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1. Archaeological context

Two infants (USR Individuals 1 and 2) were recovered from a burial pit at the Upward
Sun River site (USR), located in the Tanana River valley in central Alaska (49XBD-
298) (Figure S1). The two individuals have been named Xach'itee'aanenh t'eede gaay or
sunrise child-girl (USR1) and Yelkaanenh t'eede gaay or (dawn twilight child-girl
(USR2) by the local Native community. The archaeological and geological context of
these finds has been previously reported ' The infants were discovered in a pit within
a massive aeolian silt (Unit IV) at ~160-170 cm below surface. Post-depositional
disturbance is interpreted as minimal given undisturbed Ab horizons across the site with
smooth and very abrupt horizon boundaries and a thin vertical distribution of cultural
materials .

The two infants are associated with a burial pit (F2011-13) within a residential feature
in Component 3 at USR dating to the terminal Pleistocene — Holocene transition *. The
cremated child (USR Individual 3) was found within a hearth (F2010-5) associated with
burned bone extending to about 43 cm below the occupation surface. This Component 3
surface is composed of numerous lithic and charcoal fragments in a thin, unimodal
vertical distribution. Four charcoal samples from the base and top of the pit hearth as
well as from the burial pit yielded statistically similar radiocarbon dates, with a mean
pooled radiocarbon age of 9970+/-30 BP (11,600-11,270 cal BP), consistent with other
Component 3 hearth dates ' . The burial pit was excavated through an earlier hearth.
After burial of Individuals 1 and 2, the pit was partially backfilled and saw continued
use as a hearth. Individual 3 was cremated within this hearth and then the residential
feature was abandoned *. Faunal remains associated with both the backfilled burial pit
and hearth indicates use of salmon, genetically and isotopically confirmed as
anadromous Onchorynchus keta (chum salmon), representing the earliest human use of
salmon in the New World *, as well as Urocitellus parryi (ground squirrel), Lepus
americanus (hare), and other mammalian and avian taxa, including an unidentified very
large mammal °.

Based on the dimensions of diagnostic skeletal elements and deciduous crown
development >, Individual 1 died at 6-12 weeks post-natal and Individual 2 died at >30
prenatal weeks. Morphological analyses suggest that both individuals are female .
Genetic data presented in this paper confirms this assessment (Section 4.6). Results
from dental morphological trait analysis indicate Individual 1 is consistent with a Native
American population affinity .

Petrous specimens were selected from each individual for aDNA analyses given their
mass, high density and reported consistent high endogenous DNA yield *'°. Specimen
#58-311 (USRI1) weighed 3.4 g and specimen #58-80 (USR2) weighed 1.2 g. Tackney
et al ' extracted and sequenced the mitochondrial genomes from both individuals,
providing the first sample of ancient Beringian genetic diversity. Individual 1 was
within the C1b lineage and Individual 2 was placed at the root of the B2 lineage. Both
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mtDNA haplogroups are not currently found near Beringia among recent Native
American populations. Subsamples from these two petrous specimens were used in this
current study for nuclear DNA extraction and genomic analyses.

Cultural affiliation for all three individuals, and USR Component 3, is established
through various lines of evidence. The USR projectile points recovered within the burial
are most consistent with Eastern Beringian Denali complex foliate forms '*'*, and are
dissimilar to contemporaneous Mesa and Sluiceway complex forms, the latter found in
the Brooks Range '>'°. The contemporaneous Northern Fluted Point complex has
characteristic concave-based fluted points but lacks foliate forms '’. During the period
of Component 3 occupation, Denali complex sites are common throughout interior
Alaska and the Yukon Territory (Figure S1), including numerous sites within 50 km of
USR (e.g., Dry Creek, Mead, Swan Point and Gerstle River, Alaska) '®. The Denali
complex dates between 12,000 and 6,000 cal BP and is widespread throughout interior
eastern Beringia as far west as Yukon Territory '*'®2', and possibly northern Alberta **.
Thus, the individuals associated with USR Component 3 are part of a widespread
material cultural tradition extending through much of Northwestern North America
during the late Pleistocene and early Holocene.

The American Paleoarctic tradition / Denali complex was entirely replaced in both
interior and Alaskan western and northern coastal areas by the Northern Archaic
tradition at ca. 6,000 cal BP '*'***. Some technologies continued through this transition,
including Campus-type wedge shaped microblade cores and edge-ground convex based
projectile points, while new technological and typological materials included side-
notched bifaces, semi-lunar bifaces, and side-notched cobbles. The Denali — Northern
Archaic transition is not well understood, and may reflect migration of a new population
into the region, diffusion of technology with population continuity, or mixture of two
populations (see review in **).

2. Laboratory procedures

All ancient DNA work, prior to library amplification, was conducted in dedicated clean
lab facilities at the Centre for GeoGenetics, Natural History Museum, University of
Copenhagen, according to strict ancient DNA (aDNA) guidelines **°. Bone powder
was prepared from remains of pars petrosa obtained from individuals 1 and 2 (USRI
and USR2) from the Upward Sun River site '*. DNA extraction and preparation of
libraries for Illumina sequencing followed previously published protocols *’. Briefly,
bone powder was digested in 0.5 M EDTA supplemented with 10 mM TE-buffer pH=8,
Proteinase K (0.14-0.22 mg/ml) and 0.5% w/v N-laurylsacosine at 37°C overnight.
Sample supernatant was incubated for 1 hour with size-selected silica powder (50 ul) **
in 10 volumes of improved binding buffer *”. Upon binding, silica pellets were washed
twice in 1 ml 80% ethanol, and eluted in TE-buffer with 0.05% Tween-20.
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Libraries were prepared from double-stranded DNA fragments following the methods
described elsewhere *°. For some libraries the DNA extracts were pre-treated with 5 ul
USER enzyme (#M5505, NEB) for 3 hours at 37°C. Extracts were end-repaired using
NEBnext end-repair module (#E6050, NEB). Adaptors (12.5 pmol/rxn), prepared
according to Meyer and Kircher > were ligated onto library DNA using the NEBnext
Quick Ligation Module (#E6056 NEB). After end-repair and adaptor ligation DNA was
recovered using Qiagen MinElute columns. Fill-in reactions were performed using Bst
large fragment (#M0275 NEB) in the accompanying buffer supplemented with dNTPs.
Index PCR reactions were performed with KapaU+ DNA polymerase
(KapaBiosystems) and 400 nM primer introducing hexamer sequencing index motifs in
each as well as the required P5 and P7 sequences. The number of cycles for index PCRs
was determined from qPCR analysis. Purified libraries were sequenced at the National
High-throughput Sequencing Centre, University of Copenhagen.

3. Sequence data processing

3.1. Basecalling and adapter removal

Base calls were produced using the Illumina software CASAVA 1.8.2. Sequence data
were then demultiplexed by requiring a complete match to the 6 and 10 nucleotide
index sequences used for library preparation. Dual-indexed paired-end raw reads were
trimmed for Illumina adapter sequences, leading Ns (--trimns) and trailing quality 2
runs (--trimqualities --minquality 2) using AdapterRemoval v1.5.3 *°. Overlapping pairs
were collapsed (--collapse) into single reads requiring a minimum overlap of 11 bases.
We only kept collapsed reads with length greater than 30 bases (--minlength 30) for
subsequent analyses. Other sequencing data not produced as part of this study (Section
6.2) were processed as described in .

3.2. Mapping

Mapping of the trimmed reads was done following the strategy in °'. Reads were
mapped to the human reference genome build 37 using bwa v0.6.2-r126 **, following **.
Filtering and  post-processing was carried out using picard  tools
(http://picard.sourceforge.net) and GATK **. Finally, the MD tag was recomputed for
each read using the samtools 0.1.18 ** calmd command. We report mapping statistics in
Table S1. Sequencing data not produced as part of this study were processed as
described in *'.

3.3. Genotyping
We called diploid genotypes from the mapped reads following *'. We ran samtools
mpileup *° with the -C parameter set to 50 and only included sites with a depth of

coverage greater than 1/3 the average depth and lower than 2 times the average depth (6
and 34X, respectively, for USR1). We then filtered out variant calls with a phred
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posterior probability lower than 30, significant strand and/or end distance bias (p<Ie-4)
or located within 5 bp of each other. Additionally, we discarded heterozygote calls with
an allelic ratio lower than 0.2. Diploid calls were then merged with the genotype data
from °' and sites with a significant deviation from the Hardy-Weinberg equilibrium

(p<Ie-4) were filtered out *°,
3.4. Phasing

For the analyses requiring haplotype data (Section 18), the filtered callset was phased
using shapeit2-r727 ', following the strategy from °', and assuming an effective
population size of 20,000.

4. Ancient DNA sequence data assessment

4.1. Ancient DNA misincorporation patterns

It has been shown that in the absence of cellular repair mechanisms, DNA gradually
accumulates chemical changes, including for example, double stranded breaks and
cytosine deamination *°. Such changes have been used as a means of authenticating
ancient DNA (aDNA) sequence data **. Using bamdamage *°, for all extracts we found
that the fragment length distribution was biased towards shorter fragments (mean read
length ranged from 47.5 to 59.1 bp in non-USER treated extracts). In addition, we found
an increased frequency of C to T substitutions towards the 5' ends of the reads (10.9%
to 14.2% in the first 5' nucleotide in non-USER treated extracts), as well as the
complementary G to A substitutions towards the 3' ends (10.5% to 13.5% in the first 3'
nucleotide) (Figure S2, Table S1). These patterns suggest that the extracted DNA is
effectively endogenous to the sampled human remains.

4.2. Sequencing error rates

We obtained estimates for the overall and type-specific sequencing error rates using the
method described in **. These estimates are based on the assumption that any pair of
human genomes carries on average the same number of derived alleles compared to an
outgroup. Therefore, any excess derived alleles in a given sample should be due to
error.

We obtained the number of expected derived alleles by using the high quality sequence
data for individual NA12778 from the 1000 Genomes Project. We determined the
ancestral allele based on the chimp genome, as included in the pantro2-hgl9 multiZ
alignments from the UCSC Human Genome Browser *'. We then used the
implementation available in ANGSD ** to estimate the error rates in our sequence data,
relative to the high quality data from the 1000 Genomes project. In agreement with
proposed patterns of aDNA degradation >, C to T and G to A substitutions accounted
for the majority of the errors. Note that error is decreased when considering USER-
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treated libraries **. Therefore, we restricted all subsequent analyses to data coming from
USER-treated libraries. This resulted in an overall sequencing error rate of 0.09% for
USR1 and 0.11% for USR2. The breakdown of relative error rates by library is
presented in Table S1 and Figure S2.

4.3. Genotyping error rates

We estimated overall error rates for the filtered diploid genotype calls using the same
approach that was used for estimating sequencing error ** (Section 4.2). In this case, we
used the human reference genome (hg19), which we assume to be devoid of errors, to
obtain the number of expected derived alleles compared to the chimp genome. We then
obtained the number of observed derived alleles by comparing the two called alleles to
the chimp allele, at sites where all three genomes have non-missing data.

We obtained an overall genotyping error rate estimate of 0.0023% for USRI. As
expected, this value was lower than the estimated sequencing error rate (Section 4.2).
For comparison, we also estimated genotyping error rates for the ancient Anzickl
genome (0.0056%), as well as for the modern Papuan (0.0025%), Han (0.0024%), and
Aymara (0.0022%) genomes. In contrast to USRI, the Anzickl genome ** was not
based on USER-treated libraries, thus yielding a higher estimate. In fact, the estimated
genotyping error for USR1 is comparable to those of the other modern genomes. Given
USRI1’s low genotyping error estimate (0.0023%) and how similar that is to those of
modern genomes, we consider that genotyping error is unlikely to bias subsequent
analyses of this ancient genome.

4.4. mtDNA-based contamination estimates

In order to quantify the level of contamination present in the data, we used the mtDNA-
based method described in *. This method assumes that contamination and error
account for less than 50% of the data and that depth of coverage is high enough to call
the real endogenous mtDNA consensus sequence. Sequence reads are then modeled as
coming from a mixture of a set of full-length mitochondrial genomes (371
mitochondrial genomes from *°) and the 'endogenous' consensus with unknown
proportions. Such proportions are in turn, inferred using an MCMC method. Thus, the
contamination fraction is the sum of the proportions corresponding to the 'non-
endogenous' mitochondrial sequences.

To estimate contamination in our data, we first built an mtDNA consensus sequence
using ANGSD ** (-doFasta 2). Reads with a mapping quality lower than 30 and
nucleotides with a base quality lower than 20 were discarded and sites with a depth of
coverage lower than 5X were set to 'N'. In order to reduce potential noise introduced by
reads originated from mitochondrial inserts in the nucleus *’, only the reads that mapped
uniquely to the mtDNA were then remapped to the newly built consensus sequence. The
consensus sequence was also aligned to a panel of 311 worldwide mtDNA sequences *°
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using mafft ***°. Finally, we used both the alignment and the mapped reads for

contamination estimation. We obtained contamination estimates for each sequenced
library with mtDNA coverage greater than 5X, as well as for the merged data for each
sample (Table S1) by running five independent chains for 50,000 iterations. For each
run, convergence was confirmed by monitoring the Gelman-Rubin diagnostic *°. For
USRI, we estimated modern contamination to be 0.15% with a 95% credibility interval
of (0.03% - 0.43%) and for USR2, we estimated contamination to be 0.05% with a 95%
credibility interval of (0.01% - 1.15%). These estimates are comparable to those
obtained for other ancient samples, e.g. the Anzick-1 genome **. Moreover, given their
magnitude, we deem modern contamination unlikely to substantially bias the population
genetics results presented below.

4.5. mtDNA haplogroup assignment

Mitochondrial DNA from both USR individuals has been reported previously '
(Section 1). To confirm these results, we built mtDNA consensus sequences for both
individuals (Section 4.3) and used the HAPLOFIND ' web service to assign them to a
mtDNA haplogroup. USR1 was found to carry the C1b mtDNA haplogroup, while
USR2 was assigned to the B2 haplogroup. While both haplogroups have been found in
high frequencies in Native American populations >, their frequencies are low in North
American populations. As discussed in ', these results suggest that genetic variation
characteristic of contemporary Native Americans was already present in early Beringian
populations (Section 1).

4.6. Sex chromosome karyotype determination of the USR remains

Based on morphological analyses, both non-cremated individuals from the USR site
(USR1 and USR2) were previously identified as female >. We confirmed these
assignments using sequencing data. We computed the proportion of filtered reads that
could be mapped to the Y chromosome (R,), with respect to the number of reads
mapped to the X chromosome as detailed in >*. We found R, to be ~0.0032 +/- 2.3e-"
for USR1 and ~0.005 +/- 5.6e'* for USR2. Based on the calibration panel from >, a
conservative estimate for an XY karyotype is Ry>0.075, and Ry<0.016 for an XX
karyotype. Thus, we conclude that the karyotype in both USR individuals is XX,
suggesting both individuals were female (Section 1).

4.7. Nuclear contamination estimates

In addition to mtDNA-based contamination estimates, we used DICE * to estimate
modern human contamination in USR1, based on the nuclear genome. DICE models the
observed sequencing data as a joint function of the sequencing error, the contamination
rate and the demographic history underlying the sample of interest and the contaminant.
Likelihood scores regarding the latter are computed through a diffusion-based approach
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and an MCMC algorithm is used to obtain maximum a posteriori estimates for said
parameters.

We used the two-population model implemented in DICE. To do so, we used the 1000
Genomes Project 'CEU' allele frequencies as a proxy for the frequencies of the putative
contaminant and the "YRI' frequencies to represent the 'anchor' population. Note that we
only obtained nuclear contamination estimates on the final USR1 dataset, given that
DICE is dependent on high-depth data *>*. We let the MCMC algorithm run for 100,000
steps from which we burnt the first 10,000. We then used the coda R package to obtain
the following 95% posterior confidence intervals:

Contamination rate: 0.1401 - 0.1414%

Error rate: 0.0461 - 0.0467%

Drift parameter leading to USR1: 0.524 - 0.527

Drift parameter leading to the contaminant (CEU): 0.0316 - 0.0324.

The estimated contamination rate is comparable to that obtained with the mtDNA-based
method (Section 4.4). Given the magnitude of these estimates, we consider that modern
human contamination is unlikely to introduce any significant bias to nuclear genome-
based results.

5. Relatedness analysis of USR children burial

We applied two approaches to identifying the familial relationship between the two
USR individuals. However, due to the very low sequencing depth of one of the
individuals (USR2) we cannot use standard approaches based on called genotypes, as
this would give a biased result. Instead we tried to infer the identity by descent (IBD)
sharing between the samples using NGSrelate >, which can be applied directly to
genotype likelihoods, thereby taking the uncertainty of the genotypes into account. This
method also uses allele frequencies from the sample population. However, since we
only have two individuals, these cannot be obtained. Instead we used the Peruvian
(PEL) Native American samples from the 1000 genomes data set as a proxy. If the
allele frequencies do not match the target population perfectly we expect a bias in the
results. Therefore, we also tried a slightly different approach by modeling the IBD
sharing tracts across the genome, which potentially can alleviate some of this bias. For
this, we used relate °® which can also be applied to genotype likelihoods. This method
tries to model the linkage disequilibrium (LD); however, since the Peruvian samples are
only a proxy for the LD patterns in the USR samples we instead chose to 'prune' away
the LD in our data. Because the Peruvian samples also contain gene flow from Europe
we estimated the ancestral allele frequencies based on ADMIXTURE results >’

5.1. Data
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Allele frequencies were estimated based on the genotypes from the CEU, PEL, CBH
and YRI individuals in the 1000 genomes data (VCF files, release20130502). These
were analyzed using ADMIXTURE assuming K=4 populations in order to obtain the
ancestral allele frequencies of the Peruvian component. SNPs with a minor allele
frequency below 5%, and SNPs not located on the autosomes were removed.

We used sequencing data from the 2 USR individuals as well as the ancient Anzickl
sample **. Genotype likelihoods were calculated for the sequenced individuals using
ANGSD *, based on the samtools genotype likelihood model. The major and minor
alleles were determined from the 1000 genomes data. Reads with a mapping quality
below 30 and bases with a base quality below 20 were removed. Additionally, we
required a minimum of 2 reads for the genotype likelihood calculations.

For the relate based analysis, we also decreased LD by 'pruning' sites with an r*>0.1
using PLINK *® based on the Peruvian samples in a 500 SNP window. This was done
separately for each pair of individuals based only on the sites where genotype
likelihoods were available for both individuals.

5.2. Results

The results from NGSrelate are provided in Table S2. As can be seen there we estimate
that Anzickl is slightly related to the USR samples. Since these individuals are from
different regions (separated by ~4000 km) and time periods (~1300 years) this is
obviously not true, but likely caused by the bias of using the wrong population allele
frequencies.

The results from relate where we try to model the IBD tracts across the genome is
shown in Table S2. For USR2 the results are as expected: it is unrelated to the Anzickl
individual. However, this result is based on less than a thousand sites. For USRI, the
results remain equally biased. Therefore, we were not able to remove the bias from
using the Peruvian allele frequencies as a proxy. However, the results still show that the
two USR individuals have a much higher estimated relatedness. Assuming that the
estimates are reliable we would conclude that the two individuals are within the range
of half siblings. However, since the methods seem to bias the results upwards, it is
likely that they are more distantly related, such as first cousins.

6. Reference data

We compared the genomes of the USR individuals to a SNP array dataset and a set of
contemporary and ancient genomes.

6.1. Genotype panel
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We used a genotype dataset consisting of 2,537 contemporary individuals from 167
ethnic groups (enriched in Native Americans), genotyped over 199,285 SNP sites >'~"
' In order to avoid any confounding signal caused by recent admixture, Native
American individuals included in this panel were masked for European and African
admixture by using the local ancestry assignment approach implemented in RFmix .
This dataset is a subset of the panel assembled in °', from which we filtered out all
individuals with more than 95% missing data (including masking). Note that we used
the masks obtained through 'Method 1', as described in the Supplementary Material of
3! The Native American populations in the genotype panel were assigned following the
language-based classification used in ®, originally based on .

6.2. Whole genome sequence dataset

In addition to the genotype dataset described in Section 6.1, we used a set of
contemporary and ancient whole genome sequences from >"***¢+% a5 agsembled in *'
(Table S3). Note that for the Mixe and Surui genomes from ®, we used the genotypes
distributed by the Simons Foundation dataset. Average depth of coverage ranged from
19X to 44.2X for modern genomes, from 1X to 14X for ancient human genomes, and
from 24.3X to 40.8X for archaic hominin genomes (Table S3). We computed the
fraction of heterozygote calls with respect to the total non-missing genotypes for each
genome and found Africans to carry the highest proportion of heterozygote calls,
followed by Eurasians, Papuans and Native Americans. This pattern is in agreement
with previous measurements in related populations, and recapitulate serial founder
effects out of Africa, e.g. "°. In agreement with its geographic location, we found USR1
to carry a heterozygote genotype proportion similar to that of other Native Americans.
Sequencing data was processed as detailed in *' and is summarized in Table S3. Note
that for the Aleutian individual, we only considered the fraction of the genome that does
not correspond to recent European admixture, as identified in *'.

7. Multidimensional scaling

We used multidimensional scaling (MDS) to explore the relationship between the
genome of USRI, a set of ancient genomes (Section 6.2) and a genotype panel of
worldwide populations (Section 6.1). Given that a subset of the ancient genomes was
sequenced to a low depth of coverage (which renders genotype calling unfeasible), we
used the random allele sampling strategy implemented in bammds *°. In brief, for each
site included in the reference panel, we sampled one random base with mapping quality
>30 and base quality >20 for sequence data and one random allele for genotype data,
and computed an identity-by-state (IBS) distance matrix that was then used to obtain an
MDS transformation.

We built MDS plots using two different subsets of the genotype panel. First, we

considered all non-African individuals. In this projection, USRI fell adjacent to Native
American and Siberian variation (Figure S3a). We then built a second MDS plot to
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explore the relationship between USRI, Siberians and Native Americans. In this case,
USR1 was placed in an intermediate position relative to the Siberian and Native
American clusters (Figure S3b). We note that while Eskimo-Aleut speaking populations
are similarly placed in an intermediate position due to more recent Asian gene flow into
these populations ®*7' (first dimension), USR] was also placed between the two major
Native American groups (second dimension) that we refer to as the Northern and
Southern Native American branches (NNA and SNA) **. See Section 10.3 for details on
the SNA/NNA classification. Given the geographic origin and age of the USR1 sample
(Section 1), these results raise the possibility that the USRI genome represents a
population that branched off the Native American lineage after divergence from an
Asian source population, but prior to the diversification of those basal Native American
lineages.

