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Major Questions before Ancient Genomes
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1.  When did humans arrive in the Americas?

2.  By what route did they get come?
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Ancient PaleoSiberians and Ancient Beringians

Figure 1A from Sikora et al. - 2018 - The population  z .pdf
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Figures 

 
Figure 1. Genetic structure of ancient northeast Siberians. a, Sampling locations of newly 

reported and selected previously published individuals (italics). b, Sample ages. c, PCA of 

ancient individuals projected onto a set of modern Eurasian and American individuals. 

Abbreviations in group labels: UP – Upper Palaeolithic; LP – Late Palaeolithic; M – 

Mesolithic; EN – Early Neolithic; MN – Middle Neolithic; LN – Late Neolithic; EBA – Early 

Bronze Age; LBA - Late Bronze Age; IA – Iron Age; PE – Paleoeskimo; MED - Medieval 
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Two Routes to the South

Figure 1a from Rasmussen et al. - 2014 - The genome of a Late Pleistocene human from a Clov .pdf
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length distribution, we computed molecular half-life estimates16 for a
100-base pair fragment to be 4,852 and 5,137 years for nuclear DNA and
mtDNA, respectively. These are consistent with predictions based on
estimated burial temperature and geographical location (Supplemen-
tary Information section 7). Nucleotide misincorporation patterns were
consistent with increased post-mortem cytosine deamination at DNA
fragment termini17 (Supplementary Information section 8). The mtDNA
data provided a contamination estimate with a 95% credibility interval
of 0.15–0.38%18 (Supplementary Information section 9). As the Anzick-1
individual was found to be male, we were also able to quantify con-
tamination levels on the basis of heterozygosity levels seen on the X
chromosome19, which resulted in similarly low contamination estimates
(,1.2%, Supplementary Information section 11). Characterization of
the error rate yielded an overall estimate of 0.84% (Supplementary
Information section 10). Per-library error rates as well as nucleotide-type-
specific error rates are shown in Extended Data Fig. 1c; as expected, the
error estimates are driven by deamination-related DNA-damage errors.

We determined the Y-chromosome haplogroup to be Q-L54*(xM3)
and, along with 15 previously analysed Y-chromosome sequences20, we
constructed a tree to illustrate the phylogenetic context within hap-
logroup Q (Supplementary Information section 13 and Extended Data
Fig. 2). Confining our analyses to transversion single nucleotide poly-
morphisms (SNPs), we leveraged the date of Anzick-1 to estimate a
divergence time between haplogroups Q-L54*(xM3) and Q-M3, two
of the major founding Y-chromosome lineages of the Americas, of approx-
imately 16,900 years ago (95% confidence interval: 13,000–19,700; Sup-
plementary Information section 13).

We assessed the genome-wide genetic affinity of the Anzick-1 indi-
vidual to 143 contemporary non-African human populations by com-
puting outgroup f3-statistics21, which are informative on the amount of
shared genetic drift between an individual and other populations. The
data set included 52 Native American populations, for which genomic
segments derived from recent European and African admixture have
been excluded22. We found that the Anzick-1 individual showed a statis-
tically significant closer affinity to all 52 Native American groups than
to any extant Eurasian population (Fig. 2). The same conclusion was
reached from admixture clustering analyses (Supplementary Informa-
tion section 14 and Extended Data Fig. 3), and when using D-statistics
based on genomic sequence data (Supplementary Information section 16).

Interestingly, the Anzick-1 individual showed less shared genetic his-
tory with seven Northern Native Americans from Canada and the Artic,
including three Northern Amerind-speaking groups (‘NA’ group),

and the Central American Yaqui (Supplementary Information section
15, Fig. 2), than with 44 Native populations from Central and South
America (‘SA’ group) (Fig. 2). This finding was further supported by
allele-frequency-based D-statistics, which strongly reject the hypothesis
of a population tree with topology (Anzick-1, (NA, SA)). By contrast, a
tree assuming a branching pattern of (NA, (Anzick-1, SA)) was not
rejected (Supplementary Information section 15 and Fig. 3).

