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Abstract: The Tibetan-Yi Corridor in southwestern China is well-known for the origins, migration, and evolution of Sino-Tibetan 
populations. Previous genetic studies have primarily focused on Han and Tibetan populations, thereby leaving the significant 
genetic diversity within the Tibeto-Burman groups under-researched. In this study, to explore the genetic structure and admixture 
history of Tibeto-Burman populations in southwestern China, we sequenced the human genomes of 100 individuals from the 
Qiang and Yi ethnic groups in Sichuan Province. These populations were found to have the closest genetic affinity with nearby 
Tibeto-Burman-speaking Tujia and Tibetan populations. The Qiang share more allele sites with northern Altaic-speaking 
populations, while the Yi have closer genetic relationships with southern Hmong-Mien populations. The dominant ancestry of 
the Yi and Qiang derived from Neolithic millet agriculturalists in the Yellow River Basin, with a smaller proportion from 
Neolithic coastal populations in southern China, supporting the hypothesis of a northern origin of Sino-Tibetan populations. The 
Yi have more southern genetic components than the Qiang, reflecting the differential genetic influences of southeastern coastal 
populations on these groups. In summary, this study elucidates the fine-scale genetic structure of Tibeto-Burman populations 
and their genetic relationships with other Chinese populations, laying the foundation for forensic genetic research in East Asian 
populations.
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1 Introduction 

Located in the eastern part of the Eurasian conti‐

nent, Eastern Asia and its adjacent vast hinterland are 

bordered by the Ural Mountains in the west, the Qinghai-
Xizang Plateau in the southwest, and the Bering Strait 
in the northeast, with a long history and complex de‐
velopment dynamics (Stoneking and Delfin, 2010). 
As an important hub for ancient human migrations, a 
site of numerous ancient human fossils, one of the 
centers of agricultural origins, and a gathering place 
for different linguistic groups, East Asia exemplifies 
the complex historical dynamics of population move‐
ments, biological evolution, and sociocultural exchanges 
spanning millennia (Bae et al., 2017; Wang CC et al., 
2021). As such, this region is crucial for studying 
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human origins (HOs) and ethnic evolution. China, the 
largest country in East Asia, hosts populations from 
seven language families: Sino-Tibetan, Tai-Kadai, 
Hmong-Mien, Austroasiatic, Altaic, Indo-European, and 
Austronesian, reflecting a complex genetic diversity 
(Cai, 2009). The Sino-Tibetan language family com‐
prises the Chinese and Tibeto-Burman groups. The 
Han Chinese group is spread across various provinces, 
while the Tibeto-Burman groups mostly reside in the 
river valleys of eastern Xizang and western Sichuan 
in southwestern China, known as the Tibeto-Yi Corri‐
dor. This region has been a focal point for ethnologi‐
cal and linguistic studies and is key to understanding 
the origins, migration, and evolution of Sino-Tibetan 
populations.

Previous linguistic and archaeological evidence 
has shown that the origin and expansion of Sino-
Tibetan populations are related to the Neolithic Yang‐
shao and Majiayao cultures, as well as the rapid devel‐
opment of millet agriculture (Sagart et al., 2019; 
Zhang et al., 2019). Modern Tibeto-Burman and Han 
populations shared a common ancestry with ancient 
populations in the middle and upper reaches of the 
Yellow River Basin (Wang CC et al., 2021). The differ‐
entiation between the Han and Tibeto-Burman groups 
began around 6000 years ago during the Yangshao 
culture period (Victor, 1998). Many whole-genome 
studies in the Tibeto-Yi Corridor have focused on Ti‐
betan and Han populations. It was revealed that popu‐
lations in the Tibeto-Yi Corridor are a mix of Tibetans 
from the Qinghai-Xizang Plateau and East Asian popu‐
lations from the surrounding low-altitude areas (Yao 
et al., 2017). From the paternal Y-chromosome per‐
spective, populations carrying the haplogroup D-M174 
from the Late Paleolithic and those carrying the hap‐
logroup O2a2b1a1a-F5 from the middle and upper 
reaches of the Yellow River Basin underwent popula‐
tion expansion and migrated through the Tibeto-Yi 
Corridor to the Himalayas and Yunnan, mixing to form 
modern Tibeto-Burman groups (Wen et al., 2004; Shi 
et al., 2008; Yu and Li, 2021).

