Ancient mitochondrial lineages support the
prehistoric maternal root of Basques in Northern
Iberian Peninsula.

SUPPLEMENTARY INFORMATION

Leire Palencia-Madrid, Sergio Cardoso, Christine Keyser, Juan Carlos Lépez-Quintana, Amagoia
Guenaga-Lizasu, Marian M. de Pancorbo.

'Corresponding author e-mail:
marian.mdepancorbo@ehu.eus



mailto:marian.mdepancorbo@ehu.eus�

Table of Contents

1. Isotopic analysis of ancient samples from Santimamife.......cccceeueerieeiiiiirccererrceereeaeeees 4
2. Phylogenetic RISTOrY ...ttt rne e rea e sea e sensssensssenssssnsssssnsssensnenns 5
3. Current population of Busturialdea ...........ccceiieeiiiiiiiiiiiiiiinrcrrcrrrcc e e e e nesenns 7
4. Median-joining network and time estimates.......ccccciviiiriiiiiiiiiciinininerereeenenees 7
5. Materials and methods .........cceeeeeeiiiiiiiiiiiiiiiirrcc s 8
Lo X T 1= Y AY= T 0 ¥ ] L= USSP 8
5.2 Authentication of ancient DNA.........oo ittt 10
5.3 Samples of current autochthonous population..........ccceeeeiiiciiieie e, 11
5.4 Statistical and phylogenetic analySes .........coccuiiieeiiiciiiiee e 12
SUPPIEMENTArY fIGUIES......c.e e cccreecccrrre e e s eree e s rena e s s ena s e sesasssssenasssssennssssnennsassennnes 16

Fig. S1. Biplot representation of the PCA of European prehistoric populations based on their
o] LoF =g T 0T o I g =Te [F1=T g ol =L PR 16

Fig. S2. Number of differences found between ancient samples of the Cave of Santimamine
and the individuals of the population sample of Busturialdea that belong to the same
MEDNA phylogenetic BranChe. ... e e 17

Fig. S3. Neighbour-joining tree that represents the phylogenetic relationship between
ancient samples of Santimamifie and the extant population of Busturialdea........................ 18

Fig. S4. Median-joining network and time estimates obtained from the analysis of

o] LoF =g 10T o IU YT Y o] L= PP PPR 19
SUPPIEMENTArY tablEs...ccu ittt reeerea e rreerenseeraseseneeerasssrenserensesensssensesensansnne 21
Table S1. List of primers used to analyze ancient samples of the Cave of Santimamiiie........ 21
Table S2. Haplogroup distribution of population sample from Busturialdea (Biscay). ........... 22

Table S3. Summary statistics for 158 control region (16024-576) sequences from the region
Of BUSTUFIAIAEA (BISCAY). .uvrreeeiiiiiiiieie ettt etrre e e e e st e e e e e s eabae e e e e e s eanreeeas 23






SUPPLEMENTARY INFORMATION

APPENDIX

1. Isotopic analysis of ancient samples from Santimamiie

Dating ancient remains of prehistoric individuals by **C is essential to establish their antiquity
and to contextualize their genetic data. In the same way, analysis of the stable isotopes of
carbon C/*?C (6™C) and nitrogen N/™N (6™N) in these samples contributes to the
knowledge of their diet. Thus, the combined analysis of the stable isotopes with **C makes it
possible to slightly infer the cultural period the individuals of Santimamifie belong to.

As it is said in the paper, the analysis of the **C radioactive isotope dated the age of these
remains in a wide period of time, ranging from 5,210 cal BCE to 390 calibrated years of
Common Era (cal CE). Four of these individuals are comprised in a short time period, between
1,740 and 1,320 cal BCE.

The oldest sample found in the Cave of Santimamifie (S.12N) was dated in the transition
between the 5" and 6™ millennia cal BCE, which is a critical time period in this area due to the
controversy that exists around the arrival of the Neolithic period to the Franco-Cantabrian
region (1, 2). The Neolithic culture appears to have been established around 5,500 — 5,200 BCE
(years before Common Era) in some areas of the Iberian Peninsula (3), whereas in the Franco-
Cantabrian region the first remains clearly associated to Neolithic culture appeared later on
(4), showing that this region suffered a delay of several hundreds of years in comparison to
surrounding regions (5, 6). The reason of this delay and the way in which Neolithic culture
arrived at the Franco-Cantabrian region remain unclear. Thus, there could be some doubts
about the cultural period the individual S.12N of the Cave of Santimamifie belonged to. In this
case, a more thorough analysis of the stable isotopes, combined with **C, makes it possible to
infer the cultural period of the individual S.12N.

