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Materials and Methods

Description of archaeological sites

Man Bac (Vietnam Neolithic)

Man Bac is on the southern edge of the Red River Delta, 25 km from the current coast, in
Yen Mo District, Ninh Binh Province, northern Vietnam. The site is well sheltered by
surrounding steep karstic outcrops. Man Bac was comprehensively excavated in 1999, 2001,
2004-5 and 2007, revealing a wealth of material cultural and zooarchaeological remains in
addition to 100 human burials [7]. While the pottery styles, including manufacture techniques
and decoration, have a strong local influence, it is clearly associated with the broadly distributed
Phung Nguyen culture in northern Vietnam. While the Phung Nguyen is often identified with the
earliest introduction of bronze into northern Vietnam, there is no evidence for a knowledge of
bronze at Man Bac, and indeed the dating of the introduction of Bronze into northern Vietnam is
simply not known [27].

The site, while contextually complex, essentially consists of three major stratigraphic
units, the upper two being associated with structures (as evidenced by extensive evidence for
post holes) and everyday living (hearths, food remains, and general debitage). The lower layer,
extending to approximately 2m in depth in parts, is for the most part free of general midden
material and otherwise sterile except for the burials. In general, Man Bac displays evidence for
elevated levels of fertility, cranio-dental morphological and mtDNA diversity, rice cultivation
and domestic pig rearing as well as a broad and diverse continued reliance on hunting as part of
the subsistence mix. Mortuary studies of Man Bac have indicated a loose age-based hierarchy
and complex system of social identities, including a range of age-based transitions in
childhood [28]. Further, Man Bac provided the backdrop to the development of the new sub-
discipline “the bioarchaeology of care” with the adult quadriplegic case of Man Bac 09 [29, 30].

Samples used in this study:

e VN22 (07.MB.H2.M15): Female*, 3836-3694 cal yBP (3490+25 BP, PSUAMS-1920)

e VN29 (05.MB.M16): Female, estimated 3900-3600 yBP

e VN31 (05.MB.M2): Male*, estimated 3900-3600 yBP

e VN33 (07.MB.H1.M10): Male, estimated 3900-3600 yBP

e VN34 (07.MB.H1.M6): Female*, 4080-3845 cal yBP (363035 BP, Poz-81116, date suspect
due to C:N ratio of 3.68 — but reasonable based on archaeological context, and only slightly
elevated C:N ratio)

e VN37 (07.MB.H1.M09): Male, 3825-3637 cal yBP (3445+20 BP, PSUAMS-2409)

e VN39 (07.MB.H2.M16): Male*, 3831-3694 cal yBP (3480+£20 BP, PSUAMS-2410)

e VN40 (07.MB.H2.M14): Male*, 3818-3614 cal yBP (3430+20 BP, PSUAMS-2370)
*Sex assignment uncertain from skeletal material and reported based on genetic data



Nui Nap (Vietnam Bronze Age)

First surveyed in 1962 and subsequently excavated in 197677, Nui Nap is located at the
base of a limestone mountain in Dong Hieu District, Thanh Hoa province, only 10km distant
from the eponymous Dong Son site. Over 30 extended supine burials were recovered, including a
broad range of mortuary offerings, including: bronze spear and arrow heads, daggers, axes,
harpoons, vessels, earrings, drums, beads (including glass), pottery and even the occasional Han
coin [24]. Nui Nap provides the first verified evidence of the use of betel nut (Areca catechu) in
northern Vietnam [31] and along with other Bronze and Iron Age sites in the region, contributes
to our understanding of the rise of infectious disease with the emergence of agricultural
dependence [32].

Nui Nap is situated in a region conquered by the Han in the late first millennium BC,
becoming the southern-most Han administrative region for much of the first millennium AD.
Indeed, there are clear records for massive Han migration into northern Vietnam from the first
century AD [24].

Samples used in this study:

e VNA41 (78.NN.M4.KB): Female, estimated 2100-1900 yBP
e VNA42 (77.NN.M7.KB): Male, 1994-1901 cal yBP (200515 BP, PSUAMS-2371)

Ban Chiang (Thailand Neolithic through Iron Age)

Ban Chiang, an UNESCO world heritage archaeological site that spans the pre-metal
(Neolithic) to Bronze/lron Ages, is located in the village of Ban Chiang, Nong Han District,
Udon Thani Province, northeastern Thailand [16]. Radiocarbon dating, based primarily on
artifacts from this site, suggests dates of ca. 2100 BCE to 200 CE [33]. Dating of the human and
associated animal bones from the site suggests the initial settlement of Ban Chiang occurred ca.
1600-1450 BCE, with the transition to the Bronze Age occurring ca. 1100 BCE [34]. The
archaeological sequence at Ban Chiang is known for its distinctive decorative pottery,
ornaments, elaborate burial offerings, and early evidence of metallurgy and agriculture, including
bronze artifacts and domesticated rice. A total of 142 burials from two separate sites in the
village of Ban Chiang, about 100 meters apart, which were excavated under the direction of
Chester Gorman (University of Pennsylvania) and Pisit Charoenwongsa (Thai Fine Arts
Department-FAD) in 1974 and 1975, are described in ref. [16].

Samples used in this study:
e BCES B67: Female*, estimated 3500-3200 yBP (Early Period I1-1V, Late Neolithic/Early

Bronze Age)
e BCES B38: Female*, estimated 3200-3000 yBP (Early Period 1V, Bronze Age)



e BCES B54: Male, estimated 3200-3000 yBP (Early Period IV, Bronze Age)

e BCES B27: Female, estimated 3000-2800 yBP (Early Period V, Bronze Age)

e BCES B16: Male*, estimated 2600-2400 yBP (Middle Period VII, Early Iron Age)
*Sex assignment uncertain from skeletal material and reported based on genetic data

Oakaie (Myanmar Late Neolithic/Early Bronze Age)

Partial excavation of the Oakaie 1 (OAI1) cemetery in 201415 revealed forty single and
six double burials of adults and juveniles, male and female, cut into a sterile volcanic tuff at
varying depths and orientations. Funerary offerings included bivalve shells, pottery, stone beads
and bracelets, bone bracelets, spindle whorls, a cowrie shell and a dog. Metal was found in only
one grave, S15, in the form of a single bronze axe. A complex stratigraphy with significant
ancient and recent disturbance currently precludes the definitive attribution of the burials without
metal, including S28 and S29, to either the Neolithic or Bronze Age periods. In the absence of
preserved collagen, radiocarbon dating was attempted using bone and tooth apatite and shells but
most of the determinations are problematic, typically appearing too young. More reliable dating
is provided by the extrapolation of charcoal dates and ceramic techno-typologies from closely
neighbouring sites.

Indeed, OAI1 is but is one activity area of an extensive late Neolithic to early Bronze
Age site located on the eastern bank of the Chindwin, approximately 100 km north of the
confluence with the Irrawaddy. Nyaung’gan, the first late prehistoric site investigated by
Myanmar archaeologists [35], lies 2.6 km to the NNE and a vast settlement and industrial zone
extends over at least 1000 m to the south, west and north, with excavated locations OAI2-4. A
series of 52 1C dates indicate occupation from the 12" to 8" centuries BC, with the Bronze Age
transition probably falling in the 10" century. A major lithics industry is evident in the
production of axe/adzes, beads, bracelets and other ornaments, partly derived from proximity to
sources of volcanic rock but also using imported agate, carnelian, nephrite and other minerals.
Archaeometallurgical analyses indicate on-site secondary production activity (founding) but that
the copper used is consistent with imports from central Laos and central Thailand, and not with
the nearby deposits at Monywa [36]. These combined data suggest that the population buried at
OAI1 had some degree of interaction with groups over in excess of 1000 km of MSEA territory.