The Qiang people originated from primitive no‐
madic tribes in northwestern China, with a history dat‐
ing back nearly 3000 years to the Shang Dynasty, as 
evidenced by oracle bone inscriptions. Historically, 
the Qiang primarily lived in the mountainous regions 
near the Min River. However, due to natural disasters 
and wars, they began to migrate and merged with the 

Han population during the Ming and Qing Dynasties, 
with some evolving into the present-day Qiang (Wang, 
2013). The Qiang mainly reside in the Aba Tibetan and 
Qiang Autonomous Prefecture in Sichuan Province, 
making them the third-largest minority in Sichuan, 
with a population of approximately 300 000. They 
speak Qiangic, a language belonging to the Qiangic 
branch of the Tibeto-Burman family within the Sino-
Tibetan language family. Previous genetic studies have 
shown that Qiang’s maternal gene pool, based on mi‐
tochondrial DNA (mtDNA), has significant contribu‐
tions from northern populations, with prevalent hap‐
logroups A, D, G, and M8 (Torroni et al., 1994; Yao 
et al., 2002; Zhao et al., 2009; Qin et al., 2010; Qi 
et al., 2013; Wang et al., 2014). The Qiang have the 
highest Y-chromosome short tandem repeat (STR) 
diversity among the Sino-Tibetan groups in eastern 
Xizang, which may result from the Sino-Tibetan ex‐
pansion (Kang et al., 2012). Additionally, archaeo‐
logical findings indicate that the Yangshao culture, 
which originated around 7000 years ago, emerged in 
regions inhabited by the Qiang (Zhao et al., 2011).

The Yi people, China’s sixth-largest ethnic mi‐
nority, primarily live between the highlands and coastal 
hills in the southwestern regions of Sichuan, Yunnan, 
and Guizhou. They speak their own language, Yi, 
which belongs to the Yi branch of the Tibeto-Burman 
family within the Sino-Tibetan language family. His‐
torical records in both Chinese and Yi texts indicate 
that the Yi people had close ties with the ancient 
Qiang of western China, suggesting that the Yi mainly 
originated from the ancient Qiang. Studies based on 
X-chromosome STRs (X-STRs) have shown that the 
Yi have a close genetic distance to most Han popula‐
tions; moreover, geographically proximate groups ex‐
hibit genetic homogeneity on the X-chromosome (Yao 
et al., 2017). However, population genetic analyses 
based on Y-STRs indicate diversity in Y-chromosome 
lineages among the Yi. Despite sharing similar ethnic 
cultures or geographical origins, the expected genetic 
homogeneity among the Yi cannot be fully observed 
(Fan et al., 2019). Genome-wide single-nucleotide 
polymorphism (SNP) data have revealed that the Yi 
share more alleles with ancient northern millet agri‐
cultural populations in China and have also been in‐
fluenced by ancient southern populations (Sun et al., 
2024). Existing archaeological data support the hypoth‐
esis that the Yi originated from the north, migrated 
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along the Tibetan-Yi Corridor, and then mixed with 
southern residents (Jeong et al., 2014, 2017; Liu et al., 
2022).

Previous genetic analyses have mainly focused 
on the Han and Tibetan populations, while research on 
the genetic diversity within the Tibeto-Burman groups, 
particularly the Qiang and Yi, and their internal genet‐
ic relationships remains insufficient. Therefore, in this 
study, we collected 100 blood samples from members 
of the Qiang and Yi groups from Sichuan Province, 
Southwest China, for DNA extraction followed by 5× 
depth whole-genome sequencing. To explore the gen‑
etic relationships between the Qiang and Yi within 
the Tibeto-Burman family and the genetic substruc‐
ture within East Asia, we conducted principal compo‐
nent analysis (PCA), population ancestry component 
analysis, and f-statistics, qpWave, qpAdm, and TreeMix 
analyses. This study aims to provide in-depth informa‐
tion on admixture events among ethnic minorities in 
southwestern China.

