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SUMMARY

By at least 45,000 years before present, anatomically modern humans had spread across Eurasia
[1-3], but it is not well known how diverse these early populations were and whether they
contributed substantially to later people or represent early modern human expansions into Eurasia
that left no surviving descendants today. Analyses of genome-wide data from several ancient
individuals from Western Eurasia and Siberia have shown that some of these individuals have
relationships to present-day Europeans [4, 5] while others did not contribute to present-day
Eurasian populations [3,6]. As contributions from Upper Paleolithic populations in Eastern Eurasia
to present-day humans and their relationship to other early Eurasians is not clear, we generated
genome-wide data from a 40,000-year-old individual from Tianyuan Cave, China, [1, 7] to study

"Correspondence: fugiaomei@ivpp.ac.cn (Q.F.), kelso@eva.mpg.de (J.K.).

AUTHOR CONTRIBUTIONS

S.P, J.K., and Q.F. conceived the ideaforthe study. M.M., Q.F., A.A.-P., and, B.N. performed or supervised wet laboratory work.
M.AY, C.T.,, M.S,, S.P, JK, and Q.F. analyzed the data. M.A.Y., X.G., H.T., C.T.,, M.S,, S.P,, J.K,, and Q.F. wrote and edited the
manuscript.

SUPPLEMENTAL INFORMATION

Supplemental Information includes four figures and four tables and can be found with this article online at https://doi.org/10.1016/
j.cub.2017.09.030.

DATA AND SOFTWARE AVAILABILITY

The accession number for the Tianyuan data reported in this paper is ENA: PRJEB20217. To sample the Tianyuan specimen for
ancient DNA and analyze his genome, we acquired permission and oversight from the institutional review board of the Institute of
Vertebrate Paleontology and Paleoanthropology. For the compiled dataset and custom scripts for analysis, please email the Lead
Contact.


https://doi.org/10.1016/j.cub.2017.09.030
https://doi.org/10.1016/j.cub.2017.09.030

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yang et al.

his relationship to ancient and present-day humans. We find that he is more related to present-day
and ancient Asians than he is to Europeans, but he shares more alleles with a 35,000-year-old
European individual than he shares with other ancient Europeans, indicating that the separation
between early Europeans and early Asians was not a single population split. We also find that the
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Tianyuan individual shares more alleles with some Native American groups in South America than

with Native Americans elsewhere, providing further support for population substructure in Asia

[8] and suggesting that this persisted from 40,000 years ago until the colonization of the Americas.

Our study of the Tianyuan individual highlights the complex migration and subdivision of early

human populations in Eurasia.

In Brief

Yang et al. show that the genome of a 40 kya individual from Tianyuan cave near Beijing is more
similar to Asians than to Europeans, past or present. His similarity to a 35 kya European and to
individuals from some South American populations suggests a persistence of population structure

in Asia that lasted until the colonization of the Americas.
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RESULTS AND DISCUSSION

Due to the high fraction of microbial sequences in DNA libraries generated from the

Tianyuan individual [7], we used hybridization to oligonucleotide probes [6, 9] to enrich for
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human DNA fragments carrying 3.7 million single-nucleotide polymorphisms (SNPs)
(Tables S1A and S1B). We aligned captured sequences to the human reference genome
hg19, and at the 2,228,374 sites covered by captured sequences, we obtained an average
coverage of 2.98-fold (Tables S1B and S1C). We drew a random sequence for each site to
represent the Tianyuan genome and merged this with published data from ancient (Table
S1D) and present-day humans (Table S1E).

When sequencing ancient modern humans, it is important to account for contamination from
present-day human DNA. We previously showed that DNA in these libraries has cytosine
deamination patterns characteristic of ancient DNA and that human mtDNA contamination
from these 15 libraries ranges from 0.2% to 1.5% [7]. To estimate nuclear contamination for
the capture data, we used an approach [10] that takes advantage of the fact that the Tianyuan
individual is male and thus carried one copy of the X chromosome. Assuming that
polymorphic sites on the X chromosome are due to contamination rather than sequencing
errors, we estimate nuclear contamination between 0.01% and 1.92% in the libraries used
(Table S1A).

It has previously been shown using chromosome 21 that the Tianyuan individual shares
more alleles with present-day Asians than with present-day Europeans [7]. We similarly find
that the Tianyuan individual shares more alleles with present-day Eastern Eurasians,
Oceanians, and Native Americans than with other present-day humans using the statistic
[11] Fy(Tianyuan, X; Mbuti), with the highest similarity to East and Southeast Asian
populations (Figure 1A; Table S2A). However, present-day Europeans were found to carry a
genetic component from a population that diverged from other non-Africans before they
diverged from each other (a Basal Eurasian population [12]), such that analyses using only
present-day Europeans may make the Tianyuan individual look more closely related to
present-day Asians than he was. We therefore compared the Tianyuan individual to ancient
Europeans who show no evidence of any Basal Eurasian ancestry [4] and are of an age
similar to him (Kostenkil4, GoyetQ116-1, and Vestonicel6). The Tianyuan individual
consistently shares more alleles with ancient and present-day East and Southeast Asians, as
well as ancient and present-day Native Americans, than with either ancient or present-day
Europeans (|Z| >3; Figure 2A,; Tables S2B-S2D). We also find that ancient and present-day
East and Southeast Asians and Native Americans are all more closely related to each other
than they are to the Tianyuan individual (Figures 2B and S1; Tables S2B-S2D). Taken
together, our results indicate that the Tianyuan individual is related to an ancestral group that
contributed to all more recent populations with Asian ancestry. Also, the Tianyuan
individual’s age indicates that a genetic separation of Europe and Asia must have been
earlier than 40,000 years ago. This is consistent with a split time of 40,000-80,000 years ago
estimated for European and Asian populations based on mutation rates estimated from de
novo mutations [13-15].

When combined with data from other early Upper Paleolithic individuals from Eurasia [3-
6], our results show that several distinct populations existed in Eurasia before 35 kya. One
population, represented by the 37,000-year-old Kostenkil4, contributed genetic ancestry to
present-day Europeans; a second population represented by the Tianyuan individual
contributed to present-day East and Southeast Asians; and one or more additional
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populations represented by the 45,000-year-old Ust’-Ishim and the 40,000-year-old Oasel
individuals did not contribute detectably to any present-day populations. Including the
inferred Basal Eurasian population contributing to present-day Europeans and ancient Near
East individuals [12,16], a minimum of four populations must therefore have coexisted in
Eurasia before 35 kya.

Among the Upper Paleolithic individuals from Western Eurasia analyzed here, a 35,000-
year-old individual from Belgium, GoyetQ116-1 [4], shares more alleles with the Tianyuan
individual than any other Western Eurasian individual does (f3(Tianyuan, GoyetQ116-1;
Mbuti) = 0.23, Figure 1B and Table S2A; D(GoyetQ116-1, Vestonicel6, Tianyuan, Mbuti)
> 0, Figures 2C and S2A and Tables S3A and S3B). Furthermore, admixture between the
populations to which GoyetQ116-1 and the Tianyuan individual belong improves the fit of a
tree relating these populations to one another (Figure S1). The excess of alleles shared by the
Tianyuan individual with GoyetQ116-1 compared to other ancient Europeans persists when
we restrict the analysis to deaminated sequence fragments and when we exclude potentially
deaminated bases (Figure S2Aii and S2Aiii; Table S3B), suggesting that DNA
contamination from present-day humans and nucleotide misincorporation induced by
cytosine deamination do not explain this allele sharing. We also find no evidence that the
similarities between the Tianyuan individual and GoyetQ116-1 are due to sequencing error,
data processing artifacts, or reference bias (Table S3G).

