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Materials and Methods 
 
Ancient DNA extraction, sequencing, and data processing  

 
DNA was extracted from less than 100 mg of bone or tooth powder from samples deriving 
from 26 ancient human remains (Table 1) (33). For petrous bone samples, we used two 
methods. When the petrous bone was isolated, we drilled a small hole on the inner side to 
obtain petrous bone powder from the cochlea (34). When the petrous bone could not be 
isolated from the complete skull (i.e. Xiaogao) (35), we drilled through the bottom of the 
skull to obtain powder from the cochlea to avoid destroying typical identifying characters 
on the specimen. Photos of all specimens were taken both before and after drilling. For all 
but six specimens, a single-stranded protocol (“SS”) (36, 37) was used to prepare the 
libraries. The single-stranded libraries for Boshan, Liangdao1 and Liangdao2 were treated 
with uracil-DNA-glycosylase (UDG) from E. coli and endonuclease (Endo VIII) (“SS 
UDG”) (17). Libraries for Yumin, Xiaojingshan and Xiaogao were prepared using a 
double-stranded protocol (“DS”) (36), while libraries for Bianbian were prepared using 
both single-stranded and double-stranded protocols (Table 1). Libraries were amplified 
using the AccuPrimepfx DNA enzyme. The amplification process underwent 35 cycles to 
make sure enough ancient DNA was available for capture. To specific libraries, the P5 and 
P7 primers were added, and a NanoDrop2000 spectrometer was used to determine the 
amount of DNA extracted per sample.  
 
In solution capture of mitochondrial DNA and nuclear DNA 
 
DNA capture enriches for DNA sequences of preference, allowing us to efficiently 
sequence ancient DNA from samples with high levels of contaminating environmental 
DNA (15). Thus, we focused on DNA capture techniques to increase the number of 
individuals that could be sampled and compared to other humans. We used oligonucleotide 
probes synthesized from the complete human mitochondrial genome (mtDNA) to capture 
human mtDNA (19). For the nuclear genome, we used probes that enrich for 1.2 million 
SNPs, see Panels 1 and 2 in (16). These oligonucleotide probes were synthesized by 
Agilent Technologies (California, USA).  
 
Sequencing and reads alignment  
 

Illumina Miseq or Hiseq4000 sequencing machines were used to generate 2×76bp paired-
end reads from the enriched mitochondrial DNA libraries, while Illumina Hiseq4000 
sequencing machines were used to generate 2×100bp and 2×150bp paired-end reads from 
the enriched nuclear DNA libraries. Adaptors were trimmed and paired-end reads were 
merged into one sequence (a minimum overlap of 11 base pairs was needed to merge 
paired-end reads) using leeHom (https://github.com/grenaud/leeHom), a software that uses 
a Bayesian framework to account for challenges in sequencing libraries with short DNA 
fragments like those typical of ancient DNA (38).  
 
Using only merged reads with a length of at least 30 bp, we then aligned the reads from the 
enriched mitochondrial DNA libraries to the revised Cambridge Reference Sequence 
(rCRS) (39) and  the reads from the enriched nuclear DNA libraries to the human reference 
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genome hg19. BWA (40) (version 0.6.1) using the samse command and the arguments -n 
0.01 and -l 16500 to map the reads. Duplicates were removed, where a read was considered 
a duplicate if it had the same orientation, start, and end positions as another read. For 
duplicated reads, we kept the highest quality sequence for analysis. Fragments with a 
mapping quality score below thirty were removed.  
 
Test for contamination and genotyping  
 
The libraries from all but one sample have ≥10% of terminal nucleotides of the read 
fragments that are cytosines in the reference genome but thymines in the read fragment, 
which is expected for authentic ancient DNA (41) (Table 1).  
 

We estimated the contamination rate using two methods. For all individuals, we determined 
the mtDNA contamination rate by comparing mtDNA fragments for each individual to the 
consensus mitochondrial genome for that individual and for 311 present-day world-wide 
sequences using ContamMix (19). We ignore the first five and last five positions of the 
fragments to avoid the damage pattern counting as contamination.   If >3% of the fragments 
matched one of the worldwide sequences better than the consensus, we treated that library 
as contaminated. We found that Qihe2, SuogangB1, SuogangB3, L5692, L5706, L7417, 
L5696, L5698, L5701, L5703, and L5704 showed signs of contamination.  For males, we 
additionally used a test of contamination for the X-chromosome (18). As only one copy of 
the X-chromosome is found in males, we do not expect to observe polymorphisms in X-
chromosome DNA sequences. A contamination rate was estimated based on this 
assumption, and for those with a contamination rate greater than 3%, we treated the library 
as contaminated (Table 1).  
 
To retain as many as possible of the individuals for analysis, for libraries with substantial 
contamination, we restricted analyses to use the fragments with characteristics typical of 
ancient DNA, i.e. showing a damage pattern not found in present-day DNA (17). We used 
pmdtools0.60 with the --customterminus parameter (42) to filter out fragments with at least 
one C→T substitution in the first three positions at the 5’-end and the last three positions 
at the 3’-end . We refer to these libraries as damage-restricted libraries. Samples where 
damage-restricted libraries were used are shown in Table 1. 
 
For each SNP covered at least once in an individual, we randomly sampled one sequence 
to determine an allele for that individual (16). Thus, we have effectively haploid data. In 
total, 24 out of 26 individuals sampled were used in our analyses. 
 
Principal components analysis  
 
We took 34 populations from the Human Origin (HO) SNP Panel (43), 17 Tibetan and Han 
populations from (44) to perform a principal components analysis (PCA) with the smartpca 
program of the EIGENSOFT package (45) using default options except lsqproject: YES, 
numoutlieriter: 0 and shrinkmode: YES. Results are shown in Fig. S1. All the newly 
sequenced ancient individuals as well as the previously published ancient Asians found in 
Table S1 were then projected onto the principal components for present-day East Asians 
(Fig. 1C).  
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F3- and f4-analyses 
 
We use a number of f-statistics to determine genetic relationships in East Asia. Here, we 
briefly describe the methods referenced, in order of appearance. For all f-statistics, we used 
frequency data if the number of individuals in a group was greater than one (Table S1), and 
we used a 0/1 count otherwise. The software used, Admixtools can accommodate both 
count and frequency data, and the f-statistic is shown to act similarly for both data types 
(46). We describe the combinations tested for each f-statistic in more detail in the next 
section. 
 
(1) Outgroup f3-analysis – This method, first developed by Raghavan et al (22), uses an f-
statistic of the form f3(Mbuti; X, Y), where the present-day Central African Mbuti are used 
to represent an outgroup to populations X and Y. We used the software qp3Pop in the 
AdmixTools (43) software package (version 412), and we created the heatmap in Fig. 1D 
using heatmap.2 in R.  Those that share high f3 values can be interpreted to have high 
genetic similarity with each other, allowing us to determine clusters of shared ancestry in 
a pairwise comparison.  
 
(2) f4-analysis - We used f4-statistics and the software qpDstat (version 712) in AdmixTools 
(43) to assess the relative connections these ancient individuals share with each other and 
other ancient and present-day populations. The general form of the f4-statistic we use is 
f4(Mbuti, P2; P3, P4), where the Mbuti are again used as an outgroup to the individuals or 
populations represented by P1, P2, and P3. f4>0 (Z>3) indicates that P2 shares more alleles 
with P4 than P3, f4<0 (Z<-3) indicates that P2 shares more alleles with P3 than P4, and 
f4~0 (|Z|<3) indicates that P2 shares a similar number of alleles with both P3 and P4. More 
description of the f4-tests highlighted in this study can be found in the Supplementary Text 
(sections 3-4).  
 
Testing for archaic admixture using an f4-ratio test 
 
We also tested for archaic admixture in the North and South groups. We performed an f4-
ratio test (47) to estimate the amount of Denisovan ancestry in a target population. The f4-
ratio is given by: 
 

!!(#$%&'()*%,,-./&; 1, 2.3*'&*%)
!!(#$%&'()*%,,-./&; 5*6.*%, 2.3*'&*%)

 

 
where X is the target population and the Eurasian is either the Han or French (Table S3).  
 
Estimating a maximum likelihood phylogeny with migration events 
 
We used Treemix v1.13 (23) to determine the phylogenetic relationships of various East 
Eurasians that were previously explored using f-statistics. The populations included are as 
listed in the Supplementary Text (section 5). We used the options “-root Mbuti –k 500” to 
root the tree by the Central African Mbuti and to make blocks of 500 SNPs. We ran 1,000 
replicates for each tree, adding the options “-bootstrap -q”. We then assessed the 1,000 
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bootstrap trees in phylip using the consense command to count the number of times certain 
individuals grouped with each other relative to all others in the analysis. Results are shown 
in Fig. S5 for m=0 to m=3, with visualization of the residuals in Fig. S6. The maximum 
likelihood phylogeny with three migration events is also included as Fig. 2A.  
 
Developing a model by comparison of all f2, f3, and f4-statistics of sets included in tree 
 
We also assessed whether we could develop  a tree model satisfying the conditions that all 
f2-, f3-, and f4-values between populations and individuals fit the proposed relationships 
within the tree (|maxZ|<3) using qpGraph (43) with the parameter “allsnps: NO”. We add 
each population in turn, starting with a base graph as described in the Supplementary Text 
(section 7), where we allow each new tip to be derived entirely from a single ancestry or a 
mixture of ancestry from populations related to two different branches of the tree. We 
exclude those graphs with 100% admixture branches and branch lengths of zero, as they 
indicate a simpler graph is available. We show plausible models after addition of each set 
(Fig. S16-S17), with the final set of possible tree models shown in Fig. S18 and Fig. 2B. 
Using the tree model in Fig. 2B, we add each remaining present-day and ancient population 
in turn, recording the mixture proportions and source ancestry describing each population 
from the best fitting tree (as described in section 7 of the Supplementary Text). This is 
visualized in Fig. 2C-2D.   
 
Test of genetic differentiation (Fst) 
 
We used the smartpca program of the EIGENSOFT package (45) using inbreed: YES and  
fstonly: YES to estimate Fst for select ancient and present-day East Asian groups. To 
represent ancient northern East Asians, we used the merged coastal nEastAsia_EN into a 
single group. To represent the ancient southern East Asians, we merged two groups. The 
Early Neolithic southern East Asians (Liangdao) were considered as a single group, and 
the Late Neolithic southern East Asians were merged into a single group (Table S1). We 
used three groups to represent present-day northern East Asians: Hezhen, Korean, and Han. 
We used three groups to represent present-day southern East Asians: Dai, Lahu, and She. 
The distribution of Fst values comparing within and between these four categories (ancient 
northern and southern, present-day northern and southern East Asians) are shown in Fig. 
S11.  
 
ADMIXTURE 
 
Using the dataset from the PCA and omitting  deeply diverged samples (i.e. Tianyuan and 
G1), we pruned the dataset to account for linkage disequilibrium using PLINK (48) 
(v1.90b3.40) with parameters “--indep-pairwise 200 25 0.4”. We then used ADMIXTURE 
(49) implementing a model-based maximum likelihood (ML) clustering algorithm to 
estimate individual ancestries and determine population structure with cross-validation. 
We did not require that data overlapped for all samples, to allow inclusion of low-coverage 
individuals. For each K, we re-ran the software 100 times using different seeds, to estimate 
the cross validation, which helps to define the ‘best’ K, associated with the lowest CV error. 
For this analysis, the lowest CV is when K=3 (Fig. S10A), although the CV is almost as 
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low for K=2 and K=4. We therefore present the ADMIXTURE results with K from 2 to 4 
in Fig. S10B. 
 
Inferring admixture with an explicitly modeled phylogeny 
 
To further study the relationships between the ancient East Asians sampled in this study, 
we used qpWave (36) and qpAdm (15) with the parameter “allsnps: NO” to model ancient 
and present-day East Eurasians as mixtures of ancestry related to one, two, or three 
different sources. This method compares the relationship between each set of target and 
sources with a set of populations (denoted Right) that differ in their genetic relationships 
with the targets and sources. This method is particularly useful because detailed knowledge 
of the phylogenetic relationships among the populations in Right is not needed, so long as 
they do not show recent admixture with any of the target and source populations. In the 
Supplementary Text (section 6), we list the populations included in Right. A detailed 
description of how we estimated mixture proportions is also found in section 6 of the 
Supplementary Text. Results are shown in Table S6 and are visualized in Fig. 3D-3F and 
Fig. S13. 
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Supplementary Text 
 

1. Site and specimen description 
 
The individuals sampled in this study are from archaeological sites in mainland East Asia, 
as well as from two islands off the coast of southeastern East Asia (Fig. 1A, main text). All 
new samples used for ancient DNA are under the custodianship of archaeologist co-authors 
of the study and were obtained with full permission from the related archaeological 
institutes or universities. The review board of the Institute of Vertebrate Paleontology and 
Paleoanthropology approved for study the ancient genomes sampled in this project (review 
no. 201910250003), following a protocol used in other ancient human genetic studies (20, 
50) that specifies that our use of the samples is specifically to study population history.  
 
The new samples span a time period of 9,500-3,00 years ago, which covers the early to 
mid-Holocene and much of the early and middle Neolithic, with one recent individual from 
Fujian. The Qinling-Huaihe line (Fig. 1A) acts as a consensus reference line to distinguish 
Northern and Southern China. Geographically, China can be divided into North and South 
by the Qinling-Huaihe line, corresponding to the humid zone and semi-humid zone, and 
the warm temperate zone and subtropical zone (51). Cultural divisions based on crops, 
farming system, cuisine, and lifestyle loosely corresponds to this line (52). We sampled 
Early Neolithic individuals from both the northern and southern regions. In the north, we 
sampled individuals from Shandong and Inner Mongolia that date to ~9,500-8,000 years 
ago. In the south, we sampled individuals from Fujian and the nearby Liang Island from 
~8,400-7,500 years ago. We also obtained data from individuals dating to 4,600-4,200 
years ago from Taiwan and Fujian, and one individual dating to ~300 years ago from Fujian.  
 
Five samples are dated and published elsewhere (28, 53-55) (Table 1). Others were 14C 
dated by the accelerator mass spectrometry (AMS) (Table 1), and were calibrated using 
OxCal v4.2.4 (56)  and the INTCAL13 calibration curve (57) . All ages are reported as cal 
BP, relative to AD 1950. 
 
Coastal and inland northern East Asians 

 
Here, we focus particularly on individuals from the Shandong region, in the lower Yellow 
River Valley basin (coastal nEastAsia). We also include one individual from Inner 
Mongolia (inland nEastAsia, Table S1). These individuals date to the Early Neolithic. The 
oldest site has features more similar to Late Paleolithic sites, but the bulk of the Shandong 
sites are related to the Houli culture, which show some plant cultivation, though it is 
unlikely they were full agriculturalists (11).  
 
Bianbian - The oldest archaeological site in this study is Bianbian, a cave site from Yiyuan 
in central Shandong of China (12). Materials found have included animal bones, ash pits, 
pottery shards, and grinding stones. Pottery shards show similarities to later local vessels 
from the Houli culture (8,500-7,500 BP) found in the Shandong region, making this the 
earliest known pottery in Shandong thus far (58). Useware and starch grain analysis 
indicates that grinding stones found in this cave were likely used for processing nuts (59). 
Microlithic tools have been found in the earliest layers, which suggests that the earliest 
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people at this site were more like Late Paleolithic rather than Early Neolithic populations, 
but it remains unclear if these tools were associated with the sampled specimen (58). 
Assessment of the faunal assemblage suggests that in the earliest layers, hunting-gathering 
was the major subsistence strategy (60). We sequenced one specimen from Bianbian Cave, 
a male skull, which was directly radiocarbon dated to 9,545-9,480 cal BP.  
 
Xiaojingshan –This site is near Diaozhen Qiezhuang village in Zhangqiu, Shandong, China. 
Tombs, houses, and pottery and stone artifacts have been found that are associated through 
pottery shards with the Houli Culture. Xiaojingshan is notable for possessing a moat in the 
western portion of the settlement, with numerous Houli period houses and at least three 
cemeteries (61). These characteristics have been used to argue that the residents were fairly 
sedentary, though the ceramic and dietary habits suggest farming was not the dominant 
economy (11). While millet seems to have been part of the diet of Xiaojingshan people, it 
was not the main contributor (59). Many grinding stones can be observed, likely suggesting 
higher nut consumption (11). We sampled 13 individuals from the Xiaojingshan site and 
successfully sequenced three individuals: M7, M16 and M4. They were directly 
radiocarbon dated to 7,872-7,721 cal BP (M7) and 7,935 - 7,786 cal BP (M16), and 7,877 
– 7,735 cal BP (M4).  
 
