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Abstract
The Mongol Empire had a significant role in shaping the landscape of modern populations. Many populations living in
Eurasia may have been the product of population mixture between ancient Mongolians and natives following the expansion
of Mongol Empire. Geneticists have found that most of these populations carried the Y-haplogroup C3* (C-M217). To trace
the history of haplogroup (Hg) C3* and to further understand the origin and development of Mongolians, ancient human
remains from the Jinggouzi, Chenwugou and Gangga archaeological sites, which belonged to the Donghu, Xianbei and
Shiwei, respectively, were analysed. Our results show that nine of the eleven males of the Gangga site, two of the eight males
of Chengwugou site and all of the twelve males of Jinggouzi site were found to have mutations at M130 (Hg C), M217 (Hg
C3), L1373 (C2b, ISOGG2015), with the absence of mutations at M93 (Hg C3a), P39 (Hg C3b), M48 (Hg C3c), M407 (Hg
C3d) and P62 (Hg C3f). These samples were attributed to the Y-chromosome Hg C3* (Hg C2b, ISOGG2015), and most of
them were further typed as Hg C2b1a based on the mutation at F3918. Finally, we inferred that the Y-chromosome Hg C3*-
F3918 can trace its origins to the Donghu ancient nomadic group.

Introduction

The Mongol Empire, built by Genghis Khan ~800 years
ago, was the largest contiguous land empire in world history
[1]. It covered most of Eurasia including all of modern-day
China, Korea, the Caucasus, Central Asia and substantial
portions of modern Eastern Europe [2]. The expansion of
the Mongol Empire resulted in the extensive migration of
populations. It is believed that the Mongol Empire had a
significant role in shaping the landscape of modern popu-
lations who are living in the area ever covered by the

Mongol Empire [3, 4]. This fact attracted geneticists to
investigate the Mongolians and their related populations.
Studies have shown that haplogroup (Hg) C3-M217 was
predominant in the Mongolians and Central Asians who are
regarded as the descendants of the Ancient Mongolians,
with the frequencies ranging from 30 to 90% [5]. Moreover,
the Hg C3*, assigned according to haplotypes that were
outside of the single nucleotide polymorphisms (SNP)-
defined subgroups C3a-M93, C3b-P39, C3c-M48, C3d-
M407, C3e-P53.1 and C3f-P62, was observed at a high
frequency in Kereys of Kazakhstan, Mongolians, Hazaras
of Pakistan (the highest frequencies reached 89.3%),
Kazaks from Xingjiang of China and Mongolians from
inner Mongolia and Heilongjiang of China, who are related
to ancient Mongolians in terms of their origins or inhabi-
tations [5, 6]. Many geneticists suggested that this lineage
might originate from Mongolia [5, 7], and they even dis-
covered that the Hg C3* star-cluster, identified according to
17 STR loci, might be attributed to Genghis Khan [7, 8]. As
such, the Hg C3* could be an important genetic marker to
track the lineage of the Mongol Empire. Therefore, tracing
the history of Hg C3* is of great help to understand the
origin and development of the Mongolians.
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Most historians have concluded that the Mongolians can
trace their origin to the Donghu nomadic tribes [9]. The
Donghu formed as early as the fourth century BC and lived
in the eastern area of Xiongnu [10]. They were flourishing
in North China for many years according to some accounts
found in ancient Chinese literature [10]. Around 206 BC, the
Donghu were defeated by the Xiongnu, and the remaining
members of this group survived as the Xianbei and
Wuhuan, living in Northeast China for hundreds of years.
Around 89 AD, the Xianbei allied with the Han Empire to
disperse the Xiongnu and as a result became powerful and
highly populated, taking almost all of the territory pre-
viously held by the Xiongnu. Around 5 AD, parts of the
Xianbei population gradually developed into the Shiwei
ancient nomadic group. During the tenth century, the Shi-
wei population began to migrate westward, and migrated
into the region currently known as Mongolia [11]. They
developed into the Mongolians and built one of the greatest

empires in history; they controlled ~22% of the world’s total
land area at their peak [12].