8. Admixture

8.1. Methods

We explored the genetic ancestry components carried by USR1 and a set of ancient
genomes through a model-based clustering analysis. We used a genotype likelihood-
based approach to infer ancestry proportions from sequence data, based on the ancestral
components inferred for the modern genotype panel. We first performed a separate
ADMIXTURE *" analysis on the genotype panel (Section 6.1) with different numbers of
ancestral components (K={2,...,20}). For each value of K, we ran 100 replicates with
different seed values and selected the run with the highest likelihood. We then
computed the genotype likelihoods for each site in the panel, for each of the ancient
genomes using the GATK model as implemented in ANGSD **. We only considered
reads with mapping quality >=30, bases with base quality >=20 and discarded 5
nucleotides from each end of the reads. Finally, for each value of K, we used the allele
frequencies inferred by ADMIXTURE and the genotype likelihoods as an input for the
expectation maximization algorithm from 7 (implemented in
http://www.popgen.dk/software/index.php/FastNgsAdmix) to estimate the ancestry
proportions for each ancient genome.

8.2. Admixture results for the reference panel

We first ran ADMIXTURE on the reference panel to estimate the allele frequencies for
each ancestral component (Figure S3c). When we assumed low numbers of ancestral
components, continental scale genetic differentiation was readily observed. Native
American, East Asian, European and Oceanian components arose at K=2,3,4 and 5,
respectively. In the following, we describe population structure patterns for K values
(K=8,9,10,12,13,15 and 20) at which 'new' Native American ancestry components were
observed.
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* K=§8. Chukchi-Kamchatkan-speaking populations from Northeast Siberia
differentiated from other Siberian populations. This component replaced the
Siberian component present in Native American populations. This pattern is
consistent with recent gene flow between northeastern Siberians and northern
Native Americans, which has been previously documented **°"" and that we
also identify in Section 10.2.

* K=9. Chibchan-Paezan-speaking populations formed their own cluster.
However, other Native American populations carry a low amount of the
Chibchan-Paezan component.

* K=I10. An ancestry component mainly associated with Equatorial-Tucanoan
speaking populations arose. While this component is present in Central and
Northern-Amerind-speaking populations, we found the Brazilian Surui to derive,
on average, more than 99% of their ancestry from this component.

e K=12. A North Native American (NNA) ancestry component arose in Na Dene
and Northern Amerind-speaking populations. Central Amerind-speaking
populations carry a small proportion of said component. On the other hand,
populations from South America were found to be approximately devoid of such
signal.

* K=I3. An ancestry component characteristic to Central Amerind-speaking
populations arose. This component is widely spread through Central and North
American populations with the Pima carrying the highest proportion. Of note is
the fact that Na Dene- and Chibchan-Paezan-speaking populations carry the
lowest proportion of this component.

e K=15. A second Equatorial-Tucanoan ancestry component arose. This
component has a range similar to that of the Surui. However, it differentiates the
Brazilian Karitiana from other nearby populations.

* K=20. Greenlandic Inuits formed a cluster separate from other Native American
populations. As expected **°""!, we found this component to be present in the
Siberian Chukchi and Naukan.

8.3. USR1 bears Asian and Native American ancestry

To learn about the ancestry of USRI at a continental level, we estimated its ancestry
proportions when assuming K=1/2 admixture components (Figure S3c). We found that
USRI carries ~56.3% of the Native American ancestry components, which was further
stratified into similar proportions of the South (~30.9%) and North (~25.4%) Native
American components. Meanwhile, the remaining ~43.7% was assigned to Eurasian
ancestry components, for which Siberians carry the most similar distribution among the
populations in the panel. In addition, we found that other Native American genomes do
not carry such Siberian component. While the ancient NNA genome '939' (sequenced
from ~6 kya skeletal remains from the Lucy Islands, British Columbia, Canada) *' and

the early diverged Kennewick Man © carry the Chukchi-Kamchatkan-specific
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admixture component, we did not detect the Siberian or the East Asian components in
any of those genomes or in the SNA Anzickl genome (Figure S3c). Note that the
population from which USRI originated is not represented in the panel. Therefore,
USRI is expected to carry a mixture of the ancestral components that are genetically
closer: namely, Native Americans and to a lesser extent Siberians. Together with the
MDS projection (Figures S3a and S3b), this result supports the conclusion that the
USRI lineage represents a population that diverged from Native Americans prior to
their diversification into the North and South lineages.

8.4. USRI carries ancestry related to all major Native American groups

To better characterize the genetic relationship between USR1 and contemporary Native
American populations, we examined the ancestry proportions in USR1, when assuming
K=20 ancestral populations. At this value of K, Native American populations carry
different proportions of the seven Native American-specific ancestry components
(Figure 1d). We found that USRI carries 17.38% from the SNA component, 0.45%
from the Surui Equatorial-Tucanoan component, 2.75% from the Karitiana Equatorial-
Tucanoan component, 1.78% from the Chibchan-Paezan component, 8.43% from the
Central Amerind component, 23.91% from the Na Dene component and 4.29% from the
Inuit component. While other ancient Native American genomes carry these same
components, their distributions are more biased towards the Southern or Northern
Native American components than that of USR1. Indeed, one component accounts for
the majority of their ancestry; the Na Dene component for 939 and the South American
components for Kennewick and Anzickl.

There is broad agreement from multiple lines of evidence, including archaeology,
skeletal biology and genetics, that Native Americans entered the New World after
diverging from an Asian source population *"°“">™ Model-based clustering and MDS
analyses show that USRI is genetically most closely related to contemporary Native
Americans, but that it is not particularly affiliated with either clade or with any major
Native American group. These results suggest that USRI diverged from the same
Asian-derived source population that only later gave rise to present-day Native
Americans.

9. f3 statistics

9.1. Methods

We used outgroup /3 statistics "°, to investigate the genetic affinity between a set of
ancient Native American genomes, including USRI, and a genotype panel of
contemporary worldwide populations (Section 6.1). For each ancient genome, we
computed f3 statistics of the form f3(San, ancient, population X) using admixtools .
Under the assumption that no admixture occurred in the tree (outgroup; ancient,
population X), drift on the lineage that leads to the outgroup (San in this case) should
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remain constant regardless of the choice of the two ingroups. Thus, the value of f3 is
proportional to the degree of genetic history shared between the ancient individual and
population X. Standard errors were estimated using the admixtools built-in weighted
block jacknife procedure over 5¢cM blocks.

For each genome, we followed two different strategies depending on coverage depth
(Section 6.2). For those ancient and modern genomes with an average depth of coverage
greater than 10X, for which we were able to call genotypes with confidence (USRI,
Anzickl, Athabascanl and Aymara), we used the called genotypes for the outgroup f3
statistics. For the remaining low depth ancient genomes with an average depth of
coverage lower than 10X (Kennewick, 939 and USR2), we sampled one random allele
with a base quality >20 and a minimum mapping quality >30 at the sites included in the
genotype panel.

9.2. USR1 is most closely related to Native Americans but it is not part of either the
NNA or SNA branches

Outgroup /3 statistics revealed that USR1 is more closely related to present-day Native
American populations than to any other population included in the panel (Figure la,
Figure S4a). Yet, USR1 did not show increased affinity to the NNA or the SNA branch,
as has been shown for other ancient Native American genomes, e.g., **. These exclude
Na-Dene and Eskimo-Aleut-speakers, which we found to be more distant from USR1
that other Native Americans, likely due to recent Asian-derived admixture into the
former (Section 10.2, Figure S5a). To determine if USR1 had a higher genetic affinity
to any population, particularly relative to other Native American genomes, we
compared the vector of outgroup f3 statistics obtained for USR1 to that obtained for a
set of ancient and modern Native American genomes (Figure S4b-f). In agreement with
USRI being most closely related to Native Americans, we found that USRI and all
tested Native American genomes are similarly related to Old World populations.
Nevertheless, when considering Native American populations, the five tested Native
American genomes yielded higher /3 values than USRI1. This pattern suggests that
USRI belonged to a population most closely related to Native Americans, but one that
branched off prior to the differentiation between the two major Native American
lineages. Interestingly, we observed a weak tendency (not significant, p>0.0/ based on
Z-scores from f3 statistics) for USRI to share less genetic drift with Eurasians than
other Native Americans do (Figure S4). We explore this pattern in detail in Sections 11-
13.

10. D statistics

10.1. Methods

We used D statistics ”° to learn about the evolutionary history of the population
represented by USR1 with particular focus on the early peopling of the Americas. In
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brief, the D statistic measures the support for a tree topology (HI, H2; H3, H4), where
HI, H2, H3 and H4 represent different populations. Under the null hypothesis (H1, H2;
H3, H4), the expectation is that D is ~0. Significant deviation from 0 may arise due to
(1) the proposed tree being wrong; (2) gene flow between the lineages of the tree; or (3)
differential error rates between H/ and H2. We computed D statistics based on allele
frequencies and whole genome sequence data, following the merging strategy described
in Section 9.1.

Allele frequency-based D statistics were computed using admixtools ", based on the
genotype panel described in Section 6.1. Whole genome sequence-based D statistics
were computed according to the '"ABBA-BABA' definition from °, by sampling a
random allele from the modern and ancient genomes described in Section 6.2. Note that
even though we found USR1 and modern genomes to have similar genotyping error
rates (Section 4.3), we restricted the whole genome-based analysis to transversion sites,
in order to minimize potential bias introduced by aDNA damage **. To assess the
significance of each test, we estimated standard errors for D using a weighted block
jackknife procedure over 5cM blocks for the allele frequency-based statistics and SMb
blocks for the whole genome sequence-based statistics. Standard errors were then used
to compute Z-scores. D statistics for which |Z]>3.3 (which corresponds to a p-value of
~0.001) were regarded as statistically significant deviations from D=0, unless otherwise
stated (Section 10.4).

10.2. Identifying Native American populations with recent Asian admixture.

The following analyses rely on a genotype panel in which Native Americans have been
masked for recent European and African admixture (Section 6.1) *'. However, it has
been previously reported that some of the here-included populations bear recent Asian
admixture > for which local ancestry assignment is particularly challenging due
to the low genetic distance between Native Americans and East Asians. Such admixture
holds the potential to bias the results, especially when exploring the relationship
between Asians and Native Americans. Therefore, we defined a set of Native American
populations with detectable levels of East Asian admixture. We computed D statistics of
the form D(Native American, Aymara;, Han, YRI) for each of the Native American
populations in the panel, where the Aymara population is a generic representative of
Native Americans with no Asian admixture as seen from ADMIXTURE results (Figure
S3c). We found eight Native American populations that yielded |Z]>3.3 (Figure S5a).
Note that in Section 10.4, we categorize Native American populations based on the Z-
scores for this test and in Section 10.5, we associate significant deviations from D=0
with recent Asian gene flow into these populations.

10.3. Identifying North (NNA) and South (SNA) Native American populations.

It has been previously proposed that Native Americans can be grouped into two major
clades *'**%, that we refer to as the North (NNA) and South (SNA) Native American
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branches. We classified Native American populations and genomes (Section 6) in the
reference dataset into these two clades by computing D statistics of the form D(4ymara,
Native American; Anzickl, YRI). Based on *, we expect not to observe significant
deviations from D=0 for SNA populations. On the other hand, we expect D<0 for NNA
populations; i.e., the SNA Aymara should form a clade with the Anzickl genome to the
exclusion of the test population. By using this classification criterion, we assigned 50
populations and 11 genomes to the SNA branch (Figure S5b). Together with Section
10.2, this classification serves as a basis for the interpretation of subsequent results.

10.4. USR1 and contemporary Native Americans derive from the same source
population.

We examined the relationship between USRI and the Native American, Siberian and
Asian populations included in the genotype panel by computing D statistics of the form
D(Native American, USRI, Siberianl, Siberian2/Han). In what follows, we refer to
Siberians and Han Chinese as 'Asians' for simplicity, unless otherwise stated. In order to
minimize a potentially confounding signal arising from recent gene flow between
Native Americans and northeastern Siberians, we excluded Siberian populations with
documented Native American admixture (this includes Naukan, Chukchis and Koryaks)
! Note that we also excluded Siberian populations with less than 10 individuals,
following ®. This resulted in 18 Asian and 74 Native American populations in our
sample. To account for multiple testing (11,322 possible combinations), we considered
two a levels to assess the significance of the results: (1) |Z]|>3.3, which corresponds to a
p-value of 0.001 and (2) |Z|>4.91 that corresponds to a p-value of 0.01 after applying a
Bonferroni correction for 11,322 tests, as in ®. Since the Bonferroni correction is quite
conservative, we also examined the Z-score distribution, which we expect to be
approximately normal under H0.

In particular, we investigated two contrasting hypotheses:

HO: USR1 derived from the same source population that gave rise to contemporary
Native Americans. In this case, USRI is expected to form a clade with any Native
American population to the exclusion of Asian outgroups, regardless of the choice of
said outgroups. In other words, we expect D not to deviate significantly from 0.

HI: USRI and Native Americans descend from different source populations; therefore,
they represent different migration waves into the New World. Under this scenario,
USR1 and Native Americans are expected to form clades with disjoint sets of Asian
populations, which would represent the different source populations. Therefore, we
would expect D # 0, and we would reject the null hypothesis of D=0 depending on the
choice of the Asian outgroups. Note that we explore the possibility of USR1 being
differentially related to a particular group of Native American populations in Section
10.6.
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By using the corrected significance level, we were not able to reject the null hypothesis
of USR1 branching off the same source population that gave rise to Native Americans
(Figures 1c and S5), except for Native American populations for which we detected
Asian gene flow (Section 10.2). To better characterize the relationship between USRI
and Siberians, we assumed that the Han Chinese represent an outgroup for Siberians
and Native Americans and considered D statistics of the form D(Native American,
USRI; Siberian, Han), separately. While we only rejected the null hypothesis when we
considered Native American populations with recent Asian admixture (Eskimo-Aleut
speakers as well as some Northern Amerind and Na Dene speakers) (Section 10.2), we
found the Z-score distribution to be shifted to the right (Figure S6a). These positive Z-
scores do not represent a statistically significant deviation from D=0, however, the
systematic shift suggests that USR] has a slight residual genetic affinity to Siberians,
when compared to contemporary Native Americans. Due to its small size, this signal is
not observed in more explicit models involving USR1 and other Siberian and Asian
populations (Sections 17-19).

In order to confirm that USR1 and Native Americans form a clade to the exclusion of
Eurasian populations (H0), we then computed D(Siberian, USRI; Native American,
Han). For all tests, we rejected the null hypothesis of USR1 forming a clade with the
Siberian population with Z>6.7 (p-val~2.08E™"), thus confirming the USRI-Native
American clade (Figure S6b). These results suggest that Native Americans, especially
those staying in Eastern Beringia (as represented by USRI) did not immediately
become genetically isolated from the Old World, a pattern evident in the archaeology as
well (Section S1). This period of gene flow has been previously documented *"* and
we explore it in Section 18.

We then assessed whether USR1 was more closely related to specific Siberian
populations by considering D statistics that include pairs of Siberian outgroups and not
the Han Chinese. Once more we did not reject the null hypothesis of USR1 and Native
Americans being equally related to Siberian populations, except for Native American
populations carrying Asian admixture (Figure 1c). Moreover, the observed Z-score
distribution was similar to the expected normal distribution, especially when we
consider Native American populations without detectable levels of Asian admixture.
Altogether, these results are consistent with USR1 and contemporary Native Americans
deriving from the same source population that migrated into the Americas, a movement
previously estimated as having occurred sometime after 23,000 years ago """

10.5. USR1 carries ancient North Eurasian ancestry

Based on genetic evidence, it has been shown that Native Americans derive part of their
ancestry from an admixture event with an ancient North Eurasian (ANE)
metapopulation, already diverged from East Asians ®. In order to confirm that USR1
and present-day Native Americans descend from the same source population, we
assessed if USRI carried an ANE ancestry component. To do so, we used whole
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genome sequence data from the 24 kya individual from the Mal'ta site in South-Central
Siberia ®, and computed allele frequency-based D statistics of the form D(Native
American, Han; Mal'ta, YRI). In particular, we found that the test D(USRI, Han;
Mal'ta, YRI) yielded a Z-score of -14.61, consistent with USR1 deriving a fraction of its
ancestry from the ANE metapopulation (Figure S5c). Such a Z-score is comparable to
those obtained for the rest of the Native American populations (Z scores ranging from -
22.159 to -4.45). This result further supports the evidence that USR1 and contemporary
Native Americans derived from a common source population that admixed with the
ANE metapopulation in the Old World, prior to the peopling of the Americas.

10.6. USR1 is an outgroup to Northern and Southern Native Americans

Whether the Northern (NNA) and Southern (SNA) Native Americans entered the
Americas as part of the same migration wave and later split, or if they represent separate
migrations into the New World, is debated *'. We used D statistics of the form D(Native
American, Aymara; USRI, YRI) to determine the relationship between the USRI
genome and contemporary Native American populations (Figure 1b). To gain insight
into the early divergence process of the two major Native American lineages, in light of
their relationship to the USR1 genome, we tested two hypotheses:

HO: USRI is an outgroup to both the NNA and SNA lineages. In this case, we do not
expect any significant deviation from D=0.

H1: USRI belonged to either the NNA or the SNA lineage. This hypothesis has two
possible outcomes: (1) USRI is part of the NNA lineage, in which case we expect
statistical support for D<(0 when the test Native American population belongs to the
NNA branch; (2) USRI is part of the SNA lineage, in which case we expect statistical
support for D>0 when the test Native American population belongs to the NNA branch.

Using allele frequency- and whole genome sequence-based D statistics, we were not
able to reject the null hypothesis for any of the Native American populations that were
determined not to carry recent Asian admixture (Section 10.2). More specifically, we
found that the NNA and SNA lineages are genetically equidistant to the USR1 genome
(Figure 1b, Figure S7). These results are in line with evidence from modern genomes
showing that both lineages form a monophyletic clade with respect to Old World
genomes °'. Moreover, the finding that USRI represents a Native American population
that branched off prior to the divergence of contemporary Native Americans, allows us
to better characterize the NNA-SNA split. In Section 20, we assess the splits between
the ancestors of USR1 and NNA+SNA, and between NNA and SNA based on these
results, together with the demographic parameters estimated in Sections 18 and 19.

10.7. USR1 does not carry Australasian admixture
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It has been hypothesized that the first Native Americans derive a fraction of their
ancestry from a 'ghost' population related to contemporary Australasians, a hypothesis
based on genetic evidence, but thought to be consistent with the so-called
'Paleoamerican’ cranial morphology seen in some early American skeletal remains * .
Note that all genetic studies to date have failed to link Paleoamericans to a distinctive
Australasian genetic signature >"®’. Nonetheless, it has been shown that some
contemporary Native American populations have a slight genetic affinity to
Australasian populations ®. Yet, the mode and especially the chronology of the
demographic processes that gave rise to this pattern remain obscure. We assessed
whether USR1 is more closely related to Australasians than other contemporary Native
Americans by computing D statistics of the form D(Native American, USRI; Papuans,

YRD).

In all cases, we were not able to reject the null hypothesis of USR1 and a given Native
American population being equally related to Papuans (Figure S5d). This result
indicates that the ancestors of USR1, did not have excess affinity to Australasians, when
compared to other Native Americans. However, with the data at hand we cannot rule
out that the reported signal originated from an admixture event that took place during
the initial peopling of the Americas. While USRI represents a relict population of the
Native American ancestors, strong genetic structure in the ancestral population might
have caused a differential genetic affinity to Australasians among Native American
populations. Ultimately, additional ancient genomic data, particularly from South
America where the signal is most noticeable among modern groups (notably the Surui),
could prove useful to resolving this issue.

11. Enhanced D statistics

When comparing vectors of outgroup /3 statistics obtained for USR1 and other Native
American genomes (Section 9), we found these vectors to be highly correlated for Old
World populations (Figure S4b-f), consistent with a shared source population for USRI
and Native Americans. However, we observed a weak tendency (not significant, p>0.01
based on Z-scores from f3 statistics) for USR1 to share less genetic drift with Eurasians
than seen in other Native Americans (Figure S4). In order to investigate whether USR1
or Native Americans carried a distinctive admixture component, thus explaining the
offset in pairwise f3 statistics, we computed 'enhanced' D statistics °* based on different
ascertainment schemes.

11.1. Methods

'Enhanced' D statistics of the form D, ppancea(H1, H2; H3, Outgroup) differ from 'basic' D
statistics (Section 10) in that the analysis is restricted to sites in which a set of 'outgroup'
genomes carry the same allele, and H3 is homozygous for a different allele **. This
ascertainment step enriches for variants that arose in the lineage leading to H3 and
excludes ancestral variation present before the split between H/ and H2, thus
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'enhancing' any potential signal produced by gene flow. Note that we use the term
'outgroup' genomes to represent populations that are symmetrical (an outgroup) to the
clade formed by HI and H2; said genomes do not necessarily form a clade to the
exclusion of H3. Rather, we group them under the 'outgroup' term to indicate that they
carry an allele different from that in H3. After selecting such sites for each comparison,
we computed D statistics and assessed their statistical significance as described in
Section 10 for whole genome sequence-based tests. Although the USR1 genotypes are
based on high depth sequencing of USER treated libraries **(Section 2), we also filtered
out transition polymorphisms in order to reduce the bias introduced by substitutions
characteristic to aDNA *®.  We note that results from both approaches are highly
concordant, further supporting the observation that the genotyping error rate in USR1 is
comparable to that of modern genomes (Section 4.3).

