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Abstract The modern human settlement of Europe is a
complex process with overimposed migrations and
regionalisation episodes, as well as adaptive processes
that shaped the genome of modern populations. New
developments in massive sequencing techniques allow
now the generation of an unprecedented amount of
genomic data, including the genotyping of a large
number of single nuclectide polymorphisms (SNPs) and
the generation of complete ancient genomes. These
paleogenomic data will have much more resolution for
studying the past than genomic data from present-day
individuals because migration, admixture and population
replacement can confound the interpretation of current
genetic diversity. However, their interpretation will
require a real multidisciplinary effort, involving population
geneticists, archaeologists and anthropologists. Here,
we explain how paleogenomics is providing new insights
into a wide range of topics such as demography,
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undetected migrations, mating strategies or adaptive processes of prehistoric European populations.

Statement of significance The study of the prehistoric modern humans’ settlement of Europe has been until recently restricted
tofields such as archaeology and physical anthropology. However, with the advent of the new sequencing technologies in the
last few years, it is increasingly possible to retrieve massive genomic data from these past populations, and to directly test
previous hypothesis on human population movements and affinities. We provide here a guideline of the main areas of study
of the past that will likely be impacted by paleogenomic studies in the next years.
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Introduction

Anatomically modern human beings (AMH) were the
only inhabitants of Europe after the disappearance of
the Neandertals, around 40000years ago (Higham
et al. 2014) [a more recent date, around 28000years
ago, had been previously proposed (Finlayson et al.
2006) although it is now debated). New direct radio-
carbon dates of fossils indicate that AMH appeared

in Europe by 44200-41500years BP at Kent's
Cavern (England) (Higham et al 2011) and by
45000-43000years BP in Grotta del Cavallo (Italy)
(Benazzi et al. 2011). Archaeologists have identified
different material cultures that varied in temporal scale
and geographical areas: Aurignacian, Gravettian,
Solutrean and Magdalenian. This period of AMH
occupation of Europe was marked by the Last Glacial
Maximum (LGM) that took place between 26500 and
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19000years ago (Peter et al. 2009). During its cold
peak, large parts of the continent were covered with
ice sheets, at the same time pushing human beings
into southern refugia such as the Iberian, the lItalian
and the Balkan peninsulas that were relatively limited
in resources.

The Mesolithic is the first period of the Holocene
and comes at the end of the LGM. Its chronology
varies depending on the continental region, but it
dates from about 11500-5500years BP. As the ice
sheet disappeared, hunter-gatherer groups began to
inhabit forest land and open tundra that had earlier
been covered by ice. Hunting of species such as
aurochs, red deers and wild boars became a special-
ised task for the Mesolithic hunters, which seem to be
composed by small and highly mobile groups (Whittle
and Cummings 2007). This was accompanied by some
technological innovations, most notably the micro-
lithisation of flint tools.

The scenario radically changes with the arrival of the
next cultural period, the Neolithic, defined by a sub-
sistence strategy based on domestic animals and
crops. The first Neolithic groups entered Europe
through Anatolia around 8,500years BP, coming orig-
inally from the Near East, where the first archae-
ological sites can be traced back to 11,500years ago
(Renfrew and Bahn 1991). These pioneers established
in Greece and the Balkans, and later spread west
and northwest, following two different routes: the
Mediterranean coast to the west (associated with
the Cardial ware culture) and the Danube river to the
centre and north of Europe [associated with the Lin-
nearbandkeramik (LBK) or Linear Pottery culture]
(Pinhasi et al. 2012). It is likely, although more difficult
to prove, that maritime movements along the
Mediterranean could have sped the process
(Fernandez et al. 2014; Paschou et al. 2014). Overall,
the expansion was probably complex and varied in
intensity from one area to another, depending
primarily on ecological conditions favourable to
agriculture and also on local human population
densities. Nonetheless, by 5,000years BP, the Neo-
lithisation of continental Europe was complete, and
the hunting and gathering way of life had forever
disappeared in this region of the world. Subsequently,
other economic changes such as the introduction of
the wheel, wool and milk production, and the
increased use of animal power for farming tasks took
place.

The Neolithic represents a real demographic revolu-
tion in European history, to the point that all modern
European societies derive from that cultural, social and
ecological turning point (Antia et al. 2003; Wolfe, Duna-
van and Diamond 2007). Human groups became
sedentary and established large settlements that allowed
anincrease in population size and density; this generated
the emergence of peasants — the oldest substratum of
contemporary society (Diamond 1997). Material culture
saw also the development of pottery and polished tools
that later diversified in several traditions.
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There seems to be a period of stability from the
Early to the Middle Neolithic, as judged from the
archaeological record. However, the Late Neolithic and
the Chalcolithic (or Copper Age) sees the emergence
of technical developments related to copper metal-
lurgy and also the appearance of different types of
pottery, including the Corded Ware and the Bell
Beaker (BB) ceramics. The expansion of these ceramic
traditions, which could have involved either cultural
diffusions or human migrations, has also been the
subject of academic debates for many years. In any
case, the Copper, the Bronze and the subsequent Iron
Age represent a social turning point, marked by the
formation of social elites and the emergence of com-
plex societies in prehistoric Europe (Czebreszuk 2004).

Until recently, the origin of the human settlement of
Europe has mainly been studied from archaeological
data. However, ancient DNA, the recovery of genetic
material from preserved human skeletal remains,
resulted in a new source of independent evidence for
other fields such as archaeology, anthropology and
forensics. Interestingly, some of the conflicting
hypotheses on the European prehistory can be
resolved from the analysis of ancient genomes.

For about 20years, the only possible technical
approach to ancient DNA was the polymerase chain
reaction (PCR) and the cloning of PCR products. Due to
the methodology employed, researchers working on
the genetics of past human populations were limited
to study single genetic loci, mainly uniparental
markers such as maternally inherited mitochondrial
DNA (mtDNA) (Brandt et al. 2013) and, to a lesser
extent, the paternally inherited Y-chromosome
(Lacan et al. 2011a, 2011b). Despite having some in-
terpretative advantages such as lack of recombination,
high mutation rates and well-established phylogenies,
uniparental markers (mtDNA and Y-chromosome) are
greatly affected by random demographic processes
(Mourier et al. 2012), and they constitute very coarse
markers for unravelling complex population dynamics
at a small geographic scale.

