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ANCIENT DNA

Prehistoric genomes from Yunnan reveal ancestry related  
to Tibetans and Austroasiatic speakers
Tianyi Wang et al. 

INTRODUCTION: In East and Southeast Asia, a long history of 
population movement, replacement, and mixture has heavily 
influenced the genetic composition of humans up to the present 
day. For example, early populations found across this region that 
diversified before 40,000 years ago carrying Basal Asian ancestries 
have largely been replaced by a single lineage that diversified into 
the ancestries found in most present-day East and Southeast 
Asians. However, these ancestries sampled to date have yet to 
explain the genetic diversity observed across all present-day  
East and Southeast Asians, with ancestries still uncharacterized in 
many populations, including in Tibetans and Austroasiatic 
speakers.

RATIONALE: Sequencing of 127 ancient human genomes dating to 
7100 to 1500 years ago from Yunnan province in southwestern 
China may help to further clarify human population history in 
East and Southeast Asia. Yunnan is at the intersection of the 
Tibetan Plateau, Southeast Asia, and southern China and is home 
to the highest ethnic and linguistic diversity in China today.  
Thus, genomic sampling of ancient populations from this region 
provides an opportunity to capture the migration, interaction,  
and change over time in prehistoric populations of East and 
Southeast Asia.

RESULTS: Analysis of a 7100-year-old individual from the Xingyi 
archaeological site in central Yunnan revealed a previously 
unsampled Basal Asian ancestry that is deeply diverged from 
East Asian ancestries and persisted in southern East Asia into 
the mid-Holocene. This Basal Asian Xingyi ancestry is also 
related to deeply diverged ghost ancestry found in Tibetan 
Plateau populations, providing new information for studying 
the origin of Tibetan Plateau populations. The 5500- to 
1500-year-old populations from central Yunnan do not show 
Basal Asian Xingyi ancestry, but carry an East Asian ancestry 
distinct from northern and southern East Asian ancestries 
previously characterized, denoted here as Central Yunnan 
ancestry. This distinct East Asian ancestry can be found across 
present-day Austroasiatic speakers, indicating that these 
ancient populations in central Yunnan were likely a proto-
Austroasiatic population. By contrast, 3800- to 1700-year-old 
populations from western Yunnan primarily have northern East 
Asian ancestry, whereas a 3400-year-old population from 
eastern Yunnan shows a mixture of southern East Asian and 
Central Yunnan ancestries. Collectively, these patterns indicate 
that multiple diverse East Asian ancestries coexisted in Bronze 
Age Yunnan populations.

CONCLUSION: Sampling ancient humans from Yunnan  
province, we discovered a new Basal Asian ancestry that is 
closely related to a “ghost” ancestry that influenced populations 
who lived on the Tibetan Plateau. In addition, we found a 
distinct East Asian ancestry that sheds light on the origin of 
Austroasiatic populations. Multiple East Asian ancestries in 
Yunnan during the Bronze Age reveal high human genetic 
diversity and dynamic population movements across East and 
Southeast Asia. 
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Population migration, replacement, and the preservation of deeply diverged 
ancestry in southern East Asia. A 7100-year-old individual from Yunnan shows a 
Basal Asian ancestry that is related to a deeply diverged ghost ancestry contributing 
to Tibetan Plateau populations. After 5500 years before present (BP), populations in 
Yunnan exhibited diverse ancestries, including contributions from northern East Asia 
in western Yunnan, coastal southern East Asia in eastern Yunnan, and a newly 
identified East Asian lineage in central Yunnan that later contributed to present-day 
Austroasiatic speakers.
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ANCIENT DNA

Prehistoric genomes from Yunnan 
reveal ancestry related to Tibetans 
and Austroasiatic speakers
Tianyi Wang1,2†, Melinda A. Yang3†, Zhonghua Zhu4,5†,  
Minmin Ma6†, Han Shi1,2, Leo Speidel7,8, Rui Min5,  
Haibing Yuan4,9, Zhilong Jiang5, Changcheng Hu5, Xiaorui Li5, 
Dongyue Zhao10, Fan Bai1,2, Peng Cao1, Feng Liu1, Qingyan Dai1, 
Xiaotian Feng1, Ruowei Yang1, Xiaohong Wu11, Xu Liu12,  
Ming Zhang10, Wanjing Ping1, Yichen Liu1, Yang Wan5, Fan Yang5, 
Ranchao Zhou5, Lihong Kang5, Guanghui Dong6,13,  
Mark Stoneking14, Qiaomei Fu1,2*† 

The human landscape in East and Southeast Asia is vastly 
complex, and successful retrieval of genome-wide data  
from prehistoric humans of southern East Asia is sparse.  
We successfully sampled 127 ancient human genomes  
from southwestern China. A 7100-year-old female  
individual from central Yunnan shows a previously unsampled 
Basal Asian ancestry related to a ghost population that 
contributed to Tibetan Plateau populations. Central Yunnan 
populations dating to 5500 to 1400 years before present show 
an East Asian ancestry distinct from northern or southern  
East Asian ancestries that contributed to present-day East  
and Southeast Asians, particularly Austroasiatic speakers,  
and emphasizes the importance of the Red River valley  
for proto-Austroasiatic population history. Diverse Asian 
ancestries are represented in humans sampled from  
Yunnan, clarifying past population dynamics related to  
both Tibetan and Austroasiatic origins.

The ancestry of present-day humans in East and Southeast Asia can be 
traced to ancient DNA from humans of the Late Pleistocene through 
the Holocene dating as early as 19,000 years ago (1). Prehistoric popu-
lation splits and mixtures reveal the presence of distinct northern 
and southern East Asian lineages. In northern East Asia, a shared 
ancestry is found across populations spanning the Tibetan Plateau 
(2–4) to the Yellow River region (5–7) and as far up as the Amur River 
region (1). In southern East Asia, populations from the Fujian region 
of coastal China were shown to be closely related to present-day 
Austronesian speakers (5, 8) and to have contributed ancestry par-
tially to humans further inland in Guangxi, as well as Southeast Asia 
(8–10). During the Late Neolithic to Bronze Age periods ~4000 to 3000 
years ago, more humans in southern China (5) and Southeast Asia 
(9, 10) transitioned to agricultural subsistence strategies and expe-
rienced higher gene flow from populations carrying northern East 
Asian ancestry.

Gaps remain in the genetic record of humans in East and Southeast 
Asia, leaving many questions unanswered, such as the genetic ori-
gins of many present-day East Asian populations, including Tibetan 
Plateau populations and Austroasiatic speakers. It is well established 

that populations on the Tibetan Plateau carry northern East Asian–
related ancestry, but studies have shown that they also carry a deeply 
diverged ghost ancestry that is not well characterized (2, 3, 11). Some 
have suggested an archaic origin (11) due to high frequencies of a 
Denisovan-related EPAS1 haplotype in Tibetan populations (12) and 
the physical presence of Denisovans on the plateau (13, 14). Others 
have proposed a modern origin related to Paleolithic Eurasians 
(2, 3, 15), including an early Asian lineage (7) given the many deeply 
diverged Asian individuals that have been sampled to date (1, 10, 16). 
The lack of a representative source population for the deeply di-
verged ghost ancestry has stymied efforts to resolve the origins 
of Tibetans.

Population dynamics during the transition to agriculture in East 
and Southeast Asia are still unclear in many regions, particularly in 
southern China and Southeast Asia. Most proposed transmission 
routes to Southeast Asia have been along waterways such as the 
Mekong or Red River watersheds or the eastern coast of Asia in the 
South China Sea (17–19). In mainland Southeast Asia, agricultural 
expansion, particularly of rice, has also been associated with the 
ancestors of Austroasiatic speakers (18, 20, 21), who today are found 
in northeastern India, southern China, and Southeast Asia. Multiple 
hypotheses on Austroasiatic origins tied to these regions have been 
developed, but little consensus has been found to date (20–26). Studies 
of genome-wide data from 4000- to 3000-year-old humans in Vietnam 
and Laos indicate the presence of ancestry related to Austroasiatic 
speakers in the earliest Southeast Asian farmers (9, 10). These farm-
ers carried a mixture of ancestry related to hunter-gatherers, e.g., 
Hòabìnhians (10), and early farmers from China. However, genetic 
sampling in southern China has largely been limited to ancient 
populations in Fujian and Guangxi, which are not associated with 
Austroasiatic speakers (5, 8). Without more genetic material from 
ancient humans associated with Austroasiatic speakers, it is difficult 
to resolve how proto-Austroasiatic speakers expanded across south-
ern China and Southeast Asia.

