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Interpretation and limitations of qpGraph

1. A major use of qpGraph is to show that a hypothesized
phylogeny must be incorrect. This generalizes our D-
statistic test, which is testing a simple tree on four
populations.

2. After fitting parameters, study of which f-statistics fit
poorly can lead to insights as to how the model must
be wrong.

3. Overfitting can be a problem, especially if we hypothesize
many admixing events, but only have data for a few
populations.

Simulations validate the performance of qpGraph

We show in Figure 5 an example in which we simulated
a demography with five observed populations Out, A, B, C,
and X and one admixture event. We simulated 50,000 un-
linked SNPs, ascertained as heterozygous in a single diploid
individual from the outgroup Out. Sample sizes were 50 in
all populations and the historical population sizes were all
taken to be 10,000. We show that we can accurately recover
the drift lengths and admixture proportions using qpGraph.

Rolloff: Our fifth technique, rolloff, studies the decay of
admixture linkage disequilibrium with distance to infer the
date of admixture. Importantly, we do not consider multi-
marker haplotypes, but instead study the joint allelic distri-
bution at pairs of markers, where the markers are stratified
into bins by genetic distance. This method was first intro-
duced in Moorjani et al. (2011) where it was used to infer
the date of sub-Saharan African gene flow into southern
Europeans, Levantines, and Jews.

Suppose we have an admixed population and for sim-
plicity assume that the population is homogeneous (which
usually implies that the admixture is not very recent).

Let us also assume that admixture occurred over a very
short time span (pulse admixture model), and since then our
admixed (target) population has not experienced further
large-scale immigration from the source populations. Call
the two admixing (ancestral) populations A, B. Consider two
alleles on a chromosome in an admixed individual at loci
that are a distance d apart. Then n generations after admix-
ture, with probability e2nd the two alleles belonged, at the
admixing time, to a single chromosome.

Suppose we have a weight function w at each SNP that is
positive when the variant allele has a higher frequency in
population A than in B and negative in the reverse situation.
For each SNP s, let w(s) be the weight for SNP s. For every
pair of SNPs s1, s2, we compute an LD-based score z(s1, s2)
which is positive if the two variant alleles are in linkage
disequilibrium; that is, they appear on the same chromo-
some more often than would be expected assuming inde-
pendence. For diploid unphased data, which is what we
have here, we simply let v1, v2 be the vectors of genotype
counts of the variant allele, dropping any samples with miss-
ing data. Let m be the number of samples in which neither

s1 or s2 has missing data. Let r be the Pearson correlation
between v1, v2. We apply a small refinement, insisting thatm$
4 and clipping r to the interval [20.9, 0.9]. Then we use
Fisher’s z-transformation,

z ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffi
m2 3

p

2
log

"
1þ r

12 r

#
;

which is known to improve the tail behavior of z. In practice
this refinement makes little difference to our results.

Now we form a correlation between our z-scores and the
weight function. Explicitly, for a bin-width x, define the “bin”
S(d), d = x, 2x, 3x,. . . by the set of SNP pairs (s1, s2), where

SðdÞ ¼ fðs1; s2Þjd2 x, u2 2u1# dg;

where ui is the genetic position of SNP si.

Figure 5 Admixture graph fitting: We show an admixture graph fitted by
qpGraph for simulated data. We simulated 50,000 unlinked SNPs ascer-
tained as heterozygous in a single diploid individual from the outgroup
Out. Sample sizes were 50 in all populations and the historical population
sizes were all taken to be 10,000. The true values of parameters are
before the colon and the estimated values afterward. Mixture proportions
are given as percentages, and branch lengths are given in units of Fst
(before the colon) and f2 values (after). F2 and Fst are multiplied by 1000.
The fitted admixture weights are exact, up to the resolution shown, while
the match of branch lengths to the truth is rather approximate.
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By Michael Balter

T
he Americas were the last great fron-

tier to be settled by humans, and 

their peopling remains one of the 

great mysteries for researchers. This 

week, two major studies of the DNA 

of living and ancient people try to 

settle the big questions about the early set-

tlers: who they were, when they came, and 

how many waves arrived. But instead of 

converging on a single consensus picture, 

the studies, published online in Science and 

Nature, throw up a new mystery: Both de-

tect in modern Native Americans a trace of 

DNA related to that of native people from 

Australia and Melanesia. The competing 

teams, neither of which knew what the 

other was up to until the last minute, are 

still trying to reconcile and make sense of 

each other’s data. 