We investigated two possible scenarios that could explain this pattern:
(1) a basal diversification of the NA and SA lineages that predates the
Clovis period, with the Anzick-1 individual belonging to the SA lineage
(Fig. 3c); and (2) the Anzick-1 individual is basal to both lineages, but
the lineages diverged at a time close to approximately 12,600 years ago,
and the NA group received subsequent gene-flow from other, perhaps
Siberian, populations (Fig. 3b). This latter hypothesis of additional pulses
of gene flow has been suggested for the four Na-Dene- and Eskimo–
Aleut-speaking groups by a previous study, whereas the three NA groups
and Yaqui have been found to carry exclusively ‘First American’ ancestry22.

We analysed 19 different published Siberian populations and found
that allele-frequency-based D-statistics in all cases, with the exclusion
of Naukan, were compatible with a diversification pattern of (Siberian,
(NA, SA)), with no evidence for gene flow into the NA group (Supplemen-
tar Information section 15), a pattern that agrees with previously pub-
lished results22. This suggests that model (1) is more likely, and that
the structure between Native American lineages predates the Anzick-1
individual and thus appears to go back to pre-Clovis times.

We used outgroup f3-statistics to evaluate the shared genetic history
between all Native American populations and the Anzick-1 genome,
the 24,000-year-old human sample from Mal’ta, Siberia5 and the 4,000-
year-old Saqqaq Palaeo-Eskimo sample from Greenland19. We again
found a closer relationship between Anzick-1 and all Native Americans
(Supplementary Information section 15 and Extended Data Fig. 5).
Together with the fact that Anzick-1 shows the same relative affinity
to western and eastern Eurasians, this suggests that the gene flow from
the Mal’ta lineage into Native Americans happened before the NA and
SA groups diverged.

Next, we addressed the relationship of the Anzick-1 genome to whole-
genome sequences from contemporary humans, including two novel
genomes from Karitiana and Mayan individuals, and from the ancient
Saqqaq sample19. To explore the question of direct ancestry, we devel-
oped a novel method to assess the amount of genetic drift experienced
by each of a pair of populations after their divergence, without making
any assumptions about demography (Supplementary Information section
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Figure 1 | Geographic and 14 C dating overview, and examples of artefacts
from the site. a, Location of the Anzick site relative to continental glacial
positions from 16,000 to 13,000 calendar years BP (cal BP). b, Photograph of the

Anzick site. The site is located at the base of the slope at the far left (arrow).
c, Age of the human remains and osseous tools relative to other Clovis sites.
d, Clovis fluted projectile point from the site. e, Clovis osseous rod from the site.
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length distribution, we computed molecular half-life estimates16 for a
100-base pair fragment to be 4,852 and 5,137 years for nuclear DNA and
mtDNA, respectively. These are consistent with predictions based on
estimated burial temperature and geographical location (Supplemen-
tary Information section 7). Nucleotide misincorporation patterns were
consistent with increased post-mortem cytosine deamination at DNA
fragment termini17 (Supplementary Information section 8). The mtDNA
data provided a contamination estimate with a 95% credibility interval
of 0.15–0.38%18 (Supplementary Information section 9). As the Anzick-1
individual was found to be male, we were also able to quantify con-
tamination levels on the basis of heterozygosity levels seen on the X
chromosome19, which resulted in similarly low contamination estimates
(,1.2%, Supplementary Information section 11). Characterization of
the error rate yielded an overall estimate of 0.84% (Supplementary
Information section 10). Per-library error rates as well as nucleotide-type-
specific error rates are shown in Extended Data Fig. 1c; as expected, the
error estimates are driven by deamination-related DNA-damage errors.

We determined the Y-chromosome haplogroup to be Q-L54*(xM3)
and, along with 15 previously analysed Y-chromosome sequences20, we
constructed a tree to illustrate the phylogenetic context within hap-
logroup Q (Supplementary Information section 13 and Extended Data
Fig. 2). Confining our analyses to transversion single nucleotide poly-
morphisms (SNPs), we leveraged the date of Anzick-1 to estimate a
divergence time between haplogroups Q-L54*(xM3) and Q-M3, two
of the major founding Y-chromosome lineages of the Americas, of approx-
imately 16,900 years ago (95% confidence interval: 13,000–19,700; Sup-
plementary Information section 13).