Samples used in this study:

o OAI1/S28: Female, estimated 3200-2700 yBP
o OAI1/S29: Female, estimated 3200-2700 yBP

Vat Komnou (Cambodia Iron Age)

The Vat Komnou cemetery, ca. 200 BCE — 200 CE, at the Angkor Borei site in southern
Cambodia is located on the western edge of the Mekong Delta [17, 37]. The dates for this site
fall within the Protohistoric Period or Iron Age (ca. 500 BCE — 500 CE). In addition to brick



architectural monuments, associated moats, and ponds, the Vat Komnou mortuary assemblage
includes human burials, beads, ceramics, multiple pig skulls, and other faunal remains [37, 38].
A total of 111 individuals were sorted and analyzed from 57 burial features excavated at the Vat
Komnou cemetery by the Lower Mekong Archaeological Project (LOMAP) in 1999 and 2000.
Participating LOMARP Institutions are: University of Hawai‘i-Manoa (USA), Ministry of Culture
and Fine Arts (Kingdom of Cambodia), Royal University of Fine Arts (Kingdom of Cambodia),
University of Glasgow (Scotland, UK), and Scottish Universities Environmental Research Centre
(Scotland, UK). There was extensive commingling of the burials at the Vat Komnou cemetery
due, in part, to its apparent re-use through time [38]. The Vat Komnou cemetery is one of the
largest archaeological skeletal samples analyzed to date from Cambodia.

Sample used in this study:

e AB40: Male, 1890-1731 cal yBP (1885+30 BP, P0z-81120, date suspect due to C:N ratio of
3.75 — but reasonable based on archaeological context, and only slightly elevated C:N ratio)

Experimental design

DNA was extracted from archaeological samples as described below. Resulting genotype
data were analyzed using population genetic tools to infer historical processes.

Ancient sample preparation and data processing

We screened a total of 146 ancient petrous bone samples for the presence of human
DNA, following an established procedure [39-41]. We obtained bone powder in a dedicated
clean room facility at University College Dublin and extracted DNA via published protocols [42,
43] in clean rooms at Harvard Medical School. A subset of the extracts were executed using
silica magnetic beads instead of the standard silica spin columns (Table S1). From the extracts,
we prepared double-stranded individually bar-coded libraries, some of which (including all
libraries used for final analyses) we treated with uracil-DNA glycosylase (partial UDG
treatment) to reduce the rate of characteristic cytosine-to-thymine errors in ancient DNA [44,
45]. For the majority of libraries, we used magnetic bead cleanup between enzymatic reactions
and SPRI bead cleanup for the final PCR [46, 47] instead of MinElute column cleanups (Table
S1). We initially used target capture hybridization to enrich the libraries for sequences
overlapping the mitochondrial genome [48, 49] and in most cases a set of approximately 3000
nuclear SNP targets, and we then sequenced the enriched libraries on an Illumina NextSeq 500
instrument with 76-base-pair paired-end reads. From the output, we merged sequences that were
within 1-base-pair edit distance of expected bar-codes and with at least 15 overlapping bases,
trimmed bar-codes and adapters, and mapped the merged reads to the mitochondrial reference
genome RSRS [50] or to the human reference genome (version hgl9) as appropriate. Mapped



reads were then quality-filtered and de-duped, and two terminal bases were clipped to reduce
damage (five for UDG-minus libraries), as described previously [39]. For libraries with evidence
of nuclear DNA, we then enriched for sequences overlapping approximately 1.2 million genome-
wide SNPs [40, 41, 51] (in some cases pooling libraries from the same individual prior to
enrichment; Table S1) and sequenced to increased depth, processing the data in the same way.
We called one allele at random per site to create pseudo-haploid genotypes and determined
genetic sex by examining the factions of reads mapping to the X and Y chromosomes.

Because of the poor molecular preservation of the samples, we prepared multiple libraries
for most individuals (102 libraries used in final analyses for 18 samples, out of 164 libraries
screened for those samples; Table S1), which we then merged after data processing. All 102
libraries displayed ancient DNA damage (at least 14% C-to-T substitutions in the final base of
mitochondrial screening sequencing reads), providing evidence of authenticity [45, 52], with
noticeably high damage rates for these samples likely reflecting hot and humid local climates.
During screening, we assessed possible contamination by measuring rates of apparent
heterozygosity on the mitochondrial genome [51], and we performed follow-up heuristic
analyses on the genome-wide data to test for the presence of potentially contaminating present-
day human DNA (see below).

Mitochondrial DNA haplogroups were called with HaploGrep2 [53] using phylotree
(mtDNA tree Build 17; 18 Feb 2016), with final calls based on comparisons between single-
library results and reassembled multi-library merges for each individual (versions with all reads
and with only reads showing evidence of damage). Y-chromosome haplogroups were determined
from 15,100 targeted SNPs; mutations were compared with the tree provided by the International
Society of Genetic Genealogy (http://www.isogg.org) via a modified version of the yHaplo
software [54].

Present-day data

We generated new genome-wide SNP genotype data on the Affymetrix Human Origins
array for 10 Htin and 10 Mlabri individuals [20, 55, 56]. All individuals gave informed consent
for genome-wide analyses of population history and public sharing of anonymized data
following publication. The sample collection was approved by an ethical review panel in
Thailand, and genotyping of anonymized samples for studies of population history was approved
by the Harvard Medical School Human Research Protection Program (Protocol 11661, approval
date July 12, 2016). We merged these new data with published Human Origins samples [57-61]
and with 1000 Genomes populations [62]. Han, Kinh, and Japanese data were taken from 1000
Genomes, whereas Dai were taken from Human Origins, except in the statistic f4(Nui Nap, X; Y,
Z), where we used all 1000 Genomes populations to increase power and retain symmetry of data
sources. All analyses were performed using the set of 593,124 autosomal Human Origins SNPs,
unless otherwise noted (“all 1240k SNPs” refers to the full set of about 1.15 million targeted
autosomal SNPs).



Statistical analysis

Clustering and allele-sharing analyses

We performed PCA by computing principal components for present-day populations
(except as noted) and then projecting ancient samples, using the “lsqproject” and “autoshrink”
options in smartpca [63, 64]. We computed f-statistics and fit admixture graphs via
ADMIXTOOLS [57], with standard errors estimated via block jackknife. For differences
between f-statistics (in particular comparing VN29 and other Man Bac individuals), we used the
qp4diff program in ADMIXTOOLS with “allsnps” mode, i.e., taking the union of all covered
SNPs rather than the intersection. We note that no individuals in the study were identified as
close relatives based on allele matching rates; for the coverage level of the Man Bac samples, we
can confidently rule out any first-degree kinship but not more distant relationships. Our primary
outgroup fz-statistics use Dinka as the outgroup, with a second set using Europeans (CEU) for
replication (Table S2).

Analysis of possible contamination

Our initial methods to authenticate our data and estimate levels of possible contamination
were based on established protocols implemented in our screening process. First, we observed
characteristic ancient DNA damage patterns, with at least 14% C-to-T substitutions in terminal
positions of molecules mapping to mtDNA (roughly twice the rate in non-UDG-treated libraries
versus partial UDG libraries: min 37%, mean 62%, median 62%, max 74% for 26 non-UDG
libraries; mean 31%, median 31%, max 46% for 101 of the 102 partial-UDG libraries used in
analyses; Table S1). Such high damage rates (including ~40% for VN29) make it less likely that
the samples have substantial amounts of contamination but do not provide quantitative estimates.
We also measured apparent heterozygosity at single-copy markers (mtDNA as well as the X
chromosome in males), with mtDNA results shown in Table S1. Of the 102 libraries used in
analyses, 42 yielded estimates of the mismatch rate, with a range of 0.1-20.5% (mean 7.0%,
median 5.1%). However, we believe that the exact quantitative results are not always reliable for
low-coverage libraries. Estimates based on the X chromosome are generally more stable, but we
lacked sufficient coverage for the samples in this study to generate confident measurements with
this method.