Notably, ancient European individuals related to GoyetQ116-1, such as the 19,000-year-old
El Miron individual from Spain [4], do not share more alleles with the Tianyuan individual
than other ancient European individuals do (Figure S2B). Present-day East and Southeast
Asian populations do not share significantly more alleles with GoyetQ116-1 than they do
with other ancient Western Eurasians (Figures 2C and S2A). GoyetQ116-1 carries a
mitochondrial genome belonging to haplogroup M, and M-derived haplogroups can be
found in present-day East Eurasian, Oceanian, and Native American populations but are
almost completely absent in European populations [17,18]. These results suggest that despite
the geographical distance between them, the Tianyuan individual and GoyetQ116-1 may
share ancestry from a population that did not contribute ancestry to the other Upper
Paleolithic Eurasians analyzed to date. Other younger connections between Eastern and
Western Eurasia have also been found. Lipson and Reich [19] find that the 24,000-year-old
Mal’tal [20] and 16,500-year-old AfontovaGora3 [4] from western Siberia and several
7,000- to 14,000-year-old Western Eurasian individuals show evidence of gene flow from a
population related to the East and Southeast Asian Ami. We observe that the Eastern
European hunter-gatherer Karelia [9], like the ancient Siberians and Western Eurasians, also
show evidence of Asian gene flow. We also find that the pattern occurs for more East and
Southeast Asian populations than just the Ami (Figures S2C and S2D; Tables S3C-S3F).
Previous demographic inference studies [21-23] have inferred non-zero levels of migration
between the ancestors of present-day European and Asian populations. Using the Tianyuan
individual, we directly show that the separation of populations ancestral to more recent
Europeans and Asians was a complex process that may have involved a sub-structured
ancestral population and gene flow subsequent to geographic separation of populations.
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Present-day Asian individuals carry ancestry from both Neanderthals and Denisovans [24—
27]. We find that the Tianyuan individual carried about as much Neanderthal DNA as other
Upper Paleolithic Eurasians (~4%-5%), which is more than that in present-day Eurasians
(~1%—2%; Figures S3A and S3B; Table S4C) and is consistent with the hypothesis that
purifying selection acting since introgression has reduced the amount of Neanderthal DNA
in present-day genomes [4]. We do not detect Denisovan ancestry at the levels observed in
Oceanian populations [26] in the genome of the Tianyuan individual (Tables S4A and S4B).
However, due to insufficient power to detect low levels of Denisovan admixture, we cannot
exclude that the Tianyuan individual carries DNA derived from Denisovans at levels similar
to present-day mainland Asians [28] (Figure S3C). We also do not detect admixture from
other putative archaic groups (Figures S3D-S3G), despite morphological suggestions of
admixture from an archaic population [29].

Most Asian and Native American populations share similar numbers of alleles with the
Tianyuan individual (Tables S2Bv and S2Dviii). However, three South American
populations—the Surui and Karitiana in Brazil (‘*Amazonians’’) and the Chane in northern
Argentina and southern Bolivia—share more alleles with the Tianyuan individual than other
Native American populations do (Figure 3A; Tables S2E, S2H, and S2J). The two
Amazonian populations were recently shown to share more alleles with the present-day
Papuan and Andamanese Onge than with other Native Americans [8, 30, 31] (Figures 3B
and 3C), suggesting that at least two populations contributed ancestry to Native Americans
in Central and South America. A 12,000-year-old individual from North America (Anzick-1
[32]) does not share more alleles with the Tianyuan individual (or with Oceanians or the
Andamanese [8]) than with other Native Americans (Figures 3A-3C; Tables S2Dviii and
S21J). The Surui and Chane show the highest levels of allele sharing with the Tianyuan
individual (D(Surui/ Chane, Mixe, Tianyuan, Mbuti)= 0.02, Z > 3; Table S2J), which is
higher than, or similar to, levels of allele sharing with the Papuan or Onge (Table S2J).
Using an analysis robust to uncertainty of the exact population history [9], we find that the
Amazonians can be described as a mixture of other Native American populations and 9%—
15% of an ancestral population related to the Tianyuan individual, the Papuan, or the Onge
(SE 4%-10%; Table S2G). Although the SE is high, we note that the Amazonians are
consistently modeled as a mixture of other Native Americans and the Tianyuan individual,
the Papuan, or the Onge. The mixture proportion estimates are also similar across all
analyses, indicating that the relationship between the Tianyuan individual and the
Amazonians is similar to that reported between the Papuan and the Amazonians and Onge
and the Amazonians.

We also studied a model relating the Tianyuan individual to other ancient individuals and
present-day populations using a base model including the Altai Neanderthal, Denisovan,
Ust’-Ishim, and Kostenkil4 from Mallick et al. [33]. We added the Tianyuan individual,
Mal’tal, and the present-day Ami, Mixe, Surui, and Papuan. Because present-day European
populations have recent ancestry from an unknown Basal Eurasian population, we use
Kostenkil4, which has recently been shown to have no Basal Eurasian ancestry [4] to
represent Europeans. We caution that our model (Figure 3D) is unlikely to reflect the true
population relationships, as we cannot model many demographic features, such as
population structure or continuous migration [11]. Intriguingly, however, within this simple
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model, we find that all three South American populations can be modeled as sharing
ancestry not only with other Native Americans, but also with populations related to the
Tianyuan individual and the Papuan (Figure 3D; Table S2I). The fact that the Tianyuan
individual, who lived in mainland Asia about 40,000 years ago, has affinities to some South
American populations that is as strong as or stronger than that observed for the Papuan and
Onge suggests that a population related to the Tianyuan individual, as well as to the present-
day Papuan and Onge, was once widespread in eastern Asia. This group or another Asian
population related to this group persisted at least until the colonization of the Americas and
contributed to the genomes of some Native American populations.

We show that the Tianyuan individual is more closely related to ancient and present-day East
and Southeast Asians than to either ancient or present-day Europeans. To test whether he is
from a population that is directly ancestral to any present-day East or Southeast Asians, we
modified the test of direct ancestry described in Rasmussen et al. [32] to account for low-
coverage sequence data, contamination, and sequencing error. We find that that the Tianyuan
individual is not from a population that is directly ancestral to any group of present-day East
or Southeast Asians (c >0, ¢= 0 rejected with p < 0.00001 for every comparison in Table 1),
but rather belonged to a population that diverged from the population that contributed to
present-day East and Southeast Asians. This is consistent with his unique ties to the 35,000-
year-old GoyetQ116-1 and to some South American populations, which are not observed in
present-day East and Southeast Asians.

The Tianyuan genome, as well as the genomes of individuals that lived at a similar time in
Europe, shows that Asian and European populations had already begun to diverge at least by
40,000 years ago. At that time, modern human populations in Eurasia were subdivided not
only into populations ancestral to present-day Asians and Europeans, but also into
populations that did not contribute detectably to present-day populations. The shared
ancestry between the Tianyuan individual and a 35,000-year-old individual in Europe and
present-day Native American groups in South America further highlights that both
substructure and population contacts have characterized the population history in Eurasia.

