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ABSTRACT Xinjiang is at the crossroads between
East and West Eurasia, and it harbors a relatively com-
plex genetic history. In order to better understand the
population movements and interactions in this region,
mitochondrial and Y chromosome analyses on 40 ancient
human remains from the Tianshanbeilu site in eastern
Xinjiang were performed. Twenty-nine samples were
successfully assigned to specific mtDNA haplogroups,
including the west Eurasian maternal lineages of U and
W and the east Eurasian maternal lineages of A, C, D,

F, G, Z, M7, and M10. In the male samples, two Y chro-
mosome haplogroups, C* and N1 (xN1a, N1c), were
successfully assigned. Our mitochondrial and
Y-chromosomal DNA analyses combined with the
archaeological studies revealed that the Di-qiang popula-
tions from the Hexi Corridor had migrated to eastern
Xinjiang and admixed with the Eurasian steppe popula-
tions in the early Bronze Age. Am J Phys Anthropol
157:71–80, 2015. VC 2014 Wiley Periodicals, Inc.

Xinjiang is a geographic region in the northwest part
of China, and it connects East and West Eurasia. In this
region, even before the opening of the Silk Road, popula-
tion migrations, interactions, and trade between regional
tribes took place continuously (Lin, 2001). Archaeological
and anthropological research has shown that several
populations of West Eurasian ancestry immigrated into
Xinjiang in the beginning of the Bronze Age (Han, 1991,
1998; Lin, 2003). In recent years, ancient DNA studies
of Xinjiang have suggested that the East and West Eura-
sian maternal lineages were admixed in this region (Gao
et al., 2008; Cui et al., 2009, 2010; Li et al., 2010a).

The eastern part of Xinjiang is situated between the
Hexi Corridor of China and the Eurasian steppe zone,
where large scale population movements have occurred
since the Bronze Age. The Hexi Corridor is considered to
be the area where the Di-qiang populations originated.
The corridor has a long history of human habitation and
primitive agriculture. The Qijia and Siba cultures, both
of which can be traced back to the more ancient Yang-
shao Culture in the Yellow River valley, were two major
Di-qiang cultures that flourished in the Hexi Corridor
during the Neolithic to the Bronze Age (Yan, 1978; Li,
1993, 2009). According to ethnological studies, the Di-
qiang populations contributed to the development of the
current Han and Tibeto-Burman (TB) speaking popula-
tions (Yang and Ding, 2003). As the eastern part of Xin-
jiang is located in the transition zone of the steppe and
ancient oriental cultures, this region has played a sub-
stantial role in research on the transmissions of early
agriculture and the technologies of ceramics and bronze
metallurgy (Chen and Hiebert, 1995; Mei, 2000; Lin,

2001, 2003; Svyatko et al., 2013). Questions on the rela-
tionship between ceramic, bronze, and agricultural tech-
nologies, and population migrations and interactions are
thus paramount to archaeologists and geneticists. The
Tianshanbeilu site (also called the Linya site) is located
in the Hami city of eastern Xinjiang, in northwestern
China (Fig. 1). According to archaeological research and
C14 data, the date of the Tianshanbeilu site is 1900–
1300 BC (Ding, 1996; Li, 2002, 2009). A large number of
bronze vessels and pottery were excavated from the site,
and the archaeological culture of this site was named
the Tianshanbeilu Culture. The characteristics of the
bronze vessels and the burial styles are consistent with
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those of the Eurasian steppe cultures, such as the Okunev
Culture in South Siberia (Li, 2002; Lin, 2003; Li, 2009).
Of note, the abundant amount of pottery discovered at
this Bronze Age site is unusual to see in Xinjiang. For
example, no pottery was found in the Bronze Age Xiaohe
site of the Tarim Basin (Han, 2007), which is about 360
km away from the Tianshanbeilu site. The pottery here
can be classified into two groups. One group, which has
never been found elsewhere in Xinjiang, has a relatively

high similarity to the pottery of the Siba or pre-Siba Cul-
tures (Late Neolithic to the early Bronze Age). In the Late
Neolithic, the Machang type of the Yangshao Culture was
transmitted westward into the Hexi Corridor, where it
first formed the pre-Siba Culture, which then developed
into the Siba Culture. The Siba Culture was one of the
primary Bronze cultures found west of the Hexi Corridor
(Li, 1993). The other group of pottery is very similar to
that of the Eurasian steppe cultures (Li, 2002, 2009).