11.2. Testing for Australasian ancestry in USR1

In Section 10.7 we concluded that USR1 did not carry additional Australasian ancestry,
compared to other Native Americans. However, such ancestry has been found in low
amounts in certain Native American groups °"°*. We computed enhanced D statistics of
the form D(Native American, USRI; Papuan, Outgroup) to assess if USRI carried
Australasian admixture not detectable with 'standard' D statistics. To do so, we defined
three incremental sets of genomes that represent outgroups to the (Native American,
USR1) clade:

A: 5 African genomes (Yoruba, San, Mandenka, Dinka and Mbuti)
B: 5 African + 2 European genomes (French and Sardinian)
C: 5 African + 2 European + 2 Asian genomes (Han and Dai)

In what follows, we refer to this test as the 'Australasian test'. Due to a more efficient
enrichment for Papuan-specific variants, increasing the number of 'outgroup' genomes
resulted in higher values of D. When we considered outgroups A and B, we were not
able to reject the null hypothesis of USRI and Native Americans being symmetrical to
the Papuan genome. However, when we considered outgroup C, we found statistical
support for D>0 (|Z|>3.3) for some tests (Figure S8a). Although the latter was not the
case for all HI genomes, likely due to the low number of remaining '"ABBA-BABA'
sites after the ascertainment step using outgroup C, we observed D>() in most cases (but
not statistically significant under the |Z|>3.3 criterion). The Aleutian genome, which
has been shown to carry an Asian genetic signature *' was the only one to yield negative
values of D. While these results suggest that the USR1 genome is slightly closer to the
Papuan individual than are other Native Americans, they depend on a strict
ascertainment scheme. Moreover, pairwise /3 statistics showed that USR1 does not have
a higher genetic affinity for Papuans than other Native Americans (Figure S4). In fact,
USR1 yielded lower /3 values for all non-African populations (including Papuans), than
other Native Americans. Thus, in what follows we explore a different source of
admixture into USRI1.
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11.3. Testing for archaic hominin ancestry in USR1

We then tested whether USR1 and other Native Americans carried different proportions
of archaic hominin admixture. In principle, a larger archaic ancestry proportion could
cause USRI to systematically appear more distant to all Old World modern populations;
thus explaining the pairwise f3 statistics offset. We tested this scenario by computing
enhanced D statistics of the form D(Non-African, USRI; Archaic, Chimp) on sites
where the five African genomes and the chimp carry the same allele, using the high
coverage Altai Neanderthal © and Denisovan ®* genomes. In what follows, we refer to
these tests as the 'Neanderthal' and 'Denisovan' tests, respectively.

We were not able to reject the null hypothesis of USR1 and other non-Africans being
equally related to the Altai Neanderthal genome (Figure S8b), except for the Papuan
individual, which has been shown to carry larger archaic admixture ®. On the other
hand, when we tested for Denisovan ancestry, we observed a trend for D to be positive
(but not statistically significant in most cases) when considering Native Americans for
both 'basic' and 'enhanced' D statistics (Figure S8c). This pattern suggests that USRI
carries more Denisovan ancestry than seen in other Native Americans. Genomic
evidence has shown that anatomically modern humans diverged from Denisovans

64 .
. Therefore, excess Denisovan

before migrating and diversifying out of Africa
ancestry could be put forward as a potential cause for the observed pairwise f3 statistics
patterns in which USRI shares less drift with Eurasians than other Native Americans
do. Note that the Huichol genome yielded D(Huichol, USRI, Denisova, Chimp + 5
Africans)= 0.003, Z= 0.148; further inspection of outgroup f3 statistics of the form
f3(San; Huichol, X) revealed a pattern similar to that of USRI, when compared to the
Aymara genome (Figure S13k). In what follows, we characterize the Denisovan
ancestry component in USR1 and conclude that this pattern is most likely not due to an
independent admixture event into the USRI lineage but a consequence of

'heterogeneous' Denisovan admixture proportions in Native Americans.
11.4. Australasian ancestry as a function of Denisovan ancestry in USR1

It has been shown that Papuans are among the modern human populations that carry the
largest fraction of Denisovan ancestry . Therefore, we investigated if Denisovan
admixture could drive the apparent excess Australasian ancestry in USR1. Under such
scenario, we expect the 'Australasian’ and 'Denisovan' tests to have the same sign and to
be similar in magnitude. We computed both enhanced D statistics by using two sets of
genomes that represent outgroups to the (Native American, USRI1) clade:

A: 5 African (Yoruba, San, Mandenka, Dinka and Mbuti) + 2 European (French and

Sardinian) + 2 Asian genomes (Han and Dai)
B: Chimp + 5 African + 2 European + 2 Asian genomes
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We found USRI to yield similar positive D values for both tests, regardless of which
Native American genome was tested. We compared these results to those obtained for
other Native American genomes (Anzickl, Aymara and Surui) (Section 6). In contrast
to USRI, the Anzickl and Aymara genomes produced non-significant positive and
negative results for both tests. In addition, the Surui genome consistently yielded
positive values for the 'Papuan test', independently of the sign of the 'Denisovan test'
(Figure S9a). These results suggest that the higher genetic affinity between certain
Amazonian groups and Australasians *"®® is independent of archaic hominin ancestry.
On the other hand, the apparent Australasian ancestry in USR1 could be explained by
excess Denisovan ancestry, rather than by gene flow between the ancestors of USR1

and an ancient population related to present-day Australasians.
11.5. The Denisovan genome is the best proxy for the unknown ancestry in USR1

To further confirm if the Denisovan genome is the best available proxy for the
'unknown' ancestry in USR1, we studied D statistics of the form D(4ymara, USRI, H3,
Han), where H3 represents the French, Papuan, Yoruba, Altai Neandertal, Denisovan
and chimp genomes. We assumed that the Aymara and USR1 genomes form a clade and
that USRI carries an ancestry signal from an 'introgressing population' related to H3
(compared to Aymara). In this case, D is proportional to the length of the branch
between the common ancestor of the 'introgressing population' and A3 on the one hand,
and the common ancestor of Han, Aymara and USRI on the other. It is on this branch
that the genetic drift paths H3-Han and Aymara-USR1 overlap (via the admixture edge)
7. thus contributing to D (see Figure S10 for a schematic representation of this test).
Consequently, we expect D to increase with the genetic relatedness between H3 and the
true 'introgressing population'. Note that for this test we assume that admixture events
into the branch leading to Han, Aymara and USRI affect all three equally, e.g.
Neanderthal admixture into the out of Africa population **®. Thus D will deviate from
0 when USRI and Aymara are not symmetric to A3, which could be a consequence of
both genomes carrying different admixture proportions from an admixture event before
their split, or an independent admixture event into either genome.

In agreement with the enhanced D statistic results, the Denisovan genome yielded the
highest value for D(Aymara, USRI; H3, Han), followed by the Altai Neanderthal
(Figure S9b). Note that this value is larger for the Denisovan genome than that obtained
for the chimp, which is the most divergent genome in the set, thus suggesting that this
signal is not driven by sequencing or genotyping errors (see Section 4.3 for genotyping
error estimates). We note that we did not observe any statistically significant deviation
from D=0, likely due to the Denisovan component in USR1 being small, thus hard to
detect with single-genome-based D statistics. However increasing values of D are
consistent with the overlap in drift paths shown in Figure S10, which suggests that the
distinctive ancestry component carried by USR1 is most closely related to the
Denisovan genome.
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11.6. Similar differences in Denisovan ancestry are observed in random pairs of
Papuan genomes

When testing for Denisovan ancestry in USR1 (Section 11.3), we observed positive
values of the enhanced test D(Native American, USRI; Denisova, Chimp) for all Native
American genomes. However, we did not detect statistically significant deviations from
D=0, based on a |Z|>3.3 criterion, for most comparisons (Figure S8c). Given the small
size of the signal, we investigated whether this pattern could arise by randomly
sampling an individual carrying a larger Denisovan ancestry component from a
population with already variable Denisovan admixture proportions. To do so, we
computed D(Papuan Papuan; Denisova, Chimp) on sites where the five African
genomes and the chimp carry the same allele, for all 10 possible pairs of Papuan
genomes (Table S3).

For all tests, we were not able to reject the null hypothesis of both Papuan individuals
being equally related to the Denisovan genome (Figure S9c). However, we obtained
values of D as extreme as -0.049, corresponding to a Z score of -2.417. These values are
comparable to those obtained for Native American-USR1 enhanced D-statistics, e.g.
D(Aymara, USRI, Denisovan, Chimp)=0.0486, Z=2.12. These findings suggest that the
excess Denisovan ancestry in USRI is comparable to that of a randomly sampled
individual from a population with variable Denisovan admixture proportions.

12. Denisovan ancestry tracts in the USR1 genome

12.1. Methods

By using D statisitics, we found a slight excess Denisovan ancestry in USR1, compared
to other Native Americans such as the Aymara (Section 11). To determine if such
ancestry derives from an admixture event independent of the already characterized
introgression(s) into anatomically modern humans ®, we inferred Denisovan ancestry
tracts in USR1 and the reference genomes (Table S3), and examined the tract length
distributions qualitatively. If the ancestors of USR1 obtained the Denisovan-related
genetic component through a more recent admixture event that postdates the split from
Native Americans, we expect to find longer Denisovan ancestry tracts in USR1 *'.

We followed a strategy similar to that used in **. We first defined a set of sites where
the high coverage Denisovan genome °* carries a derived allele and all the African
samples in the 1000 Genomes project * carry the ancestral allele. In order to minimize
potential noise arising from shared ancestry between Neanderthals and Denisovans, we
required the high-coverage Altai Neanderthal genome ® to be homozygous for the
ancestral allele at such sites. Finally, we defined Denisovan-derived tracts as stretches
containing at least five consecutive Denisovan alleles and allowed for a maximum gap
size between Denisovan alleles of 100 kb.
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12.2. Denisovan ancestry tracts in USR1 do not support additional archaic gene
flow into USR1

We compared the Denisovan ancestry tract length distribution in USR1 to those
obtained for a set of reference genomes (Figure S11). By summing the lengths of the
inferred tracts, we found USRI carries ~3.6 Mb of Denisovan-derived DNA, while
other Native Americans carry between 1.4 and 3.4 Mb. Additionally, we found
comparable mean tract lengths for USRI (~0.082 Mb) and other Native American
genomes (0.049-0.093 Mb). These results support the idea that USR1 carries more
Denisovan-derived ancestry than other Native Americans present in the whole genome
dataset (Section 11). Moreover, they suggest that the Denisovan admixture component
in USR1 is not a product of a separate admixture event, since it is not distributed in
longer tracts than those inferred for other Native Americans. Note that under the
scenario of an independent admixture event into the USRI lineage after divergence
from Native Americans, the expectation is to find longer Denisovan ancestry tracts in
USRI, as this would allow a shorter time for recombination to break down contiguous
introgressed Denisovan segments °.

We then considered the Denisovan ancestry tract length distributions in five modern
Papuan genomes. In agreement with previous results °*, we found Papuans to have the
largest Denisovan ancestry proportions (13.5-16.8Mb) and mean tract length (0.098-
0.106Mb), among the tested genomes. Interestingly, the Denisovan ancestry proportion
range in Papuans is also larger than that observed in Native Americans. Together with
Section 11.6, these results support that the signal observed in USR1 could be caused by
sampling an ancient genome from a population with heterogeneous Denisovan ancestry
proportions.

13. Identifying USR1-specific tracts in the USR1 genome

13.1. Methods

We took a second approach for investigating the pairwise f3 statistics offset resulting
from comparing USR1 to other Native American genomes (Sections 9 and 11, Figure
S4). We identified segments of the USR1 genome that are unique to it with respect to
other Native Americans. We hypothesize that these segments contain the ancestry
responsible for the observed outgroup f3 statistics patterns. We followed the same
strategy used for Denisovan ancestry tracts inference (Section 12) ®. In this case,
inference was based on 'X-specific' sites, defined as sites where a genome X carries an
allele not present in any of the other 18 Native American genomes in the reference
dataset (Table S3). We did not include the Aymara genome in the reference set, since
we also inferred Aymara-specific tracts in the Aymara genome, as a control.

13.2. Assessment of the USR1-specific tracts
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We found 116,936 USR1-specific sites and 56,520 Aymara-specific sites that we then
used for inferring 'X-specific' tracts for each genome. 'X-specific' sites may arise due to:
(1) admixture from a non-Native American source; (2) lineage-specific mutations; (3)
genotyping errors; or (4) 'misidentification' due to underrepresentation in the limited
reference genome set. Due to recombination, we expect admixture-derived 'X-specific'
sites to cluster together in the genome ®'. Therefore, we analyzed 'X-specific' tracts
based on their 'X-specific' site density. For each tract, we defined its density as the
number of 'X-specific' sites in the tract divided by the tract length. We then defined 18
tract sets based on the deciles (10%-90%) of the density value distribution. For each
decile, we defined two sets of tracts; one containing 'dense' tracts, with density greater
than the decile, and a second set containing 'sparse' tracts, with density lower than the
decile (Figure S12a).

We then compared the tract length distributions obtained for the USRI and Aymara
genomes (Figure S12b). For all density cutoff values, we found USRI to carry more
specific tracts that are on average longer than those in the Aymara genome. Note
however, that in all cases we obtained an Aymara-specific tract length distribution
similar to that of USR1. These results suggest that by using this method, we not only
identify admixture-derived 'X-specific' tracts, but also 'noise'-derived tracts that most
likely include lineage-specific mutations, genotyping errors, or spurious 'X-specific'
sites.

13.3. Denser USRI1-specific tracts contain Denisovan-derived ancestry and are
responsible for the pairwise f3 statistics offset

We masked the USR1 genome according to the different density-based tract sets and
computed f3(San; USRI, X), as detailed in Section 9 and compared the /3 vectors to that
obtained for f3(San, Aymara, X). We first masked the 'sparse' tract sets (tracts with
density lower than a given decile) and observed little to no effect when we did not mask
the densest tracts, i.e., tracts with density greater than the 70% decile (Figure S13a-e).
Accordingly, when we masked the 'dense' tract sets, we found that masking the 50%
densest tracts already reduced the observed offset notably (Figure S13f-j). Based on
these results, we took a conservative approach and only considered the tracts denser
than 50% decile (90.171 Mb and 7,037 sites of the SNP array data) for the following
test.

We used three different approaches to confirm that USR1-specific tracts contain excess
Denisovan ancestry. First, we computed enhanced D statistics of the form D(4dymara,
USRI; Denisova, Chimp+5Africans) (Section 11). We separately considered USRI
masked on the 50% densest tracts, and the 50% densest tracts. These tests revealed that
masking USR1-specific tracts effectively cancels the Denisovan signal in USR1 (D=-
0.0013, Z=-0.057). Moreover, we observed a highly significant deviation from D=0
when we considered the USR1-specific tracts separately, even though this test was
based on ~500 ABBA+BABA sites (D=0.544, Z=9.5). We then computed f3(San; X,
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USR1) by randomly masking 7,037 sites in USR1 and observed no effect in the offset,
when compared to f3(San,; X, Aymara) (Figure S131). Finally, we compared the number
of Denisovan-derived alleles (as defined in Section 12) carried by the USR1-specific
tracts and a set of randomly sampled tracts with the same length distribution. USR1-
specific tracts overlapped with 1,890 Denisovan ancestry informative markers and
carried 205 Denisovan-derived alleles. On the other hand, the randomly sampled tracts
overlapped with 2064 informative sites and carried 42 Denisovan-derived alleles. Based
on these counts, we performed a x’ test of homogeneity for which we rejected the null
hypothesis of USR1-specific and randomly sampled tracts having similar proportions of
Denisovan alleles, with p < 2.2¢™°.

Together with results shown in Sections 11 and 12, these results confirm that the USR1
genome bears excess genetic ancestry from a population related to the Denisovan
genome, relative to other Native Americans. This ancestry is in turn responsible for the
pairwise f3 statistics offset observed when comparing USR1 to other Native Americans.
Moreover, the excess Denisovan ancestry in USRI is not consistent with an
independent admixture event, but rather resulted from the random sampling of an
individual from a population with heterogeneous Denisovan ancestry proportions.

13.4. Excess Denisovan ancestry in USR1 explains the pairwise f3 statistics offset: a
simulation study.

We carried out a simulation study to confirm if excess Denisovan ancestry in USR1
could cause the pairwise {3 statistics offset observed in Figure S4. We simulated data
under the demographic model shown in Figure Sl4a using msprime *, assuming a
mutation rate of 4 = 2.5x10"® bp/gen, a recombination rate of p = 1x10™ bp/gen, and a
generation time of 29 years. The model includes five populations that correspond to
Denisovans, Africans, Aymara, the population represented by USR1 and a population X
that represents Eurasian populations. Demographic parameters were based on the
parameters inferred in Sections 18 and 19 and **** We set population split times to
450 kya for the Denisovan split (7p), 72 kya for the African split (7,4) and 20 kya for the
split between Aymara and USRI (7,). We assumed constant effective population sizes
of Np={100, 400, 700, 1000} for Denisovans, N,=20,000 for Africans, Nz=1,600 for the
out of Africa population, N4=1,500 for Aymara, and Ny=2,000 for USRI. For
population X we considered a series of different split times 7x={23,000, 24,500, ...,
50,000}, and three different population sizes Nx={3000, 8000, 13000}, meant to
represent different Eurasian populations. Finally, we considered two admixture events
from Denisovans: one into the out of Africa population 45 kya (7,4») and a second one
into USR1 16kya (7,4m2). For the former we considered an admixture proportion of
Paan=0.25% and for the latter we simulated data with different proportions p,g,2={0,
0.0033, 0.0066, 0.01, 0.015}. Note that west Eurasian populations that diverged prior to
the inferred Denisovan admixture and east Eurasians ® are taken into account in the
cases in which Ty > T,um.
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For each combination of Np, puim2, Tx, Nx, we simulated a total of 22 diploid
individuals: ten diploid individuals from the African and X populations, one diploid
individual from the Aymara population and one diploid individual from the USRI
population sampled 11.5 kya. Each individual contained 20 independent 100 Mb
chromosomal segments, that we thinned to a segregating site density similar to that of
the SNP array dataset (one SNP per ~14.5 kb, Section 6.1). We then computed
f3(African; X, USRI) and f3(African; X, Aymara), and compared both statistics as
detailed in Section 9. We summarize these results in Figure S14b.

As expected, f3 was proportional to 7y and the choice of Ny had no major effect on the
statistics . In addition, we observed little effect of Np on the estimates. For all
simulated datasets that included an admixture event into the USR1 lineage, we observed
a pairwise f3 offset in the same direction as that observed for the SNP array data
(Figures S4 and S14b). Yet, models with the highest values of pun2yielded the results
that were the most comparable to those obtained for the array data. In contrast, we did
not observe a similar pattern for simulations without such admixture. These results
show that an additional Denisovan-related ancestry component in USR1 could give rise
to the observed offset in pairwise /3 statistics comparisons.

We note that the observed variance for each point in Figure S14b is a consequence of
the simulation setup. For each point, we simulated the demographic scenario
((((Aymara, USRI), X), African), Denisovan), independently. Thus, for each different
instance of X (combination of Ny and TY), different Aymara and USRI genomes were
simulated. Provided the small size of pan2, and the short time comprised between 742
and the USRI sampling time, we expect some degree of variance in the 'Denisovan
signal' in USR1 for each data point. To illustrate this, we carried out a similar
simulation experiment, but in this case we jointly simulated the 'African’ population, the
single 'USR1' and 'Aymara’ individuals, and 51 instances of X. The latter were assigned
random effective population sizes (Nyx;) between 3,000 and 13,000 and split times (in
years) Tx={25,000, 25,500, ..., 50,000;. For this new setup in which only one 'USRI'
and one 'Aymara’ genome were simulated for all instances of X, we observed less
variance on the f3 statistics (Figure S15a), and the results are qualitatively comparable
to those obtained for real data (Figure S4).

Based on three independent replicates of this experiment, we observed that although the
'offset' is similar for all instances of X, the size of the 'offset' is not well predicted by
Paam2, Unless the three replicates are pooled together (Figure S15b). In contrast, we
observed a better correspondence between the simulations presented in Figure S14b and
Paam2- We interpret that in the latter case, multiple simulated instances of USRI allow
for the variance in the 'Denisovan signal' to be averaged out, and thus we capture the
effect of p.am2 more effectively. While we consider the approach in Figure S14b to be
robust enough for illustrating how a slight excess of Denisovan admixture in USR1 can
produce the observed signal, we caution that random sampling may produce a similar
signal. Yet, these results support the idea that slightly increased Denisovan ancestry in
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USRI1 will, in average, produce a signal similar to that observed in the real data. Based
on our analysis of Denisovan ancestry tract length distributions (Section 12), we
reiterate that increased Denisovan ancestry in USR1 is most likely a consequence of
randomly sampling an ancient genome from a population with heterogeneous small
Denisovan ancestry proportions, and not of an independent admixture event into USR1.

We emphasize that while we simulated additional Denisovan ancestry in USR1 as an
independent admixture event, a comparison of the length distribution of Denisovan
ancestry tracts in USR1 and other Native Americans indicate that such an event did not
take place between the time in which USRI split from other Native Americans and 11.5
kya (Section 12). Rather, the excess Denisovan-derived ancestry in USR1 most likely
resulted from sampling an ancient genome from a population with heterogeneous
Denisovan ancestry proportions (Section 11), likely affected by natural selection and
differential drift *°. Therefore, our simulations are only meant to show the level of
differential admixture that could explain the results.

14. Treemix

14.1. Methods

We then explored the phylogenetic placement of USR1 in the broader context of Old
and New World populations. To do so, we inferred maximum likelihood admixture
graphs using TreeMix ¥, For this analysis, we considered a subset of the populations
represented by modern and ancient high-coverage genomes (Section 6), which includes
all non-Africans with a sequencing depth greater than 10X, the high coverage
Denisovan and African San genomes, as well as the 24,000 year old ~1X Mal'ta
genome. We only considered transversion sites to minimize the bias introduced by
aDNA damage in the Mal'ta genome, for which one read was sampled at every variable
site, which resulted in 631,192 sites. We ran TreeMix assuming zero to five migration
edges, allowed a final rearrangement of the tree after the last fitting step, and disabled
the sample size correction procedure as a number of the populations in both dataset
consist of a single individual. To account for linkage disequilibrium in the SNP-dense
dataset, we grouped the sites in blocks of 1,020 SNPs, which corresponds to ~5 Mb
blocks. For each number of migrations, we ran 1,000 replicates with random seeds and
kept the run with the highest likelihood.

14.2. USR1 is basal to North and South Native Americans

When fitting a tree with no migration edges, USRI was placed in a basal position with
respect to Native Americans, including Athabascan-speakers (NNA) as well as Native
Americans from Mexico and South America (SNA) (Figure S16). While USRI
remained an outgroup for Native Americans, serial addition of migration edges showed
admixture events between: (1) Ancient North Eurasians (as represented by the Mal'ta
genome) and the Native American ancestral population (including USRI1); (2)
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Denisovans and Papuans **; (3) Papuans and East Asians; (4) Greenlandic Inuits and
Siberian Koryaks and Saqqaq; and, finally, (5) a basal human population and East
Asians.