STARXMETHODS

CONTACT FOR REAGENT AND RESOURCE SHARING

Further information and requests for resources and reagents should be directed to and will be
fulfilled by the Lead Contact, Qiaomei Fu (fugiaomei@ivpp.ac.cn).

METHOD DETAILS

Library Preparation

We selected 15 libraries (Table S1A) with the highest genomic coverage and lowest
mitochondrial DNA (mtDNA) contamination estimates from 34 Tianyuan libraries
previously generated [7] from the Tianyuan femur [1] (TY1301). These libraries are all
doublestranded with a 4 base pair (bp) *“clean-room key’’ sequence (5'-GTCT-3") on both
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adapters (Fu et al. [7]). Libraries were treated with uracil-DNA-glycosylase (UDG) and
endonuclease (EndoVI111) as described under ““‘ds UDG’” in SI2 of Fu et al. [4].

In-solution capture of nuclear DNA

Since the content of human DNA in these libraries is only between 0.013% and 0.031%
(Table S1A), we hybridized the libraries to four previously described panels of
oligonucleotide probes [6] to enrich for 71,044,176 fragments (=35 bp) carrying a total of
approximately 3.7 million SNPs (Table S1C) Hybridization capture was performed
separately for each panel. Enriched libraries were sequenced on the HiSeq2500 platform
using a double index configuration (2x76bp). We trimmed identifying sequences and any
trailing adapters, and merged forward and reverse sequences into fragments with a minimum
overlap of 11 base pairs. Sequences were aligned to the human reference genome (hg19)
using bwa [36] and the following parameters: -n 0.01 and—I 16500. We removed duplicate
fragments with the same start and end positions, keeping the fragment with the highest
average base quality (Table S1B).

DNA contamination and preparation for analysis

Dataset

MtDNA contamination estimates ranged from 0.2% to 1.5% [7]. We generated a second
contamination estimate using a test for polymorphic sites on the X chromosome [39] since
the Tianyuan individual (TY) is male [1, 7, 29]. For each library we identified = 100 X
chromosome SNPs covered by at least two reads on polymorphic sites. Factors such as
sequence and alignment errors can lead to incorrect identification of variants [39], so we use
ANGSD [10] to generate a contamination estimate using information from the same reads to
calculate local alignment and sequence error rates. To determine the error rates for these
genomic regions and the specific reads used for the analysis, we extracted 5 bp adjacent to
each of the defined SNPs and calculated for each the fraction of nucleotides deviating from
the reference genome and estimated the total error to range from 0.04%-0.52%, which we
incorporated into the probabilistic model provided within ANGSD.

We scored alleles by randomly sampling one fragment covering each site containing a SNP,
so0 long as the base quality was = 20, and ignoring the first and last two bases of each
fragment. Of the four SNP panels in ‘3.7M’ (Table S1C), most of our analyses use the first
three panels (‘2.2M”), with one analysis using Panel 4. How Tianyuan reads were directly
used in the test of direct ancestry is described further below.

We used a subset of the Simons Genome Diversity Panel (SGDP) [33], focusing on 32 East
and Southeast Asian (EAS) and Native American (AMER) samples (Table S1E) for most
analyses, and using other present-day populations as needed. We also use the 1000 Genomes
Project [34] in the test of direct ancestry, and the chimpanzee reference genome (pan7ro2)
[35]. We used 31 ancient modern humans and two archaic humans with coverage greater
than 0.05, as listed in Table S1D. Alleles were scored as described above, or genotyped as
described elsewhere [4]. Data for individuals <5 kya were compiled here, all other ancient
data was already compiled in [4]. We carried out analyses using either all sites or only
transversions, with differences noted below.
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QUANTIFICATION AND STATISTICAL ANALYSIS

f-statistics

All present-day and ancient humans were analyzed using ADMIXTOOLS [11], particularly
qgp3Pop (f3-statistic) and goDstat (D-statistic), with standard errors (s.e.) computed using a
block jackknife (significance cut-off of |Z|>3 where Z = estimated value divided by the s.e.)
[40]. For gpDstat, we use the default option “f4mode: NO.”

We use the “outgroup” fs-statistic, f3(Sourcel, SourceZ; Target), to measure shared genetic
drift between two source populations compared to an “outgroup,” the target population [20].
Larger values indicate greater shared genetic drift between two source populations, which
may reflect a closer relationship between these two sources. We used Ffy(TY, X; Mbuti),
where X refers to various ancient individuals and present-day populations (Table S2A;
Figure 1).

In the D-statistic, D(P1, P2, P3, Outgroup), D>0indicates that P1 and P3 share more alleles
than P2 and P3 share, and D <0Oindicates that P2 and P3 share more alleles than P1 and P3
share. Failing to reject D = 0(|Z|<3) indicates that P1 and P2 share a similar number of
alleles with P3. A single D-statistic analysis can only compare the relative number of shared
alleles between P1 and P3, and P2 and P3, but not between P1 and P2. Hence, a test for
‘treeness’ requires placing each population in turn into the position of P3 to look for
consistent patterns of shared alleles between two populations.

We used D-statistics related to the Tianyuan individual as follows:

Comparisons to ancient Eurasians (EUR) and East Asians (EAS)—We find
D(EUR, EAS, TY, Mbuti)<0, D(TY, EUR; EAS, Mbuti)>0and D(TY, EAS; EUR, Mbuti) <
0(Tables S2Bi-S3Biii). D(TY, EAS, EUR, Mbuti)<0 (Table S2Biii) mainly occurs for more
recent EUR (and present-day Europeans), consistent with more shared ancestry between
present-day Asians and Europeans discussed here and in [4,19]. Ancient Asian individuals
(ANCEAS = DevilsGatel, Cho-khopanil/Mebrak/Samdzong; Table S1D) show similar
patterns (Tables S2Civ—S2Cvi). Results for transversions are similar to that for all sites,
except when underlined (Table S2Biii), but |Z|>2. The Tianyuan individual shares more
alleles with Asian populations and individuals relative to ancient Eurasians of a comparable
age (> 29 kya; Table S1D), confirming that he is genetically most similar to Asian
populations.

Comparisons within Asians—We find D(TY, EAS; EAS, Mbuti)<Oand D(EAS, EAS;
7Y, Mbuti)~0 (Tables S2Biv and S2Bv). Deviations for the Uygur, Cambodians and Tu are
consistent with recent gene flow [11, 37,41]. We find similar results for the ANCEAS
(Tables S2Ci-S2Ciii), suggesting that they and the EAS form a clade with respect to the
Tianyuan individual. Results are similar for all sites and for transversions only.

Comparisons to Native Americans (AMER, ancient Native American is

Anzick-1)—We find D(TY, AMER; EAS, Mbuti)<0, D(TY, EAS, AMER, Mbuti)<0and
D(EAS, AMER, TY, Mbuti) = 0 (Tables S2Di-S2Diii), suggesting that EAS and AMER
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form a clade with each other with respect to the Tianyuan individual, but EAS share more
with him than AMER share, consistent with AMER having a second ancestral component
that is an outgroup to Asian populations [20]. Results are similar when using transversions
only, except for Anzick-1, where the Z-score for D(EAS, Anzick-1; TY, Mbuti) changes
from 3.2-3.4 to 1.7 (Table S2Diii). It is difficult to determine whether the loss of
significance is due to deamination-induced errors or loss of statistical power. Different
results for the Surui and Chane are consistent with later analyses.

