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Abstract

Objectives: Since the third century CE, a series of nomadic tribes have been active

on the eastern part of the Mongolian Plateau. Characterizing the genetic composi-

tions of past nomadic people is significant for research on the nomadic cultures of

the Eurasian Steppe region. Ancient DNA analysis facilitates a deeper understanding

of the relationship between historical and modern nomadic populations.

Materials and methods: Whole-genome shotgun sequencing and capture sequencing

of the nonrecombining region of the Y chromosome were performed for six ancient

Hg C2/M217 individuals. The individuals were interred at six separate sites on the

Mongolian Plateau and represent dates spanning the late Neolithic to Yuan Dynasty

(~3,500–700 BP).

Results: After NRY capture sequencing, three of the six ancient samples were attrib-

uted to C2b1b/F845 and the other three ancient samples belonged to C2a1a1b1a/

F3830. Analysis of whole-genome shotgun sequencing data shows that the ancient

C2b1b/F845 individuals are closely related to She, Han and other East Asian

populations, while the ancient C2a1a1b1a/F3830 individuals are more similar to

modern Northeast Asian peoples, such as the Ulchi and Yakut.

Discussion: Hg C2/M217, widely distributed in the eastern part of the Eurasian con-

tinent, was discovered in the ancient Central Steppe and Baikal region. This study

shows that there were two important subclades of Hg C2/M217 among the ancient

nomadic peoples: C2a1a1b1a/F3830, which has made important genetic contribu-

tions to modern Mongolic- and Manchu-speaking populations, and C2b1b/F845,

which probably originated in the farming populations of southern East Asia and made

certain genetic contributions to past nomadic peoples on the Mongolian Plateau.
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1 | INTRODUCTION

The earliest nomadic group to be recorded historically was the

Xiongnu: a people living on the eastern part of the Eurasian Steppe in

an area that loosely corresponds to the territory of modern Mongolia

and northern China. They first appear in historical texts dated as early

as the fourth century CE (Minajev, 1996), and the formation of the

powerful Xiongnu Confederacy presented a serious threat to the

prosperous agricultural society of the Central Plains (Min, 2010). The

confederacy captured parts of northern China from the Han Dynasty
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(202 BCE–220 CE) and raided their borders, a situation that persisted

until Emperor Wu of Han (141–87 BCE) launched several campaigns

against the Xiongnu and eventually pushed them north of the Gobi

Desert (Liu, 2008). After the disintegration of the Xiongnu Confeder-

acy, the eastern Eurasian Steppe region played host to a series of

historically recorded nomadic powers, including the Xianbei Confeder-

ation, Rouran Khaganate, Turkic Khaganate, Uighur Khaganate, and

Khitan Empire (West, 2008). In the 13th century, another powerful

nomadic state flourished on the Mongolian Plateau and established

the largest contiguous land empire in the world: the Mongol Empire

(1,206–1,294 CE). During this period in particular, goods, technolo-

gies, and ideas were exchanged across the Eurasian continent, which

had a far-reaching impact on the movement of people. From this came

the Yuan Dynasty (1,271–1,368 CE), the first dynasty to rule all of

China that established by nomads (Bi, 2000; Franke &

Twitchett, 1994). The huge territories of these nomadic states and the

mobility of the people within them, particularly the later Mongol

Empire and Yuan Dynasty, are visible in the biological data of modern

nomadic peoples. Studying the genetic compositions of these past

nomadic peoples allows for the characterization of the movement

under past nomadic states, which has major significance for under-

standing the nomadic culture on the Eurasian Steppe as well as the

role of nomadic societies in world history.