Nestled between the Tibetan Plateau, Southeast Asia, and southern 
China, the region known today as the Chinese province of Yunnan is 
home to the highest ethnic and linguistic diversity in China today. 
Ancient humans that lived in this region may be key to addressing 
several remaining questions on the prehistoric populations of East 
and Southeast Asia. The role of prehistoric humans in Yunnan in the 
expansion of proto-Austroasiatic populations in Southeast Asia is 
much debated, with some arguing that prehistoric populations from 
Yunnan had little to no impact on Southeast Asian prehistory, and 
others insisting that Yunnan populations, particularly those in the 
Sanjiang region of western Yunnan, played an important role in the 
expansion of proto-Austroasiatic populations from or into Southeast 
Asia (17, 20, 27). Yunnan is also home to the oldest archaeological site 
associated with the Hòabìnhian culture (28, 29), the 43,500-year-old 
Xiaodong rock shelter (28, 30, 31), indicating a long record of human 
occupation that is potentially associated with deeply diverged Asian 
ancestry (10).

To address this gap, we obtained genome-wide data from 147 indi-
viduals from Yunnan dating from 7100 years ago to the modern era 
(Fig. 1, A and B), more than doubling the number of ancient humans 
with genome-wide data from southern East Asia and providing in-
sights into human prehistory in a critical region of southeastern Asia 
during the transition to agriculture.
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Sciences, Lanzhou University, Lanzhou, China. 7Genetics Institute, University College London, London, UK. 8Ancient Genomics Laboratory, Francis Crick Institute, London, UK. 9Center for 
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Results
We generated genome-wide data from 147 individuals. For 102 indi-
viduals, we obtained DNA enriched for 1.2 million single nucleotide 
polymorphisms (SNPs) using a large-scale ancient nuclear DNA cap-
ture technique (32). For seven of the 102 individuals, and an additional 
45 individuals who had high endogenous DNA, we applied shotgun 
sequencing (data S1a). Direct radiocarbon dating for 58 individuals 
showed that 53 of them ranged from 7150 to 1400 years ago, and five 
individuals spanned the 15th century to 1950 CE (Fig. 1B and data S1a). 

For samples with contamination rates >5%, we restricted our analysis 
to only damaged fragments (see the materials and methods). We ob-
tained genetic information from 127 individuals, after excluding 20 
individuals with <20,000 SNPs available. Overall, average coverage 
across the 1.2 million targeted SNPs ranged from 0.3× to 6.37×, cover-
ing 22,158 to 956,334 SNPs. Familial and uniparental haplogroup 
analyses were additionally performed, and 21 individuals from joint 
tombs in both central [Jinlianshan tomb M15, ~2000 to 1400 years before 
present (BP)] and western (Gaozhai tomb M4, ~2500 to 2100 BP) Yunnan 
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Fig. 1. Chronological, geographic, and genetic distribution of newly sampled ancient individuals. (A) Location of newly sampled archaeological sites on a map of East  
and Southeast Asia. For the Xingyi site, only Xingyi_EN’s symbol is shown. Five sites for representative previously published individuals dating to the Early Neolithic or Paleolithic 
from southern China or Southeast Asia are also shown (unshaded symbols). (B) Chronological data for 147 newly sampled individuals based primarily on radiocarbon  
dating (asterisk indicates the site was not successfully dated using direct radiocarbon dating), with the total number of individuals sampled from each site indicated on the  
y axis. (C) PCA of present-day East and Southeast Asians with projection of ancient individuals. A total of 127 ancient individuals from Yunnan were included, because  
low-coverage individuals with <20,000 SNPs were omitted. To gain a clearer understanding of the genetic patterns of the Tibetan Plateau populations, we have specifically 
labeled “Tibetans” separately.
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allowed determination of multigenerational family pedigrees spanning 
from three to potentially more than 10 generations (supplementary 
text section S3).

Deeply diverged Asian lineage found in a 7100-year-old 
Yunnan individual
We characterized ancestry in Yunnan dating to the Early Neolithic, 
where we were able to sequence an individual from the Xingyi ar-
chaeological site in central Yunnan dating to 7158 to 6888 calibrated 
(cal) BP (Xingyi_EN, female; Fig. 1, A and B). Radiocarbon dating 
showed that this individual lived 1500 years earlier than other indi-
viduals excavated at higher layers (supplementary text section S1). We 
compared the ancestry carried by this individual with a diverse panel 
of ancient humans from Europe, West Asia, and Siberia, and found 
that Xingyi_EN is most closely related to ancient and present-day 
humans from East and Southeast Asia in both f4 analyses (data S2c) 

and a maximum likelihood phylogeny (bootstrap = 100%; Fig. 2A). Fur
ther comparison with ancient and present-day East and Southeast Asians 
revealed the presence of a deeply diverged Asian ancestry in Xingyi_EN. 
In an outgroup f3 analysis comparing relative levels of genetic similar-
ity, Xingyi_EN showed low similarity to 19,000- to 4000-year-old East 
Asians from northern (Yellow River, Amur River, and Shandong) and 
southern (Fujian) China, who carry ancestry related to that found in 
present-day East and Southeast Asians. A similar pattern is observed 
for deeply diverged ancient Asians such as the ~40,000-year-old Tianyuan 
(16, 33) and the ~8000-year-old Hòabìnhian from Southeast Asia [La368 
(10); Fig. 2, B and C]. Further exploration of the genetic structure within 
Asian populations using f4 analyses shows that the three ancestries 
represented by Xingyi_EN, Tianyuan, and La368 are distinct and equi-
distant from each other (data S2c and supplementary text section S4), 
indicating that East and Southeast Asia were home to a highly diverse 
set of Basal Asian populations.
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Fig. 2. Genetic relationships of ancient Yunnan individuals to other East Asians. (A) Maximum likelihood tree with two migration events showing the genetic relationship of 
ancient humans from East Asia. The bootstrap percentage for 1000 replicates is added by each node. (B) Pairwise outgroup f3 analysis using f3(Mbuti; X, Y) where X and Y are 
ancient East and Southeast Asians. For (A) and (B), icons next to the label indicate a newly sampled individual, and the icon matches the key in Fig. 1. (C) Outgroup f3 results 
comparing ancient populations from East and Southeast Asia against source populations, where a higher f3 value indicates higher genetic similarity to the source population. 
Error bars indicate ±1 SE. Source populations include the northern East Asian AR14K, southern East Asian Qihe3, deep East Asian Jōmon Ikawazu, and Basal Asians such as the 
newly sequenced Xingyi_EN, Tianyuan, and the Hòabìnhian La368. FJ, Fujian; SEA, Southeast Asia; GX, Guangxi; and YN, Yunnan.
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Estimates of archaic ancestry in Xingyi_EN show similar propor-
tions to that found in today’s East Asians (data S1e), indicating that 
the signal for deeply diverged ancestry found in Xingyi_EN is not 
due to the presence of extra Denisovan or Neanderthal ancestry. The 
above findings show that Xingyi_EN represents a previously un-
sampled deeply diverged Asian ancestry. We thus refer to Xingyi_EN– 
and Xingyi_EN–related ancestries (i.e., ancestry from unsampled 
populations more related to Xingyi_EN than other humans sampled to 
date) as Basal Asian Xingyi ancestry. This ancestry is equally distant 
from the lineages that contributed to Hòabìnhian- and Tianyuan-
related populations, as well as the ancestral population that contributed 
ancestry to mainland East Asians. Thus, Xingyi_EN carries a Basal 
Asian ancestry that diverged at least 40,000 years ago, the age of the 
Tianyuan individual (16, 33). Together with the 8000- to 6000-year-​
old individuals from Southeast Asia carrying Hòabìnhian ancestry, 
Xingyi_EN shows the persistence of deeply diverged prehistoric hu-
mans in southern East Asia until the mid-Holocene.

Contributions of deeply diverged Basal Asian Xingyi ancestry on the 
Tibetan Plateau and southern China
To date, the impact of other Basal Asian ancestries (e.g., Hòabìnhian and 
Tianyuan) on East and Southeast Asian populations who contributed to 

present-day human genetic diversity has been minimal. To determine 
whether Basal Asian Xingyi ancestry follows similar patterns, we exam-
ined the impact of this ancestry on ancient individuals of East Asian 
ancestry by using f-statistic, phylogenetic, and haplotype-based mixture 
modeling approaches. First, we found that an 11,000-year-old individual 
from Guangxi, Longlin (8), who was previously found to be a deeply 
diverged East Asian individual, shows partial ancestry related to Xingyi_
EN (Fig. 2, A and B). Longlin and Xingyi_EN share excess genetic simi-
larity apart from ancient southern East Asians from Fujian (sEA) and 
ancient northern East Asians spanning across the Yellow to the Amur 
River regions [nEA (1, 5, 6)], i.e., f4(Mbuti, Xingyi_EN; Longlin, nEA/
sEA) < 0 (–6.2 < Z < –3.2; Fig. 3A and data S2d). Testing for admixture 
using qpAdm and qpGraph, we found that Longlin is a mixture of an-
cestry related to Xingyi_EN (48.8 to 71.5%) and an East Asian ancestry 
(Fig. 4B and data S3c). Additional genetic affinity to ancient southern 
East Asians (e.g., Qihe3; Fig. 2, A and B) indicates that Longlin is likely 
a mixture of southern East Asian ancestry and Basal Asian Xingyi an-
cestry. By 8000 to 6000 years ago in Guangxi, however, the influence of 
Basal Asian Xingyi ancestry is much decreased (data S2d), and southern 
East Asian ancestry more heavily affects the region.