We also find D(EUR, AMER, TY, Mbuti)<0, D(TY, EUR; AMER, Mbuti) = 0 for all but
Mal’tal and Karelia where D< 0, and D(TY, AMER, EUR, Mbuti) < 0 (Tables S2Div-
S2Dvi). These results are consistent with AMER possessing ancient North Eurasian
ancestry, represented by Mal’tal [20] and also found in the Karelia individual [16] — thus
sharing a connection to individuals of European ancestry. Results for transversions are
mostly consistent (|Z|>2.6), except in D(TY, AMER,; EUR, Mbuti), where results for
Kostenkil4, Vestonicel6, EIMiron and Villabruna are not significant (|Z|>1.6, Table S2Dvi).

Comparisons within Native Americans—Under a model where the ancestors of all
AMER entered the Americas in a single wave, we would expect them to be equally distant
from the Tianyuan individual. We find D(TY, AMER, AMER, Mbuti)<0and D(AMER,
AMER, TY, Mbuti)~0 (Tables S2Dvii-S2Duviii) except for the Mixtec, who may have more
West Eurasian gene flow [8], and the Surui and Chane, suggesting a connection to the
Tianyuan individual relative to the Mixe and Quechua (who may also have West Eurasian
gene flow [8]). For transversions, results are similar (|Z|>2.8), except D(Anzick-1, Mixe;
Tianyuan, Mbuti)>0(Z = 3.1), but we do not observe a similar pattern elsewhere.

Comparisons to the Onge and Papuan—The Onge acts similarly to EAS when
compared to EUR, but shares a weaker connection to the Tianyuan individual than EAS
(Table S2F). Results for the Papuan are biased when they are not in the P3 position because
of Denisovan gene flow into Papuans of 4%—6% [26,27], but D(TY, EUR, Papuan, Mbuti)>0
(21, Table S2F), suggesting the Papuan and Tianyuan individual share a connection relative
to other ancient Eurasians.

Comparisons further exploring the South American connection—As in [8], we
used D(Amazonians = Surui/Karitiana, Central Americans; P3, Chimp), with many different
human populations as P3, and listed the highest D-statistics in Table S2E. The Tianyuan
individual shares more alleles with Amazonians than with Central Americans, though we
fail to reject D(Karitiana, Mixe; Tianyuan, Mbuti/Chimp) = 0 (Table S2E). The Papuans
consistently share more alleles with Amazonians than with Central Americans, but the Onge
do not (Table S2E), which differs from a previous study [8], perhaps because we use a
different dataset with fewer Onge individuals. When using only transversions, there is a loss
of significance in the D-statistics shown in Table S2E, but the Tianyuan individual and
Papuan still rank among the top ten highest D-statistics. Amazonians share a similarly strong
connection to both the Tianyuan individual and Papuan [8].

We expand on the above results to test DAMER, AMER; P3, Mbuti/Chimp). For P3, we
focus on the Tianyuan individual and the Papuan and Onge, but also consider EAS and the
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Chokhopanil individual (Table S2H). Some EAS/Papuan/Onge share more alleles with the
Surui and Karitiana than with the Quechua, but the Quechua samples are shown to be
potentially admixed [8], though unlike the Mixtec, there is no consistent results in the D-
statistic analyses here to indicate it is different relative to other Native Americans. Relative
to the Mixe, the Surui share a connection to the Tianyuan individual and the Papuan, and
they do not show a connection to the EAS (Table S2H).

Comparisons exploring connection to GoyetQ116—1—Comparing ancient
Eurasians of a comparable age to the Tianyuan individual (ANCEUR = Ust’-Ishim, Oasel,
Kostenkil4, GoyetQ116-1) to younger ancient Eurasians (X), we find D(TY, X; ANCEUR,
Mbuti), D(TY, ANCEUR,; X, Mbuti)and D(ANCEUR, X, TY, Mbuti) largely shows
expected relationships depending on whether the individual possesses European or greater
archaic (Oasel [6]) ancestry, except D(GoyetQ116-1, X; TY, Mbuti) is often positive (Table
S3A, ‘Z3").

To check for robustness of the GoyetQ116-1 result, we test for shared errors in GoyetQ116—
1 and the Tianyuan individual related to ancient DNA (aDNA) damage, DNA contamination,
or data processing, rather than past demographic processes. We find similar results when we
restrict to only transversions (|Z|>2.2, D value remains similar; Table S3Bii), to avoid sites
where differences might be errors from cytosine deamination due to ancient DNA damage
rather than an actual allele from the ancient individual.

Restricting to damaged fragments reduces possible present-day DNA contamination, as it
only merges sequenced DNA fragments showing characteristics of aDNA damage. Tianyuan
libraries were double-stranded and uracil-DNA-glycosylase (‘ds UDG’) treated, meaning
damage restriction could not be performed, but GoyetQ116-1 libraries were either single-
stranded with UDG (‘ss UDG’) treatment or double-stranded without UDG (‘ds noUDG”)
treatment, so damage restriction could be performed (Box 2.1 in SI2 of Fu et al. [4]). The
Tianyuan/GoyetQ116-1 connection is still found using damage-restricted fragments (Table
S3Biii; Figure S2Aiii). We also find D(Stuttgart, French/Sardinian,; TY, Mbuti)~0(Z =
2.8/0.8) and we observe a weaker relationship between EAS and GoyetQ116-1 than
between the Tianyuan individual and GoyetQ116-1, relative to other ancient West Eurasians
(Figures 2C and S2A), so results are not consistent with present-day contamination.

All ancient individuals were similarly processed, but only GoyetQ116-1 shows the Tianyuan
connection, making it unlikely the signal is an artifact of data processing. Our results were
robust to outgroup choice except when using archaic individuals (Tables S3Bi-S3Biii).
However, slight differences in how GoyetQ116-1 and the Tianyuan individual relate to these
archaic individuals may mask the signal (Table S4A). Shared higher archaic admixture
proportion in the Tianyuan individual and GoyetQ116-1 cannot explain the signal, as we do
not observe that the Denisovan or Altai Neanderthal share more alleles with the Tianyuan
individual and GoyetQ116-1 than with other ancient Eurasians of a comparable age (Tables
S4A and S4B). No correlations in sequencing error rate, reference bias, or GC-content bias
for GoyetQ116-1 or the Tianyuan individual can explain why the connection is only
observed for these two individuals (Table S3G).
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D(GoyetQ116-1, Kostenkil4, TY, EAS)= 0, and D(GoyetQ116-1, estonicel6, TY,
EAS)~0(Tables S3Ci and S3Cii). Thus, it is unclear whether the connection to GoyetQ116—
1 is unique to the Tianyuan individual or also found in EAS but weaker due to dilution of the
ancestral population of EAS. While EAS may show a weak connection to GoyetQ116-1,
D(GoyetQ116-1, Vestonicel6; AMER, Mbuti) is much closer to zero (Figure 2C). It is
difficult to determine what other relationships may be having an effect on EAS and AMER,
as they have complex relationships with more recent individuals and populations with
European ties [4, 19, 20]. Comparing to the individual with the closest relationship to
GoyetQ116-1, EIMiron [4], we find D(E/Miron, EUR; TY, Mbuti)~0 (Figure S2B),
suggesting the connection does not extend to her.