Thus far, several studies have focused on the genetic structure of

ancient nomadic peoples on the Mongolian Plateau. In 2003, Keyser-

Tracqui et al. analyzed three types of genetic markers to determine

the genetic relationships among 62 individuals buried in the Egyin Gol

necropolis (Mongolia) dated to the Xiongnu period (Keyser-Tracqui,

Crubezy, & Ludes, 2003). This study was the first that used biparental,

paternal, and maternal genetic systems to reconstruct partial genealo-

gies in a protohistoric necropolis. To understand the maternal genetic

structure of the Xianbei and trace its impact on the formation and

development of the genetic composition of nomadic peoples in north-

ern China, Yu et al. analyzed 17 sequences of hypervariable segment I

(HVS-I) in the mitochondrial DNA (mtDNA) control region of Tuoba

Xianbei remains from the Shangdu Dongdajing cemetery (Inner Mon-

golia, China), finding that the Tuoba Xianbei potentially contributed to

the gene pool of some northern nomadic peoples and mixed with the

Xiongnu in northern China (Yu, Zhao, & Zhou, 2014). To study the

paternal genetic characteristics of Donghu-Xianbei people, Zhang

et al. analyzed 40 ancient human remains that belonged to the

Donghu (~2,500 years ago), Xianbei (~1,700 years ago), and Shiwei

(~1,200 years ago), tracing the Y chromosome haplogroup

(Hg) C2a1a1/F3918 (ISOGG 2019) to a 2,500-year-old Donghu

nomadic group (Zhang et al., 2018). On this basis, by capturing the

nonrecombining region of the Y chromosome (NRY) through sequenc-

ing, Li et al. found that Hg C2a1a1b1a/F3830 (ISOGG 2019), down-

stream of C2a1a1/F3918, was an important paternal lineage of

Donghu-Xianbei nomads before the expansion of the Mongol Empire

(Li, Zhang, Zhao, Chen, & Ochir, 2018).

The research presented here builds upon past studies characteriz-

ing the genetic characteristics of the Hg C2 paternal lineage. Hg

C2/M217 is a commonly occurring branch of Hg C/M130, and it is

widely distributed in the eastern part of the Eurasian continent, with

the highest frequencies among the populations of Mongolia and the

Russian Far East. Hg C2/M217 separated from its most closely related

lineage approximately 50,000 years ago, whereas its subclades,

C2a/L1373 and C2b/F1067, separated over 30,000 years ago

(Karmin et al., 2015). Sublineage C2a/L1373, which mainly includes

the three branches, C2a1a1/F3918, C2a1a2/M48, and C2a1a3/

M504, is widely distributed in northern Asian regions, such as north-

ern China and Mongolia. In addition, the subbranch C2a1a1a2a1/

F3830 has been identified in samples from modern Mongolic- and

Tungusic-speaking populations. Sublineage C2b/F1067, which mainly

includes two branches, C2b1a/Z1300 and C2b1b/F845, appears in

northeastern Asia, including northern China, Korea and Japan (Huang

et al., 2018).

This article presents the results of research on the genetic charac-

teristics of the Hg C2 paternal lineage, a genetic lineage demonstrated

to have featured prominently in nomadic populations prior to the

fourth century CE (Li et al., 2018). By analyzing NRY capture sequenc-

ing data of six individuals from six sites distributed on the Mongolian

Plateau, we are able to examine genetic inheritance between these

ancient Hg C2/M217 samples. In addition, we analyze autosomal data

obtained from whole genome shotgun sequencing, which allows us to

examine the genetic association between the ancient samples and

modern populations, facilitating the exploration of the origins and

movement of certain genes in ancient nomadic groups over time. The

genetics research of past nomadic populations is a growing field, and

this study presents analyses that contribute to gaining a full picture of

the effects of historic mobility and long-distance interactions on the

genetic compositions of nomadic peoples.