Recently, three archaeological sites, Jinggouzi (JGZ),
Chenwugou (CWG) and Gangga (GG), were found in the
inner Mongolia region of China. The Jinggouzi site was
excavated in the sloping loess hillock of a wadi (118.14°E,
43.23°N) in the northern bank of the upper Xilamulun River
in Chifeng City of the inner Mongolia region of China [13]
(Fig. 1). Many animal bones, saddleries, bows and arrows,
but no farming tools or farming products, were discovered
at this archaeological site (Fig. 1a) [13]. The radiocarbon
(14C) measurements (2485 ± 45 BP) showed that the Jing-
gouzi site was estimated to have been used in the late
Spring–Autumn period (770–476 BC) and the early War
States period (475–221 BC) [13]. This timing indicates that
the Jinggouzi site can be associated with the Donghu culture
[13]. The Chenwugou site is located in Huade County
(114.19°E, 42.04°N) in Ulanqab city of the inner Mongolia

Fig. 1 Geographic location of the Jinggouzi, Chenwugou and Gangga
sites. The grey area marked on the map represents the territory of the
Mongol Empire. The region on the upper right of the graph shows the
ancestors of the Mongolians at different historical periods. a The

human remains and funerary objects excavated from the Jinggouzi site.
b The human remains and funerary objects excavated from the
Chenwugou site. c The human remains and funerary objects excavated
from the Gangga site
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region of China (Fig. 1). On the basis of the funerary objects
and burial customs discovered at this site (Fig. 1b),
archaeologists suggested that these remains could be dated
to the fourth and fifth centuries AD and most likely belong to
the tribe of the Xianbei alliance [14]. The Gangga site is
located in Chen Barag Banner (119.45°E, 49.33°N) of the
inner Mongolia region of Northeast China (Fig. 1) [15]. The
radiocarbon analysis of the remains from the Gangga site
dated these samples to the eighth to tenth centuries AD.
Several items were discovered in Gangga burial sites,
including as pottery, wooden saddles, birth bark quivers,
iron arrowheads, bronze belt ornaments and agate beads
(Fig. 1c). These findings, in conjunction with evidence of
certain mortuary practices, indicated that the Shiwei popu-
lation resided in the Gangga region [15].

In this study, we aimed to determine the genetic variants
of the Y-chromosome in human remains excavated from
three archaeological sites through analysis of SNP. This
analysis can provide important information concerning the
genetic structure of the ancestors of the Mongolians, which

could lead to a better understanding of the framework of the
ancient Mongolian population.

Materials and methods

Sample selection

Human remains from 12, 12 and 16 individuals were
selected from the Jinggouzi, Chenwugou and Gangga sites,
respectively. Skulls and pelvic bone samples from all sub-
jects were used for anthropological sex identification, and
teeth were used for molecular biological analysis. All
human remains used for this study were excavated by the
Institute of Archaeology of Chinese Academy of Social
Sciences and Institute of Cultural Relics and Archaeology
of inner Mongolia with permission from the State Admin-
istration of Cultural Heritage of China.

Table 1 Primers used in this
study

Marker Primers Sites Length (bp)

Sex identification

AMG gene 5′-CCTGGGCTCTGTAAAGAATAG-3′ 103 (female)

5′-CAGAGCTTAAACTGGGAAGCTG-3′ /103 and 109
(male)

Y-chromosome haplogroups

C 5′-CCACAGAAGGATGCTGCTCA-3′ M130 125 bp

5′-CACACTTTGGGTCCAGGATCAC-3′

C3(ISOGG2011)/C2
(ISOGG2015)