The study of stable isotopes of carbon *C/**C (6"C) and nitrogen “N/*N (6"°N) provided
information related to the alimentary habits of these individuals found in the cave, which
varied over time (Fig. 2). Previous studies of human ancient remains from the Cantabrian
coastline pointed to a high diet contrast between Mesolithic and Neolithic populations, as it
was observed in other littoral regions of Europe (7-9). Through the analysis of the stable
isotopes it has been known that food of marine origin had much more importance in the diet
of littoral Mesolithic populations than in that of Neolithic populations, for whom it was almost
irrelevant. The analysis and comparison of the stable isotope ratios between the remains from
the Cave of Santimamifie and those of other human remains from the Cantabrian region (Fig.
2b) pointed to a probable Mesolithic character of S.12N individual. Values higher than -18%.
indicate that this individual ingested more proteins from marine origin than the individuals
analyzed from Chalcolithic and Bronze Age periods. Results of §*°N fit with this diet, and values
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slightly below 11%o indicate that most of those proteins came preferentially from marine
invertebrates instead of fishes. Ancient individuals from Santimamifie were able to obtain
marine foods and to incorporate them to their diet because this cave is very close to the
estuary of the Oka river, which arose in the beginning of the Holocene (10), and not too distant
from the coastline (Fig. 1). These results of isotopic analysis of S.12N are consistent with the
stratigraphic level where this remain was found (11). In addition, archaeological studies show
clear evidences of the systematic exploitation of the estuarial and coastal resources, which
reached its highest level during the Mesolithic, when a big deposit of shells was formed in the
Cave of Santimamirie (12). Therefore, although the presence of Neolithic groups along Franco-
Cantabrian region at the same time could not be discarded, the oldest individual from the Cave
of Santimamifie showed a Mesolithic diet, probably indicating the persistence of this
subsistence way of life in the area at least until 5,210 — 4,950 cal BCE.

On the contrary, Neolithic individuals typically show lower values of §"*C, what could be due to
the development of other subsistence strategies with a principal component of terrestrial
origin and a very much reduced intake of seafood. In the Cave of Santimamifie this lower
values of *3C could be seen in samples dated on Chalcolithic and Bronze Age periods, when
farming and ranching were better established livelihood strategies (Fig. 2a) (4, 13). In the case
of the sample S.15I, dated in Late Roman period, the value of 6°C is similar to that obtained
on the Mesolithic individual. This §"*C value could be due to the return to a marine food intake
or to the consumption of some cereals that belong to C4 plants, such as millet (Panicum
miliaceum and/or Setaria italic), which increases the value of &C (14). This type of cereals
could be consumed directly or through animals fed with them, and were cultivated in this
region at least since Bronze Age (4).

2. Phylogenetic history

Analyzing mitochondrial lineages of the human remains of the Cave of Santimamifie one by
one shows that some of their haplogroups are common in other ancient populations of
Europe. Lineages of H1, T2b, and U5b, observed in Santimamifie between 2,200 and 1,610 cal
BCE, are widely known along the European prehistory, with several human remains scattered
through the continent (15-19). These subhaplogroups belong to those haplogroups that have
the highest frequency in current European populations. Strikingly, with the exception of T2b,
with its highest frequency peak located in the North of Italy (20), subhaplogroups H1 and U5b
reach their highest frequencies in the North of the Iberian Peninsula, one of the regions where
Paleolithic populations took refuge during the LGM (21-24).

On the contrary, two subhaplogroups found in Santimamifie, U5a2a and U3a, are scarce in
prehistory and virtually absent in current European populations. Their frequency is also very
low or almost null in the Basque Country (23, 25) and, indeed, they were absent in the
population from Busturialdea analyzed in this study. However, these samples are of great
interest because they represent the most ancient remains of these haplogroups found to date
in the western part of the European continent.