Xiaogao – The Xiaogao archaeological site is located in Zhangdian District, Zibo City, 
Shandong, China. The archaeological material at this site is mostly identified as related to 
the Houli culture. We sequenced a single individual from this site, identified to be female, 
directly radiocarbon dated to 8,777-8,591 cal BP. 
 
Boshan – The specimen is Boshan 11, a fossil that was collected in Boshan Mountain in 
Shandong, China. We sequenced a single individual from this site, identified to be male. 
His mitochondrial DNA was sequenced and assigned to haplogroup B4c1a, and the 
specimen was radiocarbon dated to 8,320-8,040 cal BP (53).  
 

Yumin – The Yumin archaeological site is located in Huade County, Ulanqab city, Inner 
Mongolia Autonomous Region of China. Yumin culture is the earliest Neolithic culture 
found in Inner Mongolia thus far. Radiocarbon analysis of charcoal samples associated 
with the remains of a house were dated to ~8,400 cal BP (62). We sequenced a single 
individual (M1) from this site, identified to be female, and she was directly radiocarbon 
dated to 8,415-8,335 cal BP.  
 
Coastal southern East Asians 

 
The coastal southern East Asians were excavated in Fujian province, China, as well as 
islands in the Taiwan Strait. This area is notable for possessing very different features from 
other parts of East Asia. Its location has suggested a close connection to Southeast Asia 
and the Pacific, particularly regarding their relationship to Austronesians, who are 
widespread across Pacific Islands, including Taiwan (25). Most of the inland terrain of 
Fujian is marked by a mountainous landscape, where basins, river valleys, and coastal 
plains are suitable for human settlement. The coastline differs from the mountainous terrain 
further inland, with many offshore islands, especially off the Fujian coast. The early 
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Holocene shows Paleolithic-related materials fairly late, with increasing Neolithic-related 
materials gradually entering the region (25). 
 
Qihe – The Qihe cave site (Qihedong) is located in the Wuyi-Nanling zone, near Zhangping, 
Fujian, China. Houses and ash pits have been found possibly indicating sedentism, and 
pottery shards have also been found. The pottery style seems similar to that observed in 
Taiwan, but these date to a much earlier time (26, 63).  Three cultural phases (I-III) have 
been found in this cave, which have been radiocarbon dated to ~17,000-13,000 BP, 12,000-
10,000 BP, and 10,000-7,000 BP. Its continuous dating through the Late Paleolithic into 
the Early Neolithic suggests that it is informative on the transition from the Paleolithic to 
the Neolithic. Three human skulls were found in Phase III, the youngest layer. The 
individual sequenced in this study (Qihe2) was directly radiocarbon dated to 8,428-8,359 
cal BP.  
 
Tanshishan – The Tanshishan site is found on the lower reaches of the Min River in Minhou 
County, Fujian, China. Both rice grains and domesticated pigs can be found at this site, but 
no evidence for agricultural activity has been found (11) and the high frequency of marine 
shellfish and fish suggest that the dominant subsistence strategy was marine foraging rather 
than food production (25). The source material for several adzes found at Tanshishan 
culture sites are nonlocal volcanic rocks. Some have suggested that these materials came 
from the Penghu archipelago in Taiwan Strait (11). We sampled five individuals from the 
Tanshishan site and successfully sequenced four individuals: M20, M6, M26-1 and M12. 
We performed direct radiocarbon dating and found that M6 dates to 4,419 – 4,246 cal BP, 
M20 dates to 4,526-4,417 cal BP, and M26-1 dates to 4,410-4,225 cal BP. 
 
Xitoucun – The Xitoucun archaeological site was also found in Minhou County, Fujian, 
China, about 15 kilometers away from the Tanshishan site. Material remains excavated 
from the Xitoucun site belong to the Tanshishan culture (5,000-4,3000 BP) (64). We 
sampled eight individuals from the site, and obtained sufficient data for analysis from seven 
of them (M49, M32, M26, M15, M13, M44 and M18-2). These individuals were directly 
radiocarbon dated to 4,419-4,246 cal BP (M49), 4,530-4,417 cal BP (M32), 4,530-4,417 
cal BP (M26), 4,527-4,406 cal BP (M15), 4,580-4,423 cal BP (M13), 4,644-4,500 cal BP 
(M44), and 4,418-4,240 cal BP (M18-2), respectively. 
 

Chuanyun – The Chuanyun cave site (Chuanyundong) is located in Zhangping City, Fujian, 
China. The archaeological deposits continue from the Late Paleolithic to the Bronze Age. 
A burial was found in the Bronze Age layer, and the associated burial artifacts suggest that 
the human specimen was from the Shang and Zhou dynasties (65). However, through direct 
radiocarbon dating of the Chuanyun specimen, we found that this male individual was a 
recent intrusion, with an age of 334 - 281 cal BP.  
 
Liangdao – Liangdao, or Liang Island, is in the Matsu archipelago just 24 km offshore 
from Fujian in the Taiwan Strait. A male skeleton (Liangdao1) was found below a shell 
mound that contains pottery shards, stone tools, bone tools and faunal remains. Ancient 
mitochondrial DNA was sequenced from Liangdao1, showing that he has haplogroup E, 
closest to present-day Formosans, the indigenous present-day populations from the 
highlands of Taiwan (28). A second female skeleton was found on the island 
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(Liangdao2). She was buried erect supine extended among shell middens, within four 
meters of and above Liangdao1. We obtained genome-wide data from both individuals. 
Liangdao1 was radiocarbon dated to 8,320-8,060 cal BP (28) and Liangdao2 was 
radiocarbon dated to 7,590-7,560 cal BP (54).  
 

Suogang – The Suogang site is located in Magong city, Penghu County, on the 
southeastern coast of the Penghu archipelago in the Taiwan Strait. This site is the type for 
representing the ‘Suogang period’ (or Suo-kang period) in Penghu, and associated 
cultural materials are closely related to the contemporary ‘Fine Cord Marked Culture’ on 
the west coast of Taiwan (55). Archaeological features associated with the Suogang 
period are also observed in coastal mainland China like Guangdong and Fujian, 
especially the Fujian Damaoshan site (66). Composition analysis indicates that Suogang 
pottery was not from Penghu and is similar to that associated with the Niuchouzi Culture 
(3,800-3,300 BP) in southwest Taiwan. Meanwhile, all basaltic stone tools from the 
Niuchouzi culture sites were from Penghu (67), indicating close interaction between 
Penghu and southwestern Taiwan. We sequenced two individuals from this site, B1 and 
B3.Associated shells were radiocarbon dated to 4,633 -4,287 cal BP and 4,793 - 4,407 cal 
BP (55). 
 

2. Description of nomenclature used in study 
 
To compare our ancient individuals to each other and previously published individuals, we 
collected genetic data for individuals found in East and Southeast Asia possessing Asian-
related ancestry. We grouped data for samples that derived from the same archaeological 
site and time period to increase the number of SNPs at a given site where genetic 
information is available for at least one individual, increasing our statistical power for 
inferring genetic relationships. We confirmed that there were no outliers in our principal 
component analysis (Fig. 1C). This increases statistical power for inferring genetic 
relationships.  
 
We also developed nomenclature to refer to sets from a similar geography but different 
archaeological sites, summarized in Table S1. For instance, our newly sampled ancient 
individuals were divided into several regional groupings. Bianbian, Boshan, Xiaogao, and 
Xiaojingshan all derive from the lower reaches of the Yellow River in northern China 
during the early Neolithic, so we refer to them as coastal northern East Asians (coastal 
nEastAsia). This contrasts with Yumin from Inner Mongolia who also dates to the Early 
Neolithic, whom we refer to as an inland northern East Asian (inland nEastAsia). We also 
sampled individuals from Fujian province in mainland China and islanders from the 
Taiwan Strait dating to the Early Neolithic (Qihe, Liangdao1, Liangdao2), Late Neolithic 
(Xitoucun, Tanshishan, Suogang), and Historic (Chuanyun) periods, whom we denote as 
coastal southern East Asians (coastal sEastAsia).   
 
Previously published ancient individuals closely related to East Asians were grouped into 
one of four categories – steppe or coastal Siberians dating to the Early Neolithic (steppe or 
coastal Siberia), Tibetans dating for 3,150-1,250 years ago (Tibetan), Southeast Asian and 
Pacific islanders closely related to present-day Austronesian speakers (Austronesian), and 
coastal or inland Southeast Asians (coastal or inland SoutheastAsia).  
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The newly sampled northern and southern East Asians were also assigned to one of three 
time periods – 9,500-7,500 years ago, 5,000-3,000 years ago, and <2,000 years ago – based 
on radiocarbon dating described in section 1 of the Supplementary Text. We refer to these 
time periods as the Early Neolithic (EN), Late Neolithic (LN), and Historic (H), which we 
add to the regional labels from all ancient individuals closely related to present-day East 
Asians. For populations dating to between 3,000 and 2,000 years ago, we denote them as 
‘B’, as most derive from the Bronze Age. We emphasize that these groupings do not reflect 
the complexity of the changes in archaeology across this time period. While imperfect, they 
aid in clarifying the major patterns we observe over time. We highlight the temporal and 
geographic nomenclature we used throughout this study in Table S1.  
 

3. Genetic relationships between newly sampled individuals and various Neolithic 
and present-day Asian populations 

 
(1) Relationship of newly sampled individuals to individuals with ‘early Asian’ 
ancestry: We define ‘early Asian’ as those ancient individuals with ancestry that is 
distantly related to East Asians (e.g. outgroup to present-day East Asians and Native 
Americans), though they may not be closely related to each other. These include Tianyuan, 
G1, and Ikawazu (Table S1). Based on previously published studies and verified here (Fig. 
1C), Neolithic Siberians and Tibetans all share a closer relationship to present-day East 
Asians than any ‘early Asians’. We refer to them as ‘peripheral East Asians’. We used the 
outgroup f3(Mbuti; X, Y) test, with the Central African Mbuti as the outgroup, X as a newly 
sampled ancient individual, and Y as one of the ‘early Asians’, Siberians, Tibetans, or 
newly sampled ancient individuals (Fig. S2). We used f4(Mbuti, X; present-day East Asian, 

‘early Asian’) to assess whether each newly sampled ancient individual shares more alleles 
with present-day East Asians (68) or an ‘early Asian’ individual (Table S2), and we also 
assessed the complementary f4-statistic of f4(Mbuti, 'early Asian'; present-day East Asian, 

X).  
 
(2) Genetic relationships within Neolithic East Eurasia highlight a northern and 
southern East Asian ancestry: We next explored genetic structure in East Asia. To do 
this, we primarily compared our newly sampled individuals to the previously published 
Neolithic and Bronze Age individuals carrying East Asian ancestry from Tibet and Siberia, 
as well as the Southwest Pacific island of Vanuatu (Table S1). We consider Southeast 
Asians separately due to their shared ancestry with Hòabìnhians (7). We first used outgroup 
f3(Mbuti; X, Y) to do a pairwise comparison of all the above individuals to determine 
whether certain groups share high levels of genetic similarity (Fig. 1D). Then, to test 
whether our observed clusters are significantly meaningful, we conducted all f4-tests 
placing each ancient East Asian (newly sampled and previously published) as one of P2, 
P3, or P4, with Central African Mbuti as outgroup. In Fig. S4 and S7-S9, we highlight 
important trends characterizing the genetic structure in Neolithic East Asia.  
 
(3) Increase in northern East Asian ancestry in southern China to the present-day: 
To test changes in affinity to northern and southern East Asian ancestry over time, we 
conducted a symmetry test using f4(Mbuti, X; Qihe, Bianbian), where Qihe is the oldest 
individual from southern East Asia (8,400 BP) and Bianbian is the oldest individual from 
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northern East Asia (9,500 BP). We tested every Neolithic and present-day East Eurasian, 
asking whether they were more closely related to an Early Neolithic southern East Asian 
or northern East Asian (Fig. 3A-3C, Table S5A). We then substituted Qihe with another 
coastal sEastAsia_EN (Liangdao1) or substituted Bianbian with the inland nEastAsia_EN 
(Yumin) to check the robusticity of our result (Fig. S12, Table S5B-C). Lastly, because the 
inland and coastal nEastAsia_EN show some differing relationships with respect to other 
East Eurasians, we tested f4(Mbuti, X; Bianbian, Yumin) to determine the type of northern 
East Asian ancestry observed in other sampled Neolithic and present-day East Eurasians 
(Fig. S15, Table S5D).  
 

4. Tests of admixture with populations not of East Asian ancestry using f4-analyses  
 
We examined a series of f4-statistics addressing the relationship of several more distantly 
related populations to East Asians, Tibetans, and Siberians to determine asymmetric 
relationships that suggest admixture.  
 
(1) Native Americans: It has previously been observed that some South Americans (69) 
(e.g. Surui) share excess ancestry with present-day Papuan and Onge (70), as well as a 
40,000-year-old Tianyuan individual, unlike other Native Americans (e.g. Mixe). We used 
f4(Mbuti, North/South; Surui, Mixe) to test for this connection in the North and South 
groups (Fig. S3A, S3D).  
 
(2) Ancient West Eurasians: A 35,000-year-old individual from Belgium (69) was shown 
to share connections to the 40,000-year-old Tianyuan individual (20), and some 8,000-
year-old West European hunter-gatherers (Loschbour) showed connections to present-day 
East Asians (20, 69). We tested for these West Eurasian connections in the North and South 
groups, using f4(Mbuti, North/South; Vestonice16, GoyetQ116-1/Loschbour) (Fig. S3B-3C, 
S3E-3F), where Vestonice16 is a 35,000-year-old European (69).  
 
(3) Paleosiberian: A 9,800-year-old individual with a close relationship to Native 
Americans (Kolyma) was also sequenced from Siberia (9). We performed a symmetry test, 
using f4(Mbuti, Kolyma; X, Y), where X and Y are all Neolithic East Asians, Siberians, and 
Tibetans of East Asian ancestry (Table S4).  
 
(4) Southeast Asia: ‘Early Asian’ ancestry found in Hòabìnhians (G1) that exist in partial 
amounts in ancient Southeast Asians (7) make it difficult to use f-statistics to explore the 
relationship of Southeast Asians to East Asians. Different types of East Asian ancestry 
have had an influence on ancient Southeast Asians (6, 7), so we developed a symmetry test 
to determine the types of East Asian ancestry that played a role in migration to Southeast 
Asia (Table S7).  
 
(5) Jōmon: A connection between the Jōmon (Ikawazu) and Hòabìnhians (G1) has been 
previously proposed. Here, we test the connection to Hòabìnhians, as well as East Asians. 
We performed the outgroup f3-test, f3(Mbuti; Hòabìnhian, X), where X are ancient and 
present-day East Eurasians, and the f4-test, f4(Mbuti, G1; Ikawazu, North/South), to 
determine if the Jōmon share higher genetic similarity with G1 than East Asians (Table 
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S8a). We also used a symmetry test for Ikawazu, of the form f4(Mbuti, Ikawazu; 
North/South, North/South), with results in Table S9.  
 

5. Inferring a maximum likelihood phylogeny with migration events 
 
In the Treemix analysis, we included the following populations.   

1. Mbuti: present-day population from Central Africa that we designated as outgroup 
(68) 

2. UstIshim: 45,000-year-old individual from a population basal to both Europeans 
and Asians (71) 

3. Yana: two 37,000-year-old individuals from Siberia with early European 
affiliations (9) 

4. Tianyuan: 40,000-year-old ‘early Asian’ from China from a population that 
separated early from East Asians (20) 

5. Ikawazu: 2,700-year-old ‘early Asian’ from the Japanese archipelago belonging to 
the Jōmon culture (7) 

6. Shamanka_EN: 7,900-year-old individuals from the Lake Baikal region with a 
close relationship to East Asians belonging to the steppe Siberia_EN group (72) 

7. DevilsCave_EN: 7,700-year-old individuals from the Primorye region with a close 
relationship to East Asians  (72), in the coastal Siberia_EN group 

8. Chokhopani: 3,150-year-old individual from the Himalayan region of the Tibetan 
Plateau with a close relationship to East Asians (68), in the Tibet_LN group 

9. Vanuatu: 2,900-year-old individuals from Vanuatu island in the southwest Pacific 
related to the Lapita culture with a close relationship to Austronesians (73), in the 
Austronesian_LN/B group 

10. Yumin: 8,500-year-old newly sampled individual from Inner Mongolia belonging 
to the inland nEastAsia_EN group 

11. Coastal nEastAsia_EN: 9,500-7,500-year-old newly sampled individuals from the 
lower reaches of the Yellow River 

12. sEastAsia_EN: 9,000-7,500-year-old newly sampled individuals from southern 
mainland China and Liang Island in the Taiwan strait 

13. sEastAsia_LN: 5,000-4,000-year-old newly sampled individuals from southern 
mainland China and Penghu Island in the Taiwan strait 

 
The coastal nEastAsia_EN and sEastAsia_EN/LN groups merged individuals from Table 
S1 belonging to that group. For instance, Xitoucun, Suogang, and Tanshishan individuals 
were all included in coastal sEastAsia_LN.  
 