“Both models … see in the Americas a 

subtle signal from” Australo-Melanesians, 

notes Science co-author David Meltzer, an 

archaeologist at Southern Methodist Uni-

versity in Dallas, Texas. “A key difference is 

when and how it arrived in the New World.” 

The Nature team concludes it came in one 

of two early waves of 

migration into the 

continent, whereas the 

Science team concludes 

it came much later, 

and was unrelated to 

the initial peopling.  

For the Science pa-

per, nearly 4 years in 

the making, research-

ers sequenced 31 com-

plete and 79 partial 

genomes from people 

in North and South 

America, Siberia, and 

Oceania. They com-

pared these with previously sequenced 

genomes of three ancient skeletons: the 

24,000-year-old Mal’ta child from Siberia, 

the 12,600-year-old Anzick child from Mon-

tana, and the 4000-year-old Saqqaq indi-

vidual from Greenland. The team examined 

the genetic differences among their samples 

to determine how long ago various popula-

tions diverged, using the ancient genomes 

to calibrate this DNA clock. They concluded 

that all Native Americans, ancient and mod-

ern, stem from a single source population in 

Siberia that split from 

other Asians around 

23,000 years ago and 

moved into the now-

drowned land of Berin-

gia. After a stop of up 

to 8000 years in Berin-

gia—slightly shorter 

than some research-

ers have suggested—

(Science, 28 February 

2014, p. 961)—they 

spread in a single wave 

into the Americas and 

then split into northern 

and southern branches 

about 13,000 years ago (see map).

That’s a largely familiar picture of the 

migration, albeit with much more precise 

dating. But the Science team also found a 

surprising dash of Australo-Melanesian 

DNA in some living Native Americans, in-

cluding those of the Aleutian Islands and 

the Surui people of Amazonian Brazil.  

Some anthropologists had previously 

suggested an Australo-Melanesian link. 

They noted that certain populations of ex-

tinct Native Americans had long, narrow 

skulls, resembling those of some Australo-

Melanesians, and distinct from the round, 

broad skulls of most Native Americans. In 

the so-called Paleoamerican model, Wal-

ter Neves of the University of Sao Pãolo in 

Brazil and Mark Hubbe of Ohio State Uni-

versity, Columbus, argue that these people 

descended from an early wave of migration 

that was separate from the one that gave rise 

to today’s Native Americans, and drew on a 

different source population in Asia. A similar 

claim was made for the Kennewick Man, the 

iconic 8500-year-old skeleton from Washing-

ton state, but was refuted when his genome 

was published by this team last month: He 

is related only to Native Americans (see 

http://scim.ag/ancientone).

The Science results also counter the Pa-

leoamerican model. When the team se-

quenced the DNA of 17 individuals from the 

extinct South American populations with 

the distinctive skulls, they found no trace of 

Australo-Melanesian ancestry. “The analysis 

refutes a very simplistic view of [skull] varia-

tion,” comments anthropologist Rolando 

Gonzalez-Jose of the National Scientific 

and Technical Research Council in Puerto 

Madryn, Argentina. 

So how did living South Americans get a 

HUMAN GENETICS

New mystery for Native American origins

Rival papers compete to explain surp ising link to Australia and Melanesia 

DNA suggests this ancient Brazillian was 

related to today’s Native Americans, despite its 

skull resembling Australo-Melanesian skulls.
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NORTHERN AMERINDIANS
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INUIT

Split from 
Siberians about 
23,000 years ago

Likely after

5000 years ago

Mal’ta: about 
24,000 years ago

Anzick: about 
12,600 years ago

Monte Verde: about 
14,600 years ago

North-south 
split about 13,000 
years ago

Australia

Melanesia

Inuit migration Early migration

The long odyssey of the first Americans
One study concludes that Native Americans arrived in a single wave of migration (purple), 
then split into two subgroups; the Arctic Inuit arrived in a later migration. 
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Oldest American genome 