In the case of the subhaplogroup U5a2a, its first evidence is a Mesolithic individual of 6,743 +
139 cal BCE found in Holhlenstein-Stadel (Germany) (23, 26). This individual is not too far in
time from the Santimamifie remain, belonging to the same subhaplogroup, dated in 5,210 —
4,950 cal BCE. These are the two first U5a2a remains found in Europe. Interestingly, they
would be close to the moment of the origin of the subhaplogroup calculated by molecular
clock, since Malyarchuk et al. (27) dated it between 5,700 and 9,300 years ago, while Behar et
al. (28) set an older but wider date ratio of about 12,965.7 (+ 5,917.8) years ago. Although the
place where this lineage arose is not clear, Malyarchuk et al. (27) suggested East Europe as its
place of origin, since its highest frequencies in current populations are found in East and
Central Europe. However, despite very few ancient remains from southern and western
Europe are available, this lineage appears to be more widely distributed over European
Mesolithic populations than nowadays. Therefore, the place where subhaplogroup U5a2a
originated cannot be clarified until more ancient remains of this lineage are analyzed. On the
other hand, the presence of this subhaplogroup in Germany and in Franco-Cantabrian region in
a relatively short span of time suggests a rapid spread and dispersion of this lineage, or it could
also be due to an earliest date of origin in respect to that suggested by Malyarchuck et al. (27).

The subhaplogroup U3a found in the individual S.16G in Santimamifie has been rarely seen in
Europe. This subhaplogroup arose 14,818.8 (+ 4,640.3) years ago (28), and it is thought that it
was introduced in Europe by Neolithic migrations (29). The most ancient remains of
subhaplogroup U3a brings us to an area currently encompassing Israel (4,585 — 4,245 cal BCE)
(30), while in Europe, the oldest known remains of this subhaplogroup were found in
Germany, in Salzmunde-Schiepzig site, with an age of 3,400 — 3,100/3,025 cal BCE (16). There
were no more evidences in this continent until 200-270 CE, in Denmark (31). The finding of
U3a in Santimamiiie, with an age of 1,450 — 1,320 cal BCE, provides the evidence of the arrival
of this lineage to the Western Europe no later than the Bronze Age.

On the whole, the mitochondrial lineages of samples S.12N and S.16G are the most ancient
evidence of the presence of subhaplogroups U5a2a and U3a in West Europe, respectively.
Therefore, U5a2a was present in a Mesolithic population from Western Europe, around 7,000
years ago, at a little time after its appearance for the first time in Central Europe (26).
However, nowadays U5a2a is only found at very low frequencies in central and northern
Europe (32-34), and due to its absence in current Basque population it has been leaved out of
the maternal lineages that hypothetically took part in the continent settlement which set off
from the Franco-Cantabrian region after the LGM. On the other hand, we found that U3a, a
subhaplogroup that probably arose in the Near East and was introduced into the European
continent with Neolithic migrations (29), had reached the Western area of the European
continent in the Bronze Age, about 3,300 years ago.

Thus, our results highlight the importance of analyzing ancient remains, especially those found
at West and South Europe which still remain poorly known, to disclose lost ancient lineages
that would go unnoticed through the analysis of exclusively current populations.



3. Current population of Busturialdea

The control region of mtDNA was analyzed in a sample of 158 autochthonous Basque
individuals belonging to the population inhabiting the vicinity of the Cave of Santimamifie, the
region of Busturialdea. The global haplotype diversity of the autochthonous Basque individuals
residing in Busturialdea was 0.9825 + 0.0034. The most common control region haplotype in
this population was 16129A, 16519C, 263G, 315.1C (6.96%), which was present in the four
localities sampled. This haplotype has been found with a remarkable frequency among
numerous populations of the North of the Iberian Peninsula, especially in the Basque area, or
in populations of Basque ancestry (23, 25, 35, 36). Therefore, it could be considered a
representative haplotype of this region. Actually, subhaplogroup H1j1, which only presents the
polymorphism 16129A in the control region, was described by Behar et al. (25) as an
autochthonous haplogroup of the Franco-Cantabrian region, based on its frequency in current
populations from this region and its virtual absence in the rest of Europe (25, 37). In this
population sample of Busturialdea eighteen individuals (11.39%) were classified into H1jl
subhaplogroup by the analysis of the coding region polymorphism T4733C.

