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Southern China was the original center of multiple ancestral populations related to
modern Hmong-Mien, Tai-Kadai, Austroasiatic, and Austronesian people. More recent
genetic surveys have focused on the fine-scale genetic structure and admixture history
of southern Chinese populations, but the genetic formation and diversification of
Hmong-Mien speakers are far from clear due to the sparse genetic sampling. Here,
we reported nearly 700,000 single-nucleotide polymorphisms (SNPs) data from 130
Guizhou Miao and Yao individuals. We used principal component analysis, ADMIXTURE,
f-statistics, qpAdm, phylogenetic tree, fineSTRUCTURE, and ALDER to explore the
fine-scale population genetic structure and admixture pattern of Hmong-Mien people.
The sharing allele patterns showed that our studied populations had a strong genetic
affinity with ancient and modern groups from southern and southeastern East Asia.
We identified one unique ancestry component maximized in Yao people, which widely
existed in other Hmong-Mien-speaking populations in southern China and Southeast
Asia and ancient samples of Guangxi. Guizhou Hmong-Mien speakers harbored the
dominant proportions of ancestry related to southern indigenous East Asians and
minor proportions of northern ancestry related to Yellow River farmers, suggesting the
possibility of genetic admixture between Hmong-Mien people and recent southward
Sino-Tibetan-related populations. Furthermore, we found a genetic substructure among
geographically different Miao and Yao people in Leishan and Songtao. The Yao and Miao
people in Leishan harbored more southern East Asian ancestry, but Miao in Songtao
received more northern East Asian genetic influence. We observed high mtDNA but low
Y-chromosome diversity in studied Hmong-Mien groups, supporting the role of sex-
specific residence in influencing human genetic variation. Our data provide valuable
clues for further exploring population dynamics in southern China.
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INTRODUCTION

With the rapid development of molecular biology technologies
and computational techniques, genetic history reconstruction
on a fine scale of the modern and ancient populations in
East Asia has been increasing. Previous studies have suggested
that after the separation between northern and southern East
Asians, southern East Asians were further divided into two
genetic lineages geographically corresponding to the inland
and coastal regions (Huang et al, 2020; Yang et al, 2020).
Northern China is suggested to be the original center of
modern Sino-Tibetan-speaking populations, while southern
China was the homeland of multiple populations, including
ancestral populations related to modern Hmong-Mien, Tai-
Kadai, Austroasiatic, and Austronesian languages (Guo et al,
2019; Xu et al., 2019; Ning et al., 2020; Yang et al, 2020;
Sun et al., 2021; Wang et al., 2021a; Chen et al., 2022; Liu
et al,, 2022). Archeological findings have demonstrated that Pre-
Holocene hunter-gatherers near the middle and lower branches
of the Yangtze River started domesticating rice more than
10,000 years ago, which contributed to the rise of southern
Chinese civilizations. The ancient southern Chinese rice farmers
finally have developed into several ancestral populations for
different linguistic families in East and Southeast Asia, including
Hmong-Mien, Austroasiatic, Tai-Kadai, and Austronesian (Zhao,
2010). Indeed, Recent genetic studies based on genome-wide
data from modern (Huang et al., 2018; Ren et al, 2019; He
et al, 2020, 2021ab, 2022a,b; Lu et al, 2020; Bin et al,
2021; Ma et al, 2021; Wang et al, 2022) and ancient
populations (Yang et al, 2020; Wang et al, 2021c) have
demonstrated complex genetic structure in southern China.
Wang et al. (2022) have identified the genetic substructure
between inland and coastal Tai-Kadai people. Other unique
genetic ancestries were identified in geographically isolated island
or boundary populations, such as Hainan Hlai, Fujian Tanka,
and Yunnan Blang and Wa people (He et al, 2020, 2021c;
Guo et al., 2021).

The Hmong-Mien-speaking populations are widely
distributed in southern China and Southeast Asia. The
Hmong-speaking and Mien-speaking groups are referred to
as Miao and Yao, respectively (Schliesinger, 2000). There are
multiple hypotheses about the origin and migration history
of the proto-Hmong-Mien speakers. One hypothesis from the
linguistic perspective stated that the Hmong-Mien-speaking
groups had a common ancestor with Sino-Tibetan speakers at
least 17,000-10,000 years ago. While archeologists and historians
have suggested that the proto-Hmong-Mien populations might
be related to the Neolithic cultures in the middle reach of the
Yangtze River in southern China, including the Daxi Culture
(6,500-5,300 BP) and the Qujialing Culture (5,000-4,600
BP) (Fei, 1999). In a sense, the study of ancient DNA from
the Daxi Culture and Qujialing Culture would be of great
importance to verify the possible affiliations of Hmong-Mien
populations and these Neolithic cultures. Subsequently, some
Proto-Hmong-Mien speakers expanded to the north and
communicated with farming populations at the upper and
middle of the Yellow River. Later, they migrated southward

