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Abstract
Turano-Mongolian cattle are a group of taurine cattle from Northern and Eastern Asia with distinct morphological traits,
which are known for their ability to tolerate harsh environments, such as the Asian steppe and the Tibetan plateau. Through
the analysis of 170 mitogenomes from ten modern breeds, two sub-lineages within T3 (T3119 and T3055) were identified as
specific of Turano-Mongolian cattle. These two T3 sub-lineages, together with the previously identified T4, were also
present in six Neolithic samples, dated to ~3900 years BP, which might represent the earliest domestic taurine stocks from
Southwest Asia. The rare haplogroup Q, found in three Tibetan cattle, testifies for the legacy of ancient migrations from
Southwest Asia and suggests that the isolated Tibetan Plateau preserved unique prehistoric genetic resources. These findings
confirm the geographic substructure of Turano-Mongolian cattle breeds, which have been shaped by ancient migrations and
geographic barriers.

Introduction

The domestication of taurine cattle (Bos taurus) is thought
to have occurred in the Fertile Crescent about 10,500 years
ago (Loftus et al. 1994; Helmer et al. 2005) and was fol-
lowed by a spread along the Neolithic human migration
routes. Turano-Mongolian cattle are a type of taurine cattle
that distribute in Northeast Asia, which are morphologically
and genetically distinct from the European taurine cattle
(Felius 1995; Mannen et al. 2004; Chen et al. 2018) and
comprise cattle from Buryat (extinct), northern and
central China, Korea, Japan, Kazakhstan, Yakutia of Russia,
Mongolia, and Tibet of China. Recent whole-genome-
resequencing study has shown that Turano-Mongolian cat-
tle form a separate genetic cluster (Chen et al. 2018). These
cattle are not highly productive breeds, but are adapted to
harsh climate and extremely cold environments. For
example, the breeds lived in Asian steppe and Tibetan
Plateau can adapt to the local extreme cold or alpine cli-
matic conditions (Zhang 2011). What’s more, Yakutian
cattle in northern Siberia have shown a unique cold adap-
tation (−60 °C), with their breeding centers close to the
Polar circle (Granberg et al. 2009). With the modernization
and specialization of animal husbandry, many Turano-
Mongolian cattle breeds (e.g., Buryat and Altay cattle) have
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been completely replaced and extinct by modern interna-
tional cattle breeds or through extensive crossbreeding
(Kantanen et al. 2009). The existing breeds such as Kazakh
Whitehead and Japanese Black cattle are threatened with
extinction (Felius 1995).

During the past two decades, studies of mitochondrial
DNA (mtDNA) revealed that most domestic cattle carry
either B. taurus T (T1–T4) or B. indicus I (I1 and I2)
haplogroups. Haplogroup T3 is widespread, whereas T1 is
centered in Africa, T2 in the Near East, and T4 in East Asia
(Troy et al. 2001; Mannen et al. 2004; Achilli et al. 2009;
Bonfiglio et al. 2002; Lenstra et al. 2014; Xia et al. 2019).
Complete mtDNA sequences also identified three rare
haplogroups (P, Q, and R) in modern taurine cattle, with Q
most likely of Near Eastern origin and P and R possibly
introduced by local aurochs introgression (Achilli et al.
2009; Bonfiglio et al. 2010; Olivieri et al. 2015; Noda et al.
2018). Most mitogenome studies were focused on European
and African cattle, whereas the maternal origin analysis of
East Asian cattle has been based only on the mtDNA D-
loop region (Mannen et al. 2004; Kantanen et al. 2009;
Lorenzo et al. 2016).

Here, complete mitogenomes of 170 individuals from ten
cattle populations were analyzed to investigate the genetic
diversity of the maternal lineages of Turano-Mongolian
cattle. In order to provide a global context, these data have
been compared with 212 available mitochondrial sequences
from European, African, American, Southwest Asian cattle,
aurochs and yak, giving a total of 382 mitogenomes. To
clarify the early domestication events of Northeast Asian
cattle, we also included six ancient taurine mitogenomes
from the late Neolithic Shimao site (3975–3835 BP) in
northern China (Chen et al. 2018). The study conducted a
large-scale global survey on northeastern Asian cattle at the
highest molecular resolution with the aim to reveal the
phylogenetic relationships and early domestication events
of Turano-Mongolian cattle.