We assessed the genome-wide genetic affinity of the Anzick-1 indi-
vidual to 143 contemporary non-African human populations by com-
puting outgroup f3-statistics21, which are informative on the amount of
shared genetic drift between an individual and other populations. The
data set included 52 Native American populations, for which genomic
segments derived from recent European and African admixture have
been excluded22. We found that the Anzick-1 individual showed a statis-
tically significant closer affinity to all 52 Native American groups than
to any extant Eurasian population (Fig. 2). The same conclusion was
reached from admixture clustering analyses (Supplementary Informa-
tion section 14 and Extended Data Fig. 3), and when using D-statistics
based on genomic sequence data (Supplementary Information section 16).

Interestingly, the Anzick-1 individual showed less shared genetic his-
tory with seven Northern Native Americans from Canada and the Artic,
including three Northern Amerind-speaking groups (‘NA’ group),

and the Central American Yaqui (Supplementary Information section
15, Fig. 2), than with 44 Native populations from Central and South
America (‘SA’ group) (Fig. 2). This finding was further supported by
allele-frequency-based D-statistics, which strongly reject the hypothesis
of a population tree with topology (Anzick-1, (NA, SA)). By contrast, a
tree assuming a branching pattern of (NA, (Anzick-1, SA)) was not
rejected (Supplementary Information section 15 and Fig. 3).

We investigated two possible scenarios that could explain this pattern:
(1) a basal diversification of the NA and SA lineages that predates the
Clovis period, with the Anzick-1 individual belonging to the SA lineage
(Fig. 3c); and (2) the Anzick-1 individual is basal to both lineages, but
the lineages diverged at a time close to approximately 12,600 years ago,
and the NA group received subsequent gene-flow from other, perhaps
Siberian, populations (Fig. 3b). This latter hypothesis of additional pulses
of gene flow has been suggested for the four Na-Dene- and Eskimo–
Aleut-speaking groups by a previous study, whereas the three NA groups
and Yaqui have been found to carry exclusively ‘First American’ ancestry22.

We analysed 19 different published Siberian populations and found
that allele-frequency-based D-statistics in all cases, with the exclusion
of Naukan, were compatible with a diversification pattern of (Siberian,
(NA, SA)), with no evidence for gene flow into the NA group (Supplemen-
tar Information section 15), a pattern that agrees with previously pub-
lished results22. This suggests that model (1) is more likely, and that
the structure between Native American lineages predates the Anzick-1
individual and thus appears to go back to pre-Clovis times.

We used outgroup f3-statistics to evaluate the shared genetic history
between all Native American populations and the Anzick-1 genome,
the 24,000-year-old human sample from Mal’ta, Siberia5 and the 4,000-
year-old Saqqaq Palaeo-Eskimo sample from Greenland19. We again
found a closer relationship between Anzick-1 and all Native Americans
(Supplementary Information section 15 and Extended Data Fig. 5).
Together with the fact that Anzick-1 shows the same relative affinity
to western and eastern Eurasians, this suggests that the gene flow from
the Mal’ta lineage into Native Americans happened before the NA and
SA groups diverged.

Next, we addressed the relationship of the Anzick-1 genome to whole-
genome sequences from contemporary humans, including two novel
genomes from Karitiana and Mayan individuals, and from the ancient
Saqqaq sample19. To explore the question of direct ancestry, we devel-
oped a novel method to assess the amount of genetic drift experienced
by each of a pair of populations after their divergence, without making
any assumptions about demography (Supplementary Information section
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Figure 1 | Geographic and 14 C dating overview, and examples of artefacts
from the site. a, Location of the Anzick site relative to continental glacial
positions from 16,000 to 13,000 calendar years BP (cal BP). b, Photograph of the