17). If the Anzick-1 individual belonged to a population directly ances-
tral to a sampled contemporary population, the amount of genetic drift
on the Anzick-1 branch should be zero, as it would have experienced
no genetic drift since the ‘divergence’ with the sampled population. We
find that the data are compatible with the Anzick-1 individual belong-
ing to a population that is directly ancestral to the two South American
Karitiana samples, as is the case for the Mayan, after masking the latter
for recent European admixture (Fig. 4a, b). By contrast, there is a posi-
tive amount of drift on both lineages when comparing Anzick-1 to Saqqaq,
Europeans, Asians and Pacific Islanders. This shows that the Anzick-1
sample has diverged from populations from outside the Americas.
Furthermore, in agreement with the SNP analyses, TreeMix23 (Fig. 4c

and Supplementary Information section 18) and outgroup f3-analyses5,21

(Extended Data Figs 5, 6), the Anzick-1 sample is genetically more
closely related to Central and South Americans than to any other pop-
ulations, including the Saqqaq individual from Greenland. After mask-
ing the Mayan genome for recent European admixture, TreeMix places
the Anzick-1 individual in a position in the tree compatible with the
hypothesis that it is ancestral to both Mayan and Karitiana, with
Anzick-1 exhibiting virtually no drift on its branch since its divergence
from other populations (Fig. 4c).

We conclude that the male infant, buried approximately 12,600 years
ago with ochre-covered Clovis artefacts at the Anzick site, belonged to a
meta-population from which many contemporary Native Americans are

f3(Yoruba; Anzick-1, X)

0.292

0.115

Yaghan

–0.15 –0.10 –0.05

D(Han, Anzick-1; Karitania, X)
0.00 0.05

Chono
Chilote

Hulliche
Diaguita

Toba
Kaingang

Guarani
Wichi

Chane
Aymara

Quechua
Surui

Jamamadi
Parakana

Arara
Ticuna

Inga
Piapoco

Palikur
Waunana
Guahibo
Embera
Guaymi

Teribe
Bribri

Cabecar
Huetar

Chorotega
Maleku

Arhuaco
Kogi

Wayuu
Kaqchikel
Zapotec1

Mixe
Mixtec

Zapotec2
Purepecha

Maya2
Maya1

Tepehuano
Yaqui
Pima

Ojibwa
Algonquin

Cree
Aleutian

Chipewyan
WestGreenland
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Native Americans:
Eskimo−Aleut
Na-Dene
Northern Amerind
Central Amerind
Chibchan−Paezan
Equatorial−Tucanoan
Ge−Pano−Carib
Andean

a b

Figure 2 | Genetic affinity of Anzick-1. a, Anzick-1 is most closely related to
Native Americans. Heat map representing estimated outgroup f3-statistics for
shared genetic history between the Anzick-1 individual and each of 143
contemporary human populations outside sub-Saharan Africa. b, Anzick-1 is
less closely related to Northern Native American populations and a Yaqui

individual than to Central and South Native Americans such as the Brazilian
Karitiana. We computed D-statistics of the form D(Han, Anzick-1; Karitiana,
X) to test the hypothesis that a second Native American population X is as
closely related to Anzick-1 as the South American Karitiana is. Thick and thin
whiskers represent 1 and 3 standard errors, respectively.

Han NA SA

Rejected

Han NA SA

Consistent with the dataNot supported by the data

D(Han, Anzick-1; NA, SA) = 0.046 ± 0.0046, Z = 10.1
D(Han, NA; Anzick-1, SA) = 0.005 ± 0.0060, Z = 0.87

a b c d

Han NA SA

Consistent with the data

Anzick-1

Anzick-1

Han NA SA

Anzick-1

Anzick-1
? ?