5′-GAAGGAGAATGAAAAAGTTGGG-3′ M217 122 bp

5′-GGCTTTTTTTACTATTTAGCAACG-3′

C2b(ISOGG2015) 5′-GTGTCTTTTTGAGTGGAGTT-3′ L1373 120 bp

5′-TACTCTGGGACTCACTATCTTA-3′

C2b1a(ISOGG2015) 5′-CGAAAGAGAGAAAAAATGAGTGT-3′ F3918 132 bp

5′-GTTCATTCTCGCCTCACAT-3′

C2e(ISOGG2015) 5′-GGCATTTGTAAGAGAATGAATAGAA-3′ F2613 137 bp

5′-GAGAGCAAGGATTGTCTCTTAGAAC-3′

C2f(ISOGG2015) 5′-TGCCAGTGTGAGTGTAGGCATGTTC-3′ F978 134 bp

5′-ATTTGAGATACACCTGTGGCGGGAG-3′

C3a(ISOGG2011) 5′-CTAAATCAGTTTCCACACCCT-3′ M93 120 bp

5′-GCCTGGCTGAAAAAGATAA-3′

C3b(ISOGG2011) 5′-CAGGAAGCTGAGAGTGGAGGA-3′ P39 104 bp

5′-CAGGGTCTTGCTCTGTGGC-3′

C3c(ISOGG2011) 5′-TTTGTTTTATCCCTTCCACTC-3′ M48 110 bp

5′-ATGAAACACTGAGGGCAACT-3′

C3d(ISOGG2011) 5′-TCTTACTGAAAGTTGGGGAC-3′ M407 114 bp

5′-GATAATCGCTTGTCTCTTGG-3′

C3e(ISOGG2011) 5′-AAACCCTGGAGAGGACCAACGA-3′ P53.1 123 bp

5′-ACACTATGAACCAATCCCACCC-3′

C3f(ISOGG2011) 5′-CCTACCTCATCAAACACTGC-3′ P62 127 bp
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Methods to avoid DNA contamination and monitor
authenticity

Several precautions were taken to prevent modern human
contamination. Researchers in the pre-PCR lab wore full-
body protective clothing, facemasks and several layers of
gloves. They also followed strict workflow protocols when
doing lab work. The post and pre-PCR labs are located in
separate buildings 2 km apart. Sample preparation, DNA
extraction and purification, and PCR setup were completed
in the pre-PCR lab. Every step in the pre-PCR lab was
performed in hoods that were irradiated with UV for at least
30 min and cleaned with DNA-Off (MPbio, USA) before,
between, and after each use. Rooms and other equipment
were also treated as described above. No other molecular
biology tests were performed in this building. PCR and
sequencing were carried out in the post-PCR lab. All the
experiments were performed in parallel using duplicate
teeth from each individual to check for reproducibility. The
HVR1 and Y-SNP of all researchers who worked in the lab
were sequenced to check for contamination.

DNA extraction

Teeth were soaked in a 5% sodium hypochlorite solution for
20 min, rinsed once with ddH2O and 95% ethanol, and then
dried on each side in a UV-irradiation box. Overall, 200 mg
of dentin per sample was ground into a fine powder using a
dental drill (STRONG 90), and digested in 5 mL of EDTA
(0.5 mol, pH 8) and 70 μL of proteinase K (100 mg/mL) for
12–16 h in a rotating hybridisation oven at 55 °C. After
centrifuging the samples at 7500 rpm for 5 min, the super-
natant was condensed to ~100 μL at 6300 rpm using

ultrafiltration tubes (Centricon® YM-10). DNA was then
extracted and eluted to a final volume of 70 μL using the
QIAquick PCR Purification Kit (Qiagen, Germany)
according to the manufacturer’s protocol.

Sex identification and Y-chromosome SNP typing

For sex determination, the amelogenin gene fragment was
amplified, and samples detected as male were further stu-
died. To identify the Y-chromosome haplogroups of the
samples, SNP markers defining the whole Hg C (M216) and
its subgroups C1 (M8), C2 (M38), C3 (M217) and C5
(M356) were assayed according to ISOGG2011. The SNPs
M93, P39, M48, M407 and P62 were further typed to detect
the haplogroups: C3a, C3b, C3c, C3d and C3f. The markers
L1373 (C2b), F3918 (C2b1a), F2613 (C2e) and F978 (C2f),
which belong to the ISOGG2015 Y DNA haplogroup tree,
were also selected to identify whether the samples could be
attributed to Hg C3e. All primers are listed in Table 1.