Anzick site. The site is located at the base of the slope at the far left (arrow).
c, Age of the human remains and osseous tools relative to other Clovis sites.
d, Clovis fluted projectile point from the site. e, Clovis osseous rod from the site.
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length distribution, we computed molecular half-life estimates16 for a
100-base pair fragment to be 4,852 and 5,137 years for nuclear DNA and
mtDNA, respectively. These are consistent with predictions based on
estimated burial temperature and geographical location (Supplemen-
tary Information section 7). Nucleotide misincorporation patterns were
consistent with increased post-mortem cytosine deamination at DNA
fragment termini17 (Supplementary Information section 8). The mtDNA
data provided a contamination estimate with a 95% credibility interval
of 0.15–0.38%18 (Supplementary Information section 9). As the Anzick-1
individual was found to be male, we were also able to quantify con-
tamination levels on the basis of heterozygosity levels seen on the X
chromosome19, which resulted in similarly low contamination estimates
(,1.2%, Supplementary Information section 11). Characterization of
the error rate yielded an overall estimate of 0.84% (Supplementary
Information section 10). Per-library error rates as well as nucleotide-type-
specific error rates are shown in Extended Data Fig. 1c; as expected, the
error estimates are driven by deamination-related DNA-damage errors.

We determined the Y-chromosome haplogroup to be Q-L54*(xM3)
and, along with 15 previously analysed Y-chromosome sequences20, we
constructed a tree to illustrate the phylogenetic context within hap-
logroup Q (Supplementary Information section 13 and Extended Data
Fig. 2). Confining our analyses to transversion single nucleotide poly-
morphisms (SNPs), we leveraged the date of Anzick-1 to estimate a
divergence time between haplogroups Q-L54*(xM3) and Q-M3, two
of the major founding Y-chromosome lineages of the Americas, of approx-
imately 16,900 years ago (95% confidence interval: 13,000–19,700; Sup-
plementary Information section 13).

We assessed the genome-wide genetic affinity of the Anzick-1 indi-
vidual to 143 contemporary non-African human populations by com-
puting outgroup f3-statistics21, which are informative on the amount of
shared genetic drift between an individual and other populations. The
data set included 52 Native American populations, for which genomic
segments derived from recent European and African admixture have
been excluded22. We found that the Anzick-1 individual showed a statis-
tically significant closer affinity to all 52 Native American groups than
to any extant Eurasian population (Fig. 2). The same conclusion was
reached from admixture clustering analyses (Supplementary Informa-
tion section 14 and Extended Data Fig. 3), and when using D-statistics
based on genomic sequence data (Supplementary Information section 16).

Interestingly, the Anzick-1 individual showed less shared genetic his-
tory with seven Northern Native Americans from Canada and the Artic,
including three Northern Amerind-speaking groups (‘NA’ group),

and the Central American Yaqui (Supplementary Information section
15, Fig. 2), than with 44 Native populations from Central and South
America (‘SA’ group) (Fig. 2). This finding was further supported by
allele-frequency-based D-statistics, which strongly reject the hypothesis
of a population tree with topology (Anzick-1, (NA, SA)). By contrast, a
tree assuming a branching pattern of (NA, (Anzick-1, SA)) was not
rejected (Supplementary Information section 15 and Fig. 3).

We investigated two possible scenarios that could explain this pattern:
(1) a basal diversification of the NA and SA lineages that predates the
Clovis period, with the Anzick-1 individual belonging to the SA lineage
(Fig. 3c); and (2) the Anzick-1 individual is basal to both lineages, but
the lineages diverged at a time close to approximately 12,600 years ago,
and the NA group received subsequent gene-flow from other, perhaps
Siberian, populations (Fig. 3b). This latter hypothesis of additional pulses
of gene flow has been suggested for the four Na-Dene- and Eskimo–
Aleut-speaking groups by a previous study, whereas the three NA groups
and Yaqui have been found to carry exclusively ‘First American’ ancestry22.

We analysed 19 different published Siberian populations and found
that allele-frequency-based D-statistics in all cases, with the exclusion
of Naukan, were compatible with a diversification pattern of (Siberian,
(NA, SA)), with no evidence for gene flow into the NA group (Supplemen-
tar Information section 15), a pattern that agrees with previously pub-
lished results22. This suggests that model (1) is more likely, and that
the structure between Native American lineages predates the Anzick-1
individual and thus appears to go back to pre-Clovis times.

We used outgroup f3-statistics to evaluate the shared genetic history
between all Native American populations and the Anzick-1 genome,
the 24,000-year-old human sample from Mal’ta, Siberia5 and the 4,000-
year-old Saqqaq Palaeo-Eskimo sample from Greenland19. We again
found a closer relationship between Anzick-1 and all Native Americans
(Supplementary Information section 15 and Extended Data Fig. 5).
Together with the fact that Anzick-1 shows the same relative affinity
to western and eastern Eurasians, this suggests that the gene flow from
the Mal’ta lineage into Native Americans happened before the NA and
SA groups diverged.