Fig. 1. Geographic location of the Tianshanbeilu population. The black circle represents the site sampled for ancient DNA in
this study. The black squares represent the sites of the ancient Di-qiang populations: the Lajia and Mogou. The black diamond rep-
resents the Miaozigou site of the ancient Yangshao Culture. The black triangle represents the Xiaohe site in the Tarim Basin. The
gray area signifies the location of the Eurasian Steppe.
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Thus, the Tianshanbeilu Culture is evidence of cultural
integration between the Eurasian steppe cultures and the
Di-qiang cultures (Li, 2002; Lin, 2003; Li, 2009). Two
hypotheses were proposed to explain the formation of the
Tianshanbeilu Culture (Li, 2009). These hypotheses are:
(1) The Eurasian steppe populations in Siberia moved
south into the eastern part of Xinjiang and settled there.
Through the diffusion of pre-Siba and Siba culture to the
Eurasian steppe populations through cultural exchanges
or pottery trade, the Eurasian steppe populations mas-
tered the ceramic technology of the Di-qiang populations
living in the Hexi Corridor. In this hypothesis, these two
populations did not admix. (2) Both the Eurasian steppe
populations and the ancient Di-qiang populations of the
Hexi Corridor immigrated into the eastern part of Xin-
jiang and admixed there. The Di-qiang populations
brought their ceramic technology to this region in the
Early Bronze Age. The human remains excavated from
this site offer an opportunity to study the prehistoric
demographic events using genetic tools. The molecular
genetic data provide invaluable data to test these two
hypotheses.

In this study, we aim to study the maternal and pater-
nal lineages of the Tianshanbeilu population. As there is
a clear geographical distribution of the mtDNA and Y-
DNA haplogroups, the data may provide genetic evi-
dence for the origins of this prehistoric population. This
study will provide further insight for understanding the
patterns of population interaction between the East Eur-
asians and the Eurasian steppe populations in the east-
ern region of Xinjiang, China.

MATERIALS AND METHODS

Sample collection

The Tianshanbeilu site is situated in northwest China
where the climate is cold and dry. Organic remains are
well-preserved at this site. Samples for DNA research were
collected from teeth without caries and cracks of 40 human
remains excavated at the Tianshanbeilu site in Xinjiang.

Ancient DNA extraction

Teeth were soaked in 5% sodium hypochlorite solution
for 10 min, then washed with distilled water and ethanol.
Each side of teeth were exposed to ultraviolet (UV) light
(254 nm) for 30 min. A freezer mill was used (6750 Freezer
Mill, Spex SamplePrep, United States) to pulverize the
teeth in liquid nitrogen, and the subsequent powder was
stored at 220�C. Tooth powder (0.2 g) and a blank control
were incubated in a 4 mL solution containing 0.5% SDS,
0.5 M EDTA, and 2 mg/mL proteinase K at 50�C for 24 h in
a shaker (220 rpm/min). DNA was carefully extracted
using the QIAamp DNA Mini Kit (Qiagen, Germany),
according to the manufacturer’s protocol.

Mitochondrial DNA amplification, sequencing,
and APLP typing

Amplification of mtDNA was performed on two sub-
regions (a and b) of the first hypervariable segment of
the control region (HVSI) using the primers listed in
Table 1. PCR amplification was carried out in 25 mL of a
reaction mixture containing 2 mM MgCl2, 67 mM Tris-
HCl (pH 8.8), 50 mM KCl, 0.5 mM of each primer, 500
mM each of dNTPs, 1.3 mg/mL BSA, 1 Unit of Taq poly-
merase (Promega), and 2 ml extract. PCR conditions
were 94�C for 10 min, followed by 32 cycles with 94�C

for 50 s, 45 s at 54�C, 1 min at 72�C, extension for 10
min at 72�C, and storage at 4�C. Negative controls were
included in each DNA extraction and PCR run. PCR
products were checked on a 2% agarose gel and purified
with a QIAquick Gel Extraction Kit (Qiagen, Germany).
Amplification products were sequenced using the ABI
310 Terminator Sequencing kit (Applied Biosystems,
United States) according to the manufacturer’s instruc-
tions. The products were analyzed on the ABI PRISM
3100 automatic sequencer (Applied Biosystems, United
States).