and became the ancestors of the present-day Miao. Some
of these people migrated to the south and southeast and
became the main source of the present-day Yao and She
populations. After the Ming and Qing Dynasties (650-100 ybp),
they gradually migrated southwest to Yunnan provinces and
Southeast Asia, forming the present distribution pattern of
Hmong-Mien speakers in southern China and Southeast Asia
(Handel, 2012).

Previous genetic studies of Hmong-Mien speakers had focused
on autosomal STR and InDel, paternal Y-chromosome, and
maternal mitochondria DNA (mtDNA) lineage, which were
limited in resolution to understand the fine genetic structure
and admixture compared to the genome-wide data (Ren et al.,
2018; Zhang et al., 2019; Tang et al., 2020). A previous study
focused on mtDNA demonstrated that the maternal haplogroups
of Hmong-Mien speakers were predominant in southern East
Asia, including B, R9, N9a, and M7, suggesting their general
southern China origin. Meantime, they indicated there was some
extent of genetic differences between Miao and Yao populations
(Wen et al, 2005; Lipson et al., 2018). In Southeast Asia,
there were also Hmong-Mien-speaking people who migrated
from southern China based on genetic evidence and cultural
similarities (Liu et al., 2022). Thailand’s Hmong-Mien-speaking
populations had high frequencies of northeast Asian paternal
lineages but lower frequencies of Southeast Asian maternal
lineages, which furtherly suggested that the ancestors of the
Hmong-Mien groups had a genetic affinity with northeast
Asians (Kutanan et al., 2020). Recent genetic studies also have
revealed that Hmong and Mien had an additional genomic
affinity to Tibeto-Burman and Tai-Kadai speakers (Huang et al.,
2020). Simultaneously, the study also indicated a founding
population called Pahng living in Hunan province from China
substantially contributing to present-day Hmong-Mien speakers
(Xia etal., 2019). Although more genetic surveys were conducted
from South China, higher-density genome-wide SNP data from
Hmong-Mien-speaking populations were still relatively limited
(Luo et al., 2021; Liu et al., 2022; Tan et al., 2022). Several
important questions of Hmong-Mien people remain to be solved
in genetics: What's the fine-scale genetic structure of Hmong-
Mien people? Are there some genetic differences between
geographically or ethnically different Hmong-Mien people (Miao
and Yao)? What’s the genetic relationship between Hmong-
Mien people and other geographically close modern and ancient
Southern East Asians?

At present, Hmong-Mien speakers mainly dwell in Central-
South and Southwest China, as well as sporadic distribution
in mainland Southeast Asia after prehistoric and historic
complex migration events. The heartland of Hmong-Mien-
speaking populations was considered in the present-day Guizhou
provinces in southwestern China. Guizhou province is an
appropriate field to depict a fine-scale genetic landscape of
Hmong-Mien speakers. However, no population genetic survey
of Hmong-Mien speakers based on high-density SNPs was
conducted systematically in the region. Thus, we conducted the
population genetic survey based on the high-density genome-
wide SNP data of the Guizhou Miao and Yao people to explore
their fine-scale population structure and admixture history.
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We also combined our data with previously published modern
and ancient data to investigate the special genetic substructure
between Miao and Yao populations, as well as dissect the
genetic relationships between Guizhou Miao and Yao with
their neighboring populations. Furthermore, we used multiple
models to explore the ancestral admixture history of the Hmong-
Mien people.

