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The relationship between archeological culture and ethnicity is invariably complex.
This is especially the case for periods of national division and rapid inter-ethnic
exchange, such as China’s Sixteen Kingdoms (304–439 CE) and Northern and
Southern Dynasties (420–589 CE). Going by tomb shape and grave goods, the
Foyemiaowan cemetery at Dunhuang exhibits a typical third–tenth century Han style.
Despite this, the ethnic makeup of the Foyemiaowan population has remained
unclear. We therefore analyzed 485 Y-chromosomal SNPs and entire mitochondrial
genomes of 34 Foyemiaowan samples. Our study yielded the following discoveries:
(1) principal component analysis revealed that the Foyemiaowan population was
closely clustered with Tibeto-Burman populations on the paternal side and close
to Mongolic-speaking populations on the maternal side; (2) lineage comparisons at
the individual level showed that the Foyemiaowan population consisted of primarily
Tibeto-Burman and Han Chinese related lineages (Oα-M117, 25%;Oβ-F46, 18.75%),
partially Altaic speaking North Eurasian lineages (N-F1206, 18.75%) and a slight
admixture of southern East Asian lineages (O1b1a2-Page59, 6.25%; O1b1a1-PK4,
3.13%). Similarly, the maternal gene pool of Foyemiaowan contained northern East
Asian (A, 4.17%; CZ, 16.67%; D, 20.83%; G, 4.17%; M9, 4.17%), southern
East Asian (B, 12.51%; F, 20.83%) and western Eurasian (H, 4.17%; J, 4.17%)
related lineages; (3) we discovered a relatively high genetic diversity among the
Foyemiaowan population (0.891) in our ancient reference populations, indicating a
complex history of population admixture. Archeological findings, stable isotope analysis
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and historical documents further corroborated our results. Although in this period
China’s central government had relinquished control of the Hexi Corridor and regional
non-Han regimes became the dominant regional power, Foyemiaowan’s inhabitants
remained strongly influenced by Han culture.

Keywords: Dunhuang, dynastic transitions, archeological culture, genetic diversity, multi-ethnicity

INTRODUCTION

The relationship between archeological culture and ethnic group
has been examined extensively and deeply and remains a central
issue within archeological research. Some studies suggest a
connection between ethnicity and archeological finds, such as
diagnostic pottery, tools, metallic objects like brooches, or in
some cases residential areas. Yet any approach that simply
equates the two has been thoroughly criticized in recent years
(Upton, 1996; Jones, 1997; Renfrew and Bahn, 2007).

Cultural and ethnic homogeneity and heterogeneity are
especially relevant for archeological contexts involving large-
scale migration. For example, the Eurasian Bronze Age (circa.
3000–1000 BC) is widely acknowledged as a period of major
cultural change—change intertwined with large-scale population
migration (Allentoft et al., 2015). Multiple lines of evidence
show that male-driven migration introduced Steppe ancestry
to almost all Corded Ware populations in Central Europe
(Caramelli et al., 2021), precipitating major shifts in burial
practice (Anthony, 2007; Furholt, 2019). In a separate context,
archeological analysis has demonstrated that the Quarto Cappello
del Prete necropolis, in the heart of the globalized Roman Empire,
contained individuals with highly heterogeneous geographical
origins. Genomic data also supported these results and proved
the applicability of genomic study for drawing out the ethnic
contours of such multi-ancestral societies (De Angelis et al.,
2021). However, ethnic groups rarely reflect the sum total
of similarities and differences in “objective” cultural traits
(Jones, 1997). Archeological culture and ethnic background may
be distinct, as in the case of Taojiazhai (∼1700–1900 BP).
This site was Han Chinese in style, though DNA evidence
indicated a strong degree of Tibeto-Burman ancestry, identifying
the Taojiazhai population as descendants of Di-Qiang groups
(Zhao et al., 2011).

The Hexi Corridor of northwestern China was an important
channel for cultural exchange and human migration between
the ancient Central Plains and Western Regions (centered
around modern Xinjiang). The region may also be considered
an important component of the “Northwest National Corridor,”
one of three national corridors put forward by Fei Xiaotong in
the early 1980s (Fei, 1982). During the Warring States period
(476–221 BCE), the Hexi Corridor was inhabited by various
nomadic peoples, known historically as the Yuezhi, Wusun and
Xiongnu (Si, 2002a). The migration of population as a means
of strengthening control over newly-acquired territory was a
critical strategy of China’s historical conquests during this and
the subsequent Han period. For example, in the “Biography
of Chulizi” in Sima Qian’s Historical Records ( ),
we learn of Quwo (Lingbao city, Henan, China) occupied

by the Qin army in 330 BC, its locals evicted from their
hometown and replaced by Qin migrants (Si, 2002b). The Han
dynasty government continued this gradual population-based
domination of the Hexi Corridor. A series of policies was
adopted to isolate Qiang people located in the Hehuang valley
and Xiongnu in the Mongolian Steppe, as well as establish
contact with the Western Regions. Counties were set up at
Wuwei County ( ), Zhangye County ( ), Jiuquan County
( ) and Dunhuang County ( ) running from east to
west along the Hexi Corridor. According to historical documents
and unearthed bamboo slips, a considerable population was
relocated the Middle and Lower Yellow River watershed (i.e.,
Hongnong county, He’nei county, Runan county, Julu county,
Yingchuan county, among others) (Liu, 2012). A recent study
of the middle Hexi Corridor population at Heishuiguo has
provided corroborating evidence of this transformation through
Y chromosome and mtDNA analysis of individuals from
that site, suggesting most Heishuiguo males had migrated
from Middle and Lower Yellow River regions, while females
were largely natives (Xiong et al., 2022). Meanwhile, localized
archeological cultural traits also suggest that the Heishuiguo
population inherited a Central Plains tradition. Mass migration
of individuals not only impacted the genetic structure of the
Hexi population, but also resulted in changes in local subsistence
strategy (Chen et al., 2019).