Eleven sets of primers (Table 1) were used to type the
key SNPs of the mtDNA coding regions. Haplogroups M/
N and F were identified by using the amplified product-
length polymorphism (APLP) method (Shinoda et al.,
2006). Haplogroups A, C, D, G, Z, M7, M10, U, and W
were examined by direct sequencing. The amplifying
conditions and cycling parameters were the same as for
HVSI. For each sample, the characteristic site at posi-
tion 10,400 for macrohaplogroup M/N was screened first.
Then, on the basis of the HVSI motifs and the mtDNA
phylogenetic tree, other characteristic sites of the coding
region were used to further define the haplogroup.

Y chromosome SNP and STR analysis

Sex identification was performed using amelogenin frag-
ment polymorphism (Liu et al., 2004). The male samples
were analyzed further. Y-chromosomal single nucleotide
polymorphisms (Y-SNPs) were typed, as they are diagnos-
tic for major branches in the Y chromosome haplogroup
tree (Underhill et al., 2000, 2001; Karafet et al., 2008).
These Y-SNPs include C-M216, C1-M8, C2-M38, C3-M217,
F-M89, K-M9, P-M45, NO-M214, N-M231, N1a-M128,
N1b-P43, and N1c-TAT, and they were identified by direct
sequencing. The primers used in SNP markers are shown
in Table 1. Y chromosome STR analysis of the ancient sam-
ples was performed on 17 loci (DYS19, DYS385, DYS389I,
DYS389II, DYS390, DYS391, DYS392, DYS393, DYS437,
DYS447, DYS438, DYS439, DYS448, DYS456, DYS458,
DYS635, and Y GATA H4) using the AGCUVR mini STR Kit
(AGCU ScienTech, China).

Cloning of PCR Products

To test the authenticity of the results, four samples (3,
8, 14, and 18) were randomly chosen to be cloned. The
mtDNA HVSI products were cloned using the pGEM-T
Easy Vector System I (Promega, United States) accord-
ing to the manufacturer’s instructions. Eight to ten
clones from two independent amplifications were chosen
for DNA sequencing, using vector M13 primers.

DNA analysis

Sequence alignments were performed using the Clus-
tal X 2.0 software (Larkin et al., 2007). Comparison of
DNA sequence homology was performed with BLAST
from the National Centre for Biotechnology Information
(http://blast.ncbi.nlm.nih.gov). Principal component anal-
ysis (PCA) and Fisher’s Exact test was computed using
SPSS 16.0 software (SPSS, United States).

Precautions against contamination

Standard procedures were followed to prevent exoge-
nous DNA contamination. Pre- and post-PCR experi-
ments were conducted in separate buildings. Every
operator wore facemasks, gloves, and lab coats. Pipettes
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with aerosol-resistant tips were used. Negative extrac-
tion and PCR controls were conducted. DNA contamina-
tion removal solution (DNA-OFFTM, Takara, Japan) and
UV irradiation at 254 nm were used to treat equipment
and benches. The mtDNA of the researchers were typed
and compared with the results. The extraction and
amplification of Y-SNP and Y-STR were only conducted
by female researchers. To assess the authenticity of the
results, at least two extractions and two amplifications
were independently done at different times with differ-
ent reagents for each sample. With the application of the
authentication criteria, the possibility of contamination
was minimized.

RESULTS

Authenticity of results

Strict precautions and controls were employed to pre-
vent modern DNA contamination (see “Materials and
Methods” section). The results from the clones were the
same as that of direct sequencing (Table 2 and Support-
ing Information Fig. S1). Two samples re-tested in
Research Center for Chinese Frontier Archaeology of our
university for independent confirmation by another oper-
ator yielded consistent results (Table 2, Supporting
Information Tables S1 and S2). The sequences of all
researchers who came into contact with these samples