The emergence of palaeogenomics (the study and
analysis of ancient genomes), triggered by the devel-
opment of next-generation sequencing (NGS) tech-
nologies after 2005, Mardis (2008) and Metzker (2010)
have provided a new powerful source of information
that can be used to test previous hypotheses regard-
ing human evolution and diversity.

With the advent of these NGS technologies, the
years 2012-2014 have seen for the first time the
publication of complete prehistoric European gen-
omes (Table 1; Fig. 1). The first one was the genome of
the exceptionally well-preserved Tyrolean Ice man,
Otzi, dated to about 5300 calibrated years BP (cal BP)
(Keller et al. 2012). The second one was the retrieval of
a Mesolithic hunter-gatherer from La Brafia-Arintero
site in Spain dated 7800cal BP (Olalde et al. 2014).
More recently, additional Mesolithic and Neolithic
genomes from Scandinavia, Luxembourg, Germany
and Hungary have been published (Gamba et al. 2014;
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Table1 List of ancient Eurasian specimens with a published complete genome sequence (cutoff of >1 x
coverage)

Sample Mean mtDNA Y

name Period Age (cal. BP) coverage Sex Haplogroup Haplogroup References

Ust’-Ishim  Pleistocene hunter- 46880-43210 42 Male R K(xLT) Fu et al. (2014)
gatherer

Kostenki14 Pleistocene hunter- 38700-36200 2:42 Male u2 C1 Seguin-Orlando et al.
gatherer (2014)

MA-1 Pleistocene hunter- 24423-23891 12 Male U R Raghavan et al
gatherer (2014)

Motala12  Holocene hunter- 8311-7466 2:4 Male U2e1 12a1b Lazaridis et al. (2014)
gatherer

Loschbour Holocene hunter- 8170-7940 216 Male USb1a 12a1b Lazaridis et al. (2014)
gatherer

LaBranal Holocene hunter- 7940-7690 34 Male Ubb2c1 C1a2 Olalde et al. (2014)
gatherer

Ajvide58 Holocene hunter- 4900-4600 2:22 Male u4d |12a1 Skoglund et al
gatherer (2014)

KO1 Neolithic farmer 7730-7600 124 Male R3 |12a Gamba et al. (2014)

NE1 Neolithic farmer 7260-7020 2212 Female  U5b2c - Gamba et al. (2014)

NE5 Neolithic farmer 7160-6940 104 Male Jici Cl1a2 Gamba et al. (2014)

NE6 Neolithic farmer 7250-6900 118 Male K1a3a3 Cl1a2 Gamba et al. (2014)

Stuttgart Neolithic farmer 7050-6750 191 Female T2c1d1 - Lazaridis et al. (2014)

NE7 Neolithic farmer 6440-6310 114 Male N1atala |12a Gamba et al. (2014)

Gokhem2  Neolithic farmer 5050-4750 133 Female Hic - Skoglund et al

(2014)

Iceman Copper Age 5309-5055 76 Male K1f G2a2ailb1  Keller et al. (2012)

CO1 Copper Age 4850-4650 113 Female H - Gamba et al. (2014)

BR2 Bronze Age 3220-3060 2125 Male Kiala J2ai Gamba et al. (2014)

IR1 Iron Age 2930-2780 131 Male G2at N Gamba et al. (2014)

mtDNA: mitochondrial DNA.

Lazaridis et al. 2014; Skoglund et al. 2014), some of
them to high coverage (this refers to the average
number of DNA sequences covering each position of
the genome; the higher the coverage, the better the
quality of the genome sequence and the higher the
chance to determine accurate genotypes). Moreover,
the first European Upper Palaeolithic genome - that
from the Russian site of Kostenki - has also been
published (Seguin-Orlando et al. 2014), opening
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the study of European Pleistocene populations with
complete paleogenomes.

Importantly, the interaction between archaeologists,
palaeontologists and researchers from the emerging field
of palaeogenomics has traditionally been plagued by a
lack of collaborative efforts. Nevertheless, the possibility
of working with partial or complete ancient European
genomes is a unique opportunity for reconstructing the
past following a real multidisciplinary approach.
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Figure 1 Geographic location of ancient Eurasian individuals whose complete genome (at least 1 X coverage)

has been sequenced
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Human contamination in ancient
samples

Contamination of human samples with exogenous,
modern DNA, sometimes deriving from ancient
specimen handling during excavation and prior to the
arrival to the laboratory (Sampietro et al. 2006), has been
traditionally considered one of the major problems in
ancient DNA research. Some precautions on how to
handle samples for genetic analyses (e.g. using gloves
and avoiding extensive cleaning and manipulations)
have been established (Fortea et al. 2008). Unfortunately,
it is impossible to know a priori if a specimen is con-
taminated and the extent of their endogenous DNA
preservation. However, the NGS technologies have
revealed a nucleotide misincorporation pattern at the
ends of the ancient DNA sequences that can be used as a
proxy for authenticity (Briggs et al. 2007). Additionally,
the retrieval of the mtDNA genome at very high cov-
erages allows now a precise estimate of the sample
contamination (Krause et al. 2010). At genomic level,
heterogeneities in the sexual chromosomes can also be
used to estimate the level of intrusive DNA (Green et al.
2010; Rasmussen et al. 2011).

With the potential of NGS techniques to retrieve
complete genomes and monitor contamination, even
specimens such as Kostenki-14 (Seguin-Orlando et al.
2014), excavated decades ago, are now susceptible of
being genetically analysed.