Materials and methods

Animal sampling and ethics statement

A total of 80 cattle (Table S1) from four Turano-
Mongolian breeds have been sampled: 17 from Mon-
golia and 63 from 4 regions of China, including 6 from
Inner Mongolia, 46 from Tibet, 5 from Anxi and 6 from
Yanbian. To minimize the degree of kinship among indi-
viduals, unrelated animals were selected based on pedigree
information. The protocols for animal handling have been
approved by the Faculty of Animal Policy and Welfare
Committee of Northwest A&F University (FAPWC-
NWAFU, Protocol number, NWAFAC1008).

Illumina sequencing, data mining, and
reconstruction of mitogenomes

Genomic DNA was extracted from ear tissues by the
standard phenol–chloroform method (Sambrock and Rus-
sel 2001). Paired-end libraries with an average insert size
of 500 bp were constructed for each individual and
sequenced using the HiSeq 2000 platform (Illumina). In
addition, we retrieved reads for 72 Turano-Mongolian
samples from the Short Read Archive (Tsuda et al. 2013;
Lee et al. 2014; Chen et al. 2018; Weldenegodguad et al.
2018; Wu et al. 2018), including samples from five
additional breeds (Table S1) and eight late Neolithic
samples (accessions SRR6942506-SRR6942513 (Chen
et al. 2018)), six of which yielded sufficient coverage
(15–390×, Table S1). Adapter sequences of ancient data
were identified and removed using AdapterRemoval ver-
sion 2.2.0 (Schubert et al. 2016). All reads were aligned
to the B. taurus mitochondrial reference genome
(V00654.1) using the Burrows-Wheeler Aligner v0.7.15
(Li and Durbin 2009) with the sub-command <aln -t 24 -l
1024 -n 0.01 -o 2>, which were subsequently converted
to BAM files using the command samtools view -Sb. To
improve alignment to the circulised genome 30 bp of
sequence from the end of the mtDNA was attached to the
beginning (numbering of accession V00654.1). BAM files
were also sorted using SAMtools (v. 0.1.19) (Li et al.
2009) and subsequently filtered for removal of PCR
duplicates (rmdup -s). Indel realignment was performed
using the Genome Analysis ToolKit (GATK v3.8)
(McKenna et al. 2010). Ancient mtDNA coverages were
calculated by Qualimap. BAM alignments were trans-
formed to FASTQ files and assembled by using Mapping
Iterative Assembler v 1.0 (Briggs et al. 2009) (https://
github.com/mpieva/mapping-iterative-assembler).

All novel sequences were deposited in GenBank under
the accession numbers MT576705-MT576844. Previously
published 236 mitogenomes of Asian, European, African,
American, West Asian cattle, aurochs, and yak were
downloaded from the NCBI database (Table S2).

Sequence variation and phylogenetic analyses

All unclear sequence positions were verified by Integrative
Genomics Viewer (Thorvaldsdóttir et al. 2012). Measures
of mitogenome sequence variation, including numbers of
haplotypes and variable sites, haplotype diversity (Hd),
nucleotide diversity (Pi), and the average number of
nucleotide differences (k), were calculated using the pro-
gram DnaSP v 5.10 (Librado and Rozas 2009). To reduce
the sample size bias in assessing genetic diversity, we
averaged over three randomly selected sets of ten samples
from breeds with more than ten individuals.
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Phylogenetic relationships were inferred from the com-
plete mtDNA sequences using the maximum likelihood
(ML) approach within IQ-TREE (Nguyen et al. 2015) and
the Bayesian inference (BI) approach within MrBayes
v3.2.0 (Ronquist and Huelsenbeck 2003). GTR+ F+ R4
was chosen as the best-fit model for the complete sequences
of mitogenomes by using ModelFinder (Kalyaanamoorthy
et al. 2017). Bootstrap support values for the ML analysis
were generated with 1000 replicates (-bb 1000). The BI
analysis was run with Markov chains for 20 million gen-
erations with a burn-in value of 2500 (25%). Trees were
sampled every 2000 generations. The final tree topology
was visualized using iTOL (Letunic and Bork 2019). To
identify autochthonous haplogroups of T and Q, a max-
imum parsimony (MP) phylogeny was constructed using an
adapted version of mtPhyl v4.015 (Eltsov and Volodko
2011), as previously described (Achilli et al. 2009; Achilli
et al. 2002). A median-joining network was constructed
using NETWORK 5.0.1.1 (Bandelt et al. 1999).