On the Tibetan Plateau northwest of Yunnan, ancient and present-day 
Tibetans were previously shown to derive from a mixture of northern 
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Fig. 3. Basal Asian Xingyi ancestry found in Tibetans and an 11,000-year-old individual from Guangxi. (A) Z scores for f4 analyses showing the relationship  
between ancient East Asians with respect to Xingyi_EN. Red points show Z < –3, indicating a significant genetic connection with Xingyi_EN relative to the northern  
East Asian Boshan (left) or the southern East Asian Qihe (right). (B) Proportion of the genome copied from Xingyi_EN, when the reference population set includes present-
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D
ow

nloaded from
 https://w

w
w

.science.org at M
ax Planck Society on M

ay 30, 2025



Research Article

Science  29 May 2025 5 of 14

East Asian ancestry and a deeply diverged, unsampled “ghost” ancestry 
(2, 3). We found that ancestry related to Xingyi_EN affected plateau 
populations, because we consistently observed excess shared genetic 
similarity between Xingyi_EN and plateau populations using PCA, 
outgroup f3, and f4 analyses (Figs. 1C; 2, B and C; and 3A and data 
S2d). Testing for admixture, plateau populations could only be mod-
eled as a mixture of ancestry related to Xingyi_EN and northern East 
Asians in a qpAdm analysis (data S3a and supplementary text section 
S5), and the addition of a migration event from the Xingyi_EN branch 
to a Tibetan-related branch greatly improves the fit of the phylogenetic 
tree (Fig. 2A, fig. S25, and supplementary text section S6). We next 
inferred whole-genome genealogies using Relate (34) for Xingyi_EN 
and individuals from the Tibetan Plateau to estimate the genomic 
proportions in Tibetans that matched Xingyi_EN and found that 

ancient Tibetans, especially those dated earlier than 2500 BP, derived 
a substantially higher proportion of their genomes from Xingyi_EN 
than any other human population tested in our analysis (25.5%, 95% 
confidence interval: 24.7 to 26.4%; Fig. 3, B and C, and supplementary 
text section S8). These findings suggest that the deeply diverged ghost 
ancestry in ancient Tibetans (2, 3, 11) derives from a population that 
was closely related to Xingyi_EN. Admixture graph modeling using 
qpGraph also consistently shows partial ancestry related to Xingyi_EN 
in ancient Tibetan populations spanning the plateau (figs. S31 to S33 
and supplementary text section S7), although a model with additional 
ghost ancestry from a population unrelated to Xingyi_EN was also 
feasible (fig. S32). An adaptive EPAS1 haplotype found at high fre-
quency in plateau populations associated with Denisovan introgres-
sion (2, 3, 12) was not observed in Xingyi_EN or Longlin (table S1). 
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affinity to the northern East Asian Boshan, and points higher than the line indicate affinity to the southern East Asian Qihe. (B) qpGraph admixture graph showing a 
demographic model including ancient East and Southeast Asians that depicts observed genetic relationships for newly sampled Yunnan and Guangxi individuals.  
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One possibility is that the population represented by Xingyi_EN was 
polymorphic for EPAS1, i.e., multiple EPAS1 haplotypes were present 
in the population to which Xingyi_EN belonged and we happened to 
sample an individual without the adaptive haplotype. However, another 
possibility is that unsampled populations not related to Xingyi_EN also 
contributed to the ghost ancestry observed in Tibetans, and one of those 
populations contributed the adaptive EPAS1 haplotype.

A new East Asian ancestry in central Yunnan distinct from northern or 
southern East Asian ancestries
In addition to the 7100-year-old Xingyi_EN individual, we sequenced and 
analyzed genome-wide data from 146 individuals spanning 5500 years 
of Yunnan history, which were associated with the Late Neolithic, 
Bronze Age, and Iron Age, including those associated with the promi-
nent Dian culture known for their bronze metalworks (35). Nineteen 
individuals also derive from the Xingyi site in central Yunnan, and 127 
are distributed across 16 sites spanning western, central, and eastern 
Yunnan. Populations younger than 5000 years in Yunnan, including 
those at the Xingyi archaeological site and from previous studies (36), 
are not closely related to Xingyi_EN and instead share high levels of 
ancestry with ancient northern and southern East Asians (data S2c).

Projection of ancient Yunnan individuals onto a principal compo-
nents analysis (PCA) shows three main clusters that primarily assort by 
geography: central, eastern, and western Yunnan (Fig. 1C). Focusing 
first on central Yunnan, on the Yungui Plateau near Lake Dian, 40 un
related individuals with sufficient coverage from five sites were securely 
dated to 5500 to 1500 years ago, Xingyi_LN (5435 to 4296 cal BP), 
Xingyi_BA (3830 to 3385 cal BP), and populations associated with the 
Dian culture (Xueshan, Jinlianshan, Haibaoshan_1; 2753 to 1413 cal 
BP). These individuals cluster together near the southern East Asian 
cline but are shifted toward the Tibetan cline (Fig. 1C).

To investigate the relationship of central Yunnan populations to 
previously sampled East Asians, we compared Late Neolithic Xingyi 
individuals, Xingyi_LN, with ancient northern and southern East 
Asians (nEA/sEA) and found that Xingyi_LN cannot be placed within 
the context of known East Asian ancestries. In a phylogenetic analy-
sis, Xingyi_LN’s placement is uncertain, with 32.8% bootstrap repli-
cates grouping Xingyi_LN with ancient northern East Asians and 
18.5% replicates grouping Xingyi_LN with ancient southern East 
Asians (Fig. 2A and supplementary text section S6). Assessing popu-
lation genetic relationships using f4 analyses, we found that Xingyi_
LN is similarly related to northern East Asians from the Yellow River 
(6), Amur River (1), and Shandong (5), and southern East Asians from 
Fujian (5, 8), i.e., f4(Mbuti, Xingyi_LN; nEA, sEA) ~ 0 (–1.8 < Z < 2.0; 
data S2e). Modeling ancestral relationships using qpGraph, Xingyi_
LN falls within East Asian genetic diversity, showing a closer relation-
ship with the northern East Asian Boshan and the southern East 
Asian Qihe3 than with individuals carrying Basal Asian ancestries 
(Fig. 4B). Collectively, our results show that Xingyi_LN does not have 
a Basal Asian ancestry, but rather an East Asian ancestry that is un-
like previously described northern or southern East Asian ancestries 
(1, 5, 8).

Ancestry related to the 5500-year-old Xingyi_LN persists in more 
recent central Yunnan populations dating from 4000 and 1500 years 
ago. Comparing the relative affinity of more recent individuals from 
central Yunnan to Xingyi_LN and the southern East Asian Qihe3 
(5, 8) using a regression symmetry f4 analysis, greater genetic affinity 
is shared with Xingyi_LN (Fig. 4C). Several f4 analyses confirm that 
more recent central Yunnan populations are more related to Xingyi_
LN than northern or southern East Asians, i.e., f4(Mbuti, Xingyi_LN; 
cYN, nEA/sEA) < 0 (–11.5 < Z < –2.0; data S2e). Modeling genetic 
admixture in Bronze Age central Yunnan populations using qpAdm 
analyses, we found that they are predominantly composed of ances-
try related to Xingyi_LN with some northern East Asian-related gene 
flow (data S3d), a pattern also supported in f4 analyses (data S2e). 

The ancestry observed across 5500 to 1500 years ago in central Yunnan, 
best represented by Xingyi_LN, is unlike that found in northern China 
and the Fujian region of southern China, indicating that this ancestry is 
distinct from those previously sampled in East Asia. Given its preva-
lence in central Yunnan over several millennia, we denote ancestry from 
Xingyi_LN and related populations as Central Yunnan ancestry.