TABLE 1. PCR primers used for mtDNA and Y-DNA analysis in this study

Primer Sequence Length (bp) Sites Haplogroup

L16017 50-TTCTCTGTTCTTTCATGGGGA-30 235 HVSI
H16251 50-GGAGTTGCAGTTGATGTGTGA-30

L16201 50-CAAGCAAGTACAGCAATCAAC-30 209 HVSI
H16409 50-AGGATGGTGGTCAAGGGA-30

10400T 50-TAATTATACAAAAAGGATTAGACTGTGCT-30 149(M) 142(N) 10400T/C M/N
10400C 50-TACAAAAAGGATTAGACAGAACC-30

10400R 50-GAAGTGAGATGGTAAATGCTAG-30

L648 50-CCCACATCACCCCATAAACAA-30 136 663G A
H745 50-GCTTGATGCTTGTCCCTTT-30

L8215 50-ACAGTTTCATGCCCATCGTC-30 121 8251A W
H8297 50-ATGCTAAGTTAGCTTTACAG-30

L4687 50-CTATCCTCTTCAACAATATACTCT-30 179 4715G C
H4866 50-ATGTGAGAAGAAGCAGGC-30

L 5159 50-GCACCACGACCCTACTACTA-30 166 5178A D
H 5287 50-GGGATGATGAGGCTATTGT-30

3970T 50-TAAAATGTATTCGGCTATGAAGAtTAA-30 70(F)/66 3970T F
3970C 50-GTGTATTCGGCTATGAAGtATAG-30

3970R 50-AGTCTCAGGCTTCAACATCG-30

L 4701 50-CTATCCTCTTCAACAATATACTCT-30 179 4833G G
H 4848 50-ATGTGAGAAGAAGCAGGC-30

L48 50-CATTTGGTATTTTCGTCTGGG-30 158 152C Z
H205 50-CGCTTTGGTAAGTATGTTCGC-30

L9787 50-CTCAACATTTTTTGTAGCCAC-30 161 9824C M7
L9947 50-CCACATCTACAAAATGCCAG-30

L10600 50CTACTCTCATAACCCTCAAC30 163 10646A M10
H10762 50CATTGGAGTAGGTTTAGG-30

L12269 50-TAACAACATGGCTTTCTCAACT-30 132 12308G U
H12357 50-GAAGTCAGGGTTAGGGTGGT-30

XBamel-1 50-CCTGGGCTCTGTAAAGAATAG-30 103/109 AMG gene Sex
XBamel-2 50-CAGAGCTTAAACTGGGAAGCTG-30

50-TCACTTTTATATCCTCAACCA-30 113 M216 C
50-AATCTGAATTCTGACACTGC-30

50-GCAAGTTTAGTGCCTCAGTATC-30 117 M8 C1
50-TAAAGACCCCAGGCAAGAC-30

50-TGGCAATGGTATGTAGGC-30 128 M38 C2
50-GCTGGCACATCTGTCATAA-30

50-ACTTGTGAAGGAGAATGAAAA-30 101 M217 C3
50-GCATTTGATAAAGCTGCTGTG-30

50-CCACAGAAGGATGCTGCTCA-30 123 M89 F
50-CACACTTTGGGTCCAGGATCAC-30

50-GGACCCTGAAATACAGAAC-30 117 M9 K
50-AAGCGCTACCTTACTTACAT-30

50-GGGTGTGGACTTTACGAAC-30 125 M45 P
50-AAATCCTACTATCTCCTGGC-30

50-ACTGGAAAGAAAAAGAATGCTG-30 109 M214 NO
50-ATGGAAATGCCACTTCACTC-30

50-CCTGGAAAATGTGGGCTC-30 133 M231 N
50-TTCTTTGACGATCTTTCCCC-30

50-GAACTGCCTCTTATAAAATCAT-30 106 M128 N1a
50-ATCTACCTCTTTCAAACTGT-30

50-GCTACTTGGGAGGCTGAGG-30 125 P43 N1b
50-ACGGAGTCTCGCTCTGTCG-30

50-GGACTCTGAGTGTAGACTTGTG-30 122 TAT N1c
50-GAGAAGGTGCCGTAAAAGTG-30
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were typed, and the results showed that none of them
were matches for the samples (Table 2).

mtDNA haplogroup identification and distribution

The 29 mtDNA sequences were successfully amplified
from positions 16,035–16,409. The sequence data was
submitted to the GenBank, and the corresponding acces-
sion numbers were granted to KM035805–KM035833.
Twenty-seven mtDNA haplotypes were obtained, as rep-
resented in Table 2. Ten haplogroups were found in the
samples from the Tianshanbeilu population and of these,
two (U and W) are generally considered West Eurasian
lineages and are commonly found in the West. The other
eight haplogroups are A, C, D, F, G, Z, M7, and M10,
which are found in East Eurasian lineages. The hap-
logroup distribution in the Tianshanbeilu population is
A (10.3%), C (6.9%), D (37.9%), F(3.4%), G (6.9%), Z
(10.3%), M7 (3.4%), M10 (3.4%), U (13.8%), and W
(3.4%), which indicates the population is composed of a
mix of East Eurasian (A, C, D, F, G, Z, M7, and M10,
82.8%) and West Eurasian (U and W, 17.2%) lineages.