Time estimates

Phylogenetic relationships within the Turano-Mongolian
cattle inferred in previous analyses were used to estimate
the divergence times between the major haplogroups using
BEAST v2.6.0 (Drummond et al. 2002). We constructed a
Bayesian tree of Turano-Mongolian cattle on the mtDNA
coding region, including 158 modern and 6 ancient
sequences. The tree was rooted with the Bos grunniens. All
positions containing gaps and ambiguous data were elimi-
nated from the dataset (FASTA). The FASTA alignment file
was used to generate the BEAST XML input file for
BEAST v2.6.0 (Drummond et al. 2002). We performed the
analysis with the HKY model (as indicated by Mod-
elFinder), a Relaxed Clock Exponential, and gamma-
distributed rates (with four categories). Ancient samples
(3975–3835 BP) and the age for PQT of 75.5 ± 10.0 ky
(Bonfiglio et al. 2010; Olivieri et al. 2015) were considered
as the consistent internal calibration point. The major hap-
logroups were considered as monophyletic in order of being
able to calculate their age estimates. We set the number of
generations to 50 million, logging parameters every
1000 steps. Convergence was confirmed by effective sam-
pling size >200 using the Tracer v 1.7 (http://tree.bio.ed.ac.
uk/software/tracer/). A maximum credibility tree topology
was generated using a 10% burn-in using TreeAnnotator in
BEAST v2.6.0. We visualized the tree in FigTree v1.4.3
(http://tree.bio.ed.ac.uk/software/figtree/).

We also obtained a Bayesian skyline plot (BSP) from
the Turano-Mongolian cattle phylogeny using BEAST
v2.6.0 (Drummond et al. 2002). Yak haplotypes were
excluded, and only cattle mtDNA haplotypes were con-
sidered in this estimation. The effective population size

was estimated assuming a generation time of 6 years
(Bollongino et al. 2002).

Results

The phylogeny and diversity of Turano-Mongolian
mitogenomes

A set of 170 modern Turano-Mongolian mitogenomes
was analyzed, among which 8 Tibetan and 4 Mongolian
mtDNAs were identified as yak haplotypes and removed
from the subsequent analysis (Tables S1 and S2). In the
remaining 158 individuals, 588 variable sites were identi-
fied after quality control, 143 of which are singletons. A
total of 108 haplotypes were defined by 445 sites. Thirty-six
haplotypes were shared by at least two individuals (Table
S3). Overall, we observed an average of 35.72 nucleotide
differences between two sequences. The detailed hap-
logroup composition and genetic diversity of modern
Turano-Mongolian are shown in Table 1.

Geographic distributions of maternal haplogroups are
shown in Fig. 1a, c. Phylogenetic analyses confirmed an
extremely high haplotype diversity and the prevalence in
Turano-Mongolian cattle of haplogroups T3 (~60.8%), T4
(16.5%), and T2 (12.0%) (Table 1). Haplogroup T1, which
is dominant in Africa, was also observed in Kazakh (1/8),
Yanbian (3/7), and Mishima cattle (1/8). The B. indicus I
haplogroup has low frequency and was found in Tibetan (3/
67), Kazakh (1/8), Mongolian (1/30), and Chaidamu cattle
(2/5). Interestingly, haplogroup P was observed in Yanbian
(1/7) and Korean cattle (1/28), while another rare hap-
logroup Q was found exclusively in Tibetan cattle (3/67).

Relationships of the Turano-Mongolian
mitogenomes with those from other areas

To further evaluate the phylogenetic relationships of the
Turano-Mongolian cattle, phylogenetic trees were inferred
by ML (Figs. 1b and S1a) and BI approach (Fig. S1b) with
370 available mitogenomes (Table S2). The two trees
showed similar topologies, except for two Tibetans (RKZ5
and RKZ6), which exhibited unclear phylogenetic clusters
within the T branch (Fig. S1). MP tree (Fig. S2) suggested
that RKZ5 and RKZ6 could not be ascribed to any of the
known T haplogroup (T1/T2/T3/T4) and was separated
from T by six mutations (4469-10349-16057-16058-16133-
16277A). The median network also supported the result of
MP tree (Fig. 1c, H76).