While the damage patterns and mtDNA matching results indicated reasonably good
quality data, we wished to extend our quality control by examining potential effects of
contaminating DNA on observed population genetic results. In the broad-scale PCA (Fig. S1), all
samples are close to present-day East and Southeast Asians, with none displaying particular signs
of greater affinity to Europeans (as might be expected if there were contamination). In the PCA
focusing on East and Southeast Asia (Fig. 1B), none of the samples appear to be shifted
unexpectedly in the direction of present-day populations such as Han or Kinh, and the ancient
populations are all relatively homogeneous (especially considering the low coverage). We also



studied versions of the sample data restricted to sequencing reads showing ancient DNA damage
patterns, but we found that the coverage was too low (generally at least 10 times thinner than the
already low-coverage full data) to draw any informative conclusions. Finally, we computed f-
statistics designed to detect excess affinity to potentially contaminating populations and did not
find any such evidence at a level that would significantly affect our results (Table S3). We also
note that if the VN29 sample from Man Bac were contaminated with present-day East Asian
DNA, this would cause its apparent proportion of deeply splitting ancestry to be too low,
preserving our observation of within-site heterogeneity.

Admixture graphs: core model

Native Americans such as Mixe are known to have a mixture of eastern and western
Eurasian ancestry [65]. Since we are primarily interested here in results involving eastern
Eurasian populations, we did not wish to make our models overly complicated by including
western Eurasians. With the populations present in our core model, however, we needed to
include an implicit western Eurasian component in Mixe; the proportion of this component was
not constrained, so to simplify the fitting, we locked it at 30%. We also obtained similar results
when replacing Mixe with Ulchi from the Amur River Basin (~5% western Eurasian ancestry).

Without additional unadmixed reference populations available in our admixture graphs,
we did not have power to resolve the exact topology of the two source lineages for Austroasiatic-
clade populations. The final model we present is the most parsimonious version, with an initial
shared admixture event for Nicobarese, Mlabri, and Man Bac, but we can also fit all three
populations with separate admixture events, which yields a very similar fit score but with two
additional free parameters in the model. Formally, we cannot prove that the farmer lineages
contributing to Nicobarese, Mlabri, and Man Bac represent a single migration out of China, as
we did find one less parsimonious model (with statistically indistinguishable fit quality) in which
the farmer component for Man Bac can be fit outside the Austroasiatic clade (or even the
Austroasiatic-plus-Austronesian clade). However, we do not find evidence of substantial
asymmetry between Man Bac and either Nicobarese or Mlabri with respect to other present-day
Southeast Asians (Table S3), which supports our other lines of evidence for a shared ancestral
admixture event.

Lastly, we fit a model for Man Bac with all 1240k SNPs, using full sequence data for
other present-day populations, but with no other Austroasiatic speakers present, and the results
(insofar as the models were overlapping) were very similar.

Admixture graphs: western Indonesians

Using our main graph topology, we obtained a significantly better fit for Barito (fit
score—i.e., approximate log-likelihood—roughly 9 units better) as a mixture of Austroasiatic-
clade and Austronesian (plus additional Papuan-related) ancestry as compared to only
Austronesian and deeply-splitting ancestry. This is true even if the deeply-splitting ancestry is
from the same source that contributes to Austroasiatic speakers, and also allowing for a



combination of two different deep ancestry components. In a less parsimonious topology for the
Austroasiatic clade, with separate deep ancestry sources for Nicobarese, Mlabri, Man Bac, and
western Indonesians, a simpler Austronesian-plus-indigenous model does fit successfully for
Barito or Semende individually, but it is again worse when modeling Barito and Semende
together (roughly 3.5 units worse with two additional free parameters). We also note that in the
final version, we modeled the Austroasiatic-related (Nicobarese-related) component in western
Indonesians as including the extra deep indigenous ancestry present in Nicobarese, but the
alternative model (western Indonesians having ancestry splitting from the Nicobarese lineage
prior to the second admixture event) also fits well, so we do not have the resolution to determine
the order of those two events.

Admixture graphs: Dai and Lao

We model both Dai and Lao as three-way admixed (Fig. S4; evidence of admixture
provided by negative fs-statistics, e.g., f3(Dai; Han, Nicobarese) = —0.0014, Z = —3.3; f3(Lao; Dali,
Nicobarese) = —0.0035, Z = —7.8). For Dai, the majority component is closely related to the
farmer ancestry in Austroasiatic speakers, with additional northern East Asian (32%) and deep
eastern Eurasian (5%, same Onge-related source as in Austroasiatic speakers) ancestry. For Lao,
the first two components are the same (but in different proportions), while the third is from the
Austroasiatic clade (close to the split of Mlabri and Nicobarese). Dai can also be modeled with
the same three components as Lao, with a statistically indistinguishable fit. Lao, however, fits
significantly better in the final model (fit score roughly 10 better) than in versions where they are
modeled as either (1) a mixture of one component sister to Dai and one from the Austroasiatic
clade, or (2) a three-way mixture using the same components as in Dai (i.e., with the same Onge-
related ancestry as Austroasiatic speakers but not the same farmer ancestry). For both groups, the
three sources do not indicate proximal mixing populations (given that the Mixe-related ancestry
is likely derived ultimately from northern China), but they represent the key relevant components
of ancestry relative to the reference populations in the model.

Admixture graphs: Juang

For Juang, the inferred western Eurasian component is itself admixed in reality, but for
the purposes of our model, it fits best as closely related to the Ancient Northern Eurasian lineage
forming part of the ancestry of Native Americans. The deep eastern Eurasian component splits
close to the same point as Onge, East Asians, and the indigenous Austroasiatic component. A
mixture of two components of this type is characteristic of Indian populations today [66]; Juang,
however, is distinguished from most South Asians by its third, Austroasiatic-related source of
ancestry.
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Fig. S2.

Basic admixture graph for Man Bac with present-day Austroasiatic-speaking populations. All f-
statistics relating the populations are predicted to within 1.3 standard errors of their observed
values. Omitting VN29, the two fitted mixture proportions are 28% and 6%, and all f-statistics
are predicted to within 1.5 standard errors; omitting VN29 and VN40, the figures are 27%, 6%,
and 1.7. Dotted lines denote admixture events, with proportions as shown. Branch lengths are
given in units of 1000 times f. drift distance (rounded to the nearest integer).
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Fig. S3.

Extended admixture graph including Man Bac, present-day Austroasiatic-speaking populations,
Dai, Semende, Barito, Lebbo, and Juang. All f-statistics relating the populations are predicted to
within 1.8 standard errors of their observed values. Dotted lines denote admixture events, with
proportions as shown. Branch lengths are given in units of 1000 times f> drift distance (rounded

to the nearest integer).
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Fig. S4.

Extended admixture graph including Man Bac, present-day Austroasiatic-speaking populations,
Dai, Semende, Barito, and Lao. All f-statistics relating the populations are predicted to within 1.9
standard errors of their observed values. Dotted lines denote admixture events, with proportions
as shown. Branch lengths are given in units of 1000 times f, drift distance (rounded to the nearest

integer).
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Table S1. (separate file)
Detailed library-level information for samples passing through screening process.

Table S2. (separate file)
Outgroup fs-statistics.

Table S3. Additional f-statistics.