The haplotype 16192T, 16270T, 16319A, 73G, 150T, 263G, 315.1C, 533G (5.06%), which
belongs to subhaplogroup U5b1fla, is also remarkable. This subhaplogroup represents 10% of
the mitochondrial diversity of the current populations of the Franco-Cantabrian region,
reaching a maximum frequency of ~24% in the populations next to the Pyrenees and
decreasing to the West (37). Due to its frequency distribution pattern and its absence in
populations out of the Franco-Cantabrian region, U5b1fla was proposed as an autochthonous
lineage of the Basque population, which could have originated during the Younger Dryas (12
800 — 11 500 years ago), with a splitting age of 11 985 years (37).

4. Median-joining network and time estimates

A median-joining network of haplogroup U5 was constructed (Fig. S3-a). Samples included
were from both ancient Northern Iberian Peninsula and current population of Busturialdea.
This phylogenetic branch was selected because it was the most frequent haplogroup among
pre-Neolithic European populations (17, 38). Moreover, as it has a considerable frequency in
current population of Busturialdea (12.66%), it is a suitable phylogenetic group for testing the
continuity of the haplogroup U5 in this region.

Median-joining network distributed these samples following the expected phylogenetic
arrangement, segregating lineages of U5a branch from those of U5b. In all the cases, current
samples from Busturialdea arise from ancient samples or connecting median vectors. Two of
the most ancient samples, ERR-1 (~12,000 years before present) and BRA-1 (~7,000 years
before present), are important nodes from which the other samples spread. The remaining
two Mesolithic samples (S.12N and AlZ-1) appeared in separated branches of the network, due
to a more complex haplotypes, which seem to be extinct in current autochthonous population.
Finally, sample S.7) from Bronze Age arise from Mesolithic BRA-1, in the same way that other
current samples of haplogroup U5b do.



Time estimates obtained from this network, with a mutation rate of 1 substitution every 4.127
years, show that time expanded between ancient and current samples matches well with the
expected age (Fig. S3). For instance, considering the sample ERR-1 as the ancestral node that
gave rise to the remaining samples of U5 haplogroup in the network (Fig. S3-b), the age
estimated is 17,540 + 5,518.8 years, which is consistent with the radiocarbon date of that
sample (12,310 years) (39). Time estimated for U5a branch (Fig. S3-c) of the network (15,132 *
4,960 years) is also close to that calculated by Malyarchuk et al. (19.900 + 6,000 years) for this
haplogroup (27). On the other hand, age estimated for BRA-1 as ancestor (Fig. S3-d) of the
samples that arose from its node in U5b branch of the network (9,433 + 2,834.3 years), also
matches with the radiocarbon date of this sample (~7,000 years before present)(40).

The short time gap presented between the real and estimated ages could be due to the small
number of samples into the ancestral nodes, as well as, to an overestimation of the age caused
by the mutation rate used. The result of this analysis agrees with the possibility of ancient
samples of Northern Iberian Peninsula being the ancestors of current autochthonous
population of Busturialdea, at least, for those lineages of haplogroup U5. Thus, the network
and the ages estimated from it, reassert the hypothesis of genetic continuity of haplogroup U5
in Basque populations from pre-Neolithic times for some lineages.

5. Materials and methods

5.1 Ancient samples

5.1.1 Sample selection

Since the discovery of the Cave of Santimamifie several human remains have been found at
different stratigraphic units throughout numerous dig campaigns (1918-1926, 1960-1962) (41),
(10). Last excavation work promoted a deeper study of them that led to an exhaustive
anthropological study (42). Based on that study, seven human teeth, of apparently different
individuals, were selected for genetic analysis (Dataset S1). Every selected tooth was attached
to th jaw bone, and without visible damage signs, like crown abrasion, cracks and cavities.

Ancient human remains analyzed in this study were deposited in the collection of the Museum
of Archaeology of Biscay. The genetic analysis of these ancient remains was granted by the
institutions that are in charge of the collection, by the approval of the Cultural Heritage Service
of the Council of the province of Biscay and the Director of Cultural Heritage of the
Department of Culture of the Basque Government, as they were issued by the resolution of
16" June 2009 and 9" October 2009, respectively. After the analysis, all remaining material
was returned to the Museum of Archaeology of Biscay where it is accessible by other
researchers.



5.1.2 Working conditions

Every step involving ancient samples was carried out in laboratories exclusively dedicated to
ancient DNA analysis. These rooms have positive pressure airflow, never have housed modern
DNA samples and every working materials and surfaces are repeatedly cleaned with bleach
(50%), milliQ autoclaved H,0 and ethanol (80%), and subjected to UV radiation for their
sterilization. Access to these laboratories is limited and the use of specific clothes, as well as
lab coat, face mask, bouffant cap, and double pair of gloves, which are frequently changed, is
mandatory.