2 Materials and methods 

2.1 Sample collection and genotyping

We collected a total of 100 blood samples from 
the southwestern region of China, including 50 sam‐
ples from the Qiang ethnic group in the northwestern 
Sichuan Province and 50 samples from the Yi ethnic 
group in the southwestern Sichuan Province. We per‐
formed whole-genome sequencing on the 100 sam‐
ples at 5× depth using the Illumina Novaseq 6000, 
yielding 10 000 SNPs after genotype imputation (sup‐
plementary materials and methods). The variation data 
are deposited in the Genome Variation Map (GVM) 
(Li CP et al., 2021) in the National Genomics Data 
Center, Beijing Institute of Genomics, Chinese Acad‐
emy of Sciences, and China National Center for Bioin‐
formation (CNCB-NGDC Members and Partners, 
2023) under accession number GVM000574.

2.2 Data processing and merging

We initially conducted quality control on the 
whole-genome sequencing data using Plink v1.9 
(Chang et al., 2015), filtering SNPs with a detection 
rate below 5%, Hardy-Weinberg equilibrium (HWE) 
P value<1×10−6, and minor allele frequency (MAF)<
0.02, yielding 6 812 907 SNPs. Kinship coefficients 

were calculated using KING v2.2.7 (Manichaikul et al., 
2010). We removed three samples with a kinship within 
the third degree (Ф ranging from 0.0442 to 0.0884). 
Next, we merged the dataset from this study with 
public datasets using the mergeit tool of EIGENSOFT 
v6.1.4 (Price et al., 2006). The strandcheck parameter 
setting was Yes to remove the AT/CG SNPs, while all 
other parameters remained at their default settings. 
The public datasets primarily included the 1240K 
dataset and the HO dataset from the David Reich 
Lab (https://reich.hms.harvard.edu/datasets), along with 
other published data on modern and ancient East 
Asian populations (Patterson et al., 2012; Bergström 
et al., 2020; Ning et al., 2020; Yang et al., 2020; 
Wang CC et al., 2021). These sources cover popula‐
tions from a partial region of mainland Southeast Asia 
(MSEA) (Kutanan et al., 2021), ancient individuals 
from the Qinghai-Xizang Plateau (Wang et al., 2023), 
and ancient populations from Sichuan and Yunnan 
Provinces (Tao et al., 2023). Specifically, the 1240K 
dataset includes both ancient and modern individu‐
als, with data derived from either shotgun sequenc‐
ing or in-solution target capture at 1 233 013 sites, as 
provided by the David Reich Laboratory. In contrast, 
the HO dataset is based on 597 569 SNPs genotyped 
using the Affymetrix HOs array. While the 1240K 
dataset offers higher SNP density, the HO dataset en‐
compasses a wider range of present-day populations, 
rendering it particularly useful for studying modern 
genetic diversity. Thus, we generated two merged da‐
tasets for subsequent analyses, encompassing 140 313 
SNPs from the merged HO dataset and 299 018 SNPs 
from the merged 1240K dataset. We used the for‐
mer dataset in PCA, ADMIXTURE, Fst, and TreeMix 
analyses and the latter dataset in f-statistics, qpWave, 
and qpAdm analyses. Detailed information on the 
reference populations is listed in Table S1.

2.3 Principal component analysis

To explore the genetic structure of East Asian 
populations and investigate the clustering patterns be‐
tween our study populations and reference popula‐
tions, this study used PCA, which was conducted using 
the SmartPCA program in the EIGENSOFT software 
package (Price et al., 2006). On the basis of the HO 
dataset, we visualized clustering patterns across East 
Asia. The parameters were set as numoutlieriter=0 
and lsqproject=YES. Modern populations were first 
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plotted on a plane based on principal component 1 
(PC1) and PC2 coordinates, followed by the projec‐
tion of 96 ancient populations onto the same two-
dimensional area.

2.4 ADMIXTURE

To account for the strong linkage disequilibrium 
of SNPs, we used Plink v1.9 (Chang et al., 2015) to 
prune them with the parameters “-indep-pairwise 200 
25 0.4”, resulting in the removal of highly linked 
SNPs and the reduction of the dataset to 28 481 SNPs. 
We conducted genetic ancestry and admixture analy‐
sis of East Asian populations using ADMIXTURE 
v1.3.0 (Alexander et al., 2009), setting the number of 
ancestral components (K) from 2 to 15 with random 
cycles. Ancestry Painter v5 (Feng et al., 2018) was 
utilized to visualize the results. We determined the op‐
timal K value by analyzing the cross-validation error 
rate and examining the population and individual an‐
cestry components for different K values.