Figure 3 | Simplified schematic of genetic models. Alternative models of the
population history behind the closer shared ancestry of the Anzick-1 individual
to Central and Southern American (SA) populations than Northern Native
American (NA) populations; see main text for further definition of populations.
We find that the data are consistent with a simple tree-like model in which NA
populations are historically basal to Anzick-1 and SA. We base this conclusion
on two D-tests conducted on the Anzick-1 individual, NA and SA. We used
Han Chinese as outgroup. a, We first tested the hypothesis that Anzick-1 is
basal to both NA and SA populations using D(Han, Anzick-1; NA, SA). As in

the results for each pairwise comparison between SA and NA populations
(Extended Data Fig. 4), this hypothesis is rejected. b, Next, we tested D(Han,
NA; Anzick-1, SA); if NA populations were a mixture of post-Anzick-1 and
pre-Anzick-1 ancestry, we would expect to reject this topology. c, We found
that a topology with NA populations basal to Anzick-1 and SA populations is
consistent with the data. d, However, another alternative is that the Anzick-1
individual is from the time of the last common ancestral population of the
Northern and Southern lineage, after which the Northern lineage received gene
flow from a more basal lineage.

LETTER RESEARCH

1 3 F E B R U A R Y 2 0 1 4 | V O L 5 0 6 | N A T U R E | 2 2 7

Macmillan Publishers Limited. All rights reserved©2014

Rasmussen	
  et	
  al.	
  2014	
  	
  
carrying artefacts, such as sophisticated pro-

jectile points, from a culture known as Clovis 
began to populate the interior of North America 
about 13,000 years ago. For decades, scientists 
thought that people associated with this culture 
were the continents’ first inhabitants.

But the discovery of ‘pre-Clovis’ settlements 
— including a nearly 15,000-year-old site at 
the southern tip of Chile — pointed to an even 
earlier wave of migration to the Americas.

The first ancient-DNA studies from the 
region, appearing in 2014, began to add detail 
to this picture. The genome of a baby boy who 
was buried roughly 12,700 years ago in Montana 
alongside Clovis artefacts3, and genomes from 
other ancient individuals4, hinted at two early 
populations of Native Americans.

The Montana baby, known as the Anzick boy, 
belonged to a population known as the South-
ern Native Americans, who are most closely 
related to present-day Indigenous populations 
from South America. They split from Northern 
Native Americans, who are genetically closer to 
many contemporary groups in eastern North 
America, around 14,600–17,500 years ago. And 

the common ancestor of those two groups split 
from East Asians some 25,000 years ago, as sci-
entists established earlier this year by sequenc-
ing the genome of 11,500-year-old human 
remains from Alaska5.

But this timeline was based on just a few 
ancient genomes from the Americas, and sci-
entists expected further data to paint a more 
detailed, complex picture of the continents’ 
history, as well as reveal later migrations there.

SAME GENES, FAR APART
The two latest studies include genome data 
from 64 ancient Americans, and provide the 
first detailed look at the ancient inhabitants 
of Central and South America and their early 
movements into the region.

To chart these migrations, Meltzer and his 
colleague Eske Willerslev, a palaeogeneticist at 
the Natural History Museum of Denmark in 
Copenhagen, compared genetic data from the 
Anzick boy with those from 10,700-year-old 
remains in a Nevada cave and 10,400-year-old 
remains from southeastern Brazil.

The genomes were remarkably similar, 

despite the great geographical distances between 
them, Willerslev says, pointing to a rapid popu-
lation expansion from Alaska. “As soon as they 
get south of the continental ice caps, they’re 
exploding and occupying the land,” he says.

An independent team led by David Reich, 
a population geneticist at Harvard Medi-
cal School in Boston, Massachusetts, also 
found evidence1 for a rapid expansion into 
South America, through analysing 49 ancient 
genomes from Central and South Americans. 

Both teams documented multiple later 
human migrations into South America. Reich’s 
group found, for instance, that the genetic signal 
of the earliest inhabitants — closely related to 
the Anzick boy — had largely vanished from 
later South Americans, suggesting that different 
groups had by then moved in from the north.

Potter says that the main conclusions of the 
two papers are broadly consistent. “Complex 
and realistic are the two adjectives I would use,” 
he says.

Even with dozens more newly discovered 
ancient genomes from the Americas, impor-
tant aspects of the region’s population history 
are probably still missing, says Reich. “There 
are many dots that are not filled in,” he says. 
“I think as these studies scratch the surface, 
they make things more, rather than less, 
complicated.”