These results are in agreement with those obtained using /3 (Section 9) and D statistics
(Section 10), in that USR1 is a Native American population that is not more closely
related to either NNA or SNA. Contemporary Native Americans have been shown to
derive approximately one third of their ancestry from an ancient North Eurasian
metapopulation °°. Together with the results in Section 10.5, this analysis shows that
the USR1 genome already carries Mal'ta related ancestry, suggesting that the admixture
event that gave rise to Native Americans occurred prior to the USR1-Native American
split. Moreover, the residuals after fitting 5 admixture edges do not provide any strong
indication for additional migration between the population represented by USR1 and
any other modern or ancient population included in this analysis. This observation
further supports that the particularly increased Denisovan ancestry in USRI is not due
to an additional admixture event into the USR1 lineage (Sections 11-13).

15. Pairwise branch lengths

15.1. Methods

We then performed pairwise comparisons between a set of high coverage genomes
including USRI (Section 6) and measured the amount of drift in each branch after the
split. To do so, we used the method described in **, which was originally used as a test
for direct ancestry, and which corresponds to the case of no drift in one of the branches.
In brief, we consider the split between two diploid genomes with genotypes {0,1,2} and
five possible genotype configurations {00, 01, 10, 11, 02}. The probability of each
configuration can be expressed in terms of five parameters; namely, the probability of
coalescence in any of the branches before the divergence and three parameters
representing the folded site frequency spectrum of the four chromosomes in the
ancestral population. Based on the observed counts for each genotype configuration, we
obtain maximum likelihood estimates for the five parameters of the model, through
numeric optimization. Note that we restricted this analysis to sites that are variable in
five African genomes (Section 6) to enrich for mutations that arose prior to the split
between both genomes **. Additionally, given that the Anzickl genome has a slightly
higher 'genotype error rate' (Section 4.3), we only considered sites with a minimum
depth of coverage of 15X.

15.2. USR1 and Native Americans are equally drifted from the Han genome

In Section 10, we concluded that the USRI lineage derived from the same source
population that branched off Asians sometime after 25,000 years ago and that gave rise
to present-day Native Americans >""". Under this scenario, the expectation is that the
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drift on the branch leading to East Asians from the East Asian-Native American split
will be similar to that of East Asians after the East-Asian-USR1 divergence. To test this,
we estimated the amount of drift in the Han Chinese branch (representing East Asians),
after the split from a set of high-coverage genomes including USRI (Section 6).

In agreement with the known genetic relationships of East Asians, we observed a larger
amount of drift in the Han branch after divergence from Europeans, followed by
Papuans, Native Americans, Siberians and the Dai Chinese 8 (Figure S17a). In
particular, all comparisons with Native Americans including USRI, yielded similar
estimates for the length of the branch leading to the Han genome. These estimates
provide further support for USR1 and present-day Native Americans having been part
of the same source population that diverged from Asians before entering the New
World.

15.3. North and South Native Americans are equally drifted from the USRI
genome

We followed a rationale similar to the above in order to learn about the relationship
between USRI and other Native Americans. In previous sections, we inferred that
North and South Native Americans are equally distant from USRI. Under this
hypothesis, we expect the branch leading to USR1 to have a similar amount of drift
when compared to other Native Americans. We obtained maximum likelihood estimates
(MLEs) for the length of the branch leading to USRI relative to the split from a set of
high-coverage genomes (Section 6). As expected from a Native American genome, we
found the branch leading to USR1 to be longer after divergence from Europeans,
followed by Papuans, East Asians, Siberians and the rest of the Native American
genomes * (Figure S17b). Moreover, the branches leading to USRI after divergence
from North (Athabascans) and South Native Americans yielded drift estimates that were
similar in value to each other. This result is consistent with USR1 being equally related
to both NNA and SNA, thus confirming the placement of USR1 as an outgroup to both
lineages. Note that the Athabascan genomes that were analyzed bear ~10% Asian-
derived admixture; therefore, we warn that this method has low resolution for
differentiating restricted admixture between genetically close populations such as
Asians and Native Americans. We explore the source of this Eurasian admixture into
Athabascans in Section 17.

16. Genomic divergence

16.1. Methods

To confirm the results obtained through D statistics, we estimated the average DNA
divergence between pairs of genomes (4,B), as was done in °*°. In brief, we examined

tree topologies of the form (O, 4 ,B) and recorded the number of differences (n4, nB,
nQO) that are unique to each lineage. Then, we estimated the DNA divergence between A
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and B, relative to O to be Div(O; A,B)=nA/((nA+n0)/2). More specifically, by assuming
constant evolutionary rates along the three lineages, Div(O; A,B) corresponds to the
ratio of the length of the branch that leads to 4 from the common ancestor of 4 and B,
and the length of the branch that leads to 4 from the common ancestor of 4, B and O.
Note that these estimates correspond to average DNA divergence, which necessarily
occurred before the actual population split. Moreover, a direct translation between
relative divergence estimates and an actual estimate for the time to divergence is
challenging due to the uncertainty associated to the dating of the split between African
and non-African populations, e.g., °*>. Therefore, we only considered the relative
estimates qualitatively, to learn about the evolutionary history of USR1. We set O to be
the genome of a Yoruba individual and estimated Div(O; A,B) for pairs of genomes
(4,B) by sampling one random allele from each of the genomes at sites where all three
genomes had non-missing genotypes. Note that we restricted the analysis to
transversion polymorphisms, in order to reduce potential bias from aDNA damage. We
then built 95% confidence intervals for the point estimates based on standard errors
obtained through a weighted block-jacknife procedure over 5SMb blocks, similar to the
one implemented for D statistics.

16.2. USR1 and Native Americans have similar average DNA divergence from East
Asians.

By using D statistics, we found that USR1 and contemporary Native Americans derived
from the same source population that branched off East Asians around the time of the
Last Glacial Maximum *'. Under this model, we expect the East Asians divergence from
USRI to be similar to that from SNA and NNA. To test this hypothesis, we computed
the average DNA divergence between a Han Chinese individual (representing East
Asians) and a set of genomes including two Athabascan genomes representing the NNA
branch, as well as 13 genomes belonging to the SNA branch (Section 6).

In agreement with the dispersal of anatomically modern humans out of Africa ¥, we
found that the Han divergence from Native Americans (including USR1) was greater
than that from the East Asian Dai genome (69.45%), but less than that from two
European genomes (80.3% in average). In particular, we found that the Han-USRI
(73.1%), Han-SNA (72.13-72.92%) and Han-NNA (72.27- 72.43%) divergence
estimates produced overlapping confidence intervals (Figure S18a). These results
support the affiliation of USRI to the same source population from which NNA and
SNA derived.

16.3. USR1 is equally diverged from South and North Native Americans.
Through D statistics, we also showed that both NNA and SNA are equally related to
USRI1. Considering the age and geographic location of the USR site, this result implies

that USR1 represents a relict of the population from which the NNA and SNA lineages
both diverged. Under this scenario, the expectation is that both the NNA and SNA
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lineages should have a similar genetic divergence from USRI. To test this hypothesis,
we computed the average DNA between a set of modern genomes (Section 6) and the
USRI1 genome.

We found that Native American genomes are the least diverged from USR1, followed
by Asians, Europeans and Papuans. More specifically we observed SNA-USR1 (66.6-
67.65%) and NNA-USRI1 (67.42-67.98%) divergence estimates have overlapping
confidence intervals (FigureS17b). Together with the archaeological context of the USR
site and results shown in Section 10.5, this result provides further support for a common
Asian source for the NNA and SNA branches, and that both branches most likely split
in North America, South of Beringia. Similar to Section 15, we note that this method
has little resolution for differentiating the Asian-derived admixture signal into
Athabascans (10%). We explore the source of this Old World admixture in Section 17

17. Assessing the origin of Na-Dene and Inuit

Based on linguistic and anthropological evidence, it has been suggested that some
Native American groups, namely Athabascans (Na-Dene-speakers) and Inuit, derive at
least part of their ancestry from secondary migrations from the Eurasia ***°. These
claims have found support from modern and ancient genetic studies °"’'. However, the
source of these migrations is still debated. It has been hypothesized that Athabascans
share a linguistic link with the Yeniseian-speaking Kets from Siberia ***°. Moreover,
genetic studies have suggested that this link was mediated by the Palaeco-Eskimo
expansion via the American High Arctic ~6 kya ***’. Importantly, this expansion has
been proposed to be distinct from the migration that gave rise to contemporary Inuit
6071 " Additionally, a genetic study put forward that Athabascans derive their Native
American ancestry from the NNA branch, while Inuit are most closely related to the
SNA branch .

17.1. Treemix approach

We approached this question by fitting admixture graphs using a dataset containing
modern and ancient whole genomes. Besides the 'admixed' Native American groups
(Greenlandic Inuit and Athabascans), these include Siberians, East Asians and Papuans,
an African outgroup (Yoruba), as well as the Denisova, Anzickl, Saqqaq, Mal'ta and
USRI ancient genomes (Section 6). First, we used the heuristic approach in Treemix *’
to identify the Siberian or Asian populations that potentially contributed to the admixed
Native Americans. We obtained maximum likelihood (ML) graphs by following the
strategy described in Section 14, and added migration edges until both, Greenlandic
Inuit and Athabascans, were admixed. Additionally, we estimated the support for
internal nodes and migration edges through a bootstrap procedure. For each dataset, for
each number of migrations, we generated 200 independent pseudo-replicates by
randomly sampling 5Mb blocks, with replacement. For each replicate, we ran one
hundred optimizations with random seeds in order to obtain ML solutions.
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We observed migration edges from the Saqqaq individual and Koryaks into Inuit and
Athabascans, respectively (Figure S19). However, the placement of East Asians in the
tree was complicated, likely due to overrepresentation of Siberian ingroups bearing
different proportions of ancient north Eurasian ancestry, e.g., the Nivkhs. Therefore, we
repeated this analysis on a reduced dataset from which Buryats, Yakuts and Nivkhs
were excluded, as they were not found to contribute ancestry to the admixed Native
Americans in previous runs. Note that we did not exclude Kets from the dataset, in
order to explore the proposed Dene-Yeniseian link **”®. While accurately placing East
Asians, the results obtained with the reduced dataset confirmed that the Saqqaq
individual and the Koryaks were the best proxies for the Asian components in admixed
Native Americans (Figure S20).

17.2. qpGraph approach

We confirmed these results by fitting admixture graphs based on fistatistics **°. We
compiled a dataset containing the following genomes: Yoruba (n=1), Mal'ta (n=1), Han
(n=1), Ket (n=2), Koryak (n=2), Saqqaq (n=1), USR1 (n=1), Anzickl (n=1), Aymara
(n=1), Athabascan (n=2) and Greenlandic Inuit (n=2). We first produced a 'seed' graph
modeling the Yoruba, Han and Mal'ta genomes as non-admixed outgroups, and the Kets
and non-admixed Native Americans as deriving from two independent admixture events
between East Asians (EA) and ancient north Eurasians (ANE) (maximum |Z|=0.42). We
then added Koryaks, Saqqaq, Athabascans and Greenlanders, sequentially, as admixed
leaves. For each admixed leaf, we enumerated all possible edge pairs using the tools
from *°, tested them using gpGraph and kept the pair that produced the graph with the
best maximum |Z] and fitting scores. We tested the robustness of this method by adding
the admixed groups in a different order, and arrived to a similar result in all cases.

In agreement with treemix results, the best graph (maximum Z=3.269; p-val > 0.001)
showed that Koryaks, Eskimos, Native Americans and Kets could be modeled as
deriving from different mixtures between EA and ANE (Figure 3). Interestingly the
ANE component in Koryaks and Eskimos appear to be very similar (0 and 1-drift
edges) while the ANE ancestry in Native Americans and Kets is more diverged.
Contrastingly, the EA populations giving rise to these groups are more divergent. This
result confirmed the treemix result that Athabascans derive from an admixture between
NNA and an Asian source, most closely related to the Asian component in present-day
Koryaks. On the other hand, Inuit derive from an admixture event between NNA and a
Siberian population most closely related to Palaco-Eskimos. Interestingly, short
branches separate the Asian populations giving rise to Koryaks and Athabascans, in
contrast to the Saqgaq and the Siberian source for Inuit. While this pattern may be a
consequence of a higher genotype error rate in the Saqqaq genome, it could also be a
reflection of Palaeco-Eskimos and Neo-Eskimos being the end-product of two different
migrations into the Americas after a deeper split in Siberia ",
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17.3. Robustness of the model

Since our model is based on ancient and modern genomes each with different
sequencing and genotyping error profiles, we assessed its robustness by computing D-
statistics using an extended dataset. We included the UstIshim genome ® that served as
an aDNA-based non-African outgroup, as well as different versions of the Saqqaq
genome, which allowed us to control for its unique error structure (likely derived from
the usage of the Phusion polymerase during library enrichment) . We generated eight
additional call sets for the Saqqaq genome using combinations of the following
strategies: (1) sampling one random allele at each site or calling a majority rule
consensus, (2) trimming five or zero nucleotides from the ends of the reads, and (3)
including all sites or only those with a depth of coverage >5. In what follows we refer to
the Saqqaq called genotypes as 'Saqqaq', and use a specific notation for the alternative
versions (Figure S21). We computed D-statistics using both transversion
polymorphisms only and all sites, in order to assess the potential bias introduced by
typical aDNA C-T misincorporations. Note that this analysis was based on allele
frequencies for which we pooled individuals coming from the same population.

17.3.1. Koryaks carry the largest East Asian ancestry proportion.

The model shown in Figure 3 indicates that Koryaks carry the largest proportion of East
Asian ancestry among the modeled groups (including Native Americans), followed by
the Saqqaq genome. We computed D-statistics of the form D(HI, Koryaks; Han,
Outgroup) and D(HI, Saqqaq, Han, Outgroup), where H1 includes all other admixed
groups and the eight alternative Saqqaq callsets (Figure S21a). In agreement with the
model, we found that Koryaks are significantly closer to Han than are the other admixed
groups. However, we found Saqqaq (called genotypes) to be slightly closer to Han than
Koryaks are (D(Koryaks, Saqqaq; Han, Yoruba)=-0.006;, Z=-1.02). We observed that
removing transition polymorphisms led to an increased value of D. Thus, we ruled out
that this discrepancy was caused by additional, post-mortem-damage-derived, C-T
substitutions in the Saqgqaq genotypes. In that case, the expectation would be the
opposite, as additional error in Saqqaq would result in artificial 'attraction' towards the
outgroup '°. On the other hand, alternative call sets conformed to the expectation of
Koryaks being closer to the Han Chinese than Saqqaq is. We observed that all
consensus-based call sets yielded variable results when filtering transition
polymorphisms. Moreover, trimming five nucleotides from the ends of the reads did not
affect D estimates notably. We expect the Phusion polymerase used for Saqqaq library
enrichment not to incorporate C-T substitutions™; therefore, we consider the observed
D patterns to be unrelated to post-mortem-damage-derived substitutions (expectedly
located towards the ends of the reads ) in the Saqqaq data. In contrast, an overall
higher error rate might lead to a mapping bias against reads containing authentic
variants. Based on these results, we hypothesize that the unique error structure in
Saqqgaq resulted in biased genotype and consensus calls, which do not conform to the
patterns expected for typical aDNA data °, especially for comparisons with closely
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related groups such as Koryaks. In what follows we only consider an alternative Saqqaq
version for which we sampled random alleles, considered full-length reads and did not
apply any depth filter (SaqqagRnd). We deem this to be the one call set that yields the
least biased estimates and incorporates the most data.

17.3.2. Bi-directional gene flow

The admixture graph approaches described above do not model admixture as a bi-
directional process; instead, they both rely on directed edges. Based on these methods,
we concluded that the most likely source for the additional Asian component in
Athabascans is a population most closely related to Koryaks. Since a Native American
admixture component has been documented in geographically close Siberian
populations such as the Chukchis ®, we explored if Koryaks carry a similar genetic
signature. We computed D-statistics of the form D(Koryaks, Saqqaq; H3, Outgroup),
where H3 represents the other non-East Asian groups (Figure S21b). We found Koryaks
to be closer to Native Americans than Saqqaq is. While these results are consistent with
bi-directional migration, gene flow between Koryaks and other Siberians populations
that bear Native American ancestry and that are geographically closer to the New
World, may also explain these results. Interestingly, USR1 did not yield D estimates as
negative as those obtained for other Native Americans. In this case, D corresponds to
the length of the branch that leads from the common ancestor of Koryaks, Saqqaq and
USRI on the one hand, to the common ancestor of USRI and the introgressing Native
American population on the other. In Sections 18 and 19, we find that the USRI
ancestors diverged from other Native Americans as early as ~20 kya, soon after their
divergence from East Asians. Therefore, we expect a lower D estimate for USRI, as a
consequence of such branch being shorter than that giving rise to NNA and SNA. Note
that this bi-directional admixture event is not explicitly modeled in Sections 18 and 19.
The shallow divergence time between Koryaks and Native Americans, the small
admixture proportion in Athabascans (and potentially in Koryaks), and the
unavailability of genomic data from multiple individuals make it hard to substantiate
this result using demographic inference methods such as diCal2 (Section 18) and momi?2
(Section 19). However, due to the expected low admixture proportions, we consider that
bi-directional admixture will not bias our main findings considerably.

17.3.3. USRI1 forms a clade with Native Americans.

Results based on admixture graph modeling support other analyses showing that USR1
forms a clade with Native Americans, to the exclusion of Old World populations
(Sections 9, 10.4, 10.5, 14, 15, 16, 19). We confirmed these results by computing
D(USRI1, H2; H3, Outgroup), where H2 represents Native Americans and H3 represents
Old World populations (Figure S22a). As expected, we did not observe significant
deviations from D=0, except for Athabascans, which bear Asian-related admixture.
Note that we observed a non-significant systematic bias towards Native Americans
being closer to non-Africans than USR1 is. We explored this pattern in Sections 11, 12
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and 13 and concluded that it is a consequence of slightly increased Denisovan-related
ancestry in USR1, which did not enter her ancestors through an independent admixture
event. Rather, it is most likely a product of random sampling. Interestingly, we found
that this shift was reduced for tests that involved Anzickl and UstIshim, possibly as a
consequence of considering three aDNA samples jointly in the D-statistic computation.

17.3.4. Koryaks are the best proxy for Asian ancestry in Athabascans.

We found that Athabascans are more closely related to Koryaks than to other Eurasian
populations. We confirmed these results by computing D(Athabascans, H2; H3,
Outgroup) where H2 represents other Native Americans and H3 represents Eurasian
populations (Figure S22b). In agreement with the treemix and gpgraph results, Koryaks
yielded the lowest D-statistics. Due to the early divergence between USR1 and other
Native Americans (Sections 18 and 19), the test involving USRI is particularly
informative when assessing if there has been direct or indirect gene flow from Native
Americans into Koryaks (Section 17.3.2). In this case, USR1 would likely represent an
outgroup to Native Americans, including the 'introgressing' population. Indeed, we
observed that D reaches its lowest values when USR] is one of the ingroups.

17.3.5. Greenlandic Inuit bear Native American ancestry that is not present in
Saqqaq.

Our model suggests that even though the Palaco-Eskimo expansion had reached
Greenland ~5kya *°, the Saggaq genome does not bear Native American ancestry, as
opposed to contemporary Inuit, who reached the same region during the last two
millennia "' and carry ~30% Native American ancestry. We tested this result by
computing D(Greenlanders, Saqqaq; H3, Outgroup) where H3 represents Native
Americans (Figure S23b). As expected, we were able to reject the null hypothesis of
Inuit and Saqqaq being equally related to Native Americans. Instead, we found support
for gene flow with Native Americans. Again, we found that USR1 yielded D values
closer to zero than other Native Americans. Similar to Section 17.3.2, we interpret this
as being a consequence of the deep divergence between USR1 and other Native
Americans.

17.3.6. Robustness to genotyping errors in Saqqaq

Our assessment suggests that the most problematic issue in our procedure is that the
Saqqgaq called genotypes have an error profile that we cannot account for by removing
transition polymorphisms or calling a consensus. We tested the robustness of our model
by repeating the gpGraph fitting approach (Section 17.2) using a new dataset where we
substituted Saqqaq genotypes for a randomly sampled allele (SaqgaqRnd) (Figure S24).
We obtained an admixture graph that produced a better fit (maximum Z=3.048; p-val >
0.002), than that observed for the original dataset (maximum Z=3.269; p-val > 0.001).
Moreover, the main conclusions regarding the origins of Athabascans and Inuit did not
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change. However, we observed discrepancies in the subgraph involving the ANE
component in Koryaks, Eskimos and Native Americans. Given that we lack additional
data points that would inform the inference of this subgraph (MalTa is the only ANE
genome available to date °°), we conclude that this section of the graph cannot be
estimated with confidence.

17.4. A time frame for Asian introgression into Athabascans

Dating the admixture event that gave rise to most contemporary Na-Dene-speakers, is
challenging due to the low degree of differentiation between Asians and Native
Americans ¥, as well as the reduced availability of genome-wide data from Na-Dene-
speakers that do not carry post-Columbian admixture *'**®!. However, ancient genomic
data is helpful in establishing temporal bounds for such event. While the population
represented by USR1 most likely occupied interior Alaska at least until 11.5 kya ’* (the
age of USR1), it is present-day Na-Dene-speakers who presently occupy the region *°.
Coupled with the geographic distribution of the Na-Dene language family, results
showing that USR1 does not carry the Asian-derived ancestry component indicate that

such ancestry entered the Americas after 11.5 kya, the time in which USR1 lived.

We used low-depth genomic data from three individuals (termed 939, 302 and 443)
(Table S3) that lived in the Pacific Northwest Coast ~6-1.7 kya, to establish a lower
bound for the date of this admixture event *"'°’. Note that hese individuals have been
previously shown to be most closely related to contemporary Na-Dene-speaking groups
from the Pacific Northwest Coast region '*°. For each individual, we fitted two separate
admixture graphs similar to that shown in Figure 3, but excluding the Greenlandic Inuit.
We substituted the two high-coverage contemporary Athabascan genomes with the
ancient individual and fitted 1. a model in which the ancient individual is modeled as a
'"non-admixed' NNA and 2. a model including the admixture event shown in Figure 3 for
Athabascans. For both individuals 939 and 302, the 'non-admixed' model was rejected
but the 'admixed' model yielded a maximum |Z|=2.8 and 2.5, respectively. Moreover,
the 'admixed' model recapitulated the admixture proportions inferred for contemporary
Athabascans (~90%) Figure 3. In contrast, the 'admixed' model for individual 443
yielded a maximum |Z|=3.28. Altogether, these results indicate that the admixture event
that gave rise to most Na-Dene-speakers, between NNA and a Siberian population
occurred well after 11.5 kya and at least prior to ~2.5 kya (the age of individual 302).

