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As a major part of the modern Trans-Eurasian or Altaic language family, most of the Mongolic and Tungusic languages were mainly spoken in northern China, Mongolia, and southern Siberia, but some were also found in southern China. Previous genetic surveys only focused on the dissection of genetic structure of northern Altaic-speaking populations; however, the ancestral origin and genomic diversification of Mongolic and Tungusic–speaking populations from southwestern East Asia remain poorly understood because of the paucity of high-density sampling and genome-wide data. Here, we generated genome-wide data at nearly 700,000 single-nucleotide polymorphisms (SNPs) in 26 Mongolians and 55 Manchus collected from Guizhou province in southwestern China. We applied principal component analysis (PCA), ADMIXTURE, f statistics, qpWave/qpAdm analysis, qpGraph, TreeMix, Fst, and ALDER to infer the fine-scale population genetic structure and admixture history. We found significant genetic differentiation between northern and southern Mongolic and Tungusic speakers, as one specific genetic cline of Manchu and Mongolian was identified in Guizhou province. Further results from ADMIXTURE and f statistics showed that the studied Guizhou Mongolians and Manchus had a strong genetic affinity with southern East Asians, especially for inland southern East Asians. The qpAdm-based estimates of ancestry admixture proportion demonstrated that Guizhou Mongolians and Manchus people could be modeled as the admixtures of one northern ancestry related to northern Tungusic/Mongolic speakers or Yellow River farmers and one southern ancestry associated with Austronesian, Tai-Kadai, and Austroasiatic speakers. The qpGraph-based phylogeny and neighbor-joining tree further confirmed that Guizhou Manchus and Mongolians derived approximately half of the ancestry from their northern ancestors and the other half from southern Indigenous East Asians. The estimated admixture time ranged from 600 to 1,000 years ago, which further confirmed the admixture events were mediated via the Mongolians Empire expansion during the formation of the Yuan dynasty.
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INTRODUCTION

The East Asian continent has abundant ethnolinguistic diversity and profound history of the populations. The Altaic languages, including Mongolic, Tungusic, and Turkic, are widely distributed in northern East Asia, Siberia, and part region of Central Asia. Previous studies from a genetic perspective have mainly demonstrated the northern East Asian affinity of Mongolic and Tungusic–speaking populations based on the genome-wide single-nucleotide polymorphism (SNP) data or sharing IBD fragments (Yunusbayev et al., 2015; Pugach et al., 2016; Jeong et al., 2020; Kilinc et al., 2021). Based on the large-scale sampling of the ancient and present-day populations from Mongolia, Lake Baikal, to Amur River Basin, it is observed that the Mongolians and Tungusic-speaking groups have a higher proportion of genetic component related to the Devil’s Gate people who were early Neolithic hunter–gatherers in northeastern East Asia dating to more than 7.7 thousand years ago (Siska et al., 2017), as well as Mongolians Neolithic people (Jeong et al., 2020; Wang C. C. et al., 2021). The massive migration of Neolithic people between the eastern Mongolians plateau and the Amur River basin had shaped the culture and genetic structure of Bronze Age and Iron Age and even historic pastoralist empires (Xiongnu, Xianbei, Rouran, Khitan, and Uyghur) (Jeong et al., 2020). This identified ancestry component was referred to as the ancient northeast Asian ancestry compared with the ancient components from Ancient Northern Eurasians and also played an important genetic contribution to modern Mongolic and Tungusic speakers. The genetic similarity of Mongolic and Tungusic populations is also shown in a similar pattern of the paternal Y chromosomes (Wei et al., 2017a,b, 2018a; Zhang et al., 2018). The Y-haplogroup C2∗, C2a, and C2b have been identified as the founder paternal lineages of the Tungusic population through whole Y-chromosome sequencing (Wei et al., 2018b). Especially, haplogroup C2a-F5484 has contributed largely to both modern Mongolians and Tungusic populations (Liu et al., 2020). Because of the vast geographic distribution, the present-day Mongolian populations in northern East Asia were suggested to have a distinct genetic substructure due to substantial gene flows between northern Eurasian populations in the past as revealed by whole-genome sequencing (Bai et al., 2018; Zhao et al., 2020). Previous genetic surveys mainly focused on the northern Altaic-speaking populations; however, the ancestral origin and genomic diversification of Mongolic and Tungusic–speaking populations from southwestern East Asia remain poorly understood because of the paucity of high-density sampling and genome-wide data.

Guizhou province, located at the eastern end of the Yunnan-Guizhou Plateau, harbors a diverse array of ethnic groups and linguistic backgrounds including the Mongolic and Tungusic languages (Wang Q. et al., 2021). According to local chronicles and folklore, during the Yuan Dynasty, the Mongolian people were recruited to various regions including Guizhou for their southward or westward expeditions1, while the settlement of the Tungusic-speaking Manchus in Guizhou was related to the implementation of military plans by the Qing Dynasty. However, the genetic profile of the Manchus and Mongolian speakers in southern China is still very much in its infancy. Here, we generated genome-wide data at nearly 700,000 SNPs in 26 Mongolian and 55 Manchu individuals collected from three populations in Guizhou province and compared with available data of both modern and ancient East Asian individuals to explore their fine-scale population genetic structure.



MATERIALS AND METHODS


Sampling and Genotyping

We collected saliva samples from 26 Mongolians and 55 Manchus in Guizhou province, southwestern China (Supplementary Figure 1). These samples were collected randomly from unrelated participants whose parents and grandparents are Indigenous people and have a non-consanguineous marriage of the same ethnical group for at least three generations. The ethnicities of all participates were used as their self-declaration based on their family migration history and corresponding family records. Our study and sample collection were reviewed and approved by the Medical Ethics Committee of Guizhou Medical University and followed the recommendations provided by the revised Helsinki Declaration of 2000. The participants provided their written informed consent before they were invited to have participated in this study. We used PureLink Genomic DNA Mini Kit (Thermo Fisher Scientific) to extract DNA and measure the concentration via the Nanodrop-2000. Infinium® Global Screening Array (GSA, Shenzhen, China) was used to genotype approximately 700,000 SNPs, which covered SNPs from the autosome, Y-chromosome, and merohedral DNA. Raw data in the binary form (bed, bim, and fam) were initial filtered using PLINK 1.9 (Chang et al., 2015) based on our predefined threshold of the genotyping success rate, missing site rates, minor allele frequency, and Hardy–Weinberg equilibrium (–maf 0.01,–hwe 1e-6, mind: 0.01, and geno: 0.01). A final dataset with 6,992,479 SNPs was used to perform the following population genetic analysis.



Data Merging

We merged our population data of 81 newly genotyped samples with previously published modern and ancient populations from Human Origins (HO) dataset (Patterson et al., 2012) and the 1240K dataset from the David Reich laboratory2, and other recently published ancient East Asians populations (Ning et al., 2020; Yang et al., 2020; Wang C. C. et al., 2021). The 1240K dataset harbored higher-density SNP data from ancient populations, especially for the genome-wide ancient data via the capture sequence or whole-genome sequence; however, HO dataset not only has all these ancient DNA data but only has more modern population reference data genotyped via the Affymetrix HO array, which can provide more representative source population to construct the modern population genetic background. The detailed information of our used reference population data was listed in Supplementary Table 1. We finally generated two combined datasets used in subsequent analysis covering 72,532 in the merged HO dataset and 193,846 SNPs in the merged 1240K dataset, respectively.



Principal Component Analysis

We carried out the principal component analysis (PCA) using the smartpca package built-in EIGENSOFT (Patterson et al., 2012). We performed PCA based on present-day East Asian populations and then projected the ancient samples onto the basal axis based on the top two components using the lsqproject: YES option, which accounts for samples with substantial missing data. We did not perform any outlier removal iterations (numoutlieriter: 0). We set all other options to the default and assessed the statistical significance with a Tracy–Widom test using the twstats program of EIGENSOFT.



ADMIXTURE Analysis

To further explore the ancestry composition and genetic similarity of our studied groups with geographically close ancient and present-day populations, we carried out model-based clustering analysis using ADMIXTURE 1.23 (Alexander et al., 2009) by combining the present-day and ancient worldwide populations samples with our 81 individuals. We performed model-based ADMIXTURE analysis based on the unlinked SNP data (–indep-pairwise 200 25 0.4). We ran ADMIXTURE with default fivefold cross-validation (-CV = 5), varying the number of ancestral populations between K = 2 and K = 20 in 100 bootstraps with different random seeds. We used the unsupervised ADMIXTURE approach, in which allele frequencies for unadmixed ancestral populations are unknown and are computed during the analysis. We used point estimation and terminated the block relaxation algorithm when the objective function delta < 0.0001. We chose the best run according to the highest log-likelihood. We used cross-validation to identify an “optimal” number of clusters. We observed the lowest CV error at K = 11.