5.1.3 Cleaning and powdering

Teeth were removed from jaw bones with a Dremel tool. Then, they were cleaned to eliminate
any traces of modern contamination from their surface by scratching the surface of each tooth
with a scalpel, washing with bleach (10%) and rinsing with milliQ autoclaved H,O. Each face of
the tooth surface was irradiated with UV during 30 minutes into a CL-1000 UltraViolet
CrossLinker (UVP, Upland, CA) at 450 w/cm?, and finally each tooth was ground to a fine
powder with a 6750 Freezer/Mill® (SPEX SamplePrep, Metuchen, NJ).

5.1.4 DNA extraction and quantification

Along each DNA extraction process we only worked with two different tooth samples and an
extraction blank to avoid and detect possible contamination during the process. In addition,
direct manipulation of the samples and reagents was always carried out into a laminar flow
cabinet.

For DNA extraction 0.5 g of tooth powder per sample were used, and modified protocol from
that described by (43), to adapt it to our laboratory, was followed. Prior to DNA extraction, we
incubated the samples with EDTA 0.5M pH8 overnight on a rotary mixer to ease the
demineralization. Digestion of tooth powder was performed by incubating the samples on the
rotary mixer overnight at 55°C with a lysis buffer composed of EDTA 0.5M pHS8, sodium lauroyl
sarcosinate 1% and proteinase K (1mg/ml). The DNA of the supernatant was isolated using
silica adsorption columns of Generon Hi-Flow® DNA Purification Spin Columns (Generon Ltd.,
Berkshire, UK) following the instructions provided by the manufacturer and using buffers of
Qiagen (Germantown, MD). Elution step was carried out four times to maximize recovery of
DNA, which was finally purified and concentrated with Amicon YM30 columns (MilliPore,
Billerica, MA). Finally, DNA samples were quantified by gPCR with Quantifiler® Human DNA
Quantification kit (Applied Biosystems, Foster City, CA) into an ABI Prism 7000 Sequence
Detection System (Applied Biosystems, Foster City, CA). Additionally, this process allowed us to
determine the presence of inhibition that could interfere in subsequent analyses.



5.1.5 Analysis of mtDNA control region

Hypervariable segments HVS-I and HVS-II of the mtDNA control region were PCR amplified by
using five overlapping fragments of ~175 base pairs (bp) each one: two fragments for HVS-I
and three fragments for HVS-Il (Table S1). Bases 16159 to 16406 for HVS-I and 12 to 408 for
HVS-1l were edited.

PCR was carried out into a BioRad C-1000 thermal cycler (BioRad, Hercules, CA), with an initial
denaturalization step of 3 minutes at 95°C, followed by 37 cycles of 45 seconds at 95°C, 60
seconds at 55°C and 60 seconds at 72°C, and a final elongation of 10 minutes at 72°C. The
amplified products were cleaned with a mix of exonuclease | and shrimp alkaline phosphatase
enzymes (TaKaRa Bio Inc., Shiga, Japan), at 37°C during 30 minutes, followed by 15 minutes at
80°C in the same thermal cycler. Then, PCR products were sequenced using BigDye®
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA) into an ABI3130
Genetic Analyzer (Applied Biosystems, Foster City, CA).

Sequences were edited with software ChromasPro v1.5 (Technelysium Pty Ltd, AU), and
aligned and compared to the revised Cambridge Reference Sequence (44), rCRS (RefSeq
NC_012920.1), with Clustal X v2 (45). mtDNA haplogroup assignment was performed according
to PhyloTree Build 17 (http://www.phylotree.org) (46).

5.1.6 Analysis of mtDNA coding region

Haplogroup diagnostic polymorphisms located in the mtDNA coding region were analyzed to
confirm, or even determine more specifically, haplogroup classification based on control
region sequences. The analysis of coding region polymorphisms was performed by direct
sequencing, as previously described for control region fragments, by using the primers showed
in table S1.

5.1.7 Analysis of isotopes

A small amount of powder, between 30 and 100 mg, of each tooth was used to analyze its
isotopic composition, both carbon (**C and *C/**C) and nitrogen (**N/*N), with the aim of
dating the antiquity of these human remains and obtaining additional information about the
diet of the individuals. These analyses were performed by Beta Analytic (Miami, FL).
Radiocarbon dates provided in this study are 2c calibrated (95% probability).

