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POPULATION GENETICS

Genomic evidence for the Pleistocene
and recent population history of
Native Americans
Maanasa Raghavan et al.*

INTRODUCTION: The consensus view on the
peopling of the Americas is that ancestors of
modern Native Americans entered the Amer-
icas from Siberia via the Bering Land Bridge
and that this occurred at least ~14.6 thousand
years ago (ka). However, the number and tim-
ing of migrations into the Americas remain
controversial, with conflicting interpretations
based on anatomical and genetic evidence.

RATIONALE: In this study, we address four
major unresolved issues regarding the Pleis-
tocene and recent population history of Native
Americans: (i) the timing of their divergence
from their ancestral group, (ii) the number of
migrations into the Americas, (iii) whether
there was ~15,000 years of isolation of ances-
tral Native Americans in Beringia (Beringian

IncubationModel), and (iv) whether there was
post-Pleistocene survival of relict populations
in theAmericas related toAustralo-Melanesians,
as suggested by apparent differences in cranial
morphologies between some early (“Paleo-
american”) remains and those of more recent
NativeAmericans.Wegenerated31high-coverage
modern genomes from the Americas, Siberia,
and Oceania; 23 ancient genomic sequences
from the Americas dating between ~0.2 and
6 ka; and SNP chip genotype data from 79
present-day individuals belonging to 28 pop-
ulations from the Americas and Siberia. The
above data sets were analyzed together with
published modern and ancient genomic data
fromworldwide populations, aftermasking some
present-day Native Americans for recent Eu-
ropean admixture.

RESULTS:Using three different methods, we
determined the divergence time for all Native
Americans (Athabascans and Amerindians)
from their Siberian ancestors to be ~20 ka,
and no earlier than ~23 ka. Furthermore, we
dated the divergence between Athabascans
(northern Native American branch, together

withnorthernNorthAmer-
ican Amerindians) and
southernNorthAmericans
and South and Central
Americans (southernNative
American branch) to be
~13 ka. Similar divergence

times from East Asian populations and a diver-
gence time between the two branches that is
close in age to the earliest well-established
archaeological sites in the Americas suggest
that the split between the branches occurred
within the Americas.We additionally found that
several sequenced Holocene individuals from
the Americas are related to present-day pop-
ulations from the same geographical regions,
implying genetic continuity of ancient andmod-
ern populations in some parts of the Americas
over at least the past 8500 years. Moreover,
our results suggest that there has been gene
flow between someNative Americans fromboth
North and South America and groups related
to East Asians and Australo-Melanesians, the
latter possibly through an East Asian route
that might have included ancestors of modern
Aleutian Islanders. Last, using both genomic
and morphometric analyses, we found that
historical Native American groups such as the
Pericúes andFuego-Patagonianswerenot “relicts”
of Paleoamericans, and hence, our results do
not support an early migration of populations
directly related to Australo-Melanesians into
the Americas.

CONCLUSION: Our results provide an upper
bound of ~23 ka on the initial divergence of
ancestral Native Americans from their East
Asian ancestors, followed by a short isola-
tion period of no more than ~8000 years,
and subsequent entrance and spread across
the Americas. The data presented are con-
sistent with a single-migration model for all
Native Americans, with later gene flow from
sources related to East Asians and, indirectly,
Australo-Melanesians. The single wave diver-
sified ~13 ka, likely within the Americas, giving
rise to the northern and southern branches of
present-day Native Americans.▪

RESEARCH

SCIENCE sciencemag.org 21 AUGUST 2015 • VOL 349 ISSUE 6250 841

The list of author affiliations is available in the full article online.
*Corresponding authors. E-mail: ewillierslev@snm.ku.dk
(E.W.); rasmus_nielsen@berkeley.edu (R.N.); yss@berkeley.
edu (Y.S.S.)
Cite this article as M. Raghavan et al., Science 349,
aab3884 (2015). DOI: 10.1126/science.aab3884