With 12 individuals from the Xingyi site spanning 7100 to 3300 
years, we also investigated how cultural and genetic patterns changed 
over time using a single archaeological site. The 7100-year-old indi-
vidual at this site (Early Neolithic, Xingyi_EN) was found in an ash pit 
below all other cultural layers excavated at the Xingyi site under three 
large stones, with no associated pottery shards or other artifacts 
(supplementary text section S1). The discontinuity in the archaeologi-
cal record between the ash pit and higher cultural layers where 5500- 
to 3300-year-old individuals (Xingyi_LN and Xingyi_BA) were 
excavated makes it difficult to discern whether this site was occu-
pied between 7100 and 5500 BP. Xingyi_LN and Xingyi_BA individu-
als showed a completely different ancestry from that found in the 
Xingyi_EN individual, which suggests that population changes occurred 
in this region over this 1500-year period. Stable isotope analyses at 
the Xingyi site (37) suggest that the 7100-year-old Xingyi_EN and the 
two oldest Xingyi_LN individuals sampled (~5500 to 5000 BP) were 
primarily foragers, with the first evidence of some millet consumption 
in younger Xingyi_LN individuals starting around 4900 BP (37). 
Individuals younger than 4900 BP at the Xingyi site had stable isotope 
patterns suggesting that the subsistence strategy in the Late Neolithic 
from 4900 to 4300 years ago was mixed, indicating the use of millet 
but the persistence of foraging practices. By the Bronze Age ~3800 to 
3300 years ago, the subsistence strategy at the Xingyi site was highly 
reliant on agriculture (Table 1). Because the oldest Xingyi_LN individu-
als date to 5500 BP and show a foraging-based diet, the first appearance 
of agriculture at 4900 BP seems to have occurred after the establish-
ment of Xingyi_LN’s ancestry at this site. Thus, the shift to agricultural 
practices was not associated with a shift in ancestry. In fact, the differ-
ence in ancestry between the Early and Late Neolithic at the Xingyi 
site may indicate large ancestral shifts before the onset of agriculture. 
However, the lack of additional individuals spanning 7000 to 5500 
years makes it difficult to clarify how long the ancestry related to the 
7100-year-old Xingyi_EN individual persisted at this locality or when 
the ancestry related to the 5500-year-old Xingyi_LN individuals first 
appeared in this region. By contrast, the Late Neolithic to the Bronze Age 
at the Xingyi site reveals high population continuity at a time when 
the subsistence strategy was shifting from an economy that was forag-
ing based to one that was fully reliant on agriculture.

To determine whether Central Yunnan ancestry extends to other 
parts of Yunnan, we examined the ancestry of two individuals dating 
to ~3400 BP from the Dayindong site in eastern Yunnan, near the 
Nanpan River Basin that feeds into the Pearl River. Unlike populations 
from central Yunnan, individuals from the Dayindong site are shifted 
toward Neolithic southern East Asians in a PCA (Fig. 1C) and share 
the most genetic similarity with Neolithic southern East Asians in an 
outgroup f3 analysis (Fig. 2B). In f4 analyses, the Dayindong individuals 
share ancestry with both ancient southern East Asians, e.g., Xitoucun 
and Tanshishan (5), and central Yunnan populations i.e., f4(Mbuti, 
Dayindong; Xitoucun/Tanshishan, central Yunnan) < 0 (–5.6 < Z < –2.4) 
and f4(Mbuti, central Yunnan; Dayindong, Xitoucun/Tanshishan) < 0 
(–4.9 < Z < 0; data S2h). In a regression symmetry f4 analysis compar-
ing affinity to southern East Asian ancestry (Qihe3) or Central Yunnan 
ancestry (Xingyi_LN), Dayindong is to the left of central Yunnan popu-
lations but near the regression line to Qihe3 (Fig. 4C). These patterns 
indicate that in eastern Yunnan 3500 years ago, populations share a 
genetic affinity to both coastal southern East Asians and central 
Yunnan populations.

To explore the extent of Central Yunnan ancestry in regions outside 
of Yunnan, we applied the same regression f4-symmetry analysis to 
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compare the affinities of other ancient individuals from southern East 
Asia and Southeast Asia with the southern East Asian (Qihe3) and 
Central Yunnan (Xingyi_LN) ancestries. This approach revealed genetic 
affinity to Xingyi_LN in many ancient Southeast Asians (Fig. 4C). In 
particular, 4000- to 2000-year-old Southeast Asians from Laos and 
Vietnam [La_G2, Vt_G2 (10)] are more genetically similar to Xingyi_LN 
than Qihe3 in both outgroup f3 and f4 analyses (Fig. 2B and data S2e). 
When testing for admixture using qpAdm, Vt_G2 shows partial ances-
try related to Xingyi_LN (66.4 to 73.4%; data S3c). By contrast, the 
9000-year-old Dushan and the 8300- to 6400-year-old Baojianshan 
individuals from Guangxi (8) share greater affinity with Qihe3 in the 
regression symmetry f4 analysis (Fig. 4C) and cannot be modeled with 
ancestry related to Xingyi_LN (data S3c), a pattern also observed for 
ancient individuals from coastal and island southern East Asia in the 
Fujian region (5, 8) and Taiwan (5, 7). Although populations in Guangxi 
and eastern Yunnan showed substantial levels of southern East Asian 
ancestry, populations in central Yunnan 5500 to 1500 years ago and 
northern regions of Southeast Asia 4000 to 2000 years ago were in-
stead highly affected by Central Yunnan ancestry.

Multiple East Asian ancestries in Yunnan during the Bronze Age
In western Yunnan, in the Tibetan-Yi corridor at the foothills of the 
Tibetan Plateau, 55 unrelated individuals with sufficient coverage from 
10 sites radiocarbon dated to ~3800 to 1700 BP were analyzed, along 
with six previously published ~3000-year-old individuals from the 
Haimenkou site (36). Most sites are from the Jinsha River Basin, which 
composes the upper reaches of the Yangzi River. Unlike central or east-
ern Yunnan individuals, western Yunnan individuals cluster on the 

Tibetan cline in a PCA (Fig. 1C). Using phylogenetic (Fig. 2A and sup-
plementary text section S6) and f4 analyses (Fig. 4A and fig. S20) to 
assess the genetic relationship of western Yunnan individuals dating 
to 3800 to 1700 BP to diverse East Asians, we found that they are most 
closely related to northern East Asians. This pattern includes those 
from the two oldest sites in western Yunnan, Baiyangcun and Dadunzi, 
and holds relative to populations carrying Central Yunnan ancestry, 
e.g., f4(Mbuti, Baiyangcun/Dadunzi; nEA, Xingyi_LN) < 0 (–9.3 < Z < 
0.4; data S2f to S2g).

In contrast to ancient Tibetans, western Yunnan individuals do not 
show substantial levels of ancestry related to the Basal Asian indi-
vidual, Xingyi_EN. One exception is the 2700- to 2300-year-old Jicha 
group, who share excess alleles with Xingyi_EN relative to Boshan 
(Fig. 3A and data S2c), but this signal is not recovered in a qpAdm 
analysis. To discern which northern East Asian ancestry is more 
related to the northern East Asian ancestry observed in ancient 
Tibetans, we performed an f4-symmetry analysis assessing affinity 
to the northern East Asian Yellow River and Shandong ancestries 
(Shimao_LN, Boshan) versus western Yunnan ancestry (Dadunzi, 
Baiyangcun), and found that ancient Tibetans tend to share slightly 
more genetic affinity with those of Yellow River and Shandong an-
cestries (figs. S18 and S19).

Although western Yunnan individuals all carry northern East Asian–
related ancestry, they also show gene flow related to Central Yunnan 
ancestry. Successful qpAdm mixture models describe western Yunnan 
individuals as a mixture of ancestry related to northern East Asians (39.9 
to 69.8%; data S3d) and Xingyi_LN. In a regression f4-symmetry analy-
sis assessing affinity to Xingyi_LN relative to the southern East Asian 

Table 1. Subsistence strategy and dating determined using stable isotope analysis for humans sampled from the Xingyi archaeological site from central Yunnan. Subsistence 
strategies are conclusions summarized from Ma et al. (37). “Forage” indicates complete foraging with no evidence of agriculture, “mixed forage/agriculture” indicates primarily 
foraging with agriculture as a supplement, and “agriculturally dependent” indicates high levels of agriculture. For the populations, radiocarbon dates, and kinship determined in 
this study, see the supplementary text sections S1 to S3 (data S1).