Y chromosome SNP and STR analysis

Thirteen of the twenty-nine ancient samples were
identified as male when the sexually dimorphic ameloge-
nin fragment was typed. We used Y chromosome SNP
primers and of the male samples, seven failed to amplify.
Five male individuals were assigned to N1-M231
(Table 3). Because ancient samples have such short

amplicons, it is not possible to type the diagnostic site
P43 (sub-haplogroup N1b) on these N1 samples, so sam-
ples that yielded negative M128 and TAT mutations
were defined as N1 (xN1a, N1c). One sample was deter-
mined to belong to Y haplogroup C*, after screening
M216, M8, M38, and M217. The six male samples suc-
cessfully assigned to haplogroups were further analyzed
at 17 Y chromosome STR loci. Of the six individuals,
only three of them were successfully screened at three
or more of the 17 loci in two independent extractions.
Consensus data are reported in Table 4.

Comparison with the extant and ancient
populations of Eurasia

In order to identify the genetic relationship of the
Tianshanbeilu population to other Eurasian Neolithic
and Bronze Age ancient and present day populations,
mtDNA haplogroup distributions were compared using
PCA (Supporting Information Table S3). The PCA plot of
the first two components (51.58% of the total variance,
Fig. 2) shows that present day populations largely segre-
gate into three main clusters: Central Asians, North
Asians, and East Asians. The North Asians cluster in
the upper left corner, while East Asians, including the
Han and TB populations, cluster in the lower left corner
of the plot. The middle and lower parts of the PCA plot
contain the Central Asians. The Tianshanbeilu popula-
tion occupies a position between the North and East
Asians.

TABLE 2. HVSI polymorphic sites and haplogroups of mtDNA

No. Mutations in HVSI (16,0001) Coding region SNPs Haplogroup Sexa Authenticity

1 223-292-311 10400C, 8251A W # Retested
2 223-295 10400T, 9824C M7 $

3 256-270 10400C, 12308G U $ Cloned
4 185-223-260 10400T, 152C Z $

5 126-223-298-314-327 10400T, 4715 G C $

6 093-169-183C-189-304 10400C, 3970T F $

7 189-223-242-311 10400T, 5178A D –
8 223-362 10400T, 5178A D $ Cloned
9 129-223-362 10400T, 5178A D $

10 079-262-321-356 10400C, 12308G U $

11 223-290-319-362 10400C, 663G A $

12 127-223-362 10400T, 5178A D #

13 051-129C-168-183C-189-362 10400C, 12308G U $

14 223-290-293C-319-329 10400C, 663G A $ Cloned
15 185-223-260-298-380 10400T, 152C Z $

16 129-193-223-311-357 10400T, 5178A D $

17 148-223-239-290-319-362-376 10400C, 663G A #

18 223-227-278-362 10400T, 4833 G G # Cloned
19 223-245-362 10400T, 5178A D #

20 223-265-362-378 10400T, 5178A D $

21 239-256-270-321-377 10400C, 12308G U $

22 223-278-362 10400T, 4833 G G $

23 223-256-319 10400T, 5178A D #

24 223-362 10400T, 5178A D # Retested
25 185-223-260-362 10400T, 152C Z #

26 189-223-311-362 10400T, 5178A D #

27 223-362 10400T, 5178A D #

28 129-150-223-298-327 10400T, 4715G C #

29 129-223-311 10400T, 10646A M10 #

R1b 126-294-296-304 $

R2 126-174-223-311-362 $

R3 189-261-278-311-362 #

a – indicates that the sex of the sample was not identified.
b R represents researcher.
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DISCUSSION

Maternal origin of the Tianshanbeilu population

The Tianshanbeilu site is adjacent to the Eurasian
steppe zone, and the Hexi Corridor is in an important
area of cultural contact between East and West Eurasia.
It is, thus, important to understand the origin and
migration history of populations in this region. The
archaeological research suggests that characteristics of
both the Eurasian steppe cultures and the Di-qiang cul-
tures can be observed in the Tianshanbeilu Culture. Two
hypotheses were put forward to explain this phenom-
enon (Li, 2009). In both hypotheses, Eurasian steppe
populations of Siberia migrated south into the eastern
part of Xinjiang, where the Di-qiang Cultures moved to
as well in the early Bronze Age. In the first hypothesis,
these two populations did not admix, and the emerging
Siba and pre-Siba Cultures in this region were a result
of cultural diffusion from the Di-qiang Cultures to the
Eurasian steppe populations. In this case, the genetic
composition of the Tianshanbeilu population should
include only lineages that are found in early Bronze Age
Siberia. In the second hypothesis, these two populations
did admix, and the emerging cultures in this region
results from population admixture. In this case, both
prehistoric Siberian and East Asian lineages should be
found in the Tianshanbeilu population.

