans and 
Mesolithic Europeans for all genic sites covered in at least 25% of the Mesolithic individuals. The 
dashed horizontal line represents the top 5% of all SNPs.



Table  S8.12 Comparison  of  the  allele  frequency  differences  between  immunological  SNPs  and  a
genome-wide distribution for all genic SNPs.

Derived allele
frequencies

Percentile of the genome-wide
distribution conditional on the

proportion of HGs covered

SNP ID Gene
Derived

allele

% of
covered

HGs EUR HG

Absolute
derived allele

frequency
difference

> 25 %
HG w/
data 

> 50%
HG w/
data

> 75% HG
w/ data

rs497116 CASP12 A 44.4444 0.999 1.000 0.001 3.064 NA NA

rs2039381 IFNE A 44.4444 0.003 0.000 0.003 12.836 NA NA

rs9302752 NOD2 T 85.1852 0.255 0.258 0.003 17.541 17.926 10.625

rs4986790 TLR4 G 81.4815 0.057 0.050 0.007 26.389 26.951 16.591

rs10982385 TNFSF15 G 66.6667 0.573 0.580 0.007 28.252 28.84 NA

rs1800872 IL-10 T 88.8889 0.240 0.250 0.010 32.885 33.554 21.468

rs1024611 CCL2/MCP-1 G 62.963 0.316 0.304 0.012 34.328 35.039 NA

rs5743315 TLR3 A 37.037 0.012 0.000 0.012 34.381 NA NA

rs2015070 CCL18 T 66.6667 0.096 0.083 0.013 36.369 37.111 NA

rs2066842 NOD2 T 74.0741 0.247 0.260 0.014 36.514 37.272 NA

rs1800451 MBL2 T 77.7778 0.012 0.033 0.021 43.669 44.667 31.852

rs2015086 CCL18 A 85.1852 0.860 0.838 0.022 43.729 44.726 32.015

rs61752945 RIG-1 T 40.7407 0.009 0.031 0.022 44.421 NA NA

rs5743708 TLR2 A 88.8889 0.024 0.000 0.024 45.441 46.519 33.989

rs4251545 IRAK4 A 74.0741 0.087 0.113 0.026 47.339 48.444 NA

rs2569190 CD14 A 77.7778 0.486 0.452 0.034 52.3 53.591 43.228

rs17217280 RIG-1 T 37.037 0.136 0.094 0.042 57.226 NA NA

rs12212067 FOXO3A T 48.1481 0.872 0.917 0.045 58.924 NA NA

rs30461 IL-29 A 88.8889 0.888 0.934 0.047 59.871 61.951 50.358

rs10930046 IFIH1/MDA5 T 44.4444 0.988 0.941 0.047 60.179 NA NA

rs3802814 Mal/TIRAP A 55.5556 0.172 0.125 0.047 60.213 62.277 NA

rs2069727 IFNG C 85.1852 0.463 0.414 0.049 61.437 63.584 51.74

rs4986791 TLR4 T 74.0741 0.058 0.107 0.049 61.6 63.755 NA

rs2779249 NOS2A A 51.8519 0.325 0.275 0.050 61.977 64.098 NA

rs14304 CCL18 T 62.963 0.318 0.370 0.051 62.751 64.871 NA

rs5743836 TLR9 A 44.4444 0.869 0.813 0.056 65.004 NA NA

rs8078340 NOS2A A 40.7407 0.130 0.071 0.059 66.014 NA NA

rs361525 TNF A 81.4815 0.064 0.000 0.064 67.709 69.389 59.441

rs179008 TLR7 T 29.6296 0.231 0.167 0.064 67.969 NA NA

rs10114470 TNFSF15 T 81.4815 0.325 0.391 0.066 68.398 70.065 60.443

rs16910526
Dectin-

1/CLEC7A C 40.7407 0.071 0.000 0.071 70.047 NA NA

rs4574921 TNFSF15 C 44.4444 0.266 0.344 0.077 72.168 NA NA

rs2274894 NOS2A T 55.5556 0.396 0.476 0.081 73.137 74.867 NA



rs3753344 TNFRSF18 A 37.037 0.052 0.133 0.082 73.435 NA NA

rs1873613 LRRK2 C 44.4444 0.695 0.778 0.083 73.81 NA NA

rs8177374 Mal/TIRAP T 55.5556 0.186 0.275 0.089 75.571 77.395 NA

rs7137054 SOCS2 G 48.1481 0.157 0.250 0.093 76.61 NA NA

rs1891467 TGFB2 A 85.1852 0.761 0.855 0.093 76.757 78.636 71.363

rs1800629 TNF A 85.1852 0.134 0.029 0.105 79.595 81.444 74.994

rs10745657 SOCS2 G 48.1481 0.506 0.611 0.105 79.639 NA NA

rs2305619 PTX3 G 62.963 0.544 0.438 0.106 79.916 81.748 NA

rs333 CCR5 - 40.7407 0.110 0.000 0.110 80.798 NA NA

rs42490 RIPK2 A 81.4815 0.611 0.722 0.111 80.929 82.703 76.786

rs7215373 NOS2A T 44.4444 0.532 0.647 0.115 81.798 NA NA

rs2228428 CCR4 T 81.4815 0.314 0.191 0.123 83.216 84.899 79.875

rs8057341 NOD2 A 85.1852 0.295 0.167 0.129 84.203 85.857 81.199

rs3750920 TOLLIP T 44.4444 0.457 0.313 0.145 86.742 NA NA

rs11754268 IFNGR1 T 37.037 0.231 0.083 0.147 87.098 NA NA

rs3775291 TLR3 T 81.4815 0.324 0.483 0.159 88.605 90.109 87.081

rs5030737 MBL2 A 70.3704 0.060 0.234 0.175 90.444 91.843 NA

rs900 TGFB2 T 44.4444 0.280 0.094 0.187 91.601 NA NA

rs3802813 Mal/TIRAP A 77.7778 0.042 0.230 0.188 91.739 93.053 91.301

rs3764880 TLR8 A 70.3704 0.731 0.920 0.189 91.833 93.14 NA

rs3135499 NOD2 A 85.1852 0.565 0.375 0.190 91.887 93.19 91.497

rs2043055 IL-18BP G 70.3704 0.372 0.180 0.192 92.085 93.378 NA

rs4804803 DC-SIGN A 44.4444 0.784 0.588 0.196 92.464 NA NA

rs6478108 TNFSF15 C 88.8889 0.336 0.547 0.211 93.619 94.788 93.638

rs4833095 TLR1 T 51.8519 0.720 0.500 0.220 94.225 95.339 NA

rs2333227 MPO T 44.4444 0.238 0.000 0.238 95.317 NA NA

rs2074158 LGP2 C 70.3704 0.178 0.417 0.239 95.386 96.384 NA

rs5743899 TOLLIP T 62.963 0.789 0.524 0.265 96.648 97.488 NA

rs4077515 CARD9 T 66.6667 0.397 0.667 0.270 96.825 97.64 NA

rs11096957 TLR10 G 74.0741 0.398 0.672 0.275 97.01 97.798 NA

rs4073 IL-8 T 40.7407 0.579 0.300 0.279 97.143 NA NA

rs5743810 TLR6 A 66.6667 0.409 0.042 0.367 99.088 99.474 NA

rs2430561 IFNG A 29.6296 0.462 0.083 0.379 99.225 NA NA

rs3184504 SH2B3 T 81.4815 0.464 0.076 0.388 99.316 99.636 99.693
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