




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
byAnzick-1, SAM (Surui), andESNpopulations in
analyses that did not involve admixture (fig. S4)
(15, 21). Fit between the data and the tree could
be significantly improvedwhenmodeling ancient
Californian,modern Pima, and Surui populations
through admixture of two basal ancestries that
we call ANC-A andANC-B (Fig. 2A) (15). 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 inmodern CAM and SAM populations
and found it to vary within a range of 42 to 71%
(average 53%; table S8) (15). In SAMpopulations,
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 andHuilliche (~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-1 individuals
(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 tomerging
(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.

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
inwhich solely theANC-Apopulation 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 inNorth 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 SouthAmerica 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.

REFERENCES AND NOTES

1. T. Goebel, M. R. Waters, D. H. O’Rourke, Science 319,
1497–1502 (2008).

2. M. R. Waters et al., Science 331, 1599–1603 (2011).
3. T. D. Dillehay et al., PLOS ONE 10, e0141923 (2015).
4. M. R. Waters, T. W. Stafford Jr., Science 315, 1122–1126

(2007).
5. M. R. Waters, T. W. Stafford Jr., B. Kooyman, L. V. Hills,

Proc. Natl. Acad. Sci. U.S.A. 112, 4263–4267 (2015).
6. M. Raghavan et al., Science 345, 1255832 (2014).
7. D. Reich et al., Nature 488, 370–374 (2012).
8. M. Rasmussen et al., Nature 463, 757–762 (2010).
9. M. Rasmussen et al., Nature 506, 225–229 (2014).
10. M. Rasmussen et al., Nature 523, 455–458 (2015).

11. J. Lindo et al., Proc. Natl. Acad. Sci. U.S.A. 114, 4093–4098
(2017).

12. P. Verdu et al., PLOS Genet. 10, e1004530 (2014).
13. M. Raghavan et al., Science 349, aab3884 (2015).
14. P. Skoglund et al., Nature 525, 104–108 (2015).
15. See supplementary materials.
16. J. R. Johnson, T. W. Stafford Jr., H. O. Ajie, D. P. Morris,

in Proceedings of the Fifth California Islands Symposium
(Santa Barbara Museum of Natural History, 2002),
pp. 541–545.

17. J. R. Johnson, J. G. Lorenz, J. Calif. Gt. Basin Anthropol. 26,
33–64 (2006).

18. N. Patterson, A. L. Price, D. Reich, PLOS Genet. 2, e190
(2006).

19. D. H. Alexander, J. Novembre, K. Lange, Genome Res. 19,
1655–1664 (2009).

20. R. E. Green et al., Science 328, 710–722 (2010).
21. N. Patterson et al., Genetics 192, 1065–1093 (2012).
22. D. Reich, K. Thangaraj, N. Patterson, A. L. Price, L. Singh,

Nature 461, 489–494 (2009).
23. J. A. Ezzo, “The Ancient Mariners of San Nicolas Island:

A Bioarchaeological Analysis of the Burial Collections” (Tech.
Rep. 01-64, Statistical Research Inc., Tucson, 2002).

24. S. L. Kerr, G. M. Hawley, in Fifth California Islands Symposium,
D. R. Browne, K. L. Mitchell, H. W. Chaney, Eds. (Santa
Barbara Museum of Natural History, 1999), pp. 546–554.

25. P. Martz, in Proceedings of the Sixth California Islands
Symposium (Santa Barbara Museum of Natural History, 2008),
pp. 65–82.

26. A. Kousathanas et al., Genetics 205, 317–332 (2017).
27. S. Mallick et al., Nature 538, 201–206 (2016).
28. P. Reimer et al., Radiocarbon 55, 1869–1887 (2013).

ACKNOWLEDGMENTS

We thank T. Biers, D. Bolnick, and M. Schillaci for providing
NAGPRA-related counsel and tribal contacts; the Most
Likely Descendant (MLD) appointed by the California
Native American Heritage Commission for granting
permission to test the tooth from the Carpinteria burial;
A. (S.) Lindgren for her support and facilitating the partnership
with the Kenaitze Tribe; and H. Schroeder for providing
reagents and guidance for mtDNA target capture. Funding:
Supported by European Research Council Starting Investigator
grant FP7-261213 (T.K.); Natural Environment Research
Council (NERC) Radiocarbon Facility grant NF/2016/1/6
(T.K. and C.L.S.); the Economic and Social Research Council
Impact Accelerator Award RG76702 (C.L.S.); NSF grants
BCS-1518026 and SMA-1620239 (R.S.M.); European
Research Council Consolidator Grant FP7-617627 (J.T.S.);
Wellcome grant 098051 (M.H., Y.X., C.T.-S., M.S.S., and
P.D.); the European Union through European Regional
Development Fund project no. 2014-2020.4.01.16-0024,
MOBTT53 (L.P.); and European Research Council Consolidator