Statistic Populations X Z-score(s) Interpretation
f4(X, Han; Denisova, Chimp) Man Bac*, Nui Nap*, -1.4,-0.6,0.7,4.4 Significa_nt Denisovan [67]
Barito. Lebbo ancestry in Lebbo but not
' Man Bac, Nui Nap, or
Barito
f4(X, Han; Altai, Chimp) All ancient™ -2.3<72<0.3 No evidence of excess
Neanderthal [68] ancestry
in ancient samples
f4(X, Nui Nap; Dinka, Man Bac)  All present-day from All>45 Likely artificial apparent
Fig. 1B allele-sharing between
ancient populations
f4(X, Kinh; European, African)T All ancient ind.* —25<Z<13 No evidence of S|gn|f_|cant
European contamination
f4(X1, Xo; Japanese, Han); All pairs of ancient All but two |Z| <3 No evidence of significant

f4(X1, Xo; Japanese, Kinh); individuals™ from the East_Asian contamination
. 4 same site (120 total (1| = 3.0 and 3.5 for two
f4(X1, Xo; Kinh, Han) statistics) statistics involving VN31)

f4(VN29, Man Bac; Australasian, — 3.0 Replication of excess deep
it ancestry in VN29
Han) (Bonferroni-corrected

p<0.02) using full sequence
data for Papuan and
Andamanese [69, 70]

f4(X, Kinh; Nicobarese, Man Bac); Ami, Atayal, Dai, Han,  All [Z| <2.6 No substantial asymmetry
f,(X, Kinh; Mlabri, Man Bac) LahL_J, Miao, Myanmar, between !\/Iz?m Bac and
Naxi Austroasiatic speakers
f4(X, Kinh; Papuan, Onge); Man Bac, Nicobarese, -3<Z<0.9(8/9); Deep ancestry is not closely
f,(X, Kinh; Palliyar, Onge); Mlabri Z = 2.1 (Tianyuan and relgted to Pa_puan, Sguth
] . Man Bac) Asians, or Tianyuan;
f4(X, Kinh; Tianyuan, Onge) ancient sample artifact for
Man Bac with Tianyuan
f4(Lebbo, Kinh; Papuan, Onge) - 27.0 Extra deep ancestry in
Lebbo is Papuan-related
f4(X1, Xo; X3, Nui Nap) Any combination of 1000 All |Z| >2.4 (all >2.1 Small but measurable
Genomes Dai, Kinh, Han, using all 1240k SNPs) changes in ancestry
or Japanese between the Bronze Age in
Vietnam and the present
day

*All 1240k SNPs. 1000 Genomes CEU and YRI. #Computed indirectly as f4(X1, Y; Z, W) —f4(X5, Y; Z, W) [19].

14



References and Notes

1. C. Higham, Hunter-gatherers in southeast Asia: From prehistory to the present. Hum. Biol. 85,
21-43 (2013). doi:10.3378/027.085.0302 Medline

2. M. Oxenham, H. R. Buckley, The population history of mainland and island Southeast Asia, in
The Routledge Handbook of Bioarchaeology in Southeast Asia and the Pacific Islands,
M. Oxenham, H. R. Buckley, Eds. (Routledge, 2016), pp. 9-23.

3. C.J. Bae, K. Douka, M. D. Petraglia, Human colonization of Asia in the Late Pleistocene: An
introduction to supplement 17. Curr. Anthropol. 58, S373—-S382 (2017).
doi:10.1086/694420

4. C. Higham, Languages and farming dispersals: Austroasiatic languages and rice cultivation, in
Examining the Farming/Language Dispersal Hypothesis, P. Bellwood, C. Renfrew, Eds.
(McDonald Institute for Archaeological Research, 2002), pp. 223-232.

5. P. Bellwood, First Farmers: The Origins of Agricultural Societies (Blackwell, Oxford, 2005).

6.Z. Chi, H.-C. Hung, The emergence of agriculture in southern China. Antiquity 84, 11-25
(2010). doi:10.1017/S0003598X00099737

7. M. F. Oxenham, H. Matsumura, K. D. Nguyen, Man Bac: The Excavation of a Neolithic Site
in Northern Vietnam (ANU Press, 2011).

8. H. Matsumura, M. F. Oxenham, Y. Dodo, K. Domett, N. K. Thuy, N. L. Cuong, N. K. Dung,
D. Huffer, M. Yamagata, Morphometric affinity of the late Neolithic human remains
from Man Bac, Ninh Binh Province, Vietnam: Key skeletons with which to debate the
‘two layer’ hypothesis. Anthropol. Sci. 116, 135148 (2008). doi:10.1537/ase.070405

9.Z. Chi, H.-C. Hung, Later hunter-gatherers in southern China, 18,000-3000 BC. Antiquity 86,
11-29 (2012). doi:10.1017/S0003598X00062438

10. H. Matsumura, M. F. Oxenham, Demographic transitions and migration in prehistoric
East/Southeast Asia through the lens of nonmetric dental traits. Am. J. Phys. Anthropol.
155, 45-65 (2014). doi:10.1002/ajpa.22537 Medline

11. C. F. Higham, Archaeology, linguistics and the expansion of the East and Southeast Asian
Neolithic, in Archaeology and Language II: Correlating Archaeological and Linguistic
Hypotheses, R. Blench, M. Spriggs, Eds. (Routledge, 1998), pp. 103—114.

12. I. Pejros, V. Shnirelman, Rice in Southeast Asia: A regional interdisciplinary approach, in
Archaeology and Language I1: Correlating Archaeological and Linguistic Hypotheses,
R. Blench, M. Spriggs, Eds. (Routledge, 1998), pp. 379-389.

13. P. Bellwood, M. Oxenham, B. C. Hoang, N. K. Dzung, A. Willis, C. Sarjeant, P. Piper, H.
Matsumura, K. Tanaka, N. Beavan-Athfield, T. Higham, N. Q. Manh, D. N. Kinh, N. K.
T. Kien, V. T. Huong, V. N. Bich, T. T. K. Quy, N. P. Thao, F. Campos, Y.-I. Sato, N. L.
Cuong, N. Amano, An Son and the Neolithic of southern Vietnam. Asian Perspect. 50,
144-175 (2011). doi:10.1353/as1.2011.0007

14. P. Sidwell, R. Blench, The Austroasiatic Urheimat: The southeastern riverine hypothesis, in
Dynamics of Human Diversity: The Case of Mainland Southeast Asia, N. J. Enfield, Ed.
(Pacific Linguistics, 2011), pp. 317-345.

15


http://dx.doi.org/10.3378/027.085.0302
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24297219&dopt=Abstract
http://dx.doi.org/10.1086/694420
http://dx.doi.org/10.1017/S0003598X00099737
http://dx.doi.org/10.1537/ase.070405
http://dx.doi.org/10.1017/S0003598X00062438
http://dx.doi.org/10.1002/ajpa.22537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24954129&dopt=Abstract
http://dx.doi.org/10.1353/asi.2011.0007

15. T. O. Pryce, A. A. Kyaw, L. Andia, L. Champion, C. Colonna, A. Favereau, K. Myat Myat
Htwe, X. Peixoto, B. Pradier, A. Willis, F. Valentin, A. Zazzo, Dating the Myanmar
Bronze Age: Preliminary 14C dates from the Oakaie 1 cemetery near Nyaung’gan. J.
Indo-Pacific Arch. 39, 38—49 (2015). doi:10.7152/jipa.v39i10.14902

16. M. Pietrusewsky, M. T. Douglas, Ban Chiang, a Prehistoric Village Site in Northeast
Thailand, Volume 1, The Human Skeletal Remains (Univ. of Pennsylvania Museum of
Archaeology and Anthropology, 2002).