MATERIALS AND METHODS

Sample Collection, Genotyping, and

Quality Control

We sampled the saliva of present-day Miao and Yao
individuals from Guizhou Province in southwest China
from three regions, namely, Libo, Leishan, and Songtao.
The geographical coordinates of the sampling locations are
shown in Supplementary Figure 1. We collected the samples
from 58 Yao individuals from Libo (Yao_Libo), which was
further divided into QingYao_Libo (n = 20), BaikuYao_Libo
(n = 20), and ChangshanYao_Libo (n = 18) based on the
difference of their cultures and dressing. We collected 77
Miao samples from Leishan (Miao_Leisan, n = 50) and
Songtao (Miao_Songtao, n = 22). The study was reviewed
and approved by the Medical Ethics Committee of Guizhou
Medical University (approval number: 2019074) and Xiamen
University (approval number: XDYX2019009). Besides, the
protocol was following the recommendations provided by
the revised Helsinki Declaration of 2000. The participants
provided their written informed consent to participate in this
study. These samples were collected randomly from unrelated
participants whose parents and grandparents are indigenous
people and have had a non-consanguineous marriage of the
same ethnical group for at least three generations. Human
genomic DNA was extracted using the PureLink Genomic
DNA kit (Thermo Fisher Scientific) and genotyped by the
MMlumina WeGene arrays that contained about 692,462 SNPs.
The quality control was conducted PLINKI1.9 with the option
“~missing 0.05 -HWE 0.0001” to calculate SNP calling rate.
After SNP calling, SNPs that failed a missing threshold of 0.05
and an HWE test with an alpha level of 0.0001 were removed.
The rates of sample missing data ranged from 0.001079 to
0.008514. We provided the sample missing data report in
Supplementary Table 1A.

Relatedness Analysis and Data Merging

Before merging the data, we initially performed KING 2
(Manichaikul et al, 2010) to check family relationships by
estimating kinship coeflicients. We merged our 130 samples
with previously published ancient and present-day populations
from Human Origins Dataset (HO) and the 1240 K dataset
from the Allen Ancient DNA Resource (AADR)' by mergeit
from EIGENSOFT (Patterson et al., 2006) with the strandcheck
parameter setting Yes to remove the AT/CG SNPs. Human

Uhttps://reich.hms.harvard.edu/datasets

Origins Dataset (HO) and the 1240 K dataset both cover high-
density SNPs, with 373,933 SNPs and 119,349 SNPs, respectively.
And the HO dataset harbor more present-day populations
than the 1240 K dataset, 1240 K dataset harbor more ancient
populations than the HO dataset. We also added other recently
published ancient East Asian populations into our analysis
(Mccoll et al,, 2018; Ning et al., 2020; Wang et al., 2021c).
We finally generated two combined datasets used in subsequent
analysis covering 72,532 (HO dataset) and 193,846 (1240 K
dataset) SNPs. For principal component analysis (PCA) and
Fst analysis, we used populations from the HO dataset. For
ADMIXTURE, f-statistics, qpAdm, ALDER, and TREEMIX,
we used populations from the 1240 K dataset and removed
individuals within three levels of kinship among included
studied individuals.

Principal Component Analysis

We carried out PCA using the smartpca program of the
EIGENSOFT package (Patterson et al, 2006), projecting
ancient samples onto axes generated by present-day samples.
We used default parameters with numoutlieriter: 0 and
Isqproject: YES for all present-day populations. The PCA
focused on the Sino-Tibetan, Austronesian, Austroasiatic, Tai-
Kadai, and Hmong-Mien speakers and ancients from East and
Southeast Asia.

Admixture Analysis

To dissect the ancestry coefficients of the newly reported groups,
we conducted ADMIXTURE (Alexander et al., 2009), a model-
based maximum likelihood (ML) clustering algorithm approach,
to estimate the ancestry of individuals and determine population
structure through cross-validation. Given the strong linkage
disequilibrium (LD) of SNPs, we used Plink (Chang et al., 2015)
to prune them with the parameters “-indep-pairwise 200 25
0.4” before analyzing the admixture. We re-run ADMIXTURE
100 times with default 10-fold cross-validation (-CV = 10),
varying the number of ancestral populations from K = 2 to
K = 10 in bootstraps with different random seeds. Then, we
chose the best run according to the highest log-likelihood.
We used cross-validation to identify an “optimal” number
of clusters that will be the lowest error values. Then, we
implemented the AncestryPainter (Feng et al., 2018) to display
population ancestry.

Neighbor-Joining Phylogenetic

We calculated the Fst indexes using the smartpca program of the
EIGENSOFT package with default parameters (inbreed: YES; and
fstonly: YES). Neighbor-Joining (N-]J) phylogenetic relationship
was constructed using MEGA4.0 (Tamura et al, 2007) based
on the Fst value.