Burial Population
Radiocarbon dates 
(cal BP) Kinship Subsistence

 XingyiH4 Xingyi_EN 7158 to 6888   Forage

 XingyiM11 Xingyi_LN 5435 to 5070   Forage

 XingyiM20 Xingyi_LN 5040 to 4867   Forage

 XingyiM15 Xingyi_LN 4973 to 4857   Mixed forage/agriculture

 XingyiM9 LowCov† 4870 to 4655   Mixed forage/agriculture

 XingyiM13 Xingyi_LN 4843 to 4650   Mixed forage/agriculture

 XingyiM12 Xingyi_LN 4612 to 4418 Second kinship with M11 and M13 Mixed forage/agriculture

 XingyiM6 Com* 4569 to 4421   Mixed forage/agriculture

 XingyiM14 Xingyi_LN 4520 to 4411 First kinship with M11 Mixed forage/agriculture

 XingyiM7 Xingyi_LN 4515 to 4296   Mixed forage/agriculture

 XingyiW4 Xingyi_BA 3894 to 3722 Second kinship with M5 Agriculturally dependent

 XingyiM18 Xingyi_BA 3830 to 3646   Agriculturally dependent

 XingyiM2 Xingyi_BA 3828 to 3581 Second kinship with M1 Agriculturally dependent

 XingyiM19 Xingyi_BA 3822 to 3571 First kinship with M18 Agriculturally dependent

 XingyiM3 Xingyi_BA 3811 to 3573   Agriculturally dependent

 XingyiM5 Xingyi_BA 3811 to 3573   Agriculturally dependent

 XingyiM17 Xingyi_BA 3692 to 3491   Agriculturally dependent

 XingyiW3 Xingyi_BA 3570 to 3467   Agriculturally dependent

 XingyiM4 Xingyi_BA 3565 to 3463 Second kinship with M5 and M18 Agriculturally dependent

 XingyiM1 Xingyi_BA 3465 to 3385   Agriculturally dependent

*Com: Individual with evidence of high contamination who upon restricting to only damaged fragments, had less than 20,000 SNPs available for analysis. This individual was not included in population genetic analyses. 
†LowCov: Individual has more than 20,000 SNPs but fewer than 50,000. This individual was only included in the PCA and ADMIXTURE and was not included in other demographic analyses.
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Qihe3 or the Southeast Asian La_G2, western Yunnan individuals 
share more affinity with Xingyi_LN (fig. S15). Furthermore, they share 
excess alleles with central Yunnan individuals relative to Qihe3 or 
La_G2, i.e., f4(Mbuti, Dadunzi/Baiyangcun; central Yunnan, Qihe3/
La_G2) < 0 (–8.7 < Z < –3.3; data S2f to S2g). These patterns indicate 
some gene flow from central Yunnan into western Yunnan. Reciprocal 
gene flow from western Yunnan to central Yunnan seems to have also 
occurred but at much lower levels and less consistently (data S3d). 
The observed patterns indicate that there was interaction between 
western and central Yunnan populations, but maintenance of high 
population structure persisted throughout the Bronze Age, with those 
in western Yunnan showing substantial levels of northern East Asian 
ancestry that did not strongly affect populations in central Yunnan.

Impact of Central Yunnan ancestry in present-day populations, 
particularly Austroasiatic speakers
Because Central Yunnan ancestry is genetically distinct from north-
ern and southern East Asian ancestries, we next investigated the 
extent to which Central Yunnan ancestry contributed to present-day 
East and Southeast Asians (data S1f ). Focusing first on a symmetry 
f4 analysis examining genetic affinity to Central Yunnan ancestry 
(e.g., Xingyi_LN) versus southern East Asian Fujian ancestry (e.g., 
Qihe3), most mainland southern East Asians share greater genetic 
affinity to Xingyi_LN than Qihe3, whereas most Austronesian speak-
ers share greater genetic affinity to Qihe3 (Fig. 4D and fig. S16). We 
then used an ADMIXTURE analysis to visualize the genetic ancestry 
of present-day Austroasiatic speakers and found that they are similar 
to ancient central Yunnan populations, whereas Austronesian speak-
ers are more similar to those found in ancient southern East Asians 
(fig. S8). All successful admixture models using qpAdm for present-day 
Austroasiatic speakers (Mlabri, Lawa_Western, Mang, Bateq, CheWong, 
Jehai, Kintaq, Mendriq, Jakun, Seletar, Nicobarese, and Palaung) re-
quired substantial ancestry associated with Xingyi_LN (29.8 to 88.3%; 
fig. S22 and data S3e). Not all South Asian Austroasiatic speakers 
could be successfully modeled using qpAdm, but the Ho and Korwa 
showed partial ancestry related to Xingyi_LN. Some Sino-Tibetan 
(Naxi, Yi, KarenSkaw, and KarenPwo) and Kra-Dai (Laotian and Saek) 
speakers also required partial ancestry related to Xingyi_LN (data 
S3e). These patterns show the wide influence of Central Yunnan 
ancestry in today’s mainland southern East Asian and Southeast 
Asian populations, particularly Austroasiatic speakers.

Focusing specifically on ethnic groups that currently live in Yunnan 
(38), we modeled admixture proportions using qpAdm and found 
that most showed primarily a mixture of Central Yunnan ancestry and 
northern East Asian ancestry, with two major patterns. First, ances-
tral proportions are dependent on the affiliated language groups, 
with Sino-Tibetan speakers (Hani, Bai, and Pumi) having higher lev-
els of northern East Asian ancestry (43.9 to 83.3%) and Austroasiatic 
speakers (Blang and Wa) having higher levels of Central Yunnan 
ancestry (60.1 to 88%; data S3e). Second, Sino-Tibetan speakers from 
the Jinsha River Basin in the northwest show lower Central Yunnan 
ancestry (0 to 41.3%, Pumi and Bai), whereas Sino-Tibetan speakers 
from more southern regions (Hani) show higher Central Yunnan 
ancestry (56.1%, Hani; data S3e). These patterns suggest that the 
population structure in Yunnan is associated with different popula-
tions belonging to distinct language groups converging in Yunnan, 
where the 3800- to 1700-year-old western Yunnan populations were 
likely more similar to proto–Sino-Tibetan speakers, whereas the 5500- 
to 1400-year-old central Yunnan populations were likely more similar 
to proto-Austroasiatic speakers. These populations coexisted in 
Yunnan as far back as 3800 years ago, and population structure 
observed in these Bronze Age Yunnan populations can still be ob-
served today. Gene flow did occur, because nearly all populations 
carry both northern East Asian and Central Yunnan ancestry, with a 
higher signature of gene flow in more southern regions of Yunnan.

Discussion
Determining the genetic ancestry of ancient humans from southwest 
China has greatly influenced our understanding of East and Southeast 
Asian prehistory. At the Xingyi archaeological site in central Yunnan, 
China, a 7100-year-old individual, Xingyi_EN, derives from a popula-
tion that is closely related to an unsampled population who contrib-
uted to Tibetan origins. Xingyi_EN–related ancestry (denoted here as 
Basal Asian Xingyi ancestry) falls on the Asian branch of human pre-
history but is distinct from those previously discovered in 40,000- to 
33,000-year-old individuals from northern China [Tianyuan (1, 16, 33)] 
and 8000- to 6000-year-old individuals from Southeast Asia [Hòabìnhians 
(10)], indicating that Basal Asian Xingyi ancestry diverged at least 
40,000 years ago. The distant relationship between Tianyuan, Xingyi_EN, 
Hòabìnhians, and other East and Southeast Asians suggests that the 
diversification of these deeply diverged Asian lineages likely occurred 
over a short period of time. Despite morphological features suggesting 
more archaic ancestry in some deeply diverged Asians (39), to date, the 
sampled deeply diverged Asians (10, 16), including Xingyi_EN, group 
completely with anatomically modern humans, with no elevated levels 
of archaic ancestry.

In southern China and Southeast Asia, the earliest presence of 
Basal Asian Xingyi and Hòabìnhian ancestries (10) is still unknown, 
but by the Early to Middle Holocene, these two deeply diverged an-
cestries coexisted with populations carrying southern East Asian 
ancestry (5, 8) and Central Yunnan ancestry, indicating the presence 
of high genetic diversity in southern East Asia at this time. Others 
have proposed that southern East Asia may have had greater popula-
tion continuity during the Last Glacial Maximum because of the 
warmer and more hospitable environment (40). This may explain the 
persistence of deeply diverged Basal Asian populations in southern 
China and Southeast Asia to the mid-Holocene. By contrast, further 
to the north, full-scale replacement of deeply diverged Asian popula-
tions, e.g., Tianyuan (16), occured during the Pleistocene to Holocene 
transition (1). Thus, diversification of multiple populations on the 
Asian lineage before 40,000 years ago shaped much of the prehistory 
of East and Southeast Asia, with negligible influence from non-Asian 
populations. This pattern differs greatly from the population history 
of modern humans in Europe, where Holocene migrants from the 
Near East and Central Asia had a substantial impact on human an-
cestry in Europe (41–43).