Demographic inferences and social
practices

Genetic diversity is correlated with population size; the
larger the population, the higher the diversity. In fact,
demographic history has shaped our genomes and
left traces on them that can still be recognised.
From the study of prehistoric genomes, we can make
varied inferences about group size, reproductive rules
and social practices of these ancient populations.
With the limited number of available genomes, we
already have evidences that Mesolithic foragers had a
reduced genetic diversity, lower than modern
Europeans and Neolithic farmers at the nuclear
genome level (Skoglund et al. 2014). This can also be
observed by looking at uniparental markers: so far, the
11 Mesolithic individuals analysed with NGS technol-
ogies show U2, U4 or U5 mtDNA haplotypes (Fu et al.
2013; Lazaridis et al. 2014; Sdnchez-Quinto et al. 2012;
Skoglund et al. 2014), a reduced diversity that con-
trasts with that of upcoming Neolithic farmers, where
H, HV, V, K, J, T2, X, W and N1a (together with U
haplotypes) have been observed (Brandt et al. 2013;
Gamba et al. 2012, 2014; Haak et al. 2005, 2010;
Hervella et al. 2012; Lazaridis et al. 2014; Sampietro
et al. 2007; Skoglund et al. 2012) (Table 1). Less data
are available for the Y-chromosome, not only due to
the high coverage required to make an accurate
inference of the haplotype but also because some of
the samples analysed are obviously females. Even so,
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the genetic uniformity of the paternal line is more
dramatic than that seen at the mtDNA. Ajvide58,
Motala 12 and Loschbour carry an 12a1 haplotype (this
is probably also the case of Motala 2, 3 and 9 that have
low coverage genomes; Lazaridis et al. 2014) while
La Brafa 1 carries an extremely rare C1 haplotype
[reported as C6 by Olalde et al. (2014)]. Interestingly,
one early and one late Neolithic individuals from
Hungary also carry a 12a lineage, while a 37000-year-
old individual from Kostenki-14 and two late Neolithic
samples from Hungary share a C1 lineage with
La Brafa 1, suggesting paternal genetic continuity
from the Upper Palaeolithic to the Mesolithic
(Seguin-Orlando et al. 2014) and from foragers into
farmers (Gamba et al. 2014; Table 1). These
observations are further confirmed with the clustering
of one sample (KO1) from the early Neolithic Koros
culture site of Tiszasz6l6s-Domahaza (dated
7730-7600cal BP and coming from a short-lived
settlement) among former Mesolithic foragers (Gamba
et al. 2014); in addition, its predicted phenotype shows
a blue-eyed male with dark skin, similar to La Brafa 1,
Motala 12 and Loschbour. Importantly, KO1 represents
the first genetic evidence of a hunter-gatherer being
incorporated into a farming community, adding
further complexity to the social aspects of the
Mesolithic—Neolithic transition.

In contrast to the high mtDNA diversity among early
farmers, its paternal counterpart, the Y-chromosome,
appears to be restricted to few lineages, notably the
G2a lineage (also present in later individuals such as
Otzi) (Haak et al. 2010; Keller et al. 2012; Lacan et al.
2011a, 2011b; Table 1). These genetic observations
based on the uniparental markers among farmers are
compatible with a mating strategy based on
patrilocal residence (i.e. men stay in the communities
they were born while women move to their
husband's communities). This could make sense in the
first farming communities that needed to have a male-
based control of resources and territorial defence.

Endogamy and consanguinity

Runs of homozygosity (ROH) are long chromosomic
sections within an individual genome where both the
paternal and the maternal copies are identical by
descent. Depending on their length and frequency,
can either be attributed to recent consanguinity (long,
>1.6Mb, ROH tracks) or endogamy due to long-term
reduced population size (short, <1.6Mb, ROH tracks).
Precisely, the previously mentioned KO1 specimen
from Hungary displays about 150 short ROH segments,
a much higher number than subsequent Neolithic
samples that have values ranging between 50 and 100
(Gamba et al. 2014). This observation indicates that
this specific individual was coming from a small and
endogamic population. It is remarkable, however,
that no such long ROH segments have been found
in the available Mesolithic genomes such as La Brana
1, Motala 12 and Loschbour (Lazaridis et al. 2014;
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Olalde et al. 2014). It seems likely that despite their
low population size, the foragers had social rules that
were able to effectively avoid inbreeding in their
hunting groups.

Recent selective sweeps in europeans

Methods for detecting positive selection at the genetic
level are based on the principle that a selected allele
changes in frequency more quickly than a neutral
locus on the same genomic background. Using
different detection methods applied to genetic
variation data in modern populations, we have now a
complete list of alleles that have purportedly been
recently selected in Europeans, thus offering a unique
window into the adaptive forces that shaped our
evolutionary history (Grossman et al. 2013). Even
though none of these methods can accurately date
the selective event, thanks to the ancient genomes
already available, we are now able to track the tra-
jectories of these alleles over time and space, allowing
direct access to the evolutionary history of adaptations
in European populations.

Recent findings have already shown that some pre-
dominant traits in Europeans such as lactase persistence
or LP (e.g. the continuing ability to digest milk in the
adulthood due to a mutation in a regulatory element of
the LCT gene) have been driven to current high fre-
quencies much more recently than previously thought
(Gerbault et al. 2011). The selective advantage of LP is
the possibility of having a constant nutritional intake
from dairy — the only source of lactose — especially in
regions such as northern Europe that are less favourable
to farming. The conspicuous absence of the persistence
allele in many Neolithic individuals from different places
in Europe (in a recent study of five millennium transect
from the early Neolithic to the Iron Age in Hungary
(Gamba et al. 2014), the first LP allele appears in a
sample that is only 3000years old) suggests that the rise
of the LP mutation could be related to pastoralism
practices spreading during the Late Neolithic or even
later. A recent model was based on the assumption that
LP first underwent selection about 5500years ago,
possibly associated with the LBK culture in central
Europe (Itan et al. 2009). However, the growing evidence
from Neolithic genomes seems to point to an even more
recent origin. If confirmed, it can constitute one of the
strongest cases of positive selection ever described in
human beings, driving the LP allele to almost fixation in
many European populations in no more than a few
thousands of years (Gerbault et al. 2011).

The LP selective sweep (selective sweep is defined
as the increase in frequency of an allele favoured by
selection as well as other alleles linked to the selected
variant) had previously been predicted to be a post-
Neolithic event. However, a bigger surprise was to
discover that acquisition of light skin pigmentation in
Europeans might also be post-Neolithic (Olalde et al.
2014; Wilde et al. 2014). Newly available ancient gen-
omes suggest that selection of derived alleles in the
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two crucial skin pigmentation genes, SLC24A5 and
SLC45A2, is decoupled in time by 2000years; a selec-
tive sweep first occurred for SLC24A5 (the gene with
the strongest effect in light skin colour (Lamason et al.
2005; Norton et al. 2007)) and later for SLC45A2
(Gamba et al. 2014). This explains why many farmers,
including some late Neolithics, still retain the ancestral
allele at SLC45A2 (Bronze Age and Iron Age individuals
with the ancestral allele could correspond to posterior
migrations from the east where the ‘light’ allele was
not yet prevalent). In addition, Motala 12, a Mesolithic
hunter-gatherer from Sweden, is heterozygous for
SLC24A5 (Lazaridis et al. 2014), which might suggest
that previous Mesolithic populations were not totally
homogeneous for the phenotype, and that some light
skin alleles were already present in Europe (but maybe
not in Western Europe) before the arrival of the
Neolithic. In the future, new ancient genomes from
different periods and adjacent geographical areas
such as the Near East or Western Asia will help to fully
understand the timing of crucial selective processes.