Our analysis confirms a predominance of haplogroup T3
(~43%) among domestic taurine cattle all over the world.
The second most frequent haplogroup is T1 (~29%), which
is dominant in Africa. Five Turano-Mongolian individuals
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(three Yanbian, one Kazakh, and one Mishima) carry T1,
but apparently not in the main lineage (Figs. 1b, c, S1, and
Table S4). In a previous study, the Asian sub-lineage was
denoted as T1f, which lacks the diagnostic mutation at
position 16,113 (Bonfiglio et al. 2002). So far, only three
European and one Egyptian cattle have been reported to
carry T1f (Bonfiglio et al. 2002). Haplogroup T2 has a
narrower range with a presence in Europe and Asia,
whereas the presence of haplogroup T4 is restricted to Asia
and is present in most East Asian breeds. T4 was not
detected in our Yakutian cattle, but Kantanen et al. (2009)
observed this lineage in the same breed with a frequency of
5/24 (Kantanen et al. 2009). The rare haplogroup Q is
currently found in cattle from Italy (16 animals), Egypt (2),
and Tibet (3) (Figs. 1b, S1, and S3). Finally, haplogroup P
was identified in two Korean and one Yanbian cattle.

In addition to the haplogroup T4, we found two Turano-
Mongolian-specific sub-lineages within T3 (Figs. 1b, 1c,
S1, and S2), here denoted as T3119 and T3055. T3119 was
initially termed T3119C (Cai et al. 2014) and has one diag-
nostic mutations at position 16,119 (with respect to the
reference sequence V00654.1) and comprises 42 sequences
mainly from Asia, including Tibetan (n= 26), Korean (n=
9), Japanese Black (n= 2), Mongolian (n= 2), and Yakut
(n= 1) cattle. Only two individuals from Europe
(EU177828 and AY676857) belong to T3119. Noting that
except for five Korean cattle, most of the Turano-
Mongolian cattle of the T3119 lineage also share a muta-
tion on site 2232 (Figs. 1b, c and S2). The second Turano-
Mongolian-specific lineage T3055 is defined by two muta-
tions at positions 12,908 and 16,055 and was found in
12 samples, one from southwest Asia (EU177837) and 11

from East Asia (three from Tibet, two from Anxi, three from
Mongolia, one from Korea, and two from Japan).

Ancient mtDNA variation

To investigate the relationship between modern and ancient
East Asian cattle, we aligned our sequences to six ancient
sequences, which were collected in the late Neolithic Shi-
mao site (3975–3835-yr BP) in northern China (Chen et al.
2018). All six samples were classified into Turano-
Mongolian-specific sub-lineage: three T3119, one T3055,
and two T4 (Table 2 and Fig. S2). It is worth noting that
these sub-lineages were previously mentioned (T4 and
T3119) or labeled in table (T3055) by Cai et al. (2014) in
ancient domestic cattle based on mtDNA partial regions,
with T3119 being the dominant lineage. Thus, our results
indicated that T4, T3119, and T3055 might represent the
earliest arrival of domestic taurine cattle that entered north
China at least ~3900-yr BP and have been retained until the
present day.

Age estimates and population expansion of Turano-
Mongolian cattle

To assess population expansions that might have involved
the Turano-Mongolian cattle, BSP was obtained (Fig. 2a).
The overall BSP points to a steep increase of the female
effective population size about ten to eight thousand years
ago (kya), which corresponds to the early Neolithic period.
Concerning the differentiation of the major branches in
the Bayesian phylogenetic tree, we found that the Turano-
Mongolian-specific T3 sub-lineages possibly emerged

Table 1 Genetic structure and
diversity of Turano-Mongolian
breeds.