2.5 Pairwise Fst and identical-by-descent

We measured genetic distances and relation‐
ships between the Qiang, Yi, and other modern East 
Asian populations using the SmartPCA program in 
EIGENSOFT (Price et al., 2006), setting the parame‐
ter fstonly as Yes. We calculated the lengths of pair‐
wise shared identical-by-descent (IBD) segments using 
the Refined-IBD software (17Jan20.102.jar) (Brown‐
ing and Browning, 2013), with the parameter set to 
length=0.1.

2.6 TreeMix

We inferred population separation and admixture 
patterns between the study populations and other East 
Asian reference populations using TreeMix v1.13 
(Pickrell and Pritchard, 2012). To explore the genetic 
relationships between the Sino-Tibetan populations in 
Sichuan and 33 Chinese populations, we constructed 
likelihood phylogenetic trees with migration events 
ranging from 0 to 1.

2.7 f-statistics

To investigate genetic affinities and identify po‐
tential ancestral sources, we performed outgroup-f3 and 
admixture-f3 statistics using the qp3Pop program in 
the ADMIXTOOLS software package (Patterson et al., 
2012; Kim et al., 2017). To explore substructure and 

gene flow directions within Sichuan, we merged the 
study population data with the 1240K database. We 
conducted four-population (  f4) statistics using the 
qpDstat program in the ADMIXTOOLS software 
package. The underlying principles are detailed in the 
supplementary materials and methods.

2.8 qpWave and qpAdm

To assess the genetic homogeneity between the 
Qiang and Yi, we conducted pairwise qpWave tests 
using ADMIXTOOLS (Patterson et al., 2012). In add‑
ition, we used the qpAdm program (Patterson et al., 
2012) to model the ancestry of the study populations 
and determine the precise admixture proportions be‐
tween ancestral populations. Nine groups (Mbuti, 
Russia_Kostenki14, Malaysia_LN, Russia_DevilsCave_
N.SG, Mixe, Russia_MA1_HG.SG, Russia_Ust_Ishim_
HG, Papuan, and Australian) were selected to serve as 
outgroups.

3 Results 

3.1 Population genetic structure

PCA revealed significant genetic diversity within 
East Asian populations, with genetic substructure 
corresponding to geographic and linguistic divisions 
(Fig. 1). We identified three primary clusters: (1) the 
Altaic and Sino-Tibetan cluster, (2) the southern Tai-
Kadai and Austroasiatic cluster, and (3) the southern 
Hmong-Mien and Austronesian cluster. Our studied 
populations could be positioned between the high-
altitude Tibeto-Burman and low-altitude southern po‑
pulations, indicating a close genetic relationship be‐
tween modern Tibeto-Burman groups and ancient 
Yellow River Basin farmers.

In the PCA plot shown in Fig. 1a, many individu‐
als cluster closely together, resulting in a blurred view. 
To address this issue, we excluded ancient popula‐
tions and conducted a clearer PCA analysis (Fig. 1b). 
The study populations appear to be between the Tibeto-
Burman and southern groups, including Austroasiatic, 
Austronesian, Tai-Kadai, and Hmong-Mien-related po‑
pulations. Some samples overlap with previously pub‐
lished Tibeto-Burman populations, forming an elon‐
gated genetic cluster. This suggests a genetic substruc‐
ture within Sichuan, with the studied populations likely 
resulting from an admixture between the Tibeto-
Burman-related and southern groups.
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We further conducted an unsupervised ADMIXTURE 
clustering analysis and found the lowest cross-
validation error at K=6. The genetic components of the 
Qiang and Yi populations were similar, showing a high 
proportion of components from the Qinghai-Xizang 
Plateau (blue) and ancient northern Yellow River Basin 
farmers (tan). Modern Qiang and Yi populations ap‐
peared to have close genetic relationships with both 
Qinghai-Xizang Plateau populations and ancient Yel‐
low River Basin farmers (Fig. 2). Additionally, both 
populations have been influenced by southern groups 
such as Hmong-Mien, Austronesian, and Tai-Kadai 
speakers. When comparing the genetic components of 
the Qiang and Yi from the Sichuan region, we found 
that the Qiang have more ancestral components from 
Yellow River Basin farmers, while the Yi have more 
ancestral components from Qinghai-Xizang Plateau 
populations. Furthermore, the Yi have a higher pro‐
portion of southern population components, showing 
closer genetic ties to groups like the Lahu.