A morphological study of the Tianshanbeilu samples
suggests they are a mixture of East Asian and European
populations (Wei et al., 2012). The mtDNA haplogroups
of the Tianshanbeilu individuals also suggest there was
an admixture of East and West Eurasian lineages. The
East Eurasian matrilineages, such as A, C, D, F, G, Z,
M7, and M10, have been detected in the Tianshanbeilu
population. Haplogroups C and D (10.3% and 37.9%) are
the most common lineages found in extant Central,
North, and East Asians (Quintana-Murci et al., 2004;
Tanaka et al., 2004; Wen et al., 2004a; Derenko et al.,
2007). These two haplogroups were prevalent in the
Neolithic or Bronze Age populations in Siberia and the
Hexi Corridor (Table 5). Haplogroups A and F are widely
distributed in present day North and East Asians, with
relatively high frequencies in the Han and TB popula-
tions (Tanaka et al., 2004; Wen et al., 2004a, 2004b; Der-
enko et al., 2007). Haplogroups G and Z are found
throughout extant Central and East Eurasia at low lev-
els (Quintana-Murci et al., 2004; Tanaka et al., 2004;
Wen et al., 2004a). These four haplogroups are also
found in prehistoric Siberians and Di-qiang populations
(Table 5). This suggests that Siberians and Di-qiang pop-
ulations are two candidate source populations for the
Tianshanbeilu population. M7, a common haplogroup in
the Han and TB populations, is rarely found in other
parts of Eurasia (Quintana-Murci et al., 2004; Tanaka
et al., 2004; Wen et al., 2004a, 2004b; Derenko et al.,
2007). The Neolithic Qijia and Yangshao populations
from the Yellow River valley near the Hexi Corridor also
possess the M7 lineage (Table 5). Though no mtDNA
data from the Siba and pre-Siba populations are avail-
able, the fact that haplogroup M7 is found in the Tian-
shanbeilu population, the Qijia population, and the
Yangshao population indicates the close genetic relation-
ship between the Tianshanbeilu population and the Di-
qiang populations. Haplogroup M10 has very a low fre-
quency in Central Asia and South Siberia, is mainly dis-
tributed in East Asia, has its highest frequency in the
TB populations, and has the largest diversity in China
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(Tanaka et al., 2004). Haplogroup M10 can be found in
the two Neolithic Di-qiang populations from the Hexi
Corridor, the Lajia and Mogou populations (Table 5).
This haplogroup is also found in the Yangshao popula-
tion. Therefore, the distribution of M7 and M10 in
extant and ancient populations suggests that the Di-
qiang populations contributed to the formation of the
Tianshanbeilu population. In addition, among the
twenty two East Eurasian haplotypes identified in the
twenty nine Tianshanbeilu samples, fifteen haplotypes
were a perfect or near perfect match to sequences from
the Han or TB populations in NCBI Genbank, and ten
haplotypes had the same sequence as the ancient Di-
qiang populations (Table 6). These results suggest that
part of the Tianshanbeilu population derives from the
Di-qiang populations.