Results

All of the 12 JGZ samples revealed reproducibly successful
amplifications of the Y-chromosome SNP analysis, and they
contained the same mutations as follows: a C→ T transition
at M130 defined these samples as Hg C; the presence of
A→ C transition at M217 (Hg C3), and the absence of
mutations at M8 (Hg C1), M38 (Hg C2), M356 (Hg C5)
typed these samples as Hg C3 (Hg C4 defined by the marker
M347 and Hg C6 defined by the marker P55 were not
considered in this study because they are completely
restricted to Australia and New Guinea, respectively [16,

Fig. 2 The phylogenetic tree of
the Y-chromosome Hg C2
(ISOGG2015) and Hg C3
(ISOGG2011)
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17]); the absence of mutations at M93 (Hg C3a), P39 (Hg
C3b), M48 (Hg C3c, M407 (Hg C3d) and P62 (Hg C3f)
further attributed them to Hg C3* or C3e. Next, these
samples showed mutations at L1373 and F3918 and were
attributed to the Hg C2b1a of ISOGG2015 Y DNA hap-
logroup tree, which should be the same as the Hg C3* of
ISOGG2011. Again, the SNP P53.1 was used to identify the
Hg C3e of ISOGG2011 to the Hg C2c of ISOGG2015 (Fig.
2). Thus, these individuals can be typed as Hg C3* but not
Hg C3e. From a total of 12 CWG individuals analysed, 8
individuals revealed reproducibly successful amplifications
of molecular sex determination using amelogenin analysis.
Only two individuals (CWG9 and CWG11) yielded an
authentic result after the Y-chromosome SNP analysis. Like
the samples from JGZ, both of them contained the muta-
tions at M130, M217 and L1373, with the absence of the
mutations at M93, P39, M48, M407 and P62. Thus, two
individuals were also classified into the Hg C3*. Eleven of
16 individuals from GG were classified as male through sex
identification using the amelogenin gene. Nine out of the 11
males also expressed the Y-haplogroup C-M130 and C-
M217, and did not show mutations at M93, P39, M77,

M407 and P62. Again, they showed the mutations at C-
L1373 (C2b, ISOGG2015) and were further categorised
into the sub-haplogroup F3918 (C2b1a), except for GG8
and GG20 because these two individuals failed in this
specific typing. Finally, these nine samples were attributed
to Hg C3*. The Y-chromosome results from these ancient
samples from three sites are shown in Table 2.

Discussion

Authenticity of results

Throughout this study, no amplification products of the Y-
chromosome SNP analysis could be obtained from any of
the negative controls, including female human remains. The
molecular sex identification results were inconsistent with
morphological sex assignments, and the Y-chromosome
SNP analysis yielded consistent results through three or
more independent extractions. None of the male researchers
shared the Hg C3* classification of the samples used in this
study. Finally, we considered that 9 of 16 GG samples and 2

Table 2 Y-SNP data in ancient individuals from Jinggouzi, Chengwugou and Gangga sites

Tribe Sample Y-haplogroups
(ISOGG2015/
ISOGG2011)

C-M130
(C to T)

C-M217
(A to C)

C-L1373
(A to G)

C-F3918
(A to T)

C-M93
(C to T)

C-P39
(G to A)

C-M48
(A to G)

C-M407
(A to G)

C-P62
(del to C)