18. Demographic inference using dical2

We analyzed a subset of the whole-genome sequence data (Section 6.2) using the
method diCal 2.0 "', which was previously employed in a related study *'. Briefly, this
method is based on the sequentially Markov coalescent approximation ' and it
uses a composite likelihood approach to estimate demographic parameters. The
composite likelihood is obtained by multiplying demography-dependent conditional
sampling probabilities '°>'%, each of which corresponds to the probability of sampling a
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new haplotype, conditional on having already observed a set of haplotypes. We focused
on analyzing the genomic data from the Athabascan, the Karitiana, the Aymara, the
Nivkh, the Koryak, and the Han Chinese in relation to the USR1 individual (an analysis
of these populations not including USRI was conducted in *'). Our goal was to
understand the key demographic events relating these populations.

18.1 Estimation of population size history

We first used diCal 2.0 to estimate population size histories. To this end, we used the
first 5 chromosomes and analyzed each individual separately. We divided the
population size history into 6 epochs of constant population size (with boundaries at 0
kya, 10 kya, 20 kya, 40 kya, 60 kya, 70 kya, and o), and estimated the respective
population sizes (Figure S25). Note that we shifted the estimates for USR1 by 11.5 ky,
which is the estimated age of this ancient sample.

We observed good agreement between the population size histories estimated from
different individuals of the same population. Furthermore, the ancestral population size
prior to 70 kya was consistently estimated to be ~20,000 in all populations. Between 20
kya and 70 kya, we observed a strong bottleneck of roughly equal size in all
populations. For times more recent than 20 kya, the estimated population sizes show
larger differences across populations.

In Section S7 of *', the population size before 70 kya N, was set to 20,000, while the
bottleneck size Np between N4 and the population divergence time Tp;y (on the order of
20 kya) was set to 1,800. However, we found Nj to be correlated with Ty, so we did
not fix Nj in the analysis presented here. For more recent population sizes, we found the
results reported in °
therefore, for reasons of consistency, we used those previously reported sizes in our
subsequent analysis. Nevertheless, *' did not report recent sizes for Han Chinese,
Aymara, and USR1, so we set those to the harmonic mean of the estimated sizes for the
two most recent epochs (Figure S25). In summary, for the subsequent analysis, we set
the ancestral size N4 and the extant population sizes to the following:

' to be in reasonable agreement with the ones obtained here;

N4 =20, 000
Nusgr = 2, 875
Nthabascan = 2, 600
Nxaritiana = 1, 650
Niymara = 1, 530
Niorvak = 3, 200
Nyivien = 4, 650
Nuan = 12, 000.

18.2 Pairwise estimation of population divergence patterns
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Next, we analyzed pairs of populations including USR1 (dated to 11.5 kya) and each of
the other populations in the dataset. diCal 2.0 as described in '*' can be used to analyze
extant samples, and thus it cannot be applied right away to include a sample of ancient
DNA. We therefore developed an extension to the method to incorporate ancient
samples into the demographic inference. Using this modified version of diCal 2.0, we
could infer demographic parameters using USR1 together with extant samples.

We used 2 haplotypes from the USRI individual sampled at 11,500 years before the
present and analyzed them jointly with 2 haplotypes each from the Athabascan, the
Karitiana, the Aymara, the Koryak, the Nivkh, and the Han Chinese populations, one at
a time. Due to computational limitations, we used the first ten chromosomes from each
of these 4 haplotpyes (accounting for ~2 Gb). We fixed 7p = 70 kya, the ancestral size
N4 = 20, 000, and the extant population sizes to the values obtained in the previous
section. We analyzed these population pairs under different models including a clean
split (Figure S26a with m = 0 and no 7)), isolation with migration until the present
(Figure S26a with m > 0 and T), = 0), isolation with migration with a stopping time
(Figure S26a) and isolation with migration with a stopping time and a second contact
(Figure S26b); and we show maximum (composite) likelihood estimates in Tables S4,
S5, S6 and S7 for each model, respectively, where the migration rate m is given in units
of per-individual per-generation probability of migrating.

We found that when USR1 was paired with the Han Chinese or a Siberian genome, the
gene flow rate m, was estimated to be very high, suggesting that the founding
population ancestral to USR1 and Siberians had a very weak population structure for
over 10 ky, starting around 35 kya. Further, our estimate of the stopping time 7), for
such strong gene flow was around 24.5 kya for the USR1 and Koryak pair, which can
be interpreted as the time when the USR1 population began to diverge substantially
from Siberians. The first three rows of Table S7 suggest that USR subsequently
diverged from other Native Americans between 20 to 23 kya. Interestingly, our analysis
shows that gene flow between USRI and SNA stopped ~ 10.5 kya, while genetic
exchange between USR and NNA continued until much more recently.

18.3 Simulation study
18.3.1. Population size history

We performed a simulation study to examine the uncertainty in our estimated
population size histories for the real data. We considered a model with 5 epochs (0 kya,
10 kya, 20 kya, 40kya, 70 kya, o) of constant population sizes (5,000, 20,000, 2,000,
2,500, 20,000), and simulated 16 datasets, each comprising 2 haplotypes with 5
chromosomes of size 200 Mb, resulting in 1 Gb of sequence data for each haplotype.
We then applied diCal 2.0 to estimate the population sizes from these simulated datasets
(Figure S27a). We found that for times larger than 20 kya, population sizes were
estimated with high accuracy. In addition, the strong fluctuation in times more recent
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than 20 kya is averaged out over the two most recent epochs, and also shows only
moderate variability.

18.3.2. Divergence times

To assess the accuracy of our divergence time estimates, we conducted an extensive
simulation study, using parameter settings close to those obtained for the real data.
Unless otherwise noted, each simulated dataset consist of 4 haplotypes, 2 in the first
population sampled at present and two in the second population, sampled at 11.5 kya
(like the USR1 individual). For each haplotype, we simulated 4 chromosomes of length
250 Mbp, resulting in 1 Gbp per haplotype. Furthermore, we fixed the following
parameters for the simulation, as well as for the analysis of the simulated data:

T = 70,000 kya
N4 = 20,000
N] = Nz = 3,000

We estimated demographic parameters based on a clean split model for the data
simulated under a clean split model with divergence time 7p; = 20 kya and bottleneck
size Nz =1, 800. Table S8 shows that 7p; was accurately estimated (standard deviation
of 320 years) with only a slight downward bias (370 years). Moreover, Nz was
consistently biased downward by 350, but showed very little variation. Similarly,
inference under the 'isolation with migration' model for data simulated using a model
with Tpy = 20 kya, Np = 1,800, and m = 0.0001 showed very little variability in the
parameter estimates (Table S9). Again, the estimates are almost unbiased, except Np,
which shows a similar downward bias as before.

We performed a similar assessment for the 'isolation with migration' model where
migration stops at time 7). In all cases we set Tpy = 20 kya and Nz = 1,800 and
explored four different scenarios that correspond to different configurations of 7, and
m: Ty = 13 kya and m = 0.001 (Table S10), Tis = 13 kya and m = 0.0001 (Table S11),
Ty = 6 kya and m = 0.0001 (Table S12), and T)s = 6 kya and m = 0.001 (Table S13). In
the latter, we fixed the migration rate for the analysis. Similar to the results for the two
previous models, we observed that 7p;y and Np were estimated with very little
variability, while Np was biased downward. However, the estimates of 7), and m
appeared to be correlated and strongly biased. Thus, we conclude that estimating the
exact details of the recent migration history with high confidence is not feasible, unless
the migration rate m is fixed.

Finally, we carried out a similar analysis for the second contact model (Figure 25b). We
simulated data under such model with the following parameters: 7p;r = 35 kya, Ty = 25
kya, Nz = 1, 800, m; = 0.001, and m, = 0.01, but considered two inference strategies;
one in which we estimated these parameters jointly (Table S14), and one in which we
fixed the migration rates and estimated the rest of the parameters (Table S15). Once
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again, we found little variability in the estimates of 7p; and Np, with a downward bias
in Np. However, we observed again that the parameters describing the details of the
recent migration patterns are correlated and biased. Thus, we conclude that these details
cannot be estimated with strong confidence, unless the migration rates are fixed.

18.4 Testing for gene flow

Lastly, we explored if a clean split could be rejected in favor of an 'isolation with
migration' model. Given that the diCal 2.0 likelihood function is a composite likelihood,
we cannot test two alternative hypotheses using a regular likelihood-ratio test. Thus, we
determined a rejection threshold empirically, using a simulation study. We simulated
data under a clean split model with 7p;r = 20 kya and estimated the demographic
parameters under a clean split model (Table S16) and an 'isolation with migration'
model (Table S17). Using all 20 simulated datasets, we estimated the distribution of the
log-likelihood difference between both models, for which we found the 95th percentile
to be ~15 (Figure S27b). Thus, a log-likelihood difference greater than 15 would lead to
a rejection of the clean split model, at a significance level of 5%. To better understand
the log-likelihood differences observed in real data, we also simulated data under an
isolation with migration model (7p;y = 20 kya, m = 0.0005), and analyzed the data under
a clean split model (Table S18) and an 'isolation with migration' model (Table S19). As
expected, we observed a significant increase in likelihood when using the 'isolation with
migration' model (log-likelihood difference >52).

Based on the real data, we found that that log-likelihood differences between the clean
split and 'isolation with migration' models (Tables S4, S5, and S20) were above the
empirically determined threshold (~15). Thus, for all population pairs, we reject a
model of divergence without subsequent gene flow at a significance level of 5%.
Furthermore, Tables S6 and S7 show that the second contact model yields a much
higher likelihood for the USR1-Nivkh and USR1-Han pairs, while there is not such a
strong improvement for the USR1-Koryak pair, although the likelihood increases. This
suggests that the second contact model describes the data better than a model without
second contact. On the other hand, for the USR1-Native American pairs, we found no
improvement in likelihood. Therefore, the model with gene flow stopping at 7), and no
second contact thereafter describes the latter pairs best.

In conclusion, the results of the simulation studies show that 7Tp; and Np are estimated
with little variability, and only some downward bias in Nz. However, the details of the
more recent migration events are estimated with less confidence. Thus, we conclude
that the USR1 divergence from the Asian populations started at 7p;~ 36 kya after
which very strong gene flow (O(m) = 0.01) ensued; the diverging populations are close
to being panmictic. This gene flow stopped around ~24 kya, which is consistent with
previous estimates (Table S7 in *'). In relation to the Native American populations,
USRI started diverging ~20 kya with subsequent gene flow stopping ~11 kya and no
second contact migration (Table S6). However, for the Athabascan population, weaker
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gene flow appears to continue for a more extended period, which fits with a more recent
movement of Athabascans into Alaska (Sections S20 and S21).

18.5 Confidence intervals

We followed a parametric bootstrap strategy to obtain confidence intervals for 7), and
Tpry. In Section 18.4, we inferred that the split between USRI and the Old World
genomes in our analysis is best explained by the 'second contact' model (Figure S26b,
Table S7), whereas the split between USR1 and other Native American genomes is best
explained by the 'isolation with migration' model with migration stopping at 7y, (Figure
S26a, Table S6). Tp;y confidence intervals for the Old World were based on the values
shown in Table S14 and confidence intervals for Native Americans were based on Table
S10. We obtained the most consistent estimates for 7) when we fixed the migration
rates in the simulation study (Section 18.3.2). Therefore confidence intervals for T),
were based on the values shown in Tables S15 and S13, respectively. Note however,
that estimates of 7j, should be taken with caution as the estimates depend on a fixed
value of m. In Table S21, we present bias-corrected estimates and 95% confidence
intervals based on the simulated bootstrap replicates. In the main text, we use these
confidence intervals for the Old World-Native American divergence estimates and those
obtained in Section 19.3 for the Native American estimates.

19. Placement of USR1 using the SFS

We used a second demographic inference method, based on the site frequency spectrum
(SES), for exploring the demographic history of Native Americans with respect to
Asians and Siberians, with a specific focus on the demographic history of USR1. We
inferred the placement of the USRI branch onto a backbone demography consisting of
the Han Chinese, Koryak, Athabascan and Karitiana populations. The number of
individuals used in this analysis are » = 1 for USR1 and Han Chinese, and n = 2 for the
other three populations (Section 6). Throughout this analysis, we assumed a generation
time of g = 29 years and a mutation rate of x = 1.25x10™ bp/gen.

19.1 Marginal population size histories

We first estimated the marginal size histories of each population from the whole-
genome sequence data using SMC++ (Figure 4b) 7. As expected, we observed that the
Han Chinese show more evidence of recent growth than the Siberian and Native
American populations. Of note is that the uptick in USRI growth right before the 11.5
kya sampling time could be caused by spurious mutations, perhaps because the
sequences originate from aDNA. However, we did not observe an increase in singletons
in USR1 (see below).

These estimates exhibit good agreement with those obtained using diCal (Figure S25).
Both methods estimate the ancestral effective population size to be approximately 2 X

WWW.NATURE.COM/NATURE | 42



do0i:10.1038/nature25173 a3 E W SUPPLEMENTARY INFORMATION

10* for all populations, and a sharp bottleneck that occurred around 60kya. With the
exception of the Han, all populations have effective population sizes in the low
thousands in the very recent past. Finally, both methods detect a sharp, recent increase
in the effective population size of the Han.

19.2 Demographic inference using the SFS

Next we used the SFS-based inference package momi '*, with extensions for migration
described in ', to estimate split times and migration events for these populations. The
overall SFS for the sample is shown in Table S22.

19.2.1 Estimation of backbone demography

We first focused on estimating the 'backbone' demography consisting of all populations
except USRI. The full space of possible demographies includes a tree whose topology
and branch lengths are not known, as well as an unknown number of migration
events/timings/intensities. This is a very difficult space in which to perform inference,
and the current data do not seem to have enough power to do so. We worked around this
issue by fixing the tree topology based on known archaeological evidence, as well as a
few plausible migration events and their times. We estimated migration intensities and
divergence times using maximum likelihood. Note that all migrations were modeled as
discrete pulses. Therefore, a migration event of strength p at time ¢ from population 1
into population 2 indicates that at time ¢, each lineage ancestral to population 2 moves
independently with probability p into population 1 (looking backwards in time).

Writing tpop1,pop2 for the estimated divergence time between populations Popl and
Pop2, the assumed migration events were:

1. Migration from Han into Athabascan shortly after the Athabascan-Karitiana split at
time ¢ = 0.9%¢4smabascan Kariiana, Me€aNt to capture the high fraction of Han ancestry found
in Athabascan.

2. A single symmetric pulse between Athabascan and Karitiana halfway between their
divergence time (¢ = 0.5%Xt4shabascan Karitiana) @0nd present.

3. Symmetric migration between Koryak and Han at time ¢ = 0.8 X4, korya-

4. Residual gene flow from Koryak into the Athabascan-Karitiana ancestor immediately
after their divergence. We model this as a short series of pulses of equal intensity
leading up to the Athabascan-Karitiana split.

5. A 'second contact' for Koryak into Athabascan 2 kya. (We also estimated such an
event for Koryak -> Karitiana, but the estimated migration fraction was very low (p =
10 indicating little support for this event in the data; thus, we removed it from
subsequent fits.)

Our estimate of the backbone demography is shown in Figure S28.

19.2.2 USRI join-on time estimates

WWW.NATURE.COM/NATURE | 43



do0i:10.1038/nature25173 a3 E W SUPPLEMENTARY INFORMATION

We then considered the attachment point of the USRI lineage onto the backbone
demography, which we infer by using a similar SFS-based maximum likelihood
approach. Figures 4b and S28 are heat maps of the likelihood of USRI attaching to the
demography at varying locations and time points. We considered the following three
different scenarios concerning gene flow between USRI and the other populations.

1. The first scenario is a “clean split” where no gene flow is assumed to have occurred
between USR1 and any of the other populations (Figure S29a).

2. In the second scenario, we allowed for residual gene flow (p = 10) between USR1
and its parent branch 1 ky after the split. As shown in Figure 4b, this did not
significantly affect the likelihood.

3. Finally, we considered a scenario where, in addition to residual gene flow, there is
gene flow from USRI into Karitiana and Athabascan in the recent past, as would be the
case if USRI was a member of an Alaskan ghost population which still exists to date
(Figure S29b).

In all cases, we found a most likely join-on time of 20.9 kya. Note that this estimate is
the same for all three scenarios as we are using grid search with a spacing of 777 years
to estimate the likelihood at different parts of the tree. Thus, each scenario is finding an
MLE roughly between 21.7 and 20.1 kya. We can compare these estimates with the
pairwise estimates of divergence and migration obtained using diCal (Tables S4-7). The
estimated join-on time of 20.9 kya obtained using the SFS-based method is most
comparable to the second-contact model (Table S7) from diCal, in which the most
likely Tp; between USR1 and Athabascan (Karitiana) is 19.8 (22.7) kya. Our estimate
for the divergence between USR1 and Koryak (23.3kya) and Han (25.6kya) is
considerably lower than the estimates of 7p;y obtained by diCal. However, we note that
in these cases diCal estimated strong gene flow (m = O(107)) between these population
pairs for about 10ky, which may be difficult to distinguish from panmixia in terms of
the signature it leaves on the SFS even when allowing for a small number of pulse
migrations. If we instead focus on T}, the stopping time of gene flow, then we again see
good agreement between our estimated pairwise divergence times for USR1 and
Koryak/Han, and those that were estimated by diCal (24.5 and 26.5kya, respectively).

19.3 Bootstrap analysis

Finally, we assessed the robustness of our estimates by performing a parametric
bootstrap analysis. We used the program msprime * to generate bootstrap replicates
using the parameters inferred in Section 19.2. Each replicate consisted of 30
chromosomes of length 100Mb simulated independently under the structured
coalescent. A total of 102 replicates were simulated, and the entire estimation pipeline
(Section 19.2) was run on each replicate. We note that the topology of the underlying
backbone demography (Figure S28) was assumed known for these simulations.
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We summarize our results in Tables S22—-S24. We found that the mean estimates for the
divergence times agree fairly well with the true simulated values (Table S23). However,
deeper splits exhibited greater variation. Interestingly, the estimates of migration rates
were noisy (Table S24), likely due to small sample sizes and recent divergence times,
which make migration rates difficult to infer using these data. Despite this variation,
there was good agreement for the estimated tree topology. In fact, in 100% of the
bootstrap replicates, the most likely tree topology had USRI joining on to the branch
ancestral to Athabascan and Karitiana, just below the divergence with Koryak. Statistics
for the distance between the Koryak-(Athabascan,Karitiana) split and the most likely
USRI join-on time are shown in Table S25, and Figure S30 shows the distribution of
likelihood surfaces across all simulations. In the latter, the warmer area concentrated
near the Koryak-AK split represents the most likely placement of the USRI individual
onto the backbone demography.

Overall, these results are consistent with the inference based on haplotype data (Section
18). Both methods suggest that Native Americans became isolated from Asians and
Siberians ~25 kya, after which the ancestors of USRI started diverging from other
Native Americans ~20 kya. Our diCal analysis further suggests that gene flow between
USRI and Native Amerticans was maintained at least until 11.5 kya (the age of USR1).
Yet, we infer that this gene flow did not involve the already differentiated North and
South Native American branches (here represented by Athabascans and Karitiana,
respectively), which diverged from each other ~15 kya, as we found USR1 to be equally
related to both branches (Section 10.6).

20. Assessment of the splits within ancestral Native American populations.

Our results show that the population represented by USR1 belongs to one of two basal
branches of ancestral Native Americans. We termed the branch leading to USRI
Ancient Beringians (AB) and the branch leading to other Native Americans Northern
and Southern Native Americans (NNA+SNA). We assessed five possible scenarios for
where this basal AB and NNA+SNA split and the subsequent split between North
Native Americans and South Native Americans may have taken place®"!'*"? (see
Figure 2 for a schematic representation). The following parameters, derived from this
study and previous work, apply to our assessment of these scenarios:

1. Based on genomic evidence from modern individuals and USR1, the NNA-SNA split
has been estimated as occurring between 14,000 and 17,000 years ago (Section 19), and
no later than 12,600 years ago **.

2. USRI is a Native American outgroup to both the NNA and SNA lineages. Therefore,
the split within the source population of ancient Native Americans that led to USR1 on
the one hand, and other Native Americans on the other, must predate the NNA-SNA
split. We estimate this split to have occurred approximately 20 kya after which, there
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was a period of gene flow between AB and NNA and between AB and SNA (Sections
18 and 19).

3. Currently, the earliest secure archaeological evidence for a human presence in eastern
Beringia is the site of Swan Point, Alaska, which is radiocarbon dated to 14.2 kya 13,
Claims for an earlier presence, as at Bluefish Caves ''*, based on the presence of
apparently humanly-modified bones, are intriguing, but ultimately unconvincing: only
15 bones out of 36,000+ examined prove to have marks that may be a consequence of
human action, but since those marks are also consistent with other, non-human,
processes, the results are not unequivocal. Furthermore, the new dated specimens are
not directly tied to the complicated, cryoturbated stratigraphy of the site, or with the few
human-produced stone artifacts, which are similar to later, Denali-age, materials (i.e.,
microblade cores of the Campus type, not the older Yubetsu type). Given that, and that
the new radiocarbon ages are scattered over 10,000 years, the Bluefish Caves evidence

is not compelling.
4. Radiocarbon dating puts the age of USRI at ~11,500 years BP'?.

Scenario 1: Divergence of AB and NNA+SNA took place in Eurasia, and the NNA—
SNA split took place in North America, south of Beringia.

If the divergence between AB and NNA+SNA was a clean split, this scenario implies
that these lineages moved independently from Eurasia, and that AB remained
genetically isolated from the NNA+SNA lineage, between the time of their arrival in
eastern Beringia and ~11.5 kya (the age of USR1). Alternatively, if there was gene flow
between these two lineages, this scenario implies that they moved together from the
Eurasia as a weakly structured population. We assessed these alternatives in Section 19
and found support for gene flow between the ancestors of USR1 and the ancestors of
NNA and SNA. This scenario is most consistent with the archaeological record, which
to date lacks secure evidence of human occupation in Beringia and the Americas at
~20.1 kya. The migrations into Beringia and the Americas may have been concurrent in
different geographic areas or sequential through the same geographic areas.

Regardless of the nature of the USR1 split, Scenario 1 posits that the NNA and SNA
lineages diverged once they were beyond the continental ice sheets, and after they
became isolated from the AB population. Although we found NNA and SNA to be
equidistant to USR1 (Figures 1 and S7), diversity-based estimates such as the D-statistic
have little resolution in finding asymmetric gene flow between these recently diverged
populations. However, we consider a region south of eastern Beringia, where the
ancestors of USRI were not present, to be the most plausible location for the NNA-
SNA split ~15 kya. Human presence in lower-latitudes has been securely dated to 14.6
kya and later "', and glacial ice could have provided the barrier that led to genetic
isolation from the remnant AB population in eastern Beringia. The location of this split
could have been along migration corridors or in central North America.
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Scenario 2: Divergence of AB and NNA+SNA took place in eastern Beringia, and the
NNA—-SNA split took place in North America, south of Beringia.