6. Inferring admixture without an explicitly modeled phylogeny 
 

To use qpWave and qpAdm to infer mixture proportions, the first step is to develop an 
outgroup set, or the ‘Right’ set, that must differ in their relationship to the samples under 
assessment (15). That is, they must not all share the same relationship to all assessed 
individuals (e.g. in a study on East Asia, a ‘Right’ set of only present-day Africans would 
have little to no power to inform on different relationships within East Asians. Our right 
population include one ancient Ethiopian, a diverse set of ancient individuals from West 
Eurasia, Central Asia, and South Asia, and North America, as well as two present-day 
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populations from the Andamanese Islands and Papua New Guinea. We also added an 
Upper Paleolithic individual from East Asia and other populations on the Asian lineage 
such as Hòabìnhians (G1), Paleosiberians (Kolyma), and Jōmon (Ikawazu). Finally, we 
included the two oldest individuals from our newly sampled East Asians – the northern 
East Asian Bianbian and the southern East Asian Qihe. 
 
Right: Mota (74), UstIshim (71), Kostenki14 (69, 75), Iran_N (76), Yana1 (9), Karelia 
(15), Okunevo_EMBA (9), IndusPeriphery (merged Gonur2_BA and 
Shahr_I_Sokhta_BA2 from (77)), Papuan (68), Onge (68), USR1 (78), Tianyuan, G1 (7), 
Kolyma (9), Ikawazu (7), Qihe, and Bianbian.  
 
We tested for admixture using the following logic. We first needed to choose samples to 
represent source populations. Ideally, we want the representative samples to be unadmixed 
and in particular, not be admixed with each other. As Boshan and Liangdao2 are the most 
closely related to Qihe and Bianbian in our right set, representing northern and southern 
East Asians, respectively, we tested whether they would be appropriate representative 
sources. To make sure that their ancestries were distinct from each other (thus representing 
two distinct sources), we used qpWave to check if they can be described as a single wave 
of ancestry (p>0.05). If they cannot be described as a single wave of ancestry (p<0.05), 
then they come from two distinct source populations. We found that they cannot be 
described by a single wave of ancestry in a qpWave analysis (reject rank 0: p=4.6e-9), 
allowing us to treat Boshan and Liangdao2 as representative of two distinct sources – a 
northern and southern East Asian source, respectively.   
 
We then investigated whether ancient and present-day populations in Asia could be 
described as a mixture of three ancestries. Two of these ancestries were represented by 
Boshan and Liangdao2 (for northern and southern East Asian, respectively), and the third 
was one representing another Asian ancestry (either Ikawazu, G1, or Kolyma – individuals 
with Jōmon, Hòabìnhian, or Paleosiberian ancestry).  
 
The three-source model was retained if all conditions were satisfied – particularly that a 
three-source model was significantly better than a two-source model (pnest<0.05). Other 
conditions included that a three-source mixture model was not rejected (rank0>0.05), the 
estimated admixture proportions were between 0 and 1, and min(f1, f2, f3)>0. In these cases, 
we can reject a model with fewer sources.  
 
When we could not reject a model with fewer sources, we then considered every two-
source model. Here, we followed a similar procedure, where we retained the two-source 
model if it was significantly better than a single source model (pnest<0.05). Other 
conditions included that a two-source model was not rejected (rank0>0.05), the estimated 
admixture proportions were between 0 and 1, and min(f1, f2)>0. In these cases, we can 
reject a model with a single source. When a single source model could not be rejected, we 
then considered a single source model, asking which source was the best fit to the target 
population (highest rank0). These results are included in Table S6 and visualized in Fig. 
3D-3F and S13.  
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7.  Building an Admixture Graph using newly sampled individuals and select ancient 
Asians 

 
To build an Admixture Graph, we started with a base graph including the central African 
Mbuti as an outgroup, and the early European Kostenki14 and early Asian Tianyuan. To 
these we added the ancient North Siberian Yana, who fit best as a mixture of these two 
ancestries, consistent with Yana possessing both early European and Tianyuan-related 
ancestry (9).  
 
To this graph, we added the following: Yumin, Liangdao2, Boshan, Kolyma, 
Shamanka_EN, Xiaogao, Qihe. We tested altering the order of addition of several sets, 
particularly whether Liangdao2 could be added after Boshan is already in the model. In 
this and other orderings, we either found that a full model (including all sets described 
above) is not feasible (|maxZ|>3) or the pattern was very similar to what is described below.  
 
We first added Yumin, an 8,400-year-old individual from Inner Mongolia. While a few 
trees satisfy the above conditions, two do not require admixture, where Yumin is either 
added to the Tianyuan branch before (|maxZ|=1.028) or after (|maxZ|=0.899) the Yana 
admixture event. As they are more parsimonious than trees with an admixed Yumin, and 
other results do not indicate strong mixture patterns for Yumin, we build further from these 
two trees. Adding the 7,600-year-old Liangdao2, we again observe several graphs that are 
feasible. As we did not observe patterns suggesting Liangdao2 is admixed previously, we 
focus on two graphs – one where Liangdao2 is a mixture of the shared Asian branch (88%) 
and the Yumin branch (|Z|<1.229), and the other where Liangdao2 is most closely related 
to Yumin (|Z|<1.893). Totaling to four graphs, accounting for each of the possibilities for 
Yumin and Liangdao2, we next add the 8,300-year-old Boshan individual (Fig. S16).  
 
To these graphs, we next added Kolyma, an ancient Paleosiberian, and Shamanka_EN, an 
Eastern Steppe individual with a close relationship to Yumin (Fig. S17). We next added 
Xiaogao and Qihe. When the graph has an admixed coastal Neolithic northern East Asian 
population, we find that Xiaogao can be included as unadmixed, closest to the Boshan 
branch. While there are other feasible graphs, we focus on this pattern as it is most 
parsimonious. When Boshan is unadmixed, we observe that the only feasible graph is 
where Xiaogao is included as a mixture of the Boshan branch and the Liangdao2 branch. 
To these three graphs, we added Qihe. The graphs in Fig. 2B and S17 are not the only ones 
that fit the data with |maxZ|<3, but they capture many patterns discussed previously.  
 
 
Adding other East Asians to Fig. 2B 
 
We next considered adding other ancient or present-day East Asians to the graph in Fig. 
2B, to explore which ancestries may have contributed to which East Asian populations. 
Using this base graph, we ask with which one or two ancestries is each East Asian most 
associated. While this base graph is one of many feasible trees, we expect that overall, the 
general relationships will remain consistent, even if proportions vary slightly. One 
limitation to keep in mind is that each target can be described as a single ancestry or a 
mixture of two ancestries, but not more. Thus, East Asians who are a mixture of more than 
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two ancestries may not be well described. We add each East Asian in turn to the graph in 
Fig. 2B, choosing the graph with the lowest |maxZ|, no 100% admixtures, and where the 
zero branch lengths are not ones leading to the newly added East Asian. We emphasize that 
these conditions do not indicate the best-fitting tree – the lowest |maxZ| may be above three, 
which would suggest the base graph is not a good fit, and there may be multiple trees with 
a |maxZ|<3. We still highlight the single tree to point to general patterns observed by testing 
the inclusion of other East Asians to the base graph. These results are shown in Fig. 2C-
2D. 
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Figure S1. Principal components analysis (PCA) for present-day East Asians for PC1 
and PC2. The PCA includes 34 present-day populations from the Human Origin (HO) 
SNP Panel (43), as well as 17 previously published present-day Tibetan and Han 
populations from ref. (44). Ancient individuals from Table S1 were then projected onto 
these data in Fig. 1C. Present-day East and Southeast Asians from northern (bright green, 
blue), Tibetan (pastel green and red), and southern regions (gray, orange, yellow) form 
three distinct clines moving away from the origin, where more centrally located 
populations (dark green) such as the Han are located.  Populations from southern East Asia 
and Southeast Asia separate Austronesian speakers (e.g. Ami, gray) from the Dai-Kradai 
(e.g. Dai) and Austroasiatic (e.g. Kinh) speakers. 
 

−0.05 0.00 0.05 0.10−0
.2

0
−0

.1
5

−0
.1

0
−0

.0
5

0.
00

0.
05

0.
10

0.
15

Dimension 1

Di
m

en
sio

n 
2

●
●

●

●●

●

●
●●●

●

●

●
●

●
●
●

●●

●
●

●●
●

●
●

●

●
●

●●● ●
●

● ●●
●

●
●● ●

●

●

● ●

●

● ●
●●

●

●
● ●

●

● ●

●

●
● ●

●
●
● ●
●● ● ●

●
●● ●●

●

●

●

●
●

● ●
●

●
●

●

●

●
●

●
●

●
●
●

●●
●●

●

●

●

●

● ●●●
●

●

●●
●
●

● ●
●

●●
●

●
●●

●

●
●

●

●● ●●

●

●

●
●

●●●

●

● ●
●

●

●

●

●
●
●●

●●

●
●●
●●

●

●

● ●●●

● ●

●

●
●

●

●

●

●

●

●

●●

●

●

●

●
●
●

●

● ●
●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

Japanese
Korean
Han
Han_Chongqing
Han_Henan
Han_Hubei
Han_Jiangsu
Han_NChina
Han_Shandong

Han_Sichuan
Ami
Atayal
Bunun
Burmese
Cambodian
Htin_Mal
Lao
Nicobarese

Semende
Thai
Daur
Hezhen
Mongola
Oroqen
Ulchi
Xibo
Sherpa

Tibetan
Tibetan_Chamdo
Tibetan_Lhasa
Tibetan_Nagqu
Tibetan_Shannan
Tibetan_Shigatse
Chakehshanega
Magar
Naxi

Poumainaga
Tu
Yi
Dai
Kinh
Lahu
Miao
She
Tujia



	

	 S18	

 
Fig. S2 Genetic similarity between newly sampled ancient East Asians (EastAsia) and 
previously published ancient individuals (Y) using outgroup f3(Mbuti; EastAsia, Y).  
The present-day Central African Mbuti are used as an outgroup to different pairs of East 
Asians. A higher f3 value indicates greater genetic similarity between the newly sampled 
ancient East Asian and the population represented by Y. We find that any pair consisting 
of a newly sampled individual and an ‘early Asian’ (Tianyuan, Hòabìnhian, Jōmon) tends 
to show lower genetic similarity between pairs (0.243-0.279, green and orange) than those 
consisting of a newly sampled individual and an ancient individual previously observed to 
share a close genetic relationship to present-day East Asians (0.274-0.316, blue). 
Comparisons to the Jōmon individual from the Japanese archipelago (Ikawazu) are higher 
than those to the Tianyuan or Hòabìnhian (G1) individuals, consistent with Jōmon 
populations sharing a much closer relationship to East Asians than the other two ‘early 
Asians’ (7, 79). Overlap with Jōmon comparisons are primarily those including the coastal 
sEastAsia_EN (Qihe, Liangdao) and ancient Tibetans (Tibet_LN/H) or steppe Siberia_EN. 
Overall, we observe a close genetic affinity between our newly sampled East Asians and 
ancient individuals previously found to possess high East Asian ancestry. 
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Fig. S3. Results for f4(Mbuti, P2 – North/South; X, Y), where X and Y are populations 
without East Asian ancestry. North/South refer to ancient groups of East Asian ancestry 
(Table S1). Significant positive values indicate that the ancient East Asian shares ancestry 
with Y while significant negative values indicate that the ancient East Asian shares ancestry 
with X. A-C are for all SNPs and D-F are for transversions only. A and D shows f4(Mbuti, 

P2 – North/South; Mixe, Surui); B and E shows f4(Mbuti, P2 – North/South; Vestonice16, 
GoyetQ116-1); and C and F shows f4(Mbuti, P2 – North/South; Vestonice16, Loschbour). 
V16 stands for Vestonice16, and Q116-1 refers to GoyetQ116-1. The red points indicate 
comparisons to South samples, while the blue points indicate comparisons to the North 
samples. The dashed line indicates where f4=0. The thick gray bar indicates one standard 
error, while the thin gray bar indicates two standard errors. We observe some affinity to 
the South American Surui using all sites, but we no longer observe this pattern using 
transversions only. For transversions only, some populations carrying northern East Asian 
ancestry share a slight connection to the 35,000-year-old individual from Belgium 
(GoyetQ116-1) (69), while populations carrying northern East Asian ancestry share a slight 
connection to the West European 8,000-year-old hunter-gatherer (Loschbour). 
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Fig. S4A. F4-statistics assessing the genetic relationship of Neolithic southern East 
Asians and the Southwest Pacific Vanuatu (South) relative to Neolithic northern East 
Asians, Tibetans, and Siberians (North). Results for f4(Mbuti, South; North, South). See 
legend after Fig. S4B. 
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Fig. S4B. F4-statistics assessing the genetic relationship of Neolithic southern East 
Asians and the Southwest Pacific Vanuatu (South) relative to Neolithic northern East 
Asians, Tibetans, and Siberians (North). Results for f4(Mbuti, North; South, South). See 
legend on next page. 
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Fig. S4.  F4-statistics assessing the genetic relationship of Neolithic southern East 
Asians and the Southwest Pacific Vanuatu (South) relative to Neolithic northern East 
Asians, Tibetans, and Siberians (North). We carried out analyses of the form f4(Mbuti, 
P2; P3, P4) where the Y-axis for each panel gives the samples in the P2 and P4 positions 
and the label at the top of the panel gives the sample in the P3 position. Significant positive 
values of this statistic indicate shared ancestry between the samples in the P2 and P4 
positions. Significant negative values indicate shared ancestry between the samples in the 
P2 and P3 positions. For more details on samples included, see Table S1. Red points 
indicate comparisons including Austronesian_LN/BA (Vanuatu). The dashed line indicates 
where f4=0. The thick gray bar indicates one standard error, while the thin gray bar 
indicates two standard errors. In (A), which compares f4(Mbuti, South; North, South), 
significant positive values indicate shared ancestry between two samples from the South, 
while significant negative values indicate shared ancestry between a South sample and a 
North sample. Almost all samples in the South group tend to share a closer relationship 
with each other than to any sample in the North group, including the Southwest Pacific 
islander who shares a close relationship to present-day Austronesian speakers (Vanuatu, 
red). In (B), which compares f4(Mbuti, North; South, South), significant positive or 
negative values indicate excess connection of a South sample with the North sample, while 
non-significant values indicate the South samples are similarly related to the North sample. 
Almost all samples in the South group are similarly related to the North sample to which 
they were compared. The main exceptions are those cases where a Late Neolithic southern 
East Asian (most robust for Xitoucun) shares excess genetic similarity to a North sample 
relative to an Early Neolithic southern East Asian (most robust for Qihe).   
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Fig. S5. Maximum likelihood phylogenies with zero through three migration events. 
The scale bar on the x-axis shows twenty times the average standard error of the entries in 
the sample covariance matrix. The number of overlapping SNPs is 225,297. We observe 
that northern East Asians, Siberians, and Tibetans from the Neolithic group together 
(North), while southern East Asians and Vanuatu from the southwest Pacific group together 
(South). The ‘early Asians’ (Tianyuan and Ikawazu) are an outgroup to both the North and 
the South, and Ust’-Ishim and Yana are an outgroup to ‘early Asians’, the North, and the 
South. Migration events are included in the following order: admixture into coastal 
nEastAsia_EN, admixture from Yana into Shamanka_EN, and admixture from northern 
East Asians into younger southern East Asians. 
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Fig. S6. Pairwise residuals for the phylogenies in Fig. S5. In A, for m=0, the residual is 
high comparing coastal_nEastAsia_EN to sEastAsia_LN and the Vanuatu from the 
Southwest Pacific Islands, as well as between Yana and Shamanka_EN from Siberia. 
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Fig. S7. Results for f4(Mbuti, inland or coastal nEastAsia_EN; South, inland or coastal 
nEastAsia_EN). We carried out analyses of the form f4(Mbuti, P2; P3, P4) where the Y-
axis for each panel gives the samples in the P2 and P4 positions and the label at the top of 
the panel gives the sample in the P3 position.  Different pairs of inland and coastal 
nEastAsia_EN samples are in the P2 and P4 positions, while in the P3 position are 
sEastAsia EN (top row of panels) and sEastAsia_LN (bottom row of panels) samples 
(Table S1). Red indicates comparisons including the inland nEastAsia_EN sample 
(Yumin), while blue are comparisons exclusively among coastal nEastAsia_EN samples. 
The dashed line indicates where f4=0; positive values indicate that the two nEastAsia 
samples share ancestry, while negative values indicate that the nEastAsia sample in the P2 
position shares ancestry with the sEastAsia sample. The thick gray bar indicates one 
standard error, while the thin gray bar indicates two standard errors. The coastal 
nEastAsia_EN share a close genetic relationship with each other. This pattern is also 
observed when the inland nEastAsia_EN (Yumin, red) sample is included, although the 
results are less significant. An exception is that coastal nEastAsia_EN tend to share a 
similar number of alleles to both the inland nEastAsia_EN and coastal sEastAsia_LN 
(second row), suggesting more shared ancestry with Late Neolithic southern East Asians 
than Early Neolithic southern East Asians. 
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Fig. S8A.  F4-statistics assessing the genetic relationship of Neolithic northern East 
Asians, Tibetans, and Siberians (North=nEastAsia_EN, Tibet_LN, Siberia_EN) 
relative to Neolithic southern East Asians (South=sEastAsia_EN/LN). Results for 
f4(Mbuti, North; South, North). See legend after Fig. S8B.  
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Fig. S8B.  F4-statistics assessing the genetic relationship of Neolithic northern East 
Asians, Tibetans, and Siberians (North=nEastAsia_EN, Tibet_LN, Siberia_EN) 
relative to Neolithic southern East Asians (South=sEastAsia_EN/LN). Results for 
f4(Mbuti, South, North, North). See legend on next page. 
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Fig. S8.  F4-statistics assessing the genetic relationship of Neolithic northern East 
Asians, Tibetans, and Siberians (North=nEastAsia_EN, Tibet_LN, Siberia_EN) 
relative to Neolithic southern East Asians (South=sEastAsia_EN/LN). We carried out 
analyses of the form f4(Mbuti, P2; P3, P4) where the Y-axis for each panel gives the 
samples in the P2 and P4 positions and the label at the top of the panel gives the sample in 
the P3 position. Significant positive values of this statistic indicate shared ancestry between 
the samples in the P2 and P4 positions. Significant negative values indicate shared ancestry 
between the samples in the P2 and P3 positions. For more details on samples included, see 
Table S1. Red points indicate comparisons with the coastal Neolithic northern East Asian 
Bianbian and steppe Siberians and Tibetans. The dashed line indicates where f4=0. The 
thick gray bar indicates one standard error, while the thin gray bar indicates two standard 
errors. In (A), which compares f4(Mbuti, North; South, North), significant positive values 
indicate shared ancestry between two samples from the North, while significant negative 
values indicate shared ancestry between a North sample and a South sample. The inland 
nEastAsia_EN, the coastal and steppe Siberia_EN, and the Tibet_LN generally share a 
closer genetic relationship to each other than to coastal sEastAsia_EN/LN. The coastal 
nEastAsia_EN (Bianbian) share a closer genetic relationship to coastal Siberia_EN 
(DevilsCave_N) and the inland nEastAsia_EN (Yumin) relative to the coastal 
sEastAsia_EN/LN. The steppe Siberia_EN and Tibet_LN share more alleles with the 
coastal nEastAsia_EN than with the coastal sEastAsia_EN/LN, but the reverse is not true 
– coastal nEastAsia_EN (Bianbian) are similarly related to the steppe Siberia_EN and 
Tibet_LN and coastal sEastAsia_EN/LN (red). In (B), which compares f4(Mbuti, South; 