3.2 Population relationships with modern East 
Asians

Using the Mbuti population as an outgroup, we 
performed outgroup-f3 (Qiang/Yi, X; Mbuti) statistical 
analysis for the studied Yi and Qiang populations, re‐
vealing that the Qiang share more alleles and have 
closer genetic affinities with Chinese-speaking Han and 
other Sino-Tibetan populations (Fig. 3a). Meanwhile, 
the Yi share more alleles and have closer genetic affin‐
ities with the Han, Yi_human genome diversity project 
(HGDP), Tujia, and She populations (Fig. 3b). With X 
representing Tibeto-Burman populations, the Yi sam‐
ples share more alleles and exhibit closer genetic 
affinity with Yi_HGDP, followed by the Tujia and 
Qiang. Conversely, the Qiang share more alleles and 
exhibit closer genetic affinity with the Tujia, followed 
by the Qiang_Danba and Tibetan (Fig. S1).

To determine the genetic affinities and population 
differentiation, we analyzed the genetic differentiation 

Fig. 1  Principal component analysis (PCA) of the study populations and other ancient and modern East Asian populations. 
(a) Results of PCA for 1386 East Asian individuals from 192 ancient and modern populations. (b) Results of PCA for 588 
East Asian individuals from 53 modern populations. The study populations are encircled. TB: Tibeto-Burman; HM: 
Hmong-Mien; AN: Austronesian; TK: Tai-Kadai; AS: Austroasiatic.
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index of the studied populations and surrounding 
groups, calculating their pairwise Fst distances. We 
found that the Qiang and Yi populations are more 
closely related to the Han and Tibetan populations 
(Fig. S2a). Population comparisons based on Fst genetic 
differences showed that the Qiang have closer genetic 
ties to the nearby Yugur and Mongolian populations, 
while the Yi are more closely related to the Xinlong 
Tibetans and Yi_HGDP. Pairwise IBD shared segment 
lengths further revealed close genetic relationships be‐
tween the Qiang and geographically proximate Tibetan- 
and Mongolic-speaking Tu populations (Fig. S2b). 

Similarly, the Yi exhibit close genetic relationships 
with the Tibetans, Naxi, and Yi_HGDP.

Both the outgroup-f3 statistics and Fst values sug‐
gested that the Qiang have closer genetic relation‐
ships with geographically proximate northern Tibeto-
Burman populations, while the Yi exhibit closer genetic 
affinity with geographically proximate southern Tibeto-
Burman populations (Figs. S3 and S4). In the maxi‐
mum likelihood tree inferred by TreeMix, the Yi, Qiang, 
Naxi, and Tibetan cluster together. Moreover, we de‐
tected potential gene flow from the Lahu to the Yi 
(Fig. S5).

Fig. 2  ADMIXTURE results of the study populations and reference populations. The outer circle shows the ADMIXTURE 
results chosen based on the minimum cross-validation error of six ancestral populations (K=6).
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Fig. 3  Shared genetic drift based on outgroup-f3 statistics analysis. (a, b) Outgroup-f3 statistics (Qiang/Yi, modern East 
Asians; Mbuti) for the studied Qiang (a) and Yi (b) populations. A larger f3 value suggests more gene flow, indicating closer 
genetic affinity.
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To examine the genetic relationships between the 
Qiang, Yi, and modern East Asians, we further con‐
ducted f4 statistics (Qiang/Yi, modern Asians; Mbuti). 
The results indicated that the Yi, compared to the 
Qiang, share more alleles with Tibeto-Burman popula‐
tions and have received additional gene flow from 
Austroasiatic populations. In contrast, the Qiang share 
more alleles and exhibit closer genetic affinity with 
Altaic populations compared to the Yi (Table S2).

3.3 Population relationships with ancient East 
Asians

The outgroup-f3 statistics revealed that the Yi and 
Qiang populations share more alleles and exhibit closer 
genetic affinity with Late Neolithic to Bronze Age agri‐
cultural populations from southwestern China and 
Neolithic to Iron Age agricultural populations from the 
Yellow River Basin (Fig. S6).

