
Page 1/20

Analysis of Mitochondrial D-Loop Cloning Sequence
Variations in Yak (Bos Grunniens)
Liu Bo 

Northwest Institute of Plateau Biology, Chinese Academy of Science https://orcid.org/0000-0002-9414-
3461
Xingwang Lu 

Northwest Institute of Plateau Biology Chinese Academy of Sciences
Haiqing Wang 

Northwest Institute of Plateau Biology Chinese Academy of Sciences
Xiaoyan Tao 

Northwest Institute of Plateau Biology Chinese Academy of Sciences
Qien Yang 

Northwest Institute of Plateau Biology Chinese Academy of Sciences
Quanwen Dou  (  douqw@nwipb.cas.cn )

https://orcid.org/0000-0001-5910-6270

Research article

Keywords: Yak (Bos grunniens), mitochondrial D-loop, heteroplasmy

Posted Date: August 17th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-52757/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-52757/v1
https://orcid.org/0000-0002-9414-3461
mailto:douqw@nwipb.cas.cn
https://orcid.org/0000-0001-5910-6270
https://doi.org/10.21203/rs.3.rs-52757/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/20

Abstract
Background: Yaks (Bos grunniens) are a livestock species that is highly adapted to the extremely
conditions of the Qinghai-Tibet plateau. Heteroplasmy and nuclear-mitochondrial DNA have been
reported in many species, but are still unknown in yaks. The diversity of D-loop sequences, derived from
the sequencing of PCR products, provides widely-used maternal DNA markers for the study of yak
population and biology. D-loop variations were examined by sequencing the mono clones of the PCR
products from individuals, and a comparative analysis with other documented PCR-product based
sequences was conducted.

Results: Twenty-two and 27 variants were detected in 25 and 38 clones in two different yak individuals,
respectively. Phylogenetic analysis in each demonstrated that variants could be grouped into two distinct
major clades individual. Analysis of the D-loop sequences of domesticated yaks and wild yaks (Bos
grunniens mutus) from the gene bank, which were originally obtained by sequencing of the PCR products,
also revealed the two distinct clades. Integrative analysis of all the above variants indicated two major
distinct clades, consistent with the respective analysis. One common variant was revealed to be shared
by the differently sourced sequences. Furthermore, consensus comparison of all clone sequences
revealed 13 differential sites between the two major clades, which are still strongly conserved in
sequences from the gene bank. A few recombination events were detected between individual variants,
and the supposed recombinants displayed distinct phylogenetic divergence from those in the same clade.

Conclusion: Highly varied D-loop sequences were detected in the individual yaks. The detected variants
were clustered into two deeply divergent clades as the haplotypes reported by other researchers
employing PCR-product based D-loop sequences. This suggests either or both of heteroplasmy and
nuclear-mitochondrial DNA in yaks, and also emphasizes the need for reconsidering D-loop sequences as
haploid and matrilineal markers for phylogenetic analysis in yaks.

Background
Yak (Bos grunniens) is an unusual animal belonging to Bovinae Bos [1, 2]. Commonly, yak is
discriminated as domesticated yak and wild yak (Bos grunniens mutus). Yaks are distributed across the
Qinghai-Tibetan Plateau (QTP) and neighboring highlands, and are the only cattle that can survive in the
extreme conditions of the QTP. The QTP regions of China host the greatest abundance and diversity of
yak, including about 17 million domesticated yak [3] and 150 thousand wild yaks in northern Tibet and
western Qinghai [4, 5]. Domesticated yaks provide the most important living resources such as food,
hides, dung fuel and transport power for the local husbandry communities. Domestic history, intraspeci�c
diversi�cation and geographical distribution of yak lineages are of great research interest due to yak’s
biological and economic importance [5-11].

Mitochondrial DNA (mtDNA) is independent from nuclear DNA. Owing to their relatively simple genome
structure, semi-autonomous replication, maternal heritage, and high mutation rate, the genes of mtDNA
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are ideal molecular markers in phylogenetic research [12, 13]. The displacement loop region (D-loop) of
mtDNA rich has the highest variation in length and sequence in the mtDNA genome. D-loop variability is
universally used for research in animal phylogeography, intraspeci�c diversi�cation, etc. [14]. D-loop
variations in yak have been widely used for studying genetic diversity, geographic distribution and
phylogenetic analysis [8, 11, 15-18].