Next, we addressed the relationship of the Anzick-1 genome to whole-
genome sequences from contemporary humans, including two novel
genomes from Karitiana and Mayan individuals, and from the ancient
Saqqaq sample19. To explore the question of direct ancestry, we devel-
oped a novel method to assess the amount of genetic drift experienced
by each of a pair of populations after their divergence, without making
any assumptions about demography (Supplementary Information section
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Northern Native Americans
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Earliest American Genome

Google Maps

�9

Anzick 12.6 kya

Clovis13.0 kya

9



The Clovis Culture
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Earliest Native American Genomes
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The Explosion
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Two Studies of Ancient American Genomes
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Published on the same day (November 8): 

• Reich’s group, in Cell:  “Reconstructing the 
Deep Population History of Central and South 
America”, Posth et al. - 2018 - Reconstructing 
the Deep Population History of Cent.pdf 

• Willerslev’s group, in Science:  “Early human 
dispersals within the Americas”, Moreno-Mayar 
et al. - 2018 - Early human dispersals within the 
Americas.pdf
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Anzick-Related Ancestry in South America

Posth et al. - 2018 - Reconstructing the Deep Population History of Cent (Fig 1A) .pdf
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(legend on next page)

Cell 175 , 1–13, November 15, 2018 3

Please cite this article in press as: Posth et al., Reconstructing the Deep Population History of Central and South America, Cell (2018), https://
doi.org/10.1016/j.cell.2018.10.027

14



Anzick-Related Ancestry in South America

Moreno-Mayar et al. - 2018 - Early human dispersals within the Americas (fig 1A) .pdf
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Subsequent Dilution and Admixture
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Dilution of Anzick-related ancestry in 
South America 
• Source unknown 
• Timing unknown
Some later admixture can be identified 
• Channel-Islands-related 
• Mixe-related
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Before 4,200 Years Ago

Posth et al. - 2018 - Reconstructing the Deep Population History of Cent (Fig 1A) .pdf
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(legend on next page)
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After 5,000 Years Ago

Moreno-Mayar et al. - 2018 - Early human dispersals within the Americas (fig 1A) .pdf
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After 5,000 Years Ago

Based on Figure 1A from Sikora et al. - 2018 - The population  z .pdf
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Saqqaq
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Na-Dené (Athabascan) Languages

Based on Flegontov et al. - 2017 - Paleo-Eskimo genetic legacy  (Fig 6a) .pdf
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Northern Native Americans
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Na-Dené Language Distribution Algonquinian Language Distribution
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Possible Neo-Eskimo Origin 3,100-2,500 BP

Based on Flegontov et al. - 2017 - Paleo-Eskimo genetic legacy  (Fig 6b) .pdf
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Old Bering Sea Culture after 2,200 BP

Based on Flegontov et al. - 2017 - Paleo-Eskimo genetic legacy  (Fig 6b) .pdf
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Thule Culture about 1,150 Years Ago

Based on Flegontov et al. - 2017 - Paleo-Eskimo genetic legacy  (Fig 6b) .pdf
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Principal Components Analysis

Flegontov et al. - 2017 - Paleo-Eskimo genetic legacy  (Fig 2) .pdf
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Figure 2. Principal component analysis (PCA) on the HumanOrigins datasets prior to any1045
outlier removal. A plot of two principal components (PC1 vs. PC2) is presented. Calibrated1046
radiocarbon dates in calBP are shown for ancient samples (large circles). For individuals,1047
95% confidence intervals are shown, and for populations, minimal and maximal dates1048
among all confidence intervals of that population are shown. A similar plot for the Illumina1049
dataset is displayed in Extended Data Fig. 3, and plots for the datasets used for1050
qpWave/qpAdm analyses are shown in Supplementary Information section 4. In those1051
datasets, First American, Chukotko-Kamchatkan-speaking and Eskimo-Aleut-speaking1052
individuals having >1% European, African, or Southeast Asian ancestry according to1053
ADMIXTUREwere removed.1054
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Simplified Partial Demography of the Americas
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Paleoamericans Hypothesis