Following the collapse of the Han dynasty in the third
century CE, ancient China entered the Wei, Jin and Northern
and Southern Dynasties period. Governments occupying the
traditional heart of state power in the Central Plains largely
abandoned the Hexi corridor; burgeoning regional political
forces became the dominant driver of regional developments. The
region experienced several dynastic transitions, from the Former
Liang (314–376 CE), to Western Qin (385–400 CE and 409–
431 CE), Latter Liang (386–403 CE), Northern Liang (397–439
CE), Southern Liang (397–414 CE) and Western Liang (400–
421 CE) dynasties. Minority groups also established regimes
under the Western Qin, Southern Liang, founded by Xianbei
peoples, and the Latter Liang and Northern Liang established
by Di peoples and Lushuihu ( ), respectively. Archeological
and historical materials, however, both suggest Han Chinese from
the Central Plains had become the dominant Hexi Corridor
population by the Jin Dynasty—acquiring this position through
the continuing exertions of central government, causing Han
and Hu ( , general term for northern non-Han groups) to
coexist in local communities (Lv, 2017). Regime changes and
warfare were commonplace following the collapse of the Jin
Dynasty, particularly as Chinese dynasties and nomadic polities
frequently clashed. As such, the region continued to experience
recurrent population inflow, through both political or military
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immigration, with incomers kidnapped by regional political
regimes, or refugees fleeing wars and natural disasters (Lv, 2017).

Dunhuang County, at the west end of the Hexi Corridor,
lies adjacent to the Western Regions. In the wake of the
Han Dynasty, Dunhuang retained its position as an important
military town and frontier for central government administration
over the Western Regions, successively controlled by the Latter
Liang and Western Liang polities. With the population exposed
to migration from the Western Regions, Mongolian Steppe,
Qinghai-Tibetan Plateau and Central Plain, complex population
interaction occurred here and in the entire west of the Hexi
Corridor over these centuries. At Foyemiaowan, our first
hypothesis anticipated a similarly diverse population.

However, study of the archeological culture at Foyemiaowan
supports the Han Chinese origin hypothesis. The Foyemiaowan
cemetery, in Wudong county in Dunhuang (Figure 1A), lies
north of the Mogao Grottoes, a World Heritage Site renowned
for its Buddhist mural paintings. The cemetery dates back as
early as the Cao-Wei period (220–280 CE), and remained in use
for approximately 600 years. This affords Foyemiaowan almost
perfect coverage of the Cao-Wei to Sui/Tang periods. Tomb
shape and grave goods suggest a cultural core at Foyemiaowan
site that continued to adhere to a Han Chinese tradition (Chen
et al., 2022). For example, numerous examples of daily-use
potteries (Figure 1D) and bronze mirrors (see Figures 1B,C) in
typical Han Chinese style were found in Foyemiaowan burials
(Chen et al., 2022).

Were the inhabitants of Foyemiaowan Han or diverse origin?
This would have been unanswerable previously, but recent
years have seen the widespread study of uniparentally inherited
markers in an effort to understand the population history,
origin, and migration of human populations (Pamjav et al.,
2017). This work offers a suite of methods that can be applied
to similar questions at Foyemiaowan. This study aims to
update our knowledge of the genetic history of Hexi Corridor
populations based on the 485 SNPs Y-chromosome and whole
mitochondrial genomes from Foyemiaowan. Such data will allow
us to test the Han and diverse origin hypothesis, explore the
relationship between archeological culture and ethnic group,
as well consider what factors could have affected the genetic
profile at Foyemiaowan.

MATERIALS AND METHODS

Materials
Foyemiaowan site contained thousands of tombs, which were
excavated by the Institute of Cultural Relics and Archaeology
of Gansu Province in 2015. The cemetery was divided into
eight natural areas. The excavators of Foyemiaowan have argued
for a four-phase division of the cemetery: Phase 1: Cao-Wei
period (220–265 CE); Phase 2: Western Jin Dynasty (265–316
CE); Phase 3: Former Liang to Northern Liang Dynasty (314–
439 CE); Phase 4: Sui Dynasty (581–618 CE) and Tang Dynasty
(618–907 CE) (Chen et al., 2022). In this study, most samples
can be assigned to the Sixteen Kingdoms period (Phase 3).
Few samples were preserved from the remaining phases. Sixteen

Kingdoms individuals thus form the bedrock of this study and
belong to a unique period of chronic dynastic transition. Our
survey population was made of up 34 ancient samples. Sex was
determined by pelvic (Klales et al., 2012) and skull morphology
(Buikstra, 1994), including 32 males and 2 females.

Methods
DNA Extraction and Library Preparation
For our 34 samples, we extracted DNA from the temporal bones,
teeth and limb bones (Table 1 and Supplementary Table 1A),
using a dedicated aDNA facility in Fudan University, Shanghai.
Molecular methods used for aDNA extraction and construction
of Illumina libraries have been described previously (Zhu et al.,
2021; Xiong et al., 2022). One extraction (no sample powder
used) and one PCR blank (extract supplemented by water)
were set up as negative controls for each batch of samples.
Libraries were sequenced on Illumina HiSeq X10 instrument
at the Annoroad Company (Beijing, China) using the 150 bp
paired-end sequencing design.