Admixture and Outgroup f3-Statistics

We employed the gp3pop program in ADMIXTOOLS to compute
f3-statistics with default parameters (Patterson et al., 2012).
We computed outgroup f3 -statistic values in the form of
f3(X, Y; Mbuti), which quantifies shared genetic drift between
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populations X and Y since their separation from an outgroup
Mbuti from Africa. Then, we used admixture-f3(X, Y; Targets)
to evaluate the admixture signal in the newly studied Hmong-
Mien speakers with different reference populations from East
and Southeast Asia, where a significant negative-f3 value with a
Z-score smaller than —3 denoted that the targeted population was
an admixture between two parental populations of the first two
positions (X and Y).

f4-Statistics

We employed the gpDstat program in ADMIXTOOLS to
compute fy4-statistics with default parameters (Patterson et al,
2012). The f4-statistics were calculated in the form of f4(Mbuti,
Targets; X, Y) to test whether the newly targeted population
shares excess gene flow with the X population compared with
the Y population or shares more alleles with Y compared with X,
where a significant negative Z-score value smaller than 3 denoted
that the target populations shared more allele with X population
comparing with Y populations. The f4-statistics with the form of
f4(Mbuti, X; Target1, Target2) tested the genetic difference among
the newly studied populations.

Maximum Likelihood Tree

To further explore the relationship between the newly studied
group and modern southern Chinese and Southeast Asian
populations, we constructed an ML tree via the TreeMix with the
migration events from 1 to 10 to generate the admixture graph
(Pickrell and Pritchard, 2012).

Admixture Date

We applied ALDER v.1.02 (Loh et al, 2013) to infer the
possible date of admixture based on the exponential LD
decay with considering a generation time of 29 years. The
newly studied groups were included as the “admixpop”
(admixed population) and the remaining present-day East and
Southeast Asian populations dataset were used as the “refpops”
(reference populations).

QpAdm Admixture Coefficient Estimation
We estimated the admixture proportion of the ancestral
proportions of Hmong-Mien people using gpAdm implemented
in ADMIXTOOLS (Patterson et al, 2012). We used
one additional parameter of “allsnps: YES.” The right
(outgroup) populations included Mbuti, Yana_UP, Ust_Ishim,
Kolyma_M, Tianyuan, Bianbian, Mongolia_N_East, Bianbian,
Liangdao, and Longlin.

FineSTRUCTURE Analysis Based on the

Sharing Haplotypes

We phased 1,049 genomes from 47 populations using the
SHAPEIT software with the default parameters (Browning
et al, 2021) and calculated the sharing haplotypes using the
ChromoPainterv2 software (Lawson et al.,, 2012). We explored
the fine-scale populations based on the co-ancestry matrix using
fineSTRUCTURE (version 4.0) (Lawson et al., 2012).

Y-Chromosomal and mtDNA Haplogroup

Assignment

We assigned the Y-chromosomal haplogroups following
the International Society of Genetic Genealogy (ISOGG?)
and mtDNA haplogroups with mtDNA tree Build 17°
(Van Oven and Kayser, 2009).

RESULTS

The Overall Pattern of Population

Genetics Structure
We initially performed a PCA among 658 individuals, which
included 102 Hmong-Mien speakers, 76 Tai-Kadai speakers,
51 Austronesian people, 50 Austroasiatic people, 164 Sinitic-
Tibetan people, 81 Tungusic speakers, 42 ethnically unrecognized
individuals, and 92 ancients from East and Southeast Asia
(Supplementary Table 1B). Linguistically and geographically
different people formed their unique genetic clusters (Figure 1A)
and the clustering patterns correspond well with their current
geographical locations and linguistics classification (Figure 1B)
in the PCI-PC2 space. The newly studied Yao_Libo and
Miao_Leishan formed the “Hmong-Mien Cline” along PCl,
which has not been identified previously. Miao_Songtao was
located at the intersection position between the genetic clines of
Hmong-Mien and Sinitic groups, suggesting that Miao_Songtao
people harbored more genetic influence from Han Chinese-
related populations compared with Yao people. On the PC2 axis,
Austronesian-, Austroasiatic-, Tai- Kadai-, and Sino-Tibetan-
speaking groups could be distinguished and showed their specific
cluster patterns. Interestingly, we identified a close genetic affinity
between the ~500-year-old GaoHuaHua sample from southern
China and Yao people in the PCA, suggesting the long-term
genetic stability in Yun-Gui Plateau and surrounding regions.
We further separated the genotype data into discrete ancestral
components at an individual level using model-based clustering
ADMIXTURE analysis. We run admixture from K =2 to K= 10
and found the result at K = 5 with the lowest cross-validation
error. At K = 5 (Figure 1C), ADMIXTURE recapitulated the
previous observation of five ancestral components in East and
Southeast populations. It is interesting that BaikuYao almost
only harbored a pink ancestry component, which was also
detected in Southeast Asian and East Asian populations. QingYao
and ChangshanYao also possessed a significant proportion
of pink ancestry components and a little purple ancestry
component. The purple ancestry component was present
in present-day Austronesian-, Austroasiatic-, and Tai-Kadai-
speaking populations and ancient samples from southeastern
and southern East Asia, as well as Southeast Asia. Leishan Miao
could be approximately modeled as an admixture of a relatively
high proportion of pink ancestry component and some purple,
yellow, and green ancestry components, which is consistent with
their intermediated position in the PCA. The green ancestry