The West Eurasian lineages identified in the Tian-
shanbeilu population are W and U. U is one of the oldest
European haplogroups (Torroni et al., 1996), and it is
also widely distributed in southern Siberia and Central
Asia in the early period of the Neolithic (Table 5). Hap-
logroup W appears in Europe, Siberia, and Southwest
Asia (Torroni et al., 1996; Metspalu et al., 2004; Derenko
et al., 2007). To explore the origins of these West Eura-
sian lineages, the U and W haplotypes found in the
Tianshanbeilu site were compared with the Eurasian
haplotypes found at other Neolithic and Bronze Age
sites. We detected four samples from the Tianshanbeilu
site with the U haplotype. The haplotype 16,256–16,270
was also found in three Neolithic Southern Siberians
(Mooder et al., 2006) and could be linked to the hap-
logroup U5a. No matching sequences for the haplotype
16,239–16,256–16,270–16,321–16,377 have been found.
This haplotype could potentially also be classified as
haplogroup U5a. Besides Siberia, U5a is also present in
Europe and Central Asia in the Neolithic and Bronze
Age (Lalueza-Fox et al., 2004; Brandt et al., 2013). The
haplotype 16,079–16,262–16,321–16,356 can be assigned
to haplogroup U4 according to the mutation found at
position 16,356. The haplogroup U4 was found in
ancient European and Southern Siberian populations
(Keyser et al., 2009; Brandt et al., 2013). The haplotype
16,051–16,129C–16,168–16,183C–16,189–16,362 has a
two-step neighbor, detected in the Neolithic Southern
Siberians (Keyser et al., 2009), and this haplotype could
be classified as the haplogroup U2e, which is found in
prehistoric Europeans and Southern Siberians (Keyser
et al., 2009; Brandt et al., 2013). The haplotype 16,223–
16,292–16,311 was assigned to the haplogroup W. A one-
step neighbor of this haplotype was found in the Bronze/
Iron Kazakh samples (Lalueza-Fox et al., 2004). These
results combined with the archaeological studies (Lin,
2003; Li, 2009) indicate that the Southern Siberians
may be a major source population for the West Eurasian
lineages of the Tianshanbeilu population.

The analysis of the mtDNA haplogroups and haplo-
types of the Tianshanbeilu population reveals that the

composition of this ancient population was a mixture of
the Di-qiang and Eurasian steppe populations. On the
PCA plot, the Tianshanbeilu population occupied a posi-
tion between the North and East Asians, which may
also indicate mixed origins for this population. Using
Fisher’s Exact test, we show that the Tianshanbeilu pop-
ulation is significantly different from the extant and
ancient North Asians (P < 0.05, Table 7). However, there
seems to be no significant differences between the Tian-
shanbeilu and ancient Di-qiang populations (P > 0.05,
Table 7). These results suggest that the second

TABLE 4. 17 loci of Y STR data from three male samples

No.
DYS
391

DYS
389I

DYS
439

DYS
389II

DYS
438

DYS
456

DYS
458

DYS
437

DYS
635

DYS
448 H4

DYS
447

DYS
19

DYS
392

DYS
393 DYS 390

DYS
385

1 10 2 13 2 2 16 16 2 2 2 13 22 14 2 12 2 2

19 11 14 8, 13 26 2 18 16 13 22 19 13 22 18 13 13 24 11,13.2
28 10 13 10 2 2 16 16 2 2 2 12 28 2 2 13 2 2

– indicates that the loci of the sample was not identified.

Fig. 2. PCA of mtDNA haplogroup frequencies of the Tian-
shanbeilu population and other Eurasian populations. The first
two dimensions account for 51.58% of the total variance. The
labels of ancient and extant populations were listed in Support-
ing Information Table S3. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]
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hypothesis of admixture between the Di-qiang and Eura-
sian steppe populations is more likely than the first
hypothesis of no admixture and only cultural diffusion.
According to archaeological records, the Di-qiang popula-
tions engaged in cereal agriculture since the Neolithic.
Millet was one of the cereals that the Di-qiang popula-
tions planted (Li, 1993). Stable isotope dietary analysis
of the Tianshanbeilu populations revealed that the diet
of this Bronze Age population was a mix of C3 plants
(53.7%–72.3%, mainly wheat) and C4 plants (27.7%–
46.3%, mainly millet) (Zhang et al., 2010). The report by
Svyatko et al. (2013) indicates that the diet of Neolithic
to Middle Bronze Age populations in South Siberia were
primarily based on C3 plants, with C4 plants only
becoming an important component of the diet in the
Late Bronze Age (Svyatko et al., 2013). This leads us to
infer that the Di-qiang populations might have moved to
the eastern part of Xinjiang and transmitted millet to
this region. Archaeological studies also show that after
experiencing a period of development, the Siba Culture
declined and did not continue in the Hexi Corridor. This
might be due to population migration (Li et al., 2010b).

Above all, the archaeological, anthropological, and
genetic evidence suggest that the ancient Di-qiang popu-
lations of the pre-Siba and Siba cultures that lived in
the Hexi Corridor had immigrated into the eastern part
of Xinjiang in the early Bronze Age. These results sup-
port the latter hypothesis that the presence of pre-Siba
and Siba cultural elements in the Tianshanbeilu Culture
was a product of demic diffusion.