Breed N Haplogroup S h k Hd Pi

T1 T2 T3 T4 Q P I Yak

Yakutian 5 2 3 32 4 15.6 0.900 0.001

Mongoliana 30 7 12 6 1 4 205 7 45.7 0.941 0.0028

Kazakh 8 1 3 3 1 273 6 72.8 0.893 0.0045

Chaidamu 5 3 2 251 3 149.6 0.800 0.0092

Anxi 5 3 2 32 3 17.6 0.800 0.0011

Yanbian 7 3 3 1 85 5 29.3 0.905 0.0018

Tibetana, b 67 1 49 3 3 3 8 203 9 44.3 0.970 0.0027

Koreana 28 3 20 4 1 109 10 23.5 1.000 0.0014

Mishima 8 1 7 22 3 5.6 0.464 0.0004

Japanese Black 7 4 3 23 7 8.6 1.000 0.0005

Total 170 5 19 96 26 3 2 7 12 588 108 35.7 0.994 0.0022

N= sample size, S= number of variable sites, h= number of haplotypes, k= the average number of
differences, Hd= haplotype diversity, Pi= nucleotide diversity.
aIndicates that the estimated genetic diversity of the population has been averaged over panels of ten
individuals.
bMeans that we classified RKZ5 and RKZ6 into T3 haplogroup.
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around ~12.49 (T3119, 4.98–34.86 kya) to 11.00 kya (T3055,
4.01–34.68 kya) (Table S5 and Fig. 2b). The most recent
common ancestor (TMRCA) of the Q haplogroup detected
in Tibetan cattle corresponded to 11.04 kya, which was
lower than that of the entire Q1 (15.5 kya ± 3.5 ky) (Bon-
figlio et al. 2010) but higher than the sister lineage Q1a
reported in Italian cattle (5.8 ± 9.0 ky) (Olivieri et al. 2015)
(Fig. S3). The TMRCA of T1f found in Northeast Asian
cattle dates to around 9.55 kya, which was similar with that
reported in Europe and African cattle (11.4 ± 2.4 ky)
(Bonfiglio et al. 2002). Given the possibility that purifying

selection might slightly inflated the estimated age of hap-
logroup nodes, the real divergence time might be later
(Soares et al. 2009). The details of the tree with the mean
ages (nodes) and the 95% credibility intervals are shown in
Table S5.

Discussion

Phylogenetic analyses of 158 taurine and indicine mito-
genomes confirmed the dominance of B. taurus haplogroups
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T3, T4, and T2 in Turano-Mongolian breeds (Mannen et al.
2004; Lenstra et al. 2014; Gao et al. 2017; Cai et al. 2018;
Chen et al. 2018). We identified two Turano-Mongolian-
specific sub-lineages in T3 (T3119 and T3055), which were
also present frequently in Neolithic Shimao samples
(3975–3835-yr BP). T3119 and T3055, together with T4, have
a wide distribution in Asian modern and ancient cattle,
which probably spread eastward after domestication with
human activities and reached northern China at least ~3900-
yr BP. Japanese Black (100.0%) showed the highest fre-
quency of Turano-Mongolian-specific sub-lineages (T3119,
T3055, and T4), followed by Mishima (87.5%), Mongolian
(52.9%), Korean (50.0%), Tibetan (47.8%), Yanbian
(42.8%), Anxi (40.0%), Yakutian (20.0%), and Inner
Mongolian cattle (15.4%) (Fig. S4). Among them, most of
the cattle breeds, previously classified as East Asian taurine
cattle on the autosomal genome, are reported genetically
similar to the late Neolithic cattle from Shimao site
(Chen et al. 2018). In terms of maternal pattern, our results
also support a close relationship between East Asian taurine
and ancient Shimao cattle. Even if a samples bias cannot be
completely ruled out, the lack of other taurine lineages
suggests that T2 or other haplotypes belonging to T3 in the
present-day cattle were likely introduced later, gradually
replacing the original haplogroups. For example, for
Kazakh and Chaidamu, the frequency of Turano-
Mongolian-specific sub-lineages is zero. However, there
are no Chinese ancient mtDNA samples available that are
younger than 3975 years ago, so we do not know when the
shift of the (sub-)haplogroup composition occurred. In
addition, Tibetan cattle share more T3119 haplotypes
(38.8%) than other Turano-Mongolian breeds (Fig. S4),
which is also common in ancient Chinese cattle (3/6).

This indicates that female cattle carrying the T3119 sub-
lineage successfully spread onto Tibet Plateau after 3900-yr
BP. Due to the natural geographical barrier of the Tibetan
Plateau, these original haplotypes have been retained until
present days.

Four Mongolian and eight Tibetan cattle carry yak
mtDNAs, which is consistent with previous studies
(Medugorac et al. 2017; Wu et al. 2018) and reflects the
coexistence of domestic cattle and yaks in Mongolia and on
the Tibetan Plateau. Indicine mtDNAs were detected in
Mongolian, Chaidamu, Kazakh, and Tibetan cattle at a low
frequency. Previous studies have indicated that the sec-
ondary introgression of B. indicus in Mongolian and
Kazakh breeds may have occurred during the period of Silk
Road in ancient China (2nd to 7th centuries AD), which
connected northwest China with India (Mannen et al. 2004;
Cai et al. 2007; Yue et al. 2014).