North, North), significant positive or negative values indicate excess connection of a North 
sample with the South sample, while non-significant values indicate the North samples are 
similarly related to the South sample. Here, we find that the steppe Siberia_EN and 
Tibet_LN do not show excess connections with a South sample, but others do. The coastal 
nEastAsia_EN Bianbian shares excess connection to all South samples relative to other 
North samples, and the inland nEastAsia_EN Yumin and coastal Siberia_EN 
DevilsCave_N share excess connection to most South samples relative to the steppe 
Siberia_EN and Tibet_LN.   
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Fig. S9. Results for f4(Mbuti, South; Tibet_LN, North). We carried out analyses of the 
form f4(Mbuti, P2; Chokhopani, P4) where the Y-axis for each panel gives the samples in 
the P4 position and the label at the top of the panel gives the sample in the P2 position.  
Significant positive values of this statistic indicate that there is excess shared ancestry 
between the samples in the P2 and P4 positions (i.e., between the Early Neolithic southern 
East Asians and the North group (, or nEastAsia_EN and Siberia_EN, Table S1). The 
dashed line indicates where f4=0. The thick gray bar indicates one standard error, while the 
thin gray bar indicates two standard errors. These results show that Early Neolithic 
southern East Asians share a connection to coastal Early Neolithic northern East Asians 
relative to the inland Late Neolithic Tibetan (Chokhopani), while Neolithic inland 
Siberians do not.	 
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Figure S10. Admixture results for select East and Southeast Asians for K=2 to K=4. 
(A) Cross-validation (CV) results for different K values ranging from 2 to 10. The lowest 
CV is when K=3, so in (B), we show Admixture results for K=2 to K=4. After pruning for 
linkage disequilibrium, the number of SNPs included in this analysis was 200,282. The 
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newly sampled individuals are at the top. The group information for the labels can found 
in Table S1. The blue component is predominantly found in northern East Asians; the 
yellow component is predominantly found in Tibetans, and the orange component is 
predominantly found in southern East Asians. The southern East Asian-related component 
can be found across all southern East Asians, past and present, as well as in the coastal 
nEastAsia_EN, but not in the inland nEastAsian_EN (Yumin) or Siberians from further 
north, which suggests that the coastal nEastAsia_EN share some ancestry with southern 
East Asians. 
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Fig. S11. Fst distributions for different groups of ancient and present-day East Asians. 
aNEA refers to a group merging the coastal nEastAsia_EN (Table S1); aSEA consists of 
two groups: a set including Liangdao1 and Liangdao2 (subset of sEastAsia_EN), and the 
combined set of Xitouchun and Tanshishan (sEastAsia_LN); NEA includes Hezhen, 
Korean, and Han; SEA includes She, Lahu, and Dai. The Fst comparing any two sets within 
and between these groups (one aNEA, two aSEA, three NEA, three SEA) was determined. 
The obtained Fst values are visualized using a boxplot, where the average Fst is indicated 
by the solid black line, and the first and third quartiles are given by the top and bottom or 
the rectangular boxes. Red boxplots refer to comparisons between ancient northern and 
southern East Asians and between present-day northern and southern East Asians. Blue 
boxplots refer to comparisons of an ancient population to a present-day population, and 
yellow boxplots refer to comparisons within a grouping (e.g. between the two ancient 
southern East Asians). The main observation is that present-day northern and southern East 
Asians (Fst = 0.023, sd=0.01) show a lower Fst than ancient northern and southern East 
Asians (Fst = 0.042, sd=0.004), and ancient northern East Asians and present-day northern 
East Asians also have a low Fst (Fst = 0.023, sd=0.003).  
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Fig. S12. Heatplot of  f4(Mbuti, X; South, North) values mapped onto East Eurasia. 
Similar to Fig. 3A-3C where we tested f4(Mbuti, X; Qihe, Bianbian), in A-C we substituted 
the 8,400 year-old Qihe with another coastal sEastAsia_EN (Liangdao1, 8,300 years old), 
i.e. f4(Mbuti, X; Liangdao1, Bianbian). More positive f4 values (green) indicate a closer 
affinity to northern East Asian ancestry, while more negative f4 values (blue) indicate a 
closer affinity to southern East Asian ancestry. In D-F, we substituted the 9,500-year-old 
Bianbian with the inland nEastAsia_EN (Yumin, 8,400 years old), i.e. f4(Mbuti, X; Qihe, 
Yumin). More positive f4 values (purple) indicate a closer affinity to northern East Asian 
ancestry, while more negative f4 values (blue) indicate a closer affinity to southern East 
Asian ancestry. In both examples, there is a clear association by geography until the 
present-day, when southern and central East Asians show greater connections to the inland 
and coastal nEastAsia_EN. Only present-day Austronesians from Taiwan show 
connections to coastal sEastAsia_EN, a pattern not observed in Fig. 3C. Numerical values 
can be found in Table S5B-S5C. 
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Fig. S13. Ancestry proportions estimated for present-day Han using qpAdm. Possible 
ancestries are northern East Asian (green), southern East Asian (blue), Paleosiberian (light 
green), Hoabinhian (orange), and Jōmon (light blue). Proportions were determined using 
qpAdm, with representative sources and outgroups described in (14). The Han in all 
provinces, north and south, show mixture proportions related to northern East Asians, 
southern East Asians, and Paleosiberians. The highest northern East Asian-related ancestry 
is in Shandong province, which is also where the representative source was sampled during 
the Early Neolithic. This suggests partial continuity into the present in Shandong. Results 
for other present-day East Asians are in Fig. 3F and point values are in Table S6B. 
 
  



	

	 S35	

 
Fig. S14. f4(Mbuti, Bianbian; Kolyma, South) where South includes all Early and Late 
Neolithic southern East Asians and Austronesians, as well as historical samples. The 
thick gray bar indicates one standard error, while the thin gray bar indicates two standard 
errors. The gray dashed line indicates the f4 value for f4(Mbuti, Bianbian; Kolyma, Qihe), 
such that those combinations with an f4 value above the dashed line share more affinity 
with Bianbian than Qihe shares with Bianbian. Without admixture with Early Neolithic 
coastal northern East Asians (represented by Bianbian), we would expect that every f4 
value would be uniform for all South individuals. However, we find higher f4 values for 
several Late Neolithic South individuals, which suggests they show more northern 
affinities than the Early Neolithic coastal southern East Asians. 
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Fig. S15. Heatplot of f4(Mbuti, X; coastal nEastAsia_EN, inland nEastAsia_EN) values 
for different time periods mapped onto East Eurasia.  We computed f4(Mbuti, X; 

Bianbian, Yumin), where a more positive value (purple) indicates connections to inland 
nEastAsia_EN and a more negative value (green) indicates connections to coastal 
nEastAsia_EN. Numerical values can be found in Data Table 1. Except in Early Neolithic 
steppe Siberia and Neolithic and present-day Tibet, all North groups (Table S1) in East 
Asia and Siberia are more related to coastal nEastAsia_EN than inland nEastAsia_EN 
(Yumin, Table S1). Numerical values can be found in Table S5D. 
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Fig. S16. Selected Admixture Graphs after adding Yumin, Liangdao2, and Boshan to 
a base graph including the Central African Mbuti and the Upper Paleolithic 
Eurasians Kostenki14, Tianyuan, and Yana. |maxZ| is (A) -2.467, (B) -2.467, and (C) -
2.060. The number of SNPs analyzed is 419,777. Branches are denoted by solid lines with 
branch lengths given in units of 1000 times the f2 drift distance, and admixture events are 
denoted by dotted lines with mixture proportions as shown (all numbers rounded to the 
nearest integer). All internal node labels are placeholders and do not have a specific 
meaning. Boshan either groups with Yumin or is a mixture of the Liangdao2 and Yumin 
branches. 
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Fig. S17. Selected Admixture Graphs after adding Kolyma and Shamanka_EN to the 
graphs in Fig. S16. |maxZ| for all graphs is -2.245. The number of SNPs analyzed is 
379,902. Branches are denoted by solid lines with branch lengths given in units of 1000 
times the f2 drift distance, and admixture events are denoted by dotted lines with mixture 
proportions as shown (all numbers rounded to the nearest integer). All internal node labels 
are placeholders and do not have a specific meaning. Adding Kolyma, we find that in every 
case, Kolyma is a mixture of the Yana branch and either the Boshan branch or the branch 
leading to both Yumin and Boshan. Adding Shamanka_EN, we find that in every feasible 
graph, Shamanka_EN is a mixture of branches leading to Kolyma and Yumin. 
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Fig. S18. Selected Admixture Graphs after adding Xiaogao and Qihe to the graphs in 
Fig. S17. |maxZ| for all graphs is -2.245. The number of SNPs analyzed is 153,247. Qihe 
shares the most ancestry with Liangdao2 and Xiaogao shares the most ancestry with 
Boshan. |maxZ| is (A) 2.912, (B) 2.987, and (C) 2.946. A fourth graph equivalent to these 
is in Fig. 3B. Branches are denoted by solid lines with branch lengths given in units of 
1000 times the f2 drift distance, and admixture events are denoted by dotted lines with 
mixture proportions as shown (all numbers rounded to the nearest integer). All internal 
node labels are placeholders and do not have a specific meaning. There are many feasible 
trees where Boshan is admixed; the most parsimonious are where Qihe is unadmixed and 
most closely related to Liangdao2.  For those feasible trees where Boshan is unadmixed, 
Qihe is predominantly related to Liangdao2, but can show small amounts of gene flow 
from the ancestral non-African branch, the Kostenki14 branch, or the Shandong branch. 
Because we do not find a strong signal of admixture between Qihe and these three groups, 
we do not consider them in further analysis. 
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Table S1. Information on all ancient individuals projected onto the principal 
component analysis.  
Newly sampled ancients 

Name Region Found& Max Date Time# Population 
Ancestry #  #  

Group " Samples SNPs 

Yumin Inner Mongolia 8,400 EN inland nEastAsia_EN North 1 892078 
Bianbian Shandong 9,500 EN coastal nEastAsia_EN North 1 722488 
Boshan Shandong 8,300 EN coastal nEastAsia_EN North 1 1016121 
Xiaojingshan Shandong 7,900 EN coastal nEastAsia_EN North 3 581858 
Xiaogao Shandong 8,800 EN coastal nEastAsia_EN North 1 947397 
Qihe Fujian 8,400 EN coastal nEastAsia_EN South 1 337994 
Liangdao1 Taiwan Strait island 8,300 EN island sEastAsia_EN South 1 394474 
Liangdao2 Taiwan Strait island 7,600 EN island sEastAsia_EN South 1 911854 
Suogang Taiwan Strait island 4,800 LN island sEastAsia_LN South 2 75553 
Xitoucun Fujian 4,600 LN coastal sEastAsia_LN South 7 579727 
Tanshishan Fujian 4,500 LN coastal sEastAsia_LN South 4 424988 
Chuanyun Fujian  300 H coastal sEastAsia_H - 1 322561 
Select previously published ancients 

Name Region Max Date Time# Population 
Ancestry #  #  

Group^ Samples SNPs 

Tianyuan Beijing 40,000 UP * - 1 958361 
G1 Southeast Asia 7,900 Hòabìnhian * - 2 534536 

Ikawazu Japanese Archipelago 
(island) 2,700 Jōmon * - 1 928906 

Kolyma northern Siberia 9,900 Paleosiberian Paleosiberian - 1 1231156 
Shamanka_EN steppe Siberia 7,200 EN steppe Siberia_EN North 10 1230495 
Lokomotiv_EN steppe Siberia 6,700 EN steppe Siberia_EN North 4 1063593 
UstBelaya_N steppe Siberia 5,800 EN steppe Siberia_EN North 1 508972 
DevilsCave_N coastal Siberia 7,700 EN coastal Siberia_EN North 6 1201365 
Chokhopani Tibetan Plateau 3,100 LN Tibet_LN North 1 1226443 
Mebrak Tibetan Plateau 2,400 H Tibet_H - 1 768444 
Samdzong Tibetan Plateau 1,700 H Tibet_H - 2 1225761 
Vanuatu Southwest Pacific island 3,100 LN/BA Austronesian_LN/BA South 3 377379 
G6 Southeast Asian island 1,900 H Austronesian_H - 3 599658 

Man_Bac Southeast Asia 4,100 LN coastal 
SoutheastAsia_LN - 8 330539 

Nui_Nap Southeast Asia 2,100 BA coastal SoutheastAsia_B - 2 353311 

Ban_Chiang Southeast Asia 3,500 LN/BA inland 
SoutheastAsia_LN/B - 5 89398 

Oakaie1 Southeast Asia 3,200 LN/BA inland 
SoutheastAsia_LN/B - 2 199739 

G3 Southeast Asia 2,300 BA coastal SoutheastAsia_B - 5 476875 
G4 Southeast Asia 1,800 BA inland SoutheastAsia_B - 4 675968 
Ma912_G2 Southeast Asia 2,700 BA inland SoutheastAsia_B - 1 955193 