5.2 Authentication of ancient DNA

5.2.1 Cloning

To ensure the reliability of the DNA results obtained from ancient samples, and following the
recommendations made by Cooper and Poinar (47), 32% of the ancient DNA amplification
products were cloned. Samples S.7) and S.16G were selected and their five control region PCR

10



products previously sequenced were cloned using the pGEM®-T Easy Vector System II
(Promega, Madison, WI). Cloned products were purified with PureYield™ Plasmid Miniprep
System (Promega, Madison, WI). These products were firstly digested with restriction enzyme
Pvull (New England Biolabs, Ipswich, MA) and then sequenced with M13 primers, in forward
and reverse direction, using BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems, Foster City, CA) and an ABI3130 Genetic Analyzer (Applied Biosystems, Foster City,
CA).

5.2.2 Independent analysis by an external laboratory

Following authentication criteria set by Cooper and Poinar (47) two samples (S.11N and S.12N)
were analyzed in parallel by the Laboratoire d’Anthropologie Moléculaire of the Institute of
Legal Medicine of the Strasbourg University (France). The process of DNA extraction and
analysis used is as the described in Lacan et al. (48). Additionally, in this laboratory sample
S.11N was analyzed by MALDI-TOF mass spectrometry, using iPlex Gold technology
(Sequenom, San Diego, CA), to study subhaplogroups defining polymorphisms of the coding
region (49).

5.3 Samples of current autochthonous population

Samples from extant population were recruited after participants had provided their written
informed consent, following procedures in accordance with the ethical standards of the
Declaration of Helsinki. This study counts with the favorable ethical report from the Faculty of
Pharmacy of the University of the Basque Country, signed at 26" September 2008.

Saliva samples of 158 autochthonous Basques of the current population inhabiting the
surrounding area of the Cave of Santimamifie were collected with mouthwash. Selection
criteria were mainly the Basque origin of the surnames of the voluntary donors, and the
geographical origins of their parents and grandparents within the area, verifying no direct
kinship among them. The samples were collected in four villages close to the cave and
historically related to it, to be named, Erefio, Gautegiz-Arteaga, Kortezubi and Nabarniz, which
are located in the region of Biscay known as Busturialdea (Fig. 1).

DNA from saliva samples was extracted following a standard phenol-chloroform protocol (50)
and quantified with the Quant-iT PicoGreen dsDNA Assay Kit (Invitrogen, Carlsbad, CA) in a
DTX880 Multimode Detector (Beckman Coulter, Fullerton, CA). The entire control region of
mtDNA was amplified and sequenced as described by Cardoso et al. (51). Coding region
polymorphism determinant of H1j1 haplogroup was analyzed in the same way, using primers
shown in table S1. These sequences were edited, aligned and compared to rCRS using
SeqScape v2.5 (Applied Biosystems, Foster City, CA). The mtDNA haplogroup assighment was
performed according to the mtDNA tree Build 17 of the Phylotree (http://www.phylotree.org)
(46). All the control region sequences of the population of Busturialdea are available online at
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GenBank under accession numbers KR697593 - KR697750. Likewise, sequences have been
deposited into EMPOP (http://empop.online) (52) under accession number EMP00668.