This scenario implies that the ancestral Native American population entered eastern
Beringia then diverged into AB and the ancestral NNA+SNA line. If that divergence
was a clean split, strong population structure in eastern Beringia is required between
~20 kya (the estimated time of the divergence within the ancestral Native American)
and ~11.5 kya (the age of USR1). Strong population structure is not required if there
was gene flow, for which we find evidence in Section 19.

Similar to Scenario 1, this model implies that NNA+SNA became isolated from the
remainder of the ancestral Native American population, again possibly by moving
beyond the glacial ice sheets, and then in turn split into those basal branches.

Scenario 3: Divergence of AB and NNA+SNA took place in Eurasia, and the NNA—
SNA split took place in eastern Beringia.

This and Scenario 1 have the same implications regarding the divergence of AB and
NNA+SNA. However, it requires population structure in eastern Beringia, strong
enough to have the ancestors of USR1, and those of the NNA and SNA inhabiting the
same region, but with highly restricted gene flow between them for the period from
~15.7 kya (estimated time for the NNA—SNA split (Section 18)) and the time in which
NNA and SNA moved south of eastern Beringia as one structured or two separate
migrations. Moreover, although genetic sampling of modern and ancient populations in
the region is sparse, members of the SNA branch have not been documented in regions
that were once north of the glacial ice °*°'. In the absence of such strong structure and
the requirement for a more complex mode of migration south of Beringia, we deem this
scenario less plausible than 1 and 2. This conclusion is further supported by our finding
of gene flow between AB and NNA+SNA after their split ~20 kya (Section 19).

Scenario 4: All three lineages split in eastern Beringia.

This scenario has the same implications as Scenario 2 regarding the AB and
NNA+SNA split, and the same implications as Scenario 3 regarding the NNA-SNA
split. In the absence of strong structure in eastern Beringia between ~15.7 kya (the
estimated time for the NNA—SNA split (Section 18)) and the time in which NNA and
SNA moved south of eastern Beringia as one structured or two separate migrations, we
consider this model to be less plausible than 1 or 2.

Scenario 5: All three lineages split in Eurasia.
This scenario is similar to Scenario 4 in that both sets of splits occurred in the same

region. It requires strong population structure, particularly after the NNA—-SNA split,
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and for that structure to have persisted across the Old World and into Eastern Beringia
over many millennia. Given that we find evidence for gene flow between AB and
NNA+SNA, we consider these conditions to be unlikely. For that reason, we find this
model to be less plausible than Scenarios 1 and 2.

Of the five scenarios, Scenario 1 and Scenario 2 are the ones most likely, and though
each has strengths and weaknesses in regard to the extant genetic and archaeological
evidence, we cannot fully eliminate one or the other.

Both scenarios are compatible with our genetic results, but obviously they differ in
regard to where the ancestors of USRI split from other Native Americans. Viewed
strictly from the genetic evidence, Scenario 1 is less parsimonious. We found evidence
of continuous gene flow between the ancestors of USR1 and NNA+SNA (Section 18),
which would have been facilitated if these populations were geographically close
between ~20 and 11.5 kya. Moreover, if the ancestors of USR1 travelled separately into
eastern Beringia, it would imply they (or the ancestors of the NNA+SNA line, if they
stayed behind) remained in Eurasia for a time period during which they must have
stayed isolated from other Asian/Siberian populations, since USR1 shows no evidence
of gene flow with Siberians/Asians, and still forms a clade with Native Americans
(Section 10.4). Thus, by this genetic evidence, Scenario 2 is favored.

However, the earliest securely dated archaeological remains in Beringia only date to
~15-14 kya 7?7*M"*1712 CGiven that the split between the ancestors of USRI and
NNA+SNA is estimated to have occurred ~21 kya, it seems unlikely it would have
occurred in eastern Beringia. Additionally, this inference is based on the fact that the
split occurred during the LGM, a cold period unlikely to be associated with expanding
populations moving northward into Beringia. Since isolation of ancestral Native
Americans from ancestral East Asians was maintained for thousands of years in
Northeast Asia, these isolation mechanisms (e.g., different geographical locations or
ecological adaptations) likely persisted through the LGM. On the basis of
archaeological and paleoecological evidence (and consistency with the genetic evidence
presented above) Scenmario 1 is favored. Ultimately, additional genetic and
archaeological data will fully resolve the location of the initial AB and NNA+SNA
split.

As for the other scenarios (3 through 5), in order to be compatible with the genetic
results, there would have to have been extended periods of strong population structure,
for which we do not see compelling genetic evidence, and which we deem less likely to
have occurred between what are known archaeologically to be highly mobile

. 4,110,123
populations "#'%12,

Finally, we observe that members of the NNA (including Athabascans) later moved
northward, which must have occurred sometime after 11,500 years ago, ''>'**,

ultimately replacing or absorbing the population to which USR1 belonged.
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21. Extended discussion integrating the genetic results with current archaeological
evidence

Our findings can be integrated with current knowledge of Siberian, Beringian, and
Paleoindian archaeology "*''*'*. This integrated model posits divergence of Native
Americans from East Asians initiating at ~36 kya, but with both groups behaving as an
almost panmictic population until ~24kya (Section 18, similar estimates have been
obtained based on modern genome data *'). Ancestral Native American populations
were still likely in Northeast Asia during this period. Although direct evidence is
lacking as to the mechanism(s) that led to the cessation of gene flow, we note that this
period coincides with evidence for local depopulation in far Northeast Asia '*°, but see
27 Importantly, there is no unequivocal evidence for human presence in the Americas

during this period "*'*,

Following the LGM, there is only one widespread cultural tradition in Northeast Asia:
Diuktai Culture (Late Upper Paleolithic) '**. This tradition expanded from central
Siberia to the northeast between ~18-14 kya, and it is related to the technology used by
the earliest Beringians at Swan Point, Alaska, dating to 14.2 kya '>. We note that USR1
(a descendent of the AB population) was part of a cultural tradition (Denali complex)
with technological connections with Diuktai Culture. The Diuktai culture itself was
replaced in Siberia by the Sumnagin Culture after ~12.6 kya, possibly representing a

different population '*’.

The ancient Native American population initially resided in Northeast Asia. The basal
split between AB and NNA+SNA began at ~20 kya and there continued to be gene flow
between these groups until ~11 (Section 18). While NNA+SNA populations maintained
gene flow with AB, dispersal of one or both populations into different or perhaps distant
geographic areas, or ecological settings that led to the development of different
economic adaptations, may have resulted in the cessation of gene flow prior to the
NNA-SNA split. Separate locations in Siberian and Beringian interior riverine (AB) and
Northern Pacific coastal areas (NNA+SNA), may have led to the divergence between
these groups. Such regions have been recently suggested to have high levels of
productivity during this period . Alternatively, both branches (AB and NNA+SNA)
may have arrived as distinct pulses into eastern Beringia, separate in time but with gene
flow between them.

Archaeological evidence of the earliest human occupations south of the Laurentide Ice
Sheet and Cordilleran Glacier Complexes points to migration out of eastern Beringia by
~15-14 kya. This correlates with the estimated divergence time for NNA and SNA at
~15 kya (Section 19), and certainly prior to the age of Anzick at 12.6 kya >"**, followed
by rapid diversification of multiple major lineages within North America '’. This
scenario is consistent with the apparently rapid expansion and settlement of ecologically
diverse regions of the American continents south of the glacial ice ''°. That NNA and
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SNA are symmetrical to USRI strongly suggests that the NNA-SNA split occurred
south of Beringia, with later gene flow with Na-Dene (NNA) ancestors who must have
moved north after deglaciation.

Our data suggest that Na-Dene (Athabascans) would have to have diverged from the
other NNA south of Beringia, and then moved northward at a later period. One
hypothesis consistent with the genetic and archaeological data posits an AB population
in interior Beringia, associated with the Denali complex (Figure S1) in the early
Holocene with gene flow with Na-Dene ancestors until ~6-4 kya. The major cultural
transition in this region occurs at ~6 kya, when the Denali complex is replaced by the
Northern Archaic tradition **. While there is some material cultural continuity (e.g.,
wedge-shaped microblade cores), new technologies enter the record that appear to relate
to earlier forms in the western Subarctic to the south and east '***. This may reflect
population replacement or absorption.

Our data indicates more complex genetic history of Native American ancestors prior to
their basal divergence into SNA and NNA branches ~15 kya that extends prior to their
migration into the Americas. This divergence within the ancestral Native American
population and later within NNA and SNA occurred between ~21-11 kya, and then
again sometime after 11 kya when descendants of NNA moved north.

There are broader implications of our data and analyses for the nature, location and
timing of the colonization of the Americas, which has been historically approached by
using the Beringian Incubation or Standstill Model *>"*°. We found that gene flow
between East Asians (Koryak, Nivkh) and Native Americans was interrupted 24 kya,
after which NNA and SNA diverged ~15 kya south of Beringia. This implies a ~10,000
year period of isolation of ancestral Native Americans (in broad agreement with °' and
), in contrast to the originally proposed 15,000 year estimate >. Moreover, this
‘incubation’ period is now shown to be more complex, marked early on by a single
ancestral Native American population, which later split into two populations with
ensuing gene flow (AB and NNA+SNA groups). Yet, these groups maintained genetic
isolation from East Asian and Ancient North Eurasian groups. The geographic locations
of these populations remain ambiguous and cannot be determined on the basis of
genetic data alone. However, from an archaeological standpoint, the lack of evidence of
human occupation of eastern Beringia or the Americas prior to ~15-14 kya suggests that
the period of isolation between Asian and ancestral Native Americans occurred in
Northeast Asia, where there is evidence of human occupations during this period (~24-
14 kya) '

Recent genetic analyses have suggested some South Native American populations
derive a fraction of their ancestry from ancestors with closer relationships to modern
Australasians, termed ‘Population Y’ ®. Two alternative scenarios are consistent with
the data: (1) the Australasian signal came in during recent times, i.e., during the
Holocene, differentially reflected in a few populations *', or (2) the Australasian signal
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reflects a remnant of an earlier migration from a structured Beringian population that
later admixed with newly arrived ancestral Native Americans in South America **'*'.
The latter would imply that ‘Population Y’ diverged from other Native Americans prior
to the AB-NNA+SNA split, as we did not detect this Australasian-related signal in
USR1. However this issue will only be resolved with geographically and temporally
denser sampling across the Americas, particularly in Beringia and South America.

The relative genetic position of AB, within the broader Native American ancestral
population, suggests long-term residence in Interior Eastern Beringia, from at least 14-
11.5 ka, and perhaps extending to ~6 kya. This genetic continuity is congruent with
evidence of technological continuity between the Eastern Beringian tradition (including
the Chindadn complex) and the later Denali complex *7*!''*13?
limited by the current Na-Dene genome samples. Na-Dene genomes from Alaska,
where the linguistic diversity is greatest °*”®, could help resolve the ambiguities with
USR1-Na-Dene relationships, and the later history of the relict Ancient Beringian

population that USR1 represents.

. However, we are
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Table S1. Mapping statistics for both USR individuals. Sequencing reads were processed as described in Section 3. We provide mapping
statistics, overall error estimates (Section 4.2) and mtDNA-based contamination estimates (Section 4.4) for each sequencing library. USER-
treated libraries are indicated by a 'u'.

Sample Library Total reads Trimmed Mapped Mapped % % Avg. Avg. Avg. Avg. | Avg. % pMT CtoT
extract reads unique Duplication Endo read DoC DoC DoC | DoC | Error- authentic) (1st 5’
Length MT X Y rate 95% CI) base)
USRI-E7 012293E7_L1 20283367 14258000 2191515 2149213 1.930 10.59 51.00 0 43 0 0| 0.7135 0.993 0.142184
(0.898-0.998)
USRI-E8 012293E8_L1 19511449 15434664 8859928 8785820 0.836 45.02 58.31 0.2 15.1 0.2 0| 0.8176 0.990 0.13094
(0.963-0.999)
USRI-E9 012293E9_L1 16735364 13110738 7293833 7238069 0.764 43.25 59.13 0.1 13.6 0.1 0| 0.7062 0.998 0.134662
(0.975-0.999)
USRI-E10 012293E10_L1 13594823 10638189 3374268 3348821 0.754 24.63 56.07 0.1 6 0.1 0 | 0.7606 0.997 0.133338
(0.956-0.999)
USRI-El1 012293E11_L1 16534726 12671272 1222766 1212574 0.833 7.33 52.19 0 2.6 0 0| 0.5369 0.990 0.109447
(0.782-0.998)
USRI-E7 12293E7u_L12 3498986470 2599477058 1005165724 647465313 35.586 18.50 51.52 10.8 135.4 11.2 0.1 | 0.0879 0.999
(0.996-0.999)
USRI-E7 12293E7u_L13 1360860967 988326922 353640339 295306991 16.495 21.70 50.96 4.9 103.5 5 0| 0.0887 0.999
(0.996-0.999)
USRI-E8 012293E8_L2u 88948876 67867703 11547813 11109122 3.798 12.48 52.12 0.2 20.5 0.2 0| 0.0991 0.998
(0.989-0.999)
USRI-E9 012293E9_L2u 60666839 47427326 28805014 28248325 1.932 46.56 55.28 0.5 342 0.5 0 0.118 0.999
(0.995-0.999)
USRI-E10 012293E10_L2u 7835321 6251576 3729794 3695474 0.920 47.16 57.91 0.1 6.9 0.1 0| 0.1124 0.999
(0.976-0.999)
USRI-El1 012293E11_L2u 94144930 73518825 25141269 24480289 2.629 26.00 53.27 0.4 32.4 0.4 0| 0.1196 0.996
(0.989-0.999)
USR1 5111443403 3782869410 1428029953 1010305514 29.251 19.76 51.53 16.8 3329 17.4 0.1 | 0.0899 0.998
(0.995-0.999)
USR2-E2 12294E2 L2 324445067 150551141 6339546 500128 92.110 0.15 47.55 | <0.1 <0.1 <0.1 - | 0.3561 - 0.116875
USR2-E2 012294E2_L3u 44954160 27410188 1884500 1874437 0.533 4.16 47.88 | <0.1 48 | <0.1 - | 0.0988 0.998
(0.964-0.999)
USR2-E2 12294 _E2 L4u 186043218 115855796 7088893 5068971 28.494 2.72 47.88 0.1 12.4 0.1 - | 0.1167 0.999
(0.990-0.999)
USR2 230997378 143265984 8973393 6943408 22.622 3.00 47.88 0.1 17.2 0.1 0.1118 0.999
(0.988-0.999)
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Table S2. Relatedness between both USR individuals. We show the probabilities of
sharing 0, 1 or 2 alleles identical by descent between pairs of genomes, as estimated by
the two different approaches described in Section 5. For each comparison, the number

of SNPs is shown in the rightmost column.

NGSrelate estimates

Individual 1 Individual 2 ko k, k, #SNPs
USR2 USR1 0.52 0.381 0.099 9811
USR2 Anzick 0.866 0.096 0.039 9525
USR1 Anzick 0.844 0.146 0.01 1259773
relate estimates

Individual 1 Individual 2 ko k, k, #SNPs
USR2 USR1 0.654 0.346 0 827
USR2 Anzick 1 0 809
USR1 Anzick 0.833 0.167 14112
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Table S3. Whole genome sequencing reference dataset. Whole genomes used in this
study are detailed. For each genome, we show the average depth of coverage, the
number of sites with a called-genotype and a heterozygosity estimate based on called

genotypes (Section 6.2).

Sample name Name in this Population Region Avg. | Non-missing %Het Ref. Note
study DoC | genotypes

USR1 USR1 - America 16.8 2436817386 0.05732 | Thisst. | Ancient
USR2 USR2 - America 0.1 - - | Thisst. | Ancient
Anzickl Anzickl - America 12.8 1608438381 0.05774 “ Ancient
Kennewick Kennewick - America 1 - - p Ancient
939 939 - America 0.4 - - . Ancient
Saqqaq Saqqaq Saqqaq Greenland 14.4 1006515737 0.03994 s Ancient
Mat'ta Mal'ta ANE Siberia 1 - - o Ancient
Denisovan Denisovan Denisovan Altai 243 2500676863 0.01920 o Archaic
Altai Neandertal Neandertal Altai 40.8 2524819423 0.01764 Archaic
Neandertal 65
DNKO02 Dinka Dinka Africa 243 2569052451 0.09260 o
HGDP00456 Mbuti Mbuti Africa 20.3 2548699461 0.09314 o
HGDP00927 Yoruba Yoruba Africa 26.7 2567696800 0.09462 o
HGDP01029 San San Africa 26.9 2568188751 0.09910 o
HGDPO01284 Mandenka Mandenka Africa 20.6 2558239985 0.09393 o
Aleutian Aleutian Aleutian America 20.8 2434924158 0.07021 0 95.03%masked
Athabascan_1 Athabascanl Athabascan America 23.2 2049773754 0.05848 0
Athabascan_2 Athabascan2 Athabascan America 22 2326962236 0.05735 0
BI16 Karitiana2 Karitiana America 234 2414562015 0.05214 “
CEPH_11 D12 | Pima Pima America 19 2252556878 0.04740 .
HGDP00998 Karitiana Karitiana America 21.3 2565672745 0.05096 o
HUIO03 Huichol Huichol America 23.2 2340026621 0.05486 .
556004476 Karitiana3 Karitiana America 32 2642336844 0.05131 o
SS6004479 Mixe Mixe America 36.3 2651934284 0.05711 o
TA6 Aymara Aymara America 20.6 2304183514 0.05293 i
Y2040 Yukpa Yukpa America 22.5 2232969390 0.05158 .
mixe0002 MixeE Mixe America 41.6 2639493094 0.08888 o
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mixe0042 MixeF Mixe America 41.4 2639356258 0.08786
68
HGDP00846 SuruiA Surui America 37.1 2639873887 0.07965
68
HGDP00852 SuruiB Surui America 31.7 2639354004 0.07815
68
HGDP00778 Han Han East Asia 22.3 2570665836 0.06727
64
HGDPO01307 Dai Dai East Asia 23.8 2562941592 0.06725
64
HGDP00521 French French Europe 22.6 2564841578 0.07107
64
HGDP00665 Sardinian Sardinian Europe 19.9 2560254118 0.06949
64
Greenlander 1 Greenlander]! | Greenlander Greenland 44.2 2547084054 0.06227
71
Greenlander 2 Greenlander2 | Greenlander Greenland 422 2541111608 0.06303
71
HGDP00542 Papuan Papuan Oceania 21.6 2561366658 0.05695
64
13748 3/HGDP | Papuanl Papuan Oceania 18.9 2564338201 0.05564
00543 31
13748 1/HGDP | Papuan2 Papuan Oceania 18.6 2564785772 0.05603
00541 31
13748 _7/HGDP | Papuan3 Papuan Oceania 18.5 2569623095 0.05683
00547 31
13748 _6/HGDP | Papuan4 Papuan Oceania 18.3 2562414766 0.05531
00546 31
Burl Buryatl Buryat Siberia
214 | 2458344356 | 0.06579 | 31
Bur2 Buryat2 Buryat Siberia 25.8 | 2445545066 | 0.06792 | 31
Ketl Ketl Ket Siberia 345 1860142338 0.06879
31
Ket2 Ket2 Ket Siberia 235 2377467697 0.06466
31
Korl Koryakl Koryak Siberia 21.4 2454102221 0.05793
31
Kor2 Koryak2 Koryak Siberia 20 2436604546 0.05899
31
Nivhl Nivkhl Nivkh Siberia 20.9 2419085671 0.05895
71
Nivh2 Nivkh2 Nivkh Siberia 22.6 2455741789 0.06185
71
Yakl Yakutl Yakut Siberia 23.1 2349556086 0.06355
31
Yak2 Yakut2 Yakut Siberia 21.1 2397931959 0.06562

31
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Table S4: Results for the clean split model. Demographic parameters inferred by
diCal 2.0, using a clean split model (Figure 19a with m = 0 and no T}), for each pair of
genomes involving USR1. Parameters with the 'mle' prefix were estimated and the other
parameters were fixed.

Pop 1 Pop2 | mle Ny N, mle Ng | Ny logLike
TDIV

Athabascan | USR1 15882 2600 | 2875 1701 | 20000 -8424573
Aymara USRI 15528 1530 | 2875 1680 | 20000 -9398840
Karitiana USRI 16136 1650 | 2875 1650 | 20000 -9770161
Koryak USRI 24709 3200 | 2875 1649 | 20000 | -10620881
Nivkh USRI 26430 4650 | 2875 1635 | 20000 | -10768921
Han USRI 28460 | 12000 | 2875 1578 | 20000 | -12142319

Table SS: Results for the 'isolation with migration' model. Demographic parameters
inferred by diCal 2.0, using an IM model (Figure 19a with m > 0 and 7),= 0), for each
pair of genomes involving USR1. Parameters with the 'mle' prefix were estimated and
the other parameters were fixed.

Pop 1 Pop2 | mle mle m Ny N, mle Ng | Ny logLike
T

Athabascan USR1 D11V9635 3.90E-04 2600 | 2875 1643 | 20000 -8424538
Aymara USRI 20292 | 3.40E-04 1530 | 2875 1610 | 20000 -9398807
Karitiana USRI 21725 | 3.50E-04 1650 | 2875 1564 | 20000 -9770015
Koryak USR1 35662 | 4.90E-04 3200 | 2875 1375 | 20000 | -10620414
Nivkh USR1 35459 | 3.60E-04 4650 | 2875 1381 | 20000 | -10768526
Han USRI 34199 | 2.30E-04 | 12000 | 2875 1399 | 20000 | -12142137

Table S6: Results for the 'isolation with migration' model with migration stop.
Demographic parameters inferred by diCal 2.0, using an IM model, where gene flow
stops at T)s (Figure 19a with m > 0 and T > 0), for each pair of genomes involving
USRI1. Parameters with the 'mle' prefix were estimated and the other parameters were

fixed.