Zhttp://www.isogg.org/
3http://www.phylotree.org/
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FIGURE 1 | Genetic structure and population affinity of Hmong-Mien-speaking populations and their neighbors. (A) Principal component analysis among modern
and ancient East Asians. Ancient individuals were projected onto modern backgrounds. (B) Model-based ADMIXTURE results among Chinese modern and ancient
populations. (C) The geographical position of our studied populations and referenced populations. (D) Sharing genetic drift between Hmong-Mien people and other
reference populations.

component was enriched in present-day population speaking
Sino-Tibetan and ancient Neolithic people from the Yellow River
Basin. The genetic profile of Songtao Miao was similar to Tai-
Kadai-speaking groups, which were approximately modeled as
an admixture of green, purple, pink, yellow, and litter blue
components existing in the northern East Asians.

The Genetic Affinity Between the Studied
Hmong-Mien Population and East or
Southeast Asian Populations

We followingly calculated pairwise Fst between groups using
smartpca and then reconstructed phylogenetic trees to explore

the phylogenetic relationship between Hmong-Mien people and
other Asians (Figure 2A). The N-J tree further showed that the

genetic structure was consistent with the linguistic classification
and geographical locations, as suggested by the PCA and
ADMIXTURE clustering patterns. The newly studied Miao and
Yao had a close relationship with the geographically adjacent
Miao, as well as Vietnamese Hmong and PaThen who belong
to the Hmong-Mien-language family. In addition, Miao_Songtao
gathered together with the referenced Miao from southern China,
but three Yao populations (BaikuYao_Libo, ChangshanYao_Libo,
and QingYao_Libo) formed a tight cluster together showing a
strong genetic affinity.

Relatedness coefficient was applied to exclude the individuals
within the three levels of kinship via KING (Supplementary
Table 2), and we remained 103 individuals in the following
formal f-statistics. We used the allele frequency-based method
of the outgroup- f3(X, Studied; Mbuti) to measure the shared
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genetic drift. The results of outgroup-f; (Figure 1D) showed
that our targeted groups shared more genetic drift with the
~500-year-old GaoHuaHua, followed by the Hmong-Mien
populations Miao and She, Austronesian populations Ami and
Atayal in southeastern East Asia, and the ancient people from
Yellow River basin farmers (YR_LN/MN/BAIA).

We also performed f4(Mbuti, Studied; Ancients from Southern
China, References) to test whether other populations shared any
excess alleles with our newly studied populations when compared
with the ancients from southern China (Supplementary Table 3).
The ancients from southern China included BaBanQinCen and
GaoHuaHua to represent the modern Tai-Kadai and Hmong-
Mien groups, respectively. We found that our studied groups
shared more alleles with ancient GaoHuaHua compared to the
ancients or present-day groups in northern and southeast East
Asia; shared more alleles with ancient BaBanQinCen compared
to the ancients or present-day groups in northern China;
shared more drift with present-day groups Ami compared with
ancients or present-day groups in East and Southeast Asia;
harbored more gene flow from ancient groups of Yellow River
Basin compared with populations in northeastern China and
Southeast Asia. In general, the results of PCA, ADMIXTURE, N-J
phylogenetic tree, and f-statistic revealed that the newly studied
Hmong-Mien populations had the closest relationship with
the ancient GaoHuaHua and BaBanQinCen, and Austronesian-
speaking Ami.