Mitochondrial Capture and Sequencing
MtDNA enrichment was carried out on 13 samples that yielded
a lower endogenous rate in the initial shotgun screening.
Target enrichment of the mitogenome was performed
using a MyGenostics Human Mitochondria Capture Kit
(MyGenostics Company, Beijing, China) (Sun et al., 2021).
Post-enrichment product was then quantified via qPCR and
sequencing was performed using a NovaSeq 6000 platform
at Mingma Technologies Company (Shanghai, China).
150 bp paired-end reads were generated according to the
manufacturer’s instructions.

Multiplex PCR Targeted Amplification and
Sequencing for Y Chromosome
We opted for multiplex PCR targeting enrichment with short
amplicons based on the NGS (Next Generation Sequencing)
platform. In this study, a sensitive short amplifier primer
system including 485 Y-SNPs (Wen et al., 2019; Xiong et al.,
2022) was conducted to test Y-lineages for each male sample
from the Foyemiaowan site. The system covered the common
East Asian lineages.

Sequence Data Processing and Ancient DNA
Authentication
For shotgun and mtDNA captured data, we clipped sequencing
adapters and merged these using sequences by ClipAndMerge
v1.7.8 (Peltzer et al., 2016), then mapped merged reads to
the human reference genome (hs37d5; GRCh37 with decoy
sequences) using BWA v0.7.17 (Li and Durbin, 2010). We used
Dedup v0.12.3 (Peltzer et al., 2016) to remove PCR duplicates.
Utilizing trimBam implemented in BamUtil v1.0.14,1 we clipped
four bases from both ends of each read to avoid an excess
of remaining C- > T and G- > A transitions at the ends
of DNA sequences.

The authenticity of the ancient genome sequence was mainly
determined by the combination of two observations of the

1https://github.com/statgen/bamUtil
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FIGURE 1 | (A) The geographical location of the Foyemiaowan site. (B) IIIM11:1 Bronze Mirror. (C) IIIM20:1 Bronze mirror. (D) IVM24: Daily-use potteries of
Foyemiaowan cemetery.

same specimen. Firstly, we checked DNA damage pattern
(Supplementary Figure 1) and estimated the 5′ C > T and
3′ G > A misincorporation rate using mapDamage v 2.0.61
(Jónsson et al., 2013). We then used the Schmutzi program
to test mitochondrial contamination rates for all individuals
(Renaud et al., 2015).

Uniparental Haplogroup Assignment
Y chromosome haplogroups were examined by aligning a set
of positions in the ISOGG (International Society of Genetic
Genealogy)2 and Y-full3 databases. Haplogroup determination
was performed with the script Yleaf.py in Yleaf software (Ralf
et al., 2018), which provides outputs for allele counts of ancestral
and derived SNPs along a path of branches of the Y-chromosome

2http://isogg.org/
3https://www.yfull.com/tree/

tree (Supplementary Table 1B). Finally, we re-checked the SNPs
by visual inspection with IGV software (Helga et al., 2013).

In order to call mtDNA consensus sequences, we employed
a log2fasta program implemented in Schmutzi (Renaud et al.,
2015). Mutations that appeared when checked against rCRS were
also re-checked in BAM (Binary Alignment Map) files through
visual inspection using the IGV software (Helga et al., 2013).
Lastly, we used HaploGrep 2 (Weissensteiner et al., 2016) to
assign the haplogroups (Supplementary Table 1C).

Principal Component Analysis and Haplogroup
Diversity Calculation
Haplogroup diversity (H) was calculated using Nei’s formula
(Nei and Tajima, 1981). All the above analyses were performed
in R 3.6.3. Reference populations are listed in Supplementary
Table 2A. Principal component analysis (PCA) was performed
using a prcomp () function of R. Visualization of PCA results
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TABLE 1 | Ancient individuals sampled in this study.

Sample ID Archeological ID Periods Skeletal element 5 C-T% Sex Contamination rate MT_depth MT_Haplogroup Identified SNPs Y-SNP

G32712 IIM19 south Cao-Wei Tooth 12 Male 0.035 27.3768 F2a* 479 O*-CTS10738

G30411 IVM24 middle Cao-Wei Temporal bone 24 Male 0.027 37.8246 F1a1c* 480 N*-F710

F11313 IM9 later ­ Cao-Wei Limb bone / Male / / / 140 O-F48

G10912 VIM16 north1 Cao-Wei Temporal bone 14 Female 0.088 14.8457 B5a2a1 + 16129* / /

G40812 VM6 Western Jin Tooth 20 Male 0.181 5.3922 D5c1 94 O-F141

G40819 VIIM3 south Western Jin Tooth / Male / / / 479 O*-F48

F91109 IIIM50 middle Western Jin Metacarpal 10 Male 0.031 35.0509 F2a* 478 O-M188

G40808 VM16 middle Western Jin Tooth 14 Male 0.013 80.6472 Z3 + 709* 68 O-F8

G32702 IM7 Sixteen Kingdoms Tooth 11 Male 0.018 54.1195 B4b1a2* 479 O*-F444

G32714 IM4 Sixteen Kingdoms Tooth / Male / / / 470 O*-F444

FA0218 IIM4 Sixteen Kingdoms Temporal bone / Male / / / 476 Q*-F4759

F91105 IIIM21 Sixteen Kingdoms Tooth 20 Male 0.003 290.682 D4o* 478 N*-F2584

G30414 IIIM37 north Sixteen Kingdoms Temporal bone 19 Male 0.005 183.858 D4h1 + 7181T + 7673G* 479 Q*-M120

G40815 IIIM56 Sixteen Kingdoms Tooth 15 Male 0.003 281.637 J1b1a1 + 146* 479 N*-F2569

