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RESEARCH

RESULTS: Nuclear and mitochondrial DNA 

data unequivocally show that the Paleo-

Eskimos are closer to each other than to any 

other present-day population. The Thule 

culture represents a distinct people that are 

genetic and cultural ancestors of modern-

day Inuit. We additionally find the Siberian 

Birnirk culture (6th to 7th century CE) as 

likely cultural and genetic ancestors of the 

Thule. The extinct Sadlermiut people from 

the Hudson Bay region (15th to 19th century 

CE), considered to be Dorset remnants, are 

genetically closely related to Thule/Inuit, 

rather than the Paleo-Eskimos. Moreover, 

there is no evidence of 

matrilineal gene flow 

between Dorset or Thule 

groups with neighbor-

ing Norse (Vikings) 

populations settling in 

the Arctic around 1000 

years ago. However, we do detect gene flow 

between the Paleo-Eskimo and Neo-Eskimo 

lineages, dating back to at least 4000 years.

CONCLUSION : Our study has a number 

of important implications: Paleo-Eskimos 

likely represent a single migration pulse into 

the Americas from Siberia, separate from 

the ones giving rise to the Inuit and other 

Native Americans, including Athabascan 

speakers. Paleo-Eskimos, despite showing 

cultural differences across time and space, 

constituted a single population displaying 

genetic continuity for more than 4000 years. 

On the contrary, the Thule people, ancestors 

of contemporary Inuit, represent a popula-

tion replacement of the Paleo-Eskimos that 

occurred less than 700 years ago. The 

long-term genetic continuity of the 

Paleo-Eskimo gene pool and lack 

of evidence of Native American ad-

mixture suggest that the Saqqaq and 

Dorset people were largely living in ge-

netic isolation after entering the New 

World. Thus, the Paleo-Eskimo tech-

nological innovations and changes 

through time, as evident from the ar-

chaeological record, seem to have occurred 

solely by movement of ideas within a single 

resident population. This suggests that cul-

tural similarities and differences are not 

solid proxies for population movements and 

migrations into new and dramatically differ-

ent environments, as is often assumed. ■ 

INTRODUCTION: Humans first peopled 

the North American Arctic (northern 

Alaska, Canada, and Greenland) around 

6000 years ago, leaving behind a complex 

archaeological record that consisted of dif-

ferent cultural units and distinct ways of 

life, including the Early Paleo-Eskimos (Pre-

Dorset/Saqqaq), the Late Paleo-Eskimos 

(Early Dorset, Middle Dorset, and Late 

Dorset), and the Thule cultures. 

RATIONALE: We addressed the genetic ori-

gins and relationships of the various New 

World Arctic cultures to each other and to 
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World Arctic

ARCTIC GENETICS

Maanasa Raghavan, Michael DeGiorgio, Anders Albrechtsen, Ida Moltke, Pontus Skoglund, 

Thorfinn S. Korneliussen, Bjarne Grønnow, Martin Appelt, Hans Christian Gulløv, 

T. Max Friesen, William Fitzhugh, Helena Malmström, Simon Rasmussen, Jesper Olsen, 

Linea Melchior, Benjamin T. Fuller, Simon M. Fahrni, Thomas Stafford Jr., 

Vaughan Grimes, M. A. Priscilla Renouf, Jerome Cybulski, Niels Lynnerup, 

Marta Mirazon Lahr, Kate Britton, Rick Knecht, Jette Arneborg, Mait Metspalu, 

Omar E. Cornejo, Anna-Sapfo Malaspinas, Yong Wang, Morten Rasmussen, 

Vibha Raghavan, Thomas V. O. Hansen, Elza Khusnutdinova, Tracey Pierre, 

Kirill Dneprovsky, Claus Andreasen, Hans Lange, M. Geoffrey Hayes, Joan Coltrain, 

Victor A. Spitsyn, Anders Götherström, Ludovic Orlando, Toomas Kivisild, 

Richard Villems, Michael H. Crawford, Finn C. Nielsen, Jørgen Dissing, Jan Heinemeier, 

Morten Meldgaard, Carlos Bustamante, Dennis H. O’Rourke, Mattias Jakobsson, 

M. Thomas P. Gilbert, Rasmus Nielsen, Eske Willerslev*

RESEARCH ARTICLE SUMMARY

Genetic origins of Paleo-Eskimos and Neo-Eskimos. All Paleo-Eskimos represent a single 

migration pulse from Siberia into the Americas, independent of the Neo-Eskimo Thule people 

(ancestors of modern-day Inuit) and the related extinct Sadlermiut population. The Siberian 

Birnirk people were likely cultural and genetic ancestors of modern-day Inuit. We also show ancient 

admixture between the Paleo- and Neo-Eskimo lineages, occurring at least 4000 years ago.
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Geographical distributions:
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Neo-Eskimos only

modern-day populations in the region. We 

obtained 26 genome-wide sequences and 

169 mitochondrial DNA sequences from an-

cient human bone, teeth, and hair samples 

from Arctic Siberia, Alaska, Canada, and 

Greenland, and high-coverage genomes of 

two present-day Greenlandic Inuit, two Si-

berian Nivkhs, one Aleutian Islander, and 

two Athabascan Native Americans. Twenty-

seven ancient samples were radiocarbon 

dated for accurate cultural assignment, of 

which 25 were corrected for marine reser-

voir effect to account for the dominant ma-

rine component in these individuals’ diets.
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ARCTIC GENETICS

The genetic prehistory of the New
World Arctic
Maanasa Raghavan,1 Michael DeGiorgio,2 Anders Albrechtsen,3* Ida Moltke,3,4*
Pontus Skoglund,5,6* Thorfinn S. Korneliussen,1 Bjarne Grønnow,7 Martin Appelt,7

Hans Christian Gulløv,7 T. Max Friesen,8 William Fitzhugh,9 Helena Malmström,1,5

Simon Rasmussen,10 Jesper Olsen,11 Linea Melchior,12 Benjamin T. Fuller,13

Simon M. Fahrni,13 Thomas Stafford Jr.,1,11 Vaughan Grimes,14,15 M. A. Priscilla Renouf,14†
Jerome Cybulski,16,17 Niels Lynnerup,12 Marta Mirazon Lahr,18 Kate Britton,15,19

Rick Knecht,19 Jette Arneborg,20,21 Mait Metspalu,22,23 Omar E. Cornejo,24,25

Anna-Sapfo Malaspinas,1 Yong Wang,26,27 Morten Rasmussen,1 Vibha Raghavan,28

Thomas V. O. Hansen,29 Elza Khusnutdinova,30,31 Tracey Pierre,1 Kirill Dneprovsky,32

Claus Andreasen,33 Hans Lange,33 M. Geoffrey Hayes,34,35,36 Joan Coltrain,37

Victor A. Spitsyn,38 Anders Götherström,39 Ludovic Orlando,1 Toomas Kivisild,22,40

Richard Villems,22,23 Michael H. Crawford,41 Finn C. Nielsen,29 Jørgen Dissing,12

Jan Heinemeier,11 Morten Meldgaard,1 Carlos Bustamante,24 Dennis H. O’Rourke,37

Mattias Jakobsson,5 M. Thomas P. Gilbert,1 Rasmus Nielsen,26 Eske Willerslev1‡

The New World Arctic, the last region of the Americas to be populated by humans, has a
relatively well-researched archaeology, but an understanding of its genetic history is
lacking. We present genome-wide sequence data from ancient and present-day humans
from Greenland, Arctic Canada, Alaska, Aleutian Islands, and Siberia. We show that
Paleo-Eskimos (~3000 BCE to 1300 CE) represent a migration pulse into the Americas
independent of both Native American and Inuit expansions. Furthermore, the genetic
continuity characterizing the Paleo-Eskimo period was interrupted by the arrival of a new
population, representing the ancestors of present-day Inuit, with evidence of past gene
flow between these lineages. Despite periodic abandonment of major Arctic regions,
a single Paleo-Eskimo metapopulation likely survived in near-isolation for more than
4000 years, only to vanish around 700 years ago.