�27

• Distinctive skull shape of some ancient 
and current Native Americans

• Similar to skull shape of some 
indigenous Asian populations

• Archaeological and anthropological 
research, not genomics

• Mainly from a single research group
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The “Population Y” Hypothesis

Skoglund et al. - 2015 - Genetic evidence for two founding populations of t (Fig 1d) .pdf
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find consistent results for this test not only for Onge, Papuans, New
Guineans and indigenous Australians as representatives of Australasian
populations, but also for different outgroups in place of chimpanzee:
Africans, Europeans and East Asians (2.8 , Z , 4.8) (Supplementary
Information section 3). In Fig. 1, we show a quantile–quantile plot of
D-statistics contrasting the Mesoamerican Mixe and the Amazonian
Suruı́, revealing Australasian populations as the only discernible outliers.

We replicated the significant evidence for affinity between
Australasians and Amazonians using D-statistics computed on
Illumina SNP array data2 (as an alternative to the Affymetrix Human
Origins SNP array data) (2.6 , Z , 3.0) and on high-coverage genome
sequences from 3 Yoruba, 2 Suruı́, 3 Mixe and 16 Papuans (18 of these
genomes are reported for the first time here22,23; Table 1) (Z 5 4.3). In
addition to the three independent molecular experiments that these
data sets represent, we find consistent results for all different mutation
classes in the high-coverage genomes (2.6 , Z , 4.3), and different
ascertainment schemes (for example, in polymorphisms discovered
in Africans, New Guineans and East Asians) (Supplementary
Information section 3) (1.1 , Z , 3.3 for panels with .20,000 SNPs).
We also find consistent results for two differently genotyped subsets of
Suruı́ individuals from a total of 24 individuals2 (Table 1 and Extended
Data Fig. 3a) (2.6 , Z , 3.6). Simulations (Supplementary Information

section 3) show that genotype and sequence errors cannot explain the
magnitude of the observed signal (Extended Data Fig. 3b). Finally, we
generated new data from 9 populations from present-day Brazil using
the Affymetrix Human Origins array, including previously untested
individuals from the Amazonian Suruı́ and Karitiana for which DNA
was extracted from blood. These new samples replicate the signal, and
furthermore show that the signal is also strong in the Xavante
(1.3 , Z , 3.25), a population of the Brazilian Central Plateau which
speaks a language of the Ge group that is different from the Tupi
language group to which the languages of the Karitiana and Suruı́ both
belong. We do not detect any excess affinity to Australasians in the
,12,600-year-old Clovis-associated Anzick individual from western
Montana (Z 5 20.6) (Supplementary Information section 3).

To test if the significant D-statistics have the patterns expected for a
genuine admixture event, we stratified the high coverage genomes into
deciles of ‘B-values’24, which measures proximity to functionally
important regions. Genuinely significant D-statistics are expected to
be of larger magnitude closer to genes, as selection increases variability
in fitness of haplotypes near functionally important regions, which in
turn increases the genetic drift in these regions and the absolute mag-
nitude of D-statistics25,26, a prediction that we confirmed empirically
(Extended Data Fig. 4). We computed D(Yoruba, Papuan; Mixe,
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Figure 1 | South Americans share ancestry with Australasian populations
that is not seen in Mesoamericans or North Americans. a, Quantile–quantile
plot of the Z-scores for the D-statistic symmetry test for whether Mixe and
Suruı́ share an equal rate of derived alleles with a candidate non-American
population, X, compared to the expected ranked quantiles for the same number
of normally distributed values. b, Z-scores for the h4-statistic. c, Z-scores for

the ChromoPainter statistic. d, Heatmap of ChromoPainter statistics. For non-
Americans we display the symmetry statistic S(non-American; Mixe, Suruı́
and Karitiana) for donating as many haplotypes to Mixe as to Suruı́ and
Karitiana. For the Americas we plot S(Onge; Mixe, American) for receiving
as many haplotypes from the Onge as do the Mixe.
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Current Status

�29

Paleoamerican hypothesis 
• No correlation with genomics 
• Any real difference has environmental causes

Population Y hypothesis 
• Both labs confirmed faint signal 
• Willerslev doubled down 
• Reich raised possibility of a false positive
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