We also found that one Yanbian and one Korean cattle
carry haplogroup P, which was the predominant haplotype
of the European aurochs. It has so far been detected only in
modern cattle from Japan, Korea, and China, with a single
substitution at position 16,247 (V00654.1) relative to the
aurochs sequence (Noda et al. 2018). In this study, hap-
logroup P showed a more recent coalescence time (~1.79
kya), but its estimate might be imprecise, due to the small
size (only two individuals with the same haplotype,
Fig. 1c). Our phylogenetic analysis also showed that P
haplotypes from modern Asian cattle and aurochs are
separated with 100% high bootstrap values (Figs. 1b and
S1), which may indicate that Asian aurochs has contributed
to the gene pool of domestic cattle in Northeast Asia. Most
recently, Mannen et al. (2020) proposed that the migration
route of haplogroup P in northeast Asian cattle might be

Table 2 Variable positions in mitogenome sequences of ancient samples.

Sample Variable positionsa Haplogroup

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

2 2 2 3 5 5 6 9 9 9 1 2 2 2 2 2 2 3 4 4 4 4 5 6 6 6 6 6 6 6 6

1 3 3 2 5 9 1 8 9 3 3 6 7 1 1 4 5 8 8 9 3 6 6 6 9 5 0 0 0 0 1 1 3 3

6 6 7 3 3 5 1 8 0 2 3 8 2 7 5 0 8 8 9 0 1 8 8 8 9 1 2 4 5 9 1 4 0 0

9 3 4 2 6 2 9 7 5 9 6 2 9 4 8 4 9 2 2 8 0 4 7 9 0 0 2 2 5 3 9 1 1 2

V00654.1 A C C G C T T C C C C G G C T C C C C C A C C C T C G T T G T T C G

Ancient05 G G . . A C . . . . . C . . C . . . . . C . . . . T . C . A . . . A T4

Ancient01 G G T . A . . - - - - C . T C T . T T . C - - - . - . C . A . C . A T4

Ancient04 G . . . A . . . . . . C . . . . . . . T C . . . . . . . C . . . . . T3055
Ancient07 G . . A A . . . . . . C A . . . . . . . C . . . . . A . . . C . T . T3119
Ancient08 G . . A A . . . . . . C A . . . T . . . C . . . C . . . . . C . . . T3119
Ancient02 G . . A A . C . . . T C - . . . . . . . C . . . . . . . . . C . . . T3119

Sequence codes are given in the first column, and only variable sites are shown. Dots denote identity with the reference sequence. Missing
sequence is denoted by short lines.
aThe variable positions were aligned to the taurine reference haplotype sequence (accession number V00654.1).
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from Mongolia/Russia eastward and eventually reached
Japan. The Yanbian and Korean cattle carrying haplotype P
found in our study were located on this migration route,
probably further confirming this view.

Interestingly, three Yanbian, one Kazakh, and one Mis-
hima cattle belong to sub-haplogroup T1f within hap-
logroup T1, which is common in African cattle. Outside
Asia, T1f has only been found in three European and one
Egyptian cattle (Bonfiglio et al. 2002), indicating that T1
independently spread to Europe/Africa and Asia and that in
Asia only T1f survived.

Previously, Q has been reported for Italian and Egyptian
breeds (Achilli et al. 2008; Achilli et al. 2009; Bonfiglio et al.
2010; Olivieri et al. 2015), which support the domestication
of Q in southwest Asia together with haplogroup T

(Bonfiglio et al. 2010; Olivieri et al. 2015), but at a lower
frequency. In our study, three out of sixty-seven Tibetan
mtDNA belong to the rare haplogroup Q. Their coalescence
age (~11.04 ky) was close to the Near Eastern domestication
about 10 kya, further supporting the southwest Asia origin of
the Q haplogroup. Our observations indicate that female
cattle carried haplogroup Q together with other three T sub-
haplogroups (T3119, T3055, and T4) spread eastward and
reached high frequencies on Tibetan plateau due to the
geographical isolation. Alternatively, Tibetan cattle might
have been influenced by the local Asian aurochs.

Based on the above results, we suggest that these specific
lineages are the legacy of the introduction of domestic cattle
in Asia and still contribute significantly to the gene pool of
Asian modern cattle.
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Conclusions

To date, mtDNA has been a very useful genetic marker for
tracing the maternal origin of population. We present a
comprehensive mitogenome analysis in modern and late
Neolithic Turano-Mongolian cattle. Haplotype distributions
support the southwest Asian origins of Turano-Mongolian
cattle. We identified two specific lineages, T3119 and T3055,
in Turano-Mongolian cattle, which are also shared with
Neolithic Shimao samples (~3900 BP), indicating that they
were present among the earliest domesticate cattle arrived in
East Asia. Our results demonstrate the uniqueness of East
Asian taurine cattle from their maternal origin and provide a
theoretical basis for the conservation of genetic resources of
these breeds.

Data availability
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