Comparisons to archaic humans (ARC = Altai Neanderthal/Denisovan)—We
find D(TY, Mbuti, ARC, Chimp) = 0.02/-0.001 (Z = 4.1/-0.2), similar to other Eurasians
[25, 26], and D(TY, non-Africans, ARC, Chimp)~0 (Table S4A), except for Oasel, an
individual with higher Neanderthal ancestry due to admixture in his recent past [6] and the
Papuan, who possesses Denisovan ancestry [26, 27]. GoyetQ116-1 shares more alleles with
the Denisovan than EIMiron, Villabruna, Stuttgart and the present-day Sardinians share, and
more alleles with the Altai Neanderthal than Satsurblia, Stuttgart, and present-day French
and Sardinians share, but these signals disappear for transversions. One possibility is that
false positives arise from deamination-induced errors in GoyetQ116-1 and the Denisovan,
though we cannot rule out loss of statistical power from the reduced number of transversion
SNPs. There is no evidence in the f4-ratio test (Table S4C; Figures S3A and S3B) or in
previous studies [4] to suggest GoyetQ116-1 has more archaic ancestry than other Upper
Paleolithic Eurasians. To increase the power to detect archaic admixture we used Panel 4 of
the ‘3.7M’ dataset, which are informative about archaic ancestry, but we find no notable
differences between ancient Eurasians (Table S4B).

D(TY, non-African, African, Chimp)tends to be negative for more recent non-Africans, but
we also find that all more ancient non-African individuals share less alleles with African
populations (including the ancient African individual Mota [42]) than more recent non-
Africans share (Figure S3D). One explanation for this pattern is admixture into ancient
Eurasians from a population more diverged than all humans presently sampled, so we
investigate potential causes of this D-statistic signal. We find support that the ghost
admixture observed is potentially representative of the difference in archaic admixture
described between older and more recent Eurasians in [4]. The pattern is remarkably similar
to the pattern found in the archaic admixture proportion (Figures S3A, S3B, and S3E). In a
regression comparing the two statistics, we find they are highly correlated (r = 0.9, p <
0.001; Figure S3F).

Comparisons of Asians to more recent West and North Eurasians—Comparing
ancient North (ANE = Mal’tal, AfontovaGora3) and <14 kya West (EUR<14 kya =
Villabruna, Bichon, Rochedane, Ran-chot88, Loschbour, LaBranal, Hungarian.KO1,
Karelia and Motalal2) Eurasians to EAS and the Tianyuan individual, as well as other
Eurasians (EUR = Kostenkil4, Vestonicel6, EIMiron, Villabruna), we find the ANE and
EUR<14 kya form a clade with the EUR (Tables S3Di, S3Dii, S3Ei, and S3Eii), but D(EUR,
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ANE/some EUR<14kya; EAS, Mbut)<0 (Tables S3Diii and S3Eiii; Figures S2C and S2D),
suggesting a connection between EAS and ANE, and EAS and some EUR<14 kya. We refer
to the Bichon, Loschbour, LaBranal, Hungarian.KO1 as the VWE, and Villabruna,
Rochedane and Ranchot88 as the VNE in further analyses. The VNE do not tend to show a
connection to EAS, whereas the VWE do, shown in Table S3Eiii and in [4]. The ANE,
Motalal2 and Karelia show a connection to the EAS, but a stronger connection to the
AMER, while the VWE show a similar connection to both the EAS and AMER (Figures
S2C and S2D). The Tianyuan individual may show a slight connection to the ANE (Table
S3Diii; Figure S2C), but the single significant result, D(Kostenki14, Mal’tal, TY, Mbuti)<0,
is not significant when using transversions only. No connection is observed for the VWE
(Table S3Eiii; Figure S2D).

Lazaridis et al. [16] argue that West European hunter-gatherers (WHG: Loschbour,
Hungarian.KO1, and LaBranal) can be considered a mixture of populations related to East
European hunter-gatherers (EHG: Karelia) and an older hunter-gatherer from Switzerland
(Bichon, SI7 of Lazaridis et al. [16]). Here, we ask whether the Asian signal we observe in
the VWE (composed of the WHG and Bichon) is related to the EHG’s connection to EAS.
First, [4] and we find that the Bichon individual also shares a connection to EAS. Second,
for Karelia, we observe larger D values for AMER than for EAS, (Figure S2D; Table
S3Eiii), likely related to the influence of ANE on Karelia [16, 20]. This difference is not
observed in the WHG (Figure S2D). In contrast, Motalal2 shows similar results to the WHG
but does have elevated D values when compared to AMER (Figure S2D), suggesting
Motalal? is connected to Karelia or the ANE. The Asian connection in the VWE cannot be
explained by a connection to Karelia or the ANE.

Using D(EUR<14kya, Kostenkil4/GoyetQ116—1, TY, EAS) (Table S3C), we show that
EAS share more alleles with EUR<14 kya than the Tianyuan individual shares with them,
relative to Kostenkil4 and GoyetQ116-1, further supporting connections between EAS and
ANE, the VWE, Karelia and Motalal2. We note that EAS also share a connection to
Satsurblia, Stuttgart, and the French and Sardinian, indicating other potential interactions
unrelated to ANE or VWE.

We also used gpF4ratioto determine two f4-ratios:

Determining archaic admixture proportion—Fu et al. [4] assumed that West and
Central Africans (individuals from the Yoruba, Mbuti and Mende populations were grouped
together as a single population) are outgroup to the East African Dinka population and
present-day non-Africans. Then the Dinka represent a population with no archaic ancestry
and Neanderthals and Denisovans (*Archaic’) represent a population with complete archaic
ancestry. Non-African individuals or populations (X) are then treated as a mixture of non-
archaic human ancestry (Fapr) and archaic ancestry (Farc). The constructed f4-ratio (Fargr)
estimates the proportion of non-archaic human ancestry in present-day non-Africans, leaving
one minus this quantity as Farc, the proportion of archaic ancestry in present-day non-
Africans. Fa measures the fraction of how many more shared alleles are between X and
West and Central Africans than are between Dinka and West and Central Africans, relative
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to the amount they each share with the archaic population including the Altai Neanderthal
and Denisovan (merged set in analysis). Farc, or B(X) is represented by:

f 4(X , Archaic; West and Central Africans, Chimp)

B(X)=F X)=1-F X)=1- .
F ARC AFR f 4( Dinka, Archaic; West and Central Africans, Chimp )

We find B(7Y)~0.05, similar to that seen in Eurasians of a similar age (excluding Oasel,;
Table S4C; Figures S3A and S3B). The connection between the Denisovan and GoyetQ116—
1 in Table S4A is not observed here (Table S4C; Figures S3A and S3B). Results are similar
using all sites and transversions only (Figures S3A and S3B), and are consistent with the
conclusion of [4], where B(X) decreased over time-with higher levels in older Eurasians.