The persistence of deeply diverged Basal Asian individuals further 
south led to gene flow of these ancestries into nearby populations. 
Contact between populations carrying Basal Asian Xingyi ancestry 
and populations carrying southern East Asian ancestry occurred as 
early as 11,000 years ago given the age of an admixed individual from 
Longlin Cave, Guangxi. Others have shown that Hòabìnhian ancestry 
could be found in partial amounts in early Southeast Asian farmers 
and across some isolated ethnic groups today (10). However, the 
greatest impact of Basal Asian Xingyi ancestry may have been on the 
Tibetan Plateau, where plateau populations are a mixture of a north-
ern East Asian ancestry and a deeply diverged ghost ancestry (2, 3) that 
is related to Basal Asian Xingyi ancestry. Our findings strongly sup-
port that Xingyi_EN–related ancestry contributed to Tibetan popula-
tions, although with only a single representative of this ancestry, 
further characterization of the relationship between Xingyi_EN and 
ghost ancestry in Tibetans is difficult. Xingyi_EN–related ancestry 
in Tibetans does not preclude the possibility that other deeply di-
verged, currently unknown ancestries also contributed to Tibetans, 
but additional sampling is needed to address this issue. Both ar-
chaeological surveys (44–47) and our findings show that Tibetans 
are more associated with populations from the Yellow River and 
Shandong regions than with populations from western Yunnan. This 
indicates that the geographic origin of admixture was likely further 
north, emphasizing the need for further sampling in the northeast-
ern fringes of the Tibetan Plateau.
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Comparison of 5000- to 3500-year-old central Yunnan populations, 
including those at Dian-associated archaeological sites [~2700 to 
2000 BP (48, 49)], to other ancient East Asians reveal an ancestry 
that differs substantially from northern and southern East Asian 
ancestries previously sampled (1, 5, 6, 8). This ancestry, denoted here 
as Central Yunnan ancestry, contributed to many present-day popula-
tions in southern East Asia and Southeast Asia, particularly to 
Austroasiatic speakers. With the oldest northern East Asian indi-
vidual dated to 19,000 years (1), the separation of prehistoric East 
Asians into different populations carrying northern East Asian–, 
southern East Asian–, or Central Yunnan–related ancestries must have 
been before 19,000 years ago. Populations carrying Central Yunnan 
ancestry extended to Southeast Asia by 4000 to 3000 BP, but showed 
little impact along coastal regions, where populations carrying south-
ern East Asian ancestry persisted. Populations carrying southern 
East Asian ancestry already contributed partially to populations in 
Guangxi by the Early Neolithic (5, 8), as well as populations in eastern 
Yunnan by 3500 years ago, perhaps facilitated by the Nanpan and 
other tributaries that fed into the Pearl River system.

Various locations across southern East Asia and Southeast Asia 
have been proposed for the origin of the Austroasiatic language family 
(22, 50, 51), and many have associated the expansion of Austroasiatic 
speakers with the expansion of rice agriculture (18, 20, 21). The an-
cestry related to present-day Austroasiatic speakers in ancient hu-
mans from central Yunnan, dating to 5500 years ago, is the oldest 
Austroasiatic-associated ancestry in ancient humans observed to 
date. Stable isotope analysis at the Xingyi site shows that the first 
appearance of domesticated crop consumption occurred no earlier 
than 4900 BP (37), but our fine-scale genetic sampling of ancient 
central Yunnan populations shows shared ancestry spanning 5500 
to 3300 years BP. This suggests that the first appearance of the 
Austroasiatic-associated Central Yunnan ancestry preceded the adop-
tion of agriculture. If proto-Austroasiatic populations expanded into 
Yunnan, then our findings suggest that they must have done so before 
5500 years ago in an expansion unrelated to the adoption of agricul-
ture in central Yunnan. If rice agriculture motivated a single, initial 
Austroasiatic expansion, then the central Yunnan region may be a 
candidate homeland for Austroasiatic origins given the associated 
age and local transition to farming. Alternatively, the ancestry found 
in proto-Austroasiatic populations may have already been widely 
dispersed across East and Southeast Asia such that these central 
Yunnan populations were perhaps tangential to the Austroasiatic 
expansion proposed for Southeast Asia and northeast India (20). The 
dominance of northern East Asian ancestry in the Sanjiang region in 
western Yunnan, a pattern also noted by others (36), supports lin-
guistic and archaeological evidence (21, 27) that argues against west-
ern Yunnan as a potential source of an Austroasiatic expansion. The 
Austroasiatic association in prehistoric central Yunnan populations 
suggests that the Red River valley that connects central Yunnan to 
northern Vietnam may have played an important role in the movement 
and interaction of proto-Austroasiatic populations. Sampling of Late 
Neolithic and Bronze Age humans in Yunnan indicates that a more 
nuanced model of Austroasiatic prehistory is needed, because current 
models do not incorporate ancient populations from central Yunnan.

The presence of northern East Asian–related ancestry in the Jinsha 
River Basin of western Yunnan, Central Yunnan ancestry in the Lake 
Dian region of central Yunnan, and a mixture of Central Yunnan and 
the southern East Asian Fujian ancestries in the Nanpan River Basin 
of southeastern Yunnan around 3500 years ago indicates that human 
genetic diversity in southwestern China was incredibly high in the 
Bronze Age. Today, ethnic groups in Yunnan also show high genetic 
diversity (38, 52), and the remnants of genetic structure found in 
Bronze Age Yunnan populations can still be observed in Sino-Tibetan 
and Austroasiatic speakers, who carry mostly northern East Asian or 
Central Yunnan ancestry, respectively. Gene flow did affect these 

populations, because all present-day ethnic groups in Yunnan associate 
with both ancestries, but here we see that diverse ethnic groups coex-
isted in Yunnan as far back as 3800 years ago.

Our findings on the genetic relationships of ancient humans from 
southwest China over the past 7100 years provide important new 
insights into many long-standing questions concerning East Asian 
prehistory. Analysis of ancient genome-wide data from the 7100-​year-old 
Xingyi_EN shows the existence of a second deeply diverged Asian 
population that lived in southern latitudes during the mid-Holocene 
and reveals a Basal Asian ancestry that affected ancient and present-
day Tibetan populations (2, 3). Central Yunnan populations dating 
back to 5500 BP represent a distinct East Asian ancestry related to 
Austroasiatic speakers of East and Southeast Asia, whereas west-
ern Yunnan populations dating back to 3800 BP show ancestry 
related to northern East Asians. In sum, the rich genetic history 
represented in the prehistoric humans of Yunnan in southwest 
China casts light on the complex population dynamics across East 
and Southeast Asia.

Materials and methods
Ethics and inclusion statement
Permission to test for ancient DNA in the human specimens from 
this study was obtained through discussions with local archaeologists 
who excavated them, with final approval granted by the institute in 
Yunnan where they are managed and cared for, the Yunnan Institute 
of Cultural Relics and Archaeology. Additional oversight and ap-
proval were obtained from the Institutional Review Board at the 
Institute of Vertebrate Paleontology and Paleoanthropology of the 
Chinese Academy of Sciences to sample the genomes of the ancient 
humans included in this study (202201060011). Protocols used to 
sample the genomes follow the highest standards used in archaeoge-
nomic research. The work was done in collaboration with several local 
archaeologists, who were included as co-authors for their contribu-
tions to collation of archaeological material, dating of specimens, 
and/or discussions that contributed to the connections made to ar-
chaeological research cited in this study.

Ancient DNA extraction, sequencing, and data processing
We sampled 283 human remains from Yunnan, China, and of these, 
147 individuals were successfully sequenced and analyzed in this 
study (data S1a). All extraction and sequencing procedures on ancient 
human samples were performed in a dedicated ancient DNA labora-
tory at the Institute of Vertebrate Paleontology and Paleoanthropology 
(IVPP), Chinese Academy of Sciences. Following a previously pub-
lished protocol (53), a drill was used to obtain <100 mg of sample 
material from the bones of these individuals. Single-stranded libraries 
(“SS”) without uracil-DNA-glycosylase (UDG) treatment were pre-
pared for all samples. Libraries were then amplified for 35 cycles using 
AccuPrimepfx DNA enzymes (5).

To increase the amount of endogenous ancient DNA and reduce 
contamination from environmental DNA, oligonucleotide probes 
were synthesized to capture the ancient DNA fragments in solution. 
Oligonucleotide probes for mitochondrial DNA were designed based 
on a complete human mitochondrial genome (33). For nuclear DNA, 
nearly 1.2 million SNPs (the ‘1240k’ panel) were used in a capture 
analysis (32) for 147 individuals. An additional 45 individuals were 
shotgun sequenced. Both nuclear capture on the 1240k panel and 
shotgun sequencing were used for seven remaining individuals. For 
most population genetic analyses, we focused on the 1240k panel to 
maximize comparisons with previously published ancient humans. 
We performed f4-statistics for the individual Xingyi_EN using shot-
gun data and capture data in parallel to confirm associated findings 
were robust to sequencing techniques. In RELATE and DATES analy-
ses, we focused on shotgun data only, comparing to previously pub-
lished ancient humans with shotgun data available.
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For the enriched mitochondrial and nuclear DNA libraries, Illumina 
Miseq with 2×76 base pairs (bp) paired-end reads, and Illumina 
Hiseq4000 and Illumina HiSeq X Ten with 2×100 bp and 2×150 bp 
paired-end reads were used for sequencing, respectively. Then leeHom 
(54) (https://github.com/grenaud/leeHom) was applied to trim adap-
tors and merge paired reads with more than 11 base pairs to overlap 
into a single sequence. Only merged reads with lengths longer than 
30 bp were kept and mapped to reference genomes using the Burrows-
Wheeler Aligner [BWA, version 0.5.10-evan.10-1-gfb1ff83 (55)] with the 
samse command (-n 0.01 and -l 16500). Mitochondrial DNA was mapped 
to the revised Cambridge Reference Sequence [rCRS (56)], and nuclear 
DNA was mapped to the human reference genome hg19 (57). For du-
plicate reads in the same orientation and start and end positions, the 
sequence with the highest quality was retained and duplicates were 
discarded.