2 | MATERIALS AND METHODS

The individuals used in this study (TL1, ZHS5, GG3, YK15, QL11, and

ZK3022) were interred at six separate sites (Khermen Tal, Zaan

Khoshuu, Gangga, Yikeshu, Qilangshan, and Zhukaigou site, respec-

tively) on the Mongolian Plateau in Mongolia and northern China and

represent dates spanning the late Neolithic to Yuan Dynasty

(~3,500–700 BP) (Figure 1, Table S1). Among the six sites (Figure 1),

the Khermen Tal (TL1, Rouran period), the Zaan Khoshuu (ZHS5,

Xianbei period), and the Gangga (GG3, Shiwei period) have been pre-

viously studied (Li et al., 2018). The other three sites are the Yikeshu

(YK15), Qilangshan (QL11), and Zhukaigou (ZK3022), all of which are

located in Inner Mongolia, China. The Yikeshu site lies northwest of

ancient Shangdu City in Zhenglan Banner, Xilingol League. According

to the structure of the tomb, characteristic funerary objects, and the

presence of sacrificial sheep bones, the burial site is thought to have

been a Mongol cemetery during the Yuan Dynasty (Wei, 2004). The

Qilangshan site is located in Ulanchabu City, Chahar Right Middle

Banner. According to the peculiarity of the tomb form, combination of

funerary objects and characteristics of the buried objects, the

Qilangshan site is considered to be a relic of the Tuoba Xianbei

from the fourth–fifth century CE (Yu, Xie, Zhang, Zhou, & Zhu, 2006).
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The Zhukaigou site is located on the eastern part of the Ordos Pla-

teau. On the basis of the funeral style, the Zhukaigou site is presumed

to date to approximately 4,200–3,500 years ago (Wang et al., 2007).

The SNPs M130 (Hg C), M217 (Hg C2) and other markers that

belong to the ISOGG 2019 Y DNA haplogroup tree, were selected to

identify whether the ancient samples were attributed to Hg C2. All

primers design, PCR amplification and Sanger sequencing setups were

carried out as previously described (Zhang et al., 2018). NRY capture

sequencing data of three of these individuals (TL1, ZHS5, and GG3)

have been published in Li et al., 2018, and the three other samples

(QL11, YK15, and ZK3022) were analyzed by NRY capture sequenc-

ing. Whole-genome shotgun sequencing was then carried out on

these six ancient samples.

2.1 | Sample processing and DNA sequencing

All wet lab work for this study involved ancient DNA lab work, which

was conducted in dedicated clean-room facilities at Jilin University

according to strict aDNA standards (Sarkissian et al., 2013). DNA

extraction and sequencing library construction were performed fol-

lowing established protocols (Li et al., 2018). Whole-genome shotgun

sequencing of the ancient samples was performed by Novogene

(Beijing, China), and NRY capture sequencing of male individuals was

conducted in collaboration with Sierravast BioMedical (Shanghai,

China) as previously described (Li et al., 2018). Raw read quality was

analyzed using FastQC (http://www.bioinformatics.babraham.ac.uk/

projects/fastqc/), adaptor sequences were trimmed, and the forward/

reverse reads of each read pair requiring an 11-base pair overlap were

merged using AdapterRemoval (Schubert, Lindgreen, &

Orlando, 2016). Next, the Burrows-Wheeler Aligner (BWA) and

SAMtools software were used to map and splice the processed reads

according to the hs37d5 human reference genome (Li et al., 2009;

Li & Durbin, 2009). Then, Picard was used to remove repetitive

sequences (http://picard.sourceforge.net).

2.2 | DNA authenticity

Authentication of the aDNA was carried out by examining the frag-

ment length distributions and nucleotide substitution patterns charac-

teristic of aDNA damage using mapDamage (Jonsson, Ginolhac,

Schubert, Johnson, & Orlando, 2013). Considering the effect of uracil-

DNA glycosylase (UDG) on aDNA damage, we also estimated the pat-

terns of DNA damage in the CpG context using PMDtools (Skoglund

et al., 2014). The levels of contamination were estimated for mtDNA

sequences of all individuals using the Mapping Iterative Assembler

(MIA) and contamMix (Fu et al., 2013), as well as for chromosome X

of the male individuals using ANGSD software (Korneliussen,

Albrechtsen, & Nielsen, 2014).

2.3 | MtDNA and Y chromosome analyses

MtDNA and Y chromosome sequences were extracted from final-

analysis BAM files using SAMtools, and BCFtools was used to call

positions when the base differed from that in the reference. Only

bases with a quality score > 30, read depth > 3, and call rate > 90%

were considered in the analysis. MtDNA Hgs were assigned with

HaploGrep 2 (Weissensteiner et al., 2016), and Y chromosome Hgs

were determined with yHaplo (Poznik, 2016). Then, 2,954 Y chromo-

some SNPs were filtered according to the data available from related

published studies for SNP calling and subsequent analysis (Altshuler

et al., 2010; Huang et al., 2018; Karmin et al., 2015; Li et al., 2018;