Population history of present-day Native Americans. The ancestors of all Native Americans
entered the Americas as a single migration wave from Siberia (purple) no earlier than ~23 ka,
separate from the Inuit (green), and diversified into “northern” and “southern” Native American
branches ~13 ka. There is evidence of post-divergence gene flow between some Native Americans
and groups related to East Asians/Inuit and Australo-Melanesians (yellow).
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Integrative epigenome-wide analysis demonstrates
that DNA methylation may mediate genetic risk
in inflammatory bowel disease
N.T. Ventham1, N.A. Kennedy1, A.T. Adams1, R. Kalla1, S. Heath2,3, K.R. O’Leary1, H. Drummond1, IBD BIOM

consortiumw, IBD CHARACTER consortiumw, D.C. Wilson4, I.G. Gut2,3, E.R. Nimmo1, J. Satsangi1

Epigenetic alterations may provide important insights into gene-environment interaction in

inflammatory bowel disease (IBD). Here we observe epigenome-wide DNA methylation

differences in 240 newly-diagnosed IBD cases and 190 controls. These include 439

differentially methylated positions (DMPs) and 5 differentially methylated regions (DMRs),

which we study in detail using whole genome bisulphite sequencing. We replicate the top

DMP (RPS6KA2) and DMRs (VMP1, ITGB2 and TXK) in an independent cohort. Using

paired genetic and epigenetic data, we delineate methylation quantitative trait loci;

VMP1/microRNA-21 methylation associates with two polymorphisms in linkage disequilibrium

with a known IBD susceptibility variant. Separated cell data shows that IBD-associated

hypermethylation within the TXK promoter region negatively correlates with gene expression

in whole-blood and CD8þ T cells, but not other cell types. Thus, site-specific DNA

methylation changes in IBD relate to underlying genotype and associate with cell-specific

alteration in gene expression.
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Global diversity, population
stratification, and selection of human
copy-number variation
Peter H. Sudmant, Swapan Mallick, Bradley J. Nelson, Fereydoun Hormozdiari,
Niklas Krumm, John Huddleston, Bradley P. Coe, Carl Baker, Susanne Nordenfelt,
Michael Bamshad, Lynn B. Jorde, Olga L. Posukh, Hovhannes Sahakyan, W. Scott Watkins,
Levon Yepiskoposyan, M. Syafiq Abdullah, Claudio M. Bravi, Cristian Capelli, Tor Hervig,
Joseph T. S. Wee, Chris Tyler-Smith, George van Driem, Irene Gallego Romero,
Aashish R. Jha, Sena Karachanak-Yankova, Draga Toncheva, David Comas, Brenna Henn,
Toomas Kivisild, Andres Ruiz-Linares, Antti Sajantila, Ene Metspalu, Jüri Parik,
Richard Villems, Elena B. Starikovskaya, George Ayodo, Cynthia M. Beall, Anna Di Rienzo,
Michael F. Hammer, Rita Khusainova, Elza Khusnutdinova, William Klitz, Cheryl Winkler,
Damian Labuda, Mait Metspalu, Sarah A. Tishkoff, Stanislav Dryomov, Rem Sukernik,
Nick Patterson, David Reich, Evan E. Eichler*

INTRODUCTION: Most studies of human ge-
netic variationhave focusedon single-nucleotide
variants (SNVs). However, copy-number var-
iants (CNVs) affect more base pairs of DNA
among humans, and yet our understanding
of CNV diversity among human populations is
limited.

RATIONALE: We aimed to understand the
pattern, selection, anddiversity of copy-number
variation by analyzing deeply sequenced ge-
nomes representing the diversity of all humans.
We compared the selective constraints of de-
letions versus duplications to understand pop-
ulation stratification in the context of the

ancestral human genome and to assess dif-
ferences in CNV load between African and
non-African populations.