H
umans first peopled the North American
Arctic (northernAlaska, Canada, andGreen-
land) from the Bering Strait region be-
ginning around 6000 years before the
present (1), leaving behind a complex ar-

chaeological record [supplementary text S1 (2)
and Fig. 1]. Over successive millennia, the pio-
neering Arctic cultures developed into distinct
lifestyles and cultural stages grouped within two
broad cultural traditions known as Paleo-Eskimo
and Neo-Eskimo. Early Paleo-Eskimo people re-
presenting the Denbigh, Pre-Dorset, Indepen-
dence I, and Saqqaq cultures (~3000 to 800 BCE)
lived in tent camps and hunted caribou,musk ox,
and seals with exquisitely flaked stone tools sim-
ilar to those used by northeast Siberian Neolithic
cultures (3–6). In northern Alaska, the Denbigh
cultural groups were succeeded by the Paleo-
Eskimo Choris and Norton cultures starting
around 900 BCE, with the Norton material cul-
ture further developing into the Ipiutak culture
around 200 CE (6, 7). Simultaneously, during the
cold period beginning around 800 BCE, innova-
tions in housing and hunting technologies ac-
companied the formationof the Late Paleo-Eskimo
orDorset culture ineasternArctic (easternCanadian
Arctic and Greenland), with population growth

and more intensive use of marine mammals, in-
cludingwalrus (8, 9). TheDorset culture is divided
into three phases: (i) Early Dorset, ~800 BCE to
0 BCE/CE; (ii) Middle Dorset, ~0 BCE/CE to 600
to 800 CE; and (iii) Late Dorset ~600 to 800 CE to
1300 CE (9). The Paleo-Eskimo tradition in the
eastern Arctic ended sometime between 1150 to
1350 CE, shortly after the sudden appearance of
the Neo-Eskimo Thule whale-hunters from the
Bering Strait region (9–17).
The Siberian Old Bering Sea culture is the

earliest expression of the Neo-Eskimo tradition
~2200 years before the present, developing into
the Punuk culture around the sixth century CE.
Almost concurrently, the Old Bering Sea culture
developed into the Birnirk culture in the north-
ern parts of the Bering Strait region. Interactions
between people of the Birnirk and Punuk cul-
tures gave rise to the western Thule culture on
both sides of the Bering Strait, with contribution
from the Paleo-Eskimo Ipiutak culture in Alaska
(18). By the early secondmillennium CE, western
Thule cultural groups began their movement into
the eastern North American Arctic (14, 19). With
the Thule culture came more effective means
of transportation like dog sleds and large skin
boats, complex tool kits like sinew-backed bows,

and harpoon float gear for hunting large whales
(10, 20). Thule culture spread quickly throughout
the eastern Arctic, rapidly replacing Dorset in
most, if not all, regions. The decline of whaling
during the latter part of the Little Ice Age (16th to
19th century CE) resulted in a readjustment to
ice-edge hunting of walrus and breathing-hole
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hunting of seal, laying the foundation for mod-
ern Inuit cultures (21). Additionally, the Norse
(Vikings) formed settlements in Greenland around
985 CE and occupied regions in southern Green-
land for about 500 years, contemporaneous with
both the Late Dorset and Thule, reaching New-
foundlandandLabrador in easternCanada around
1000 CE (22).
Continuities in chipped stone bifaces and blade

andburin technologypoint toPaleo-Eskimoorigins
among Siberian Neolithic cultures (6, 10, 23, 24).
Genetic evidence suggests that the earliest east-
ern Arctic Paleo-Eskimo people represented an
independent Siberian migration into the New
World (25, 26) (Fig. 2B, scenario 1). However, to
date. we have been unable to identify the likely
Siberian ancestral population. Some have argued
for origins from an ill-defined 8000-year-old South

Alaskan Eskimo-Aleut orNaDene blade and burin
complex (27), but this remains controversial. A
recent genetic study provides evidence in support
of the Early Paleo-Eskimos, specifically Saqqaq,
sharing ancestry with Na Dene Native Americans
(Fig. 2B, scenario 2), as part of a three-wave peo-
plingmodel of the Americas consisting of (i) First
Americans, (ii) Eskimo-Aleuts and, (iii) Saqqaq
andNaDene speakers (28). Alternative hypotheses
on Dorset origins include the Aleutian Islanders
(29) (Fig. 2B, scenario 3) and earlier theories of
Amerindian cultures in eastern Canada and even
further south (30–33) (Fig. 2B, scenario 4). Cur-
rent views favor an in situ origin of Dorset from
Canadian Pre-Dorset in northern Hudson Bay
(10, 13, 34, 35).
Additionally, whether the individual Early,Mid-

dle, and Late Dorset phases represent genetic

continuity of the same peoples or not remains
unresolved (Fig. 2A). The Dorset chronological
sequence from the T1 site on Southampton Is-
land, Igloolik, South Baffin, and Labrador in
Canada provide evidence of cultural continuity
through Early to Late Dorset (20, 30, 36), al-
though regional differences and settlement dis-
continuities are also common (37–41). Notable
regional discontinuities and occupation gaps also
occur in Greenland (9). It is also debated whether
abandoned areas were reoccupied by people from
a different genetic background and whether this
occurred from a Central Arctic ecological “core
area” or regional “core areas” into which human
populations retreated and restructured before
expanding again into periodically refurbished
marginal zones (20, 34). The resolution of these
controversies has been hindered by the limited

1255832-2 29 AUGUST 2014 • VOL 345 ISSUE 6200 sciencemag.org SCIENCE

Fig. 1. Chronology of the
prehistoric cultures in the New
World Arctic and northeast
Siberia.This framework is based
on a combination of screened
radiocarbon dates on associated
terrestrial materials, typological
studies, and contexts [e.g.,
(6, 9, 37, 40, 83–85)]. Fading
colors symbolize uncertainties
concerning the beginnings or ends
of the archaeological cultures,
owing to plateaus or wiggles in the
radiocarbon calibration curve or lack
of data. Defined archaeological
phaseswithin a culture are separated
by a white line. Dark reddish-brown
toward the top of the figure indicates
historical times. Cultural contexts
from which samples included in this
study arise are highlighted in yellow.
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amount of Paleo-Eskimo human material, diffi-
culties in assigning cultural affiliation of some
finds (41), and dating uncertainties resulting
from the strong marine component in the Arc-
tic diet (9).

Samples and sequence data

We collected bone, teeth, and hair samples from
the field and museums representing 169 ancient
human remains from Arctic Siberia, Alaska, Ca-
nada, and Greenland (fig. S1 and table S1). These
remains have been assigned to one of several
ancient Arctic cultures on the basis of typological
and/or stratigraphic evidence and, in some cases,
radiocarbon dating (supplementary text S1). To
circumvent drawing conclusions from single ge-
nomes (42), we generated mitochondrial DNA
(mtDNA) data from 154 and low-coverage whole
genome data sets from 26 of the ancient samples

(up to 0.3× depth) (supplementary text S3 and
tables S1 and S7). Despite colder temperatures in
the Arctic, DNA survival in the ancient samples
was surprisingly low, ranging from ~0 to 3.2%
endogenous content based on the genome se-
quencing data (table S7). This low endogenous
content may be explained by the remains being
largely surface burials that suffered from fluctu-
ating temperatures and humidity, and to subse-
quent storage conditions at museums.
We also sequenced two high-coverage ge-

nomes from present-day North American Native
Americans belonging to the Na Dene family (the
Dakelh of BritishColumbia, hereafter referred to as
Athabascans) and unrelated, present-day Green-
landic Inuit (n = 2), Aleutian Islander (n = 1) and
SiberianNivkhs (n= 2) to average depths of 20 to
40× (supplementary text S3 and table S8). Only
the Aleutian Islander showed evidence of recent

European admixture and was masked for non–
Native American ancestry tracts prior to analyses
(supplementary text S5). Additionally, we radio-
carbon dated 27 ancient samples and corrected
25 of the dates formarine reservoir effect to account
for the dominant marine component in these indi-
viduals’ diets (15 of these samples are represented
in the ancient genomic data set) (supplementary
text S2). This is critical in the accurate cultural
assignmentof these individuals, especially in cases
where stratigraphic information is inconclusive
or contentious (supplementary text S1).