La_G2 Southeast Asia 3,100 LN/BA inland 
SoutheastAsia_LN/B - 3 986469 

Vt_G2 Southeast Asia  4,300 LN coastal 
SoutheastAsia_LN - 2 219388 

Present-day East Asians (1240K), ordered by latitude, groupings based on clines in PCA (Fig. S1) 

Northern East 

Asian 
Tibetan Central East Asian Southern East Asian 

Ulchi 
Oroqen 
Daur 
Hezhen 
Xibo 
Japanese 
Korean 

Tibetan_Chamdo^ 
Tibetan_Lhasa^ 
Tibetan_Nagqu^ 
Tibetan_Shannan^ 
Tibetan_Shigate^ 
Sherpa_Shigatse^  

Tu 
Tibetan 
Sherpa 
Yi 
Naxi 
 

Han_Shandong^ 
Han 
Tujia 
Miao 
She 
Han_NChina^ 

Han_Jiangsu^ 
Han_Sichuan^ 
Han_Chongqing^ 
Han_Henan^ 
Han_Hubei^ 
 

Atayal 
Lahu 
Ami 
Kinh 

Dai 
Burmese 
Thai 
Cambodian 

* We refer to these individuals as ‘early Asians’, because they all are distantly related to present-day East Asians. They are not 
geographically, temporally, or genetically closely related to each other. 
" These are the populations carrying northern East Asian (North) or southern East Asian (South) ancestry during the Neolithic. Historic 
individuals, 'early Asians', Paleosiberians, and Southeast Asians were considered separately. 
& Either mainland East Asian province or Taiwan Strait island. Note that all Regions without ‘island’ attached are on the mainland of 
Asia. 
# Time period corresponds to one of the following: Upper Paleolithic (UP: >9,500 years ago), Early Neolithic (EN: 9,500-7,500 years 
ago), Middle Neolithic (MN: 7,500-5,000 years ago), Late Neolithic (LN: 5,000-3,000 years ago), Bronze Age (BA: 3,000-2,000 years 
ago), and Historic (H: <2,000 years ago). 
^Data obtained from (44), whereas other present-day data are from the Simons Genome Diversity Panel (68) 
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Table S2. F4-statistics comparing the newly sampled individuals with present-day 
East Asians and early Asians. In (A), we show all results for the present-day Han for 
f4(Mbuti, nEastAsia/sEastAsia; present-day Han, early Asians) and f4(Mbuti, early Asians; 
Han, nEastAsia/sEastAsia), and in (B), we expand to patterns for other present-day East 
Asians. Early Asians include Tianyuan, G1, and Ikawazu, and more details can be found 
on them in Table S1. For more detail, see descriptions associated with (A) and (B) below.  
 
Table S2A. We find that (i) our newly sampled individuals are always more closely related 
to the Han than any early Asian, i.e. f4(Mbuti, X; Han, early Asian)<0 (-22.1<Z<-4.4) and 
that (ii) no newly sampled individual or the Han shares excess connections to an early 
Asian, f4(Mbuti, early Asian; X, Han)~0 (-2.4<Z<2.6). Thus, our newly sampled 
individuals are more closely related to the Han than early Asians such as Tianyuan, G1, 
and the Ikawazu Jōmon and are primarily of East Asian ancestry.  

i. f4(Mbuti, newly sampled individuals; Han, early Asians) 
P1 P2 P3 P4 f4 Z N P1 P2 P3 P4 f4 Z N 
Mbuti Yumin Han Ikawazu -0.0049 -9.4 670500 Mbuti Liangdao1 Han Ikawazu -0.0034 -6.4 303324 
Mbuti Yumin Han G1 -0.011 -19.8 371246 Mbuti Liangdao1 Han G1 -0.0098 -14.9 171165 
Mbuti Yumin Han Tianyuan -0.0089 -15.9 763652 Mbuti Liangdao1 Han Tianyuan -0.0089 -14.1 363420 
Mbuti Bianbian Han Ikawazu -0.0053 -10.3 539236 Mbuti Liangdao2 Han Ikawazu -0.0038 -7.4 686986 
Mbuti Bianbian Han G1 -0.0127 -22 291176 Mbuti Liangdao2 Han G1 -0.0112 -20.9 386669 
Mbuti Bianbian Han Tianyuan -0.0102 -18 640381 Mbuti Liangdao2 Han Tianyuan -0.01 -18 773809 
Mbuti Boshan Han Ikawazu -0.006 -11.8 751724 Mbuti Xitoucun Han Ikawazu -0.0048 -10.8 442989 
Mbuti Boshan Han G1 -0.012 -21.5 422688 Mbuti Xitoucun Han G1 -0.0112 -21.1 249233 
Mbuti Boshan Han Tianyuan -0.0116 -20.9 832017 Mbuti Xitoucun Han Tianyuan -0.0102 -21 518941 
Mbuti Xiaojingshan Han Ikawazu -0.0051 -11.7 441786 Mbuti Tanshishan Han Ikawazu -0.0051 -9.9 322615 
Mbuti Xiaojingshan Han G1 -0.0115 -21.1 243124 Mbuti Tanshishan Han G1 -0.011 -19 177796 
Mbuti Xiaojingshan Han Tianyuan -0.0106 -20.6 528635 Mbuti Tanshishan Han Tianyuan -0.0105 -19.6 385343 
Mbuti Xiaogao Han Ikawazu -0.0051 -10.1 712089 Mbuti Suogang Han Ikawazu -0.0056 -6.1 58966 
Mbuti Xiaogao Han G1 -0.012 -22.1 399409 Mbuti Suogang Han G1 -0.0106 -9.3 32270 
Mbuti Xiaogao Han Tianyuan -0.0104 -18.9 798358 Mbuti Suogang Han Tianyuan -0.0097 -10.7 71778 
Mbuti Qihe Han Ikawazu -0.0027 -4.4 259942 Mbuti Chuanyun Han Ikawazu -0.0059 -10.2 243547 
Mbuti Qihe Han G1 -0.0081 -11.5 143947 Mbuti Chuanyun Han G1 -0.0136 -20 131538 
Mbuti Qihe Han Tianyuan -0.0082 -13.3 312838 Mbuti Chuanyun Han Tianyuan -0.0122 -19.6 297071 

ii. f4(Mbuti, early Asians; Han, newly sampled individuals) 
P1 P2 P3 P4 f4 Z N P1 P2 P3 P4 f4 Z N 
Mbuti Ikawazu Han Yumin -0.0012 -2.4 670500 Mbuti Ikawazu Han Liangdao1 0.0005 1.1 303324 
Mbuti G1 Han Yumin -0.0001 -0.3 371246 Mbuti G1 Han Liangdao1 0.0009 1.6 171165 
Mbuti Tianyuan Han Yumin 0.0006 1.4 763652 Mbuti Tianyuan Han Liangdao1 0.0009 1.8 363420 
Mbuti Ikawazu Han Bianbian 0.0002 0.4 539236 Mbuti Ikawazu Han Liangdao2 0.0003 0.6 686986 
Mbuti G1 Han Bianbian -0.0004 -1 291176 Mbuti G1 Han Liangdao2 -0.0001 -0.2 386669 
Mbuti Tianyuan Han Bianbian 0.0011 2.6 640381 Mbuti Tianyuan Han Liangdao2 0.0001 0.3 773809 
Mbuti Ikawazu Han Boshan -0.0002 -0.4 751724 Mbuti Ikawazu Han Xitoucun -0.0002 -0.6 442989 
Mbuti G1 Han Boshan 0.0004 1 422688 Mbuti G1 Han Xitoucun 0.0001 0.2 249233 
Mbuti Tianyuan Han Boshan 0.0001 0.1 832017 Mbuti Tianyuan Han Xitoucun 0.0003 0.8 518941 
Mbuti Ikawazu Han Xiaojingshan 0.0001 0.2 441786 Mbuti Ikawazu Han Tanshishan -0.0003 -0.7 322615 
Mbuti G1 Han Xiaojingshan 0.001 2.4 243124 Mbuti G1 Han Tanshishan 0 -0.1 177796 
Mbuti Tianyuan Han Xiaojingshan 0.0006 1.5 528635 Mbuti Tianyuan Han Tanshishan 0.0001 0.3 385343 
Mbuti Ikawazu Han Xiaogao -0.0002 -0.4 712089 Mbuti Ikawazu Han Suogang -0.0013 -1.5 58966 
Mbuti G1 Han Xiaogao 0 0 399409 Mbuti G1 Han Suogang 0.0001 0.1 32270 
Mbuti Tianyuan Han Xiaogao 0.0005 1.2 798358 Mbuti Tianyuan Han Suogang 0.0001 0.1 71778 
Mbuti Ikawazu Han Qihe -0.0003 -0.7 425450 Mbuti Ikawazu Han Chuanyun 0.0004 0.8 243547 
Mbuti G1 Han Qihe 0.001 1.8 237891 Mbuti G1 Han Chuanyun -0.0003 -0.5 131538 
Mbuti Tianyuan Han Qihe -0.0001 -0.2 501630 Mbuti Tianyuan Han Chuanyun 0.0004 0.7 297071 
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Table S2B. When we substitute the Han with other present-day East Asians, we observe a 
similar relationship for most comparisons, where most f4(Mbuti, X; present-day East Asian, 

early Asian)<0 and most f4(Mbuti, early Asian; X, present-day East Asian)~0 (not shown). 
However, there are exceptions. In (i), we show all cases where f4(Mbuti, X; present-day 

East Asian, early Asian)~0 (|Z|<3; note there are no combinations where Z>3. These results 
show that several southern Neolithic East Asians share a similar relationship to the Ikawazu 
individual as to primarily northern and Tibetan present-day East Asians, but no other early 
Asians shows a similar pattern. In (ii), we show all cases where f4(Mbuti, early Asian; X, 

present-day East Asian) is significantly different from zero (|Z|>3). These results show that 
Tianyuan, G1, and Ikawazu all show connections to newly sampled individuals relative to 
some peripheral present-day East Asians, which may be due to more diverged ancestry in 
the peripheral present-day East Asians. The Ikawazu individual also shares connections to 
the present-day Ami, Atayal, and Japanese relative to newly sampled individuals, 
confirming their tie to present-day inhabitants of the Japanese archipelago and highlighting 
an Austronesian connection. Overall, however, most results were similar to those observed 
for the Han in Table S2A.  

i.f4(Mbuti, newly sampled individuals; other present-day East Asians, early Asians) where Z>-3 
P1 P2 P3 P4 f4 Z N P1 P2 P3 P4 f4 Z N 

Mbuti Qihe Hezhen Ikawazu -0.0007 -1.1 259937 Mbuti Liangdao1 Hezhen Ikawazu -0.0014 -2.5 303319 
Mbuti Qihe Daur Ikawazu -0.0007 -1 259923 Mbuti Liangdao1 Daur Ikawazu -0.0013 -2 303299 
Mbuti Qihe Xibo Ikawazu -0.0008 -1.2 259937 Mbuti Liangdao1 Xibo Ikawazu -0.0011 -1.8 303320 
Mbuti Qihe Tibetan Ikawazu 0 0 259935 Mbuti Liangdao1 Tibetan Ikawazu 0.0002 0.4 303318 
Mbuti Qihe Sherpa Ikawazu -0.0003 -0.5 259940 Mbuti Liangdao1 Sherpa Ikawazu -0.0003 -0.6 303315 
Mbuti Qihe Naxi Ikawazu -0.0017 -2.7 259940 Mbuti Liangdao2 Hezhen Ikawazu -0.0013 -2.3 686975 
Mbuti Xitoucun Tibetan Ikawazu -0.0007 -1.6 442979 Mbuti Liangdao2 Daur Ikawazu -0.0009 -1.5 686926 
Mbuti Tanshishan Sherpa Ikawazu -0.0015 -2.8 322609 Mbuti Liangdao2 Xibo Ikawazu -0.0011 -2 686979 
Mbuti Suogang Tibetan Ikawazu -0.0023 -2.4 58965 Mbuti Liangdao2 Tibetan Ikawazu 0.0002 0.3 686971 

              Mbuti Liangdao2 Sherpa Ikawazu -0.0002 -0.4 686972 
ii.f4(Mbuti, early Asians; other present-day East Asians, newly sampled individuals) where |Z|>3 

P1  P2 P3 P4 f4 Z N P1 P2 P3 P4 f4 Z N 
Mbuti Tianyuan Hezhen Bianbian 0.0015 3.1 640368 Mbuti Ikawazu Sherpa Chuanyun 0.0023 3.8 243544 
Mbuti Tianyuan Kinh Bianbian 0.0017 3.4 640366 Mbuti Ikawazu Sherpa Liangdao1 0.0022 3.8 303315 
Mbuti Tianyuan Daur Xitoucun 0.0015 3.1 518884 Mbuti Ikawazu Sherpa Liangdao2 0.002 3.8 686972 
Mbuti Tianyuan Daur Liangdao1 0.0021 3.5 363381 Mbuti Ikawazu Sherpa Xiaogao 0.0015 3 712077 
Mbuti Tianyuan Daur Xiaogao 0.0017 3.1 798262 Mbuti Ikawazu Sherpa Bianbian 0.0019 3.6 539227 
Mbuti Tianyuan Daur Bianbian 0.0025 4.6 640311 Mbuti Ikawazu Sherpa Boshan 0.0015 3.2 751709 
Mbuti Tianyuan Daur Xiaojingshan 0.0018 3.8 528567 Mbuti Ikawazu Sherpa Xiaojingshan 0.0019 4.4 441777 
Mbuti Tianyuan Daur Yumin 0.0019 3.4 763559 Mbuti Ikawazu Ami Tanshishan -0.0018 -3.6 322606 
Mbuti Tianyuan Xibo Bianbian 0.0019 4 640374 Mbuti Ikawazu Ami Xitoucun -0.0015 -3.5 442976 
Mbuti Tianyuan Xibo Xiaojingshan 0.0014 3.5 528628 Mbuti Ikawazu Ami Suogang -0.0027 -3.1 58965 
Mbuti Tianyuan Tibetan Xiaogao 0.0015 3 798335 Mbuti Ikawazu Ami Yumin -0.0025 -4.5 670480 
Mbuti Tianyuan Tibetan Bianbian 0.0019 3.8 640366 Mbuti Ikawazu Atayal Yumin -0.002 -3.1 670389 
Mbuti Tianyuan Tibetan Xiaojingshan 0.0014 3.4 528624 Mbuti Ikawazu Japanese Tanshishan -0.0042 -8.5 322613 
Mbuti Tianyuan Sherpa Bianbian 0.0016 3.3 640365 Mbuti Ikawazu Japanese Chuanyun -0.0032 -5.6 243545 
Mbuti G1 Daur Xiaojingshan 0.0019 3.5 243095 Mbuti Ikawazu Japanese Xitouchun -0.0042 -9.5 442987 
Mbuti G1 Xibo Liangdao1 0.0025 4.1 171165 Mbuti Ikawazu Japanese Liangdao1 -0.0032 -5.9 303322 
Mbuti G1 Xibo Boshan 0.0015 3.2 422685 Mbuti Ikawazu Japanese Liangdao2 -0.0036 -7.2 686984 
Mbuti G1 Xibo Xiaojingshan 0.0022 4.7 243123 Mbuti Ikawazu Japanese Xiaogao -0.0041 -8.2 712086 
Mbuti G1 Tibetan Liangdao1 0.0019 3.1 171163 Mbuti Ikawazu Japanese Qihe -0.0044 -7.2 259940 
Mbuti G1 Tibetan Xiaojingshan 0.0014 3.2 243123 Mbuti Ikawazu Japanese Suogang -0.0052 -5.9 58965 
Mbuti G1 Sherpa Xiaojingshan 0.0015 3 243122 Mbuti Ikawazu Japanese Bianbian -0.0036 -6.9 539234 
Mbuti Ikawazu Tibetan Chuanyun 0.002 3.4 243542 Mbuti Ikawazu Japanese Boshan -0.0041 -8.2 751721 
Mbuti Ikawazu Tibetan Liangdao1 0.002 3.3 303318 Mbuti Ikawazu Japanese Xiaojingshan -0.0038 -8.6 441784 
Mbuti Ikawazu Tibetan Liangdao2 0.0017 3.1 686971 Mbuti Ikawazu Japanese Yumin -0.0051 -10 670498 
Mbuti Ikawazu Tibetan Xiaojingshan 0.0015 3.3 441778               
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Table S3. Admixture proportion of Denisovan-related ancestry using f4-ratios. Those rows 
shaded gray are where D is significantly greater than zero, indicating an archaic admixture 
proportion (α) significantly greater than zero,(relative to the Han or the French, where the estimated 
archaic admixture proportion is zero). In the first block are all newly sampled individuals, in the 
second block are previously published ancient East and Southeast Asians, and in the third block are 
present-day East Asians. Though we find a significant archaic admixture proportion for Yumin, 
Liangdao1, and DevilsCave_N, in no case is the result significant for transversions only. This 
suggests that we do not detect Denisovan-related archaic admixture in these ancient and present-
day Asians and any significant result likely reflects shared characteristic ancient DNA damage.  
A. f4(Denisovan, Mbuti; X, Han) / f4(Denisovan, 
Mbuti; Papuan, Han) 