We relied on C to T misincorporations to authenticate ancient DNA 
sequences (58) (data S1a), as deamination of cytosines into uracils can 
occur post-mortem, upon which the cytosine would be sequenced in-
correctly as a thymine. Contamination rates were estimated using three 
approaches. For all samples, mitochondrial DNA contamination rates 
were analyzed by ContamMix (59), which compares the sequenced 
mitochondrial genomes with present-day sequences. Libraries with a 
contamination level higher than 5% were treated as contaminated. For 
males, because they only have one copy of the X chromosome, we also 
applied the ANGSD software (60) to test contamination levels. If the 
contamination rate was higher than 5%, the library was regarded as 
contaminated (data S1a). For females, we compared data restricted to 
damaged fragments only (female_d) with data from all fragments (fe-
male) in the same female individual using f4(Mbuti, X; females, female_d) 
(fig. S4). We also assessed autosomal contamination in both females and 
males using ContamLD version 1.0 (61), relying on the decay of linkage 
disequilibrium. Default settings were used for ContamLD analyses. For 
samples with contamination rates > 5% in any of the three contamination 
estimate tests (ChrX, contamLD, or mtDNA), we restricted to only dam-
aged fragments for genotyping and used the individuals with more than 
20,000 SNPs for further analyses. Details of all contamination outcomes 
are documented in the supplementary materials (data S1a).

We restricted analyses to fragments with damage characteristic of an
cient DNA for libraries with high contamination to preserve as many indi
viduals as possible for study. Five individuals (“_d” added to LibraryID, 
data S1a) originally showed contamination higher than 5% - for those 
individuals, we restricted our analyses to damaged fragments only, re-
sulting in lower contamination estimates ranging from 0.2 to 3.1%. The 
damaged fragments were obtained by using pmdtools 0.60 (62) with 
the --customterminus parameter, after filtering out fragments with at 
least one C→T substitution in the first three positions at the 5ʹ end and 
the last three positions at the 3ʹ end.

After merging multiple libraries obtained for one individual, DuiziM98_1, 
we then called pseudo-haploid genotypes for all individuals. To do this, 
we randomly sampled one base for each SNP to which reads mapped 
to determine the corresponding allele. In this way, we generated 
pseudo-haploid genotypes (32). All newly sequenced individuals were 
prepared with SS “No-UDG” libraries. Thus, we masked both ends (5 bp) 
of the read and used “pileupCaller --singleStrandMode” with default 
data quality filters (i.e., base and map quality larger than 30) to deter-
mine the pseudo-haploid genotypes by randomly sampling one frag-
ment per position after discarding forward mapping reads at C/T SNPs 
and reverse mapping reads at G/A SNPs.

Sex determination
We calculated genetic sex based on the fraction of the number of se-
quences that mapped to the Y chromosome compared with the overall 
number of sex chromosome sequences (63), where the sequences were 
filtered for a mapping quality of no less than 37. Results of assigned 
sex are presented in data S1a.

Uniparental haplogroups assignment
Mitochondrial haplogroups were determined using HaploGrep2 (64) 
with PhyloTree Build 17 (65) for mitochondrial consensus sequences. 
Y chromosome haplogroups were assigned by determining the most 
derived allele upstream and the most ancestral allele downstream in 
the phylogenetic tree, using the International Society of Genetic 
Genealogy dataset version 10.01 (www.isogg.org/tree). Both sets of 
haplogroups are listed in data S1a, and the related sex-biased practices 
are further discussed in supplementary text section S3.

Data imputation
To better refine the genotype likelihoods for low-coverage ancient DNA 
(66, 67), we applied imputation analyses for IBD inference and RELATE 
analyses. All samples underwent no UDG treatment, so five base pairs 
were masked from each end of the read in the BAM files, using trim-
Bam in bamUtil to decrease the influence of aDNA degradation influ-
ence on non-UDG-treated samples. Imputation analyses were performed 
using the GLIMPSE2 software (66, 68), with the 1000 Genomes Phase 
3 dataset used as the reference panel (http://ftp.1000genomes.ebi.ac.uk/
vol1/ftp/release/20130502/) with default parameters (https://odelaneau.
github.io/GLIMPSE/docs/tutorials/getting_started/). Using these 
criteria, we imputed 24 shotgun sequences in parallel for RELATE 
analyses, including Xingyi_EN and previously published ancient 
Tibetans and northern East Asian individuals (supplementary text 
section S8).

IBD inference
We selected 74 ancient Yunnan individuals with high data quality to 
determine the sharing of identity-by-descent (IBD) sequences. This 
includes 31 individuals captured using the 1240K Panel covering at 
least 500,000 1240k SNPs, and 39 individuals with whole genome 
sequencing data covering at least 200,000 1240k SNPs, and seven in-
dividuals with both shotgun and capture data (69, 70). After base and 
map quality control (above 30) and imputation, phased and imputed 
VCF files were merged together using bcftools and were processed 
using ancIBD software (69) with all recommended default parameters 
(https://ancibd.readthedocs.io/en/latest/run_ancIBD.html). Infor
mation concerning inferred IBD segments is recorded in data S1c.

Kinship and family pedigree reconstruction
We first investigated the degree of kinship between samples from the 
same site using the software READ (Relationship Estimation from 
Ancient DNA) (71), which can infer up to second-degree kinships for 
ancient individuals with low coverage and pseudo-haploid genotype 
calls. Individuals with less than 50,000 SNPs were not included in the 
READ analysis, as estimated kinship calls are often incorrect with low 
SNP availability. On the basis of the kinship relationships in READ (data 
S1b), mitochondrial and Y haplogroup (data S1a), genetic sex, IBD shar-
ing (data S1c), and radiocarbon dating results (data S1a), we recon-
structed family pedigrees among 21 individuals in two joint tombs, the 
Jianlianshan site in central Yunnan and the Gaozhai site in western 
Yunnan (supplementary text section S3). For further demographic 
genetic analyses, we excluded 21 individuals with kinship relationships 
to individuals who had more SNP data available.

ROH estimation
Runs of homozygosity (ROH) segments were estimated using the 
software hapROH which has demonstrated robust capability in de-
tecting ROH longer than 4 cMs in ancient individuals with a mini-
mum coverage of 0.3× (72). We selected 64 ancient Yunnan individuals 
whose SNP numbers were higher than 400,000 and analyzed them 
in hapROH using default parameters for all chromosomes. ROHs are 
recorded in data S1d, and kinship relatedness and background re-
latedness in ancient Yunnan are further discussed in supplementary 
text section S3.
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Present-day datasets
Two different panels of present-day populations were used in different 
analyses. For PCA and ADMIXTURE, we assembled populations from 
the Human Origin (HO) SNP Panel (73), Tibetan and Han popula-
tions from Lu et al. (11), Southeast Asian populations from Liu et al. (74) 
and Kutanan et al. (75), and populations from southern China from 
Wang et al. (7). For f4 and qpAdm analyses, we included a panel of 1240k 
captured SNPs from the Simons Genome Diversity Panel [SGDP (76)], 
shotgun data from the Human Genome Diversity Project [HGDP (77)], 
and Tibetan populations from Lu et al. (11). For present-day popula-
tions in East Asia, Southeast Asia, and South Asia, language categories 
were assigned based on the original study in which they were sampled, 
as described in data S1f.

For qpAdm analyses targeting present-day populations, we addition-
ally included: 1) the HO SNP panel (73) (~600,000 SNPs) for South
east Asian populations from Liu et al. (74), Kutanan et al. (75), and 
Wang et al. (7); 2) an overlapping dataset (~305,000 SNPs) for present-
day populations from India and Malaysia (78, 79); and 3) an overlap-
ping dataset (~175,000 SNPs) for present-day populations from Yunnan 
(38) (Dali_Bai, Honghe_Hani, Lincang_Wa, Nujiang_Pumi, Puer_Lahu, 
Xishuangbanna_Blang, supplementary text section S5).