Pop 1 Pop 2 | mle Ty, mle 7Tp;y | mle m Ny N, mle Np Ny logLike

Athabascan | USRI 2401 19714 | 4.80E-04 2600 | 2875 1641 20000 -8424535
Aymara USRI 11397 21274 | 1.40E-03 1530 | 2875 1610 20000 -9398755
Karitiana USRI 10310 22702 | 1.00E-03 1650 | 2875 1556 20000 -9769984
Koryak USRI 2344 35677 | 5.40E-04 3200 | 2875 1373 20000 | -10620404
Nivkh USRI 1816 35390 | 3.90E-04 4650 | 2875 1385 20000 | -10768523
Han USRI 22584 34251 | 9.50E-03 12000 | 2875 1399 20000 | -12142101
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Table S7: Results for the second contact model. Demographic parameters inferred by
diCal 2.0 using the second contact model depicted in Figure 19b, for each pair of
genomes involving USR1. Parameters with the 'mle' prefix were estimated and the other

parameters were fixed.

Pop 1 Pop 2 | mle 7Ty, | mle Tpyy | mle m; mle m; N; N, mle Ng | N4 logLike

Athabascan | USR1 4071 19822 | 3.50E-04 | 4.10E-04 2600 | 2875 1638 20000 | -8424537
Aymara USRI1 11362 21221 | 2.50E-08 | 1.40E-03 1530 | 2875 1612 20000 | -9398755
Karitiana USRI1 10500 22729 | 2.50E-08 | 1.10E-03 1650 | 2875 1557 20000 | -9769984
Koryak USRI1 24459 36194 | 2.50E-03 | 3.40E-02 3200 | 2875 1361 20000 | -10620398
Nivkh USRI1 26151 36327 | 2.00E-03 | 3.30E-02 4650 | 2875 1360 20000 | -10768482
Han USRI1 26459 35556 | 1.20E-03 | 2.70E-02 12000 | 2875 1362 20000 | -12142027

Table S8: Inference results using the clean split model for simulated data.

Demographic parameters inferred by diCal 2.0 using the clean split model for data
simulated under the same model (Figure S19a, m = 0, no Ty, with Tpy = 20 kya.
Parameters with the 'mle’ prefix were estimated and the other parameters were fixed.

mle Tpyy | NV N, mle Ng | Ny logLike
Truth 20000 3000 3000 1800 20000

siml 19365 1421 -7751363
sim2 19367 1424 -7732439
sim3 20278 1468 -7803315
sim4 19867 1458 -7859154
sim5 19745 1430 -7787484
simo6 19521 1452 -7859325
sim7 19566 1428 -7886269
sim§ 19363 1451 -7929714

Mean 19634 1441

SD 320 18
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Table S9: Inference results using the 'isolation with migration' model for
simulated data. Demographic parameters inferred by diCal 2.0 using the IM model for
data simulated under the same model (Figure S19a, T), = 0) with Tp;y= 20 kya and m =
0.0001. Parameters with the 'mle' prefix were estimated and the other parameters were

fixed.
mle Tp;y | mle m Ny N, mle Ng | Ny logLike
Truth 20000 1.00E-04 3000 | 3000 | 1800 20000
siml 19647 2.50E-04 1426 -7794316
sim2 20422 2.30E-04 1424 -7832268
sim3 19814 1.60E-04 1432 -7823589
sim4 19873 2.30E-04 1442 -7864893
sim5 20147 1.60E-04 1446 -7794492
sim6 19701 1.20E-04 1426 -7774435
sim7 20081 1.30E-04 1432 -7861377
sim8 20024 2.80E-04 1446 -7740625
Mean 19964 1.90E-04 1434
SD 257 6.00E-05 9

Table S10: Inference results using the 'isolation with migration' model where gene
flow stops at Ty, = 13 kya, for simulated data. Demographic parameters inferred by
diCal 2.0 using the IM model with gene flow stopping time (Figure S19a), for data
simulated under the same model with 7p;y= 20 kya and m = 0.001. Parameters with the
'mle' prefix were estimated and the other parameters were fixed.

mle 7, | mle mle m Ny N, mle Np Ny logLike
TDIV
Truth | 13000 20000 1.00E-03 | 3000 | 3000 | 1800 20000

siml 11632 20320 | 1.60E-03 1406 -7841541
sim2 11014 20192 | 1.30E-03 1443 -7818743
sim3 10712 20389 | 8.00E-04 1413 -7780795
sim4 11006 19999 | 2.00E-03 1418 -7794456
sim5 10432 19967 | 1.40E-03 1423 -7762155
simo6 11600 19144 | 1.50E-03 1449 -7756813
sim7 11915 20290 | 1.10E-03 1476 -7917835
sim8& 11612 20138 | 2.40E-03 1431 -7792671

Mean 11240 20055 | 1.50E-03 1432

SD 523 397 | 5.00E-04 23
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Table S11: Inference results using the 'isolation with migration' model where gene
flow stops at T, = 13 kya, for simulated data, but with a lower m. Demographic
parameters inferred by diCal 2.0 using the IM model with gene flow stopping
time(Figure S19a), for data simulated under the same model with 7= 20 kya and m =
0.0001. Parameters with the 'mle' prefix were estimated and the other parameters were

fixed.
mle 7, | mle Tpyy | mle m Ny N, mle Ng | Ny logLike
Truth 13000 20000 1.00E-04 | 3000 | 3000 | 1800 20000
siml 11606 20109 | 8.30E-04 1445 -7869217
sim2 16518 18771 | 8.40E-03 1498 -7817827
sim3 15380 18700 | 3.30E-04 1432 -7889281
sim4 16564 19464 | 3.20E-03 1430 -7699842
sim5 15134 18110 | 4.20E-05 1503 -7937893
sim6 16039 19127 | 3.60E-04 1468 -7792691
sim7 14358 19220 | 8.40E-04 1437 -7815753
sim§ 16943 19018 | 2.80E-02 1446 -7806453
Mean 15318 19065 | 5.30E-03 1457
SD 1727 587 | 9.70E-03 29

Table S12: Inference results using the 'isolation with migration' model where gene
flow stops at T) = 6 kya, for simulated data. Demographic parameters inferred by
diCal 2.0 using the IM model with gene flow stopping time (Figure S19a), for data
simulated under the same model with 7p;y= 20 kya and m = 0.0001. Parameters with
the 'mle' prefix were estimated and the other parameters were fixed.

mle 7, | mle Tpyy | mle m Ny N, mle Ng | Ny logLike
Truth 6000 20000 1.00E-04 | 3000 | 3000 1800 20000

siml 11563 20234 | 9.20E-04 1444 -7933793
sim2 9302 20185 | 6.10E-04 1432 -7786055
sim3 9570 20872 | 8.50E-04 1434 -7823960
sim4 11561 20515 | 8.20E-04 1436 -7924189
sim5 11553 20475 | 6.50E-04 1423 -7794861
sim6 11091 20259 | 9.60E-04 1437 -7842770
sim7 11557 19589 | 7.20E-04 1439 -7863967
sim§ 13284 19679 | 3.30E-03 1460 -7798626

Mean 11185 20226 | 1.10E-03 1438

SD 1261 426 | 9.10E-04 11
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Table S13: Inference results using the 'isolation with migration' model where gene
flow stops at 7) = 6 kya, for simulated data, but with larger m. Demographic
parameters inferred by diCal 2.0 using the IM model with gene flow stopping time
(Figure S19a), for data simulated under the same model with 7p;= 20 kya and m =
0.0001. Parameters with the 'mle' prefix were estimated and the other parameters were

fixed.
Mle mle 7y, | mle Tpyy | m Ny N, mle Ng | Ny logLike
Truth 6000 20000 | 1.00E-03 | 3000 | 3000 1800 | 20000
siml 2328 20589 1437 -7815356
sim2 1274 19858 1458 -7840936
sim3 6750 19613 1446 -7840430
sim4 6564 19900 1426 -7730805
Mean 4229 19990 1442
SD 2837 419 14

Table S14: Inference results using the second contact model, for simulated data.
Demographic parameters inferred by diCal 2.0 using the second contact model (Figure
S19b), for data simulated under the same model with 7Ty = 35 kya, Ty,= 25 kya, m; =
0.001, and m, = 0.01. Parameters with the 'mle' prefix were estimated and the other
parameters were fixed.

mle 7, | mle mle m; mle m, Ny N, mle Ny logLike
TDIV NB
Truth | 25000 35000 1.00E-03 | 1.00E-02 | 3000 | 3000 | 1800 20000

siml 11838 37520 | 4.30E-04 | 7.50E-04 1380 -8913128
sim?2 11613 36934 | 5.10E-05| 7.00E-04 1412 -8988046
sim3 11602 37158 | 2.50E-07 | 8.10E-04 1379 -8960848
sim4 11636 38228 | 5.00E-04 | 7.00E-04 1349 -8959106
sim5 11612 35631 | 3.70E-04 | 6.30E-04 1417 -8928802
sim6 12508 37199 | 1.00E-03 | 8.30E-04 1372 -8973057
sim7 11631 36657 | 3.70E-04 | 7.00E-04 1393 -8919797
sim§ 11623 36887 | 3.80E-04 | 5.70E-04 1363 -8877822

Mean 11758 37027 | 3.90E-04 | 7.10E-04 1383

SD 313 741 | 3.00E-04 | 8.50E-05 23
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Table S15: Inference results using the second contact model with fixed migration
rates, for simulated data. Demographic parameters inferred by diCal 2.0 using the
second contact model (Figure S19b), for data simulated under the same model with 7py

=35 kya, Ty =25 kya, m; = 0.001, and m, = 0.01. Parameters with the 'mle' prefix were
estimated and the other parameters were fixed.

mle 7, | mle Tpy | m,; m; Ny N, mle Ng | Ny logLike
Truth | 25000 35000 1.00E-03 | 1.00E-02 | 3000 | 3000 | 1800 20000
siml 23055 36475 1412 -9042996
sim2 21765 37146 1404 -9070580
sim3 22140 36428 1416 -9045602
sim4 21877 36106 1406 -8950596
Mean | 22209 36539 1409
SD 585 437 6
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Table S16: Inference results using the clean split model for data simulated under
the clean split model, used for estimating the likelihood ratio distribution.
Demographic parameters inferred by diCal 2.0 using the clean split model (Figure S19a,
m = 0, no Tj) for data simulated under the same model with 7p; = 20 kya. Parameters
with the 'mle' prefix were estimated and the other parameters were fixed.

mle Tp; N; N, mle N Ny logLike
Truth 20000 3000 | 3000 | 1800 20000

siml 20012 1414 -7837516

sim2 20022 1417 -7810549

sim3 19432 1440 -7846074

sim4 19499 1457 -7801399

sim5 19155 1459 -7872743

sim6 19029 1455 -7864050

sim7 19656 1443 -7856902

sim§ 20004 1442 -7804585

sim9 19626 1444 -7778001
sim10 19824 1435 -7859782
siml1 20070 1426 -7782285
sim12 19561 1422 -7749106
sim13 19158 1449 -7803120
sim14 19440 1425 -7824226
sim15 19668 1425 -7779055
sim16 19485 1457 -7772957
sim17 20031 1439 -7868893
sim18 19424 1424 -7867072
sim19 20172 1438 -7818698
sim20 19853 1465 -7870977
Mean 19656 1439

SD 335 15
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Table S17: Inference results using the 'isolation with migration' model for data
simulated under the clean split model, used for estimating the likelihood ratio
distribution. Demographic parameters inferred by diCal 2.0 using the 'isolation with
migration' model (Figure S19a, T), = 0) for data simulated under the clean split model
(Figure 19a, Ty = 0) with Tpyr = 20 kya. Parameters with the 'mle’ prefix were estimated
and the other parameters were fixed.

mle Tpyy mle m Ny N, mle Ng | Ny logLike
Truth 20000 0.00E+00 | 3000 | 3000 | 1800 20000

siml 20431 1.10E-04 1410 -7837511

sim2 20149 4.50E-05 1416 -7810548

sim3 19769 1.10E-04 1438 -7846071

sim4 19834 1.10E-04 1454 -7801396

sim5 19777 2.00E-04 1453 -7872732

sim6 19097 3.10E-05 1456 -7864050

sim7 19744 2.30E-05 1443 -7856902

sim§ 20236 6.80E-05 1439 -7804583

sim9 20205 1.90E-04 1439 -7777990
sim10 19914 1.40E-05 1433 -7859782
sim11 20583 1.50E-04 1421 -7782277
sim12 19612 3.80E-06 1420 -7749106
sim13 19548 1.30E-04 1446 -7803117
sim14 19485 1.10E-05 1425 -7824225
sim15 19863 5.00E-05 1423 -7779054
sim16 19730 7.90E-05 1455 -7772952
sim17 20400 1.10E-04 1436 -7868890
sim18 19618 5.90E-05 1423 -7867070
sim19 20989 2.20E-04 1430 -7818681
sim20 20372 1.60E-04 1460 -7870967
Mean 19968 9.30E-05 1436

SD 446 6.50E-05 15
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Table S18: Inference results using the 'isolation with migration' model for
simulated data. Demographic parameters inferred by diCal 2.0 using the IM model
(Figure S19a, m = 0, no Ty) for data simulated under 7p;y = 20 kya and m = 0.0005.
Parameters with the 'mle’ prefix were estimated and the other parameters were fixed.

mle Tpyy | NV N, mle Ng | Ny logLike
Truth 20000 3000 | 3000 | 1800 20000
siml 18391 1442 -7746001
sim2 18416 1465 -7824461
sim3 18289 1471 -7877600
sim4 16526 1471 -7779478
Mean 17905 1462
SD 922 14

Table S19: Inference results using the second contact model for data simulated
under the 'isolation with migration' model. Demographic parameters inferred by
diCal 2.0 using the second contact model (Figure S19b) for data simulated under the IM
model (FigureS19a, T), = 0) with Tp;y = 20 kya and m = 0.0005. Parameters with the
'mle' prefix were estimated and the other parameters were fixed.

mle Tpyy mle m Ny N, mle Ng | Ny logLike
Truth 20000 5.00E-04 3000 | 3000 | 1800 20000
siml 20152 8.90E-04 1426 -7745921
sim2 19918 6.50E-04 1451 -7824403
sim3 20256 1.20E-03 1454 -7877504
sim4 18996 6.80E-04 1439 -7779426
Mean 19830 8.40E-04 1443
SD 574 2.40E-04 13

Table S20: Log-likelihood differences between the clean split and the 'isolation
with migration' model. For each pair, the log-likelihood at the estimated maximum
from the analysis of the real data under a IM model (Table S5) was subtracted from that
obtained using the clean split model (Table S4).

Population 1 | Population 2 | logLike diff

Athabascan USRI1 35.7
Aymara USRI1 33.1
Karitiana USRI1 145.7
Koryak USRI1 466.9
Nivkh USRI1 394.5
Han USRI1 181.7
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Table S21: 95% confidence intervals for Tp; and Ty. We obtained confidence
intervals following the parametric bootstrap approach detailed in Section 18.5. We show
bias-corrected estimates for 7p; and Ty, based on our simulation study Section 18.3.
Note that 7j, estimates should be taken with caution as these depend on a fixed
migration rate. All values are shown in units of 'thousands of years ago' (kya).

Pop 1 Pop2 | Tpi Tprw+/-Cl | Ty Ty+/-CI
Athabascan | USR1 19.7 0.8 42 5.6
Aymara USRI1 21.2 0.8 | 13.2 5.6
Karitiana USRI 22.6 0.8 | 12.1 5.6
Koryak USRI1 342 1.5 27.2 1.1
Nivkh USRI1 343 1.5 | 28.9 1.1
Han USRI1 33.5 1.5 293 1.1

Table S22: The overall site frequency of the genome sample used for inferring the
backbone demography as well as the most likely join-on point for USRI. The most
common types of mutations are singletons in Han and Koryaks, followed by
Athabascans and then Karitiana. Athabascans have almost 50% more private mutations
than Karitiana, even though they diverged most recently. Karitiana and USRI have
roughly the same number of private mutations.

Ancestral/derived

Han Koryak | Athabascan Karitiana | USR1 | Kilobases

2/0 3/1 4/0 4/0 2/0 192.31
171 4/0 4/0 4/0 2/0 180.66
2/0 4/0 3/1 4/0 2/0 158.73
2/0 4/0 4/0 3/1 2/0 106.97
2/0 4/0 4/0 4/0 171 95.58
2/0 2/2 4/0 4/0 2/0 49.73
2/0 3/1 2/0 4/0 2/0 38.31
2/0 4/0 4/0 2/2 2/0 37.31
2/0 4/0 2/2 4/0 2/0 36.25
171 3/1 4/0 4/0 2/0 36.09
1/1 4/0 2/0 4/0 2/0 35.57
2/0 3/1 3/1 4/0 2/0 353
2/0 4/0 3/1 3/1 2/0 32.32
171 4/0 3/1 4/0 2/0 24.78
2/0 4/0 3/1 4/0 171 24.35
All other configurations 4184.79
Monomorphic 2.67E06
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Table S23: Bootstrap results for split times in backbone populations. 102 datasets
were simulated under the MLEs and the whole inference process described in Section
19 was repeated on each replicate. The distribution of the split times in the backbone
demography for all replicates is summarized below.

Atha-Kari Koryak-AK Han-Native American

count 103 103 103

mean 17435 25950.1 28174.9

std 738.113 1330.78 1094.98

min 16314.3 24021.7 25719.4

50% 17304.3 25604.5 28197.2

max 19936.1 30153.5 31153.5

95% CI [1.64e+04, 1.93e+04] | [2.46e+04, 2.99e+04] [2.64e+04, 3.09e+04]
Truth 15754.3 23260.3 25588.8

Table S24: Bootstrap results for migration rates in backbone populations. 102
datasets were simulated under the MLEs and the whole inference process described in
Section 19 was repeated on each replicate. The distribution of the migration rates in the
backbone demography for all replicates is summarized below.

Koryak-AK Han-Koryak | Atha-Kari Koryak-Atha. (2nd contact)

count 103 103 103 103

mean -2.42822 -1.09435 -1.78372 -2.21815

std 1.05531 0.157509 0.541112 0.953633

min -5 -1.73998 -4.73775 -5

50% -2.13459 -1 -1.75108 1.84707

max -1 -1 -1 -1.16011

95% CI [-4.96, -1] [-1.6, -1] [-3.18,-1] [-5,-1.21]

Truth -2.67006 -2.98434 -3.54912 -2.66249

Table S25: Bootstrap results for the USR1 join-on time. 102 datasets were simulated
under the MLEs and the whole inference process described in Section 19 was repeated

on each replicate.

The distribution of the difference between the estimated join-on

times and the MLE for all replicates is summarized below.