Origins of Paleo-Eskimos

Diagnostic mtDNA coding region markers were
targeted in the ancient samples to determine
their mtDNA haplogroup (hg) affinities. Al-
though hgs A, B, C, D, and X are the five
founding mtDNA haplogroups in the Americas,

SCIENCE sciencemag.org 29 AUGUST 2014 • VOL 345 ISSUE 6200 1255832-3

Fig. 2. Origins and continuity of Paleo-Eskimos and Neo-Eskimos.
Support from genetic results presented in this study is indicated by
“(S)” and rejection by “(R)”. (A) A two-wavemigrationmodel into the
New World Arctic, with continuity throughout the Paleo-Eskimo
tradition, followed by the Neo-Eskimo migration, is supported. Black thunderbolt symbols represent genetic discontinuity. (B) This schematic summarizes the
origins of Paleo- andNeo-Eskimos in the archaeological and genetic literature, including the present study, and their relationshipswith other ancient populations in
the North American Arctic. See main text for details on the different scenarios represented by numbers 1 to 10 in the figure. For reference, we show the maximal
geographical distribution of the Paleo-Eskimos and Neo-Eskimos in the New World Arctic and far-east Siberia (9). Additionally, plotted are Paleo-Eskimo (Pre-
Dorset, Saqqaq, Dorset),Thule, Birnirk, and Norse sites from which samples in this study derive; for further information, see fig. S1 and table S1.
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previous studies have shown the near-absence of
hgs B, C, and X in Paleo-Eskimos and Thule, as
well as among present-day Inuit (25, 43–47). We
observe mtDNA hg D, specifically the lineage
hg D2a, in both Early and Late Paleo-Eskimos,
with the majority of the Pre-Dorset/Saqqaq
and Middle Dorset samples further classified
as hg D2a1 (supplementary text S4 and tables
S1 and S9A). The absence of biological remains
affiliated to the Early Dorset phase precludes
genetic testing for this period. Hgs D2a and
D2a1 are found in present-day Aleutian Islanders
and Siberian Eskimos (48), who are genetical-
ly among the closest living populations to the
previously sequenced Greenlandic Paleo-Eskimo
(Saqqaq) individual that also belonged to hg D2a1
(hereafter, high-coverage Saqqaq) (26). The single
Canadian Pre-Dorset sample (XIV-H:168, Rocky
Point) was typed to hg D4e [referred to as hg D2
in (48)], which is ancestral to hg D2a, but lacks
further phylogenetic resolution owing to the low-

coverage nature of the shotgun data (supple-
mentary text S4).
Maximum likelihood trees based on nuclear

DNA variation place the Middle Dorset, Late
Dorset, and the Canadian Pre-Dorset individuals
as sister groups to the high-coverage Saqqaq in-
dividual (Fig. 3A and fig. S8, B to D), separately
from contemporary Greenlandic Inuit or Native
Americans [represented by the South American
Karitiana (49) and the ancient Clovis Anzick-1
individual (50)]. Similar results were obtained
when allowing for admixture between popula-
tions with TreeMix (51) (fig. S8, C and D).When
the analysis was repeated and included the Aleu-
tian Islander, which was masked for European
ancestry over ~80% of its genome (supplemen-
tary text S5), the Middle Dorset and the Late
Dorset individuals grouped with the high-
coverage Saqqaq, as before (fig. S9).
Pairwise outgroup f3-statistics (52, 53) and

D-statistics (52, 54) confirmEarly and Late Paleo-

Eskimos as being significantly [no overlap at three
standard errors for the single-nucleotide poly-
morphism (SNP) chip data and at 1 standard
error for the sequencing data] closer to one
another than to any of the sampled present-day
populations, including those from the Americas
and Siberia (Fig. 3B and fig. S10, A to D). Fur-
thermore, admixture clustering profiles (55) of
the high-coverage Saqqaq and a Dorset indi-
vidual are near-identical (fig. S7), with both
sharing components with present-day Siberian
Chukchi and Greenlandic Inuit and, to a lesser
extent, with other Siberians and East Asians
(Han). We note that variations in TreeMix graph
topologies occurred with the inclusion of the
different ancient samples (supplementary text
S5); however, the resulting conclusions from
these trees are consistent with other analyses.
Hence, evidence from mitochondrial as well as
nuclear markers suggests that all Paleo-Eskimos,
from both Canada and Greenland, represent a
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Fig. 3. Origins of Paleo-Eskimos and genetic continuity. (A) Sequencing
data-based maximum likelihood trees constructed with TreeMix (51) with the
high-coverage Saqqaq (26), Middle Dorset, and Late Dorset data sets, and 17
present-day and two ancient populations; for Greenlandic Inuit, see note in
supplementary text S5.The scale bar represents 10 times the average standard
error (s.e.) of the values in the covariancematrix. Residualmatrices are shown in
fig. S8, C and D. (B) SNPchip data-basedD-statistic tests of the formD(Yoruba,
Dorset; X, Saqqaq), where X represents present-day American and Siberian

populations from (28) (colored centers represent populations divided by
linguistic affiliation, see legend at bottom). Thick and thin lines represent 1 and
3 standard errors of the D-statistics, respectively. Middle and Late Dorset (left
and right panels, respectively) are significantly (no overlap at 3 standard errors)
closer to Saqqaq than to the sampled present-day populations. (C) Heatmap of
the SNP chip data-based statistic f3(Yoruba; Saqqaq, X), where X represents
present-day worldwide non-African populations from (28).The graded heat key
(to the left of the image) represents themagnitude of the computed f3-statistics.
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continuum of the same single ancestral popu-
lation (Fig. 2, A and B, scenario 1). Present-day
populations that are genetically closely related
to the Paleo-Eskimos include the Greenlandic
Inuit, Aleutian Islanders, and far-east Siberians
(Fig. 3C and fig. S10E).
We additionally tested the claim that Saqqaq

and Na Dene speakers were part of the same
expansion into the Americas (28) by including
present-day Athabascans, who represent distinct
early branches of Native Americans (50), in the
TreeMix (51) analysis. The maximum likelihood
tree places the Athabascans as a sister clade to
Karitiana and Anzick-1 (fig. S11A). Similarly, using
SNP chip data from select Old and New World
populations, masked for European admixture,
we observe that the high-coverage Saqqaq indi-
vidual forms a clade with the far-east Siberian
Koryaks instead of with the Chipewyan, another
Na Dene population (28) that groups with the
South American Karitiana (fig. S11B). Outgroup

f3-statistics (52, 53) and D-statistics (52, 54) show
that the high-coverage Saqqaq individual is closer
to Greenlandic Inuit than to the Na Dene speak-
ers (fig. S12, A to C). Furthermore, the lack of sup-
port for the Saqqaqbeing closer to theAthabascans
than to Karitiana (fig. S12B) is incompatible with
a scenario where Saqqaq and Na Dene speakers
share a fraction of their ancestries through a sec-
ondary Asian stream (28). Overall, our results sup-
port the Paleo-Eskimomigration into theAmericas
as being separate from that of the Na Dene Na-
tive Americans.

Genetic affiliations of Neo-Eskimos

Greenlandic and Canadian Neo-Eskimo Thule,
and present-day Greenlandic Inuit, form a clade
in the maximum likelihood trees (Fig. 4A), even
under admixture scenarios generatedwithTreeMix
(51) (fig. S13, A and B). This supports genetic con-
tinuity over the last ~1000 years between these
populations, which is also evident by the shared

mtDNA haplogroups (hgs A2a, A2b, and D3a2a)
between them (supplementary text S4 and tables
S1 and S9A). Furthermore, outgroup f3-statistics
(52, 53) and D-statistics (52, 54) demonstrate that
both Greenlandic and Canadian Thule are closer
topresent-day Inuit than to other sampledpresent-
day populations or the high-coverage Saqqaq in-
dividual (Fig. 4, B and C, and fig. S14, A to C).
These results are in agreement with the archae-
ological literature which suggests that present-
day Greenlandic Inuit are direct descendants of
the Thule (9, 56–58) (Fig. 2B, scenario 5).
We additionally analyzed five ancient individ-