F11306 IM2 south Sixteen Kingdoms Tooth 7 Male 0.103 26.1692 M11b1* 478 N*-F710

G32715 IM13 south ­ Sixteen Kingdoms Limb bone 10 Male 0.034 68.0916 M33 + 16362* 446 C*-F8465

G10901 IIM3 south Sixteen Kingdoms Tooth / Male / / / 129 O-F8

G32711 IIIM11 north Sixteen Kingdoms Tooth 20 Male 0.002 346.7353 F1a1c + 15314* 479 O-F8

G30412 IIM12 middle Sixteen Kingdoms Temporal bone 23 Male 0.007 143.8907 M9a1a* 480 O*-F1759

G32708 IIM23 south Sixteen Kingdoms Tooth 16 Male 0.021 49.4835 D4* 473 N*-F2130/F3361

G10115 IIM14 ¬ Sixteen Kingdoms Temporal bone 19 Male 0.017 24.4397 F1a1 479 N*-F2584

G40806 VM3 north Sixteen Kingdoms Tooth 21 Male 0.008 115.8781 B4a1* 424 O-F46

F91114 IIIM6 Sixteen Kingdoms Tooth / Male / / / 135 O-F201

G40816 IIIM46 Sixteen Kingdoms Tooth 19 Male 0.001 624.201 D4b2b* 479 C*-F3967

F10722 IIIM27R2 Sixteen Kingdoms Temporal bone / Male / / / 348 O-F46

G10907 IIIM26 south Sixteen Kingdoms Temporal bone 15 Female 0.022 50.1714 A6* / /

G10903 VIM7 west Sui Temporal bone 15 Male 0.021 49.0852 Z3* 478 O*-M188

G30406 IIIM30 Tang Temporal bone 18 Male 0.005 174.8135 G1a2’3* 479 O*-F4370

F91104 VM11 north Tang Temporal bone 8 Male 0.134 7.6485 C7a1c 470 O*-CTS1451

G40803 VM13 Tang Tooth 9 Male 0.008 124.0274 H7b* 479 O*-CTS10738

F91101 IM15 Undetermined Tooth 6 Male 0.037 68.0667 Z4a* 479 O*-F46

G32701 IIM9 Undetermined Tooth / Male / / / 472 N*-F2584

G40809 IVM26 Undetermined Tooth / Male / / / 479 O*-F46

F91102 IVM9 north Undetermined Tooth / Male / / / 448 O*-F310

were conducted using the “ggplot2” package, as well as a pie chart.
Reference populations of principal component analysis are listed
in Supplementary Table 3. The Map of China was drawn using
“mapchina” and “sf” packages.

Phylogenetic Tree Construction
For comparison with the newly generated 17 ancient
mitogenomes from Foyemiaowan Site, previously published data
was assembled from the Mitomap database4 (Supplementary
Table 4). In total, 417 mitogenomes were employed to construct
the maximum-parsimony (MP) phylogenetic trees for each
haplogroup (Supplementary Table 5), using mtPhyl v5.003
software.5

Molecular Dating
Coalescence time estimates were also computed using Bayesian
MCMC approach implemented in the BEAST v2.4.7 software
package (Drummond et al., 2012). We constructed Bayesian trees
using both modern and ancient samples, with the latter dates used
as tip dates for molecular clock calibration (Fu et al., 2013; Rieux
et al., 2014).

4https://www.mitomap.org
5http://eltsov.org

For mitochondrial time estimation, we first aligned all
sequences to the rCRS using the MAFFT (Katoh et al., 2017)
version 7 program using the iterative refinement method: E-INS-
I. Then, we partitioned the alignments into four parts with
a scheme adapted in accordance with a published molecular
clock calibration for human mtDNA (Rieux et al., 2014): (1)
First and second nucleotides in codons of protein coding genes
(PC1 + PC2), (2) third nucleotides in codons of protein
coding genes (PC3), (3) rRNAs + tRNAs (RNA region) and
(4) HVRI + HVRII (control region). Indels were removed
from the alignments to avoid potential biases due to possible
misalignments and incorrect consensus calling around these
regions. Partitioning was performed using the Python script
written Margaryan et al. (2017), available through Github
account.6 After partitioning, we tested the best-supported
substitution models (Supplementary Table 6) using jModelTest
v.2.1.10 (Darriba et al., 2012) with the Bayesian Information
Criterion (BIC). When running BEAST, we used unlinked strict
clock rates and substitution models for the four partitions,
but linked the coalescent Bayesian skyline tree model. Each
partition was assigned an independent mutation rate prior
according to Rieux et al. (2014). We ran each MCMC for 10E8
states, sampling every 10E4 states, and designating the first

6https://github.com/GrantHov/My_Python_codes
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10% as burn-in. Three independent runs were combined using
LogCombiner v1.8.0 (Drummond et al., 2012). Convergence to
the stationary distribution and sufficient sampling and mixing
were checked by inspection of posterior samples (effective
sample size > 200). Parameter estimation was based on samples
combined from different chains. The best supported tree was
estimated from the combined samples using the maximum clade
credibility (MCC) method implemented in TreeAnnotator v1.8.0
(Drummond et al., 2012).