17. R. M. Ikehara-Quebral, M. T. Stark, W. Belcher, V. Vuthy, J. Krigbhaum, R. A. Bentley, M.
T. Douglas, M. Pietrusewsky, Biocultural practices during the transition to history at the
Vat Komnou Cemetery, Angkor Borei, Cambodia. Asian Perspect. 56, 191-236 (2017).
doi:10.1353/a5i.2017.0008

18. R. Pinhasi, D. Fernandes, K. Sirak, M. Novak, S. Connell, S. Alpaslan-Roodenberg, F.
Gerritsen, V. Moiseyev, A. Gromov, P. Raczky, A. Anders, M. Pietrusewsky, G.
Rollefson, M. Jovanovic, H. Trinhhoang, G. Bar-Oz, M. Oxenham, H. Matsumura, M.
Hoftreiter, Optimal ancient DNA yields from the inner ear part of the human petrous
bone. PLOS ONE 10, 0129102 (2015). doi:10.1371/journal.pone.0129102 Medline

19. Materials and methods are available as supplementary materials.

20. M. A. Abdulla, I. Ahmed, A. Assawamakin, J. Bhak, S. K. Brahmachari, G. C. Calacal, A.
Chaurasia, C.-H. Chen, J. Chen, Y.-T. Chen, J. Chu, E. M. C. Cutiongco-de la Paz, M. C.
A. De Ungria, F. C. Delfin, J. Edo, S. Fuchareon, H. Ghang, T. Gojobori, J. Han, S.-F.
Ho, B. P. Hoh, W. Huang, H. Inoko, P. Jha, T. A. Jinam, L. Jin, J. Jung, D.
Kangwanpong, J. Kampuansai, G. C. Kennedy, P. Khurana, H.-L. Kim, K. Kim, S. Kim,
W.-Y. Kim, K. Kimm, R. Kimura, T. Koike, S. Kulawonganunchai, V. Kumar, P. S. Lai,
J.-Y. Lee, S. Lee, E. T. Liu, P. P. Majumder, K. K. Mandapati, S. Marzuki, W. Mitchell,
M. Mukerji, K. Naritomi, C. Ngamphiw, N. Niikawa, N. Nishida, B. Oh, S. Oh, J.
Ohashi, A. Oka, R. Ong, C. D. Padilla, P. Palittapongarnpim, H. B. Perdigon, M. E.
Phipps, E. Png, Y. Sakaki, J. M. Salvador, Y. Sandraling, V. Scaria, M. Seielstad, M. R.
Sidek, A. Sinha, M. Srikummool, H. Sudoyo, S. Sugano, H. Suryadi, Y. Suzuki, K. A.
Tabbada, A. Tan, K. Tokunaga, S. Tongsima, L. P. Villamor, E. Wang, Y. Wang, H.
Wang, J.-Y. Wu, H. Xiao, S. Xu, J. O. Yang, Y. Y. Shugart, H.-S. Yoo, W. Yuan, G.
Zhao, B. A. Zilfalil; HUGO Pan-Asian SNP Consortium; Indian Genome Variation
Consortium, Mapping human genetic diversity in Asia. Science 326, 15411545 (2009).
doi:10.1126/science.1177074 Medline

21. Q. Fu, H. Li, P. Moorjani, F. Jay, S. M. Slepchenko, A. A. Bondarev, P. L. F. Johnson, A.
Aximu-Petri, K. Priifer, C. de Filippo, M. Meyer, N. Zwyns, D. C. Salazar-Garcia, Y. V.
Kuzmin, S. G. Keates, P. A. Kosintsev, D. I. Razhev, M. P. Richards, N. V. Peristov, M.
Lachmann, K. Douka, T. F. G. Higham, M. Slatkin, J.-J. Hublin, D. Reich, J. Kelso, T. B.
Viola, S. Pddbo, Genome sequence of a 45,000-year-old modern human from western
Siberia. Nature 514, 445-449 (2014). doi:10.1038/nature13810 Medline

22. M. A. Yang, X. Gao, C. Theunert, H. Tong, A. Aximu-Petri, B. Nickel, M. Slatkin, M.
Meyer, S. Pdébo, J. Kelso, Q. Fu, 40,000-year-old individual from Asia provides insight
into early population structure in Eurasia. Curr. Biol. 27, 3202-3208.e9 (2017).
doi:10.1016/1.cub.2017.09.030 Medline

16


http://dx.doi.org/10.7152/jipa.v39i0.14902
http://dx.doi.org/10.1353/asi.2017.0008
http://dx.doi.org/10.1371/journal.pone.0129102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26086078&dopt=Abstract
http://dx.doi.org/10.1126/science.1177074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20007900&dopt=Abstract
http://dx.doi.org/10.1038/nature13810
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25341783&dopt=Abstract
http://dx.doi.org/10.1016/j.cub.2017.09.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29033327&dopt=Abstract

23.J. Corny, M. Galland, M. Arzarello, A.-M. Bacon, F. Demeter, D. Grimaud-Hervé¢, C.
Higham, H. Matsumura, L. C. Nguyen, T. K. T. Nguyen, V. Nguyen, M. Oxenham, T.
Sayavongkhamdy, F. Sémah, L. L. Shackelford, F. Détroit, Dental phenotypic shape
variation supports a multiple dispersal model for anatomically modern humans in
Southeast Asia. J. Hum. Evol. 112, 41-56 (2017). doi:10.1016/.jhevol.2017.08.017
Medline

24. M. F. Oxenham, Bioarchaeology of Ancient Vietnam (BAR International Series 2781,
Hadrian, 2016).

25. M. Lipson, P.-R. Loh, N. Patterson, P. Moorjani, Y.-C. Ko, M. Stoneking, B. Berger, D.
Reich, Reconstructing Austronesian population history in Island Southeast Asia. Nat.
Commun. 5, 4689 (2014). doi:10.1038/ncomms5689 Medline

26. T. Simanjuntak, The western route migration: A second probable Neolithic diffusion to
Indonesia, in New Perspectives in Southeast Asian and Pacific Prehistory, P. J. Piper, H.
Matsumura, D. Bulbeck, Eds. (ANU Press, 2017), pp. 201-212.

27. M. Oxenham, Mainland Southeast Asia: Towards a new theoretical approach. Antiquity 89,
1221-1223 (2015). doi:10.15184/aqy.2015.106

28. M. Oxenham, H. Matsumura, K. Domett, N. K. Thuy, N. K. Dung, N. L. Cuong, D. Huffer,
S. Muller, Health and the experience of childhood in Late Neolithic Viet Nam. Asian
Perspect. 47, 190-209 (2008). doi:10.1353/as1.0.0001

29. M. F. Oxenham, L. Tilley, H. Matsumura, L. C. Nguyen, K. T. Nguyen, K. D. Nguyen, K.
Domett, D. Huffer, Paralysis and severe disability requiring intensive care in Neolithic
Asia. Anthropol. Sci. 117, 107-112 (2009). doi:10.1537/ase.081114

30. L. Tilley, M. F. Oxenham, Survival against the odds: Modeling the social implications of
care provision to seriously disabled individuals. Int. J. Paleopathol. 1,35-42 (2011).
doi:10.1016/1.ijpp.2011.02.003 Medline

31. M. F. Oxenham, C. Locher, N. L. Cuong, N. K. Thuy, Identification of Areca catechu (betel
nut) residues on the dentitions of Bronze Age inhabitants of Nui Nap, northern Vietnam.
J. Archaeol. Sci. 29, 909-915 (2002). doi:10.1006/jasc.2001.0767

32. M. F. Oxenham, N. K. Thuy, N. L. Cuong, Skeletal evidence for the emergence of infectious
disease in bronze and iron age northern Vietnam. Am. J. Phys. Anthropol. 126, 359-376
(2005). doi:10.1002/ajpa.20048 Medline

33.J. C. White, E. G. Hamilton, The transmission of early bronze technology to Thailand: New
perspectives. J. World Prehist. 22, 357-397 (2009). doi:10.1007/s10963-009-9029-z