Admixture and Outgroup f3 Statistics

We used the qp3pop in ADMIXTOOLS (Patterson et al., 2012) to perform the outgroup f3 (Reference1, Reference2; Mbuti) to assess the shared genetic drift between reference populations 2 and reference populations 2 since their separation from an African outgroup population of Mbuti using the default parameters. Then, we used the qp3pop to perform the admixture-f3 (Reference1, Reference2; Target populations) to explore the admixture signatures in our studied Guizhou Manchus and Mongolian samples with different Eurasian ancestral source candidates, where a significant negative-f3 value with |Z-score| larger than three denoted that the targeted population was an admixture between two parental populations.



f4 Statistics

We computed f4 statistics of the form f4(X, Y; Test, Outgroup) using the qpDstat program in ADMIXTOOLS with default parameters and estimated standard errors using the block jackknife (Patterson et al., 2012). The statistics can show if the population test is symmetrically related to X and Y or shares an excess of alleles with either of the two.



qpAdm Estimation

We investigated the admixture source numbers, plausible admixture sources, and the corresponding admixture proportions based on qpWave and qpAdm programs in ADMIXTOOLS (Patterson et al., 2012) using the following outgroups: Mbuti, Papuan, Australian, Mixe, Russia_MA1_HG, Onge, Atayal, Ust_Ishim, Russia_Kostenki14, and China_Tianyuan. Parameter of “allsnps: YES” was used here. We used the spatiotemporally different Yellow River basin farmers as the northern sources and Fujian or Taiwan modern and ancient as the southern sources to perform the two population qpAdm model. To further dissect the admixture proportions from inland or coastal southern East Asians, we additionally included ancient populations from Southeast Asia as the third source to conduct three-way admixture models.



TreeMix and qpGraph

Phylogenetic relationship with migration events among modern East Asians was performed using TreeMix and qpGraph to explore admixture models with population splits and gene flow in Manchus and Mongolians. We followed the basic model to reconstruct the deep population genomic history of our targeted populations (Wang C. C. et al., 2021).



ALDER-Based Admixture Times

Admixture dates from the possible admixture sources for Manchus and Mongolians were estimated using ALDER (Loh et al., 2013). We used geographically different northern and southern East Asians as candidate sources to estimate the admixture time. We used Plink 1.9 (Chang et al., 2015) and our in-house script to calculate the pairwise Fst indexes (Weir and Cockerham, 1984).



Y-Chromosomal and mtDNA Haplogroup Assignment

There were 26,341 paternal lineages informative SNPs and 4,198 maternal-informative SNPs genotyped via the Infinium® GSA. Ancestral or derived statuses of these SNPs were used to identify the terminal haplogroup. We used in-house tools (unpublished software) to assign the Y-chromosomal paternal lineage following the basic regulations reaccommodated via the International Society of Genetic Genealogy3. We classified the maternal mitochondrial haplogroups used HaploGrep 2 (Weissensteiner, 2016).



RESULTS

We successfully genotyped approximately 700,000 genome-wide SNPs in 26 Mongolians and 55 Manchus in the Guizhou province, China. We then merged our data with worldwide modern and ancient published populations from the HO dataset and 1240K dataset, which included modern populations from Altaic, Sino-Tibetan, Austronesian, Austroasiatic, Hmong-Mien, and Tai-Kadai speakers in East Asia (Wang C. C. et al., 2021), as well as ancient DNA data from Nepal (Jeong et al., 2016), Mongolia (Jeong et al., 2020), Siberia (Lazaridis et al., 2014; Raghavan et al., 2014a,b, 2015; Rasmussen et al., 2014; Mathieson et al., 2015; Damgaard et al., 2018; de Barros Damgaard et al., 2018; Sikora et al., 2019), North and South China (Yang et al., 2017, 2020; Ning et al., 2020; Wang C. C. et al., 2021), and Southeast Asia (Lipson et al., 2018; McColl et al., 2018). To understand the general patterns of relatedness between Guizhou Manchus, Mongolians, and published populations, we first performed PCA to provide a overview pattern of the population structure across East Asia (Figure 1). We observed the following five genetic clusters correlating well with geographic and linguistic categories within East Asia: (I) a northern Altaic cluster consisting of Tungusic and Mongolic–speaking groups in North China, Mongolia, and Siberia; (II) a southern China/Southeast Asia cluster with Austroasiatic, Tai-Kadai, and Austronesian speaking groups; (III) a western Tibetan Plateau cluster being made up of Tibeto-Burman–speaking populations; (IV) a southern inland East Asian Hmong-Mien cluster comprising Hmong, Dao, Gejia, Dongjia, and Xijia; and (VI) a new identified southern Chinese Altaic cluster consisting of Tungusic and Mongolic–speaking groups. Our studied Tungusic and Mongolic–speaking populations from Guizhou province formed a unique genetic cline, which was located at an intermediate position between the western Tibetan Plateau cluster and Hmong-Mien cluster and partially overlapped with previously published Sinitic and Hmong-Mien speaking populations.
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FIGURE 1. Patterns of genetic relationship among East Asian populations inferred from principal component analysis. Genetic background was constructed based on the genetic variations from modern populations and their top two components. Modern populations were color-coded on the basis of their language family categories. All ancient populations were projected onto it.


In the model-based ADMIXTURE clustering analysis, we used cross-validation to identify an “optimal” number of clusters. We observed the lowest CV error at K = 11. At K = 11, we observed three ancestral components in our studied Guizhou Manchus and Mongolian samples (Figure 2). One of these components is enriched in the ancient Nepalese and also found at the highest proportions in Tibetans, with the second component with maximum representation in the Tai-Kadai- and Austroasiatic-speaking populations. The remaining ancestry component in our studied populations was maximized in Austronesian speakers and also enriched in ancient samples from southeast China including Fujian and Taiwan. In general, we found our Manchus and Mongolians are genetically similar to the Hmong-Mien–speaking populations and Han Chinese in South China.
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FIGURE 2. Results of model-based ADMIXTURE clustering analysis. Clustering patterns were visualized with the predefined ancestral sources ranging from 9 to 14 among East Asians (K: 9–14). Here, we can identify late Neolithic to Iron Age Taiwan Hanben dominant ancestry widely distributed in Austronesian speakers, LoChi or Lolo-dominant ancestry maximized in Tai-Kadai–speaking populations, Tibetan-dominant ancestry widely distributed in Tibeto-Burman–speaking populations, and others, all of these ancestries were color-coded by different colors.


To formally test the genetic affinity observed in PCA and ADMIXTURE and find the potential ancestral sources for Guizhou Manchus and Mongolians, we measured allele sharing and admixture signals via outgroup f3 and admixture-f3 statistics. Specifically, in the outgroup f3 statistics of the form f3(X, Guizhou Manchus/Mongolians; Mbuti), Guizhou Manchus shared more alleles with Han Chinese, She, Ami, and Miao. When X represented ancient individuals, Guizhou Manchus was found to share more alleles with Neolithic-Iron Age Yellow River farming populations including Haojiatai, followed by Jiaozuoniecun and Luoheguxiang ancients. Guizhou Mongolians shared more alleles with Han Chinese, Ami, ancient Gongguan samples from Taiwan, She, and Miao (Figure 3 and Supplementary Table 2A). Besides, we used admixture-f3 statistics of the form f3(X, Y; Guizhou Manchus/Mongolians) to model possible admixtures, where X and Y were East Asian populations that might be the source candidates for modeling the admixture in Guizhou Manchus or Mongolians when getting negative Z scores. However, we observed only one significant signal of admixture (Z < −3) in the Mongolian_Bijie when using Tibetan as the northern East Asian source and Austronesian-speaking Igorot people as the southern East Asian source (Supplementary Tables 2B–D). This suggests that the allele frequencies of Mongolian_Bijie are intermediate between those of a northern group related to Tibetans and a southern group related to the Austronesian-speaking people. We also calculated pairwise Fst genetic distances among these populations (Supplementary Table 3), and the patterns observed here were consistent with the f3-based results.
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FIGURE 3. Shared genetic drift estimated via admixture-f3 statistics in different testing forms based on the merged 1240K dataset focused on Bijie Manchus (A), Jinsha Manchus (B), and Bijie Mongolians (C). Bar denotes the three times of error bar.


We then performed f4 statistics to explore genetic substructure between studied groups and other modern/ancient East Asians in the form f4 (study group 1, study group 2; East Asians, Mbuti). We observed significant negative f4 values in f4 (Manchu_Jinsha, Mongolian_Bijie; East Asians, Mbuti) (Supplementary Table 4A) when we used ancient Hanben samples from Taiwan, Atayal, and early Neolithic Liangdao1 people in the position of “East Asians,” showing that Bijie Mongolians shared the most derived alleles with ancient or modern southern East Asians compared with Jinsha Manchus. We have not observed significant f4 values in f4 (Manchu_Jinsha, Manchu_Bijie; East Asians, Mbuti) (Supplementary Table 4B), suggesting Manchus from Jinsha and Bijie form a clade with a closer genetic relationship compared with other East Asians. We observed suggestive evidence that Bijie Mongolians may obtain additional gene flow from southern East Asians compared with Bijie Manchus by finding of marginal negative Z scores of f4 (Manchu_Bijie, Mongolian_Bijie; East Asians, Mbuti) (Supplementary Table 4C).