RESULTS

Y-Chromosome and mtDNA Haplogroup
Profile
A total of 20 different Y chromosome sub-haplogroups in 32
Foyemiaowan individuals were determined according to the
ISOGG’s Y-DNA Haplogroup Tree 2019 (Table 1, Figure 2,
and Supplementary Figure 2). The distribution of paternal
haplogroups was revealed as: Oα-M117 (25%), Oβ-F46 (18.75%),
N-F1206 (18.75%), O-M188 (6.25%), O-F444 + , F46- (6.25%),
O1b1a2-page59 (6.25%), Q-M120 (6.25%), C-F1144 (6.25%),
N-F2930 (3.13%) and O1b1a1-PK4 (3.13%). Haplogroup
Oα-M117 exhibits high frequency in Tibeto-Burman populations
(Xue et al., 2006; Gayden et al., 2007), including Deng (63.33%),
Shannan Tibetan (42.31%), Luoba (30.77) and Danba Qiang

(22.22%) (Kang et al., 2012; Qi et al., 2013; Wang and Li, 2013;
Wang et al., 2014) and present-day Han Chinese (Yan et al., 2011)
such as Shandong (24.2%), Beijing (18.5%) and Heilongjiang
(16.6%) (Lang et al., 2019). Oβ-F46 is observed at high frequency
with ∼11% in Han Chinese (Yan et al., 2011) and moderate
to low frequency for Tibeto-Burman (Xinlong Tibetan, 6.52%;
Yajing Tibetan, 6.38%; Danba Qiang, 5.56%; Nyingchi Tibetan,
4.27%) groups. However, the haplogroup Oγ-IMS-JST002611
occupying about 14% in Han Chinese, was not detected in the
Foyemiaowan population, which suggests that the Foyemiaowan
paternal gene pool was somewhat different from Han Chinese.
N-F1206, achieving the second high frequency, is widely
distributed across Northern Eurasia (Hu et al., 2015) and can
be further divided into N-TAT and N-F710. N-TAT exhibited
a very high frequency in Altaic (Yakuts, 70.8–91.5%; Evenks,
50.9%; Buryats, 41.4%), Uralic (Udmurts, 66.7%; Finns, 53.8%)
and Indo-European (Latvians, 43.0%; Lithuanians, 40.5%)
speaking populations (Ilumäe et al., 2016). N-F710 is considered
as migrating from Northeast Asia to the Yellow River basin no
later than 2.7 kya (Ma et al., 2021). Moreover, the haplogroups
O1b1a2-Page59 (6.25%) and O1b1a1-PK4 (3.13%) reflect a
minor degree of southern East Asian origins (Yan et al., 2011;
Xia et al., 2019).

Library construction of 10 samples failed because of poor
sample quality. As a result, we only obtained 24 valid
mitochondrial gene data from 34 Foyemiaowan samples. A total

FIGURE 2 | Phylogenetic relationship of Y-chromosome haplogroups in this study, with frequencies are on the right side of the figure. Marker names are shown
along the branches and haplogroup names are shown to the right. All Y-chromosome haplogroups are based on the ISOGG-2019. Potentially paraphyletic undefined
subgroups are distinguished from recognized haplogroups by the asterisk symbol. Markers in red are key Y-SNPs. a–d: these markers are not designed in the Y-SNP
panel but are very common in Y phylogenetic trees.
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FIGURE 3 | The phylogenetic relationship of mtDNA haplogroups surveyed in this study and their haplogroup-based frequencies in the sampled populations, with
haplogroup names shown on the right. Asterisks distinguish potentially paraphyletic undefined subgroups from recognized haplogroups.

of 22 different mtDNA sub-haplogroups were found in 24
individuals (Table 1 and Supplementary Table 1C). Haplogroup
frequencies for Cao Wei to Western Jin, Sixteen Kingdoms,
Sui to Tang and the entire Foyemiaowan mtDNA data are
presented in Supplementary Figure 3 and Figure 3. The entire
population of Foyemiaowan is mainly characterized by the most
typical eastern Eurasian mtDNA haplogroups (A, B, CZ, D, F,
G and M9). Here, Foyemiaowan shows pronounced frequencies
(>5%) of haplogroups D (20.83%), F (20.83%), CZ (16.67%),
and B (12.5%) and low frequencies (< 5%) of haplogroups A
(4.17%), G (4.17%), and M9 (4.17%). Notably, the haplogroup D4
occurs with the highest frequency (16.67%) in the Foyemiaowan
population and could be further divided into sub-clades D4∗,
D4b2b∗ and D4h1∗. D4 haplogroup is observed with high
frequency in populations from the Baikal Region (30.9%), Far
East (26.6%), Eastern Asia (22.5%), Altai Region (17%), northern
Asia (16.7%) and western Siberia (16.4%) (Derenko et al., 2010).
Additionally, the haplogroup D4 reaches a high frequency in
Han populations from northern China, including Inner Mongolia
(22.73%), Liaoning (21.83%) and Heilongjiang (21.51%) (Li et al.,
2019). Haplogroup Z (accounting for 12.5% in Foyemiaowan)
is most frequent in Northeastern Asia and Siberia populations
(Schurr et al., 1999) as well as the Volga-Ural region, such as
Udmurts-7.1%, Maris-2.7%, Komis-1.8% (Tambets et al., 2004;
Ingman and Gyllensten, 2007). As for haplogroups B and

F, these are relatively common in southern East Asia (Wen
et al., 2005; Ko et al., 2014; Kutanan et al., 2017; Li et al.,
2019). In the meantime, a small number of western Eurasian
origin haplogroups H (4.17%) and J (4.17%) were detected.
Of these, haplogroup H displays a broadly southeast-northwest
distribution pattern in western Eurasia (Pereira et al., 2005) and
dominates the mtDNA gene pool of Europeans (∼40–45% on
average), decreasing in the Near East and the Caucasus region
(∼20–30%). Haplogroup J shows a moderate frequency in Europe
(6–15%) (Pliss et al., 2006; Vidrová et al., 2008), and among
Norwegians (12.6%), Estonians (10.3%), Germans (8.4%), and
Russians (8.0%) (Pliss et al., 2006). In summary, the dominant
D4, Z, B, and F mtDNA haplogroups in Foyemiaowan are
more frequent in northern and southern East Asian populations,
respectively, while haplogroups J and H reveal genetic flow from
western Eurasia.

