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By contrast, the LSN population shares more
drift and alleles with geographically proximal
populations (Z > 3) (data S3) (15).

We modeled the population history of the
Americas using qpGraph (15, 21) and found that
the ASO and Mexican (Pima) populations were
consistently outgroups to sets of clades formed
by Anzick-1, SAM (Surui), and ESN populations in
analyses that did not involve admixture (fig. S4)
(15, 21). Fit between the data and the tree could
Dbe significantly improved when modeling ancient
Californian, modern Pima, and Surui populations
through admixture of two basal ancestries that
we call ANC-A and ANC-B (Fig. 2A) (75). The ESN,

Northern Channel Islands and Santa Barbara
(NCI/SB), and Surui populations share similar
proportions of both components, while the Pima
have a higher ANC-B component (Fig. 2A) (15).
We used qpGraph to estimate the ANC-B con-
tribution in modern CAM and SAM populations
and found it to vary within a range of 42 to 71%
(average 53%; table S8) (15). In SAM populations,
the lower end of the spectrum of contributions
of ANC-B are found in the Amazonian Equatorial
Tucanoan-speaking groups (including Surui)
(40 to 53%) and the highest in the Andeans (50
to 71%) (Fig. 2B and table S8) (15), particularly in
the Chilote and Huilliche (~70%) from locations

overlapping the Monte Verde site (~18,500 to
14,500 years ago) (Fig. 2B).

The clear separation of ANC-A and ANC-B an-
cestries is further supported by the sharing of
unambiguous, derived haplotype segments in
modern Surui and Pima populations (27) with
both the ASO (CK-13) and Anzick-1individuals
(fig. S5) (15). The results of this analysis are con-
sistent with ancient substructure and a separa-
tion of at least a few thousand years between the
ANC-A and ANC-B populations prior to merging
(fig. S6) (15). The summary of evidence presented
here allows us to reject models of a panmictic
“first wave” population from which the ASO
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Fig. 2. Visual model of ancestry components and distribution of proportions in the Americas. (A) A model with four admixture events that offers a
good fit to the data (Z = 0.888) (15). (B) Scale of ANC-B ancestry from 0% in Anzick-1 to 100% in the ASO and modern Algonquian-speaking populations.
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Fig. 3. Dispersal models that are consistent with the results of this study. Red and blue indicate ANC-A and ANC-B, respectively; symbols denote
admixture event(s). Locations of admixture events are hypothetical. (A) A model with one admixture event in North America. (B) A model in which

an ANC-B population first reached South America, followed by an ANC-A population with multiple admixture events. (C) The same model as (B), but
reversing the populations. (D) A model with multiple admixture events and dispersals.
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diverged after the peopling of South America or
in which solely the ANC-A population contributed
to modern southern branch populations. Be-
cause populations vary in ANC-A and ANC-B pro-
portions but do not differ significantly in their
affinity to non-American populations (table S7)
(15), it is possible that ANC-A and ANC-B split
within America as opposed to Beringia where
there would have been ongoing gene flow with
Siberia.

Four possible models can explain the contri-
bution of both branches to CAM and SAM popu-
lations: (i) an admixture event in North America
prior to the peopling of South America (Fig. 3A);
(ii) ANC-B-related ancestral population(s) dis-
persing into South America first, followed by a
dispersal of ANC-A-related population(s) and ad-
mixture of the two branches occurring in South
America (Fig. 3B); (iii) ANC-A-related ancestral
population(s) dispersing into South America first,
followed by a dispersal of ANC-B-related pop-
ulation(s) and admixture of the two branches
occurring in South America (Fig. 3C); and (iv)
multiple admixture events occurring in North
America, with multiple dispersals into South
America (Fig. 3D). Additional ancient DNA from
terminal Pleistocene human remains within the
Americas is needed to determine which model
best describes the sequence of events con-
stituting the complex population history of
the Americas.
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Ancient human parallel lineages within North America contributed to a coastal expansion
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Founder effects in modern populations

The genomes of ancient humans can reveal patterns of early human migration (see the Perspective by Achilli et
al. ). Iceland has a genetically distinct population, despite relatively recent settlement ({11100 years ago). Ebenesersdottir
et al. examined the genomes of ancient Icelandic people, dating to near the colonization of Iceland, and compared them
with modernday Icelandic populations. The ancient DNA revealed that the founders had Gaelic and Norse origins.
Genetic drift since the initial settlement has left modern Icelanders with allele frequencies that are distinctive, although
still skewed toward those of their Norse founders. Scheib et al. sequenced ancient genomes from the Channel Islands of
California, USA, and Ontario, Canada. The ancient Ontario population was similar to other ancient North Americans, as
well as to modern Algonquian-speaking Native Americans. In contrast, the California individuals were more like groups
that now live in Mexico and South America. It appears that a genetic split and population isolation likely occurred during
the Ice Age, but the peoples remixed at a later date.

Science, this issue p. 1028, p. 1024; see also p. 964

ARTICLE TOOLS http://science.sciencemag.org/content/360/6392/1024

alz\ﬁFE’%'\\"LESNTARY http://science.sciencemag.org/content/suppl/2018/05/30/360.6392.1024.DC1
RELATED . i i i

CONTENT http://science.sciencemag.org/content/sci/360/6392/964.full

REFERENCES This article cites 86 articles, 20 of which you can access for free

http://science.sciencemag.org/content/360/6392/1024#BIBL

Use of this article is subject to the Terms of Service

Science (print ISSN 0036-8075; online ISSN 1095-9203) is published by the American Association for the Advancement of
Science, 1200 New York Avenue NW, Washington, DC 20005. 2017 © The Authors, some rights reserved; exclusive
licensee American Association for the Advancement of Science. No claim to original U.S. Government Works. The title
Science is a registered trademark of AAAS.

6T0Z ‘0z aung uo /B10°Bewsousios aouslds//:dny Wwoiy papeojumod


http://science.sciencemag.org/content/360/6392/1024
http://science.sciencemag.org/content/suppl/2018/05/30/360.6392.1024.DC1
http://science.sciencemag.org/content/sci/360/6392/964.full
http://science.sciencemag.org/content/360/6392/1024#BIBL
http://www.sciencemag.org/about/terms-service
http://science.sciencemag.org/

PERMISSIONS http://www.sciencemag.org/help/reprints-and-permissions

Use of this article is subject to the Terms of Service

Science (print ISSN 0036-8075; online ISSN 1095-9203) is published by the American Association for the Advancement of
Science, 1200 New York Avenue NW, Washington, DC 20005. 2017 © The Authors, some rights reserved; exclusive
licensee American Association for the Advancement of Science. No claim to original U.S. Government Works. The title
Science is a registered trademark of AAAS.

6T0Z ‘0z aung uo /B10°Bewsousios aouslds//:dny Wwoiy papeojumod


http://www.sciencemag.org/help/reprints-and-permissions
http://www.sciencemag.org/about/terms-service
http://science.sciencemag.org/