We found that Guizhou Manchu and Mongolian people harbored more northern Mongolic and Tungusic–related ancestry compared with Guizhou indigenous populations by the observation of significant positive values in f4 (Guizhou Manchus/Mongolians, Guizhou indigenous populations; northern Mongolians/Tungusic populations, Mbuti) (Supplementary Table 5). Further evidence demonstrated that studied populations harbored more southern East Asian–related ancestry compared to ancient northern East Asians via the significant negative f4 statistics in the form f4 (ancient Yellow River millet farmer, Guizhou Manchus/Mongolians; southern East Asians, Mbuti) (Supplementary Table 6). Compared with ancient populations in southeast China including Fujian and Taiwan, we observed that Guizhou Manchus and Mongolians shared more alleles with northern East Asians via significant negative f4 values in from of f4 (Taiwan_Hanben/Xitoucun_LN/Tanshishan_LN, Guizhou Manchus/Mongolians; northern East Asians, Mbuti) (Supplementary Table 7). Similarly, when compared with present-day southern Sinitic, Austronesian, Tai-Kadai, Hmong-Mien–speaking populations from southern China and the Islands of Southeast Asia, Guizhou Manchus and Mongolians have excess allele sharing with northern East Asians (Supplementary Table 8).

Considering the observed excess allele sharing and possible sources for our studied Manchus and Mongolians people, we applied qpWave and qpAdm methods to model their ancestry. We used all available ancient northern populations (Bianbian, Boshan, Xiaogao, Xiaowu, Luoheguxiang, Dacaozi_IA, Longtoushan_BA, Shimao_LN, Miaozigou_MN, and Yumin_EN) as the northern sources and Iron Age Hanben samples from Taiwan as the southern sources to estimate the admixture proportions. The Southern East Asian Hanben-like ancestry proportion spanned from 16.5 to 35.7% when using Yellow River farmers as the northern source, whereas the proportion reached 56.7% when using Yumin_EN (hunter–gatherers in Inner Mongolia) (Supplementary Table 9A). To explore if there was any genetic influence from inland southern East Asians related to Austroasiatic speakers, we conducted three-way admixture models by adding ancient Southeast Asians as a third source. The best-fitted three-way admixture proximal models for Manchus and Mongolians are as deriving ancestry from northern ancient Yellow River farming populations, Austronesian-related ancient Southern East Asians (Taiwan_Hanben/Gongguan, Xitoucun), and Austroasiatic-related ancient Southeast Asians (GuaCha_LN, MaiDaDieu_LN, ManBac_LN, NamTun_LN, PhaFaen_Hoabinhian, and TamHang_BA) (Supplementary Table 9B).

In the TreeMix analysis (Figure 4), we observed Mongolian-speaking groups in southern Siberia and Tungusic-speaking groups in the Amur River basin cluster together as the northern branch, while the Austronesian, Austroasiatic, Hmong-Mien, and Tai-Kadai speakers from southern China cluster together forming the southern branch. Our studied Mongolians and Manchus groups, Tibeto-Burman and Sinitic populations were located at an intermediate position between the northern and southern branches. Specifically, the two Guizhou Manchus groups in this study clustered together first and then clustered with the Guizhou Mongolians group at an intermediate position between the Sinitic and Hmong-Mien–speaking populations. The clustering pattern was consistent with the patterns observed in the aforementioned PCA, ADMIXTURE, and f statistics–based analysis that Guizhou Manchus and Mongolians had experienced genetic influence from surrounding southern Indigenous populations since their separation from northern ancestors and migrated to Guizhou.
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FIGURE 4. Phylogenetic relationship among northern Altaic, central Sino-Tibetan and southern Austronesian, Austroasiatic, Hmong-Mien, and Tai-Kadai speakers. Mbuti population from central Africa were set as the root. Different populations were marked according to their linguistic affinity.


We further used qpGraph to reconstruct the deep evolutionary history of the Mongolians group in Guizhou. We used two ancient Neolithic samples from the Mongolians Plateau as the northern source and used the samples from the middle Neolithic Xiaowu site as a representative of the ancient Yellow River millet farmers. We used Iron Age Hanben samples from Taiwan as the southern source. The reconstructed phylogeny showed that the genetic contribution of the ancient northern East Asians to the Bijie Mongolians is 44%, whereas the proportion from the southern East Asians is approximately 56% (Figure 5).
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FIGURE 5. The suggested admixture model of southern Mongolian people via qpGraph. The merged 1240K dataset was used. Dotted line denotes the admixture events, and their corresponding admixture proportions also marked. One hundred times of genetic drift (f2 values) were denoted. Ancient populations, modern targeted, and ghost populations were color-coded.


We next used ALDER software to estimate when the admixture occurred. We tried different modern populations from the north and south of East Asia as possible ancestral groups. We observed that most of the average time that admixture occurred is around 1,000 AD, which is concordant with the historically documented expansion of the Mongol Empire and the establishment of the Yuan Dynasty (Figure 6).
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FIGURE 6. ALDER-based admixture time with different ancestral sources. The length of 29 years of one generation was used.


We successfully obtained 62 uniparental Y-chromosome lineages and 81 mtDNA lineages. Among 55 studied Manchus samples, we identified 37 maternal lineages with terminal lineage frequencies ranging from 0.0182 to 0.0727 (B4g:4, F1a:4, F1a1:4), and B4, B5a, F, D4, and M7 were the dominant maternal lineages. We obtained 14 terminal paternal lineages among 43 males with frequencies ranging from 0.0233 to 0.3953 (O1b1a2a1-F1759/F2064/CTS5847/CTS8414/Z24393/F3314/F3323/CTS118 90/F3478′: 17). We also identified some Manchus samples with paternal haplogroup C2c1b7∼-Z45293′. For the studied Mongolians, we identified 23 different maternal lineages with frequencies ranging from 0.0384 to 0.0769 (M7b1a1e1: 3), with A5b1, B5a1c1, and M7b1a1 identified at least twice among the Mongolian samples. The high-frequency paternal lineages of our Mongolian samples are O1b1a1a1a1a2a1-Z24050′ (11) and O1a1a2a1-Z23266 (6) (Supplementary Table 10). We also made population compassion among paternal and maternal lineages from ethnically and geographically Guizhou populations; population clustering patterns showed that Mongolic and Tungusic–speaking populations had a close relationship with geographically close populations, suggesting extensive population admixture occurred among them (Supplementary Figures 2–3).



DISCUSSION

Strong associations between population genetic structure and linguistic similarity were subsequently evidenced among Afroasiatic, Nilo-Saharan, Niger-Congo, and Khoisan language families in Africa (Martin et al., 2018; Patin and Quintana-Murci, 2018; Gurdasani et al., 2019), as well as language families in Asia (Chen et al., 2019; He et al., 2020a,b,c). Recent genome-wide modern and ancient DNA data have demonstrated that obvious population stratifications existed in East Asia with four regional dominant ancestries. The 7,000-year-old eastern Mongolians Neolithic people–related ancestry was widely distributed in modern Tungusic and Mongolic speakers in northern and northeastern China, Mongolia, and southern Siberia (Ning et al., 2020; Wang C. C. et al., 2021). The Tibetan-related ancestry, which was represented by Neolithic Upper and Middle Yellow River farmers, was widely distributed in modern Tibetan-Burman–speaking populations and also a dominant component in Sinitic speakers (Jeong et al., 2016; Massilani et al., 2020; Zhang and Fu, 2020; Wang C. C. et al., 2021). For southern China and Southeast Asia, one ancestry component was widely distributed in Hmong-Mien–speaking populations mainly collected from Guizhou province and Vietnam (Lipson et al., 2018; McColl et al., 2018; Yang et al., 2020; Wang C. C. et al., 2021). The other southern ancestry was dominated in Austronesian-speaking populations (Lipson et al., 2018; McColl et al., 2018; Yang et al., 2020; Wang C. C. et al., 2021), also dominant in Tai-Kadai–speaking Li in Hainan island (He et al., 2020b). However, some exceptions were also identified in China, which may be caused by large-scale population movements and genetic admixture events in the recent and prehistoric time, for example, the East–West admixture along the Silk Road (Yao et al., 2021), and some western Eurasian ancestry was also identified in Iron Age Xinjiang people (Ning et al., 2019). Ancient genome data in East Asia also have illuminated three main Neolithic population expansions that have participated in the formation of modern observed distributed patterns of genetic structure and language families (Wang C. C. et al., 2021). Holocene population movements from the Amur River basin and eastern Mongolia Plateau were associated with the formation of the genetic structure of Mongolic and Tungusic–speaking populations. Similarly, population expansion from the Yellow River basin and the Yangtze River basin, respectively, contributed to the formation of Sino-Tibetan speakers (Wang et al., 2020) and other southern East Asians, as well as the Southeast Asians (Larena et al., 2021; Wang C. C. et al., 2021).