Grant 647787 “Local Adaptation” (A.Ma.). Author
contributions: C.L.S., T.K., and J.S. conceived the study;
Z.F. contributed to the conception of the study and provided
protocols/reagents/training necessary for extraction
and analysis; T.R., P.E., S.L.K., J.R.J., A.P., and G.D. provided
samples; R.S.M. provided data processed by H.L. and J.L.;
C.L.S. and C.K. extracted the Lucier samples; C.L.S. extracted
other samples; C.L.S., T.K., V.L., L.P., A.Mö., P.D., D.W.,
T.O.C., T.D., and G.D. analyzed data; J.R.J. and R.S.M.
facilitated communication with indigenous representatives;
A.S.B., A.S.L., B.F.B., A.L., R.C., R.W., L.L., J.R., B.E.H.,
and E.Y.-D.S. facilitated discussions with indigenous
community members and tribal governments; P.W.G. made
the figures; M.M. provided access to data; C.L.S., D.W.,
C.T.-S., Y.X., M.H., B.E.H., P.M., L.P., T.K., A.S., and A.Ma.
contributed to interpretation of results; and C.L.S. and T.K.
wrote the manuscript. Competing interests: The authors
declare no competing financial interests. Data and materials
availability: All data needed to evaluate the conclusions are
present in the manuscript or supplementary materials.
Genomic data used in this paper are publicly available. Scripts
for calculating haplotype matching segments were written
by T.D. and are available at https://github.com/td329/
NA-hapmatch-2018. Accession numbers: Sequence data
were deposited in the European Nucleotide Archive under
accession PRJEB25445. Ethics statement: Human remains
analyzed for this study from the Palm Site, Sii Túupentak,
and the Teston Road and Turnbull Ossuaries were transferred
to R.S.M. for destructive analysis by representatives of the
Kenaitze, Muwekma Ohlone, and Huron-Wendat tribes,
respectively. R.S.M. has visited the Kenaitze and the Muwekma
Ohlone regularly and has formed mutually beneficial
partnerships on genomics research with them. With support
of First Nations, remains from the Lucier site were provided to
G.D. with permission from the University of Toronto Office of
Research Ethics. All other remains were housed in museums, and
permission for destructive analysis was granted by the curator
or loan committee. C.L.S. has visited and shared results of this
study with representatives of Chumash and other Southern
California communities. Some members of these communities
have consented to collaborate on this work and have seen and
contributed to the final version of this manuscript (15).

SUPPLEMENTARY MATERIALS

www.sciencemag.org/content/360/6392/1024/suppl/DC1
Supplementary Text
Figs. S1 to S14
Tables S1 to S12
Data S1 to S4
References (29–99)

10 December 2017; accepted 20 April 2018
10.1126/science.aar6851

Scheib et al., Science 360, 1024–1027 (2018) 1 June 2018 4 of 4

RESEARCH | REPORT
on June 20, 2019
 

http://science.sciencem
ag.org/

D
ow

nloaded from
 

https://github.com/td329/NA-hapmatch-2018
https://github.com/td329/NA-hapmatch-2018
http://www.sciencemag.org/content/360/6392/1024/suppl/DC1
http://science.sciencemag.org/


Ancient human parallel lineages within North America contributed to a coastal expansion

Aylwyn Scally, Daniel Wegmann, Ripan S. Malhi and Toomas Kivisild
Louis Lesage, Brian Holguin, Ernestine Ygnacio-De Soto, JohnTommy Rosas, Mait Metspalu, Jay T. Stock, Andrea Manica,
Tamsin C. O'Connell, Patricia Martz, Alan S. Boraas, Brian F. Byrd, Alan Leventhal, Rosemary Cambra, Ronald Williamson, 
Tyler-Smith, Manjinder S. Sandhu, Joseph G. Lorenz, Tori D. Randall, Zuzana Faltyskova, Luca Pagani, Petr Danecek,
Mörseburg, John R. Johnson, Amiee Potter, Susan L. Kerr, Phillip Endicott, John Lindo, Marc Haber, Yali Xue, Chris 
C. L. Scheib, Hongjie Li, Tariq Desai, Vivian Link, Christopher Kendall, Genevieve Dewar, Peter William Griffith, Alexander

DOI: 10.1126/science.aar6851
 (6392), 1024-1027.360Science 

, this issue p. 1028, p. 1024; see also p. 964Science
the Ice Age, but the peoples remixed at a later date.
that now live in Mexico and South America. It appears that a genetic split and population isolation likely occurred during 
well as to modern Algonquian-speaking Native Americans. In contrast, the California individuals were more like groups
California, USA, and Ontario, Canada. The ancient Ontario population was similar to other ancient North Americans, as 

 sequenced ancient genomes from the Channel Islands ofet al.still skewed toward those of their Norse founders. Scheib 
Genetic drift since the initial settlement has left modern Icelanders with allele frequencies that are distinctive, although
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