uals dated to the 6th to 7th century CE and as-
sociated with the Siberian Birnirk culture, which
is part of the Neo-Eskimo tradition and may be
one of the cultural ancestors of the Thule (59–61).
Evidence from bothmitochondrial typing (hg A2a)
(tables S1 and S9A) and nuclearmarkers (fig. S15,
A to D) reveals that these individuals are genet-
ically closely related to present-day Greenlandic
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Fig. 4. Genetic affinities of the Neo-Eskimo Thule. (A) Sequencing data-
based maximum likelihood trees constructed with TreeMix (51) with the high-
coverage Saqqaq (26), Canadian Thule, and Greenlandic Thule data sets, and
17 present-day and 2 ancient populations. The scale bar represents 10 times
the average standard error (s.e.) of the values in the covariance matrix. Resid-
ual matrices are shown in fig. S13, A and B. (B) SNPchip data-basedD-statistic

tests of the form D(Yoruba,Thule; X,West Greenlander), as in Fig. 3. Canadian
and GreenlandicThule (left and right panels, respectively) are significantly (no
overlap at 3 standard errors) closer to present-dayWest Greenlandic Inuit than
to other worldwide present-day populations. Similar results are observed with
East Greenlandic Inuit in place of West Greenlandic Inuit (fig. S14C). (C) Heat
maps of the SNP chip data-based statistic f3(Yoruba; Thule, X), as in Fig. 3.
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Inuit, providing the first genetic evidence of an
OldWorld population that was not only a cultural
precursor of the Thule, but also either closely rel-
ated to or a component of the ancestral Inuit gene
pool (Fig. 2B, scenario 6).Wealso reassessed claims

that the Sadlermuit population from Southhamp-
ton Island in theHudsonBay region are remnants
of the Dorset Paleo-Eskimo people on the basis
of cultural similarities and mtDNA markers
(33, 46, 62) (Fig. 2B, scenario 7). We typed 10

Sadlermiut individuals, dating to the 14th to
19th century CE, to mtDNA hgs A2b and D3a2a
(supplementary text S4 and tables S1 and S9A),
which are characteristic of the Thule/Inuit. Also,
from their nuclear genome sequences, two of these
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Fig. 5. Admixture signals in Paleo-Eskimos and Greenlandic Inuit. (A)
Admixture graph (number of migration edges, m = 3) constructed with TreeMix
(51),with the high-coverageSaqqaq (26), 17 present-day individuals, and two other
ancient individuals.The scale bar represents 10 times the average standard error
(s.e.) of the values in the covariance matrix, and the migration weight represents
the fraction of ancestry derived from the migration edge. Migration edges are
observed between the Paleo-Eskimos and Greenlandic Inuit, shown here as gene
flow from the high-coverage Saqqaq to the root of East and West Greenlandic
Inuit, although gene flow in the other direction is also observed (table S13).
Admixture graphswith other Paleo-EskimoandNeo-Eskimopopulations, different
numbers ofmigration edges, and residualmatrices are shown in figs. S8, A,C, and
D;S13,AandB; andS15A) (B)Biplot ofSNPchipdata-based statistic f3 (Saqqaq,X;
Yoruba) versus f3 (Han, X;Yoruba),where X represents present-day worldwide non-
Africanpopulations from (28).Thick and thin errors bars represent 1 and3 standard
errors of the f3-statistics, respectively. Western Eurasian populations (Europeans
and South and Central Asians) are shifted toward the high-coverage Saqqaq
compared to the Han Chinese. La Braña 1 was included in the analysis to evaluate
potential ancient DNA bias between the Saqqaq andMA-1 data sets. (C) Sequenc-
ing data-based admixture graph with 17 present-day and 4 ancient individuals. A
knownmigration edge is inferred fromMA-1 to the root of Native Americans and
Inuit, but this gene flow event excludes the high-coverage Saqqaq individual.
Admixturegraphswithdifferent numberofmigrationedges and residualmatrices
are shown in fig. S20, and bootstrapping results are shown in table S13. See
supplementary text S5 for note on the migration edge from Saqqaq into MA-1.
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individuals (Canadian Thule) form a clade with
present-day Greenlandic Inuit and not the high-
coverage Saqqaq individual (Fig. 4A and fig. S13A).
This implies that the Sadlermiut were either
genetically derived from or closely related to the
Thule rather than the Paleo-Eskimos (Fig. 2B,
scenario 8).
Additionally, whether the Norse admixed with

neighboring Dorset or Thule groups remains de-
bated, even though no anthropological evidence
supporting such admixture has been found (63).
To address this hypothesis, we tested 34 Norse
individuals from southern Greenland, across the
time span of their occupation in the region, for
matrilineal admixturewithneighboring Paleo- and
Neo-Eskimo populations (supplementary text S1).
We found no New World–specific mitochondrial
markers in these Norse samples, especially the
Arctic-specific hgs A and D, suggesting that no
detectable matrilineal gene flow occurred from
the Dorset or Thule into the sampled Greenlandic
Norse (supplementary text S4 and table S9, B
and C).

Admixture signals in Paleo- and
Neo-Eskimos

We further investigated the observed genetic af-
finity between present-day Greenlandic Inuit and
Paleo-Eskimos. D-statistics (52, 54) and outgroup
f3-statistics (52, 53) support the Paleo-Eskimos as
being closer to Greenlandic Inuit than to other
present-day New World populations (figs. S12A
and S16, A and B), with the exception of the
Aleutian Islanders, whose genetic proximity to
the Inuit is evident in analyses from both se-
quencing data (fig. S9) and SNP chip data (28)
and theNaukanwhohave been shown to possess
Eskimo-Aleut ancestry as a result of back-migration
of a related population (28). Maximum likeli-
hood trees with migration edges inferred with
TreeMix show evidence for admixture between
Paleo-Eskimos and Greenlandic Inuit (Fig. 5A),
mediated by theNeo-Eskimo groups that include
the Canadian Thule, Greenlandic Thule, and
Siberian Birnirk (figs. S8, A and C to D; S13, A
and B; and S15A). In all the cases, this gene flow
event is among the first few migration edges to
be inferred by TreeMix (number of migration
edges m = 1 to 4). Bootstrap support suggests
that gene flow likely occurred in both direc-
tions between the Paleo- andNeo- Eskimo groups
(table S13).
Although gene flow was also observed when

the high-coverage Saqqaq individual was in-
cluded, we sought to determinewhether this was
due to TreeMix being unable to distinguish be-
tween Saqqaq and Dorset as a result of their
genetic similarity and if admixture might have
actually occurred between Dorset and Neo-
Eskimos. Therefore, we generated simulated data
sets with varying levels of admixture (10 and 25%)
between Dorset and Inuit in both directions, and
determined whether a migration edge was ob-
served in the TreeMix admixture graphs between
the high-coverage Saqqaq individual and the
Inuit in the absence of the Dorset (supplemen-
tary text S5). Simulated admixture from Dorset

to Inuit was detected by the analysis in the form
of gene flow between Saqqaq and Inuit, but the
reverse—that is, from Inuit to Dorset through gene
flow involving Saqqaq and Inuit—was less likely
(fig. S17, A and B, and table S13). Because our
data show support for gene flow from the var-
ious Neo-Eskimo groups, including present-day
Inuit, into the high-coverage Saqqaq individual,
it is likely that the admixture involving Saqqaq is
not an artifact and occurred from theNeo-Eskimo
lineage into Saqqaq. We cannot, however, exclude
the possibility of gene flow fromPaleo-Eskimos into
Neo-Eskimos as well, or that subsequent gene flow
did not occur between the later Dorset phases and
the Neo-Eskimo lineage (table S13).
Because the observed admixture involves the