F IGURE 1 Geographic locations of the sites where the study samples were collected
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Lippold et al., 2014; Wei et al., 2017; Wei, Wang, et al., 2018; Wei,

Yan, et al., 2018) (Table S1). We used BEAST 2 (Bouckaert

et al., 2014) to estimate the coalescence times of Hg C2 and its sub-

lineages. Coalescent Bayesian skyline priors were selected with the

general time reversible (GTR) substitution model and a strict clock

with a mutation rate of 0.74 × 10−9 per site per year (Karmin

et al., 2015). The calculations were performed with 10 million itera-

tions and sampling every 1,000 steps. Then, the results were visual-

ized in Tracer v.1.7.1 and Figtree v1.4.4 with a burn-in of 10%, and it

was confirmed that all effective sample sizes were above 200.

2.4 | Autosomal analyses

To prepare for autosomal genetic analyses, genotypes of 5,625 mod-

ern individuals obtained using the Affymetrix Human Origins array

(https://reich.hms.harvard.edu/) were employed to construct a mod-

ern DNA background. Pseudohaploid genotypes of the six ancient

samples were called by BCFtools based on a random read and filtered

as previously described (Li et al., 2018). Population structure was

investigated with principal component analysis (PCA) using smartpca

in EIGENSOFT (Price et al., 2006) and plotted with the PC1 and PC2

vectors using R (https://www.r-project.org/). Outgroup-based estima-

tion of admixture components was carried out using Admixture

(Alexander, Novembre, & Lange, 2009). We performed model-based

clustering analysis via the maximum-likelihood approach, assuming

2–20 ancestral populations (K = 2–20). Considering that the value of

cross-validation (CV) error was maintained at 0.714–0.711 when

K = 10–20, the model with 10 modeled clusters or ancestral

populations (K = 10) was selected for the admixture analysis

(Table S1). Outgroup f3 form statistics (Mbuti; ancient, East Asia) were

computed with Mbuti as the outgroup using qp3Pop, as implemented

in AdmixTools (Patterson et al., 2012). According to the admixture

analysis and f3 statistics, 10 populations in East Asia were selected

for inferring the historical patterns of population splits and admixture

events (m ≤ 3) using TreeMix (Pickrell & Pritchard, 2012). We rooted

the Mbuti population as an outgroup, and 1,000 bootstrap replicates

were generated to produce a consensus tree with a block size of

500 SNPs.

3 | RESULTS

The nucleotide substitution patterns characteristic of aDNA damage

in the CpG context showed that the damage to all samples exceeded

20%. The distribution of read lengths showed that the mean read

length of the shotgun library was 89–109 bp. MtDNA contamination

of the aDNA library (excluding ZK3022) was estimated to be less than

4%, and X chromosome contamination for the other samples was

0.03–1.50%. The coverage of the shotgun sequencing data

(0.02–0.65x) from ancient samples was low. Considering the few

effective reads, low coverage, and high degree of damage to the

ZK3022 sample, autosomal analysis was not carried out for this sam-

ple. Details of the aDNA library are provided in Table 1. After NRY

capture sequencing, three of the six ancient samples (QL11, YK15,

and ZK3022) were attributed to C2b1b/F845 (ISOGG 2019). The

other three previously published ancient samples (TL1, ZHS5, and

GG3) belonged to C2a1a1b1a/F3830 (ISOGG 2019).

3.1 | Phylogenetic analysis of the Y chromosome

The geographic distribution of modern individuals sharing haplotypes

with ancient samples (C2a1a1a2a1/F3830 and C2b1b/F845) across

Eurasia is shown in Figure 2 (Table S1). Ancient samples are indicated

by red triangles (C2b1b/F845) and red squares (C2a1a1a2a1/F3830)

TABLE 1 List of samples used in this study, sequencing metrics for the ancient libraries and their mtDNA nucleotide changes as well as Y
chromosome Haplogroups

Sample
ID

Shotgun sequencing

mtDNA
haplogroups

Y-haplogroups
(ISOGG 2019)Total reads

Mapped not
clonal reads
with q ≥ 30

Mean
read
length
(bp)

MT
Contamin
(%)

X
Contamin.
(Test1/
Test2) (%)