Paternal origin of the Tianshanbeilu population

Six of the thirteen male samples of the Tianshanbeilu
site were sucessefully assigned to haplogroup C* and N1
(xN1a, N1c), each with a frequency of 16.7% and 83.4%,
respectively. C* is prevalent in extant Siberians and in
regions north of East Asia (Pakendorf et al., 2006; Xue
et al., 2006). N1 (xN1a, N1c) is also common in Siberians
and widely distributed in the northern areas of East
Asia (Xue et al., 2006). Haplotype N1 (xN1a, N1c) was
detected in the Neolithic samples of the West Liao River
Valley, Northeast China (Cui et al., 2013). It is notewor-
thy that in samples from the Yangshao population from

TABLE 5. mt-DNA haplogroup distributions in regions near the Tianshanbeilu site from the Bronze Age or earlier

Region Number Age Haplogroup

Kazakhstana 13 Bronze Age 14th–10th BC H, HV, T, U, W
Mongolia, Altaib 3 Bronze Age D
Gorny, Altaic 4 Neolithic and Bronze Age West Eurasian lineages
South Siberiad 11 Bronze Age 19th–9th BC U, UK, H, T, Z
Lake Baikal, South Siberiae 27 Neolithic A, C, D, G, F, U
Northeastern Siberiaf 1 Neolithic C
Lajia, Hexi Corridorg 14 Qijia, Late Neolithic 3,800 BP A, B, C, D, M10
Mogou, Hexi Corridorh 36 Qijia, Late Neolithic 4,000 BP A, B, C, D, F, G, Z, M7, M8, M10, N9
Miaozigou, Inner mongoliah 6 Yangshao, Neolithic A, C, D, M9, M10
Xiaohe, Xinjiangi 33 Andronovo, Bronze Age C, M*, R*, H, K
Tianshanbeilu, Xinjiangj 29 Tianshanbeilu, Bronze Age A, C, D, F, G, Z, M7, M10, U, W

a Lalueza-Fox et al., 2004.
b Gonzalez-Ruiz et al., 2012.
c Chikisheva et al., 2007.
d Keyser et al., 2009.
e Mooder et al., 2006.
f Ricaut et al., 2005.
g Gao et al., 2007.
h Our unpublished data.
i Li et al., 2010.
j This study.

TABLE 6. Shared sequences in Han and TB populations and ancient Di-qiang populations

Haplotype Number of shared sequences in Genbank
Number of shared sequences

with Di-qiang populations

223-295 Chinese Han (12) Qijia populations (1)a

185-223-260 Chinese Han (6) TB populations (7) Qijia populations (1)a

223-362 Chinese Han (11) TB populations (7) Qijia populations (3)
129-223-362 Chinese Han (14) Qijia populations (1)
223-290-319-362 Chinese Han (16) TB populations (9) Qijia populations (1)a

127-223-362 Chinese Han (9)a TB populations (7)a Qijia populations (7)a

223-290-293C-319-329 Chinese Han (1)a

185-223-260-298-380 Chinese Han (11) TB populations (9) Qijia populations (1)a

223-227-278-362 Chinese Han (1)
223-278-362 Chinese Han (5) TB populations (3)
223-256-319 Chinese Han (1)a TB populations (23)a

185-223-260-362 Chinese Han (1)a TB populations (23)a Qijia populations (1)a

189-223-311-362 Chinese Han (1)
129-150-223-298-327 Chinese Han (3) TB populations (3) Qijia populations (2)a

129-223-311 Chinese Han (2) TB populations (1) Qijia populations (3)a

a Indicates one-step neighbors of the haplotype.

78 S.-Z. GAO ET AL.

American Journal of Physical Anthropology



the Yellow River valley, the identified haplogroups of Y-
DNA were all classified as N1 (xN1a, N1c). Although we
lack Y-DNA data for the Neolithic and Bronze Age in the
Hexi Corridor, N1 (xN1a, N1c) was found in both the
Tianshanbeilu and the Yangshao samples in high fre-
quency, which is consistent with the mtDNA results in
suggesting that the Di-qiang population of the Hexi Cor-
ridor might have migrated to the eastern part of
Xinjiang.

CONCLUSIONS

The present study reveals that the maternal lineages
of the Tianshanbeilu population contained matrilineal
lines from both East and West Eurasia. The phylogeo-
graphic analysis of the mtDNA haplogroups, combined
with the archaeological data, suggests that the Di-qiang
populations living in the Hexi Corridor migrated to east-
ern Xinjiang and mixed with the Eurasian steppe popu-
lations that settled there in the early Bronze Age; these
conclusions are further supported by the results from Y-
DNA.
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