Although genomic data are still scarce, the temporal
screening of selective events associated with some
European-specific alleles with medical interest will also
be relevant to model past selective events. For
instance, alleles related to pathogen resistance or
susceptibility to disease, like the CCR5-delta 32 mu-
tation (resistant to HIV infection) that is thought to
have recently risen to relatively high frequencies in
Europeans (5-18%) (Novembre, Galvani and Slatkin
2005) could be screened in the ancient genomes.
Moreover, we could be able to detect past epidemics
that may have impacted the genomic composition
of prehistoric (and also historic) European populations.
These events could eventually be related to demo-
graphic declines observed in some archaeological
horizons.

Uncovering migrations and population
turnovers

The recent political and social context has an influence
on the archaeologists' attitudes regarding the
interpretation of the past. Since the 1960s, most of the
theoretical developments in British archaeology - as
well as in other European countries — have favoured
local developments as the explanation for cultural
changes and thus have been quoted as ‘anti-migra-
tionists’ (Harke Heinrich 1998). Indeed, supporting
large-scale population movements is seen as acade-
mically anachronistic in many European institutions.
However, recent advances in archaeogenetics are
placing migration and population turnover again as a
central mechanism in the shaping of current European
genetic diversity. In addition, a dynamic metapopula-
tion system, as invoked in the analysis of Kostenki-14
genome (Seguin-Orlando et al. 2014), could also
account for some of the population patterns observed.

A large variety of past migratory movements,
some of them undetected by archaeology, are now
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susceptible of being scientifically explored in space
and time, and this is taking place irrespective of the
views of scholar's archaeological traditions. For
instance, a genomic study based in modern data
(Patterson et al. 2012) detected a possible influx of
central Europeans into the Iberian Peninsula circa
4000years ago that seemingly remains unchar-
acterised from an archaeological point of view.
Ancient DNA data from this period could help to
resolve this genomic turnover and also to correlate it
with cultural evidence. More recently, a large-scale
analysis of modern European genomes together with
several ancient ones have revealed three different
ancestral population components in the gene pool of
Europeans (Lazaridis et al. 2014): West European
hunter-gatherers, early European farmers of Near
Eastern origin, and a mysterious ancient north Eur-
asian population [related to the Mal'ta boy (Raghavan
et al. 2014)] that apparently entered the continent
from the East in the Late Neolithic. The arrival of this
north Eurasian component could be associated with
the clear genomic shifts detected in Bronze and Iron
Age individuals from Hungary (Gamba et al. 2014). The
three ancestral population models have recently been
challenged by the publication of the Kostenki-14
genome (Seguin-Orlando et al. 2014) that points to the
presence of the Near East component much earlier

STAR20152054892315Y.0000000002

than the suggested (Lazaridis et al. 2014) Neolithic
period. Ultimately, the precise number and nature of
those ancestral components could be elucidated with
the additional sequencing of more specimens.

These new ancient DNA studies provide evidence that
many cultural horizons are associated with the arrival of
foreign people, but the reverse can also be true; potential
migration movements described from the spreading of
some material culture could in fact be revealed to be just
the consequence of cultural diffusion.

In order to study patterns of genetic affinities
between ancient individuals and extant populations,
different statistical methods are routinely applied in
paleogenomic works. Principal Component Analysis
(PCA) (Patterson, Price and Reich 2006) is a straight-
forward way to visualise genetic variation by reducing
the observed dimensions into a number of uncorre-
lated principal components that account for most of
the variance in the data. In a PCA (Fig. 2, Table 2)
including modern West Eurasian populations from
the Human Origins array (Lazaridis et al. 2014;
Patterson et al. 2012), together with ancient individ-
uals sequenced to at least 1x coverage (on average,
one DNA sequence spanning each nucleotide of
the genome), several features can be observed: (1)
Mesolithic hunter-gatherers are beyond the extant
European genetic diversity, (2) all Early farmers cluster
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uals. Colour key for ancient individuals as in Fig. 1. We performed individual PCAs on each ancient sample
together with the modern dataset [randomly sampling one allele at each single nucleotide polymorphism (SNP)
position]. Then, individual PCAs were combined using Procrustes transformation as previously described

(Skoglund et al. 2012; Wang et al. 2010)
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Table2 Number of SNPs used for each individual

PCA
Sample Number of SNPs
Ust'-Ishim 483822
Kostenki-14 457 297
MA-1 347805
Motala12 423877
Loschbour 409 521
LaBranat 447 805
Ajvideb8 267505
KO1 337552
NE1 404808
NE5 286039
NEB6 325561
Stuttgart 406810
NE7 315664
Gokhem?2 210539
Iceman 422128
CO1 303493
BR2 431504
IR1 331392
SNPs: single nucleotide polymorphisms; PCA: Principal

Component Analysis.

together with southern Europeans, and specifically
with Sardinians, (3) Scandinavian, Western European
and Upper Palaeolithic hunters seem to form
different clusters, suggesting some kind of ancient
phylogeographic structure, and (4) current European
diversity is shaped during quite recent (from
the Copper Age onwards) migrations associated with
cultural developments that combine previous popu-
lation components. Again, these analyses provide
independent genetic evidence that can be corrobo-
rated on the archaeological record.

The future of palaeogenomics

We are currently entering in the golden era of palaeo-
genomics, which will provide researchers with an
unprecedented amount of information for the recon-
struction of human past. In the next few years, we will see
many, perhaps hundreds, of the ancient human gen-
omes retrieved, and tens of thousands of modern human
genomes routinely sequenced. All archaeological hy-
potheses involving population movements and affinities
of cultural horizons will be explored from this emerging
body of genomic data, including highly debated
archaeological problems such as the timing of the
spreading of the Indo-European languages or the real
nature of the BBs expansion. However, for such enter-
prise to be successfully achieved, crucial archaeological
information, such as precise radiocarbon dates, funerary
contexts, regional developments and general cultural
patterns will be needed. We believe this is a unique
opportunity for building real multidisciplinary groups
involving the different scientific fields dealing with the
study of the past.

Conflicts of interest

The authors confirm that there are no conflicts of
interest.

@ Maney
Publishing

Olalde and Lalueza-Fox Modern humans’ paleogenomics

Acknowledgements

The authors are supported by a FEDER and Spanish
Government Grant BFU2012-34157. 1.O. is supported
by a predoctoral fellowship from the Basque
Government (DEUI).