We used f4 statistics (Qiang/Yi, ancient Asians; 
Mbuti) to examine the asymmetric shared ancestry sig‐
nals between the studied populations and ancient East 

Asians. The results showed that the Yi share more 
alleles with ancient populations from Guangxi and the 
Qinghai-Xizang Plateau compared to the Qiang. Con‐
versely, the Qiang share more alleles with ancient 
populations from the Amur River Basin compared to 
the Yi (Table S3).

The symmetric f4 statistics (ref1, ref2, Qiang/Yi; 
Mbuti) indicated that both the Qiang and Yi share 
more alleles with Yellow River Basin farmers and an‐
cient populations from Gaoshan City and Haimenkou 
(Fig. S7). The asymmetric f4 statistics (ref1, Qiang/Yi, 
ref2; Mbuti) obtained statistically significant negative 
Z values, suggesting closer genetic links between the 
Qiang and Yi and Yellow River Basin farmers com‐
pared to other ancient populations. In addition, there 
is evidence of gene flow from southern ancient popu‐
lations in Taiwan relative to their potential northern an‐
cestral sources, indicating that the Qiang and Yi were 
also influenced by southern ancient groups (Fig. 4).

To explore the genetic homogeneity, we also con‐
ducted pairwise qpWave analysis between the studied 

Fig. 4  f4 statistics results. (a, b) f4 statistics (ref1, Qiang/Yi, ref2; Mbuti) estimates genetic affinities between the studied 
Qiang (a) and Yi (b) populations and ancient populations. Statistically significant population pairs are marked with an 
asterisk (*). Red indicates a closer relationship between the study population and the right-side group compared to the 
bottom group. Negative values in blue indicate a closer relationship between the study population and the bottom group 
compared to the right-side group. TP: Qinghai-Xizang Plateau; YR: Yellow River; EN: Early Neolithic; MN: Middle 
Neolithic; LN: Late Neolithic; BA: Bronze Age; IA: Iron Age; LBIA: Late Bronze and Iron Ages; WLR: West Liao River; 
AR: Amur River; HMMH: Haminmangha.
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and ancient East Asian populations. The results indi‐
cated a signal of homogeneity between the Qiang and 
ancient northern populations. Additionally, genetic hetero‐
geneity was observed between the Yi, Qiang and geo‐
graphically proximate Late Neolithic to Bronze Age 
agricultural populations from the southwestern region, 
suggesting different population admixture histories 
(Fig. S8).

3.4 Admixture model of the studied Qiang and Yi 
populations

We calculated the admixture-f3 statistics focusing 
on Yi and Qiang populations, considering all modern 
and ancient populations from East Asia and Southeast 
Asia as potential sources (Tables S4 and S5). When 
the Sichuan Yi were set as the target population, the Z-
value results indicated that the Sichuan Yi likely formed 
through admixture between the Tibetan groups and 
southern Tai-Kadai-, Austronesian-, and Austroasiatic-
speaking groups. Moreover, evidence of admixture in 
the Qiang was found, with one source being Tibetan 
groups and the other from southern East Asians, in‐
cluding Tai-Kadai-, Austronesian-, and Austroasiatic-
speaking groups.

Next, we used qpAdm to model the genetic for‐
mation of the Yi and Qiang populations. For the two-
way admixture model, we selected ancient popula‐
tions from the Neolithic Yellow River Basin (China_ 
YR_MN/China_Upper_YR_LN) as northern sources 
and Iron Age Hanben populations from Taiwan, China 
(Taiwan_Hanben_IA), along with historical popula‐
tions (BaBanQinCen) as potential southern sources. As 
shown in (Fig. 5 and Table S6), the Yi have a north‐
ern ancestry proportion ranging from 59.6% to 77.1%, 
with the highest southern ancestry proportion at 40.4% 

when using Taiwan_Hanben_IA as the source. Mean‐
while, the Qiang have a northern ancestry proportion 
ranging from 75.3% to 88.7%, with the highest south‐
ern ancestry proportion at 24.7% when using Taiwan_ 
Hanben_IA as the southern source. Overall, both 
studied populations exhibit a higher northern ances‐
try proportion than southern ancestry. Using consist‑
ent northern and southern sources, the Yi show a 
higher southern ancestry proportion, while the Qiang 
show a higher northern ancestry proportion. These re‐
sults suggest that the admixture events occurred at dif‐
ferent historical periods, aligning with the historical 
records of southward migration.