B. f4(Denisovan, Mbuti; X, French) / f4(Denisovan, Mbuti; 
Papuan, French) 

X 
All Sites Transversions 

Only X 
All Sites Transversions Only 

α SE Z alpha SE Z α SE Z alpha SE Z 
Yumin 0.22 0.07 3.04 0.10 0.10 0.94 Yumin 0.27 0.07 3.67 0.01 0.13 0.06 
Bianbian 0.14 0.08 1.77 0.29 0.12 2.40 Bianbian 0.19 0.08 2.26 0.24 0.15 1.64 
Boshan 0.03 0.07 0.39 0.09 0.11 0.87 Boshan 0.10 0.07 1.42 0.06 0.13 0.43 
Xiaojingshan 0.02 0.07 0.29 0.07 0.12 0.59 Xiaojingshan 0.10 0.07 1.33 0.00 0.15 -0.03 
Xiaogao 0.08 0.06 1.25 0.08 0.11 0.71 Xiaogao 0.15 0.07 2.05 0.05 0.13 0.38 
Qihe 0.11 0.10 1.17 0.06 0.17 0.35 Qihe 0.12 0.10 1.19 -0.15 0.25 -0.59 
Liangdao1 0.35 0.09 3.88 0.33 0.16 2.12 Liangdao1 0.40 0.09 4.42 0.27 0.19 1.46 
Liangdao2 -0.03 0.07 -0.35 0.01 0.11 0.06 Liangdao2 0.07 0.08 0.88 0.01 0.13 0.06 
Xitoucun 0.09 0.06 1.48 0.09 0.11 0.87 Xitoucun 0.14 0.07 1.87 -0.03 0.15 -0.20 
Suogang 0.03 0.15 0.21 0.13 0.29 0.44 Suogang 0.03 0.17 0.15 0.23 0.28 0.85 
Tanshishan 0.11 0.07 1.67 0.05 0.12 0.39 Tanshishan 0.16 0.08 2.12 -0.05 0.16 -0.28 
Chuanyun 0.01 0.10 0.07 0.16 0.18 0.90 Chuanyun 0.11 0.11 1.06 0.14 0.20 0.73 
Chokhopani 0.03 0.07 0.51 -0.03 0.10 -0.30 Chokhopani 0.11 0.07 1.58 -0.03 0.12 -0.25 
Mebrak 0.00 0.07 -0.07 0.04 0.12 0.38 Mebrak 0.07 0.08 0.94 0.01 0.14 0.04 
Samdzong 0.02 0.06 0.42 0.01 0.08 0.17 Samdzong 0.11 0.06 1.64 0.02 0.10 0.15 
Shamanka_EN 0.02 0.04 0.49 0.06 0.06 1.00 Shamanka_EN 0.10 0.05 1.97 0.06 0.08 0.78 
Lokomotiv_EN 0.02 0.06 0.29 0.00 0.08 0.02 Lokomotiv_EN 0.10 0.06 1.67 -0.01 0.10 -0.07 
UstBelaya_N 0.03 0.08 0.42 -0.04 0.14 -0.31 UstBelaya_N 0.11 0.08 1.39 0.03 0.14 0.22 
DevilsCave_N 0.13 0.05 2.56 0.11 0.07 1.45 DevilsCave_N 0.20 0.06 3.30 0.11 0.09 1.16 
Vanuatu 0.04 0.08 0.56 -0.02 0.13 -0.15 Vanuatu 0.07 0.09 0.74 -0.29 0.20 -1.41 
Ma912_G2 -0.05 0.07 -0.72 -0.06 0.10 -0.60 Ma912_G2 0.03 0.07 0.48 -0.06 0.12 -0.48 
Vt_G2 -0.02 0.11 -0.18 0.27 0.21 1.27 Vt_G2 -0.01 0.12 -0.08 0.11 0.30 0.36 
La_G2 -0.03 0.07 -0.39 -0.04 0.11 -0.35 La_G2 0.07 0.07 1.03 -0.01 0.12 -0.12 
G3 -0.18 0.07 -2.50 -0.06 0.14 -0.43 G3 -0.04 0.08 -0.49 -0.03 0.16 -0.20 
G6 0.11 0.07 1.59 0.18 0.12 1.58 G6 0.17 0.07 2.44 0.22 0.13 1.72 
Man_Bac 0.17 0.07 2.31 0.21 0.15 1.42 Man_Bac 0.20 0.08 2.45 0.11 0.20 0.58 
Nui_Nap 0.14 0.09 1.62 0.10 0.16 0.59 Nui_Nap 0.23 0.09 2.53 0.06 0.20 0.28 
Oakaie1 0.05 0.10 0.52 0.28 0.19 1.48 Oakaie1 0.16 0.10 1.56 0.24 0.23 1.05 
Ban_Chiang 0.14 0.14 0.99 0.40 0.30 1.34 Ban_Chiang 0.21 0.14 1.48 0.45 0.29 1.53 
Oroqen -0.01 0.05 -0.19 0.07 0.07 0.94 Oroqen 0.07 0.06 1.22 0.07 0.09 0.79 
Ulchi 0.02 0.05 0.44 0.02 0.07 0.28 Ulchi 0.10 0.06 1.73 0.02 0.09 0.24 
Daur -0.08 0.07 -1.24 -0.03 0.09 -0.30 Daur 0.01 0.07 0.11 -0.02 0.11 -0.21 
Hezhen -0.08 0.05 -1.53 -0.06 0.07 -0.81 Hezhen 0.01 0.06 0.22 -0.05 0.09 -0.59 
Xibo -0.08 0.05 -1.71 -0.12 0.07 -1.71 Xibo 0.01 0.06 0.10 -0.12 0.09 -1.25 
Japanese -0.02 0.04 -0.37 0.00 0.06 0.01 Japanese 0.07 0.06 1.20 0.00 0.08 0.05 
Korean -0.08 0.05 -1.71 -0.08 0.06 -1.28 Korean 0.01 0.06 0.13 -0.08 0.09 -0.84 
She -0.05 0.05 -1.02 -0.02 0.06 -0.29 She 0.04 0.06 0.62 -0.01 0.09 -0.16 
Miao -0.06 0.05 -1.25 -0.03 0.06 -0.42 Miao 0.03 0.06 0.47 -0.02 0.09 -0.27 
Tujia -0.04 0.05 -0.82 0.01 0.06 0.19 Tujia 0.05 0.06 0.76 0.01 0.09 0.16 
Dai -0.04 0.04 -0.99 0.00 0.05 -0.02 Dai 0.05 0.05 0.90 0.00 0.08 0.03 
Lahu 0.00 0.05 -0.07 0.02 0.07 0.35 Lahu 0.08 0.06 1.38 0.03 0.09 0.31 
Kinh -0.01 0.05 -0.17 -0.03 0.07 -0.50 Kinh 0.08 0.06 1.21 -0.03 0.09 -0.33 
Ami 0.01 0.05 0.15 0.02 0.07 0.31 Ami 0.09 0.06 1.51 0.02 0.09 0.27 
Atayal -0.06 0.06 -1.01 0.01 0.09 0.12 Atayal 0.02 0.07 0.33 0.01 0.11 0.13 
Naxi -0.01 0.04 -0.23 -0.02 0.06 -0.42 Naxi 0.07 0.06 1.30 -0.02 0.09 -0.23 
Yi 0.03 0.05 0.66 0.03 0.06 0.48 Yi 0.11 0.05 2.01 0.03 0.08 0.39 



	

	 S44	

Table S4. f4(Mbuti, Paleosiberian; P3, P4) where P3 and P4 are Neolithic East Asians, 
Siberians and Tibetans where f4>0 (Z>2.5). Those shaded gray are where P3 belongs to 
the South group and P4 belongs to the North group. The Paleosiberian (Kolyma) shares a 
connection to all northern East Asians relative to southern East Asians. This is particularly 
true for the Siberians and some of the coastal northern Chinese (Boshan, Xiaogao). 
P1 P2 P3 P4 f4 Z N P1 P2 P3 P4 f4 Z N 
Mbuti Kolyma Vanuatu Shamanka_EN 0.005 10.4 364961 Mbuti Kolyma Chuanyun Shamanka_EN 0.0025 5 313216 
Mbuti Kolyma Vanuatu DevilsCave_N 0.0053 10.2 364949 Mbuti Kolyma Xitoucun Xiaojingshan 0.0024 4.9 404164 
Mbuti Kolyma G6 Shamanka_EN 0.0043 9.7 572408 Mbuti Kolyma Vanuatu UstBelaya_N 0.0041 4.9 159472 
Mbuti Kolyma Vanuatu Lokomotiv_EN 0.0051 9.4 322507 Mbuti Kolyma G6 Xiaojingshan 0.0028 4.9 270682 
Mbuti Kolyma G6 DevilsCave_N 0.0048 9.4 572389 Mbuti Kolyma Liangdao2 Xiaojingshan 0.0027 4.8 525303 
Mbuti Kolyma Xitoucun DevilsCave_N 0.0041 9.2 560456 Mbuti Kolyma Suogang Shamanka_EN 0.0038 4.7 73750 
Mbuti Kolyma Xitoucun Shamanka_EN 0.0036 9.1 560509 Mbuti Kolyma Xitoucun Yumin 0.0026 4.6 511674 
Mbuti Kolyma Qihe DevilsCave_N 0.0052 8.5 328694 Mbuti Kolyma Liangdao1 Xiaojingshan 0.0029 4.6 282015 
Mbuti Kolyma Qihe Shamanka_EN 0.0047 8.4 328720 Mbuti Kolyma Liangdao2 UstBelaya_N 0.0032 4.6 376164 
Mbuti Kolyma Liangdao2 DevilsCave_N 0.0044 8.2 879033 Mbuti Kolyma Liangdao2 Yumin 0.0029 4.5 751642 
Mbuti Kolyma Xitoucun Lokomotiv_EN 0.0038 7.8 494054 Mbuti Kolyma Suogang DevilsCave_N 0.004 4.5 73743 
Mbuti Kolyma Liangdao2 Shamanka_EN 0.0039 7.8 879143 Mbuti Kolyma Suogang Lokomotiv_EN 0.0045 4.4 65002 
Mbuti Kolyma Vanuatu Boshan 0.0049 7.7 353677 Mbuti Kolyma Bianbian DevilsCave_N 0.0023 4.3 693343 
Mbuti Kolyma G6 Lokomotiv_EN 0.0041 7.6 506012 Mbuti Kolyma Vanuatu Bianbian 0.0026 4.2 312148 
Mbuti Kolyma Qihe Lokomotiv_EN 0.0049 7.5 289465 Mbuti Kolyma Qihe UstBelaya_N 0.0039 4.2 142539 
Mbuti Kolyma Liangdao2 Lokomotiv_EN 0.004 7.3 773427 Mbuti Kolyma Tanshishan Boshan 0.0025 4.1 398002 
Mbuti Kolyma Vanuatu Xiaojingshan 0.0036 6.6 275415 Mbuti Kolyma Bianbian Shamanka_EN 0.0019 4.1 693443 
Mbuti Kolyma G6 Boshan 0.004 6.6 474372 Mbuti Kolyma Liangdao1 UstBelaya_N 0.0031 4 166080 
Mbuti Kolyma Liangdao1 DevilsCave_N 0.0037 6.5 383896 Mbuti Kolyma Liangdao1 Bianbian 0.0026 4 311738 
Mbuti Kolyma Liangdao1 Shamanka_EN 0.0032 6.4 383942 Mbuti Kolyma Tanshishan UstBelaya_N 0.003 3.9 177792 
Mbuti Kolyma Vanuatu Yumin 0.0039 6.2 344075 Mbuti Kolyma Qihe Bianbian 0.0028 3.9 283304 
Mbuti Kolyma Qihe Boshan 0.0044 6.2 321513 Mbuti Kolyma Vanuatu Chuanyun 0.0029 3.8 148114 
Mbuti Kolyma Vanuatu Xiaogao 0.0038 6.1 349556 Mbuti Kolyma Suogang Xiaogao 0.004 3.8 72105 
Mbuti Kolyma Tanshishan DevilsCave_N 0.0031 6 410778 Mbuti Kolyma Liangdao1 Xiaogao 0.0025 3.7 365563 
Mbuti Kolyma Tanshishan Shamanka_EN 0.0028 6 410809 Mbuti Kolyma Tanshishan Xiaogao 0.0021 3.6 394087 
Mbuti Kolyma G6 Xiaogao 0.0035 6 447506 Mbuti Kolyma Chuanyun UstBelaya_N 0.0033 3.6 134431 
Mbuti Kolyma Qihe Xiaogao 0.0042 6 317758 Mbuti Kolyma Chuanyun Boshan 0.0024 3.6 305887 
Mbuti Kolyma Xitoucun Xiaogao 0.0031 5.7 532132 Mbuti Kolyma Liangdao1 Yumin 0.0024 3.6 352079 
Mbuti Kolyma Liangdao1 Lokomotiv_EN 0.0035 5.6 338568 Mbuti Kolyma Suogang Xiaojingshan 0.0034 3.6 64393 
Mbuti Kolyma G6 Yumin 0.0035 5.5 417778 Mbuti Kolyma Bianbian Lokomotiv_EN 0.0019 3.5 608283 
Mbuti Kolyma Liangdao1 Boshan 0.0035 5.5 375467 Mbuti Kolyma Liangdao2 Bianbian 0.002 3.3 628090 
Mbuti Kolyma Chuanyun DevilsCave_N 0.0031 5.4 313171 Mbuti Kolyma Xitoucun Bianbian 0.0017 3.2 453564 
Mbuti Kolyma Xitoucun UstBelaya_N 0.0037 5.4 242302 Mbuti Kolyma G6 Bianbian 0.0021 3.2 332145 
Mbuti Kolyma Xitoucun Boshan 0.0029 5.4 539930 Mbuti Kolyma Suogang Yumin 0.0034 3.2 70696 
Mbuti Kolyma G6 UstBelaya_N 0.0041 5.4 245064 Mbuti Kolyma Vanuatu Tanshishan 0.0018 3.1 206455 
Mbuti Kolyma Tanshishan Lokomotiv_EN 0.003 5.3 361418 Mbuti Kolyma Tanshishan Yumin 0.0019 3 379921 
Mbuti Kolyma Liangdao2 Boshan 0.0033 5.3 825218 Mbuti Kolyma Suogang Boshan 0.0032 3 72920 
Mbuti Kolyma Chuanyun Lokomotiv_EN 0.0033 5.2 274889 Mbuti Kolyma Tanshishan Xiaojingshan 0.0015 2.8 306767 
Mbuti Kolyma Liangdao2 Xiaogao 0.0031 5.1 790496 Mbuti Kolyma Chuanyun Xiaogao 0.0019 2.7 301010 
Mbuti Kolyma Qihe Xiaojingshan 0.0033 5.1 259858 Mbuti Kolyma Qihe Chokhopani 0.0018 2.6 328013 
Mbuti Kolyma Qihe Yumin 0.0036 5.1 309436 Mbuti Kolyma Qihe Chuanyun 0.0021 2.5 153355 
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Table S5. Numerical values for the heatplots shown in Fig. 3A-3C and Fig. S12, S15. 
Below are the f4 values for (A) f4(Mbuti, X; Qihe, Bianbian) which corresponds to Fig. 3A-
3C, (B) f4(Mbuti, X; Liangdao1, Bianbian) and (C) f4(Mbuti, X; Qihe, Yumin), which 
correspond to Fig. S12, and (D) f4(Mbuti, X; Bianbian, Yumin) which corresponds to Fig. 
S15.  