Jennifer Raff, an anthropological geneticist 
at the University of Kansas in Lawrence, says 
that the emerging picture of the Americas is 
less a revision of the earlier models and more 
an elaboration. “It’s not that everything we 
know is getting overturned. We’re just filling 
in details,” she says. ■

1. Posth, C. et al. Cell https://doi.org/10.1016/j.
cell.2018.10.027 (2018).

2. Moreno-Mayar, J. V. et al. Science https://doi.
org/10.1126/science.aav2621 (2018).

3. Rasmussen, M. et al. Nature 506, 225–229 (2014).
4. Rasmussen, M. et al. Nature 523, 455–458 (2015).
5. Moreno-Mayar, J. V. et al. Nature 553, 203–207 

(2018).

B Y  H O L LY  E L S E

Six current and former employees are 
calling for the Wellcome Sanger Institute 
in Hinxton, UK — one of the world’s top 

genomics centres — to reopen an investiga-
tion that last month cleared its management of 

bullying, gender discrimination and misuse of 
grant money.

The group raises concerns about the process 
of the investigation and questions the decision 
to clear senior management at the institute of 
the allegations. Among other things, the group 
says that the investigation did not interview 

enough people, and that its scope may have 
been too narrow. Its members, who say they are 
among 12 people who contributed evidence to 
the April complaint that prompted the probe, 
also question the investigation’s transparency.

Their concerns “cast doubt as to whether 
the investigation was conducted in a man-
ner that was as effective as it could be, given 
the seriousness of the allegations”, they say in 
a statement seen by Nature. On 2 November, 
Serena Nik-Zainal, a clinical scientist who now 
works at the University of Cambridge, sent 
the statement to Genome Research Limited 
(GRL), which oversees the Sanger and commis-
sioned the investigation from barrister Thomas 
Kibling. “We firmly believe sufficient evidence 
was not unearthed to make an appropriate 
judgement,” says the statement.

David Willetts, chair of the board of GRL, told 
Nature that the investigation was independent 

An arrowhead that belonged to people associated with the Clovis culture, early settlers in the Americas.
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Sanger whistle-blowers 
dispute inquiry findings 
Leading genomics institute stands by conclusions of an 
investigation that clears its management of bullying.
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Information section 6), using outgroup f3 statistics19, model-based 
 clustering20,21 and multidimensional scaling22 (Supplementary 
Information section 7–9). Outgroup f3 statistics of the form f3(San; 
X, USR1) revealed that USR1 is more closely related to present-day 
Native Americans than to any other tested population, followed by 
Siberian and East Asian populations1,2 (Fig. 1a). Pairwise  comparisons 
of the f3 statistics for USR1 and a set of ancient and contemporary 
Native American genomes2,7,14 (Supplementary Information section 6)  

showed that all are similarly related to Eurasian, Australasian and 
African populations, although other Native American genomes 
(Aymara2, Athabascan115, 9392, Anzick17 and Kennewick14) have a 
higher affinity for contemporary Native Americans than does USR1 
(Supplementary Information section 9). Multidimensional scaling and 
ADMIXTURE analysis showed that the USR1 genome did not cluster 
with any specific Native American group (Fig. 1d and Supplementary 
Fig. 3b). These results imply that USR1 belonged to a previously 
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Figure 1 | Genetic affinities between USR1, present-day Native 
Americans and world-wide populations. a, f3 statistics of the form  
f3(San; X, USR1), for each population in the genotype panel. Warmer 
colours represent greater shared drift between a population (X) and USR1. 
b, D statistics of the form D(Native American, Aymara; USR1, Yoruba) 
(points). The Andean Aymara were used to represent SNA. * Native 
American populations with Asian admixture (| Z|  for D(H1, Aymara; 
Han, Yoruba) >  3.3) (Supplementary Fig. 5a). Error bars represent 1 and 
approximately 3.3 standard errors (P ≈  0.001). Native American populations 
were grouped by language family1. c, Quantile–quantile plot comparing 
observed Z scores to the expected normal distribution under the null 
hypothesis (H0), for all possible D(Native American, USR1; Siberian1, 

Siberian2). Colours correspond to the Z score obtained for D(H1, Aymara; 
Han, Yoruba). The expected normal distribution under the null hypothesis 
was computed for all groups jointly (Supplementary Information section 
10.4). Thick and thin lines represent a Z score of approximately 3.3 
(P ≈  0.001) and a Z score of approximately 4.91 (P ≈  0.01 after applying 
a Bonferroni correction for 11,322 tests). The bottom-right panel shows 
the expected tree under the null hypothesis. d, Admixture proportions 
estimated by ADMIXTURE20 assuming K =  20 ancestral populations. Bars 
represent individuals, and colours represent admixture proportions from 
each ancestral component. Admixture proportions in ancient genomes 
(wider bars) were estimated using a genotype likelihood-based approach21. 
Nat. Am., Native American; Sib., Siberian.
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Using frequency-based and ‘enhanced’ D statistics, we found no 
 support for USR1 being closer to Papuans (a proxy for Australasians) 
than other Native Americans.