4000-year-old Saqqaq individual, it implies that
themeeting and intermixing of Paleo-Eskimo and
Neo-Eskimo ancestors predates the first archae-
ological observations of their coexistence in the
eastern Arctic by ~3000 years or earlier, since
Thule groups entered eastern Canada and Green-
land, previously occupied by the Late Dorset, only
in the 12th or 13th century CE. This also suggests
that the admixture is more likely to have occurred
either in the Old World before the entry of the
Neo-Eskimos into the Americas, or in Beringia,
but not further east in the New World, because
no archaeological evidence of a parallel existence
of Paleo- and Neo-Eskimos around 4000 years ago
or earlier has been documented in this region
(Fig. 2B, scenario 9).
We also investigated the level of genetic con-

tribution from the ~24,000-year-old Siberian boy
from Mal'ta (MA-1) (53) into Paleo-Eskimos and
Greenlandic Inuit. Pairwise outgroup f3-statistics
(52, 53) show that sampled western Eurasians
and MA-1 are slightly closer to the high-coverage
Saqqaq than to the Han Chinese (Fig. 5B and fig.
S18). To confirm that this genetic affinity between
Saqqaq and MA-1 was not due to ancient DNA
bias, we also included the ~7000-year-old La
Braña 1 sample from Spain (64) in our analysis
and found that it clustered close to present-day
Europeans, hence confirming that our results
were not skewed by ancient DNA attraction (Fig.
5B). TreeMix infers gene flow from the high-
coverage Saqqaq into MA-1 and vice versa, the
latter admixture edge being consistent with (65),
but with low support to substantiate this signal
and the inferred direction (Fig. 5C, table S13, and
supplementary text S5).
In contrast, gene flow fromMA-1 into the root

of the clade comprising Native American pop-
ulations (Karitiana and Anzick-1) and including
the Greenlandic Inuit is detected with high boot-
strap support, in agreement with (53) (Fig. 2B,
scenario 10; Fig. 5C; and table S13). Addition-
ally, D-statistics (52) and outgroup f3-statistics
(52, 53) based on SNP chip data show thatMA-1 is
significantly (no overlap at 3 standard errors)
closer to the Chipewyan than to the high-coverage
Saqqaq (fig. S19), which is compatible with other
results presented in this study that also reject a
single-wavemodel for Saqqaq andNaDene speak-
ers. Overall, although there is evidence of genetic
affinity between MA-1 and Saqqaq, we cannot

ascertain whether this is due to gene flow or
shared ancestry between the two lineages. It is
also possible that this affinity is a consequence of
the aforementioned gene flow fromNeo-Eskimos,
who received MA-1 gene flow, into the Saqqaq
lineage.

Discussion

We overcome the difficulties of studying the
peopling of the Arctic by including an extensive
collectionof Paleo-Eskimoremains for bothancient
DNA and radiocarbon analyses. We have shown
that Paleo-Eskimos likely represent a single mi-
gration pulse into North America from Siberia;
separate from the migration events giving rise
to Native Americans and Inuit. However, while
being genetically distinct from other NewWorld
populations, Paleo-Eskimos are still more closely
related to these populations than to non–New
World populations, which is in agreement with
a single ancestral population giving rise to many
subpopulations and possibly many migration
pulses into the Americas, as suggested by the
Beringian standstill model (66) and a three-stage
colonization model (67). Moreover, although our
data are in agreement with Reich et al. (28), we
find no support for Saqqaq or the rest of the Paleo-
Eskimo tradition being a part of one of the two
waves of Native American ancestors entering the
more southern regions of the Americas. There-
fore, an additional Paleo-Eskimomigration wave
should be added to the three-wave hypothesis in
explaining the peopling of the Americas (28).
Furthermore, Paleo-Eskimo and Inuit peoples

appear to have occupied the New World Arctic
for more than 4000 years, with only a single pop-
ulation replacement (Thule) less than 700 years
ago. In contrast with the dynamic responses of
the Thule people to climate change (21, 68, 69),
Siberian iron trade (70), and Norse contact (16),
the 4000-year Paleo-Eskimo period presents a
single tradition of continuous technological and
social development, including geographical dis-
locations and periods of relative stability punc-
tuated by episodes of rapid change (20). The
long-term continuity of the Paleo-Eskimo popu-
lation and its culture is especially striking given
the climatic and ecological cycles over 4000 years—
fromwarmhypsithermal to cold sub-boreal through
the earlymedieval warm event, as well as changes
in sea ice distribution and in animal population
cycles and distribution (13). In light of this, Paleo-
Eskimo survival must be due to remarkable re-
silience among dispersed local groups with the
ability to shift their small population units to new
areas when their homes became untenable, like
the complete depopulation of Greenland and the
abandonment of the Canadian High Arctic be-
tween ~1 to 700 CE (9). Such events argue for the
reformulation of the original “core area” hypoth-
esis to a network of regional “core areas” that
served as demographic reservoirs for repopu-
lating areas abandoned as a result of climate
change, animal population crashes, or human
overhunting.
This study also contributes to the long-standing

debate about the Dorset-Thule transition. New
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series of radiocarbon dates suggest temporal
overlap between the Dorset and the Thule that
lasted between 50 and 200 years, with geographical
coexistence in some areas (14, 16, 71–75), whereas
an earlier reassessment of the eastern Arctic
radiocarbon dates suggested that Dorset had
disappeared from the eastern Arctic more than
200 years prior to Thule entering the eastern
Arctic and thus the two groups nevermet (12, 76).
Although we cannot preclude later gene flow
between the Dorset and the Thule (that is, sub-
sequent to the more ancient gene flow that oc-
curred at least 4000 years ago), the contrasting
genetic and cultural affinities of the Sadlermiut
individuals present a conundrum.This culture that
went extinct in 1903 CE from European disease
has long been considered Thule-acculturatedDor-
set people, likely due to intermarriage (33, 77, 78);
however, genetic evidence from this study sug-
gests that they were Thule people who had some-
how acquired Dorset stone technology (12, 79).
Hence, if the acculturation evident among the
Sadlermiut was not a result of intermarriage,
what social mechanisms resulted in genetic iso-
lation but allowed for cultural exchange? Similar
questions can be raised with regard to lack of
Thule or Dorset matrilineal gene flow with the
Greenlandic Norse (75).
Our study contrasts with previous population-

level genetic studies, such as those focusing
on the introduction of agriculture in Europe
(Neolithization), which found that population
movements instigated changes in culture and
subsistence strategies (65, 80–82). Paleo-Eskimo
technological innovations seem to have occurred
solely by the movement of ideas within a single
resident population. Hence, our findings sug-
gest that caution is required when using cultural
similarities and differences as proxies for popu-
lation movements and migrations into new and
dramatically different environments.

Methods

DNA from 169 ancient human bone, teeth, and
hair samples fromArctic Siberia, Alaska, Canada,
and Greenland was extracted and targeted for
haplogroup diagnostic mtDNA markers, while a
subset of 26 samples was converted into Illumina
libraries and sequenced, using standard labora-
tory procedures (supplementary text S3). Two
present-day Greenlandic Inuit, two Nivkhs, one
Aleutian Islander, and two Athabascans were
genome sequenced with no objections from The
National Committee onHealth Research Ethics,
Denmark (H-3-2012-FSP21) (supplementary text
S2). Twenty-seven ancient samples were radio-
carbon dated, of which 25 dates were corrected
for marine reservoir offset (supplementary text
S2). Mitochondrial DNA contamination esti-
mates were computed as noted in supplemen-
tary text S4. Error rate analysis, DNA damage
analysis, multidimensional scaling analysis on
SNP chip and sequencing data, NGSadmix anal-
ysis, ABBA-BABA tests on sequencing data, D-
statistics and f3-statistics tests on SNP chip and
sequencing data, TreeMix analysis on SNP chip
and sequencing data, neighbor-joining analysis,

and ancestry painting of the Aleutian genome
were performed as described in supplementary
text S5.

REFERENCES AND NOTES

1. R. K. Harritt, Paleo-Eskimo beginnings in North America:
A new discovery at Kuzitrin Lake, Alaska. Etud. Inuit 22,
61–81 (1998).

2. Supplementary materials are available on Science Online.
3. H. B. Collins, in Prehistoric Cultural Relations Between the

Arctic and Temperate Zones of North America,
J. M. Campbell, Ed. (Arctic Institute of North America,
Montreal, 1962), pp. 126–139.

4. N. N. Dikov, Early Cultures of Northeast Asia (U.S.
Department of the Interior, Shared Beringian Heritage
Program, National Park Service, Anchorage, AK, 1979).

5. D. E. Dumond, The Eskimos and Aleuts (Thames and Hudson,
London, 1977).

6. J. Dixon, Arrows and Atl Atls: Guide to the Archaeology
of Beringia (National Park Service, Washington, DC,
2013).

7. S. L. Anderson, A. K. Freeburg, A high-resolution chronology
for the Cape Krusenstern site complex, Northwest Alaska.
Arctic Anthropol. 50, 49–71 (2013).

8. M. S. Maxwell, in Handbook of North American Indians: Vol. 5,
Arctic, W. C. Sturtevant, D. Damas, Eds. (Smithsonian
Institution, Washington, DC, 1984), pp. 359–368.