PCA
We applied the smartpca program from the EIGENSOFT package (80) 
to perform a PCA with default parameter settings, except lsqproject: 
YES, numoutlieriter: 0, and shrinkmode: YES. The principal compo-
nents were calculated using present-day East and Southeast Asians, 
with all newly sequenced or previously published ancient individuals 
projected onto the calculated components (Fig. 1C).

f-statistics
We conducted an outgroup f3-analysis using qp3Pop (version 412) in 
AdmixTools (73), to measure the genetic similarities shared between 
populations relative to an outgroup. We used the present-day Central 
African Mbuti population as the outgroup and compared newly se-
quenced and previously published ancient individuals of Asia (X, Y), 
where the f3-statistic is represented by f3(Mbuti; X, Y) (Fig. 2, B and 
C). An f4-analysis was performed using qpDstat (version 712) in 
AdmixTools (73) with optional parameter: “f4mode: YES”. F4-statistics 
of the form f4(Mbuti, X; Y, Z), with Mbuti as the outgroup, were used 
in analyses to determine genetic groupings by archaeological site (data 
S2a-2b, supplementary text section S2), as well as for population ge-
netic analyses to determine genetic relationships of newly sequenced 
humans to a diverse array of present-day and ancient humans, primar-
ily from Asia (data S2c-2h). Additionally, symmetry tests designed to 
examine whether individuals or populations shared greater affinity to 
one of two different ancestries (8, 81) were used to examine the rela-
tionship of ancient and present-day populations to different northern 
and southern populations of East Asia, with details described further 
in supplementary text section S4. In both f3- and f4-analyses, frequency 
data were used when there is more than one individual in a group; 
otherwise, 0/1 counts are used for the analyses (82). The group cluster-
ing and more description of the f-statistics highlighted in this study 
can be found in supplementary text sections S2 and S4.

Inferring admixture and estimating mixture proportions
To model ancestry proportions for any target populations, we applied 
qpAdm (41) in AdmixTools (73) with the parameter “allsnps: YES”. We 
developed a standard set of outgroups called the ‘Right populations’ 
and a potential set of source populations for the ‘Left populations’ 
as described for the qpAdm software. We selected representative 
populations of different lineages of modern humans worldwide, in-
cluding Mota (83), Kostenki14 (43, 84), Iran_N (43), IndusPeriphery (85), 
LBK_EN (41, 86, 87), Kotias (88), Karelia (41, 87), Yana (89), AR33K 
(1), Kolyma (89), Onge (76), AR19K (1), Qihe3 (8), and Yumin (5) as the 

distal “Right populations” set. We used two different analyses to ad-
dress specific questions: 1) To address the question of ghost ancestry 
previously found in ancient and present-day Tibetan Plateau popula-
tions (2–4, 11), we tested a broad set of deeply diverged Asians as puta-
tive sources [UstIshim (90), Tianyuan (16, 33), Xingyi_EN, La368 (10), 
Jomon8.8k (91)] for ancient and present-day Tibetans, fixing a second 
source to be an ancient population primarily of northern East Asian 
ancestry [fixing AR14K (1), Boshan (5), and Shimao_LN (6) in parallel] 
in data S3a. 2) To assess ancestries across a comprehensive set of an-
cient and present-day East and Southeast Asians, we developed a di-
verse set of representative Asian sources from this study and previous 
studies who were shown to contribute to ancient and present-day East 
and Southeast Asians from the past 11,000 years in data S3b-3e. The 
source set included representative lineages from East and Southeast 
Asia as potential sources, including Xingyi_EN, La368 (10), Jomon8.8k 
(91), AR14K (1), Boshan (5), Shimao_LN (6), Liangdao2 (5), and Xingyi_LN. 
For both qpAdm analyses, the potential sources were included using 
a rotating qpAdm algorithm, where sources not included in the immedi-
ate qpAdm analysis were rotated into the outgroup (92). A detailed 
description of how we estimated mixture proportions, along with de-
scriptions of the standard outgroups and potential source populations 
can be found in supplementary text section S5.

Admixture Graph modeling
We applied qpGraph from ADMIXTOOLS (73) to model the relation-
ship between populations by  using  the “qpgraph” function from the 
ADMIXTOOL2 package (93). We first ran fully automated graph ex-
plorations in findGraphs (93) allowing admixture from zero to eight in 
100 algorithm iterations. Then we constrained deeply diverged Asians as 
non-admixed to further test the model in 100 algorithm iterations, al
lowing admixture events from zero to three. To construct the Admixture 
Graph, we included the Central African Mbuti, the ~36,200-year-old 
early European Kostenki14 (84), the ~40,000-year-old early Asian 
Tianyuan (16), the ~8000-year-old Hòabìnhian from Southeast Asia 
La368 (10), the ~11,000-year-old early East Asian Longlin (8), the 
~12,000-year-old southern East Asian Qihe3 (8), the ~8300-year-old 
northern East Asian Boshan (5), the ~5100-year-old Tibetan Zongri5.1k 
(2), and the newly sequenced Xingyi_EN and Xingyi_LN. Details on 
Admixture Graph modeling can be found in supplementary text 
section S7.

RELATE
We used Relate v1.2.1 (34) to infer whole genome genealogies using a 
per base per generation mutation rate of 4e-9, and pre-inferred average 
coalescence rates for the Simons Genome Diversity Project [SGDP 
(76)]. We merged 24 imputed ancient shotgun genomes (coverages 
0.3× to 6.8×) of Xingyi_EN, ancient Tibetan, and ancient northern 
East Asian ancestries, with present-day genomes available through the 
SGDP, and subsequently restricted our analysis to transversions and 
sites where all imputed ancient individuals had an imputation pos-
terior exceeding 0.8. We applied the ‘strict mask’ setting available 
through the 1000 Genomes Project. Given these inferred genealogies, 
we inferred effective population sizes and cross coalescence rates. We 
constructed ancestry models using a genealogy-based chromosome 
painting approach to validate the ghost ancestry in ancient Tibetans 
detected using f-statistics. For more details, see supplementary text 
section S8.

Estimating a maximum likelihood phylogeny with migration events
We used TreeMix (94) (version 1.13) to infer the maximum likelihood 
phylogeny with migration events. The trees were rooted using the 
Central African Mbuti, and we set each block to contain 500 SNPs 
with the option “-root Mbuti –k 500 -global” (supplementary text sec-
tion S6). The bootstrap values for each node in the tree (Fig. 2A) were 
obtained by running 1000 replicates with the option “-bootstrap -q”. 
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Bootstrap trees were assessed in phylip with the command consense 
(95). Populations included in the Treemix analysis are described in 
supplementary text section S6.

ADMIXTURE analysis
We used ADMIXTURE (96) to elucidate the population structure 
within our recently sequenced individuals, encompassing a total of 
938 present-day and 325 ancient individuals. Before the analysis, we 
pruned genotypes for high linkage disequilibrium (r2 > 0.4), excluded 
SNPs with a missing rate exceeding 20%, and filtered out SNPs with 
minor allele frequencies below 5% using PLINK (97), using the param-
eters “--geno 0.2 --maf 0.05 --indep-pairwise 200 25 0.4”. This process 
retained 234,719 SNPs. ADMIXTURE analysis was conducted across 
K values ranging from 2 to 10 (fig. S7). For each K value, we executed 
100 runs with a randomized seed to pinpoint the K values associated 
with the lowest cross-validation (CV) errors (fig. S6). As K=5 yielded 
the minimum CV errors, we visualized these ADMIXTURE results 
in fig. S8.

Estimating the timing of admixture
We used DATES (98) (version 4010, https://github.com/MoorjaniLab/
DATES_v4010) to estimate the timing of an admixture event between 
the ancestral population for ancient Tibetans and a population related 
to Xingyi_EN, using shotgun data for Xingyi_EN, ancient Tibetans, 
and northern East Asians. We started with a genetic distance of 0.45 cM 
with “lovafit: 0.45,” and the maximum genetic distance was set to the 
maximum of one Morgan with “maxdis: 1” to make sure it is greater 
than the admixture LD blocks. We used the recommended optimal 
binsize of 0.001 Morgan with “binsize: 0.001.” The standard error was 
estimated by performing a weighted block jackknife with the parameter 
“jackknife: YES”. Results with NRMSD < 0.7 were taken into consid-
eration. We assumed one generation corresponds to 29 years (99) to 
convert the generation results into years. Results primarily estimated 
times older than 200 generations (data S3f), indicating that DATES 
could not infer a time of admixture for Basal Asian Xingyi and north-
ern East Asian ancestries in plateau populations. Because the oldest 
available ancient Tibetan genome is 5100 BP, this suggests that the 
timing of admixture from a Xingyi_EN-related population into a past 
northern East Asian population was before 11,000 years ago.

Archaic ancestry estimation
We applied admixfrog (100) (version 0.5.6, https://github.com/BenjaminPeter/​
admixfrog/) to estimate archaic introgressed fragments in the ge-
nomes of ancient populations from Yunnan. First, each target indi-
vidual was converted from the BAM file format to the input file format 
of admixfrog. All BAM files were filtered for fragments of at least 
35 base pairs (--length-bin-size 35), mapping quality greater than 25 
(--minmapq 25), and deaminated C→T substitutions were removed at 
the first and last three bases (--deam-cutoff 3). Second, we inferred in-
trogressed archaic fragments using generated input files. The potential 
sources were set to be Africans, Neanderthals, or Denisovans (--states 
AFR NEA DEN), described in supplementary text section S9. The bin 
size for each individual was set to 5000 bp (--bin-size 5000). The chim-
panzee (panTro4) reference genome was used to infer the ancestral 
state of each allele (--ancestral PAN).  Results are shown in data S1e.
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