Test for Denisovan ancestry—\We also used a test for low levels of Denisovan
admixture (where Rp>1 may indicate some Denisovan gene flow, [28]), but we do not find
Rp>1 for EAS as observed in [28] and find high variance and lack of consistency between
using all individuals versus a single individual from a population (Figure S3C), likely
because our sample sizes are too small for this analysis. Since there is only one Tianyuan
individual, we do not have the power to test for low Denisovan ancestry as shown for EAS
and AMER [28].

Inferring mixture proportions without a specific phylogeny: We determine whether two
reference and one target populations (Refl, Ref2; Target) have data consistent with being
related by N-1 streams of ancestry to a set of outgroup populations (using gpWave [11]) and
if so, we estimate the proportion of ancestry in the population represented by the target that
is composed of the populations represented by the references (using gpAdm [9]). gpAdm
uses correlations in f-statistics to determine mixture proportions into a target population
from a set of reference populations, presuming certain conditions are satisfied (rank1 > 0.05,
00_p > 0.05,01_pnest < 0.05; Table S3F for more details) [9], using a block jackknife as
described for the f-statistics above to calculate the s.e. It requires a set of outgroup
populations that contain enough genetic variation to be informative on the relationships
between reference and target populations, but to have had no recent gene flow from
reference or target populations.

To estimate extra Asian ancestry in South Americans, we tested (77anyuan/Han/Papuan/
Onge, AMER; AMER) using the outgroup set listed in Table S2G. With AMER as both
reference and target, we ask whether the target AMER have any genetic signal that cannot be
explained completely by the reference AMER, but instead requires a proportion of ancestry
explained by the Tianyuan individual, the Papuan or the Onge. We find that the Karitiana,
Surui and Piapoco are best described as a mixture of other AMER and the Tianyuan
individual, Han, Papuan or Onge, with the least combinations found for the Han (Table
S2G).

To assess the connection between East and North/West Eurasia, we tested four scenarios
using the outgroups Out and Out-T as described in Table S3F:
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Scenario 1: We used (Han/TY, ANE; EAS) 1o test gene flow into EAS from a population
related to ANE. We find no evidence for Scenario 1, using the Han or the Tianyuan
individual, and using Mal’tal (Table S3Fi) or AfontovaGora3.

Scenario 2: We used (\Vestonicel6, EAS/TY; ANE)to test gene flow from EAS into a
population related to ANE. We find Scenario 2 does fit the data, using the Han or the
Tianyuan individual, and using Mal’tal (Table S3Fii) or AfontovaGora3. Mixture
proportions are high (f_2 = 0.3-0.5; Table S3Fii), suggesting a stronger connection than
indicated by the D-statistic analysis (Figure S2C), perhaps because the EAS and/or
Vestonicel6 are not the most appropriate proxy source populations.

Scenario 3: We used (Han/TY, VINE/VWE, Ami)to test gene flow into EAS (represented by
the Ami) from a population related to the VWE. We find the Ami cannot be described as a
mixture of a population related to the Han or the Tianyuan individual, and any VWE or VNE
individual (Table S3Fiii). These results are consistent for other EAS.

Scenario 4: We used (Ami/Han/TY, VINE; VWE) 1o test gene flow into a population related
to the VWE from a population related to EAS. This scenario is supported (Table S3Fiv)
when using Out-T, but for Out, we cannot reject a model where all of the VWE’s ancestry
can be explained by the VNE (Table S3Fiv; pnest > 0.05).

For Scenarios 1 and 2, we also consider other outgroup sets, as shown in Table S3Fv. Here,
and in Scenarios 3 and 4, we use the Ami to represent EAS, and though we show results for
the Ami, we find similar results using other EAS. In Table S3Fv, we show that the results
from our gpAdm analyses are robust to choice of outgroup set. For Scenario 1, we observe
that for every outgroup set, a model of gene flow into the Ami from a population related to
Mal’tal is not supported. For Scenario 2, we find that a model where Mal’tal is a mixture of
populations represented by Vestonicel6 and the Ami is possible for all outgroup sets. Our
outgroup set choice does not alter our results.

Estimating a maximum likelihood tree: We used 7reemix [37], which uses a Gaussian
approximation of genetic drift and allele frequency data, to estimate a maximum likelihood
tree including the Tianyuan individual. 7reemix uses the variance-covariance matrix of allele
frequencies between populations to determine the branch lengths (‘Drift Parameter’ in
Figures 2B and S1) and allows addition of admixture events in its framework. We rooted the
tree using the Central African Mbuti population as an outgroup, tested several block sizes
(bs = 250, 500,1000,1500 and 2000) and admixture events (m < 3 shown in Figure S1), and
removed SNPs where an individual had missing data. We found similar results for all bs and
show results for bs = 500. We minimized the residual fit, calculated by using the residual
covariance between each pair of populations, divided by the average s.e. across all pairs, to
determine which generated trees fit the data. For each tree, we also generated 1,000
bootstrap replicates and determined the uncertainty of each node (Figure S1). Results were
similar for all sites and transversions. We analyzed three sets:
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Set 1: Tianyuan, Ust’-Ishim, Kostenkil4, GoyetQ116-1, Vestonicel6 and four EAS (Han,
Dai, Ami, Atayal). We do not include present-day Europeans, as they may have an ancestral
component not represented in sampled populations and individuals [12].

Set 2: Set 1, AMER (Mixe, Quechua, Chane, Karitiana and Surui, Anzick-1), Mal’tal.

Set 3: Set 2 and 3-1 kya individuals from Nepal (merged to one population ‘AncTib’, Figure
S1C). We also consider the unmerged

individuals as separate tips in the tree.

In all sets, adding admixture improved the fit of the tree (Figure S1). The first admixture
event was either gene flow from the Tianyuan individual into GoyetQ116-1 (10%, Figure
S1Aiii) or gene flow from the Mal’tal individual into AMER. The Tianyuan individual
always grouped most closely with EAS (Set 1, Table S1A), EAS and AMER (Set 2, Table
S1B), and EAS, AMER and AncTib (Set 3, Table S1C), and each of these groups form
distinct clades. In Set 1, EAS have a shared drift parameter since splitting from the Tianyuan
individual of ~0.01. When the Tianyuan individual and EAS are grouped together, their
shared drift parameter is an order of magnitude smaller, ~0.007, indicating that the Tianyuan
individual diverges from EAS much closer to the node separating East Eurasians and ancient
Europeans than any of the EAS, who diverge from each other much more recently. We
cannot resolve the polytomy for Ust’-Ishim, Europeans and Asians, as the node for Ust’-
Ishim has low bootstrap certainty (Figure S1), and in Set 1, the shared drift parameter for
Eurasians after the Ust’-Ishim separates is only 0.0002-0.0010. In Set 2, while Mal’tal
consistently shares an admixture event with AMER (Figures S1B and S1C), consistent with
AMER sharing a relationship to ANE [20], the placement of Mal’tal with Europeans is
supported for few admixture events, but not well supported when more admixture events are
included (Figure S1B). In Set 3, after including the Mal’tal and AMER admixture event, the
AncTib diverges from the ancestral population leading to both EAS and AMER (Figure
S1C). This is true for transversions and all sites, using the merged AncTib set or keeping
them separate. Figure S1B section iii is the same as Figure 2B.