Here, we presented the fine-scale genetic structure of Mongolic and Tungusic–speaking populations (Mongolians and Manchus) in Guizhou and reconstructed their demographic history. We observed significant genetic differences between southern Mongolic and Tungusic speakers from Guizhou and their counterparts from northern East Asia (North China, Mongolia, and southern Siberia). We observed two different genetic clines among all Mongolic and Tungusic–speaking populations in the PCA plots, and Guizhou populations have deviated to the southern East Asian clusters comprising Austronesian, Austroasiatic, and Tai-Kadai populations, as well as close to Hmong-Mien clines. However, northern Mongolic and Tungusic speakers formed another genetic cluster that was located far away from the southern ones. We identified different ancestry components in northern and southern populations in the model-based ADMIXTURE results with the studied Guizhou populations sharing similar genetic profiles with southern East Asians. We observed suggestive evidence in f3 statistics that Guizhou Manchus and Mongolians derived ancestry from both northern and southern East Asia. But for the northern Mongolic and Tungusic–speaking populations, we can find significant admixture signatures with one source from East Asians and the other from western Eurasians or northern Siberians. The genetic distance-related indexes (Fst and outgroup f3 statistics) consistently supported the studied Guizhou populations having a strong southern East Asian affinity, but northern Mongolic and Tungusic speakers showing a clear northern East Asian affinity. We observed the Y-chromosome and mtDNA haplogroups in Guizhou Manchus and Mongolians are the lineages that are frequent in southern China, showing a different genetic profile from that in northern Mongolic and Tungusic speakers. Recent genetic studies focused on northern Mongolian and Manchu populations found that paternal lineages of C2a and C2b were widely distributed in these populations, which is rarely found in our focused Guizhou Manchus and Mongolians.

Furthermore, we also identified the genetic differences between studied Manchus and Mongolians with southern East Asians. Our studied Manchus and Mongolians did not group together with geographically close Guizhou populations, such as Guizhou Han, Chuanqing, Gejia, Gongjia, and Xijia. Compared with southern East Asians, Guizhou Manchus and Mongolians shared excess alleles with northern Mongolic/Tungusic–speaking populations, as shown in significant negative f4 values in f4 (southern East Asians, studied Guizhou populations; northern East Asians, Mbuti). The qpGraph-based phylogeny with admixture events further showed a large proportion of the ancestry of Guizhou Mongolians derived from Yellow River farmers, who were genetically close to Mongolians Neolithic populations. The ALDER-based estimates of admixture times ranged from 500 to 1,500 years ago, which was consistent with the time of Mongolians Empire expansion and the formation of the Yuan dynasty. The excess affinity of Guizhou Manchus and Mongolians with northern populations, when compared with Guizhou Indigenous groups, highlights the role of the southern expansion of northern Mongolians.

Previous genetic, linguistic, and archeological documents from Guizhou and other southwestern China showed that Southwestern East Asia had the highest diversity in genetics, language, and culture. Thus, these complex mixture natures promote the admixture process between southward migrated Manchus and Mongolians and local populations. These strong genetic affinities also supported via genome-wide data or traditional genetic markers from southwestern populations (Chen et al., 2018a,b; He et al., 2019, 2020b,c, 2021). However, both of our ALDER-based admixture dates and historically documented migration history of Mongolians in the Yuan Dynasty and Manchus in the Qing Dynasty showed the plausible admixture events that occurred recently. Cultural anthropologies also showed these migrated populations had their specific lifestyles, language, and other customs. Besides, the relatively isolated resediment environments further confirmed some extent genetic isolation between Mongolians, Manchus, and other geographically close populations. It is interesting to identify the genetic affinity between our studied population and Hmong-Mien–speaking populations; one possible reason is that Hmong-Mien–speaking populations are the dominant Indigenous populations directly descended from the ancient Neolithic rice farmer in the middle Yangtze River and may be the direct descendants of the Daxi culture, which provided the typical ancestral component for modern southwestern populations and is also the best surrogate source populations for our studied populations. Indeed, these admixture signatures can be identified via admixture-f3 statistics. Further work should be focused on the whole-genome sequencing data of more Hmong-Mien, southern Mongolic and Tungusic, and ancient DNA data from the higher time-transect to comprehensively characterize the fine-scale demographic history of southern Manchus and Mongolians and other Southeastern Asians.



CONCLUSION

We presented the first batch of genome-wide data focusing on the southern Mongolians and Manchus from Guizhou province. We used comprehensive population genetic analyses of PCA, ADMIXTURE, qpAdm, qpWave, qpGraph, and ALDER to explore the complex genetic history and dynamic admixture process of southwestern Chinese populations. We identified one unique genetic cline forming by our studied Mongolians and Manchus samples, which was close to the southern Hmong-Mien cline and Austronesian/Austroasiatic cline but distinct with northern Mongolic and Tungusic cline, suggesting southern Mongolians and Manchus people have experienced a differentiated demographic history since their separation from northern groups. Furthermore, allele-shared–based analysis from f statistics revealed that significant admixture occurred in Guizhou Manchus and Mongolians; results from admixture models demonstrated that Guizhou Mongolic and Manchus people harbored both northern ancestry and also additional gene fluxes from southern East Asians. Finally, estimates of ALDER-based admixture times from historic times demonstrated that the presented-day genetic structure observed here was caused by the massive southward migration of Mongolians empire expansion, which is consistent with the historically documented migration events.



DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found below: https://zenodo.org/record/4632918, doi: 10.5281/zenodo.463291.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Medical Ethics Committee of Guizhou Medical University and Xiamen University (Approval Number: XDYX2019009). The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

C-CW and JH designed this study. JC, GH, and C-CW wrote the manuscript. QW, ZR, HLZ, YL, MY, JJ, and JH collected the samples. QW, ZR, HZ, JJ, YL, MY, JC, and JH conducted the experiment. JZ, GH, JG, XY, JC, KZ, RW, HM, and C-CW analyzed the data. All authors reviewed the manuscript.



FUNDING

This work was funded by the Guizhou Scientific Support Project, Qian Science Support (2021) General 448; Shanghai Key Lab of Forensic Medicine, Key Lab of Forensic Science, Ministry of Justice, China (Academy of Forensic Science), Open Project, KF202009; Guizhou Province Education Department, Characteristic Region Project, Qian Education KY No. (2021)065; Guizhou “Hundred” High-level Innovative Talent Project, Qian Science Platform Talents (2020)6012; Guizhou Scientific Support Project, Qian Science Support (2020)4Y057; Guizhou Science Project, Qian Science Foundation (2020)1Y353; Guizhou Scientific Support Project, Qian Science Support (2019)2825; Guizhou Scientific Cultivation Project, Qian Science Platform Talent (2018)5779-X; Guizhou Engineering Technology Research Center Project, Qian High-Tech of Development and Reform Commission No. (2016)1345; National Natural Science Foundation of China (NSFC 31801040), the Nanqiang Outstanding Young Talents Program of Xiamen University (X2123302), the Fundamental Research Funds for the Central Universities (ZK1144), European Research Council (ERC) grant (ERC-2019-ADG-883700-TRAM).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fgene.2021.685285/full#supplementary-material

Supplementary Figure 1 | Geographical location of newly collected samples.

Supplementary Figure 2 | Principal component analyses (PCA) among 18 ethnic groups in Guizhou based on the Y-chromosome haplogroup.

Supplementary Figure 3 | Principal component analyses (PCA) among 18 ethnic groups in Guizhou based on mitochondrial DNA haplogroup.


FOOTNOTES

1https://en.wikipedia.org/wiki/Yuan_dynasty

2https://reich.hms.harvard.edu/downloadablegenotypes-present-day-and-ancient-dna-data-compiled-published-papers

3https://isogg.org/


REFERENCES

Alexander, D. H., Novembre, J., and Lange, K. (2009). Fast model-based estimation of ancestry in unrelated individuals. Genome Res. 19, 1655–1664. doi: 10.1101/gr.094052.109

Bai, H., Guo, X., Narisu, N., Lan, T., Wu, Q., Xing, Y., et al. (2018). Whole-genome sequencing of 175 Mongolians uncovers population-specific genetic architecture and gene flow throughout North and East Asia. Nat. Genet. 50, 1696–1704. doi: 10.1038/s41588-018-0250-5

Chang, C. C., Chow, C. C., Tellier, L. C., Vattikuti, S., Purcell, S. M., and Lee, J. J. (2015). Second-generation PLINK: rising to the challenge of larger and richer datasets. Gigascience 4:7.