Genetic Substructure Among Guizhou
Hmong-Mien-Speaking Populations

We additionally calculated f4-statistics in the form of f4(Mbuti,
references; studiedl, studied2) to explore whether there is
a genetic substructure in studied Hmong-Mien-speaking
populations (Supplementary Table 4). We found that
Yao_Libo/Miao_Leishan shared more alleles with populations
from southern China and Southeast Asia than Miao_Songtao
with the Z-scores < -3 in the form fy(southern China/Southeast
Asian, Mbuti;  Yao/Miao_Leishan, Miao_Songtao). While
Miao_Songtao harbored more Yellow River farmer-related
ancestry than Yao/Miao_Leishan with statistically significant
Z-scores (Z > 3) in the fy(Yellow River Basin farmers, Mbuti;
Yao/Miao_Leishan, Miao_Songtao). These results suggested that
there was no genetic substructure among three geographically
different Yao populations and between Leishan Miao and Libo
Yao. But there was a genetic difference between Songtao Miao
and Leishan Miao.

We employed the TreeMix v1.13 software with migration
edge weight to investigate the pattern of population splits and
mixtures among selected East and Southeast Asian populations
(Figure 2B). When we set the values of migration edge weight
to four, the three Yao and Leishan Miao populations clustered
together, and Songtao Miao clustered closely to Tai-Kadai and
Austroasiatic speakers and populations from the same province.
This fitted model highlighted the gene flow from Yao to Songtao
Miao and She populations, suggesting that Yao and Leishan
Miao could be used as the potential genetic source for the
reconstruction of other Hmong-Mien-speaking groups.

Admixture Signatures and Admixture

Dates

We performed admixture-f3 in the form (X, Y; Targeted) to detect
admixture signals using all possible pairs of the source groups
as populations X and Y (Supplementary Table 5). There were
no reliable negative values of the Z-score (Z < -3) observed
except for using Leishan Miao as the targeted population. Ancient
GaoHuaHua from Guangxi combined with present-day Tai-
Kadai (CDX)- and Sino-Tibetan (Han, Tujia, Naxi, Yi)-speaking
populations, and Guizhou aborigines (Guizhou Han, Chuangqing,
and Hui) living in southern and southeastern East Asia or
ancient populations from Yellow River basin could generate the
statistically negative f3 results for using Leishan Miao as the
target. The positive result in f3 (X, Y; Miao_Songtao/Yao_Libo)
suggested that Libo Yao and Songtao Miao might share a high
degree of population-specific drift.

Estimating admixture time was important to understand
the history of the admixed population. We investigated the
approximate admixture date with pairwise modern populations
from East and Southeast Asia based on the decay of admixture-
induced linkage disequilibrium (Supplementary Table 6). We
observed the estimated earliest admixture event that potentially
gave rise to the newly studied Yao likely occurred 187 generations
ago about 5,000 BP using Naxi and She as reference sources,
which corresponds well to the time when the Qujialing culture
was formed in the middle reaches of the Yangtze River. The
earliest admixture of the Miao_Leishan occurred about 107
generations ago about 4,000 BP using southern Han and
Chuangqing as reference sources. We note that the more accurate
spatiotemporal landscape could be further validated directly via
ancient DNA data in the future.

Two-Way Admixture Models With

Multiple Ancestral Populations

We further applied gpAdm to estimate admixture proportions
of the predefined ancestral populations. Considering both the
south-north admixture signals observed in the newly studied
groups, we used the Neolithic farmers from the Yellow River
basin as the northern source and ancient populations from
Fujian and Guangxi as the southeastern and southern sources,
respectively, to estimate admixture proportions. In the two-
way admixture models (Supplementary Table 7), we found that
the Yao_Libo and Miao_Leishan possessed a higher proportion
of ancestry related to Austronesian- (0.506-0.627) or proto-
Tai-Kadai-speaking groups (0.697-0.830) from southern and
southeastern China than the Neolithic farmers from the Yellow
River basin (0.17-0.494), indicating that the Yao_Libo and
Miao_Leishan populations were more affected by Tai_Kadai
and Austronesian-speaking groups than Sino-Tibetan groups.
Furthermore, we found Atayal from southeastern China-related
ancestry existed in the Miao_Songtao group with a small
percentage, while ancestry related to the later Neolithic farmers
from the Yellow River reached a large percentage, suggesting
that Miao_Songtao was less affected by the present-day groups
from coastal southeastern East Asia. But we found a 1,300-year
ancient LaCen sample from southern China contributed a higher
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percentage of ancestry to Miao_Songtao than the later Neolithic
farmers from the Yellow River, suggesting that Miao_Songtao
received more genetic influence from populations of inland
southern East Asia.