34. C. F. Higham, K. Douka, T. F. Higham, A new chronology for the Bronze Age of
northeastern Thailand and its implications for Southeast Asian prehistory. PLOS ONE 10,
€0137542 (2015). doi:10.1371/journal.pone.0137542 Medline

35. E. Moore, P. Pauk, Nyaung-gan: A preliminary note on a Bronze Age cemetery near
Mandalay, Myanmar (Burma). Asian Perspect. 40, 35-47 (2001).
doi:10.1353/a5i.2001.0012

36. T. O. Pryce, K. M. M. Htwe, M. Georgakopoulou, T. Martin, E. Vega, T. Rehren, T. T. Win,
T. T. Win, P. Petchey, J. Innanchai, B. Pradier, Metallurgical traditions and metal

17


http://dx.doi.org/10.1016/j.jhevol.2017.08.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29037415&dopt=Abstract
http://dx.doi.org/10.1038/ncomms5689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25137359&dopt=Abstract
http://dx.doi.org/10.15184/aqy.2015.106
http://dx.doi.org/10.1353/asi.0.0001
http://dx.doi.org/10.1537/ase.081114
http://dx.doi.org/10.1016/j.ijpp.2011.02.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29539340&dopt=Abstract
http://dx.doi.org/10.1006/jasc.2001.0767
http://dx.doi.org/10.1002/ajpa.20048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15386222&dopt=Abstract
http://dx.doi.org/10.1007/s10963-009-9029-z
http://dx.doi.org/10.1371/journal.pone.0137542
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26384011&dopt=Abstract
http://dx.doi.org/10.1353/asi.2001.0012

exchange networks in late prehistoric central Myanmar, c¢. 1000 BC to c. AD 500.
Archaeol. Anthropol. Sci. (2016). doi:10.1007/s12520-016-0436-7

37. M. T. Stark, Pre-Angkorian settlement trends in Cambodiaa’s Mekong delta and the lower
Mekong archaeological project. Bull. Indo-Pac. Prehist. Assoc. 26, 98—109 (20006).

38. R. Ikehara-Quebral, “An assessment of health in Early Historic (200 BC to AD 200)
inhabitants of Vat Komnou, Angkor Borei, southern Cambodia: A bioarchaeological
perspective,” thesis, University of Hawai‘i at Manoa (2010).

39. W. Haak, I. Lazaridis, N. Patterson, N. Rohland, S. Mallick, B. Llamas, G. Brandt, S.
Nordenfelt, E. Harney, K. Stewardson, Q. Fu, A. Mittnik, E. Banffy, C. Economou, M.
Francken, S. Friederich, R. G. Pena, F. Hallgren, V. Khartanovich, A. Khokhlov, M.
Kunst, P. Kuznetsov, H. Meller, O. Mochalov, V. Moiseyev, N. Nicklisch, S. L. Pichler,
R. Risch, M. A. Rojo Guerra, C. Roth, A. Szécsényi-Nagy, J. Wahl, M. Meyer, J. Krause,
D. Brown, D. Anthony, A. Cooper, K. W. Alt, D. Reich, Massive migration from the
steppe was a source for Indo-European languages in Europe. Nature 522, 207-211
(2015). doi:10.1038/nature14317 Medline

40. I. Mathieson, . Lazaridis, N. Rohland, S. Mallick, N. Patterson, S. A. Roodenberg, E.
Harney, K. Stewardson, D. Fernandes, M. Novak, K. Sirak, C. Gamba, E. R. Jones, B.
Llamas, S. Dryomov, J. Pickrell, J. L. Arsuaga, J. M. B. de Castro, E. Carbonell, F.
Gerritsen, A. Khokhlov, P. Kuznetsov, M. Lozano, H. Meller, O. Mochalov, V.
Moiseyev, M. A. R. Guerra, J. Roodenberg, J. M. Verggs, J. Krause, A. Cooper, K. W.
Alt, D. Brown, D. Anthony, C. Lalueza-Fox, W. Haak, R. Pinhasi, D. Reich, Genome-
wide patterns of selection in 230 ancient Eurasians. Nature 528, 499-503 (2015).
doi:10.1038/mature16152 Medline

41. 1. Lazaridis, D. Nadel, G. Rollefson, D. C. Merrett, N. Rohland, S. Mallick, D. Fernandes, M.
Novak, B. Gamarra, K. Sirak, S. Connell, K. Stewardson, E. Harney, Q. Fu, G. Gonzalez-
Fortes, E. R. Jones, S. A. Roodenberg, G. Lengyel, F. Bocquentin, B. Gasparian, J. M.
Monge, M. Gregg, V. Eshed, A.-S. Mizrahi, C. Meiklejohn, F. Gerritsen, L. Bejenaru, M.
Bliiher, A. Campbell, G. Cavalleri, D. Comas, P. Froguel, E. Gilbert, S. M. Kerr, P.
Kovacs, J. Krause, D. McGettigan, M. Merrigan, D. A. Merriwether, S. O’Reilly, M. B.
Richards, O. Semino, M. Shamoon-Pour, G. Stefanescu, M. Stumvoll, A. Tonjes, A.
Torroni, J. F. Wilson, L. Yengo, N. A. Hovhannisyan, N. Patterson, R. Pinhasi, D. Reich,
Genomic insights into the origin of farming in the ancient Near East. Nature 536, 419—
424 (2016). doi:10.1038/nature19310 Medline

42.]J. Dabney, M. Knapp, 1. Glocke, M.-T. Gansauge, A. Weihmann, B. Nickel, C. Valdiosera,
N. Garcia, S. Pédébo, J.-L. Arsuaga, M. Meyer, Complete mitochondrial genome sequence

of a Middle Pleistocene cave bear reconstructed from ultrashort DNA fragments. Proc.
Natl. Acad. Sci. U.S.A. 110, 15758-15763 (2013). doi:10.1073/pnas.1314445110 Medline

43. P. Korlevi¢, T. Gerber, M.-T. Gansauge, M. Hajdinjak, S. Nagel, A. Aximu-Petri, M. Meyer,
Reducing microbial and human contamination in DNA extractions from ancient bones
and teeth. Biotechniques 59, 87-93 (2015). doi:10.2144/000114320 Medline

44. A. W. Briggs, U. Stenzel, M. Meyer, J. Krause, M. Kircher, S. Pddbo, Removal of
deaminated cytosines and detection of in vivo methylation in ancient DNA. Nucleic Acids
Res. 38, €87 (2010). doi:10.1093/nar/gkp1163 Medline

18


http://dx.doi.org/10.1007/s12520-016-0436-7
http://dx.doi.org/10.1038/nature14317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25731166&dopt=Abstract
http://dx.doi.org/10.1038/nature16152
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26595274&dopt=Abstract
http://dx.doi.org/10.1038/nature19310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27459054&dopt=Abstract
http://dx.doi.org/10.1073/pnas.1314445110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24019490&dopt=Abstract
http://dx.doi.org/10.2144/000114320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26260087&dopt=Abstract
http://dx.doi.org/10.1093/nar/gkp1163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20028723&dopt=Abstract

45. N. Rohland, E. Harney, S. Mallick, S. Nordenfelt, D. Reich, Partial uracil-DNA-glycosylase
treatment for screening of ancient DNA. Philos. Trans. R. Soc. Lond. B Biol. Sci. 370,
20130624 (2015). doi:10.1098/rstb.2013.0624 Medline

46. M. M. DeAngelis, D. G. Wang, T. L. Hawkins, Solid-phase reversible immobilization for the
isolation of PCR products. Nucleic Acids Res. 23, 4742—4743 (1995).
doi:10.1093/nar/23.22.4742 Medline

47.N. Rohland, D. Reich, Cost-effective, high-throughput DNA sequencing libraries for
multiplexed target capture. Genome Res. 22, 939-946 (2012). doi:10.1101/gr.128124.111
Medline