Chen, P., He, G., Zou, X., Wang, M., Luo, H., Yu, L., et al. (2018a). Genetic structure and polymorphisms of Gelao ethnicity residing in southwest china revealed by X-chromosomal genetic markers. Sci. Rep. 8:14585.

Chen, P., He, G., Zou, X., Zhang, X., Li, J., Wang, Z., et al. (2018b). Genetic diversities and phylogenetic analyses of three Chinese main ethnic groups in southwest China: a Y-Chromosomal STR study. Sci. Rep. 8:15339.

Chen, P., Wu, J., Luo, L., Gao, H., Wang, M., Zou, X., et al. (2019). Population genetic analysis of modern and ancient DNA variations yields new insights into the formation, genetic structure, and phylogenetic relationship of Northern Han Chinese. Front. Genet. 10:1045. doi: 10.3389/fgene.2019.01045

Damgaard, P. B., Marchi, N., Rasmussen, S., Peyrot, M., Renaud, G., Korneliussen, T., et al. (2018). 137 ancient human genomes from across the Eurasian steppes. Nature 557, 369–374.

de Barros Damgaard, P., Martiniano, R., Kamm, J., Moreno-Mayar, J. V., Kroonen, G., Peyrot, M., et al. (2018). The first horse herders and the impact of early Bronze Age steppe expansions into Asia. Science 360:eaar7711.

Gurdasani, D., Carstensen, T., Fatumo, S., Chen, G., Franklin, C. S., Prado-Martinez, J., et al. (2019). Uganda genome resource enables insights into population history and genomic discovery in Africa. Cell 179, 984–1002.e36.

He, G., Liu, J., Wang, M., Zou, X., Ming, T., Zhu, S., et al. (2021). Massively parallel sequencing of 165 ancestry-informative SNPs and forensic biogeographical ancestry inference in three southern Chinese Sinitic/Tai-Kadai populations. Forensic Sci. Int. Genet. 52:102475. doi: 10.1016/j.fsigen.2021.102475

He, G., Wang, M., Li, Y., Zou, X., Yeh, H. Y., Tang, R., et al. (2020a). Fine-scale north-to-south genetic admixture profile in Shaanxi Han Chinese revealed by genome-wide demographic history reconstruction. J. Syst. Evol. doi: 10.1111/jse.12715

He, G., Wang, Z., Guo, J., Wang, M., Zou, X., Tang, R., et al. (2020b). Inferring the population history of Tai-Kadai-speaking people and southernmost Han Chinese on Hainan Island by genome-wide array genotyping. Eur. J. Hum. Genet. 28, 1111–1123. doi: 10.1038/s41431-020-0599-7

He, G., Wang, Z., Zou, X., Wang, M., Liu, J., Wang, S., et al. (2019). Tai-Kadai-speaking Gelao population: forensic features, genetic diversity and population structure. Forensic Sci. Int. Genet. 40, e231–e239.

He, G. L., Li, Y. X., Wang, M. G., Zou, X., Yeh, H. Y., Yang, X. M., et al. (2020c). Fine-scale genetic structure of Tujia and central Han Chinese revealing massive genetic admixture under language borrowing. J. Syst. Evol. 59, 1–20.

Jeong, C., Ozga, A. T., Witonsky, D. B., Malmstrom, H., Edlund, H., Hofman, C. A., et al. (2016). Long-term genetic stability and a high-altitude East Asian origin for the peoples of the high valleys of the Himalayan arc. Proc. Natl. Acad. Sci. U. S. A. 113, 7485–7490. doi: 10.1073/pnas.1520844113

Jeong, C., Wang, K., Wilkin, S., Taylor, W. T. T., Miller, B. K., Bemmann, J. H., et al. (2020). A dynamic 6,000-year genetic history of eurasia’s eastern steppe. Cell 183, 890–904.e29.

Kilinc, G. M., Kashuba, N., Koptekin, D., Bergfeldt, N., Donertas, H. M., Rodriguez-Varela, R., et al. (2021). Human population dynamics and Yersinia pestis in ancient northeast Asia. Sci. Adv. 7:eabc4587. doi: 10.1126/sciadv.abc4587

Larena, M., Sanchez-Quinto, F., Sjodin, P., Mckenna, J., Ebeo, C., Reyes, R., et al. (2021). Multiple migrations to the Philippines during the last 50,000 years. Proc. Natl. Acad. Sci. U. S. A. 118:e2026132118.

Lazaridis, I., Patterson, N., Mittnik, A., Renaud, G., Mallick, S., Kirsanow, K., et al. (2014). Ancient human genomes suggest three ancestral populations for present-day Europeans. Nature 513, 409–413.

Lipson, M., Cheronet, O., Mallick, S., Rohland, N., Oxenham, M., Pietrusewsky, M., et al. (2018). Ancient genomes document multiple waves of migration in Southeast Asian prehistory. Science 361, 92–95. doi: 10.1126/science.aat3188

Liu, B. L., Ma, P. C., Wang, C. Z., Yan, S., Yao, H. B., Li, Y. L., et al. (2020). Paternal origin of Tungusic-speaking populations: insights from the updated phylogenetic tree of Y-chromosome haplogroup C2a-M86. Am. J. Hum. Biol. 33:e23462.

Loh, P. R., Lipson, M., Patterson, N., Moorjani, P., Pickrell, J. K., Reich, D., et al. (2013). Inferring admixture histories of human populations using linkage disequilibrium. Genetics 193, 1233–1254. doi: 10.1534/genetics.112.147330

Martin, A. R., Teferra, S., Moller, M., Hoal, E. G., and Daly, M. J. (2018). The critical needs and challenges for genetic architecture studies in Africa. Curr. Opin. Genet. Dev. 53, 113–120. doi: 10.1016/j.gde.2018.08.005

Massilani, D., Skov, L., Hajdinjak, M., Gunchinsuren, B., Tseveendorj, D., Yi, S., et al. (2020). Denisovan ancestry and population history of early East Asians. Science 370:579. doi: 10.1126/science.abc1166

Mathieson, I., Lazaridis, I., Rohland, N., Mallick, S., Patterson, N., Roodenberg, S. A., et al. (2015). Genome-wide patterns of selection in 230 ancient Eurasians. Nature 528, 499–503. doi: 10.1038/nature16152

McColl, H., Racimo, F., Vinner, L., Demeter, F., Gakuhari, T., Moreno-Mayar, J. V., et al. (2018). The prehistoric peopling of Southeast Asia. Science 361, 88–92.

Ning, C., Li, T., Wang, K., Zhang, F., Li, T., Wu, X., et al. (2020). Ancient genomes from northern China suggest links between subsistence changes and human migration. Nat. Commun. 11:2700.

Ning, C., Wang, C. C., Gao, S., Yang, Y., Zhang, X., Wu, X., et al. (2019). ancient genomes reveal yamnaya-related ancestry and a potential source of Indo-European speakers in iron age tianshan. Curr. Biol. 29, 2526–2532e2524.

Patin, E., and Quintana-Murci, L. (2018). The demographic and adaptive history of central African hunter-gatherers and farmers. Curr. Opin. Genet. Dev. 53, 90–97. doi: 10.1016/j.gde.2018.07.008

Patterson, N., Moorjani, P., Luo, Y., Mallick, S., Rohland, N., Zhan, Y., et al. (2012). Ancient admixture in human history. Genetics 192, 1065–1093. doi: 10.1534/genetics.112.145037

Pugach, I., Matveev, R., Spitsyn, V., Makarov, S., Novgorodov, I., Osakovsky, V., et al. (2016). The complex admixture history and recent southern origins of siberian populations. Mol. Biol. Evol. 33, 1777–1795. doi: 10.1093/molbev/msw055

Raghavan, M., Degiorgio, M., Albrechtsen, A., Moltke, I., Skoglund, P., Korneliussen, T. S., et al. (2014a). The genetic prehistory of the New World Arctic. Science 345:1255832.

Raghavan, M., Skoglund, P., Graf, K. E., Metspalu, M., Albrechtsen, A., Moltke, I., et al. (2014b). Upper Palaeolithic Siberian genome reveals dual ancestry of Native Americans. Nature 505, 87–91. doi: 10.1038/nature12736

Raghavan, M., Steinrucken, M., Harris, K., Schiffels, S., Rasmussen, S., Degiorgio, M., et al. (2015). POPULATION GENETICS. Genomic evidence for the Pleistocene and recent population history of Native Americans. Science 349:aab3884.

Rasmussen, M., Anzick, S. L., Waters, M. R., Skoglund, P., Degiorgio, M., and Stafford, T. W. Jr., et al. (2014). The genome of a Late Pleistocene human from a Clovis burial site in western Montana. Nature 506, 225–229.

Sikora, M., Pitulko, V. V., Sousa, V. C., Allentoft, M. E., Vinner, L., Rasmussen, S., et al. (2019). The population history of northeastern Siberia since the Pleistocene. Nature 570, 182–188.