Fine-Scale Population Structure Based
on the Sharing Haplotype Confirmed the
Unique Demographic History of
Hmong-Mien People

To make a population comparison with modern and ancient
East and Southeast Asian reference populations, we merged our
newly generated data with the previously published population
data genotyped via 1240-targeted sequencing or Human Origins
array. There were 193,846 SNPs left in the 1240 K dataset
and 72,532 SNPs left in the Human Origins dataset after the
merging. To further validate the robustness and reliability of
our identified specific genetic structure with a larger number
of SNPs, we merged our data with our previously collected
Chinese population data genotyped using the same chip (Wang
et al., 2020, 2021b; Chen et al., 2021; He et al., 2021¢,d; Liu
et al,, 2021; Yan et al, 2021; Yao et al., 2021). A total of
1,049 individuals from 47 populations were used in the PCA,
ADMIXTURE, and fineSTRUCTURE analyses. Consistent with
the results obtained based on the lower-density SNP data, we
also observed one unique genetic cline of Hmong-Mien-speaking
populations along PC2, which included our newly studied Miao
and Yao and previously published Miao from Sichuan and Gejia
and Dongjia people from Guizhou (Figure 3A). We also found
significant genetic differences between the Guizhou Hmong-
Mien people and Chongqing Miao. Model-based ADMIXTURE
results with five redefined ancestral sources also identified one
Hmong-Mien-specific ancestry component that widely existed
in Yao, Miao, Gejia, Dongjia, and Xijia people (Figure 3B). We
reconstructed the fine-scale population cluster patterns based on
the pairwise coincidence matrix and found Hmong-Mien people
from Guizhou formed one unique branch, consisting of Yao,
Miao, Gejia, Dongjia, and Xijia people (Figure 4). In summary,
our results based on the higher-density SNP dataset and sharing
haplotypes further confirmed the specific genetic structure of
Guizhou Hmong-Mien people.

Paternal and Maternal Genetic Profile

Y-chromosome and mtDNA are powerful tools in reconstructing
the evolutionary history of human populations (Wallace et al.,
1999; Cavalli-Sforza and Feldman, 2003). We successfully
classified uniparental Y-chromosome and mtDNA haplogroups
for 62 males and 68 females (Supplementary Table 8).
The maternal lineages of Yao_Libo, Miao_Leishan, and
Miao_Songtao were diverse with the major lineages belonging
to the haplogroups of A, B5, C4, D4, D5, D6, F1, F3, M7,
M8, N, R9, and RI. In the Yao_Libo population, matrilineal
subhaplogroup D4 was the most dominant maternal haplogroup
with a frequency of 36.21%, followed by B5 (27.59%).
Haplogroup B4 was commonly found in the Miao_Leishan
population with a frequency of 20%, followed by the D4 and
F1 (14%). In the Miao_Songtao population, A, D4, and F1

were detected at frequencies of 22.73%, 18.18%, and 18.18%,
respectively. In total, the haplogroup D4 appeared in the studied
Hmong-Mien-speaking populations with the highest frequency.

From the Y-chromosome perspective, the Yao_Libo
population has one dominant haplogroup O2a2ala2ala2 with a
frequency of 90%. The haplogroup O2a2ala2ala2 was also the
most prevailing lineage in Miao_Leishan (48.28%), and Olala
was the most dominant lineage in Miao_Songtao (66.67%). The
newly studied Hmong-Mien populations harbored Ola and O2a,
which were special haplogroups in Austronesian and Tai-Kadai
groups. Previous studies revealed that O2a2ala2ala2 (O-N5)
was most prevalent in Hmong-Mien populations, while the
coalescent ages were ~2.45 kya (Kutanan et al., 2020). The newly
studied populations Yao_Libo and Miao_Leishan possessed high
frequencies of haplogroup O2a2ala2ala2, suggesting that they
were typical Hmong-Mien groups, while Songtao Miao showed
an affinity with Tai-Kadai populations with high frequencies of
haplogroup Olala (Deng et al., 2004).

We observed high mtDNA but low Y-chromosome diversity
in studied Hmong-Mien groups. One possible explanation is the
higher rate of female vs. male migration due to the widespread
phenomenon of patrilocality (Burton et al., 1996; Seielstad et al.,
1998), in which males stay in their birthplace and females move to
their mate’s residence after marriage. The sex-specific migration
has shaped the genetic profiles of mtDNA and Y-chromosome in
Hmong-Mien populations.

DISCUSSION

Hmong-Mien is a language family spoken mainly in southern
China and Southeast Asia. The origin and dispersal of Hmong-
Mien languages and populations are far from clear due to sparse
genetic sampling. We here genotyped and analyzed genome-
wide SNP data of 130 individuals from Hmong-Mien-speaking
populations collected from Guizhou province in southwest China
to shed more light on the genetic formation and diversification of
Hmong-Mien people.