9. B. Grønnow, M. Sørensen, in Dynamics of Northern Societies,
J. Arneborg, B. Grønnow, Eds. (National Museum of Denmark,
Copenhagen, 2006), pp. 59–74.

10. R. McGhee, Ancient People of the Arctic (Univ. of British
Columbia Press, Vancouver, 1996).

11. M. Appelt, B. Gulløv, Eds., Late Dorset in High Arctic
Greenland (Danish Polar Center, Danish National Museum,
Copenhagen, 1999).

12. R. W. Park, The Dorset-Thule succession in Arctic North
America: Assessing claims for culture contact. Am. Antiq. 58,
203–234 (1993). doi: 10.2307/281966

13. W. W. Fitzhugh, in Encyclopedia of Archaeology, D. M. Pearsall,
Ed. (Academic Press, New York, 2008), pp. 247–271.

14. M. T. Friesen, C. D. Arnold, The timing of the Thule migration:
New dates from the western Canadian Arctic. Am. Antiq. 73,
527–538 (2008).

15. R. E. Hollinger, R. Eric, S. Ousley, C. Utermohle, in The
Northern World AD 900-1400, H. Maschner, O. Mason,
R. McGhee, Eds. (Univ. of Utah Press, Salt Lake City, 2009),
pp. 131–154.

16. R. McGhee, in The Northern World AD 900-1400, H. Maschner,
O. Mason, R. McGhee, Eds. (Univ. of Utah Press, Salt Lake City,
2009), pp. 155–163.

17. D. Morrison, in The Northern World AD 900-1400, H. Maschner,
O. Mason, R. McGhee, Eds. (Univ. of Utah Press, Salt Lake City,
2009), pp. 164–178.

18. O. K. Mason, in An Ipiutak Outlier: A 1,500-Year Old Qarigi at
Qitchauvik on The Golovin Lagoon, O. K. Mason, M. A. Sweeney,
C. Alix, V. Barber, Eds. (National Park Service, Alaska Region,
2007), pp. 16–22.

19. D. Morrison, The earliest Thule Migration. Can. J. Archaeol.
22, 139–156 (1999).

20. M. Maxwell, Prehistory of the Eastern Arctic (Academic Press,
Orlando, FL, 1985).

21. R. McGhee, in Handbook of North American Indians: Vol. 5,
Arctic, W. C. Sturtevant, D. Damas, Eds. (Smithsonian
Institution, Washington, DC, 1984), pp. 369–376.

22. W. W. Fitzhugh, E. I. Ward, Eds., Vikings: The North
Atlantic Saga (Smithsonian Institution Press, Washington,
DC, 2000).

23. R. Powers, R. H. Jordan, Human biogeography and climate
change in Siberia and Arctic North America in the Fourth
and Fifth Millennia B.P. Philos. Trans. R. Soc. London A 330,
665–670 (1990). doi: 10.1098/rsta.1990.0047

24. W. N. Irving, in Proceedings of the 8th International Congress
of Anthropological and Ethnological Sciences (Science Council
of Japan, Tokyo, 1969–1970), vol. 3, pp. 340–342.

25. M. T. Gilbert et al., Paleo-Eskimo mtDNA genome reveals
matrilineal discontinuity in Greenland. Science 320,
1787–1789 (2008). doi: 10.1126/science.1159750;
pmid: 18511654

26. M. Rasmussen et al., Ancient human genome sequence of an
extinct Palaeo-Eskimo. Nature 463, 757–762 (2010).
doi: 10.1038/nature08835; pmid: 20148029

27. W. S. Laughlin, Aleuts: Ecosystem, Holocene history, and
Siberian origin: Soviet and U.S. scientists join in a study of
the origins of the first Americans. Science 189, 507–515
(1975). doi: 10.1126/science.189.4202.507; pmid: 17798291

28. D. Reich et al., Reconstructing Native American population
history. Nature 488, 370–374 (2012). doi: 10.1038/
nature11258; pmid: 22801491

29. T. L. Black, Aleut Art: Unangam Aguqaadangin (Aleutian/Pribilof
Islands Association, Anchorage, AK, 2003).

30. J. Meldgaard, in Selected papers of the 5th International
Congress of Anthropological and Ethnological Sciences,
A. F. C. Wallace, Ed. (Univ. of Pennsylvania Press,
Philadelphia, 1960), pp. 588–595.

31. F. deLaguna, in Man in Northeastern North America. F. Johnson,
Ed. (Phillips Academy, Andover, MA, 1946), pp.106–142.

32. W. A. Ritchie, in Prehistoric Cultural Relations Between the
Arctic and Temperate Zones of North America,
J. M. Campbell, Ed. (Arctic Institute of North America,
Montreal, 1962), pp. 96–99.

33. H. B. Collins, Archaeological investigations on Southampton
and Walrus Islands, N.W. Natl. Mus. Can. Bull. 147, 22–61 (1958).

34. J. M. Savelle, A. S. Dyke, Paleoeskimo occupation history of
Foxe Basin, Arctic Canada: Implications for the core area
model and Dorset origins. Am. Antiq. 79, 249–276 (2014).
doi: 10.7183/0002-7316.79.2.249

35. J. A. Tuck, W. Fitzhugh, in Palaeo-Eskimo Cultures in
Newfoundland, Labrador and Ungava (Memorial Univ. of
Newfoundland, St. John’s, 1986), pp. 161–167.

36. J. Meldgaard, in Prehistoric Cultural Relations Between the
Arctic and Temperate Zones of North America, J. M. Campbell,
Ed. (Arctic Institute of North America, Montreal, 1962),
pp. 92–95.

37. A. S. Dyke, J. M. Savelle, D. S. Johnson, Paleoeskimo
demography and Holocene sea-level history, Gulf of Boothia,
Arctic Canada. Arctic 64, 151–168 (2011). doi: 10.14430/
arctic4096

38. J. M. Savelle, A. S. Dyke, M. Poupart, in The Northern World
AD 900-1400, H. Maschner, M. Owen, R. McGhee, Eds.
(Univ. of Utah Press, Salt Lake City, 2009), pp. 209–234.

39. E. Harp, The Cultural Affinities of the Newfoundland Dorset
Eskimos (National Museum of Canada, Ottawa, 1964).

40. M. A. P. Renouf, Ed., The Cultural Landscapes of Port aux
Choix (Springer, New York, 2011).

41. W. W. Fitzhugh, Biogeographical archeology in the eastern
North American Arctic. Hum. Ecol. 25, 385–418 (1997).
doi: 10.1023/A:1021819509181

42. J. K. Pickrell, D. Reich, Towards a new history and geography
of human genes informed by ancient DNA. bioRxiv (2014).
doi: 10.1101/003517

43. J. Saillard, P. Forster, N. Lynnerup, H. J. Bandelt, S. Nørby,
mtDNA variation among Greenland Eskimos: The edge of the
Beringian expansion. Am. J. Hum. Genet. 67, 718–726
(2000). doi: 10.1086/303038; pmid: 10924403

44. A. Helgason et al., mtDNA variation in Inuit populations of
Greenland and Canada: Migration history and population
structure. Am. J. Phys. Anthropol. 130, 123–134 (2006).
doi: 10.1002/ajpa.20313; pmid: 16353217

45. J. A. Raff, D. A. Bolnick, J. Tackney, D. H. O’Rourke, Ancient
DNA perspectives on American colonization and population
history. Am. J. Phys. Anthropol. 146, 503–514 (2011).
doi: 10.1002/ajpa.21594; pmid: 21913177

46. M. G. Hayes, J. B. Coltrain, D. H. O'Rourke, in Contributions to
the Study of the Dorset Palaeo-Eskimos, P. D. Sutherland, Ed.
(Canadian Museum of Civilization, Hull, 2005), pp. 11–32.