Siska, V., Jones, E. R., Jeon, S., Bhak, Y., Kim, H. M., Cho, Y. S., et al. (2017). Genome-wide data from two early Neolithic East Asian individuals dating to 7700 years ago. Sci. Adv. 3:e1601877. doi: 10.1126/sciadv.1601877

Wang, C. C., Yeh, H. Y., Popov, A. N., Zhang, H. Q., Matsumura, H., Sirak, K., et al. (2021). Genomic insights into the formation of human populations in East Asia. Nature 591, 413–419.

Wang, M., Zou, X., Ye, H.-Y., Wang, Z., Liu, Y., Liu, J., et al. (2020). Peopling of Tibet Plateau and multiple waves of admixture of Tibetans inferred from both modern and ancient genome-wide data. bioRxiv [Preprint]. doi: 10.1101/2020.07.03.185884

Wang, Q., Zhao, L., Gao, C., Zhao, J., Ren, Z., Shen, Y., et al. (2021). Ethnobotanical study on herbal market at the Dragon Boat Festival of Chuanqing people in China. J. Ethnobiol. Ethnomedicine 17:19.

Wei, L. H., Huang, Y. Z., Yan, S., Wen, S. Q., Wang, L. X., Du, P. X., et al. (2017a). Phylogeny of Y-chromosome haplogroup C3b-F1756, an important paternal lineage in Altaic-speaking populations. J. Hum. Genet. 62, 915–918. doi: 10.1038/jhg.2017.60

Wei, L. H., Wang, L. X., Wen, S. Q., Yan, S., Canada, R., Gurianov, V., et al. (2018a). Paternal origin of Paleo-Indians in Siberia: insights from Y-chromosome sequences. Eur. J. Hum. Genet. 26, 1687–1696. doi: 10.1038/s41431-018-0211-6

Wei, L. H., Yan, S., Lu, Y., Wen, S.-Q., Huang, Y.-Z., Wang, L.-X., et al. (2018b). Whole-sequence analysis indicates that the Y chromosome C2∗-Star Cluster traces back to ordinary Mongols, rather than Genghis Khan. Eur. J. Hum. Genet. 26, 230–237. doi: 10.1038/s41431-017-0012-3

Wei, L. H., Yan, S., Yu, G., Huang, Y. Z., Yao, D. L., Li, S. L., et al. (2017b). Genetic trail for the early migrations of Aisin Gioro, the imperial house of the Qing dynasty. J. Hum. Genet. 62, 407–411. doi: 10.1038/jhg.2016.142

Weir, B. S., and Cockerham, C. C. (1984). Estimating F-statistics for the analysis of population structure. Evolution 38, 1358–1370. doi: 10.2307/2408641

Weissensteiner, H. (2016). HaploGrep 2: mitochondrial haplogroup classification in the era of high-throughput sequencing. Nucleic Acids Res. 44, W58–W63.

Yang, M. A., Fan, X., Sun, B., Chen, C., Lang, J., Ko, Y. C., et al. (2020). Ancient DNA indicates human population shifts and admixture in northern and southern China. Science 369, 282–288. doi: 10.1126/science.aba0909

Yang, M. A., Gao, X., Theunert, C., Tong, H., Aximu-Petri, A., Nickel, B., et al. (2017). 40,000-year-old individual from Asia provides insight into early population structure in Eurasia. Curr. Biol. 27, 3202–3208.e9.

Yao, H., Wang, M., Zou, X., Li, Y., Yang, X., Li, A., et al. (2021). New insights into the fine-scale history of western–eastern admixture of the northwestern Chinese population in the Hexi Corridor via genome-wide genetic legacy. Mol. Genet. Genomics doi: 10.1007/s00438-021-01767-0 [Epub ahead of print].

Yunusbayev, B., Metspalu, M., Metspalu, E., Valeev, A., Litvinov, S., Valiev, R., et al. (2015). The genetic legacy of the expansion of Turkic-speaking nomads across Eurasia. PLoS Genet. 11:e1005068. doi: 10.1371/journal.pgen.1005068

Zhang, M., and Fu, Q. (2020). Human evolutionary history in Eastern Eurasia using insights from ancient DNA. Curr. Opin. Genet. Dev. 62, 78–84. doi: 10.1016/j.gde.2020.06.009

Zhang, Y., Wu, X., Li, J., Li, H., Zhao, Y., and Zhou, H. (2018). The Y-chromosome haplogroup C3∗-F3918, likely attributed to the Mongol Empire, can be traced to a 2500-year-old nomadic group. J. Hum. Genet. 63, 231–238. doi: 10.1038/s10038-017-0357-z

Zhao, J., Wurigemule, Sun, J., Xia, Z., He, G., Yang, X., et al. (2020). Genetic substructure and admixture of Mongolians and Kazakhs inferred from genome-wide array genotyping. Ann. Hum. Biol. 47, 620–628. doi: 10.1080/03014460.2020.1837952


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Chen, He, Ren, Wang, Liu, Zhang, Yang, Zhang, Ji, Zhao, Guo, Zhu, Yang, Wang, Ma, Wang and Huang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/fgene-12-685285-g003.jpg
A Jf(Manchu_Bijie,X; Mbuti) B f(Manchu_Jinsha,X; Mbuti) C [fy(Mongolian_Bijie,X;Mbuti)

0303 0310 0315 0300 0305 0310 0315 0303 0310 0315
Han.DG— She.DG— Han.DG —
She.DG— Han.DG—{ Ami.DG —
Ami.DG— Ami.DG— Taiwan_Gongguan —]
Miao.DG— She.DG —

Han_Southern—
Miao.DG—]
Haojiatai_LN—
Taiwan_Gongguan—]
Han_Beijing—
Jiaozuoniecun_LBIA—
Erdaojingzi_LN—
Luoheguxiang_LBIA—
Jinchankou LN—
Tujia.DG—]
Dai_XishuangbannalK—
Xiaowu_MN—
Pingliangtai_LN—
‘Wadian_LN—

Igorot. DG—

Wanggou MN—
Shimao_LN—
Miaozigou MN—
Yi.DG—
Taiwan_Hanben—]
Dacaozi_IA—]

Atayal. DG—
Haojiatai_LBIA—
Naxi.DG—

Kinh.DG—
Kinh_HoChiMinh—
Longtoushan_ BA—]
Dai.DG—
Kinabatagan_His—
Lajia_LN—
Mogushan_Xianbei_IA—]
Bianbian_EN—
Chuanyun_H—
Xiaojingshan_EN—
XiongNu—|
Boshan_EN—

Han_Southern—
Taiwan_Gongguan—j
Haojiatai_LN—
Han_Beijing—
Luoheguxiang_LBIA—
Jiaozuoniecun_LBIA—
Jinchankou_LN—
Pingliangtai LN—
Erdaojingzi_LN—
Tujia.DG—
Dai_Xishuangbannal K—
Xiaowu_MN—
Wadian_LN—
Shimao_LN—
Igorot. DG—
Yi.DG—
Taiwan_Hanben—
Atayal. DG—
Wanggou MN—
Dacaozi_IA—
Miaozigou MN—
Naxi.DG—
Kinh_HoChiMinh—]
Haojiatai_LBIA—
Dai.DG—
Longtoushan_BA—
Kinh.DG—
Kinabatagan_His—
Boshan_EN—
Lajia_LN—
Bianbian_EN—
Mogushan_Xianbei_IA—]
Chuanyun_H—
XiongNu—
China_Lahu.DG—

Xiaojingshan_EN—

Han_Southern —|
Manchu_Bijie —
Manchu_Jinsha —
Miao.DG —
Han_Beijing —
Haojiatai_ LN —
Igorot.DG —
Dai_XishuangbannalK —
Atayal. DG —
Pingliangtai_LN —
Taiwan_Hanben —
Jiaozuoniecun_LBIA —
Luoheguxiang_LBIA —
Tujia.DG —|
Wadian_LN —
Erdaojingzi_LN —
Jinchankou LN —
Wanggou MN —
Kinh_HoChiMinh —
Haojiatai_LBIA —
YiDG —

Dai.DG —

Xiaowu_MN —
Dacaozi_IA —
Shimao_LN —j

Kinh.DG —

Naxi.DG —
Kinabatagan_His —
Longtoushan_BA —
NuiNap_BA_all —
Miaozigou MN —
Boshan_EN —
Bianbian_EN —
Lajia_LN —

Chuanyun_H —

NuiNap_BA_all—

Xiaojingshan_EN —






OPS/images/fgene-12-685285-g002.jpg
1 I
il

K=13

K=12

| L LETE § TP

K=11 [y 1thie I

K=1

K=9
][

ITHIT i
.". MM wiid; . L

1 HET

oRMENNE b
MARNTERRI
T

.ugn.ﬂguw.a 0L Im“Hﬂllllmlu|Illllllllllllmllllmllli

ettt bt | |||ttt bl

LlUULJ.uLJpJ u_lL.uhLuZLu_JLJ ul".«-L_L_JuuUJ ]| ]I

o U

LTI T T II[\WlIhmmIl“ﬂI“l

| fpsvishmonnanon (||

A0 |

N
LEMENE RS RN E S ﬂl:l!'ll.l““|I"|.ll‘.i'|i"ll|“'lNII”W"“M“Hl"'“““
Knmﬂlwuuumﬂ**muﬂﬂn! ilm'mmll""ll"mllIIIIIIIIl\MlIHMNNWWHIIIHH

40 00 O

ﬁiiia.mwmz.