The Unique Genetic Profile of

Hmong-Mien Speakers

We observed a unique genetic profile of the newly studied
Hmong-Mien speakers compared with other East and Southeast
Asians. The Hmong-Mien-speaking populations in Guizhou did
not overlap with other populations but formed a specific genetic
cline with Hmong people from Southeast Asia in the PCA plots.
We also observed a unique ancestry component in Hmong-
Mien-related ancient samples in the ADMIXTURE analysis. The
sharing haplotype also detected the Hmong-Mien people in
Guizhou had a special genetic structure similar to the Hmong-
Mien population in Chongqing, Guangxi, and Hunan in previous
studies from southern China.

The Genetic Affinity With Southern East

Asians
There are two main hypotheses about the origin and migration
history of Hmong-Mien speakers. One hypothesis from the
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FIGURE 3 | Genetic structure among 1,049 individuals from 47 ethnolinguistically different populations. (A) Principal component analysis results based on the
high-density SNP data (533,938 SNPs). (B) Model-based ADMIXTURE results with five predefined ancestral sources.

linguistic perspective stated that the Hmong-Mien-speaking
groups had a common ancestor with Sino-Tibetan speakers.
While the other hypothesis from archeology and history
suggested that the proto-Hmong-Mien populations might be
related to the Neolithic cultures in the middle reach of the
Yangtze River in southern China, including the Daxi Culture
(6,500-5,300 BP) and the Qujialing Culture (5,000-4,600 BP)
(Fei, 1999). Although we do not have ancient DNA from
the Daxi Culture and Qujialing Culture, our results supported
that the newly studied Hmong-Mien groups were genetically
closely related to populations from southern China. For example,
the quantitative analyses via f-statistics and gqpAdm further
confirmed that the newly studied Yao and Leishan Miao have
a strong affinity with Guizhou aborigines, Hmong-Mien, and

Ami-related populations. Songtao Miao has a strong affinity
with Guizhou aborigines, Tai-Kadai, and Austronesian-related
peoples. We also detected a minor genetic influence from the
Neolithic Yellow River farmers in Hmong-Mien speakers, which
we suspected was most likely introduced during the southward
migration of Sino-Tibetan populations.

The Genetic Substructure of

Hmong-Mien Speakers

We found that Libo Yao groups (ChangshanYao, QingYao, and
BaikuYao) in Guizhou were genetically homogenous, which is
consistent with their cultural similarity. While the Miao_Leishan
and Yao_Libo also were genetically homogenous, there was a
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FIGURE 4 | Fine-scale population structure based on the pairwise coincidence matrix among 1,049 Chinese individuals. Newly focused Hmong-Mien-speaking
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genetic substructure within the Miao groups. The f-statistics
showed that the different levels of the northern East Asian-
related gene flow might lead to the heterogeneity between
Miao_Songtao and Miao_Leishan. Furthermore, we confirmed
that the newly studied Yao_Libo groups were more suitable to
be the representative Hmong-Mien ancestry than the ~500-year-
old GaoHuaHua.

CONCLUSION

We presented the first batch of genome-wide SNP data of
Hmong-Mien-speaking Miao and Yao from Guizhou province,

southwestern China. We identified one unique genetic ancestry
maximized in our studied Hmong-Mien speakers, which was
different from the previously genetically documented “Sino-
Tibetan” cline in northern China and “southern China and
Southeast Asian” cluster in southern China and Southeast Asia.
Guizhou Yao and Miao people not only harbored genetic
influence from ancient southern East Asians but also absorbed
additional gene fluxes from Sino-Tibetan-related ancestry. Our
results suggested that there was a genetic substructure between
Miao_Leishan and Miao_Songtao people, in which Han-related
ancestry has greatly influenced the gene pool of the Songtao Miao
but the Austronesian and Tai-Kadai-related ancestry contributed
more to Yao and Leishan Miao. Importantly, we identified
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the stronger genetic affinity between Hmong-Mien-speaking
Yao and ~500-year-old GaoHuaHua sample, suggesting a long-
term genetic stability in the Yun-Gui Plateau and surrounding
regions. We observed high mtDNA but low Y-chromosome
diversity in studied Hmong-Mien groups, which was likely
caused by the higher migration rate of females in practicing
patrilocal residence.
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