Time X Lat Lon 
A. f4(M, X; Q, B) B. f4(M, X; L, B) C. f4(M, X; Q, Y) D. f4(M, X; B, Y) 

f4 Z N f4 Z N f4 Z N f4 Z N 

E
a

r
ly

 N
e
o

li
th

ic
 

Lokomotiv_EN 53.9 104.2 0.0037 6.0 249094 0.0034 6.2 274454 0.0055 8.8 272268 0.0017 3.3 559456 
UstBelaya_N 53.9 106.7 0.0046 5.1 122969 0.0029 3.6 135248 0.0064 6.7 134225 0.0019 2.6 273543 

Shamanka_EN 51.7 103.7 0.0039 8.1 283325 0.0033 7.2 311773 0.0059 11.8 309474 0.0021 4.6 638209 
DevilsCave_N 44.5 135.4 0.0046 8.2 283300 0.0040 7.4 311727 0.0042 7.2 309437 -0.0005 -1.0 638115 

Yumin (Y) 42.0 114.2 0.0039 5.5 275213 0.0027 4.0 300173 - - - - - - 
Bianbian (B) 38.2 113.5 - - - - - - 0.0020 2.8 275213 - - - 

Boshan 38.2 118.5 0.0065 9.1 280839 0.0052 7.9 309171 0.0040 5.9 305498 -0.0031 -4.8 621186 
Xiaojingshan 36.0 116.0 0.0044 7.3 239701 0.0046 7.7 253382 0.0017 2.6 252747 -0.0033 -5.9 455134 

Xiaogao 36.0 118.5 0.0053 7.5 279197 0.0048 7.1 305987 0.0030 4.0 303168 -0.0029 -4.6 613420 
Liangdao1 (L) 26.4 120.2 -0.0007 -0.9 169144 - - - -0.0027 -3.3 178442 -0.0023 -3.4 300173 

Liangdao2 26.4 122.7 -0.0009 -1.3 274926 -0.0054 -7.9 301721 -0.0035 -4.8 297908 -0.0020 -3.2 591044 
Qihe (Q) 25.4 117.6 - - - -0.0009 -1.2 169144 - - - -0.0019 -2.7 275213 

L
a

te
 N

e
o

li
th

ic
 

Chokhopani 28.8 84.0 0.0031 4.5 282656 0.0025 4.1 311108 0.0030 4.2 308784 0.0000 0.0 636593 
Xitouchun 29.2 118.5 -0.0019 -3.0 232457 -0.0018 -2.9 245874 -0.0044 -6.7 246012 -0.0025 -4.5 436300 
Tanshishan 27.0 120.0 -0.0016 -2.2 181544 -0.0024 -3.4 188181 -0.0031 -4.4 189525 -0.0019 -3.2 332992 

Suogang 24.9 121.5 -0.0017 -1.4 45946 -0.0029 -2.2 45849 -0.0033 -2.5 46215 -0.0015 -1.4 65884 
Oakaie1 22.4 95.0 -0.0003 -0.3 72516 0.0000 0.0 74911 -0.0004 -0.4 77755 -0.0007 -0.8 136406 
Vt_G2 21.6 106.0 -0.0002 -0.2 50621 -0.0007 -0.6 55969 -0.0018 -1.5 56013 -0.0004 -0.5 109798 
La_G2 20.4 103.5 -0.0009 -1.4 229681 -0.0003 -0.4 253551 -0.0020 -2.9 251653 -0.0014 -2.5 514196 

Man_Bac 19.4 106.0 -0.0017 -2.3 137297 -0.0026 -3.5 137110 -0.0032 -4.1 144259 -0.0016 -2.6 250050 
Ban_Chiang 17.4 103.2 -0.0019 -1.3 35895 -0.0005 -0.4 36218 -0.0033 -2.5 38053 -0.0025 -2.2 64456 

Vanuatu 7.0 135.0 -0.0005 -0.7 162864 -0.0015 -2.1 161510 -0.0029 -3.8 169509 -0.0024 -3.8 303165 

P
r
e
se

n
t -

d
a

y
 

Daur 48.5 124.0 0.0044 7.2 283332 0.0031 5.3 311782 0.0044 6.8 309463 -0.0002 -0.4 638198 
Hezhen 47.5 133.5 0.0046 8.8 283351 0.0033 6.6 311806 0.0041 7.4 309486 -0.0006 -1.1 638259 

Xibo 44.0 83.5 0.0043 8.3 283353 0.0033 6.7 311810 0.0033 6.0 309487 -0.0011 -2.4 638264 
Japanese 37.7 138.5 0.0029 5.7 283351 0.0017 3.6 311805 0.0026 4.9 309487 -0.0005 -1.1 638263 
Korean 37.6 127.0 0.0039 7.3 283353 0.0032 6.2 311805 0.0027 4.8 309489 -0.0015 -3.0 638250 

Han 32.3 114.0 0.0028 5.9 283358 0.0014 3.1 311815 0.0015 3.0 309492 -0.0016 -3.6 638271 
Tujia 29.6 109.0 0.0028 5.2 283353 0.0015 2.8 311805 0.0012 2.1 309489 -0.0017 -3.4 638256 

Sherpa 28.3 87.0 0.0032 6.1 283353 0.0023 4.5 311804 0.0038 6.9 309489 0.0007 1.3 638256 
Tibetan 28.3 84.5 0.0036 6.8 283349 0.0026 5.4 311805 0.0036 6.3 309485 0.0001 0.2 638258 

Yi 28.0 103.0 0.0032 5.9 283352 0.0020 3.9 311809 0.0031 5.2 309486 -0.0002 -0.3 638258 
Miao 27.4 109.0 0.0025 4.6 283352 0.0011 2.1 311806 0.0012 2.1 309490 -0.0013 -2.7 638263 
She 27.0 119.0 0.0030 5.5 283353 0.0015 2.8 311809 0.0010 1.8 309488 -0.0019 -3.9 638263 
Naxi 26.0 100.0 0.0037 7.5 283356 0.0025 5.3 311813 0.0027 5.2 309490 -0.0010 -2.2 638268 

Atayal 24.7 121.3 0.0001 0.2 283316 -0.0011 -1.6 311752 -0.0022 -3.4 309451 -0.0025 -4.3 638155 
Lahu 22.6 100.0 0.0022 4.0 283349 0.0008 1.5 311803 0.0005 0.8 309485 -0.0018 -3.6 638254 
Ami 22.5 121.3 0.0007 1.3 283346 -0.0012 -2.3 311804 -0.0011 -1.9 309481 -0.0021 -4.3 638243 
Kinh 21.0 105.9 0.0016 3.0 283352 0.0003 0.7 311804 -0.0001 -0.1 309488 -0.0018 -3.7 638258 
Dai 20.4 100.0 0.0014 3.0 283358 0.0001 0.2 311815 -0.0003 -0.6 309493 -0.0018 -4.2 638272 

300 BP Chuanyun 24.9 116.0 0.0020 2.5 143073 0.0017 2.1 152853 0.0013 1.5 149016 -0.0018 -2.4 255674 
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Table S6A. Three-, two-, and single-source mixture models for ancient Tibetans, 
Siberians, East Asians, and Southeast Asians. Targets were modeled as one or more of 
five ancestries - northern East Asian (Boshan), southern East Asian (Liangdao2), 
Hòabìnhian (G1), Paleosiberian (Kolyma), and Jōmon (Ikawazu), and estimates were 
determined by comparing against a set of other populations in the Right group described 
in section 6 (14). Ancient Siberians are a mixture of northern East Asian and Paleosiberian 
ancestry. Ancient Southern East Asians and the Vanuatu are best modeled as single-source 
ancestry related to Liangdao2. Almost all ancient Southeast Asians are modeled with 
Hòabìnhian-related ancestry. Ancient Tibetans, like present-day Tibetans, are modeled as 
northern East Asian ancestry and Jōmon ancestry. However, due to the lack of a connection 
to the Jōmon in f4-statistics, this result is likely due to not having an appropriate source to 
represent more distantly related ancestry also found in Tibetans. S1, S2, and S3 indicate 
the ancient individual used to represent a source population, with the mixture proportion 
corresponding to f1, f2, and f3, respectively. rank0 indicates the p-value for the mixture 
model including all sources indicated (S1, S2, and/or S3), pnest2 indicates the p-value 
comparing a three-source mixture model to a nested two-source model, and pnest1 

indicates the p-value comparing a two-source mixture model to a nested single source 
model.  
Model^ Target S1 S2 S3 rank0 f1 f2 f3 se" pnest1 pnest2 N 
Tibetans 

2 Chokhopani Boshan Ikawazu * 0.21 0.48 0.53 * 0.10 1.E-05 * 499426 
2 Mebrak Boshan Ikawazu * 0.56 0.47 0.53 * 0.16 1.E-03 * 337703 
2 Samdzong Boshan Ikawazu * 0.45 0.36 0.64 * 0.09 2.E-04 * 455775 
Siberians and northern East Asians 

2 Shamanka_EN Boshan Kolyma * 0.05 0.55 0.45 * 0.05 9.E-17 * 440977 
2 Lokomotiv_EN Boshan Kolyma * 0.09 0.59 0.41 * 0.07 1.E-09 * 521430 
2 UstBelaya_N Boshan Kolyma * 0.05 0.64 0.37 * 0.14 1.E-03 * 281459 
2 DevilsCave_N Boshan Kolyma * 0.04 0.81 0.19 * 0.05 1.E-03 * 545165 
2 Yumin Boshan Kolyma * 0.06 0.72 0.28 * 0.08 2.E-04 * 536156 
1 Xiaojingshan * Liangdao2 * 0.30 1.00 * * * * * 405400 
1 Xiaogao * Liangdao2 * 0.90 1.00 * * * * * 665751 
southern East Asians and Southwest Pacific 

1 Liangdao1 * Liangdao2 * 0.40 * 1.00 * * * * 296335 
1 Xitoucun * Liangdao2 * 0.30 * 1.00 * * * * 384411 
1 Suogang# * Liangdao2 * 0.50 * 1.00 * * * * 69463 
1 Tanshishan * Liangdao2 * 0.10 * 1.00 * * * * 298287 
1 Vanuatu * Liangdao2 * 0.50 * 1.00 * * * * 262496 
300-year-old southern East Asians and Austronesians 

2 Chuanyun Boshan Liangdao2 * 0.72 0.33 0.67 * 0.21 6.E-02 * 205859 
1 G6 * Liangdao2 * 0.10 * 1.00 * * * * 338045 
Southeast Asians 