Han_Bejing1K

Han_SouthChinatk






OPS/images/fgene-12-685285-g001.jpg
PC2

-0.02 0.00 0.02 0.04 0.06

-0.04

Mongolic Sinitic Tai_Kadai Tungusic
@ Baoan_Jishishan ® Han_Beijing1K @ BoY o EvenkﬁFarEastv
= Buryat_Aginsky = Han_Chongqing # ColLao A Evenk_Transbaikal
© Buryat_Bohansky & Han_Fujian @ Dai_HGDP + Hezhen_HGDP u?
= Buryat_Duldurginsky - Han_Guangdong ® Dai_Xishuangbannatk % Nanai -
. 4 Buryat_Ehirit A Han_Henan 1 Dong_Guizhou < Negidal T
© Buryat_Selenginsky e Han Hubei # Dong_Hunan v Orogen_HGDP o
s O Buryat_Zakamensky o Han_Jiangsu # Gelao_Longlin @ Ulchi
px © Kalmyk o Han_Shandong o LaChi % Xibo_HGDP
"geon ,° 4 Khamnegan A Han_Shanghai = Li_Hainan = 8 a
Fo, ™ © + Mogolian_HGDP + Han_Shanxi 4 Maonan_Huanjiang L
ABugs % X MongoLer)ontles % Han_SichuanHO © Mulam_Luocheng ot
08 % © Mongol_Sainnoyon © Han_SouthChina1k o Nung SN
et v v Mongol_Uuld v Han_Zhejiang © Tay
Ag Qﬁ © @ Mongol_Zasagt @ Chuanqing_Bijie A Thai A a8
% Tu_HGDP + Zhuang_Guangxi L
N 7 @ Yugur_Sunan Ben o s
g, A a8
ot "E". s’ © Daur HGDP AA B & 8
o ©x * 1 Dongxiang_Linxia
Xa ﬁ‘ 3'°.o. 35 A
"o, o A
x* B( " x A
o o
@
o} X 4] A
® +W_Wv' v
Austroasiatic & T [ | v ™
Cambodian +
Htin_Mal v
A KhoMu o & °q v
+ Kinh_HGDP . x
% Kinh_HoChiMinh
< Kinh_Vietnam & " 5 ¢ x
v Mang e
= Miabri * ':,
* Muong $ ok :'h g =
% Vietnamese * L]
. A" e ek
Austronesian O E B e
® Ami
= Atayal ;_,_- i +.
@ Cham nf *—{Z +
& Dusun Lo
B8 Ede K b "
= Giarai ® ;
4 llocano + 4+ ° Ll & w
® Kankanaey z *@ | ] v P
o Malay X -ho-,’ ) # - i
o Murut ‘;‘_" 3 g“ ;‘. on &E)Snv “oo v%. 25 ;
A Tagalog * +@ O Q# @‘ 4 N LT =
+ Visayan t+ $ B8 '& O&oﬁ o v & & - P
. * > wg L 3 y < e
Hmong_Mien i § 5 200 o 5 W
% Dao & * ¥
< Hmong * <+ X % & m a +00
v Miao_HGDP B X ° <& ¢
@ PaThen ¢ #t 2 ++ o g
# She_HGDP [ a # & < Lo
& Xijia_Kaili ’f:‘:‘é 5% + w O °
© Dongjia_Kaili %ﬁﬂ._ % A o o °
o Gejia_Kaili % f% U o _Fl- °
. r 8 o
o " ' B #
Japonic&Koreanic -
4 Japanese_HGDP . “. <
@ Japanese_Tokyo1K
 Korean Yellow River
» Bianbian_EN i
Ancient_Russia < Boshan_EN = Pingliangtai_LN South_China + Studledpo.es
] Bois_man;MN v China_Tianyuan 4 Shimao LN @ Chuanyun_H P Manc:ui?_meh
] DeV|I§Cave_N @ Dacaozi_|IA ® Wadian:LN Amur_Liao River # Liangdao1_EN Manc llj.— |n§ma
%/ Russia. BA: Okunevo * Haojiatai_LBIA + Wanggou_MN o Banlashan_MN @ Liangdao2_EN . Mongofian_Bile
A Russga_Shamanka_EBA ~ © Haojiatai_LN o Wuqi_EN_ o ErdaojinngLN @ Qihe_EN Ancient_Japan
© Russia_Shamanka_Eneolithic © Jiaozuoniecun_LBIA o Wuzhuangguoliang_LNA Haminmangha_MN * Suogang_LN 4 Japan_Jomon
o Russia_UstBeIaya_Angara 1 Jinchankou_LN A Xiaogao_EN g Longtoushan, BA # Taiwan_Gongguan
© Russia_Ustida_EBA @ Lajia_LN + Xiaojingshan_EN % Mogushan_Xianbei_IA* Taiwan_Hanben Ancient_Mongolia
A Russia_Ustlda_LN @ Luoheguxiang_LBIA 4 Xjaowu_MN & Zhalainuoer EN @ Tanshishan_LN o Khovsgol_LBA
+ UstBelaya_EBA = Miaozigou_MN $ Yumin_EN v Zhalainuoer_IA = Xitoucun_LN o Mongolia_N_East

+ >

X

D+ RO+ PO+ DO EERS KB X
o

Tibeto_Burman

HaNhi
Lahu_HGDP
Lolo
Naxi_HGDP
PhuLa
Qiang_Danba
Qiang_Daofu
Sherpa_Nepal
Sila

Tibetan_Chamdo
Tibetan_Gangcha
Tibetan_Gannan
Tibetan_Lhasa
Tibetan_Nagqu
Tibetan_Shannan
Tibetan_Shigatse
Tibetan_Xinlong
Tibetan_Xunhua
Tibetan_Yajiang
TibetanHO_Yunnan
Tujia_HGDP
Vietnam_Lahu
Yi_HGDP

Ancient_Nepal
Chokhopani_2700BH
Mebrak_2125BP
Samdzong_1500BP

I
-0.06

I
-0.04

|
-0.02

I
0.00
PC1

I
0.02

0.04





OPS/images/fgene-12-685285-g006.jpg
Manchu_Bijie

Atayal/Hmong
Gelao_Longlin/Gejia_Kaili -
Hmong/Tibetan_Lhasa o
Gelao_Longlin/Tibetan_Shigatse =
Gejia_Kaili/Tanka_Xinshizhou -

Maonan_Huanjiang/Gejia_Kaili -
Hmong/Tibetan_Shigatse -
Hmong/Gelao_Longlin -

Hmong/Tanka_Shacheng
Tibetan_Lhasa/Gejia_Kaili 4
Hmong/Mongol_Uuld -
Hmong/Zhuang_Guangxi -
Dongjia_Kaili/Gejia_Kaili 4
Hmong/Tanka_Xinshizhou -
Htin_Mal/Hmong +

Kinh_
Gejia_Kaili/Tanka_Shacheng
Hmong/Ulchi
Gelao_Longlin/Tibetan_Lhasa =
Hmong/Daur_HGDP +
Hmong/Maonan_Huanjiang -

etnam/Hmong =

Ami/Hmong -
LaChi/Gejia_Kaili -
Hmong/Greek -
Hmong/LaChi -
Hmong/Han_Shandong -

Gelao_Longlin/Dongjia_Kaili -

Hmong/French
Hmong/Dai_HGDP +
Mongol_Uuld/Dongjia_Kaili -
Ami/Mongol_Uuld 4

Hmong/Basque =

Dao/Hmong o

Ami/Tibetan_Shigatse =
Han_Shandong/Gejia_Kaili 4
Hmong/Li_Hainan o
Htin_Mal/Tanka_Shacheng -
Tibetan_Shigatse/Dongjia_Kaili -
Dongjia_Kaili/Tanka_Shacheng -
Hmong/Dongjia_Kaili 4
LaChi/Dongjia_Kaili -
Zhuang_Guangxi/Dongjia_Kaili -
Ami/Daur_HGDP
Daur_HGDP/Dongjia_Kaili =
Zhuang_Guangxi/Tibetan_Shigatse =

Li_Hainan/Xijia_Kaili -
Htin_Mal/Tibetan_Shigatse -
Han_Shandong/Zhuang_Guangxi -
Han_Shandong/Xijia_Kaili -
Han_Shandong/Maonan_Huanjiang o
Maonan_Huanjiang/Tibetan_Lhasa =