Split(Koryak/AK) - MLE

count 103

mean 1630.55

std 917.899

min 468.255

50% 1448.77

max 5411.47

95% CI [576, 4.39¢+03]
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Figure S1. Denali complex extent in Beringia. Geographic extent derived from
sites attributed to the Denali complex or American Paleoarctic tradition (yellow
points), and other sites with wedge-shaped microblade cores (black points). Early
Denali complex sites (pre 11 kya) are illustrated as red points. Glacial limits and
proglacial lakes are derived from 133,
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Figure S2. Error patterns in sequencing data. a. Left: Fragment length
distribution after removing adapter sequences and collapsing paired-end reads.
Right: Misincorporation frequency (y-axis) with respect to the position (x-axis)
from the 5' and 3' ends of the collapsed reads for one USR1 (top) and one USR2
(bottom) non USER-treated library. b. Relative error rates (excess derived alleles
compared to a high coverage 1000 genomes individual) in sequencing data from
all USR1 and USR?2 libraries, as well as a modern-day Native American genome for
comparison. The overall relative error rates for each library are shown in the
middle.
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Figure S3. Genetic relationships between USR1 and modern-day worldwide
populations. USR1 and other five ancient genomes (Anzickl, 939, Kennewick,
Saqqaq and Mal'ta) were compared to a genotype panel of 2,537 modern-day
individuals from 167 ethnic groups, genotyped over 199,285 SNP sites. a.
Multidimensional scaling (MDS) plot for all non-African individuals in the genotype
panel. Individuals are colored based on their broad continental origin. b. MDS plot
for all Native American and Siberian individuals in the genotype panel. Individuals
were assigned using the language-based classification described in SI Section 6.1.
In both plots, the first two eigenvectors are shown in the x- and y- axis,
respectively. ¢. ADMIXTURE analysis assuming K={89,10,12,13,15} ancestral
components. Admixture proportions for the six ancient genomes were estimated
based on the allele frequency estimates produced by ADMIXTURE. Each bar
represents an individual and each color represents the admixture proportion from
each of the K assumed ancestral components.
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Figure S4. Shared genetic drift between USR1 and modern-day worldwide
populations. USR1 and other modern and ancient genomes (Aymara,
Athabascan1, Anzickl, 939, Kennewick and USR2) were compared to a genotype
panel including a worldwide sample of 167 ethnic groups, genotyped over 199,285
SNP sites, using outgroup f3 statistics of the form f3(San; whole-genome, X). a.
Results for f3(San; USR1, X). Error bars show one standard error. USR1 is most
closely related to modern-day Native American populations. b-g. We compared the
f3 statistics vector obtained for USR1 to those obtained for the other whole
genomes. In each panel, statistics of the form f3(San; whole-genome, X) are shown
in the x-axis and f3(San; USRI, X) is shown on the y-axis. Old-World populations
are colored based on their broad geographic origin and Native American
populations were assigned using the language-based classification described in SI
Section 6.1. Points show f3 statistics, and error bars show ~2.57 standard errors,
which corresponds to a p-value of 0.01 in a Z-test.
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Figure S5. Allele frequency-based D statistics. a. We tested which Native
American populations in the genotype panel carried Asian gene flow by computing
D(H1, Aymara; Han, YRI). In all panels, Native American populations with a
statistically significant deviation from D=0 in this test are identified with a * in the
y-axis. b. We assigned Native American populations to the North (NNA) and South
(SNA) Native American lineage by computing D(HI1, Aymara; Anzickl, YRI).
Populations with statistical support for D>0 were assigned to the NNA lineage. c.
We assessed whether USR1 carried Ancient North Eurasian admixture as it has
been shown in other Native American populations by computing D(H1, Han;
MalTa, YRI). USR1 and other Native American populations yielded similar results
for this test. d. We explored if USR1 and other Native American populations were
equally related to Australasians by computing D(H1, USR1; Papuans, YRI). We
found no support for USR1 being closer to Papuans than other Native Americans.
For all tests, we used the genotype panel described in Section 6.1. In all plots, a
schematic representation of the null hypothesis for the Z-test is shown in the
middle (D=0) and the two possible outcomes of the alternative hypothesis are
shown to the left (D<0) and the right (D>0). Points represent D statistics and error
bars represent one and ~3.3 standard errors (which corresponds to a p-value of
~0.001). Native American populations were assigned using the language-based
classification described in SI Section 6.1.
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Figure S6. Allele frequency-based D statistics testing for the relationship
between USR1, Native Americans and Siberians. We tested if USR1 and Native
Americans in the genotype panel formed a clade to the exclusion of other Siberian
and Asian populations by computing all 11,322 possible tests of the form D(Native
American, USR1; Siberian/Han, Siberian/Han). a. Quantile-quantile plot comparing
the observed Z-scores to the expected normal distribution. Note that the expected
distribution was obtained for the whole set of 11,322 tests, but we only show
results for the tests include the Han Chinese as one of the outgroups; tests of the
form D(Native American, USR1; Siberian, Siberian) are shown in Figure 1c. b. We
formally tested if USR1 formed a clade with any Siberian population in the
genotype panel by computing D(Siberian, USR1; Nat. Am., Han). We compared these
results to the above tests (D(USR1, Native American; Siberian, Han)). In both
panels, Native American populations are colored according to the Z-score of the
test D(H1, Aymara; Han, YRI) (SI Section 10.1), For all tests, we used the genotype
panel described in Section 6.1 and populations were assigned using the language-
based classification described therein. Thick dotted lines represent a Z-score of
~3.3, which corresponds to a p-value of ~0.001. Thin dotted lines represent a Z-
score of ~4.91, which corresponds to a p-value of 0.01 after applying a Bonferroni
correction for 11,322 tests.
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Figure S7. Whole genome-based D statistics. We computed D-statistics of the
form D(H1, Aymara; USRx, Yoruba) to learn about the genetic relationship between
the USR individuals and other modern and ancient whole genomes. For each test,
one allele from each one of the four genomes was randomly sampled and
transition SNPs were excluded; the total number of '"ABBA+BABA' sites is shown in
brackets. A schematic representation of the null hypothesis for the Z-test is shown
in the middle (D=0) and the two possible outcomes of the alternative hypothesis
are shown to the left (D<0) and the right (D>0). Points represent D-statistics and
error bars represent one and ~3.3 standard errors (which corresponds to a p-value
of ~0.001).
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Figure S8. Enhanced D statistics show excess Denisovan ancestry in USR1. We
computed 'enhanced' D statistics on single genomes based on different
ascertainment schemes (SI Section 11) to test whether USR1 carried excess
Australasian and/or archaic ancestry with respect to other Native Americans. a.
Test for Australasian admixture in USR1, using a Papuan individual as a proxy for
Australasians. b. Test for Neanderthal admixture in USR1, using the high-coverage
Altai Neanderthal as a proxy for Neanderthals. c¢. Test for Denisovan admixture.
For this test, we also show in blue the results for the 'basic' D statistics (no
ascertainment step in the five African genomes). For all tests, one allele from each
of the two ingroups was randomly sampled and each test was run including and
excluding transition SNPs; the total number of 'ABBA+BABA' sites is shown in
brackets. Note that the 'outgroup' genomes (specified in the lateral panels)
represent populations that are symmetrical (an outgroup) to the (H1, H2) clade
and that said genomes do not necessarily form a clade to the exclusion of H3.
Rather, they are grouped to indicate that the test is restricted to sites where they
carry an allele different from that in H3 (SI Section 11.1). A schematic
representation (unrooted tree) of the null hypothesis for the Z-test is shown in the
middle (D=0) and the two possible outcomes of the alternative hypothesis are
shown to the left (D<0) and the right (D>0). These schematics also show the
ascertainment step for each test, where sites are chosen such that the green
lineages carry an allele different to that in the pink lineage. Points represent D
statistics and error bars represent one and ~3.3 standard errors (which
corresponds to a p-value of ~0.001).
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Figure S9. D statistics for characterizing the excess 'unknown' ancestry in
USR1. a. We compared enhanced D-statistics of the form D(Native American, HZ;
Papuan, Outgroup) (test for Australasian admixture) and D(Native American, HZ;
Denisovan, Outgroup) (test for Denisovan admixture), for the Anzickl, Aymara,
Surui and USR1 single genomes. On the assumption that Denisovan admixture is
driving the apparent excess Australasian ancestry in USR1, we expect both tests to
have the same sign and to be similar in magnitude (SI Section 11.4). For reference,
we show dotted lines for x=y and D=0 in both axes. The sets of outgroup genomes
for the (H1, H2) clade that were used for ascertaining the sites for each test are
specified in the lateral panels. b. We computed D(Aymara, USR1; H3, Han) to
determine the best available proxy for the 'unknown' ancestry in USR1. In this
case, we expect D to increase with the genetic relatedness between H3 and the true
'introgressing population' (SI Section 11.5). ¢. To investigate whether the observed
pattern in USR1 could arise by randomly sampling an individual from a population
with already variable Denisovan admixture proportions, we computed the
enhanced D statistic D(Papuan, Papuan; Denisova, Chimp) on sites where the five
African genomes and the chimp carry the same allele, for all 10 possible pairs of
Papuan genomes (SI Section 11.6). For all tests, one allele from each one of the four
genomes was randomly sampled and transition SNPs were excluded. In b and c, the
total number of 'ABBA+BABA' sites is shown in brackets. A schematic
representation of the null hypothesis for the Z-test is shown in the middle (D=0)
and the two possible outcomes of the alternative hypothesis are shown to the left
(D<0) and the right (D>0). These schematics in c also show the ascertainment step,
where sites are chosen such that the green lineages carry an allele different to that
in the pink lineage. For all panels, points represent D statistics and error bars

represent one and ~3.3 standard errors (which corresponds to a p-value of
~0.001).
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Figure S10. Schematic representation of the expected D statistics assuming
USR1 carries excess Denisovan admixture compared to Aymara. In SI Section
11.5 we compute D statistics of the form D(Aymara, USR1; H3, Han), where H3
represents the French, Papuan, Yoruba, Altai Neandertal, Denisovan and chimp
genomes. Based on the fact that H3=Denisova yields the highest value of D, we
concluded that the Denisovan genome is the best proxy for the non-Native
American ancestry component in USR1. We show a diagram based on 7>, where
drift paths (colored arrows) are plotted over a tree where USR1 carries excess
Denisovan ancestry compared to the Aymara genome. Red arrows represent the
Aymara—USR1 drift path, where the solid arrow goes through the common
ancestor of Aymara and USR1, and the dotted arrow goes through the
Denisovan—USR1 admixture edge (black dotted arrow). The rest of the solid
arrows represent H3—Han drift paths. Assuming that USR1 carries a Denisovan
ancestry component, D(Aymara, USR1; H3, Han) is proportional to the overlap
between the dotted red arrow and the solid arrows. Note that in the absence of
admixture, the colored and red paths would not overlap, thus D would be
consistent with 0. The relative magnitude of these overlaps (allele frequency
difference correlation) is consistent with the D statistics shown in Figure S9b.
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Figure S11. Denisovan ancestry tract length distributions in high coverage
genomes. We inferred Denisovan ancestry tracts in USR1 and the high-coverage
reference genomes. For each genome, we show the lengths (in Mb) of individual
tracts and a boxplot of their distribution. Boxes show the median and are delimited
by the first and third quartiles. Whiskers represent the largest value within 1.5
times the inter-quartile range, starting from their respective end of the box. Mean
tract lengths are indicated in brackets, and the sum of the lengths of all tracts is
displayed in color for each genome. For each single genome, we obtained the
following counts of Denisovan ancestry tracts: Aleutian2: 6, Altail: 16, Altai2: 40,
Anzickl: 24, Athabascanl: 40, Athabascan2: 32, Aymara: 33, Buryatl: 39, Buryat2:
28, Dai: 34, French: 6, Greenlanderl: 37, Greenlander2: 43, Han: 37, Huichol: 33,
Karitiana: 29, Karitiana2: 35, Karitiana3: 33, Ketl: 20, Ket2: 31, Koryakl: 36,
Koryak2: 36, Mixe: 32, MixeE: 34, MixeF: 36, Nivkh1: 47, Nivkh2: 40, Papuan: 138,
Papuanl: 131, Papuan2: 160, Papuan3: 142, Papuan4: 138, Pima: 32, Saqqaq: 15,
Sardinian: 5, SuruiA: 32, SuruiB: 29, USR1: 44, Yakutl: 39, Yakut2: 34, Yukpa: 37.
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Figure S12. Characterization of USR1- and Aymara-specific tracts. We defined
USR1- and Aymara-specific tracts, based on sites for which all Native American
genomes (SI Section 6) are fixed and USR1 or Aymara carry a different allele,
respectively. a. For each tract, we computed the 'X-specific' site density, defined as
the number of 'X-specific' sites in the tract divided by the tract length. We found
1069 Aymara-specific tracts and 3181 USR1-specific tracts. We show the tract
lengths (in Mb) as a function of the inverse of the 'X-specific' site density. Tract sets
were defined according to the deciles (10-90%) of the density distribution (SI
Section 13), depicted by vertical black lines. The red line corresponds to the 50%
decile; 'USR1-specific' tracts with a density above this decile were masked for
subsequent tests (SI Section 13.3). b. Tract length distribution for 'dense' tract
sets. For each decile (header panels) of the density distribution, only the tracts
with a density above the decile were considered. In each panel, we show the
number of tracts with a density above the decile, the sum of their lengths, their
mean length, and the number of 'X-specific' sites encompassed by these tracts.
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Figure S13. Pairwise outgroup f3 statistics after masking USR1-specific
tracts. We masked the USR1 genome according to the different density-based tract
sets (SI Section 13), computed f3(San; USR1, X) and compared these results to
those obtained for f3(San; Aymara, X) (SI Section 9). a-e. Pairwise f3 statistics after
masking 'sparse' tracts with density BELOW the 10%, 30%, 50%, 70% and 90%
deciles of the 'X-specific' site density distribution, respectively. f-j. Pairwise f3
statistics after masking 'dense’ tracts with density ABOVE the 90%, 70%, 50%,
30% and 10% deciles of the 'X-specific' site density distribution. k. Pairwise
comparison of f3(San; Huichol, X) and f3(San; Aymara, X). In the Mexican Huichol
genome, we observe a pattern similar to that observed in USR1, in which the
overall statistics are slightly higher for the Aymara genome. 1. Pairwise f3 statistics
comparison after masking random tracts in the USR1 genome, with a tract length
distribution similar to that of the 'dense’ tracts with density greater than the 50%
decile of the density distribution. For all tests, we used the genotype panel
described in Section 6.1. Points show pairwise f3 statistics, and error bars show
~2.57 standard errors, which corresponds to a p-value of 0.01 in a Z-test.
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Figure S14. Simulation study of Denisovan ancestry in USR1. a. Schematic
representation of the demographic model that was used for the coalescent
simulations detailed in SI Section 13.4. We assumed the population split and
admixture times shown in the right and the following population sizes: Np={100,
400, 700, 1000}, Na=20,000, Np=1,600, N4y=1,500, Ny=2,000 and Nx={3000, 8000,
13000}. Note that different values of Tx correspond to different splitting times in
the branch shown in color, and that Txcan take values that pre- and post-date
Tadmz. For each simulation, we sampled ten diploid individuals from the African
and X populations, one diploid individual from the Aymara population and one
diploid individual from the USR1 population, which was sampled 11.5 kya. We
considered two admixture events from Denisovans: one into the out of Africa
population (paam=0.0025) and one into USR1 (paamz={0, 0.0033, 0.0066, 0.01,
0.015}). b. We computed f3(African; X, USR1) and f3(African; X, Aymara) for each
simulated dataset, for different instances of population X (Eurasians). Different
panels correspond to different combinations of the simulated population size for
Denisovans (Np), and the admixture proportion into USR1 (psimz). The color
scheme corresponds to the Tx parameter. Points show pairwise f3 statistics and
error bars show ~2.57 standard errors, which corresponds to a p-value of 0.01 in a
Z-test.
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Figure S15. Alternative setup for the simulation study of Denisovan ancestry
in USR1. a. We carried out a simulation study similar to that detailed in Section
13.4, using the same parameters. The difference is that in this case, we jointly
simulated the 'African’ population, the single 'USR1' and 'Aymara’ individuals, and
51 instances of X. The latter were assigned random effective population sizes (Nx;)
between 3,000 and 13,000 and split times (in years) Tx={25,000, 25,500, ..,
50,000}. Thus, for each panel only one 'USR1' and one 'Aymara’ genome were
simulated for all instances of X, in contrast to the model shown in Figure S14b,
where each point represents an independently simulated USR1 and Aymara
genomes. This figure shows the results for one replicate of the alternative
simulation setup. The color scheme corresponds to the Tx; parameter, points show
pairwise f3 statistics and error bars correspond to ~2.57 standard errors (p-value
~ 0.01). b. Distribution of the size of the pairwise f3 offset for different simulation
setups. In addition to the results shown in Figure S14b (here termed 'Separate'),
we simulated three replicates of a demographic scenario where all instances of
population X are simulated jointly (here termed 'Joint'). Additionally, we combined
the three replicates of the 'Joint' setup (here termed 'JointAll'). For each instance of
X, for each of the simulation setups, we computed the size of the f3-statistic offset,
by computing f3(African; X, Aymara)-f3(African; X, USR1). We display boxplots that
represent the distribution of these differences, for each combination of paamz and
Np. Boxes show the median and are delimited by the first and third quartiles.
Whiskers represent the largest value within 1.5 times the inter-quartile range,
starting from their respective end of the box.
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Figure S16. Admixture graphs based on modern and ancient whole genomes.
We fitted admixture graphs with zero to five admixture edges to the whole-
genome dataset. After excluding transition SNPs, we considered 631,192 variable
sites (SI Section 6). On the left, we show the admixture graphs produced by
TreeMix for increasing number of admixture edges. On the right, we show the
pairwise residuals after fitting the maximum likelihood graph.
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Figure S17. Drift after divergence for a set of high coverage genomes. We used
the method originally described in 44, to obtain maximum likelihood estimates
(MLEs) for the amount of drift after the split for pairs of whole genomes. We
obtained MLEs for all pairs involving a high-coverage genome and a fixed a 'test’
genome. For each comparison, drift in the lineage leading to the fixed 'test' genome
is displayed in gray. a. MLEs for all pairs including the Han Chinese genome. After
splitting from Native Americans, the drift in the branch that leads to the Han
genome is similar for all tests. b. MLEs for all comparisons including the USR1
genome. The USR1 branch has similar drift estimates for all comparisons involving
a Native American genome.
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Figure S18. Pairwise average genomic divergence for a set of high coverage
genomes. We show the average divergence between a fixed 'test' genome and a
set of high-coverage genomes. a. Average divergence between the Han Chinese
genome and a worldwide sample of high-coverage genomes. The Han genome is
similarly diverged from all Native American genomes. b. Average divergence
between the USR1 genome and the high-coverage genomes. All estimates are
relative to the branch that leads from the common ancestor of the genome pair and
an African outgroup (Yoruba) to the test genome. For each test, points represent
pairwise average genomic divergence and we show a 95% confidence interval,
based on the standard errors from a block jackknife procedure.
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Figure $19. Admixture graphs exploring the origin of Inuit and Athabascans.
We fitted admixture graphs with incremental numbers of admixture edges until we
observed gene flow into both admixed Native American groups (SI Section 17).
After excluding transition SNPs, we considered 575,141 variable sites (SI Section
6). On the left, we show the admixture graphs produced by TreeMix for 0,3,4,6 and
8 admixture edges. On the right, we show the pairwise residuals after fitting the
maximum likelihood graph. Bootstrap support for each node is shown with black
numbers on left of each node (in percentage). Support for each migration edge is
shown with color numbers on the right. For the latter, the first number is the
support for a given edge in the displayed direction and the second number (after
the underscore) is the support for the edge in any direction.
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Figure S20. Admixture graphs exploring the origin of Inuit and Athabascans,
using a reduced dataset with less Siberian ingroups. These results are similar
to those depicted in Figure S19, but depend on a reduced dataset from which
Nivkhs, Yakuts and Buryats were excluded (SI Section 17). After excluding
transition SNPs, we considered 556,229 variable sites and show results for 0,3,5
and 7 admixture edges.
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Figure S21. Pooled whole genome-based D-statistics testing the placement of
Koryaks and Saqqaq in the admixture graph model. a. We computed D(H1,
Koryaks; Han, Outgroup) and (H1, Saqqaq; Han, Outgroup) in order to confirm that
Koryaks are the modeled population that bears the largest Asian fraction. Besides
the called Saqqaq genotypes, we considered eight alternative Saqqaq versions (SI
Section 17.3). Trm: 5 bases were trimmed from the ends of the reads. Dpt: Sites
with depth of coverage lower than 5 were excluded. Rnd: A random allele was
sampled at each site. Cns: A majority rule consensus was built. b. We computed
D(Saqqaq, Koryaks; H3, Outgroup) in order to test for bi-directional gene flow
between Koryaks and Native Americans. Dendrograms above the plots represent
the favored hypothesis depending on the value of D, and the expected under the
admixture graph model is highlighted in pink. All tests were computed by
including all sites (blue) and transversion polymorphisms only (red). Points
represent D statistics and error bars represent one and ~3.3 standard errors
(which corresponds to a p-value of ~0.001). Each Saqqaq alternative version
consists of one individual and each 'pooled population' contains the following
number of individuals: Yoruba (n=1), Ust'ishim (n=1), Mal'ta (n=1), Han (n=1), Ket
(n=2), Koryak (n=2), USR1 (n=1), Anzickl (n=1), Aymara (n=1) and Athabascan
(n=2).
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Figure S22. Pooled whole genome-based D-statistics testing the placement of
Native Americans in the admixture graph model. a. We computed D(USR1,
Native Americans; H3, Outgroup) in order to confirm that USR1 forms a clade with
other Native Americans to the exclusion of Old World populations. b. We computed
D(Athabascans, Native American; H3, Outgroup) in order to explore which was the
best proxy for the Asian-related ancestry in Athabascans. Dendrograms above the
plots represent the favored hypothesis depending on the value of D, and the
expected under the admixture graph model is highlighted in pink. All tests were
computed by including all sites (blue) and transversion polymorphisms only (red).
Points represent D statistics and error bars represent one and ~3.3 standard
errors (which corresponds to a p-value of ~0.001). Each Saqqgaq alternative version
consists of one individual and each 'pooled population' contains the following
number of individuals: Yoruba (n=1), Ust'ishim (n=1), Mal'ta (n=1), Han (n=1), Ket
(n=2), Koryak (n=2), USR1 (n=1), Anzickl (n=1), Aymara (n=1) and Athabascan
(n=2).
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Figure S23. Pooled whole genome-based D-statistics testing the placement of
Greenlandic Inuits in the admixture graph model. We computed
D(Greenlanders, Saqqaq; Native American, Outgroup) in order to confirm that
Greenlandic Inuit carry Native American admixture that is absent in Saqqgagq.
Dendrograms above the plots represent the favored hypothesis depending on the
value of D, and the expected under the admixture graph model is highlighted in
pink. All tests were computed by including all sites (blue) and transversion
polymorphisms only (red). Points represent D statistics and error bars represent
one and ~3.3 standard errors (which corresponds to a p-value of ~0.001). All
groups consist of one individual except Athabascans that consist of two.
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Figure S24. A model for the formation of the different Native American
populations using an alternative Saqqagq call set. We fitted an admixture graph
by sequentially adding admixed leaves to a 'seed’ graph including the Yoruba, Han,
Mal'ta, Ket, USR1, Anzickl and Aymara genomes. For each of the 'mon-seed'
admixed groups, we found the pair of edges that produced the best fitting graph,
based on the fitting and maximum |Z| scores (found to be 3.048 for the final
graph). Box-shaped nodes represent metapopulations and sampled populations
are shown in ellipse-shaped nodes respectively. * indicates that a population is
represented by a single high-depth ancient genome, ** indicates that a population
is represented by a single low-depth ancient genome and *** indicates that a
random allele was sampled instead of using the Saqqaq called genotypes. 1 shows
a subgraph whose structure we were not able to resolve with confidence due to
additional sequencing and genotyping error in the Saqqaq genome (SI Section 17,
Figure 3). The blue and orange subgraphs represent ancient north Eurasian and
Asian ancestries, respectively.
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Figure S25. Population size histories for a set of whole-genomes. Population
sizes over six epochs with boundaries at 0 kya, 10 kya, 20 kya, 40 kya, 60 kya, 70
kya, c0o were estimated using diCal 2.0 with the aim of aiding in the pairwise
comparisons (SI Section 18). Each line corresponds to one individual.
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Figure S26. Demographic models used for inference with diCal 2.0. a. a model
for isolation starting at time Tpr, with migration at rate m until time Ty . b. a
second contact model. This is extension of the isolation with migration (IM) model
from a., where we introduce a second period of gene flow at rate m; from 4 kya to
the present. Black dots indicate the sampled haplotypes.
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Figure S27. Simulation results for validating population size estimates and
hypothesis testing. a. diCal 2.0 population size history estimates from simulated
data. The true population size history is represented with a black line. The
estimates from the 16 simulated datasets are represented with dashed red lines. b.
the empirical distribution of the differences in log-likelihood from analyzing
simulated data under a clean-split model and an isolation with migration model
given in Tables S16 and S17. The data were simulated under a clean-split model.
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Figure S28. Inferred backbone demography for the SFS-based demographic
inference strategy. We used SMC++ and momiZ to estimate the parameters of this
model as detailed in SI Section 19. Note that migrations are modeled as
consecutive pulses where a proportion of the lineages in one population are moved
to another at a given generation. Pooled populations consist of the following
numbers of individuals: Han (n=1), Koryaks (n=2), Karitiana (n=2), Athabascans
(n=2).
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Figure S29. Likelihood heatmaps for the USR1 join-on point. The most likely
join-on point for USR1 into the backbone demography (Figure S28) was found
using an SFS-based maximum likelihood strategy (SI Section 19). Warmer colors
represent a higher likelihood of USR1 joining at that point. a. Results from fitting
USR1 as a clean split with no subsequent gene flow. b. Results from fitting USR1
with subsequent gene flow into the other three Native American lineages. Pooled
populations consist of the following numbers of individuals: USR1 (n=1), Han
(n=1), Koryaks (n=2), Karitiana (n=2), Athabascans (n=2).
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Figure S30. Distribution of the likelihood surfaces for bootstrap analysis. 102
parametric bootstrap datesets were simulated and the whole inference process
was repeated on each replicate. This figure shows the most likely join-on points for
USR1, on all bootstrap replicates. Warmer colors represent a higher likelihood of
USR1 joining at that given point.
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