48. T. Maricic, M. Whitten, S. Pddbo, Multiplexed DNA sequence capture of mitochondrial
genomes using PCR products. PLOS ONE S, €14004 (2010).
doi:10.1371/journal.pone.0014004 Medline

49. M. Meyer, Q. Fu, A. Aximu-Petri, I. Glocke, B. Nickel, J.-L. Arsuaga, I. Martinez, A.
Gracia, J. M. B. de Castro, E. Carbonell, S. Pd4dbo, A mitochondrial genome sequence of
a hominin from Sima de los Huesos. Nature 505, 403—406 (2014).
doi:10.1038/nature12788 Medline

50. D. M. Behar, M. van Oven, S. Rosset, M. Metspalu, E.-L. Loogvili, N. M. Silva, T. Kivisild,
A. Torroni, R. Villems, A “Copernican” reassessment of the human mitochondrial DNA
tree from its root. Am. J. Hum. Genet. 90, 675-684 (2012).
doi:10.1016/j.ajhg.2012.03.002 Medline

51. Q. Fu, M. Meyer, X. Gao, U. Stenzel, H. A. Burbano, J. Kelso, S. Pddbo, DNA analysis of an
early modern human from Tianyuan Cave, China. Proc. Natl. Acad. Sci. U.S.A. 110,
2223-2227 (2013). d0i:10.1073/pnas.1221359110 Medline

52. S. Sawyer, J. Krause, K. Guschanski, V. Savolainen, S. Pdébo, Temporal patterns of
nucleotide misincorporations and DNA fragmentation in ancient DNA. PLOS ONE 7,
e34131 (2012). doi:10.1371/journal.pone.0034131 Medline

53. H. Weissensteiner, D. Pacher, A. Kloss-Brandstitter, L. Forer, G. Specht, H.-J. Bandelt, F.
Kronenberg, A. Salas, S. Schonherr, HaploGrep 2: Mitochondrial haplogroup
classification in the era of high-throughput sequencing. Nucleic Acids Res. 44, W58—W63
(2016). doi:10.1093/nar/gkw233 Medline

54. G. D. Poznik, Identifying Y-chromosome haplogroups in arbitrarily large samples of
sequenced or genotyped men. bioRxiv 088716 [Preprint]. 19 November 2016.
https://doi.org/10.1101/088716.

55. S. Xu, D. Kangwanpong, M. Seielstad, M. Srikummool, J. Kampuansai, L. Jin, The HUGO
Pan-Asian SNP Consortium, Genetic evidence supports linguistic affinity of Mlabri—A
hunter-gatherer group in Thailand. BMC Genet. 11, 18 (2010). doi:10.1186/1471-2156-
11-18 Medline

56. W. Kutanan, J. Kampuansai, S. Fuselli, S. Nakbunlung, M. Seielstad, G. Bertorelle, D.
Kangwanpong, Genetic structure of the Mon-Khmer speaking groups and their affinity to
the neighbouring Tai populations in Northern Thailand. BMC Genet. 12, 56 (2011).
doi:10.1186/1471-2156-12-56 Medline

19


http://dx.doi.org/10.1098/rstb.2013.0624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25487342&dopt=Abstract
http://dx.doi.org/10.1093/nar/23.22.4742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8524672&dopt=Abstract
http://dx.doi.org/10.1101/gr.128124.111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22267522&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0014004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21103372&dopt=Abstract
http://dx.doi.org/10.1038/nature12788
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24305051&dopt=Abstract
http://dx.doi.org/10.1016/j.ajhg.2012.03.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22482806&dopt=Abstract
http://dx.doi.org/10.1073/pnas.1221359110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23341637&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0034131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22479540&dopt=Abstract
http://dx.doi.org/10.1093/nar/gkw233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27084951&dopt=Abstract
https://doi.org/10.1101/088716
http://dx.doi.org/10.1186/1471-2156-11-18
http://dx.doi.org/10.1186/1471-2156-11-18
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20302622&dopt=Abstract
http://dx.doi.org/10.1186/1471-2156-12-56
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21672265&dopt=Abstract

57. N. Patterson, P. Moorjani, Y. Luo, S. Mallick, N. Rohland, Y. Zhan, T. Genschoreck, T.
Webster, D. Reich, Ancient admixture in human history. Genetics 192, 1065-1093
(2012). doi:10.1534/genetics.112.145037 Medline

58. 1. Lazaridis, N. Patterson, A. Mittnik, G. Renaud, S. Mallick, K. Kirsanow, P. H. Sudmant, J.
G. Schraiber, S. Castellano, M. Lipson, B. Berger, C. Economou, R. Bollongino, Q. Fu,
K. I. Bos, S. Nordenfelt, H. Li, C. de Filippo, K. Priifer, S. Sawyer, C. Posth, W. Haak, F.
Hallgren, E. Fornander, N. Rohland, D. Delsate, M. Francken, J.-M. Guinet, J. Wahl, G.
Ayodo, H. A. Babiker, G. Bailliet, E. Balanovska, O. Balanovsky, R. Barrantes, G.
Bedoya, H. Ben-Ami, J. Bene, F. Berrada, C. M. Bravi, F. Brisighelli, G. B. J. Busby, F.
Cali, M. Churnosov, D. E. C. Cole, D. Corach, L. Damba, G. van Driem, S. Dryomov, J.-
M. Dugoujon, S. A. Fedorova, I. Gallego Romero, M. Gubina, M. Hammer, B. M. Henn,
T. Hervig, U. Hodoglugil, A. R. Jha, S. Karachanak-Yankova, R. Khusainova, E.
Khusnutdinova, R. Kittles, T. Kivisild, W. Klitz, V. Kuéinskas, A. Kushniarevich, L.
Laredj, S. Litvinov, T. Loukidis, R. W. Mahley, B. Melegh, E. Metspalu, J. Molina, J.
Mountain, K. Nikkél&jarvi, D. Nesheva, T. Nyambo, L. Osipova, J. Parik, F. Platonov,
O. Posukh, V. Romano, F. Rothhammer, I. Rudan, R. Ruizbakiev, H. Sahakyan, A.
Sajantila, A. Salas, E. B. Starikovskaya, A. Tarekegn, D. Toncheva, S. Turdikulova, I.
Uktveryte, O. Utevska, R. Vasquez, M. Villena, M. Voevoda, C. A. Winkler, L.
Yepiskoposyan, P. Zalloua, T. Zemunik, A. Cooper, C. Capelli, M. G. Thomas, A. Ruiz-
Linares, S. A. Tishkoff, L. Singh, K. Thangaraj, R. Villems, D. Comas, R. Sukernik, M.
Metspalu, M. Meyer, E. E. Eichler, J. Burger, M. Slatkin, S. Pédébo, J. Kelso, D. Reich, J.
Krause, Ancient human genomes suggest three ancestral populations for present-day
Europeans. Nature 513, 409-413 (2014). doi:10.1038/nature13673 Medline

59. P. Qin, M. Stoneking, Denisovan ancestry in East Eurasian and Native American
populations. Mol. Biol. Evol. 32,2665-2674 (2015). d0i:10.1093/molbev/msv141
Medline

60. P. Skoglund, C. Posth, K. Sirak, M. Spriggs, F. Valentin, S. Bedford, G. R. Clark, C.
Reepmeyer, F. Petchey, D. Fernandes, Q. Fu, E. Harney, M. Lipson, S. Mallick, M.
Novak, N. Rohland, K. Stewardson, S. Abdullah, M. P. Cox, F. R. Friedlaender, J. S.
Friedlaender, T. Kivisild, G. Koki, P. Kusuma, D. A. Merriwether, F.-X. Ricaut, J. T. S.
Wee, N. Patterson, J. Krause, R. Pinhasi, D. Reich, Genomic insights into the peopling of
the Southwest Pacific. Nature 538, 510-513 (2016). doi:10.1038/nature19844 Medline