Donghu JGZ1 C2b/C3* T C G – C G A A del

JGZ2 C2b1a/C3* T C G T C G A A del

JGZ3 C2b1a/C3* T C G T C G A A del

JGZ4 C2b1a/C3* T C G T C G A A del

JGZ5 C2b1a/C3* T C G T C G A A del

JGZ6 C2b1a/C3* T C G T C G A A del

JGZ7 C2b1a/C3* T C G T C G A A del

JGZ8 C2b1a/C3* T C G T C G A A del

JGZ9 C2b1a/C3* T C G T C G A A del

JGZ10 C2b1a/C3* T C G T C G A A del

JGZ11 C2b1a/C3* T C G T C G A A del

JGZ12 C2b1a/C3* T C G T C G A A del

Xianbei CWG9 C2b/C3* T C G – C G A A del

CWG11 C2b/C3* T C G – C G A A del

Shiwei GG3 C2b1a/C3* T C G T C G A A del

GG4 C2b1a/C3* T C G T C G A A del

GG6 C2b1a/C3* T C G T C G A A del

GG8 C2b/C3* T C G – C G A A del

GG9 C2b1a/C3* T C G T C G A A del

GG12 C2b1a/C3* T C G T C G A A del

GG18R C2b1a/C3* T C G T C G A A del

GG20 C2b/C3* T C G – C G A A del

GG22 C2b1a/C3* T C G T C G A A del

“–” indicates no data because of the amplification failure
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of 12 CWG samples yielded authentic results. For the JGZ
samples, we obtained the Y-chromosome SNP analysis
results. The main reason was that the JGZ samples had been
analysed in previous studies, and the Y-chromosome SNP
analysis was performed directly in 12 individuals identified
as male. In fact, 42 individuals had been analysed in a
previous study, and 12 individuals showed the mutations at
M130 (Hg C), M217 (Hg C3) and P53.1 (Hg C3e) but not at
M93 (Hg C3a), P39 (Hg C3b), M77 (Hg C3c), M407 (Hg
C3d) and P62 (Hg C3f). We considered that these samples
should be classified as Hg C3e [18]. However, we recently
found using our primers that the fragment containing the
P53.1 site almost completely matched a fragment on

Chromosome X when using the NCBI BLAST tool, and the
female sample also yielded a positive result (Fig. 3). We
cannot determine whether or not the samples should be
attributed to Hg C3e or Hg C3*. Thus, the 12 JGZ samples
of teeth, which were determined to be males and were
amplified successfully in the Y-chromosome SNP analysis,
were analysed again in this study. We identified more SNP
loci to answer this question. Finally, the mutations at L1373
and F3918 were found in the JGZ samples. According to
ISOGG2015, Hg C2 and Hg C2b1a were identified based
on the presence of the mutations at L1373 and F3918,
respectively, whereas the sample could be attributed to Hg
C2c if it showed the mutation at P53.1 (Fig. 2). Given that

Fig. 3 The amplification
fragments made using a pair of
primers, which has been used to
identify the mutation at P53.1. a
Male sample who was attributed
to Hg C3e/P53.1. b Female
sample who showed the P53.1
mutation

Fig. 4 The development of
Mongolia and the frequencies of
haplogroup C3* in modern
Eurasians. a The development of
Mongolia. b The frequencies of
haplogroup C3 in modern
Eurasians. The dotted line
represents the approximate
boundary between the Xiongnu
and the Donghu. The black and
grey arrows denote the
migration of the Donghu and
Mongolians, respectively
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the JGZ samples did not contain the mutation at P53.1,
these samples were typed as C3e and could be the result of
amplification in chromosome X (Fig. 3). Together with the
absence of mutations at M93, P39, M48, M407 and P62, we
deduced that the JGZ ancient people can be attributed to C3*.

The history of haplogroup C3*

Since Genghis Khan’s era, the Mongolian population,
including the Gold Family, invaded neighbouring lands
outward from the Mongolian plateau, resulting in gene flow
from the Mongolian plateau to most of Eurasia [9]. Thus,
many populations living in areas that stretch from the Sea of
Japan on the East to the Mediterranean on the West and
Siberia on the North to the Persian Gulf on the South, are
regarded as the descendants of the Mongolians. For exam-
ple, Kerey, which is the dominant clan in Kazakhstan, can
trace their origins to the Mongolians. This group showed
the highest frequency (76.5%) of individuals carrying the
Hg C3* [8] (Fig. 4). Hg C3* is also found at high fre-
quencies among Central Asian peoples and indigenous
Siberians, such as the Buryats, Evens, Evenks, Kazakhs,
Mongolians and Udegeys [5], who are regarded as the
descendants of ancient Mongolians. As such, Hg C3* is an
important paternal lineage from Mongolia.