RESULTS: We sequenced 236 individual ge-
nomes from 125 distinct humanpopulations and
identified 14,467 autosomal CNVs and 545
X-linked CNVs with a sequence read-depth
approach. Deletions exhibit stronger selective
pressure and are better phylogenetic markers
of population relationships than duplication
polymorphisms. We identified 1036 population-
stratified copy-number–variable regions, 295
of which intersect coding regions and 199 of
which exhibit extreme signatures of differ-

entiation. Duplicated loci were 1.8-fold more
likely to be stratified than deletions but were
poorly correlated with flanking genetic diver-
sity. Among these, we highlight a duplication
polymorphism restricted to modern Oceanic
populations yet also present in the genome of
the archaic Denisova hominin. This 225–kilo–
base pair (kbp) duplication includes twomicro-
RNA genes and is almost fixed among human
Papuan-Bougainville genomes.
The data allowed us to reconstruct the an-

cestral human genome and create a more ac-
curate evolutionary framework for the gain

and loss of sequences dur-
ing human evolution. We
identified 571 loci that
segregate in the human
population and another
2026 loci of fixed-copy 2
in all humangenomes but

absent from the reference genome. The to-
tal deletion and duplication load between
African and non-African population groups
showed no difference after we account for
ancestral sequences missing from the human
reference. However, we did observe that the
relative number of base pairs affected by
CNVs compared to single-nucleotide poly-
morphisms is higher among non-Africans
than Africans.

CONCLUSION: Deletions, duplications, and
CNVs have shaped, to different extents, the
genetic diversity of human populations by
the combined forces of mutation, selection,
and demography.▪
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Global human CNV diversity and archaic introgression of a chromosome 16 duplication. (Left) The geographic coordinates of populations
sampled are indicated on a world map (colored dots). The pie charts show the continental population allele frequency of a single ~225-kbp duplication
polymorphism found exclusively among Oceanic populations and an archaic Denisova. (Right) The ancestral structure of this duplication locus (1) and the
Denisova duplication structure (2) are shown in relation to their position on chromosome 16.We estimate that the duplication emerged ~440 thousand
years ago (ka) in the Denisova and then introgressed into ancestral Papuan populations ~40 ka.
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Публикационная активность

Институт, являясь одним из признанных лидеров 
российской биологической науки, активно публикует 
в российских и зарубежных журналах лучшие научные 
достижения. В результате исследований, проводимых 
в ИЦиГ СО РАН по фундаментальным направлениям, 
за последние пять лет (2012–2017) в высокорейтин-
говых журналах, которые индексируются в между-
народной базе Web of Science (WoS), опубликованы 
1194 статьи с авторством наших сотрудников. В число 
этих журналов входят самые престижные журналы 
с очень высоким импакт-фактором, и среди таких 
высокорейтинговых журналов можно перечислить 
Nature, Nature Genetics, Science, Scientific Reports, 
Nature Communications, American Journal of Human 
Genetics и многие другие. За последние пять лет 
увеличилось количество публикаций сотрудников в 
иностранных журналах. Если в 2010 году институт 
опубликовал 139 публикаций в иностранных журналах, 
то в 2016 году уже появилось 185 статей. За 2011–2015 
годы, по данным АСУ РИД – системы, которая раз-

работана Академией наук для учета наукометриче-
ских показателей, цитируемость работников нашей 
организации в РИНЦ, отнесенная к численности ис-
следователей, равна 24,8, то есть на каждого научного 
сотрудника приходится около 25 цитирований в других 
публикациях в год. Цитируемость работников науч-
ной организации в системе WoS оказалась еще выше: 
здесь на каждого научного работника приходится  
26 цитирований в год. За 2016 г. опубликовано 240 ста-
тей, зарегистрированных в WoS, общее количество ста-
тей в рецензируемых журналах – более 400. В 2016 году 
статьи сотрудников института цитировались в WoS 
более 4227 раз, их совокупный импакт-фактор в этой 
международной базе данных составил 657 – это очень 
высокий показатель среди российских институтов.  
К ноябрю 2017 года опубликовано 205 статей в жур-
налах, которые индексируются в международных 
базах WoS и Scopus. Тем самым институт продолжает 
наращивать свою публикационную активность и уве-
личивать показатели в этом направлении.