5.4 Statistical and phylogenetic analyses

Multivariate analysis of ancient European populations through Principal Component Analysis
(PCA) was performed with PAST v3.01 (53). Population statistics of current population of
Busturialdea were calculated with Arlequin v3.5 (54). Software SplitsTree v4 (55) was used to
draw the neighbour-joining tree which represented the relation between the haplotypes of
modern and ancient samples. Median-joining network was performed with software Network
v5 (http://www.fluxus-engineering.com) (56), and used to estimate the time elapsed between
ancient and modern lineages. Mutation rate used for this analysis was one mutation every
4,127 years. To calculate this value we took into account the length of the sequences
compared in the network (771 bp) and the mutation rate of 3.14x107 mut/site/years. This
mutation rate, calculated for segments HVS-I and HVS-Il, and calibrated with ancient DNA
samples, was recently published by Rieux et al. (57) and is very close to that previously
calculated by Sigurdaddttir et al. (58) and Endicott and Ho (59) for same segments and control
region respectively. For both, neighbor-joining tree and median-joining network, the sequence
of the mitochondrial Most Recent Common Ancestor (mtMRCA) was used as outgroup. This
sequence is supposed to be on the root of the human mitochondrial phylogenetic tree and
matches with Reconstructed Sapiens Reference Sequence (RSRS) (28).
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Fig. S1. Biplot representation of the PCA of European prehistoric populations based on their
haplogroup frequencies. Each population is represented by different symbols and colours. The
symbol refers to the cultural period being cross for hunter-gatherers and pre-Neolithic groups;
circle for Neolithic populations; triangle for Chalcolithic period and square for Bronze Age. The
colour refers to the geographical origin, with purple for Eastern European and Asian
populations, blue for central Europe, turquoise for Southern France and orange for
populations of Iberian Peninsula. The group of samples from Santimamifie of Chalcolithic and
Bronze Age is represented by a green asterisk. Data is shown in dataset S3.
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Fig. S2. Number of differences found between ancient samples of the Cave of Santimamifie
and the individuals of the population sample of Busturialdea that belong to the same mtDNA
phylogenetic branches. a) Number of individuals against total number of differences. b)
Frequency of the number of differences that present individuals of Busturialdea that are

phylogeneticaly close to the remains of the Cave of Santimamife.
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Fig. S3. Neighbour-joining tree that represents the phylogenetic relationship between
ancient samples of Santimamiiie (nodes with red edge and marked with arrows) and the
extant population of Busturialdea (nodes with black edge). The mitochondrial control region
haplotype of the most recent common matrilineal ancestor (mtMRCA) as can be inferred from
Phylotree (46) was used as outgroup. The size of each node is proportional to the number of
samples that share their haplotype.
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Fig. S4. Median-joining network and time estimates obtained from the analysis of
haplogroup U samples. a) Median-joining network draw with samples of haplogroups U from
ancient individuals of the northern Iberian Peninsula and current individuals from
Busturialdea. Ancient samples are represented by pink-fuchsia nodes and modern samples
from Busturialdea by yellow nodes. The outgroup node, in light green, is the mitochondrial
control region haplotype of the most recent common matrilineal ancestor (mtMRCA) as can be
inferred from Phylotree. The size of each node is proportional to the number of samples that
share their haplotype. b) Age estimated for U branch, taking ERR-1 as ancestral node and
whole remaining samples of haplogroup U as descendant nodes. c) Age estimated for U5a
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branch, taking the convergent vector as ancestral node and the remaining U5a samples of
Santimamifie and Busturialdea as descendant nodes. d) Age estimated for U5b branch, taking
BRA-1 as ancestral node and the remaining samples of subhaplogroup U5b as descendants.
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Table S1. List of primers used to analyze ancient samples of the Cave of Santimamifie.

Primer name Sequence Primer length Amplified Target region or Reference
(bp) product polymorphisms

L16159 TACTTGACCACCTGTAGTAC 20 e Vs Sieerre
H16311 TACGGTAAATGGCTTTATGT 20
116287 CACCCACTAGGATACCAACAAAC 23 164 bp Vs Presert siudy
H16406 CGGGATATTGATTTCACGGAGG 22
L12 ACATCACGATGGATCACAGGTC 22 . Vsl Present study
H142 GTGCGATAAATAATAGGATGAGGC 24
L135 CTATGTCGCAGTATCTGTCTT 21 162 bp Vsl Present study
H285 GGGGTTTGGTGGAAATTTTTTG 22
L281 AGCCACTTTCCACACAGACATC 22 i Vsl Present study
H408.2 ACTGTTAAAAGTGCATACCGCC 22
L467 ACATTATTTTCCCCTCCCACT 21 169 bp AS33G (USbf1) Present study
H589 TTTCAGTGTATTGCTTTGAGGAGGT 25
L1692 CTAAACCTAGCCCCAAACCC 20 A i U Present study
H1769 CCTTGCGGTACTATATCTATTGC %
L5379 AATCTACTCCACCTCAATCACA 22 124 bp C5437T (USb1d) Present study
H5462 GTAGGAGTAGCGTGGTAAG 19
L14724 AATGATATGAAAAACCATCGTTG 23 - TR (U5 (60)
H14834 GAGTGAGCCGAAGTTTCATCA 21
Fw456 CACCAGCCTAACCAGATTTCA 21 125 bp GA4S6A (H5'36) ©1)
Rv456 CGGGGGTTGTATTGATGAGA 20
FW3936 TAGCAGAGACCAACCGAACC 20 C3915T (H6a), C3936T