Possible Origins and mtDNA Haplogroup
Diversity
In order to compare mtDNA haplogroup diversity and infer
possible origins of the Foyemiaowan population across a broad
geographical context, we collated 564 individuals from 28
ancient populations, ranging from circa 2000 BCE to 600 CE,
and covering Northern China, Mongolia, southern Siberia and
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FIGURE 4 | Pie charts of the distribution of mtDNA macro-haplogroups in Foyemiaowan and surrounding populations from 2000BCE to 600CE.

eastern Kazakhstan (Supplementary Table 2A). As an initial
step, only those ancient populations with a sample size of at
least eight and timescales falling mostly within 300 years were
selected for further analysis. Secondly, mtDNA haplogroups were
classified into 18 macro-haplogroups, including haplogroups A,
B, CZ, D, F, G, M7, M8a, M9, N9, U, W, HV, JT, N1, M∗,
N∗, and R. Thirdly, going by distinct geographic origins, these
haplogroups were further divided into four groups: northern
East Asian (i.e., A, CZ, D, G, M8a, M9, and N9), southern
East Asian (i.e., B, F, and M7), western Eurasian (i.e., U,
W, HV, JT, and N1) and Undetermined (i.e., M∗, N∗, and
R). Finally, haplogroup diversity in these ancient populations
was computed at the level of the 18 macro-haplogroups
mentioned above.

The distribution of mtDNA macro-haplogroups (Figure 4)
revealed a differential contribution of haplogroups with
three distinct geographic origins. As expected, northern East
Asian (NEA) haplogroups, with a notable incidence of D, C,

G and A, are more frequent in mid-eastern Mongolia and
eastern Inner Mongolia regions. These haplogroups reach
the highest proportion (∼100%) in Ulaanzuukh Culture and
late Xiongnu Culture (central east Mongolia) populations.
In the west, the occurrence of western Eurasian (WEu)
haplogroups is higher and tends to decrease to the east,
occurring with the highest frequency (∼100%) in western
Xinjiang, eastern Kazakhstan and Southern Siberia. In the
south, the presence of southern East Asian (SEA) haplogroups
is notable, especially in Yellow River Valley populations
such as Taojiazhai (37.2%) and Foyemiaowan (33.3%).
Here, the Foyemiaowan population consisted of 50% NEA,
33.3% SEA, 8.3% WEu and 8.4% Undetermined haplogroups
(Supplementary Table 2B), indicating the possibility of three
main sources of ancestry in the above-mentioned geographical
areas. Finally, examining haplogroup diversity value (Table 2),
our highest figure (0.879–0.911) was observed at areas lying
at the geographic crossroads between Western and Eastern
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Steppe, including central west Mongolia and Xinjiang, centers
of population migration and mixture over the past four
to five millennia (Allentoft et al., 2015; Unterländer et al.,
2017; Damgaard et al., 2018). Foyemiaowan exhibited the
third highest (0.891) level of diversity, revealing the multi-
ancestral admixture history associated with its strategic position
along the Silk Road.

TABLE 2 | Haplogroup diversity value for population mitochondrial genomes.

Population Location Size No.
haplogroup

Haplogroup
diversity

Foyemiaowan Gansu, China 24 10 0.891304348

Foyemiaowan_Sixteen
Kingdoms

Gansu, China 13 7 0.884615384

Heishuiguo Gansu, China 27 9 0.780626781

Bizili Xinjiang, China 15 6 0.866666667

Jierzankale Xinjiang, China 12 6 0.878787879

Quanergou Xinjiang, China 20 8 0.852631579

Tianshanbeilu Xinjiang, China 29 9 0.815270936

Yaer Xinjiang, China 10 6 0.888888889

Zagunluke Xinjiang, China 17 7 0.867647059

Sampula Xinjiang, China 10 4 0.644444444

Andronovo_XBD Xinjiang, China 15 5 0.752380953

Dulan Qinghai, China 10 6 0.844444444

Taojiazhai Qinghai, China 43 8 0.866002214

Mogou Gansu,China 47 12 0.854764108

Liujiazhuang Shandong,
China

14 8 0.912087913

Hengbei Shanxi, China 72 12 0.870892019

Yinxu Henan, China 41 10 0.864634146

Jinggouzi Inner Mongolia,
China

26 4 0.615384616

Qilangshan Inner Mongolia,
China

15 4 0.695238095

Dongdajing Inner Mongolia,
China

17 5 0.75

Lamadong Inner Mongolia,
China

17 7 0.875

DSCK_ARS Khuvsgul,
Mongolia

19 7 0.807017543

Late Xiongnu_TUK Arkhangai,
Mongolia

9 4 0.750000001

Sagly/Uyuk_CHN Uvs, Mongolia 10 7 0.911111111

Late Xiongnu_IMA Buryatia,
Russia

8 5 0.857142857

Early Xiongnu_SKT Khuvsgul,
Mongolia

11 6 0.89090909

Ulaanzuukh_ULN Sukhbaatar,
Mongolia

9 2 0.555555555

Andronovo_ FIR Altai Krai,
Russia

22 3 0.554112554

Andronovo&Karasuk_ORA Krasnoyarsk
Krai, Russia

10 4 0.644444444

Andronovo_MAI Almaty Oblysy,
Kazakhstan

9 3 0.416666666

Haplogroup diversity was calculated based on haplogroups A, CZ, D, G, M8a, M9,
N9, B, F, M7, U, W, HV, JT, N1, N*, R, M*.