C to T
misincorporation
at 50 end Coverage

ZK3022 30,286,856 750,978 93 5.2 0/6.06 0.39 0.02x R (100%) C2b1b/F845

QL11 88,286,382 19,691,286 104 3.4 0.14/0.24 0.34 0.65x G1a1

(93.26%)

C2b1b/F845

YK15 38,974,089 8,278,290 91 3.9 0.14/0.47 0.25 0.24x G1a1

(90.49%)

C2b1b/F845

ZHS5 66,222,326 1,031,069 96 NaN NaN 0.26 0.03x C4a2a1

(81.45%)

C2a1a1b1a/

F3830

TL1 72,081,872 4,681,299 109 2.5 0.03/1.50 0.38 0.16x D4b1a2a

(95.64%)

C2a1a1b1a/

F3830

GG3 59,373,236 3,002,378 89 2.4 0.14/0.47 0.3 0.09x F1b

(84.13%)

C2a1a1b1a/

F3830
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in Figure 2. As shown by the figure, the C2a1a1a2a1/F3830 samples

were present in northern China, Mongolia, and Siberia, while the

C2b1b/F845 samples were mainly observed in southern China and on

the Korean Peninsula. The phylogenetic tree constructed using the

NRY capture data from the six ancient samples and 31 modern refer-

ence samples shows that the ancient individuals are mainly distributed

on two branches (Figure 3). Among the samples, TL1, ZHS5, and GG3

are located together on a branch (C2a1a1a2a1/F3830) with modern

Mongolian, Mongolian-Buryat, Yugur, and Kazakh individuals. By con-

trast, QL11, YK15, and ZK3022 are located together on another

branch (C2b1b/F845) with modern Dai, Han, and Japanese individ-

uals. The divergence time between Hg C2a/L1373 (upstream of

C2a1a1a2a1/F3830) and C2b/F1067 (upstream of C2b1b/F845) is

estimated to be 33,682 years (95% confidence interval:

19,653–54,278 years).

3.2 | Genetic analysis of nuclear DNA

The PCA results (Figure 4) show that the ancient C2a1a1a2a1/F3830

individuals (TL1, ZHS5, and GG3) cluster away from the modern

populations and the ancient C2b1b/F845 samples (YK15 and QL11)

are scattered. QL11 clusters close to modern East Asian samples, and

YK15, which is more closely related to the F3830 group, clusters

together with Kusunda. The admixture analysis at K = 10 (Figure 5a;

Table S1, Figure S1) reveals that both ancient C2a1a1a2a1/F3830

and C2b1b/F845 individuals have ancestral composition sources simi-

lar to those of most East Asian individuals. However, the ancient

C2b1b/F845 samples (YK15 and QL11) have composition structures

similar to those of modern Han, Miao, and She samples, while the

ancient C2a1a1a2a1/F3830 samples (TL1, ZHS5, and GG3) are similar

to modern Northeast Asian samples, especially Yakut samples, having

greater Siberian and Far Eastern components. The f3 analyses (Mbuti;

ancient, East Asia) (Figure 5b and Figure S2), which quantifies the

amount of genetic drift shared between the East Asian populations

and the ancient Hg C2/M217 individuals since they diverged from the

Mbuti African outgroup, show that the largest amount of drift shared

with the ancient C2a1a1a2a1/F3830 individuals (TL1, ZHS5, and

GG3) came from the Ulchi. The largest amount of drift shared with

the ancient C2b1b/F845 (YK15 and QL11) individuals came from the

She. Using the probabilistic model of population splits and admixture

events implemented in TreeMix (Figure 6; Figure S3), we found that

the ancient C2a1a1a2a1/F3830 individuals (TL1, ZHS5, and GG3)

cluster together, while the ancient C2b1b/F845 individuals (YK15 and

QL11) are separate. One of the latter individuals (QL11, ~1,600 years

ago) is on a branch with the Han, and the other one (YK15,

~700 years ago) clusters with the ancient C2a1a1a2a1/F3830 individ-

uals. In addition, there was gene flow between GG3 and the branch of

Mongol, Miao, and She individuals, as well as gene flow between

QL11 and the branch of YK15 and two F3830 samples (ZHS5 and

TL1) when two migration events occurred (m = 2) (Figure 6).