LEs e H12), C3992T (H4 )
Rv3936 GAAGATTGTAGTGGTGAGGGTGT 23 (H12), (H4)
FWA4745 CCGGACAATGAACCATAACC 20 A4745G (H13al), C4769T

118 bp H2a), T4793C (H7 (61)
RvA745 TGGGTAACCTCTGGGACTCA 20 (H2a), (H7)
FW6253 TTTCCCCGCATAAACAACAT 20 s —— 1)
RV6253 GGAGGGTAGACTGTTCAACCTG 22
Fw8448 ATGGCCCACCATAATTACCC 20 170 bp ABA48G (H11) 1)
Rv8448 GCAATGAATGAAGCGAACAG 20
Fw11377 CTTCCCCTACTCATCGCACT 20 i AT (i) 1)
Rv11377 CGACATGGGCTTTAGGGAGT 20
Fw13020-13101 AAACGCTAATCCAAGCCTCA 20 182 bp T13020C (H9), A13101C 61)
Rv13020-13101 GGTGGAAGCGGATGAGTAAG 20 (H8)
FW14470 CCCCATGCCTCAGGATAC 18 Tl R ) 1)
Rv14470 TGATTGTTAGCGGTGTGGTC 20
FWw2642 CGAGGGTTCAGCTGTCTCTTAC 22 411 bp G2706A (H), G3010A (H1) 23)
RV3052 TTAATCGTTGAACAAACGAACC 22
FW6702 CCATTTGGATACATAGGTATGGT 23 o RS (1)) AT () 23)
RV7078 CCTCCTATGATGGCAAATACAG 22
L4663 AGTATTTCCTCACGCAAGCAAC 22 479 6p T4735C (H1j) (60)
H5099 GGAATGCGGTAGTAGTTAGG 20 (62)
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Table S2. Haplogroup distribution of population sample from Busturialdea (Biscay).

Haplogroup Arteaga Erefio Kortezubi  Nabarniz Bus-trg;[gidea Fretg;sncy
H1 8 1 15 2 26 16,456
H2 0 4 1 0 5 3,165
H3 2 1 2 1 6 3,797
H5 1 0 0 1 2 1,266

H15 0 0 0 1 1 0,633
H27 1 0 1 0 2 1,266
HVO 4 1 1 3 9 5,696
HvV4 1 0 0 1 2 1,266
I3a 0 0 2 0 2 1,266
Jic 5 2 6 2 15 9,494
J2a 1 0 1 0 2 1,266
Kla 2 1 0 2 5 3,165
RO 14 10 14 6 44 27,848
Tla 1 0 0 0 1 0,633
T2 1 3 1 1 6 3,797
U2el 0 2 1 0 3 1,899
U5al 0 1 1 0 2 1,266
U5b 3 4 8 3 18 11,392
u7 0 0 0 1 1 0,633
W6 0 0 1 0 1 0,633
X2 3 1 1 0 5 3,165
Total 47 31 56 24 158 100
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Table S3. Summary statistics for 158 control region (16024-576) sequences from the region of Busturialdea (Biscay). Insertions at 16193, 309
and 573 were ignored for all calculations.

Population statistics

Busturialdea (n=158)

Kortezubi (n=56)

Erefo (n=31)

Gautegiz-Arteaga

Nabarniz (n=24)

(n=47)
Random match probability 0.0237 0.0395 0.0527 0.0448 0.0473
(sum of squares)
Power of discrimination 0.9763 0.9605 0.9473 0.9552 0.9527

Haplotypes

Mean pairwise diferences

Genetic diversity (H)

Nucleotide diversity

83 (27 shared)
8.762154 + 4.064500
0.9825 + 0.0034

0.007775 +0.003992

39 (10 shared)
9.598701 + 4.467086
0.9779 £ 0.0104

0.008525 + 0.004401

23 (7 shared)
8.310484 + 3.952981
0.9778 £ 0.0131

0.007400 = 0.003915

32 (10 shared)
8.166512 + 3.856499
0.9759 £ 0.0117

0.007259 + 0.003805

22 (1 shared)
8.735178 £+ 4.184190
0.9960 + 0.0142

0.007758 +0.004144
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