However, Hg C3* is the ancestral state at the M93, P39,
M48, M407, P53.1 and P62 loci, and includes haplotypes
that are outside of Hg C3a-f. It is not a monophyletic group
and has several sub-haplogroups including Hg C3* star-
cluster and other sub-branches. Many geneticists realised
that Hg C3* star-cluster, currently referred to as C3-F1918
[19], was the paternal lineage of Genghis Khan or his close
relatives, and they suggested that this lineage might have
originated in Mongolia about 1000 years ago [7]. There is
no denying that the majority of C3* haplogroups in pre-
vious studies belong to the C3* star-cluster, while in this
study, most of the samples (about 78%) showed the muta-
tion at F3918. Obviously, they do not belong to the Hg C3*
star-cluster, the well-known lineage and the majority of
C3*-M217 haplogroups, according to the revised phyloge-
netic tree for haplogroup C3*-DYS448del [19]. However, it
does not mean that the haplogroup carried by the samples in
this study is not related to the ancient Mongolians and even
with Genghis Khan. First, untill now, the paternal lineages
of Genghis Khan and the Gold Family are unclear. No
enough evidence supports that Hg C3* is directly related to
Genghis Khan because all members of the imperial family
of the Mongol Empire were buried without identifying
signs, and the burial site of Genghis Khan has never been
found. Recently, the study of three ancient individuals who
were thought to belong to the Gold Family proposed that
Genghis Khan and his family carried Hg R1b-M343 [20].
Second, ancient Mongolian populations, including the Gold

Family, comprises several clans; Genghis Khan, for exam-
ple, belonged to the Borjigin clan [9]. These clans should
belong to different Y-haplogroups. In recent study, Hg C3*-
F1756, as the sub-branch of Hg C3*-F3918, was also found
in Mongolic-speaking populations (4–12%) [19]. Interest-
ingly, 9 of the 20 graves from the GG site were furnished
with log coffins. This burial custom was also performed by
the royal families of the ancient Mongolians, aptly named
the Gold Family. In fact, only members of the Gold Family
were allowed to be buried with log coffins [15]. This
implies that these 9 GG individuals might be the nobility of
the Shiwei population, as well as the ancestors of the royal
family of ancient Mongolia. All of the GG individuals who
were buried in the traditional log coffins were attributed to
the Y-chromosome Hg C3*-L1373 in this study, and seven
of them were typed exactly as Hg C3*-F3918. This means
that Shiwei population and the royal family of ancient
Mongolia should carry Hg C3*-F3918. According to his-
torical documents, the Shiwei population was formed from
segments of the Xianbei populations. In this study, CWG
samples from the Xianbei nomadic group, according to
archaeological studies, were chosen. Although only two
samples yielded results in this study, both of them were
calculated as Hg C3*-L1373. Although we cannot ensure
the possibility that they belong to Hg C3*-F3918, it can at
least be concluded that the Xianbei nomadic group included
Hg C3*. Xianbei was one of two major tribe alliances
resulting from the division of the Donghu. The Donghu was
one of the ancient nomadic populations in North China [10],
and the people are considered to be the earliest ancestors of
the Mongolians [9]. In this study, we found that all the
males of the JGZ people, who belonged to the Donghu
population, were typed into Hg C3*-L1373, and 92% of
them were further attributed to Hg C3*-F3918. This indi-
cates that Hg C3*-F3918 is one of the Y-chromosome
lineage markers of the Donghu population and originated as
early as 2500 years ago.

Overall, three ancient populations analysed in this study
share similar Y-chromosome haplogroup C3*-L1373 and
78% of the samples were attributed to Hg C3*-F3918.
Moreover, many modern populations who trace their origin
to Mongolia also belong to this haplogroup. This finding
indicates genetic continuity of Hg C3*-F3918 from the
Donghu nomadic group to the Shiwei ancient people, and
finally to modern Mongolians and their related populations.
Thus, we infer that the Y-chromosome Hg C3*-F3918 can
be traced to the Donghu ancient nomadic group from ~2500
years ago.
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