Author biographies

C.L.-F. is a senior researcher at the Institute of Evol-
utionary Biology (CSIC-UPF) and director of the
paleogenomics laboratory. 1.O. is a PhD student on
the genetic prehistory of European populations at the
same institute.

References

Antia, R, R. R. Regoes, J. C. Koella, and C. T. Bergstrom. 2003. “The Role
of Evolution in the Emergence of Infectious Diseases.” Nature 426:
8-11.

Benazzi, S., K. Douka, C. Fornai, C. C. Bauer, O. Kullmer, J. Svoboda, I. Pap,
F. Mallegni, P. Bayle, M. Coquerelle, S. Condemi, A. Ronchitelli,
K. Harvati, and G. W. Weber. 2011. “Early Dispersal of Modern Humans
in Europe and Implications for Neanderthal Behaviour.” Nature 479:
525-528.

Brandt, G., W. Haak, C. J. Adler, C. Roth, A. Szécsényi-Nagy, S. Karimnia,
S. Moller-Rieker, H. Meller, R. Gansimeier, S. Friederich, V. Dresely,
N. Nicklisch, J. K. Pickrell, F. Sirocko, D. Reich, A. Cooper, K. W. Alt, and
Genographic Consortium. 2013. “Ancient DNA Reveals Key Stages in
the Formation of Central European Mitochondrial Genetic Diversity.”
Science 342: 257-261.

Briggs, A. W., U. Stenzel, P. L. Johnson, R. E. Green, J. Kelso, K. Priifer,
M. Meyer, J. Krause, M. T. Ronan, M. Lachmann, and S. Paabo. 2007.
“Patterns of Damage in Genomic DNA Sequences from a Neandertal.”
Proceedings of the National Academy of Sciences of the United States of
America 104: 14616-14621.

Czebreszuk, J. 2004. Similar But Different. Bell Beakers in Europe. Leiden:
Sidestone Press.

Diamond, J. 1997. Guns, Germs, and Steel: The Fates of Human Societies.
New York: W.W. Norton & Co..

Fernéndez, E., A. Pérez-Pérez, C. Gamba, E. Prats, P. Cuesta, J. Anfruns,
M. Molist, E. Arroyo-Pardo, and D. Turbén. 2014. “Ancient DNA
Analysis of 8000 B.C. Near Eastern Farmers Supports an Early Neo-
lithic Pioneer Maritime Colonization of Mainland Europe through
Cyprus and the Aegean Islands.” PLoS Genetics 10: e1004401.

Finlayson, C., F. G. Pacheco, J. Rodriguez-Vidal, D. A. Fa, J. M. Gutierrez
Lépez, A. Santiago Pérez, G. Finlayson, E. Allue, J. Baena Preysler,
I. Céceres, J. S. Carrién, Y. Fernandez Jalvo, C. P. Gleed-Owen,
F. J. Jimenez Espejo, P. Lopez, J. A. Lopez Séez, J. A. Riquelme Cantal,
A. Sanchez Marco, F. G. Guzman, K. Brown, N. Fuentes, C. A. Valarino,
A. Villalpando, C. B. Stringer, F. Martinez Ruiz, and T. Sakamoto. 2006.
“Late Survival of Neanderthals at the Southernmost Extreme of
Europe.” Nature 443: 850-853.

Fortea, J., M. de la Rasilla, A. Garcia-Tabernero, E. Gigli, A. Rosas, and
C. Lalueza-Fox. 2008. “Excavation Protocol of Bone Remains for
Neandertal DNA Analysis in El Sidron Cave (Asturias, Spain).” Journal
of Human Evolution 55: 353-357.

Fu, Q, H. Li, P. Moorjani, F. Jay, S. M. Slepchenko, A. A. Bondarev,
P. L. Johnson, A. Aximu-Petri, K. Prifer, C. de Filippo, M. Meyer,
N. Zwyns, D. C. Salazar-Garcia, Y. V. Kuzmin, S. G. Keates,
P. A. Kosintsev, D. |. Razhev, M. P. Richards, N. V. Peristov,
M. Lachmann, K. Douka, T. F. Higham, M. Slatkin, J. J. Hublin, D. Reich,
J. Kelso, T. B. Viola, and S. Padbo. 2014. “Genome Sequence of a
45,000-Year-Old Modern Human from Western Siberia.” Nature 514:
445-449.

Fu, Q. A. Mittnik, P. L. Johnson, K. Bos, M. Lari, R. Bollongino, C. Sun,
L. Giemsch, R. Schmitz, J. Burger, A. M. Ronchitelli, F. Martini,
R. G. Cremonesi, J. Svoboda, P. Bauer, D. Caramelli, S. Castellano,
D. Reich, S. Paabo, and J. Krause. 2013. “A Revised Timescale for
Human Evolution Based on Ancient Mitochondrial Genomes.” Current
Biology 23: 553-559.

Gamba, C, E. Ferndndez, M. Tirado, M. F. Deguilloux, M. H. Pemonge,
P. Utrilla, M. Edo, M. Molist, R. Rasteiro, L. Chikhi, and E. Arroyo-Pardo.
2012. "Ancient DNA from an Early Neolithic Iberian Population Sup-
ports a Pioneer Colonization by First Farmers.” Molecular Ecology 21:
45-56.

Science and Technology of Archaeological Research 2015 voL 1 NO 1



Olalde and Lalueza-Fox Modern humans’ paleogenomics

Gamba, C, E. R. Jones, M. D. Teasdale, R. L. McLaughlin, G. Gonzalez-
Fortes, V. Mattiangeli, L. Dombordczki, I. Kévari, I. Pap, A. Anders,
A. Whittle, J. Dani, P. Raczky, T. F. Higham, M. Hofreiter, D. G. Bradley,
and R. Pinhasi. 2014. “Genome Flux and Stasis in a Five Millennium
Transect of European Prehistory.” Nature Communications 5: 5257.

Gerbault, P, A. Liebert, Y. Itan, A. Powell, M. Currat, J. Burger,
D. M. Swallow, and M. G. Thomas. 2011. “Evolution of Lactase Per-
sistence: An Example of Human Niche Construction.” Philosophical
Transactions of the Royal Society of London. Series B, Biological Sciences
366: 863-877.