Comparing archaic admixture to a connection to Africans: We examined the relationship
between D(non-African, non-African, African, Chimp) and the archaic admixture proportion
B(X), using a linear regression (Figure S3F). Using /ms [38], we replicated simulated data
2,000 times for the model described in Figure S3G. We then asked how likely it is that given
D(X; orX,, Africanl, Archaic, Outgroup)>0, the following two conditions hold:

1. We fail to reject D(X;, X5, Archaic, Outgrouyp) = 0 (similar to Tables S4A and
S4B).

2. D(X1, Xo, Africanl, Outgroup)<0 and D(X1, X5, African2, Outgroup)<0 (similar
to Figure S3D).

We find that 750 replicates show D(X; or X, Africanl, Archaic, Outgroup)>0, and of those
105 satisfied the two conditions, so p = 0.14, suggesting it is not unusual to observe our
seemingly contradictory results in Tables S4A and S4B and Figure S3D.
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Testing a model including the Tianyuan individual: We used gpGraph (Admixture Graph)
[11] to test models of the relationship between the Tianyuan individual and other Eurasian
and Native American humans. Admixture Graph tests a proposed tree, or graph, for its fit to
the data (]Z|<3), by checking the f,, f3 and f4-statistics for all possible pairs, triples and
quadruples of populations and individuals included in the graph. Graphs can include
admixture, where a population is a mixture of two populations already represented. Solid
branch labels give the estimated genetic drift in f,-units of squared frequency difference in
parts per thousand, dotted branch labels give the mixture proportions, and tips give the
ancient individuals and present-day populations (Figure S4).

We begin with the base of Figure 3 of [33] that includes the Altai Neanderthal, Denisovan
and Kostenkil4. We add the Ust’-Ishim and Tianyuan individuals (Figure S4A), with the
Mbuti as an African population without archaic admixture. We add extra admixture events
from a population related to the Altai Neanderthal to account for higher archaic ancestry in
early Upper Paleolithic individuals [4]. It is unlikely that three separate admixture events did
occur, but this is the simplest method of allowing higher archaic ancestry in older individuals
in the model, without which, models including present-day populations do not fit the data.
We show Kostenkil4 and the Tianyuan individual as more closely related to each other than
to Ust’-Ishim, but we find no difference using models where either Kostenkil4 or the
Tianyuan individual are more closely related to Ust’-Ishim than each other and emphasize
that the estimated branch length for M3-EURQO is 0 (Figure S4A), indicating the three
individuals form a polytomy.

We add Mal’tal and present-day humans (the Ami, Mixe, Surui and Papuan) in turn to the
base graph (Figures S4B-S4L), exploring the fit of the data at each possible branching point
for the added group, as well as every possible mixture of two ancestral components possible
within the tree. As each is added one by one, a limitation of the method is that gene flow can
only be tested in one direction. For instance, by adding Mal’tal then the Ami, we cannot test
gene flow from a population related to the Ami into a population leading to Maltal, so we
also tested adding the Ami, followed by Mal’tal (Figures S4E-S4G). We find that one or
both must be included as a mixture of two ancestral components, but no model fits where
neither Mal’tal nor the Ami are admixed. See Figures S4E-S4G for major patterns. We then
add the Mixe, followed by the Surui (Figures S41-S4L) to all possible models and find
similar patterns where they must be modeled as a mixture of Asian and Mal’tal-related
ancestry, and the Surui can be described as possessing additional admixture from a
population related to the Tianyuan individual. Adding the Papuan as an unadmixed
population or a mixture of two populations already represented in the graph does not result
in any model that fits the data.However, allowing a third admixture event into the Surui, such
that the Surui is composed of three ancestral populations related to the Mixe, the Papuan and
the Tianyuan individual, results in a model that fits the data, two of which are shown in
Figures S4M and S4N. We find no difference in the fit of the model in the ordering of the
three population mixtures, and in the main text display a model where a population that is a
mixture of populations related to the Tianyuan individual and the Papuan then admixes with
a population related to the Mixe (Figures S4N and 3D), as it is more geographically
parsimonious than two separate admixture events from Asia (Figure S4M) into early AMER.
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We also test adding GoyetQ116-1 or the Onge to the final model (Figure S4N), but could
not find a graph that fits the data, suggesting complex demographic parameters outside the
parameter space of AdmixtureGraph (i.e., population structure, continuous migration, etc.)
may play a role. However, we note that the best-fitting graphs (Z = —3.5) always place
GoyetQ116-1 as a mixture of a population related to Europeans and the Tianyuan
individual. The best-fitting graphs for the Onge (Z = —3.4) always include them as a mixture
of populations related to the Ami and Papuan. Future data that informs on their relationship
to other Asian and European populations may help to develop a working population model
that includes both GoyetQ116-1 and the Onge. Finally, we substituted each of the present-
day Native American populations in place of the Mixe and Surui in Figure S4N to test
whether these graphs would fit the data for different pairs of AMER. We looked for models
that fit the data (JmaxZ| < 3), have sufficient divergence between populations contributing to
the AMER (we use the AMIO-SUPAL branch, ¢>10), and have added admixture into the P2
AMER (f;and £>>0.001). AMER with a similar pattern to the Surui are the Chane and
Karitiana (Table S2i). A model where some Southern American populations have gene flow
from a population related to the Tianyuan individual can fit the data, but we caution that this
is not the only model possible for AMER and other unexplored models may fit the data
equally well. From these models, however, we find some patterns that seem consistent with
other analyses in our study.

A method for testing for direct ancestry with low coverage data: We developed a test of
whether an ancient individual is directly ancestral to a present-day population. Our test is
based on one presented in SI17 of [32]. It estimates the probability of coalescence on the
branch leading to the archaic population. If that probability is 0, then the archaic sample is
from a population directly ancestral to the present-day population [32].

At each site, let Aand adenote the two alleles where A is defined to be the allele on one
present-day chromosome. Assuming the archaic genotype is known, only two possible
genealogical histories are possible: coalescence before the most recent common ancestor
(MRCA) or no coalescence (Figure S3H). With 3 ancestral lineages in the MRCA, the
folded site frequency spectrum is characterized by 4, the probability that one allele differs
from the other two. Let ¢ be the probability of a coalescence in the archaic population before
the MRCA. For each site, the archaic genotype is aa, Aaor AA (numbered /=0,1 and 2).
Let p,be the probability of a site with configuration 7 Then, following [32], we obtain

(1 + o)k, 2(1 - o)k, (c =3k,

Dy = 3 P1= 3 py=1+ —3 (Equation 1)

We cannot use Equation 1 directly because the sequence coverage is too low to call
heterozygotes with confidence and because there is sequencing error and contamination
from present day humans. By modeling these processes, we can still estimate k; and c.

With no sequencing error, reads are equivalent to each other, so the configuration has ¢ reads
carrying the same allele as the present-day sample (¢=0,...,4d). If g, is the probability of
configuration v,
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2
q,= -Zo Pr (ui)p; (Equation 2)
i=

Because the P;are functions of cand 4, the g, are also functions of cand 4.