4 Discussion 

East Asia, home to a quarter of the global popu‐
lation, exhibits high genetic diversity. While research 
on the genetic structure and population admixture his‐
tory of East Asians has significantly intensified over 
the past 20 years (Stoneking and Delfin, 2010; Chiang 
et al., 2018), representative populations remain less 
studied compared to European populations. Understand‐
ing ethnic and linguistic genetic diversity can advance 
molecular anthropology, medicine, and population evo‐
lution studies (Liu et al., 2020; Kutanan et al., 2021). 
Herein, we sequenced whole genomes from 100 indi‐
viduals of the Qiang and Yi groups from Sichuan, 
China. After excluding three samples due to kinship 
relationships, analysis was performed on 97 individu‐
als. Combined with previously published data (Gan 
et al., 2008; He et al., 2021; Li L et al., 2021; Liu et al., 
2021; Wang CC et al., 2021; Wang MG et al., 2021; 
Yao et al., 2021), we explored the genetic structure 

Fig. 5  Two-way admixture model of ancestral proportions in the study populations based on qpAdm. The proportions of 
different ancestries in the Qiang and Yi are estimated by qpAdm. IA: Iron Age; YR: Yellow River; MN: Middle Neolithic; 
LN: Late Neolithic.
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and admixture history of these populations in south‐
western China.

We found that genetic variation largely follows a 
geographical pattern, with the Qiang clustering closely 
with nearby Yi, Tibetan, and Han populations. Previ‐
ous analyses have shown that modern Tibetans’ pri‐
mary ancestors were millet farmers from the middle 
and upper Yellow River Basin in northern China (Lu 
et al., 2016; Wang CC et al., 2021). Our results sup‐
port the theory that the dominant ancestry of the Qiang 
people derived from northern East Asia, consistent 
with the shared origin of the Qiang, Tibetan, and Han 
populations from the Yellow River Basin. Previous 
mtDNA studies of Qiang populations have further 
confirmed this observation, demonstrating substantial 
contributions from northern haplogroups, including 
A, C, D, and G, to their maternal gene pool (Wang 
et al., 2014). Moreover, qpWave analyses revealed gen‑
etic homogeneity between the Qiang population and an‐
cient northern groups, a finding that aligns with paleo‑
genomic studies of the Qinghai-Xizang Plateau popu‐
lations. As such, the Qiang can be fully modeled as 
descendant populations of Iron Age agriculturalists 
from the upper Yellow River region (Wang et al., 
2023). We also found close genetic relationships be‐
tween the Qiang and historical Xiongnu and Mongo‐
lian populations, reflecting ancient contributions from 
populations in China’s northwestern regions (Zhao 
et al., 2011; Li et al., 2017). The two-way admixture 
model based on qpAdm confirmed the north-south ad‐
mixture in the Qiang’s formation, with the primary 
ancestral component from Neolithic millet agricultur‐
alists in the Yellow River Basin and additional influ‐
ences from historical populations in Guangxi and re‐
lated southern Tai-Kadai and Austronesian groups.

The PCA and admixture results yielded strong 
connections between the Yi and ancient populations 
from the Yellow River Basin. The f4 statistics revealed 
that, compared to the Qiang, the Yi have been more 
influenced by the southern groups such as Austroasiatic, 
Tai-Kadai, and coastal southern Chinese populations; 
therefore, the Yi’s ancestral components originate from 
northern ancient populations represented by the Yellow 
River Basin and southern ancient populations repre‐
sented by Guangxi. Furthermore, mtDNA studies of 
the Yi population revealed that their maternal gene 
pool is composed of both northern-prevalent hap‐
logroups (A and D) and southern-prevalent hap‐
logroups (B, F, and M7b), reflecting a dual ancestry 

from northern and southern East Asia (Li et al., 2007). 
This supports previous archaeological data and sug‐
gests that the Yi’s ancestors migrated southward 
through the Tibetan-Yi Corridor during historical peri‐
ods due to famine and war, mixing with southern in‐
digenous residents (Jeong et al., 2014, 2017; Wang 
et al., 2014; Liu et al., 2022).