Green, R. E, J. Krause, A. W. Briggs, T. Maricic, U. Stenzel, M. Kircher,
N. Patterson, H. Li, W. Zhai, M. H. Fritz, N. F. Hansen, E. Y. Durand,
A. S. Malaspinas, J. D. Jensen, T. Marques-Bonet, C. Alkan, K. Prifer,
M. Meyer, H. A. Burbano, J. M. Good, R. Schultz, A. Aximu-Petri,
A. Butthof, B. Hober, B. Hoffner, M. Siegemund, A. Weihmann,
C. Nusbaum, E. S. Lander, C. Russ, N. Novod, J. Affourtit, M. Egholm,
C. Verna, P. Rudan, D. Brajkovic, Z. Kucan, I. Gusic, V. B. Doronichev,
L. V. Golovanova, C. Lalueza-Fox, M. de la Rasilla, J. Fortea, A. Rosas,
R. W. Schmitz, P. L. Johnson, E. E. Eichler, D. Falush, E. Birney,
J. C. Mullikin, M. Slatkin, R. Nielsen, J. Kelso, M. Lachmann, D. Reich,
and S. Paabo. 2010. “A Draft Sequence of the Neandertal Genome.”
Science 328: 710-722.

Grossman, S. R, K. G. Andersen, I. Shlyakhter, S. Tabrizi, S. Winnicki,
A. Yen, D. J. Park, D. Griesemer, E. K. Karlsson, S. H. Wong, M. Cabili,
R. A. Adegbola, R. N. Bamezai, A. V. Hill, F. O. Vannberg, J. L. Rinn, 1000
Genomes Project, E. S. Lander, S. F. Schaffner, and P. C. Sabeti. 2013.
“Identifying Recent Adaptations in Large-Scale Genomic Data.” Cell
152: 703-713.

Haak, W., O. Balanovsky, J. J. Sanchez, S. Koshel, V. Zaporozhchenko,
C. J. Adler, C. S. Der Sarkissian, G. Brandt, C. Schwarz, N. Nicklisch,
V. Dresely, B. Fritsch, E. Balanovska, R. Villems, H. Meller, K. W. Alt,
A. Cooper, and Members of the Genographic Consortium. 2010.
“Ancient DNA from European Early Neolithic Farmers Reveals their
Near Eastern Affinities.” PLoS Biology 8: €1000536.

Haak, W., P. Forster, B. Bramanti, S. Matsumura, G. Brandt, M. Tanzer,
R. Villems, C. Renfrew, D. Gronenborn, K. W. Alt, and J. Burger. 2005.
“Ancient DNA from the First European Farmers in 7500-Year-Old
Neolithic Sites.” Science 310: 1016-1019.

Harke Heinrich. 1998. “Archaeologists and Migrations: A Problem of
Attitude?” Current Anthropology 39: 19-46.

Hervella, M., N. Izagirre, S. Alonso, R. Fregel, A. Alonso, V. M. Cabrera, and
C. de la Rua. 2012. “Ancient DNA from Hunter-Gatherer and Farmer
Groups from Northern Spain Supports A Random Dispersion Model
for the Neolithic Expansion into Europe.” PLoS One 7: e34417.

Higham, T., T. Compton, C. Stringer, R. Jacobi, B. Shapiro, E. Trinkaus,
B. Chandler, F. Groning, C. Collins, S. Hillson, P. O'Higgins,
C. FitzGerald, and M. Fagan. 2011. “The Earliest Evidence for
Anatomically Modern Humans in Northwestern Europe.” Nature 479:
31-34.

Higham, T., K. Douka, R. Wood, C. B. Ramsey, F. Brock, L. Basell, M. Camps,
A. Arrizabalaga, J. Baena, C. Barroso-Ruiz, C. Bergman, C. Boitard,
P. Boscato, M. Caparros, N. J. Conard, C. Draily, A. Froment, B. Galvan,
P. Gambassini, A. Garcia-Moreno, S. Grimaldi, P. Haesaerts, B. Holt,
M. J. Iriarte-Chiapusso, A. Jelinek, J. F. Jordd Pardo,
J. M. Maillo-Fernandez, A. Marom, J. Maroto, M. Menéndez, L. Metz,
E. Morin, A. Moroni, F. Negrino, E. Panagopoulou, M Peresani,
S. Pirson, M. de la Rasilla, J. Riel-Salvatore, A. Ronchitelli,
D. Santamaria, P. Semal, L. Slimak, J. Soler, N. Soler, A. Villaluenga,
R. Pinhasi, and R. Jacobi. 2014. “The Timing and Spatiotemporal
Patterning of Neanderthal Disappearance.” Nature 512: 306-309.

Itan, Y., A. Powell, M. A. Beaumont, J. Burger, and M. G. Thomas. 2009.
“The Origins of Lactase Persistence in Europe.” PLoS Computational
Biology 5: €1000491.

Keller, A, A. Graefen, M. Ball, M. Matzas, V. Boisguerin, F. Maixner,
P. Leidinger, C. Backes, R. Khairat, M. Forster, B. Stade, A. Franke,
J. Mayer, J. Spangler, S. McLaughlin, M. Shah, C. Lee, T. T. Harkins,
A. Sartori, A. Moreno-Estrada, B. Henn, M. Sikora, O. Semino,
J. Chiaroni, S. Rootsi, N. M. Myres, V. M. Cabrera, P. A. Underhill,
C. D. Bustamante, E. E. Vigl, M. Samadelli, G. Cipollini, J. Haas, H. Katus,
B. D. O&apos;Connor, M. R. Carlson, B. Meder, N. Blin, E. Meese,
C. M. Pusch, and A. Zink. 2012. “New Insights into the Tyrolean
Iceman's Origin and Phenotype as Inferred by Whole-Genome
Sequencing.” Nature Communications 3: 698.

Krause, J., A. W. Briggs, M. Kircher, T. Maricic, N. Zwyns, A. Derevianko,
and S. Paibo. 2010. “A Complete mtDNA Genome of an
Early Modern Human from Kostenki, Russia.” Current Biology 20:
231-236.

Lacan, M., C. Keyser, F. X. Ricaut, N. Brucato, F. Duranthon, J. Guilaine,
E. Crubézy, and B. Ludes. 2011b. “Ancient DNA Reveals Male Diffusion
through the Neolithic Mediterranean Route.” Proceedings of the

Science and Technology of Archaeological Research 2015 voL 1

STAR20152054892315Y.0000000002

National Academy of Sciences of the United States of America 108:
9788-9791.