Relationship of Foyemiaowan to
Reference Populations
To visualize the relationships between the Foyemiaowan
population and reference populations, a PCA plot was
constructed according to haplogroup frequencies (Figure 5 and
Supplementary Figure 4). Firstly, the Foyemiaowan population
was organized into two main temporal groups: a “Sixteen
Kingdoms” and an “Overall” group. From the Y-chromosome
perspective, the reference populations included 11,940 samples
from 172 populations (Supplementary Table 3A). When plotted
(Figure 5A), the overall Foyemiaowan group was projected
on the Northern Han and Tibeto-Burman cline and clustered
closer around Tibeto-Burman populations, especially with
Qiangic people from Daofu County, Sichuan and Ü-Tsang
Tibetans from Shigatse on the Tibetan Plateau. Specifically,
when compared with the “Overall” Foyemiaowan group, the
“Sixteen Kingdoms” group was more closely related to Tibetan
populations, particularly Ü-Tsang Tibetans from Shigatse and
Nyingchi. Traditionally, Ü-Tsang is perceived as the cultural
heartland of the Tibetan people, comprising Nagqu, Lhasa,
Shannan and Shigatse. A greater degree of genetic flow from
Tibetans from the core Tibet region toward Foyemiaowan may
have occurred during the Sixteen Kingdoms period. As for the
mtDNA perspective, we collected 613 samples from 30 ancient
populations (Supplementary Table 3C) and 32,777 samples
from 139 modern populations (Supplementary Table 3B). From
the mtDNA PCA plot (Figure 5B), we were able to observe both
“Overall” and “Sixteen Kingdoms” Foyemiaowan populations
clustering closely with each-other as well as Mongolic-speaking
populations, especially Dongxiang and Baoan from Linxia
in Gansu, Mongolia from Baotou of Inner Mongolia, Daur
from northeastern China, Mongolia from Khovd aimag in
Mongolia and Mongolia from Dornogovi aimag in Mongolia.
Thus, the Foyemiaowan population shows close genetic ties
with Mongolic-speaking populations in the north and east
of modern Gansu.

In summary, interpopulation comparison shows close affinity
between the Foyemiaowan population and Tibeto-Burman
populations in terms of paternal structure and Mongolic
populations in terms of maternal structure. This might be a
consequence of long-term population migration and mixture
along the ancient Silk Road.

The Phylogeography of mtDNA
Haplogroups
To discern the fine structure of this Foyemiaowan population,
we performed phylogenetic analyses for 14 mtDNA haplogroups
(Supplementary Table 5 and Supplementary Figures 5–17)
using published mitogenome data, including A6, D4∗, D4b2b∗,
D4h1c, D4o, G1a2’3, M9a1a∗, Z3∗, Z3 + 709, Z4a, F1a1c, F2a,
H7b∗, and J1b1a1 + 146. Based on the geographic origins and
phylogenetic trees (Supplementary Table 5), we were able to
group these 14 haplogroups into three groups: northern East
Asian (i.e., A6, D4∗, D4b2b∗, D4h1c, D4o, G1a2’3, M9a1a∗, Z3∗,
Z3+ 709, and Z4a), southern East Asian (i.e., F1a1c and F2a) and
western Eurasian (i.e., H7b∗ and J1b1a1 + 146). Following this,
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FIGURE 5 | (A) PCA plot based on Y-haplogroups frequency of Foyemiaowan population and reference populations. (B) PCA plot based on mtDNA haplogroups
frequency of Foyemiaowan population and reference populations.

FIGURE 6 | Maximum-parsimony phylogenetic trees of complete mtDNA sequences belonging to haplogroup Haplogroups D4o, F1a1c, and H7b*. Transversions
are further specified; ins and del denote insertions and deletions of nucleotides, respectively, back mutations are underlined.

three representative haplogroups (i.e., D4o, F1a1c, and H7b∗)
were selected from these three groups for further study.

The phylogeny of D4o sequences is illustrated in Figure 6.
The sequence divergence of the 55 D4o complete genomes
corresponds to a coalescence time estimate of 14.19 (8.79–20.65)
kya (Supplementary Table 7). The D4o tree shows an initial
split into two sister subclades, D4o1 and D4o2, encompassing
predominantly Turkic, Tungusic, Mongolic and Japonic northern
Asian language groups. In particular, three Teleut from the
Altai region of southern Siberia, one Buryat from southern

Siberia, one Uyghur from the Turpan region of eastern Xinjiang
and one from Foyemiaowan clustered into a new branch,
harboring the diagnostic motif 146 (back mutation)-183-9196-
11809-12612, which implies tight genetic ties between southern
Siberian and Foyemiaowan populations. The phylogenetic tree
of F1a1c, with the coalescence time estimated as 12.84 (9.01–
18.14) kya, could be further subdivided into F1a1c1, F1a1c2, and
F1a1c3. F1a1c mostly manifests in Chinese and Austronesian
speaking populations in southern China and Southeast Asia.
Other subclades included three southern Han from south of the
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Yangtze River region in China, one southern Han from Zhejiang
in southern China, one Naxi from southwestern China, one
Japanese and one from Foyemiaowan, falling into one distinct
subclade characterized by one coding region mutation at np
15629. As for the basal branch H7b∗, it was sporadically found
in Indo-European speaking populations in northeastern Europe
and central Asia, which shows a relatively younger coalescence
time at 4.48 (2.52–7.56) kya. This haplogroup tree contained
one Danish, one Russian from Vladimir near to Moscow, one
individual with undetermined geographic origin and one from
Foyemiaowan, forming a specific branch with one mutation at
np 152 within control region. This may be indicative of western
Euraisa influx into gene pool of populations in Hexi Corridor
along the ancient Silk Road.