We leveraged the position of USR1 on the Native American branch 
before the NNA–SNA split to re-assess the origins of Athabascan and 
Eskimo populations by fitting admixture graphs. We  considered a 
whole-genome dataset, including Siberian, East Asian, Native American 
and Eskimo groups, as well as Mal’ta (Supplementary Information 
 section 17). The heuristic approach in TreeMix23 showed that the best 
proxies for the Asian component in Athabascans and Greenlandic 
Inuit are Koryaks and the Saqqaq individual, respectively. We then 
used an incremental approach to fit an f-statistic-based  admixture 
graph19, including the Kets, which have previously been suggested to 
share a  linguistic and perhaps a genetic link with Athabascans10,26. This 
approach recapitulated the TreeMix results, and yielded a model in 
which both Athabascans and Greenlandic Inuit derive from the NNA 
branch. However, the Asian ancestry in Athabascans is most closely 
related to the Asian component in Koryaks, whereas the Saqqaq 
genome is the best proxy for the Siberian component in the Greenlandic 
Inuit (Fig. 3). We infer the latter is a consequence of Palaeo- and Neo-
Eskimos having been derived from a similar Siberian population1,15. 
This model appears to be a good fit to the data, as the observed f statistic 
that deviated the most from the model prediction yielded Z =  3.27. 
We also tested the robustness of this model and these predictions by 
computing individual D statistics and by re-fitting the model using 
alternative datasets (Supplementary Information section 17.3).

Finally, we inferred the demographic history of USR1 with respect to 
Native Americans, Siberians and East Asians, using two independent 
methods: diCal227 and momi228 (Supplementary Information sections 
18, 19). diCal2 results indicate that the founding population of USR1, 
Native Americans and Siberians had a very weak structure from around 
36 ka up to about 24.5 ka (Supplementary Table 7), which is when the 
ancestors of USR1 and Native Americans began to diverge substantially 
from Siberians. USR1 diverged from other Native Americans around 
20.9 ka, with a period of ensuing moderate gene flow between them 
(Supplementary Tables 6 and 7), as indicated by a simulation study that 
showed a significant increase in likelihood when comparing a ‘clean 
split’ model to an ‘isolation with migration’ model (Supplementary 
Information section 18.4). Using momi2 and SMC+ + 29, we estimated a 
backbone demography in which Karitiana and Athabascans split around 
15.7 ka, whereas their ancestral population split from Koryaks about 
23.3 ka (Fig. 4). With momi2, we inferred the most likely branch (the 
population immediately ancestral to NNA and SNA) and time (around 
21 ka) for the USR1 population to join the backbone demography,  

while allowing for possible gene flow between USR and other popula-
tions (Fig. 4b and Supplementary Information section 19); results that 
are consistent with ref. 13 and the diCal2 inference.

These new findings, along with existing data, allow us to place Ancient 
Beringians within the broader context of the Pleistocene  peopling of 
the Americas. The founding population of Native Americans (con-
sisting of Ancient Beringians and NNA and SNA) began to diverge 
from ancestral Asians as early as around 36 ka,  probably in  northeast 
Asia, as there is no evidence of people in Beringia or  northwest 
North America at this period. A high level of gene flow was main-
tained between them and other Asians until as late as around 25 ka2,13. 
The subsequent isolation of the Native American founding popula-
tion about 24 ka roughly corresponds to a decline in archaeological  
evidence for a human presence in Siberia30. Both changes may result 
from the same underlying cause: the onset of harsh climatic condi-
tions during the LGM2. These findings, coupled with a divergence 
date of around 20.9 ka between USR1 and other Native Americans, 
are in agreement with the Beringian standstill model9 (Supplementary 
Information  section 21). Ancient Beringians and the common ancestor 
of NNA and SNA began to diverge around 20.9 ka, after which gene 
flow ensued, although whether this only involved the latter or the 
already differentiated NNA and SNA branches cannot be determined 
owing to the shallow divergence times among groups.