4 | DISCUSSION AND CONCLUSIONS

Previous aDNA studies have shown that an ancient individual from

the Lokomotiv cemetery (~6,700 BP), part of the Early Neolithic Kitoi

hunter-gatherer tradition in the Baikal region, belonged to the

C2a1a1/F4015 (equivalent to C2a1a1/F3918) branch of the

C2a/L1373 sublineage of the Hg C2/M217 branch (Damgaard

et al., 2018). As one of the authors has established that the Donghu

branch was downstream of C2a1a1/F3918 in an earlier work

(Li et al., 2018), which implies that the Donghu originated from the

hunter-gatherers of the Lake Baikal region. Additionally, male skeletal

F IGURE 2 The geographic
distribution of modern individuals
sharing haplotypes with ancient
individuals (C2a1a1a2a1/F3830 and
C2b1b/F845). Ancient samples are
indicated by red triangles (a-F845) or
red squares (a-F3830), while modern
individuals are represented by blue
triangles (m-F845) or blue squares

(m-F3830)
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remains from the sites of Jinggouzi (~2,500 years ago, Donghu),

Chenwugou (~1,700 years ago, Xianbei), and Gangga (~1,200 years

ago, Shiwei) belonged to the C2a1a1/F3918 branch, suggesting that

the paternal inheritance of nomadic populations in the Mongolian

grasslands was continuous up to the first millennium CE (Zhang

et al., 2018). Research by one of the authors utilizing NRY capture

sequencing also showed that TL1 (~1,400 years ago, Rouran), ZHS5

(~1,400 years ago, Xianbei), and GG3 (~1,200 years ago, Shiwei)

belonged to C2a1a1b1a/F3830, a downstream branch of C2a1a1/

F3918. This finding highlighted the important paternal genetic contri-

bution by this branch to the current Mongolic- and Manchu-speaking

populations on the eastern part of the Mongolian Plateau

(Li et al., 2018).

This study aimed to expand upon previous research and contrib-

ute new data that could be used to map the movement and inheri-

tance of genes through ancient nomadic populations and provide

insights into the genetic inheritance of modern nomadic peoples. The

mtDNA and autosomal DNA of the previously published C2a1a1b1a/

F3830 samples (TL1, ZHS5, and GG3) were analyzed by whole-

genome shotgun sequencing. Two of the C2a1a1b1a/F3830 individ-

uals (TL1 and ZHS5) belonged to mtDNA haplotypes C4a2a1 and

D4b1a2a, which are mostly found among the Yakut, Yukaghir, Buryat,

and Tungusic peoples (Derenko et al., 2010). Admixture and f3 test

analyses based on autosomal data also confirmed that the ancient

C2a1a1b1a/F3830 samples display a close genetic relationship to

Yakut, Ulchi, Oroqen, and Hezhen populations. The samples show a

particularly strong relationship to the modern Ulchi, which are mem-

bers of the southern Manchu-Tungusic language group reliant on a

fishing and hunting economy located today in the Russian Far East.

Moreover, gene flow from the Shiwei (GG3) to Mongol was detected

through TreeMix analyses, suggesting that the ancient C2a1a1b1a/

F3830 group most likely made a genetic contribution to modern Mon-

golians. These results indicated that the ancient samples (TL1, ZHS5,

and GG3) belonging to Hg C2a1a1b1a/F3830 are closely genetically

related to Manchu-Tungusic- and Mongolic-speaking populations in

the Russian Far East and northeastern China, which is consistent with

the previous results from the Y chromosome analyses (Li et al., 2018).

By contrast, three new samples—YK15 (~700 years ago, Mongol),

QL11 (~1,600 years ago, Xianbei), and ZK3022 (~3,500 BP)—were

identified as belonging to the C2b1b/F845 lineage by NRY capture

sequencing, and this result represents the first time that this branch

has been found in ancient populations, especially nomadic populations

F IGURE 3 Y-DNA phylogenetic
tree of haplogroup C2/M217 based
on the Hg C2/M217 NRY data
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on the eastern Mongolian Plateau. According to published articles,

C2b1b/F845 is widely distributed but has a low frequency among East

Asians, with a relatively low frequency in Koreans (2.4%) and Daur

(4.8%) (Kwon, Lee, Lee, Yang, & Shin, 2015; Wang Ch & Li, 2018).