DISCUSSION

Our study supports the hypothesis that Foyemiaowan population
have multiple potential ancestral sources. In our study, we
analyzed the Y-chromosome and mtDNA of 34 Cao-Wei to Sui-
Tang period individuals from the Foyemiaowan site, located in
the west of the Hexi Corridor. After interpopulation comparison
using PCA plots, we observed that the Foyemiaowan population
was closely clustered with Tibeto-Burman populations on
the paternal side, but intimately associated with Mongolic-
speaking populations from the maternal aspect. Furthermore,
we also observed the fine structure of Foyemiaowan population
via lineage analysis. Y chromosome profiles of Foyemiaowan
population revealed mainly Yellow River Valley origins related
to Tibeto-Burman and Han Chinese populations, partially North
Eurasian origins associated with Altaic speaking population and
a small degree of southern East Asian origins. Similar to paternal
structure, the maternal gene pool consisted of ancestries from
northern East Asian (including haplogroups A, CZ, D, G, and
M9), southern East Asian (including haplogroups B and F)
and western Eurasian (including haplogroups H and J) groups.
We can conclude that the genetic diversity of Foyemiaowan
population was relatively high, and that western Eurasia lineages
indicate the eastward migration of Hu people from ancient
western Regions along the Silk Road.

Previous archeological and genetic studies argue that the
central Hexi Corridor was densely populated by immigrants
from Middle and Yellow River during the Han Dynasty (Chen
et al., 2019; Xiong et al., 2022). This Han cultural element
continued to play a predominant role in the Hexi Corridor
even after the collapse of the dynasty. We see use of daily-
use potteries, tomb guardian vases ( ) and bronze mirrors
at Foyemiaowan, items exhibiting a marked Han Chinese style
(Chen et al., 2022). This study, contrary to what might be
expected, found that population composition gradually trended
toward diversification in the west of Hexi Corridor. An elevated
value of δ15N and greater use of also C3 foods suggest that the
dietary structure of Foyemiaowan population differed strikingly
from farming populations consisting of migrants from the
cultural core of China, such as the Heishuiguo population (Li,
2021), and veered closer to paleodietary patterns observed for
nomadic populations (Wang et al., 2016; Zhang et al., 2016).

Archeological findings such as painted murals unearthed in the
Hexi Corridor and dating to the Cao-Wei and Sixteen Kingdoms
periods support our results by showing the prevalence of non-
Han customs (Gansu Province Cultural Relics Team, and Gansu
Province Museum, 1985; Ma, 2000; E et al., 2009a,b). Other
recorded customs also reflected the influence of a non-Han
(Hu) population (Supplementary Figure 18). Hair style, attire,
customs and facial features suggest that this population belonged
to different ancient ethnic groups, such as Di peoples, Qiang
peoples, Xianbei peoples, and other non-Han groups (Li, 2010).

Historical records further illustrate the multiethnic nature
of the Hexi corridor during the Cao-Wei. At this time, the
area included Han, Di, Qiang, Hexi Xianbei (i.e., Tufa Xianbei
[ ], Yifu Xianbei [ ], Yiyun Xianbei [ ] etc.),
Lushuihu ( ), Western Region Hu ( ) and Tuge Hu
( ) (Gao et al., 2018). The Han, Qiang and Di had settled
in Hexi Corridor during the Han Dynasty (Zhao et al., 2011;
Gao et al., 2018; Xiong et al., 2022). The Tufa Xianbei would
later emerge as one of most powerful forces among the Hexi
Xianbei. Migrating to the Hexi Corridor from the Yin Mountains
in 219–256 CE (Zhou, 1987), they established the Southern
Liang under Tufawugu ( ) in 397CE. At its peak, the Tufa
Xianbei commanded most of northwestern China. The Lushuihu
settled along the Hexi Corridor during the Han and Wei
Dynasties, founding the Northern Liang in 397 CE. This ethnic
group was very complex and may have Xiongnu, Xiao Yuezhi
( ), Yiqu ( ), Zahu ( ), Western Rong ( ) or Zilu
( ) connections (Gao et al., 2018). Hu peoples from Western
Region also can be found along Hexi corridor during Three
Kingdoms periods (220–280 CE). The Dunhuang manuscripts
( ) record intermarriage between Han Chinese and Hu
peoples (Lu, 1996). Sogdian correspondence (311CE) unearthed
from Dunhuang indicates that a substantial population of
Sogdian merchants migrated from Samarkand in this period (Bai,
2011). The discovery of western Eurasian haplogroups in the
Foyemiaowan maternal gene pool may provide corroboration of
these documents. These ethnic groups lived and intermarried
at Dunhuang, strongly affecting the population history of
the Hexi Corridor.

CONCLUSION

In conclusion, we have found that despite the similarity between
archeological cultures at Foyemiaowan and Central Plains sites,
the genetic structure and dietary structure of Foyemiaowan
population differed strikingly from those of Han Chinese.
This suggests that archeological culture is not consistent with
ethnicity at Foyemiaowan. Yet although in this period dynastic
governments had gradually relinquished control of the Hexi
Corridor, and regional political forces established by various non-
Han peoples became the dominant factors of Hexi history, Han
cultural factors still strongly affected the Foyemiaowan peoples.
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