Previous research has shown strong genetic con‐
nections between the Qiang, Yi, and Han populations, 
indicating their significant admixture. However, our 
study revealed genetic differences among Tibeto-
Burman groups, highlighting a substantial genetic sub‐
structure and heterogeneity between the Qiang and Yi 
populations in Sichuan. The qpAdm admixture model 
indicated that the Sichuan Yi have a higher proportion 
of southern genetic components compared to the Qiang, 
suggesting a longer history of admixture with south‐
ern groups. Similarly, a study of multiple ethnic groups 
in the Tibeto-Yi Corridor revealed that three popula‐
tions inhabiting the southernmost region of the Tibeto-
Yi Corridor, the Lahu, Jino, and Hani, harbor over 
50% of Dai-related ancestral components, highlight‐
ing their closer genetic affinity to southern East Asian 
populations (Zhang et al., 2022). Conversely, the Qiang 
have a higher proportion of northern genetic compon‑
ents, suggesting a more conservative lifestyle in re‐
cent years. The genetic differences between the Yi and 
Qiang populations of Sichuan are mainly due to vary‐
ing proportions of southern genetic influences, point‐
ing to a genetic gradient of southeast coastal popula‐
tion expansion into western China. The results overall 
indicate that Sichuan is a complex region influenced 
by different populations from various areas, each con‐
tributing different proportions of genetic components.

The origin of Sino-Tibetan populations remains 
intensely debated, with three prevalent hypotheses that 
are partially supported by linguistic and historical find‐
ings: the northern India origin hypothesis (Blench, 
2014), the southwestern China/Tibeto-Yi Corridor hy‐
pothesis (Sagart et al., 2019), and the northern China 
origin hypothesis (Aikhenvald et al., 2001; Zhang et al., 
2019). Our findings support the northern China origin 
hypothesis, which is consistent with previous genome-
wide analyses of the Qiang and Yi. Previous studies 
on Y-chromosome haplogroups D-M174 and O-M117 
have also suggested that Tibeto-Burman speakers 
are a mix of Neolithic migrants from the northern Yel‐
low River Basin and southern indigenous residents 
(Wen et al., 2004; Shi et al., 2008; Yu and Li, 2021). 
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Moreover, modern southwestern Tibeto-Burman popu‐
lations (Qiang and Yi) retain significant genetic com‐
ponents related to ancient populations from Gaoshan 
City and Haimenkou, indicating a stable genetic struc‐
ture in the region for at least three to four thousand 
years (Tao et al., 2023). Genetic analysis uncovers that 
the Qiang and Yi are not genetically homogeneous with 
geographically proximate Late Neolithic to Bronze 
Age agricultural populations in southwestern China. 
Genetic, historical, and linguistic evidence collectively 
suggest that, despite a common genetic origin, Tibeto-
Burman populations exhibited different genetic ad‐
mixture patterns after separating from the Han (Wang 
CC et al., 2021).

5 Conclusions 

To elucidate the genetic relationships between 
Tibeto-Burman and other Chinese populations, this 
study systematically examines the genetic structure of 
the Qiang and Yi, laying a foundation for forensic gen‑
etic studies of East Asian populations. We analyzed 
high-density SNP data from 50 Qiang and 50 Yi in‐
dividuals in southwestern China, revealing that the 
Qiang and Yi have the closest genetic relationships 
with nearby Tibeto-Burman Tujia and Tibetan popula‐
tions. Further evidence from f-statistics and qpAdm 
admixture models indicated that most ancestors of the 
Qiang and Yi were Neolithic millet agriculturalists 
from the Yellow River Basin, with the remaining an‐
cestry from ancient coastal southern populations. The 
northern genetic components of these populations link 
to the Neolithic culture of millet agriculturalists in the 
Yellow River Basin, supporting the hypothesis that 
Sino-Tibetan populations originated from northern 
China. Our findings also highlight varying proportions 
of genetic influence from southeastern coastal popula‐
tions on different groups. The 5× sequencing data may 
introduce potential biases, although we have made 
efforts to minimize this issue through imputation and 
stringent quality control measures. Future research 
should collect high-coverage sequencing data from un‐
derrepresented populations to fully confirm our find‐
ings and gain new insights into the formation of Tibeto-
Burman populations, further exploring fine-scale po‑
pulation genetic structures and enhancing the applica‐
tion value of whole-genome sequencing in forensic 
science.
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