Based on the geographical distribution of Hg C2/M217 subgroups, the

C2b1b/F845 samples are distributed further south than the

C2a1a1a2a1/F3830 samples in both ancient and modern populations.

The C2b1b/F845 samples are mainly observed in southern China,

Japan, Korea, Vietnam, and the Philippines, and these locations are

much farther south than modern C2a1a1b1a/F3830 samples, which

are present mainly in northeastern China, Mongolia, and Siberia. This

finding suggests that C2b1b/F845 has a more southern origin than

C2a1a1b1a/F3830. According to the phylogenetic tree, ancient

C2b1b/F845 samples cluster on a branch with Dai, Tujia, and Han Chi-

nese, showing that C2b1b/F845 was closely related to the genetic

composition of peoples reliant on agriculture rather than mobile

herding. Moreover, an ancient C2b1b/F845 sample was identified for

the first time at the Neolithic site of Zhukaigou (~4,200–3,500 BP) in

northern China. Zhukaigou is thought to have been a settled farming

culture (Tian, 1988) that experienced an economic transformation from

settled farming to animal husbandry approximately 3,000 years ago

(Yang, 2012). Considering the time and distribution of the sites, we con-

clude that Hg C2b1b/F845 most likely originated from the agricultural

population of southern East Asia.

In addition, two C2b1b/F845 samples (QL11 and YK15) both

belonged to the mtDNA G1a1 subclade, which is found widely in East

Asia, with the highest frequencies in a cluster that includes Japanese

and Koreans (Chandrasekar et al., 2009). Admixture and f3 test ana-

lyses of the autosomal DNA indicates that ancient C2b1b/F845 sam-

ples have a greater amount of southern East Asian features than

ancient C2a1a1b1a/F3830 branches, showing a very close genetic

relationship to the She, a shifting-cultivation population in southern

China. The PCA results further suggest that the ancient C2b1b/F845

group underwent change over time, and this interpretation is

supported by the TreeMix analyses. The QL11 individual is genetically

closer to East Asia populations, particularly Han Chinese people, and

it exhibits gene flow to the YK15 individual, who is closer to the

ancient C2a1a1b1a/F3830 group (including samples ZHS5 and TL1)

and thus also East Asian nomadic peoples. These results do not con-

flict with the results of Y chromosome analyses, suggesting that the

F IGURE 4 PCA plot of the ancient F3830/F845 individuals and the modern individuals from the Affymetrix Human Origins array
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F IGURE 5 The genetic affinity of the ancient Hg C2/M217 individuals and the East Asia populations (a) Cluster analysis generated by
Admixture for the ancient Hg C2/M217 individuals and 16 modern populations (K = 10). Full modern populations are available in Figure S1.
(b) Ranked outgroup ƒ3 statistics examining represents the amount of shared genetic drift between the ancient Hg C2/M217 individuals and each
of the eight contemporary East Asia populations since their divergence with the Mbuti population

F IGURE 6 TreeMix phylogeny of
the ancient Hg C2/M217 individuals
and the East Asia populations
representing the patterns of
population divergence and migration
events (m = 2)
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C2a1a1b1a/F845 group originated from a farming people and made a

genetic contribution to nomadic peoples.

In conclusion, by studying the inheritance of Hg C2/M217 in

ancient nomadic populations, two paternal lineages—C2a1a1b1a/

F3830 and C2b1b/F845—were identified in the past nomadic peoples

who were interred on the Mongolian Plateau. The C2a1a1b1a/F3830

lineage is closely related to the Donghu branch, which probably origi-

nated earlier with the hunter-gatherers of the Lake Baikal region. This

lineage made important genetic contributions to modern Manchu-Tun-

gusic- and Mongolic-speaking populations on the eastern part of the

Mongolian Plateau. In contrast, the C2b1b/F845 lineage originated

from much further south geographically, most likely from the farming

people of southern East Asia. Gene flow between samples indicates

that C2b1b/F845 contributed to the gene pool of both the northern

nomadic people and the southern farming people in East Asia.
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