2 Man_Bac Liangdao2 G1 * 0.39 0.89 0.11 * 0.07 9.E-02 * 120796 
2 Vt_G2 Boshan G1 * 0.80 0.72 0.28 * 0.08 1.E-03 * 87939 
2 La_G2 Liangdao2 G1 * 0.78 0.81 0.19 * 0.06 3.E-03 * 235300 
2 Oakaie1 Boshan G1 * 0.10 0.76 0.24 * 0.08 2.E-03 * 88456 
2 Ban_Chiang Boshan G1 * 0.14 0.54 0.47 * 0.12 3.E-05 * 57887 
2 Nui_Nap Boshan Liangdao2 * 0.28 0.47 0.53 * 0.18 2.E-03 * 212794 
2 G3 Boshan G1 * 0.16 0.86 0.14 * 0.07 4.E-02 * 154983 
3 G4 Boshan G1 Liangdao2 0.07 0.45 0.14 0.41 0.07 2.E-02 2.E-03 159597 
2 Ma912_G2 Liangdao2 G1 * 0.58 0.75 0.25 * 0.06 1.E-04 * 240111 
Ancient East Eurasians from above with alternative models that fit 
2 Vt_G2 Liangdao2 G1 * 0.21 0.76 0.24 * 0.09 8.E-03 * 84088 
2 Ma912_G2 Liangdao2 Ikawazu * 0.50 0.39 0.62 * 0.19 1.E-02 * 377836 
2 Mebrak Boshan G1 * 0.15 0.80 0.20 * 0.06 1.E-03 * 213065 
2 Chuanyun Boshan Ikawazu * 0.40 0.73 0.27 * 0.15 2.E-05 * 373483 
^A three-source mixture model (S1, S2, S3) was estimated if mixture proportions (f1, f2, and f3) were between 0 and 1, the mixture 
model was not rejected (rank0>0.05), and the three-source model was better than a one-source or two-source model (pnest1<0.05, 
pnest2<0.05). If conditions were not satisfied, than a two-source model was estimated (S3, f3, pnest2 not applicable, indicated by a *). 
If not applicable, then a one-source model was estimated (fields not used indicated by a *).  
"The standard error shown for the triple-source model is the lowest of the standard errors estimated. 
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Table S6B. Three-, two-, and single-source mixture models for present-day East 
Asians. Description of table found in Table S6A. The Han and many other central (e.g. 
Korean, Miao) and southern (e.g. Lahu, Kinh) East Asians can be described by three 
ancestries.  
Model^ Target S1 S2 S3 rank0 f1 f2 f3 se" pnest1 pnest2 N 
Present-day East and Southeast Asians from the Simons Genome Diversity Panel 
2 Daur Boshan Kolyma * 0.72 0.7 0.3 * 0.06 2.E-06 * 571334 
2 Hezhen Boshan Kolyma * 0.05 0.77 0.24 * 0.05 1.E-05 * 501117 
1 Ulchi+ Boshan * * 1.00E-13 1 * * * * * 545007 
1 Oroqen+ Boshan * * 3.00E-13 1 * * * * * 543687 
3 Korean Boshan Kolyma Liangdao2 0.46 0.5 0.14 0.36 0.05 2.E-03 2.E-02 411109 
3 Xibo Boshan Kolyma Liangdao2 0.67 0.39 0.27 0.35 0.04 5.E-04 3.E-05 407472 
2 Japanese Boshan Ikawazu * 0.11 0.62 0.38 * 0.08 2.E-05 * 373483 
3 Han Boshan Kolyma Liangdao2 0.64 0.38 0.15 0.47 0.04 2.E-04 8.E-04 360369 
3 She Boshan Kolyma Liangdao2 0.67 0.35 0.15 0.5 0.05 2.E-03 3.E-04 413323 
3 Miao Boshan Kolyma Liangdao2 0.36 0.33 0.15 0.52 0.04 2.E-03 7.E-05 412258 
3 Tujia Boshan Kolyma Liangdao2 0.33 0.33 0.14 0.53 0.05 4.E-03 6.E-05 410981 
3 Naxi Boshan Kolyma Liangdao2 0.4 0.41 0.14 0.45 0.05 1.E-03 4.E-03 380758 
3 Yi Boshan Kolyma Liangdao2 0.17 0.34 0.15 0.52 0.05 4.E-03 4.E-04 408582 
3 Dai Boshan Ikawazu Liangdao2 0.83 0.28 0.23 0.5 0.08 3.E-02 3.E-02 289643 
3 Lahu Boshan Kolyma Liangdao2 0.63 0.21 0.12 0.66 0.05 6.E-02 2.E-03 412231 
3 Kinh Boshan Kolyma Liangdao2 0.89 0.28 0.12 0.6 0.04 1.E-02 5.E-04 409256 
2 Atayal Boshan Liangdao2 * 0.9 0.28 0.72 * 0.12 2.E-02 * 505551 
1 Ami * Liangdao2 * 0.3 * 1 * * * * 507665 
3 Tu Boshan Kolyma Liangdao2 0.07 0.33 0.27 0.401 0.13 5.E-03 5.E-05 403556 
3 Cambodian Boshan G1 Liangdao2 0.59 0.20 0.28 0.516 0.12 3.E-02 6.E-06 217038 
2 Burmese Boshan Ikawazu * 0.34 0.20 0.80 * 0.09 2.E-02 * 390415 
2 Thai Boshan Ikawazu * 0.21 0.35 0.66 * 0.08 9.E-05 * 392644 
Present-day Han from different provinces of China from Lu et al. (2016) 
3 Han_Jiangsu Boshan Kolyma Liangdao2 0.79 0.55 0.18 0.27 0.04 7.E-03 3.E-03 364088 
3 Han_Anhui Boshan Kolyma Liangdao2 0.22 0.53 0.15 0.33 0.06 1.E-02 8.E-02 456361 
3 Han_Sichuan Boshan Kolyma Liangdao2 0.75 0.36 0.17 0.47 0.04 1.E-04 3.E-04 338716 
3 Han_Hubei Boshan Kolyma Liangdao2 0.18 0.49 0.18 0.34 0.06 8.E-03 2.E-02 455243 
3 Han_Guangdong Boshan Kolyma Liangdao2 0.41 0.3 0.13 0.58 0.06 3.E-02 3.E-03 456524 
3 Han_Chongqing Boshan Kolyma Liangdao2 0.44 0.23 0.11 0.66 0.05 5.E-02 2.E-03 410524 
3 Han_Henan Boshan Kolyma Liangdao2 0.53 0.43 0.17 0.41 0.04 2.E-05 3.E-02 311631 
3 Han_Gansu Boshan Kolyma Liangdao2 0.53 0.44 0.18 0.39 0.04 1.E-04 6.E-03 348090 
3 Han_Xinjiang Boshan Kolyma Liangdao2 0.56 0.47 0.17 0.36 0.04 4.E-04 1.E-02 348173 
3 Han_Shandong Boshan Kolyma Liangdao2 0.44 0.6 0.13 0.27 0.04 8.E-03 3.E-02 364357 
Present-day Tibetans and Sherpa from the Simons Genome Diversity Panel and Lu et al. (2016) 
2 Sherpa Boshan Ikawazu * 0.48 0.47 0.53 * 0.09 2.E-07 * 402471 
2 Tibetan Boshan Ikawazu * 0.16 0.45 0.55 * 0.08 1.E-07 * 396680 
1 Sherpa_Shigatse+ Boshan * * 5.00E-14 1 * * * * * 411447 
2 Tibetan_Shannan Boshan Ikawazu * 0.31 0.47 0.53 * 0.07 4.E-09 * 310320 
2 Tibetan_Chamdo Boshan Ikawazu * 0.15 0.54 0.46 * 0.07 1.E-08 * 321134 
2 Tibetan_Shigatse Boshan Ikawazu * 0.19 0.47 0.53 * 0.07 1.E-08 * 284584 
2 Tibetan_Lhasa Boshan Ikawazu * 0.06 0.5 0.51 * 0.08 4.E-08 * 364237 
2 Tibetan_Nagqu Boshan Ikawazu * 0.28 0.48 0.52 * 0.08 2.E-08 * 364936 
Present-day East and Southeast Asians from above with alternative models that fit 
3 Lahu Boshan Ikawazu Liangdao2 0.67 0.33 0.25 0.43 0.09 4.E-02 2.E-02 335739 
3 Kinh Boshan Ikawazu Liangdao2 0.89 0.39 0.23 0.38 0.09 4.E-02 1.E-03 333753 
3 Lahu Boshan G1 Liangdao2 0.6 0.41 0.11 0.49 0.04 1.E-02 3.E-03 219992 
3 Kinh Boshan G1 Liangdao2 0.83 0.5 0.11 0.39 0.04 1.E-02 2.E-04 219099 
3 Naxi Boshan G1 Liangdao2 0.07 0.63 0.09 0.28 0.05 4.E-02 3.E-04 208323 
3 Yi Boshan G1 Liangdao2 0.14 0.61 0.13 0.25 0.05 6.E-02 7.E-06 218507 
2 Thai * Kolyma Liangdao2 0.28 * 0.18 0.82 0.05 5.E-04 * 447021 
^See description in Table S6A. 
+Largest p-value is shown. 
"The standard error shown for the triple-source model is the lowest of the standard errors estimated. 
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Table S7A. f4(Mbuti, coastal sEastAsia_EN/LN; Dai, Ami). 
P1 P2 P3 P4 f4 Z N 
Mbuti Qihe Dai Ami 0.0017 5.2 540361 
Mbuti Liangdao1 Dai Ami 0.0025 7.4 384072 
Mbuti Liangdao2 Dai Ami 0.0025 7.6 879457 
Mbuti Xitoucun Dai Ami 0.0022 7.8 560694 
Mbuti Tanshishan Dai Ami 0.0027 8.5 410919 
Mbuti Suogang Dai Ami 0.0030 6.0 73771 
Mbuti Vanuatu Dai Ami 0.0041 12.7 365098 
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Table S7B. f4(Mbuti, SoutheastAsia; Ami or Dai, X) where X are select coastal 
northern and southern East Asians. Results shaded gray are where the ancient Southeast 
Asian set shares a closer relationship to the ancient East Asian than the present-day 
southern East Asian. The 4,000-year-old Man Bac individuals from northern Vietnam share 
a close relationship to the coastal sEastAsia_LN (Xitoucun, Tanshishan) relative to both 
the Ami and Dai, but particularly the Dai. Results are also significant for transversions only 
(2.6<Z<5.0, not shown here), indicating the result is robust to ancient DNA damage 
patterns.  
P1 P2 P3 P4 f4 Z N P1 P2 P3 P4 f4 Z N 
Mbuti La_G2 Ami Xitoucun -0.0013 -3.3 456918 Mbuti La_G2 Dai Xitoucun -0.0014 -4.2 456940 
Mbuti Ma912_G2 Ami Xitoucun -0.0008 -2.2 454824 Mbuti Ma912_G2 Dai Xitoucun -0.0008 -2.1 454842 
Mbuti G3 Ami Xitoucun -0.001 -2.4 231556 Mbuti G3 Dai Xitoucun -0.0002 -0.5 231562 
Mbuti G6 Ami Xitoucun -0.0028 -6.1 272758 Mbuti G6 Dai Xitoucun 0.0002 0.6 272767 
Mbuti G4 Ami Xitoucun -0.001 -2.5 324399 Mbuti G4 Dai Xitoucun -0.0006 -1.7 324412 
Mbuti Vt_G2 Ami Xitoucun 0.0001 0.1 103406 Mbuti Vt_G2 Dai Xitoucun -0.0005 -0.8 103407 
Mbuti Ban_Chiang Ami Xitoucun 0.0014 1.9 61320 Mbuti Ban_Chiang Dai Xitoucun 0.0017 2.6 61326 
Mbuti Man_Bac Ami Xitoucun 0.0024 5.4 229512 Mbuti Man_Bac Dai Xitoucun 0.0029 7.2 229524 
Mbuti Nui_Nap Ami Xitoucun 0.0003 0.6 239491 Mbuti Nui_Nap Dai Xitoucun 0.002 4.7 239504 
Mbuti Oakaie1 Ami Xitoucun 0.0013 2 127993 Mbuti Oakaie1 Dai Xitoucun 0.0018 3.2 127998 
Mbuti La_G2 Ami Tanshishan -0.0012 -2.7 333197 Mbuti La_G2 Dai Tanshishan -0.001 -2.5 333207 
Mbuti Ma912_G2 Ami Tanshishan -0.0007 -1.5 331494 Mbuti Ma912_G2 Dai Tanshishan -0.0004 -1 331502 
Mbuti G3 Ami Tanshishan -0.0005 -1 166143 Mbuti G3 Dai Tanshishan 0.0004 0.9 166144 
Mbuti G6 Ami Tanshishan -0.0023 -4.1 197522 Mbuti G6 Dai Tanshishan 0.0011 2.3 197528 
Mbuti G4 Ami Tanshishan -0.0014 -3.1 236074 Mbuti G4 Dai Tanshishan -0.0009 -2.1 236082 
Mbuti Vt_G2 Ami Tanshishan -0.001 -1.3 73623 Mbuti Vt_G2 Dai Tanshishan -0.001 -1.3 73624 
Mbuti Ban_Chiang Ami Tanshishan 0.0013 1.3 46452 Mbuti Ban_Chiang Dai Tanshishan 0.0024 2.7 46457 
Mbuti Man_Bac Ami Tanshishan 0.0015 2.9 174819 Mbuti Man_Bac Dai Tanshishan 0.0017 3.8 174826 
Mbuti Nui_Nap Ami Tanshishan -0.0009 -1.7 181760 Mbuti Nui_Nap Dai Tanshishan 0.0009 1.8 181768 
Mbuti Oakaie1 Ami Tanshishan 0.0002 0.3 95206 Mbuti Oakaie1 Dai Tanshishan 0.0008 1.2 95208 
Mbuti La_G2 Ami Qihe -0.002 -3.6 267748 Mbuti La_G2 Dai Qihe -0.0021 -4.1 267757 
Mbuti Ma912_G2 Ami Qihe -0.0026 -4.7 266872 Mbuti Ma912_G2 Dai Qihe -0.0028 -5.2 266878 
Mbuti G3 Ami Qihe -0.0012 -2 135228 Mbuti G3 Dai Qihe -0.0006 -1 135232 
Mbuti G6 Ami Qihe -0.0063 -9.8 158567 Mbuti G6 Dai Qihe -0.0031 -5.1 158573 
Mbuti G4 Ami Qihe -0.0027 -4.8 190676 Mbuti G4 Dai Qihe -0.002 -3.9 190682 
Mbuti Vt_G2 Ami Qihe -0.0013 -1.5 59982 Mbuti Vt_G2 Dai Qihe -0.001 -1.3 59982 
Mbuti Ban_Chiang Ami Qihe -0.0001 -0.1 39518 Mbuti Ban_Chiang Dai Qihe 0.0004 0.4 39522 
Mbuti Man_Bac Ami Qihe 0.0003 0.5 149020 Mbuti Man_Bac Dai Qihe 0.0003 0.5 149028 
Mbuti Nui_Nap Ami Qihe -0.002 -2.9 154158 Mbuti Nui_Nap Dai Qihe -0.0005 -0.9 154168 
Mbuti Oakaie1 Ami Qihe 0.0001 0.1 81049 Mbuti Oakaie1 Dai Qihe 0.0005 0.6 81052 
Mbuti La_G2 Ami Bianbian -0.0031 -6.8 559756 Mbuti La_G2 Dai Bianbian -0.0031 -7.5 559780 
Mbuti Ma912_G2 Ami Bianbian -0.0028 -5.6 553899 Mbuti Ma912_G2 Dai Bianbian -0.0027 -6 553916 
Mbuti G3 Ami Bianbian -0.0033 -6.8 269769 Mbuti G3 Dai Bianbian -0.0023 -5.4 269776 
Mbuti G6 Ami Bianbian -0.0049 -8.7 332185 Mbuti G6 Dai Bianbian -0.0016 -3.3 332197 
Mbuti G4 Ami Bianbian -0.0018 -3.7 392442 Mbuti G4 Dai Bianbian -0.0013 -3.1 392458 
Mbuti Vt_G2 Ami Bianbian -0.0018 -2.7 120248 Mbuti Vt_G2 Dai Bianbian -0.0023 -3.5 120250 
Mbuti Ban_Chiang Ami Bianbian -0.0014 -1.6 67370 Mbuti Ban_Chiang Dai Bianbian -0.0003 -0.3 67375 
Mbuti Man_Bac Ami Bianbian -0.002 -4.1 259424 Mbuti Man_Bac Dai Bianbian -0.0015 -3.2 259435 
Mbuti Nui_Nap Ami Bianbian -0.0024 -4.3 271951 Mbuti Nui_Nap Dai Bianbian -0.0006 -1.2 271964 
Mbuti Oakaie1 Ami Bianbian 0.0001 0.1 143480 Mbuti Oakaie1 Dai Bianbian 0.0003 0.5 143486 
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Table S8A. Top thirty f3(Mbuti; Hòabìnhian, X) where X are all present-day and 
ancient East Eurasians, ordered from largest to smallest. We used the G1 set to 
represent Hòabìnhians. Two sets are shaded gray, for the Neolithic Southeast Asian Man 
Bac and for the Ikawazu Jōmon. The Man Bac result is lower than that observed for most 
other Southeast Asians, and the Ikawazu result is lower or similar to that observed for 
several present-day East Asians, and ancient individuals from the Tibetan Plateau and 
coastal northern East Asia. 

X f3 SE Z N X f3 SE Z N 
Vt_G2 0.2648 0.004 59.5 73244 Han_Chongqing 0.2548 0.003 81.0 382752 
Ban_Chiang 0.2628 0.006 43.4 28921 Mebrak 0.2546 0.004 72.4 228240 
G3 0.2617 0.004 74.3 156958 Chokhopani 0.2545 0.003 77.6 353824 
Nui_Nap 0.2592 0.004 65.4 107253 She 0.2545 0.003 81.1 381929 
Oakaie1 0.2585 0.005 55.3 63426 Japanese 0.2544 0.003 82.7 391602 
G4 0.2580 0.003 75.2 208661 Korean 0.2544 0.003 81.8 382789 
G6 0.2580 0.004 70.7 182423 Han_Anhui 0.2541 0.003 76.2 366739 
Ma912_G2 0.2580 0.003 76.1 286653 Dai 0.2541 0.003 82.6 402021 
UstBelaya_N 0.2575 0.004 68.4 152176 Kinh 0.2539 0.003 81.8 382630 
La_G2 0.2573 0.003 76.5 297744 Ikawazu 0.2538 0.004 71.7 280931 
Ami 0.2558 0.003 81.5 380309 Boshan 0.2538 0.003 73.2 289377 
Han_Guangdong 0.2556 0.003 78.0 367121 Tujia 0.2536 0.003 80.1 382445 
Yi 0.2553 0.003 81.5 383139 Naxi 0.2536 0.003 80.5 392391 
Xiaojingshan 0.2552 0.003 73.2 169631 Han_Sichuan 0.2535 0.003 83.9 406806 
Man_Bac 0.2551 0.004 67.5 101955 Han_Shandong 0.2534 0.003 82.4 398708 
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Table S8B. f4(Mbuti; Hòabìnhian, Jōmon, X) where X are the ancient coastal 
sEastAsians, ordered from oldest to youngest (8,400-300 BP). We used the G1 set to 
represent Hòabìnhians and Ikawazu to represent Jōmon. We found that f4(Mbuti, G1; 
Ikawazu, North/South)~0 (-1.3<Z<1.7), which suggests that the Jōmon individual does not 
show genetic affinities to Hòabìnhians. 

P1 P2 P3 P4 f4 Z N 

Mbuti G1 Ikawazu Qihe 0.0009 1.2 192171 
Mbuti G1 Ikawazu Liangdao1 0.0014 1.7 138738 
Mbuti G1 Ikawazu Liangdao2 -0.0001 -0.1 310243 
Mbuti G1 Ikawazu Suogang -0.0014 -0.9 26509 
Mbuti G1 Ikawazu Xitoucun 0.0004 0.5 201763 
Mbuti G1 Ikawazu Tanshishan -0.0001 -0.2 143175 
Mbuti G1 Ikawazu Chuanyun 0.0006 0.7 105005 
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Table S9. Values for f4(Mbuti, Jōmon; X, Y) where f4 is significantly greater than zero 
(Z>2.5). X and Y are ancient East Asians, Tibetans, and Siberians, as well as ancient 
Austronesians. Results shaded in gray are where X is an inland population (steppe 
Siberia_EN, inland nEastAsia_EN, Tibet_LN) and Y is a coastal population (coastal 
Siberia_EN, coastal nEastAsia_EN, coastal sEastAsia_EN/LN/H), or where the Jōmon 
shares a closer relationship to the coastal population than an inland population. Results 
indicate that most significant results follow a coastal connection pattern.  

P1 P2 P3 P4 f4 Z N 
Mbuti Ikawazu Shamanka_EN DevilsCave_N 0.002 5.7 890360 
Mbuti Ikawazu Chokhopani DevilsCave_N 0.0022 4.5 888826 
Mbuti Ikawazu G6 DevilsCave_N 0.0021 3.8 447728 
Mbuti Ikawazu Shamanka_EN Xiaojingshan 0.0014 3.7 441768 
Mbuti Ikawazu Yumin DevilsCave_N 0.0019 3.5 670390 
Mbuti Ikawazu Lokomotiv_EN DevilsCave_N 0.0015 3.4 786730 
Mbuti Ikawazu Shamanka_EN Chuanyun 0.0018 3.2 243537 
Mbuti Ikawazu Shamanka_EN Liangdao1 0.0017 3.2 303307 
Mbuti Ikawazu Shamanka_EN Liangdao2 0.0015 3 686946 
Mbuti Ikawazu Vanuatu DevilsCave_N 0.0016 2.9 290767 
Mbuti Ikawazu Shamanka_EN Bianbian 0.0014 2.9 539208 
Mbuti Ikawazu Yumin Chuanyun 0.0022 2.9 227007 
Mbuti Ikawazu Vanuatu Liangdao2 0.0018 2.8 271699 
Mbuti Ikawazu Chokhopani Liangdao2 0.0017 2.8 685706 
Mbuti Ikawazu Vanuatu Xiaojingshan 0.0015 2.5 220222 
Mbuti Ikawazu Shamanka_EN UstBelaya_N 0.0012 2.5 381330 
Mbuti Ikawazu Chokhopani Chuanyun 0.0018 2.5 243040 
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