Lacan, M., C. Keyser, F. X. Ricaut, N. Brucato, J. Tarrus, A. Bosch, J. Guilaine,
E. Crubézy, and B. Ludes. 2011a. “Ancient DNA Suggests the Leading
Role Played by Men in the Neolithic Dissemination.” Proceedings of
the National Academy of Sciences of the United States of America 108:
18255-18259.

Lamason, R. L, M. A. Mohideen, J. R. Mest, A. C. Wong, H. L. Norton,
M. C. Aros, M. J. Jurynec, X. Mao, V. R. Humphreville, J. E. Humbert,
S. Sinha, J. L. Moore, P. Jagadeeswaran, W. Zhao, G. Ning,
I. Makalowska, P. M. McKeigue, D. O'Donnell, R. Kittles, E. J. Parra,
N. J. Mangini, D. J. Grunwald, M. D. Shriver, V. A. Canfield, and
K. C. Cheng. 2005. “SLC24A5, A Putative Cation Exchanger, Affects
Pigmentation in Zebrafish and Humans.” Science 310: 1782-1786.

Lazaridis, I, N. Patterson, A. Mittnik, G. Renaud, S. Mallick, K. Kirsanow,
P. H. Sudmant, J. G. Schraiber, S. Castellano, M. Lipson, B. Berger,
C. Economou, R. Bollongino, Q. Fu, K. I. Bos, S. Nordenfelt, H. Li,
C. de Filippo, K. Prifer, S. Sawyer, C. Posth, W. Haak, F. Hallgren,
E. Fornander, N. Rohland, D. Delsate, M. Francken, J. M. Guinet,
J. Wahl, G. Ayodo, H. A. Babiker, G. Bailliet, E. Balanovska,
0. Balanovsky, R. Barrantes, G. Bedoya, H. Ben-Ami, J. Bene, F. Berrada,
C. M. Bravi, F. Brisighelli, G. B. Busby, F. Cali, M. Churnosov, D. E. Cole,
D. Corach, L. Damba, G. van Driem, S. Dryomov, J. M. Dugoujon,
S. A. Fedorova, |. Gallego Romero, M. Gubina, M. Hammer, B. M. Henn,

Hervig, U. Hodoglugil, A. R. Jha, S. Karachanak-Yankova,

Khusainova, E. Khusnutdinova, R. Kittles, T. Kivisild, W. Klitz,

. Kucinskas, A. Kushniarevich, L. Laredj, S. Litvinov, T. Loukidis,

W. Mahley, B. Melegh, E. Metspalu, J. Molina, J. Mountain,

Nakkaldjarvi, D. Nesheva, T. Nyambo, L. Osipova, J. Parik,

Platonov, O. Posukh, V. Romano, F. Rothhammer, |. Rudan,

. Ruizbakiev, H. Sahakyan, A. Sajantila, A. Salas, E. B. Starikovskaya,
A. Tarekegn, D. Toncheva, S. Turdikulova, I. Uktveryte, O. Utevska,
R. Vasquez, M. Villena, M. Voevoda, C. A. Winkler, L. Yepiskoposyan,
P. Zalloua, T. Zemunik, A. Cooper, C. Capelli, M. G. Thomas, A. Ruiz-
Linares, S. A. Tishkoff, L. Singh, K. Thangaraj, R. Villems, D. Comas,
R. Sukernik, M. Metspalu, M. Meyer, E. E. Eichler, J. Burger, M. Slatkin,
S. Paabo, J. Kelso, D. Reich, and J. Krause. 2014. “Ancient Human
Genomes Suggest three Ancestral Populations for Present-Day
Europeans.” Nature 513: 409-413.

Mardis, E. R. 2008. “Next-Generation DNA Sequencing Methods.” Annual
Review of Genomics and Human Genetics 9: 387-402.

Metzker, M. L. 2010. “Sequencing Technologies - the Next Generation.”
Nature Reviews Genetics 11: 31-46.

Mourier, T, S. Y. W. Ho, M. T. P. Gilbert, E. Willerslev, and L. Orlando.
2012. “Statistical Guidelines for Detecting Past Population
Shifts using Ancient DNA.” Molecular Biology and Evolution 29:
2241-2251.

Norton, H. L, R. A. Kittles, E. Parra, P. McKeigue, X. Mao, K. Cheng,
V. A. Canfield, D. G. Bradley, B. McEvoy, and M. D. Shriver. 2007.
“Genetic Evidence for the Convergent Evolution of Light Skin in
Europeans and East Asians.” Molecular Biology and Evolution 24:
710-722.

Novembre, J., A. P. Galvani, and M. Slatkin. 2005. “The Geographic Spread
of the CCR5 Delta32 HIV-Resistance Allele.” PLoS Biology 3: e339.
Olalde, I, M. E. Allentoft, F. Sdnchez-Quinto, G. Santpere, C. W. Chiang,
M. DeGiorgio, J. Prado-Martinez, J. A. Rodriguez, S. Rasmussen,
J. Quilez, O. Ramirez, U. M. Marigorta, M. Fernandez-Callejo,
M. E. Prada, J. M. Encinas, R. Nielsen, M. G. Netea, J. Novembre,
R. A. Sturm, P. Sabeti, T. Marqués-Bonet, A. Navarro, E. Willerslev, and
C. Lalueza-Fox35. 2014. “Derived Immune and Ancestral Pigmenta-
tion Alleles in a 7,000-year-Old Mesolithic European.” Nature 507:

225-228.

Paschou, P., P. Drineas, E. Yannaki, A. Razou, K. Kanaki, F. Tsetsos,
S. S. Padmanabhuni, M. Michalodimitrakis, M. C. Renda, S. Pavlovic,
A. Anagnostopoulos, J. A. Stamatoyannopoulos, K. K. Kidd, and
G. Stamatoyannopoulos. 2014. “Maritime Route of Colonization of
Europe.” Proceedings of the National Academy of Sciences of the United
States of America 111: 9211-9216.

Patterson, N. P. Moorjani, Y. Luo, S. Mallick, N. Rohland, Y. Zhan,
T. Genschoreck, T. Webster, and D. Reich. 2012. “Ancient Admixture in
Human History.” Genetics 192: 1065-1093.

Patterson, N., A. L. Price, and D. Reich. 2006. “Population Structure and
Eigenanalysis.” PLoS Genetics 2: €190.

Peter Clark, U., Arthur S. Dyke, Jeremy D. Shakun, Anders E. Carlson,
Jorie Clark, Barbara Wobhlfarth, Jerry X. Mitrovica, Steven W. Hostetler,
and McCabe A. Marshall. 2009. “The Last Glacial Maximum.” Science
325: 710-714.