47. M. T. P. Gilbert et al., mtDNA from hair and nail clarifies the
genetic relationship of the 15th century Qilakitsoq Inuit
mummies. Am. J. Phys. Anthropol. 133, 847–853 (2007).
doi: 10.1002/ajpa.20602; pmid: 17427925

48. N. V. Volodko et al., Mitochondrial genome diversity in arctic
Siberians, with particular reference to the evolutionary
history of Beringia and Pleistocenic peopling of the Americas.
Am. J. Hum. Genet. 82, 1084–1100 (2008). doi: 10.1016/
j.ajhg.2008.03.019; pmid: 18452887

49. M. Meyer et al., A high-coverage genome sequence from an
archaic Denisovan individual. Science 338, 222–226 (2012).
doi: 10.1126/science.1224344; pmid: 22936568

50. M. Rasmussen et al., The genome of a Late Pleistocene
human from a Clovis burial site in western Montana. Nature
506, 225–229 (2014). doi: 10.1038/nature13025;
pmid: 24522598

51. J. K. Pickrell, J. K. Pritchard, Inference of population splits
and mixtures from genome-wide allele frequency data. PLOS
Genet. 8, e1002967 (2012). doi: 10.1371/journal.
pgen.1002967; pmid: 23166502

1255832-8 29 AUGUST 2014 • VOL 345 ISSUE 6200 sciencemag.org SCIENCE

RESEARCH | RESEARCH ARTICLE

http://dx.doi.org/10.2307/281966
http://dx.doi.org/10.1098/rsta.1990.0047
http://dx.doi.org/10.1126/science.1159750
http://www.ncbi.nlm.nih.gov/pubmed/18511654
http://dx.doi.org/10.1038/nature08835
http://www.ncbi.nlm.nih.gov/pubmed/20148029
http://dx.doi.org/10.1126/science.189.4202.507
http://www.ncbi.nlm.nih.gov/pubmed/17798291
http://dx.doi.org/10.1038/nature11258
http://dx.doi.org/10.1038/nature11258
http://www.ncbi.nlm.nih.gov/pubmed/22801491
http://dx.doi.org/10.7183/0002-7316.79.2.249
http://dx.doi.org/10.14430/arctic4096
http://dx.doi.org/10.14430/arctic4096
http://dx.doi.org/10.1023/A:1021819509181
http://dx.doi.org/10.1101/003517
http://dx.doi.org/10.1086/303038
http://www.ncbi.nlm.nih.gov/pubmed/10924403
http://dx.doi.org/10.1002/ajpa.20313
http://www.ncbi.nlm.nih.gov/pubmed/16353217
http://dx.doi.org/10.1002/ajpa.21594
http://www.ncbi.nlm.nih.gov/pubmed/21913177
http://dx.doi.org/10.1002/ajpa.20602
http://www.ncbi.nlm.nih.gov/pubmed/17427925
http://dx.doi.org/10.1016/j.ajhg.2008.03.019
http://dx.doi.org/10.1016/j.ajhg.2008.03.019
http://www.ncbi.nlm.nih.gov/pubmed/18452887
http://dx.doi.org/10.1126/science.1224344
http://www.ncbi.nlm.nih.gov/pubmed/22936568
http://dx.doi.org/10.1038/nature13025
http://www.ncbi.nlm.nih.gov/pubmed/24522598
http://dx.doi.org/10.1371/journal.pgen.1002967
http://dx.doi.org/10.1371/journal.pgen.1002967
http://www.ncbi.nlm.nih.gov/pubmed/23166502


52. N. Patterson et al., Ancient admixture in human history.
Genetics 192, 1065–1093 (2012). doi: 10.1534/
genetics.112.145037; pmid: 22960212

53. M. Raghavan et al., Upper Palaeolithic Siberian genome
reveals dual ancestry of Native Americans. Nature 505,
87–91 (2014). doi: 10.1038/nature12736; pmid: 24256729

54. R. E. Green et al., A draft sequence of the Neandertal
genome. Science 328, 710–722 (2010). doi: 10.1126/
science.1188021; pmid: 20448178

55. L. Skotte, T. S. Korneliussen, A. Albrechtsen, Estimating
individual admixture proportions from next generation
sequencing data. Genetics 195, 693–702 (2013).
doi: 10.1534/genetics.113.154138; pmid: 24026093

56. H. B. Collins, Excavations at Thule culture sites near Resolute
Bay, Cornwallis Island, N.W.T. Natl. Mus. Can. Bull. 123,
49–63 (1951).

57. R. H. Jordan, in Handbook of North American Indians: Vol. 5,
Arctic, W. C. Sturtevant, D. Damas, Eds. (Smithsonian
Institute, Washington, DC, 1984), pp. 540–548.

58. J. Meldgaard, in Danish-Netherlands Symposium on
Developments in Greenlandic Arctic Culture, H. P. Kylstra, Ed.
(Univ. of Groningen, Groningen, Netherlands, 1976), pp. 19–52.

59. T. Mathiassen, Eskimo migrations in Greenland. Geogr. Rev.
25, 408–422 (1935). doi: 10.2307/209309

60. J. A. Ford, Eskimo Prehistory in the Vicinity of Point Barrow,
Alaska (American Museum of Natural History, New York,
1959), pp. 19–21.

61. W. E. Taylor, Hypotheses on the origin of Canadian Thule
culture. Am. Antiq. 28, 456–464 (1963). doi: 10.2307/278555

62. H. B. Collins, Vanished Mystery Men of Hudson Bay (National
Geographic Society, Washington, DC, 1956).

63. N. Lynnerup, The Greenland Norse: A Biological-Anthropology
Study, H. C. Gulløv, Ed. (Commission for Scientific
Research in Greenland, Copenhagen, 1998).

64. I. Olalde et al., Derived immune and ancestral pigmentation
alleles in a 7,000-year-old Mesolithic European. Nature
507, 225–228 (2014). doi: 10.1038/nature12960
pmid: 24463515

65. P. Skoglund et al., Genomic diversity and admixture differs
for Stone-Age Scandinavian foragers and farmers. Science
344, 747–750 (2014). doi: 10.1126/science.1253448;
pmid: 24762536

66. E. Tamm et al., Beringian standstill and spread of Native
American founders. PLOS ONE 2, e829 (2007). doi: 10.1371/
journal.pone.0000829; pmid: 17786201

67. C. J. Mulligan, A. Kitchen, M. M. Miyamoto, Updated
three-stage model for the peopling of the Americas. PLOS
ONE 3, e3199 (2008). doi: 10.1371/journal.pone.0003199;
pmid: 18797500

68. R. McGhee, Speculations on climate change and Thule
culture development. Folk 11-12, 173–184 (1969-1970).

69. A. McCartney, Thule Eskimo Prehistory Along Northwestern
Hudson Bay (National Museum of Man, Ottawa, 1977).

70. R. McGhee, The Last Imaginary Place: A Human History of the
Arctic World. (Oxford Univ. Press, Oxford, 2005).

71. R. McGhee, in Identities and Cultural Contacts in the Arctic,
M. Appelt, J. Berglund, H. C. Gulløv, Eds. (The Danish
National Museum, Copenhagen, 2000), pp. 181–191.

72. W. W. Fitzhugh, in Threads of Arctic Prehistory: Papers in
Honour of William E. Taylor, Jr., D. Morrison, J.-L. Pilon, Eds.

(Canadian Museum of Civilization, Gatineau, 1994),
pp. 239–268.

73. T. M. Friesen, Contemporaneity of Dorset and Thule cultures
in the North American Arctic: New radiocarbon dates from
Victoria Island, Nunavut. Curr. Anthropol. 45, 685–691
(2004). doi: 10.1086/425635

74. P. D. Sutherland, in The Northern World AD 900-1400,
H. Maschner, O. K. Mason, R. McGhee, Eds. (Univ. of Utah
Press, Salt Lake City, 2009), pp. 279–299.

75. M. Appelt, H. C. Gulløv, in The Northern World AD 900-1400,
H. Maschner, O. K. Mason, R. McGhee, Eds. (Univ. of Utah
Press, Salt Lake City, 2009), pp. 300–320.

76. R. Park, in Identities and Cultural Contacts in the Arctic,
M. Appelt, J. Berglund, H. C. Gulløv, Eds. (National Museum
of Denmark, Copenhagen, 2000), pp. 192–205.

77. F. de Laguna, The Prehistory of Northern North America As
Seen from the Yukon. (Society for American Archaeology,
Menasha, WI, 1947).

78. J. C. Thomson, Labrador: Archaeological evidence for 8,000
years of human adaptation. Inuktitut 69, 14–34 (1988).

79. S. Rowley, in Threads of Arctic Prehistory: Papers in Hounour
of William E. Taylor, Jr., D. Morrison, J.-L. Pilon, Eds.
(Canadian Museum of Civilization, Gatineau, 1994),
pp. 361–384.