61. N. Nakatsuka, P. Moorjani, N. Rai, B. Sarkar, A. Tandon, N. Patterson, G. S. L. Bhavani, K.
M. Girisha, M. S. Mustak, S. Srinivasan, A. Kaushik, S. A. Vahab, S. M. Jagadeesh, K.
Satyamoorthy, L. Singh, D. Reich, K. Thangaraj, The promise of discovering population-
specific disease-associated genes in South Asia. Nat. Genet. 49, 1403—-1407 (2017).
doi:10.1038/ng.3917 Medline

62. 1000 Genomes Project Consortium, A. Auton, L. D. Brooks, R. M. Durbin, E. P. Garrison,
H. M. Kang, J. O. Korbel, J. L. Marchini, S. McCarthy, G. A. McVean, G. R. Abecasis,
A global reference for human genetic variation. Nature 526, 68—74 (2015).
doi:10.1038/nature15393 Medline

63. N. Patterson, A. L. Price, D. Reich, Population structure and eigenanalysis. PLOS Genet. 2,
€190 (2006). doi:10.1371/journal.pgen.0020190 Medline

20


http://dx.doi.org/10.1534/genetics.112.145037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22960212&dopt=Abstract
http://dx.doi.org/10.1038/nature13673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25230663&dopt=Abstract
http://dx.doi.org/10.1093/molbev/msv141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26104010&dopt=Abstract
http://dx.doi.org/10.1038/nature19844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27698418&dopt=Abstract
http://dx.doi.org/10.1038/ng.3917
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28714977&dopt=Abstract
http://dx.doi.org/10.1038/nature15393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26432245&dopt=Abstract
http://dx.doi.org/10.1371/journal.pgen.0020190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17194218&dopt=Abstract

64. L. T. Liu, E. Dobriban, A. Singer, ePCA: High dimensional exponential family PCA;
https://arxiv.org/abs/1611.05550 (2016).

65. M. Raghavan, P. Skoglund, K. E. Graf, M. Metspalu, A. Albrechtsen, 1. Moltke, S.
Rasmussen, T. W. Stafford Jr., L. Orlando, E. Metspalu, M. Karmin, K. Tambets, S.
Rootsi, R. Migi, P. F. Campos, E. Balanovska, O. Balanovsky, E. Khusnutdinova, S.
Litvinov, L. P. Osipova, S. A. Fedorova, M. L. Voevoda, M. DeGiorgio, T. Sicheritz-
Ponten, S. Brunak, S. Demeshchenko, T. Kivisild, R. Villems, R. Nielsen, M. Jakobsson,
E. Willerslev, Upper Palaeolithic Siberian genome reveals dual ancestry of Native
Americans. Nature 505, 87-91 (2014). doi:10.1038/nature12736 Medline

66. D. Reich, K. Thangaraj, N. Patterson, A. L. Price, L. Singh, Reconstructing Indian population
history. Nature 461, 489—494 (2009). doi:10.1038/nature08365 Medline

67. M. Meyer, M. Kircher, M.-T. Gansauge, H. Li, F. Racimo, S. Mallick, J. G. Schraiber, F. Jay,
K. Priifer, C. de Filippo, P. H. Sudmant, C. Alkan, Q. Fu, R. Do, N. Rohland, A. Tandon,
M. Siebauer, R. E. Green, K. Bryc, A. W. Briggs, U. Stenzel, J. Dabney, J. Shendure, J.
Kitzman, M. F. Hammer, M. V. Shunkov, A. P. Derevianko, N. Patterson, A. M. Andrés,
E. E. Eichler, M. Slatkin, D. Reich, J. Kelso, S. Pddbo, A high-coverage genome
sequence from an archaic Denisovan individual. Science 338, 222-226 (2012).
doi:10.1126/science.1224344 Medline

68. K. Priifer, F. Racimo, N. Patterson, F. Jay, S. Sankararaman, S. Sawyer, A. Heinze, G.
Renaud, P. H. Sudmant, C. de Filippo, H. Li, S. Mallick, M. Dannemann, Q. Fu, M.
Kircher, M. Kuhlwilm, M. Lachmann, M. Meyer, M. Ongyerth, M. Siebauer, C.
Theunert, A. Tandon, P. Moorjani, J. Pickrell, J. C. Mullikin, S. H. Vohr, R. E. Green, 1.
Hellmann, P. L. F. Johnson, H. Blanche, H. Cann, J. O. Kitzman, J. Shendure, E. E.
Eichler, E. S. Lein, T. E. Bakken, L. V. Golovanova, V. B. Doronichev, M. V. Shunkov,
A. P. Derevianko, B. Viola, M. Slatkin, D. Reich, J. Kelso, S. Pdébo, The complete
genome sequence of a Neanderthal from the Altai Mountains. Nature 505, 43—49 (2014).
doi:10.1038/nature12886 Medline

69. S. Mallick, H. Li, M. Lipson, I. Mathieson, M. Gymrek, F. Racimo, M. Zhao, N. Chennagiri,
S. Nordenfelt, A. Tandon, P. Skoglund, I. Lazaridis, S. Sankararaman, Q. Fu, N.
Rohland, G. Renaud, Y. Erlich, T. Willems, C. Gallo, J. P. Spence, Y. S. Song, G. Poletti,
F. Balloux, G. van Driem, P. de Knijff, I. G. Romero, A. R. Jha, D. M. Behar, C. M.
Bravi, C. Capelli, T. Hervig, A. Moreno-Estrada, O. L. Posukh, E. Balanovska, O.
Balanovsky, S. Karachanak-Yankova, H. Sahakyan, D. Toncheva, L. Yepiskoposyan, C.
Tyler-Smith, Y. Xue, M. S. Abdullah, A. Ruiz-Linares, C. M. Beall, A. Di Rienzo, C.
Jeong, E. B. Starikovskaya, E. Metspalu, J. Parik, R. Villems, B. M. Henn, U.
Hodoglugil, R. Mahley, A. Sajantila, G. Stamatoyannopoulos, J. T. S. Wee, R.
Khusainova, E. Khusnutdinova, S. Litvinov, G. Ayodo, D. Comas, M. F. Hammer, T.
Kivisild, W. Klitz, C. A. Winkler, D. Labuda, M. Bamshad, L. B. Jorde, S. A. Tishkoff,
W. S. Watkins, M. Metspalu, S. Dryomov, R. Sukernik, L. Singh, K. Thangaraj, S.
Pédbo, J. Kelso, N. Patterson, D. Reich, The Simons Genome Diversity Project: 300
genomes from 142 diverse populations. Nature 538, 201-206 (2016).
doi:10.1038/nature18964 Medline

70. M. Mondal, F. Casals, T. Xu, G. M. Dall’Olio, M. Pybus, M. G. Netea, D. Comas, H.
Laayouni, Q. Li, P. P. Majumder, J. Bertranpetit, Genomic analysis of Andamanese

21


https://arxiv.org/abs/1611.05550
http://dx.doi.org/10.1038/nature12736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24256729&dopt=Abstract
http://dx.doi.org/10.1038/nature08365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19779445&dopt=Abstract
http://dx.doi.org/10.1126/science.1224344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22936568&dopt=Abstract
http://dx.doi.org/10.1038/nature12886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24352235&dopt=Abstract
http://dx.doi.org/10.1038/nature18964
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27654912&dopt=Abstract

provides insights into ancient human migration into Asia and adaptation. Nat. Genet. 48,
1066—1070 (2016). doi:10.1038/ng.3621 Medline

22


http://dx.doi.org/10.1038/ng.3621
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27455350&dopt=Abstract

	aat3188-Lipson-SM-refs.pdf
	References and Notes