To account for contamination let 7be the frequency of A in the contaminating population.
The probability that a read carrying ais replaced by a contaminating read carrying A is K7,
and the probability that a read carrying A is replaced by a contaminating read carrying ais
K(1 - /. Contamination causes the number of As to increase by k. with Binomial(d- u,
K1), and to decrease by - with Binomialu, K(1 - #). Since K'is small, accounting for
increases or decreases by at most two is likely sufficient, such that the probability of
observing configuration « after accounting for contamination is

r,= Pr(k+=2|u—2)qu_2+ Pr(k+= 1|u— l)qu_1 (Equation
+ (1= Pr(k, =2|u)— Pr(k, =1|u)— Pr(k_=2[u)— Pr(k_=1lu)g,+ Pr
(k_=1lu+1Dgq, + Prk_=2lu+2)q,,,.

3)

To account for sequencing error, we assume the probability of sequencing error differs for
each read. Let the observed configuration of reads be V= {j;,...,jz where j;=0 for aand j;
=1 for A. Associated with each site is a vector £1 = {&,...,64} (&= the probability of a
single sequencing error in each read, computed from Phred scores) and a matrix with
elements e, the probability of a sequencing error both in read 7and in read /, where we
assume independence of errors, i.e., €= €€;.

For a given Vwith v As, let J; be the set of reads carrying an A and Jy be the set of reads
carrying an a. Let e, be the total probability that one sequencing error in a read with an a

increases by one the number of reads apparently carrying an A:e = Z.,- c Joej. Let e be the

total probability that one error in a read with an A will decrease by one the number of reads

apparently carryingan A,e_ = ZJ. el 6
1

To account for two errors, let J1; be the set of pairs of reads that both carry an A, Jg be the
set where one carries an A and the other an a (in either order), and Jyg be the set where both
carry an a. Definee_ _ = Z{j,j’} ey, i as the total probability that two errors reduce the

number of reads apparently carrying an Aby twoe, | = ¥ (.jyeJ €;as the total
’ 00

probability that two errors increase the number of reads apparently carrying an A by two,

ande, _= Z{J., e Jloef/ as the total probability that the errors cancel and maintain the

same number of reads apparently carrying an A. Finally, define
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ep=1- 2;?: 1€ E?z 1 25,;11 e;;as the probability that there is no sequencing error at

the site. Then

r r e r e e r e
2%+ + 1"+ +17— +27— —
\4 )4 )4 )4 v

R R R I R

Substituting Equation 1 through Equation 3 into Equation 4, we obtain an expression for the
probability of the observed configuration Vas a function of cand k-i, given the error
probabilities, the contamination rate and the allele frequencies in the contaminating
population. We calculate the overall probability of the data (the likelihood) by multiplying
across sites and use standard optimization methods to obtain the maximum likelihood
estimates to test the hypothesis that ¢= 0 by doing a likelihood ratio test.

7

Pr(V) = (eo +e, _) (Equation 4)

To apply to the Tianyuan sample, we use the Yoruba population (n = 108) as the outgroup,
identifying either all polymorphic sites (Analysis A) or only those with a frequency of 5%—
95% (Analysis B), and the Han Chinese population (n = 103) as the contaminating
population (samples from [34]) and used one chromosome from each of the listed present-
day populations in Table 1, using the dataset from [33] (filters: mapping quality <30, base
quality <20, ignoring the first and last two bases of Tianyuan reads and sites with >10
reads). We use K= 0.02 (contamination rate, largest in Table S1A is 0.192). Table 1 shows
maximum likelihood estimates for cand &; for Analysis A. Analysis B (not shown) shows
similar results, with slightly elevated k; values because we ascertain for more common
alleles. The model is robust to higher sequencing error and contamination rates, as doubling
the site-specific sequencing error rate did not affect our results and doubling the
contamination rate increased parameter estimates, but did not change the relative ordering of
individuals.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

By 40,000 years ago, = 4 subpopulations of modern humans were established
in Eurasia

The Tianyuan individual is more related to Asians than to past and present
Europeans

He is not, however, equally similar to all early humans in Europe

His genetic similarity to some South Americans suggests early Asian
population structure
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Figure 1. f3(Tianyuan, X; Mbuti) for All Sites Where X Is a Present-Day Human Population or an
Ancient Individual

The f3 statistic ranges from 0.04 to 0.25. A higher value (red) indicates higher shared genetic
drift between the Tianyuan individual and the (A) present-day population or (B) ancient
individual. The intersection of the dotted lines indicates where the Tianyuan Cave is located.
See also Table S2A.
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Figure 2. Comparisons Relating the Tianyuan Individual to Ancient and Present-Day Eurasians
and Native Americans.

(A) D(Tianyuan, X; 'Y, Mbuti)and D(Y, X; Tianyuan, Mbuti), where Y is the East and
Southeast Asian Han or Ami or the Native American Mixe or Surui and X is the ancient
West Eurasian individual Kostenkil4, GoyetQ116-1, or Vestonicel6.

(B) Maximum-likelihood tree showing East and Southeast Asians, Native Americans, and
ancient Eurasians, with bootstrap support of 100% unless indicated otherwise. The scale bar
shows the average standard error (SE) of the entries in the covariance matrix.

(C) D(GoyetQ116-1, estonicel6; Y, Mbuti), where Y is the Tianyuan individual, an East
and Southeast Asian population, or a Native American population.

For (A) and (C), thick bars are within 1 SE of the estimate, thin bars are within 1.96 SE of
the estimate (95% confidence interval), and the dashed vertical line indicates D= 0. See also
Figures S1 and S2 and Tables S2 and S3.
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Figure 3. Heatmap of D Statistics and Admixture Graph Model Comparing Native Americans to
the Tianyuan Individual.

(A-C) Heatmaps of (A) D(X, Mixe; Tianyuan, Mbuti), (B) D(X, Mixe, Papuan, Mbuti), and
(C) DX, Mixe; Onge, Mbuti), where X are non-Mixe Native American populations.

(D) Admixture graph model that fits allele frequency patterns (all empirical f statistics are
within 3 SEs of expectation). Branch lengths are shown in units of Fg x 1,000. Admixture
from a population related to the Altai Neanderthal into ancient individuals (shaded gray) was
collapsed into a single node, as were the original nodes atthetop ofthe graph (can be
observed in Figure S4N). The orange lines indicate the edges leading totheTianyuan
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individual and the East and Southeast Asian Ami after splitting from the edge leading to
Kostenkil4. The blue lines indicate the edges showing ancestral components related
totheTianyuan individual and the Papuan in the Native American Surui.See also Figure S4
and Table S2.
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Maximum-Likelihood Test Determining whether the Tianyuan Individual Is Directly Ancestral to any Present-
Day Population

Population ¢ ky

Han 0.1800 0.2809
Dai 0.1808 0.2812
Miao 0.1818 0.2814
Japanese 0.1819 0.2813
Ami 0.1822 0.2813
Burmese 0.1834 0.2817
Hezhen 0.1838 0.2817
Orogen 0.1841 0.2821
Lahu 0.1864 0.2828
Igorot 0.1866  0.2830
Thai 0.1883  0.2833
Cambodian  0.1887  0.2834
Kusunda 0.1972  0.2859
Mayan 0.1973  0.2860
Papuan 0.1975 0.2855
Karitiana 0.1992 0.2866
Australian ~ 0.2001  0.2867
Uygur 0.2143  0.2921
French 0.2420  0.3013

The Tianyuan individual is not from a population directly ancestral to any of the listed present-day populations (c #0, where crefers to the amount

of private drift for the Tianyuan individual). See STAR Methods for a description of cand k1. See also Figure S3H.
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