These findings allow us to consider possible scenarios regarding 
where ancient Native American populations diverged (Fig. 2 and 
Supplementary Information sections 20, 21). Scenarios 3–5 require 
extended periods of strong population structure marking Ancient 
Beringians, NNA and SNA as separate groups, for which we do not 
see compelling genetic evidence; these can therefore be rejected. 
Scenarios 1 and 2 are compatible with our evidence of continuous gene 
flow among these groups, but differ as to the location of the Ancient 
Beringians versus NNA and SNA split at 20.9 ka, whether in northeast 
Asia (scenario 1) or eastern Beringia (scenario 2). Each has strengths 
and weaknesses relative to genetic and archaeological evidence: 
 scenario 1 best fits the archaeological and palaeoecological evidence, 
as the earliest securely dated sites in Beringia are no older than around 
15–14 ka, and the LGM cold period is unlikely to be associated with 
northward-expanding populations30. Scenario 2 is genetically most 
parsimonious, given evidence of continuous gene flow between the 
Ancient Beringians and NNA and SNA, suggesting their geographical 
proximity 20.9–11.5 ka, and that all three were isolated from Asian and/
or Siberian groups after about 24 ka and form a clade.

Scenarios 1 and 2 are both consistent with the NNA–SNA split at 
around 15 ka2 having occurred in a region south of eastern Beringia. 
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23.3 ka

15.7 ka
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Figure 4 | USR1 demographic history in the context of East Asians, 
Siberians and other Native Americans. a, SMC+ + -inferred effective 
population sizes with respect to time for Athabascans (NNA), Karitiana 
(SNA), Han, Koryaks and USR1 (Supplementary Information section 
19.1). We used these demographic histories as a basis for fitting a joint 
model for these populations. b, A ‘backbone demography’ was fitted 
excluding USR1 using momi2, a maximum likelihood approach based 

on a site frequency spectrum (Supplementary Fig. 27), along with the 
most likely join-on point for USR1 onto the backbone demography 
(Supplementary Information section 19). We show the likelihood heat map 
for the latter; warmer colours correspond to a higher likelihood of USR1 
joining at a given point. These estimates agree with those obtained using 
diCal2, a method based on haplotype data (Supplementary Information 
section 18).
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likely to have derived from the ancestral north-
ern branch but is a poor proxy for modeling this
ancestry, given its low sequencing depth (10).
Here, we investigated the ancestral relation-

ship between the northern (NAM) and southern

(Mexico, CAM, and SAM)branch populations. To
do so, we sequenced 91 ancient whole genomes
fromNorthAmerica,mainly from two geograph-
ic areas: the California Channel Islands in thewest
and Southwestern Ontario in the east, nearmod-

ern Algonquian-speaking populations (Fig. 1A
and table S1) (15). Both of these areas show ev-
idence of occupation from at least 13,000 years
ago (5, 16) and are geographically located south
of the known distribution of the ancient Neo- and
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Fig. 1. Ancient individuals, population genetic analyses and modeling.
(A) Sites of newly sequenced ancient individuals are designated by
colored triangles. Comparative modern populations and ancient individuals
are designated by blackcircles and triangles, respectively. (B) PCAwith ancient
individuals projected onto modern Native American and Siberian variation.
Inset: Ancient genomes projected onto modern worldwide data. (C) Visualiza-
tion of model-based ancestry analysis at fivefold cross-validation–supported

K = 9 ancestral components (15). Underlines denote new and ancient
genomes; italics, published ancient genomes; single asterisks, masked data;
double asterisks, Oceanian populations including Onge, Aeta, and Agta (15).
(D) Probability area of radiocarbon dates grouped by population and calibrated
with IntCal13 (colored area) and Marine13 (light gray area) (28) where
appropriate (15). (E) A model that explains genetic diversity in the Late
Southern Channel Island populations through three-way admixture.
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