80. H. Malmström et al., Ancient DNA reveals lack of continuity
between Neolithic hunter-gatherers and contemporary
Scandinavians. Curr. Biol. 19, 1758–1762 (2009).
doi: 10.1016/j.cub.2009.09.017; pmid: 19781941

81. W. Haak et al., Ancient DNA from European early Neolithic
farmers reveals their near eastern affinities. PLOS Biol. 8,
e1000536 (2010). doi: 10.1371/journal.pbio.1000536;
pmid: 21085689

82. P. Skoglund et al., Origins and genetic legacy of Neolithic
farmers and hunter-gatherers in Europe. Science 336,
466–469 (2012). doi: 10.1126/science.1216304;
pmid: 22539720

83. P. Desrosiers, thesis, Université Paris 1 Panthéon-Sorbonne
(2009).

84. J. F. Jensen, in Dynamics of Northern Societies, J. Arneborg,
B. Grønnow, Eds. (National Museum of Denmark,
Copenhagen, 2006), pp. 75–86.

85. P. Schledermann, Crossroads to Greenland: 3000 Years of
Prehistory in the Eastern High Arctic (University of Calgary,
Calgary, 1990).

ACKNOWLEDGMENTS

We thank the Danish National Sequencing Centre, T. B. Brand,
and P. S. Olsen for technical assistance; anonymous donors for
providing DNA samples; A. Helgason and S. Sunna Ebenesersdóttir
from deCODE for their input on mtDNA phylogenies; A, Di Rienzo
for access to genotyping data from Siberian populations;
J. R. Southon (B.T.F.), Kitikmeot Heritage Society (T.M.F.), Polar
Continental Shelf Project (T.M.F.), Inuit Heritage Trust (D.H.O’R.,
Je.C., Jo.C., M.G.H.), Kivalliq Inuit Association (D.H.O’R., Jo.C.,
M.G.H.), communities of Coral Harbor and Chesterfield Inlet
(D.H.O’R., Jo.C., M.G.H.), Canadian Museum of History (D.H.O’R.,
Je.C., Jo.C., M.G.H.), D. Morrison (D.H.O’R., Je.C., Jo.C., M.G.H.),
L. Wood (D.H.O’R., Jo.C., M.G.H.), J. Young (D.H.O’R., Je.C., Jo.C.,
M.G.H.), D. Stenton (D.H.O’R., Je.C., Jo.C., M.G.H.), S. Girling-Christie
(Je.C.), Commission for Scientific Research in Greenland (J.A.),

Greenland National Museum and Archives (J.A.), Parks Canada
(M.A.P.R., V.G.), Memorial University (V.G., M.A.P.R.), Government
of Newfoundland and Labrador (V.G.), The Rooms Inc. (V.G.),
Innu Nation (V.G.), Nunatsiavut Government (V.G.), Miawpukek
First Nation (V.G.), D. Lavers (V.G.), R. Anstey (V.G.), W. Jones and
Qanirtuuq Inc., Quinhagak, Alaska (K.B. and R.K.), the residents
of Quinhagak, Alaska (K.B. and R.K.), Nunivak Island Mekoryuk
Alaska Corporation, Mekoryuk, Alaska (K.B. and R.K.), and the
Carnegie Trust for the Universities of Scotland (K.B. and R.K.).
Supported by the Danish National Research Foundation (E.W.)
Lundbeck Foundation (E.W., N.L.), Villum Foundation (A.A.), Swiss
National Science Foundation Fellowship (A.S.-M, PBSKP3_143259),
The Rock Foundation (B.G., M.A.), Social Sciences and Humanities
Research Council of Canada (T.M.F.), National Science Foundation
Office of Polar Programs (D,H,O’R.: OPP-9974623 and OPP-0327641;
Jo.C.: OPP-9726126 and OPP-9977931; M.G.H.: OPP-9813044),
Northern Worlds Initiative (H.C.G.), Augustinus Foundation (H.C.G.),
the Danish Council for Independent Research (I.M.), National Science
Foundation (J.A.: International Polar Year grant 0732327; M.H.C.,
OPP-9905090 and OPP-0327676), Wenner-Gren Foundation for
Anthropological Research (M.G.H.: no. 6364), Natural Sciences and
Engineering Research Council of Canada Postgraduate Fellowship
(M.G.H.), University of Utah Graduate Research Fellowship
(M.G.H.), EU Marie Curie FP7 Initial Training Network Grant
(Ma.R.: FP7-ITN-215362-2), Arts and Humanities Research Council
(K.B. and R.K.: AH/K006029/1), Memorial University Faculty of
Arts Research Initiative (V.G.), Memorial University Office of
Research Grant (V.G.), Social Sciences and Humanities Research
Council of Canada (M.A.P.R.), EU European Regional Development
Fund through the Centre of Excellence in Genomics to Estonian
Biocentre (M.M. and R.V.), Estonian Institutional Research
(M.M. and R.V.: grant IUT24-1), and Estonian Science Foundation
(M.M. and R.V.: grant 8973). Informed consent was obtained for
the genome sequencing of the modern individuals, with ethical
approval from The National Committee on Health Research Ethics,
Denmark (H-3-2012-FSP21). Sequence data for the ancient
samples are available for download through European Nucleotide
Archive (ENA) accession no. PRJEB6516, and for the Illumina
genotype data through Gene Expression Omnibus (GEO) series
accession no. GSE59546 and at www.ebc.ee/free_data. Alignment
files (BAMs) for the ancient genomes sequenced in this study
are available at www.cbs.dtu.dk/suppl/arctic. The data for the
modern populations are available for demographic research
under data access agreement with E.W. The Thule samples from
Silumiut, Kamarvik, and Sadlermiut were made available by
D.H.O’R. under agreement with the Canadian Museum of
Civilization and local communities who provided research access
to the samples. C.B. is on the advisory board of a project at
23andMe and on the scientific advisory boards of Personalis
Inc.; InVitae; Etalon Inc.; and Ancestry.com. The authors declare
no competing financial interests.

SUPPLEMENTARY MATERIALS

www.sciencemag.org/content/345/6200/1255832/suppl/DC1
Supplementary Text S1 to S5
Figs. S1 to S22
Tables S1 to S13
References (86–221)
9 May 2014; accepted 29 July 2014
10.1126/science.1255832

SCIENCE sciencemag.org 29 AUGUST 2014 • VOL 345 ISSUE 6200 1255832-9

RESEARCH | RESEARCH ARTICLE

http://dx.doi.org/10.1534/genetics.112.145037
http://dx.doi.org/10.1534/genetics.112.145037
http://www.ncbi.nlm.nih.gov/pubmed/22960212
http://dx.doi.org/10.1038/nature12736
http://www.ncbi.nlm.nih.gov/pubmed/24256729
http://dx.doi.org/10.1126/science.1188021
http://dx.doi.org/10.1126/science.1188021
http://www.ncbi.nlm.nih.gov/pubmed/20448178
http://dx.doi.org/10.1534/genetics.113.154138
http://www.ncbi.nlm.nih.gov/pubmed/24026093
http://dx.doi.org/10.2307/209309
http://dx.doi.org/10.2307/278555
http://dx.doi.org/10.1038/nature12960
http://www.ncbi.nlm.nih.gov/pubmed/24463515
http://dx.doi.org/10.1126/science.1253448
http://www.ncbi.nlm.nih.gov/pubmed/24762536
http://dx.doi.org/10.1371/journal.pone.0000829
http://dx.doi.org/10.1371/journal.pone.0000829
http://www.ncbi.nlm.nih.gov/pubmed/17786201
http://dx.doi.org/10.1371/journal.pone.0003199
http://www.ncbi.nlm.nih.gov/pubmed/18797500
http://dx.doi.org/10.1086/425635
http://dx.doi.org/10.1016/j.cub.2009.09.017
http://www.ncbi.nlm.nih.gov/pubmed/19781941
http://dx.doi.org/10.1371/journal.pbio.1000536
http://www.ncbi.nlm.nih.gov/pubmed/21085689
http://dx.doi.org/10.1126/science.1216304
http://www.ncbi.nlm.nih.gov/pubmed/22539720
http://www.ebc.ee/free_data
http://www.sciencemag.org/content/345/6200/1255832/suppl/DC1