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

I

il

Zhuang_G

Dao/Li_Hainan +

Li_Hainan/Tanka_Shacheng -
Dao/Maonan_Huanjiang =
Li_Hainan/Tibetan_Lhasa -
Daur_HGDP/Maonan_Huanjiang -
Dao/Xijia_Kaili 4
Tibetan_Lhasa/Tanka_Shacheng =
Dai_HGDP/Tibetan_Lhasa -

T T T
=3000 -=2000 —=1000 O

T T
1000 2000

abs(Z_Score) >2 ¢ FALSE 4+ TRUE

Manchu_Jinsha

Dai_HGDP/Dongjia_Kai
CoLao/Xijia_Kaili <
Hmong/LaChi -
Daur_HGDP/Gejia_Kai
Ami/Han_Shandong -
Htin_Mal/Hmong -
Hmong/Mongol_Uuld
i/Hmong
Hmong/Dai_HGDP ~
Han_Shandong/Dongjia_Kaili
ongjia_Kaili/Ulchi
Hmong/Tibetan_Shigatse =
Mongol_Uuld/Dongjia_Kaili
Kinh_Vietnam/Tanka_Shacheng
Dai_HGDP/Tanka_Xinshizhou =
Hmong/Tibetan_Lhasa
Hmong/Ulchi -
Atayal/Dai_HGDP ~
Gejia_Kaili/Tanka_Shacheng
Gejia_Kaili/Ulchi -
Hmong/Nganasan =
Hmong/Basque =

I/Maonan_Huanjiang -
Atayal/Dongjia_Kaili -
Maonan_Huanjiang/Tanka_Shacheng
Han_Shandong/Gejia_Kaili -
Han_Shandong/CoLao
Hmong/Tanka_Xinshizhou -
Hmong/Zhuang_Guangxi =
Han_Shandong/Xiji
Tibetan_Shigatse/Gejia_I
Hmong/Han_Shandong -
Hmong/Maonan_Huanjiang -

Kaili <

Atayal/Gejia_Kaili -
Gejia_Kaili/Tanka_Xinshizhou -
Dai_HGDP/Xijia_Kaili
Dongjia_Kaili/Tanka_Xinshizhou =
Dongjia_Kaili/Tanka_Shacheng
Hmong/Tanka_Shacheng
Zhuang_Guangxi/Tibetan_Shigatse =

Tibetan_Shigatse/Xijia_Kaili
Kinh_Vietnam/Tibetan_Shigatse
Atayal/Mongol_Uuld -
Dao/Tibetan_Shigatse -
Xijia_Kaili/Ulchi -
Dao/Mongol_Uuld =
Mongol_Uuld/Maonan_Huanjiang -
Zhuang_Guangxi/Ulchi -
Kinh_Vietnam/Mongol_Uuld =
Kinh_Vietnam/Ulchi =
Atayal/PaThen
Kinh_Vietnam/Tibetan_Lhasa -
French/Basque -
Mongol_Uuld/Gelao_Longlin -
Dao/Tibetan_Lhasa -

Dao/CoLao
Daur_HGDP/Li_Hainan =
Li_Hainan/Ulchi =

andong =
Li_Hainan/Tibetan_Lhasa
Gelao_Longlin/Basque =
PaThen/Tibetan_Lhasa =

1
.4
B

mﬂﬂhﬁ

Li_Hainan/Nganasan =
Htin_Mal/Tibetan_Lhasa
Htin_Mal/Han_Shandong
Miabri/Nganasan =

| T A A e A s A e T ——————

g

La
Kinh_Vi i

T T T
—6000 —4000 -=2000

ook

2000

Mongolian_Bijie

Hmong/LaChi -
Atayal/Hmong
Hmong/Li_Hainan
Han_Shandong/Xijia_Kaili -
Hmong/Tibetan_Lhasa
Mongol_Uuld/Gelao_Longlin -
Hmong/Tanka_Shacheng

Hmong/Tanka_Xinshizhou
Hmong/Maonan_Huanjiang -
Hmong/CoLao
Hmong/Han_Shandong
Hmong/Gelao_Longlin -
Han_Shandong/Gejia_Kaili -
Han_Shandong/Gelao_Longlin =

_Kaili/Ulchi -
Hmong/Daur_HGDP
Gelao_Longlin/Zhuang_Guangxi -
Hmong/Tibetan_Shigatse =
Gejia_Kaili/Tanka_Shacheng
Hmong/PaThen =
Hmong/Mongol_Uuld -
Dao/Hmong o

Hmong/Nganasan
Tibetan_Lhasa/French -
Hmong/French

Hmong/Basque o

Hmong/Greek =
Gejia_Kaili/Tanka_Xinshizhou -
Tibetan_Lhasa/Greek
Han_Shandong/French =

i HGDP/Zhuang_Guangxi =
Han_Shandong/Basque -
Daur_HGDP/Gejia_Kaili -
Nganasan/French
Han_Shandong/Greek
ganasan/Greek
Han_Shandong/Maonan_Huanjiang -
Ami/Basque -

Ami/Tibetan_Lhasa
Zhuang_Guangxi/French
Daur_HGDP/Tanka_Shacheng -
Ami/Greek -

Daur_HGDP/French
Zhuang_Guangxi/Basque =
Daur_HGDP/Greek =

Ulehi/Greek o
Greek/Tanka_Xinshizhou -
Zhuang_Guangxi/Greek =
Maonan_Huanjiang/French
Dao/Greek

CoLao/Greek

Dao/French =

LaChi/Greek -
Maonan_Huanjiang/Greek -
PaThen/Tibetan_Lhasa =
Maonan_Huanjiang/Tanka_Xinshizhou =
Mlabri/Greek =

Miabri/Basque -

Miabri/French

PaThen/Mongol
Daur_HGDP/Dai_HGDP
Daur_HGDP/Maonan_Huanjiang
Htin_Mal/Daur_HGDP |

/D!
Kinh_Vietnam/Ulchi =
Kinh_Vietnam/Greek
Mongol_Uuld/Zhuang_Guangxi =
CoLao/Zhuang_Guangsi -
Dongjia_Kaili/Ng E

T et T T T T T f e fes et enreriestorees

w ﬁﬂmmmﬂﬂm

Miabri/Dongjia_Kaili -
Miabri/Ulchi
Dai_HGDP/Tibetan_Lhasa -

|






OPS/images/fgene-12-685285-g005.jpg
f(Mbu, Los; Xia, Mon)=-2.122*SE

Final score: 13.607
-« - Admixture events 69 69
E Archaic Group )
Modern_Human Archaic
. Ancient Group
. Modern Group 20 Jle -
Ghost Group Eurasian . Denisova t
146 0
Eastern_Eurasian
[ 18
Northern Eastern Eurasian Southern_FEastern_Eurasian 3%
2 239
East_Asian

1 \
Ancient Northern_East_Asian
03
67%
S 33
..'20%

80% .

Ancient_Southern_East Asian .
K 311 8%
. 44%

L 56% - 25






OPS/images/fgene-12-685285-g004.jpg
Mbuti

Ulaanzuukh SlabGrave
ongolia_EIA_1_SlabGrave

ongol_Zasagt
rogen HGDP
egidal
Ulphl

ibo
Mogolian_ HGDP
Tibetan_Lhasa
Dongxiang_Linxia
Baoan_Jishishan

(Tu HGDP

{Han_Henan
Manchu_Bijie
anchu Jinsha

ong
ong_Hunan

Hmong
jia_Kaili

Migration
weight
S

Dongi(juizhou

hai
Mulam_Luocheng
huang_Guangxi
Maonan_Huanjiang
Nung

-Atayal

Han (Juanf,donu
Miao_HGDP

[~~She_HGDP
“huanging Bijie

Han_Fujian
Mongolian_Bijie
HaNhi

H _ Sila
Han_Hubei
Han_SichuanHO
lan_Zhejiang

Han_Jiangs
1 O S.C. (li[]§rnl:1)d()n"
Han_Shanxi

ugur_Sunan
Tibetan_Gannan

Drift parameter

I 0.00 0‘$l 0.62 0.&3 0.&4 O‘bS 0.&6 0.&7






OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Genomic Insights Into the Admixture History of Mongolic- and Tungusic-Speaking Populations From Southwestern East Asia



		INTRODUCTION



		MATERIALS AND METHODS



		Sampling and Genotyping



		Data Merging



		Principal Component Analysis



		ADMIXTURE Analysis



		Admixture and Outgroup f3 Statistics



		f4 Statistics



		qpAdm Estimation



		TreeMix and qpGraph



		ALDER-Based Admixture Times



		Y-Chromosomal and mtDNA Haplogroup Assignment







		RESULTS



		DISCUSSION



		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		SUPPLEMENTARY MATERIAL



		FOOTNOTES



		REFERENCES

















OPS/images/cover.jpg
in Genetics










OPS/images/logo.jpg
’ frontiers
in Genetics