Pinhasi, R, M. G. Thomas, M. Hofreiter, M. Currat, and J. Burger.
2012. “The Genetic History of Europeans.” Trends in Genetics 28:
496-505.

PTADS DA

@ Maney
NO 1 Publishing



STAR20152054892315Y.0000000002

Raghavan, M, P. Skoglund, K. E. Graf, M. Metspalu, A. Albrechtsen,
I. Moltke, S. Rasmussen, T. W. Stafford Jr, L. Orlando, E. Metspalu,
M. Karmin, K. Tambets, S. Rootsi, R. Magi, P. F. Campos, E. Balanovska,
O. Balanovsky, E. Khusnutdinova, S. Litvinov, L. P. Osipova,
S. A. Fedorova, M. I. Voevoda, M. DeGiorgio, T. Sicheritz-Ponten,
S. Brunak, S. Demeshchenko, T. Kivisild, R. Villems, R. Nielsen,
M. Jakobsson, and E. Willerslev. 2014. “Upper Palaeolithic Siberian
Genome Reveals Dual Ancestry of Native Americans.” Nature 505:
87-91.

Rasmussen, M., X. Guo, Y. Wang, K. E. Lohmueller, S. Rasmussen,
A. Albrechtsen, L. Skotte, S. Lindgreen, M. Metspalu, T. Jombart,
T. Kivisild, W. Zhai, A. Eriksson, A. Manica, L. Orlando, F. M. De La Vega,
S. Tridico, E. Metspalu, K. Nielsen, M. C. Avila-Arcos, J. V. Moreno-
Mayar, C. Muller, J. Dortch, M. T. Gilbert, O. Lund, A. Wesolowska,
M. Karmin, L. A. Weinert, B. Wang, J. Li, S. Tai, F. Xiao, T. Hanihara,
G. van Driem, A. R. Jha, F. X. Ricaut, P. de Knijff, A. B. Migliano,
I. Gallego Romero, K. Kristiansen, D. M. Lambert, S. Brunak, P. Forster,
B. Brinkmann, O. Nehlich, M. Bunce, M. Richards, R. Gupta,
C. D. Bustamante, A. Krogh, R. A. Foley, M. M. Lahr, F. Balloux,
T. Sicheritz-Pontén, R. Villems, R. Nielsen, J. Wang, and E. Willerslev42.
2011. “An Aboriginal Australian Genome Reveals Separate Human
Dispersals into Asia.” Science 334: 94-98.

Renfrew, C, and P. Bahn. 1991. Archaeology Theories, Methods, and
Practice. London: Thames and Hudson.

Sampietro, M. L., M. T. Gilbert, O. Lao, D. Caramelli, M. Lari, J. Bertranpetit,
and C. Lalueza-Fox. 2006. “Tracking Down Human Contamination in
Ancient Human Teeth.” Molecular Biology and Evolution 23:
1801-1807.

Sampietro, M. L, O. Lao, D. Caramelli, M. Lari, R. Pou, M. Marti,
J. Bertranpetit, and C. Lalueza-Fox. 2007. “Palaeogenetic Evidence
Supports A Dual Model of Neolithic Spreading into Europe.”
Proceedings Biological Sciences 274: 2161-2167.

Sanchez-Quinto, F., H. Schroeder, O. Ramirez, M. C. Avila-Arcos, M. Pybus,
I. Olalde, A. M. Velazquez, M. E. Marcos, J. M. Encinas, J. Bertranpetit,

@ Maney
Publishing

Olalde and Lalueza-Fox Modern humans’ paleogenomics

L. Orlando, M. T. Gilbert, and C. Lalueza-Fox. 2012. “Genomic Affinities
of Two 7,000-Year-Old Iberian Hunter-Gatherers.” Current Biology 22:
1494-1499.

Seguin-Orlando, A, T. S. Korneliussen, M. Sikora, A. S. Malaspinas,
A. Manica, I. Moltke, A. Albrechtsen, A. Ko, A. Margaryan, V. Moiseyev,
T. Goebel, M. Westaway, D. Lambert, V. Khartanovich, J. D. Wall,
P. R. Nigst, R. A. Foley, M. M. Lahr, R. Nielsen, L. Orlando, and
E. Willerslev. 2014. “Genomic Structure in Europeans Dating Back at
Least 36,200 Years.” Science 346: 1113-1118.

Skoglund, P, H. Malmstrém, A. Omrak, M. Raghavan, C. Valdiosera,
T. Gunther, P. Hall, K. Tambets, J. Parik, K. G. Sjogren, J. Apel,
E. Willerslev, J. Stora, A. Gotherstrom, and M. Jakobsson. 2014.
“Genomic Diversity and Admixture Differs for Stone-Age
Scandinavian Foragers and Farmers.” Science 201: 786-792.

Skoglund, P, H. Malmstréom, M. Raghavan, J. Stord, P. Hall,
E. Willerslev, M. T. Gilbert, A. Gotherstrom, and M. Jakobsson. 2012.
“Origins and Genetic Legacy of Neolithic Farmers and Hunter-Gath-
erers in Europe.” Science 336: 466-469.

Wang, C, Z. A. Szpiech, J. H. Degnan, M. Jakobsson, T. J. Pemberton,
J. A. Hardy, A. B. Singleton, and N. A. Rosenberg. 2010.
“Comparing Spatial Maps of Human Population-Genetic Variation Using
Procrustes Analysis.” Statistical Applications in Genetics and Molecular
Biology 9: 13.

Whittle, A, and V. Cummings. 2007. Going Over: The Mesolithic-
Neolithic Transition in North-West Europe. Oxford: Oxford University
Press.

Wilde, S., A. Timpson, K. Kirsanow, E. Kaiser, M. Kayser, M. Unterlédnder,
N. Hollfelder, I. D. Potekhina, W. Schier, M. G. Thomas, and J. Burger.
2014. “Direct Evidence for Positive Selection of Skin, Hair, and Eye
Pigmentation in Europeans During the Last 5,000 y.” Proceedings of
the National Academy of Sciences of the United States of America 111:
4832-4837.

Wolfe, N. D., C. P. Dunavan, and J. Diamond. 2007. “Origins of Major
Human Infectious Diseases.” Nature 447: 279-283.

Science and Technology of Archaeological Research 2015 voL 1 NO 1