Heteroplasmy is de�ned as a state in which more than one mitochondrial genotype exists in one
organism. Commonly, the mitochondrial genome is regarded as maternal and haploid, but a few studies
have suggested that heteroplasmy may be a common characteristic of mitochondrial genetic information
in plants and animals [19-22]. Moreover, nuclear sequences of mitochondrial DNA copies (NUMts), which
comprise mitochondrial DNA integrated into the nuclear genome, were reported as a well-established
phenomenon in eukaryotes [23-25]. Conventionally, D-loop variations of yak have been based on the
direct sequencing of products derived from the polymerase chain reaction (PCR) using total genomic
DNA as the template [8, 11, 15-18]. Thus, the possibility of heteroplasmy or NUMts in yak may in�uence
analysis of the variations in mitochondrial DNA. In this study, we demonstrated highly variable D-loop
sequences in the individual yak genome by sequencing the D-loop PCR production cloning pool. The
results suggest that heteroplasmy or NUMts are prevalent in yak.

Methods
Experimental materials

Materials for the two breeds of domesticated yak were collected from the Qinghai LaoZhaxi Organic
Agriculture and Animal Husbandry Technology Co., LTD, we called them Y1 and Y2. The bloods were
individually collected in vivo, all animals were treated in accordance with good animal practice as de�ned
by the local welfare authorities.

DNA extraction and ampli�cation

The total genomic DNAs were extracted using a blood/tissue extraction kit (TIANamp Genomic DNA Kit
(Tiangen Biotech (Beijing) Co., LTD. China). The mitochondrial D-loop sequence was ampli�ed using
primers D-loop-F 5’-GTAAAGAGCCTCACCAGTAT-3’ and D-loop-R 5’-TCCTGTAGCCATTGACTAT-3’ following
Guo et al [8]. The polymerase chain reaction (PCR) mixture of 50 ul contained template DNA 2 ul (50
ng/ul), 1.0 ul of each primer (10 ng/ul solution), 5 ul dNTPs (2 mmol/L solution), 5 ul 10*buffer, 0.5 ul
Taq DNA polymerase (5 U/ul), and 35.5 ul ddH2O. The PCR procedure used an initial denaturing step at
94℃ for 1 min, 35 ampli�cation cycles (94°C for 30 s, 49°C for 30 s and 72°C for 30 s) and a �nal
extension at 72°C for 10 min in a Veriti Thermal Cycler (Applied Biosystem).

Library construction of D-loop PCR production and clone sequencing

The target PCR fragments of D-loop sequences were recycled and puri�ed using a PCR puri�cation kit
following the manufacturer’s instructions (Tiangen Biotech (Beijing) Co., LTD. China). The puri�ed Cot-1
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DNA fragments were ligated into the pGEM-T easy vector (Promega). The transformed E. coli cells (DH5α)
were identi�ed by a blue/white screen following the manufacturer’s instructions (Promega). White
recombinant colonies of 20~40 individuals were randomly selected for Sanger sequencing (Sangon
Biotech (Shanghai) Co., LTD. China).

Sequence analysis

The sequence chromatograms were checked by Chromas (version 2.6.6, Technelysium Pty Ltd, South
Brisbane, Queensland, Australia). The alignment, base composition, and divergence of the sequences
were analyzed by MEGA 6.0 [37]. The phylogenetic trees were constructed by neighbor-joining in the
Kimura 2-parameter model [37]. Recombination between the D-loop variants was detected by RDP4 [27].

Results
Primary analysis of mono clone D-loop sequences.

Sanger sequencing was conducted on randomly selected 10 D-loop PCR production mono clones. The
sequences alignment was carried out by Clust W in Mega 6.0. Unexpectedly, the obtained mono clone
sequences did not show a 100% identity match with each other. The sequencing chromatograms were
checked by Chromas, showing clean peaks and valleys in each sequence. No apparent heterozygous
peaks were detected (Fig.1). This suggests that variation in D-loop sequences between the mono clones
are less likely to have occurred during the sequencing procedure.

Sequencing of a low copy gene and D-loop PCR products

Since a series of experimental manipulation techniques such as DNA extraction, PCR ampli�cation, DNA
ligating, transformation, etc. was carried out before sequencing, the clone sequence mutation may have
occurred arti�cially during the experimental procedure. Therefore, two additional controlled experiments
were carried out by sequencing clones of a nuclear single copy gene α1-globin in yak and then directly
sequencing the D-loop PCR fragments. The clones of yak α1-globin were prepared following the same
procedure as the those of the D-loops, and PCR was conducted following Yuan et al. [26]. Sixteen clones
were successfully sequenced, with a target length 706bp. Alignment of the sequences showed that 12
clones shared one identical haplotype, while 4 clones shared another. The �rst haplotype showed 100%
homology with the α1-globin sequence described by Yuan [26]. BLAST (Basic Local Alignment Search
Tool) searching against the NCBI gene bank yielded a 100% query and identity with the sequences of 5
chromosomes of wild yak (CP027093.1). The second haplotype showed three mutated sites when
compared with the �rst type, among which the mutation sites 254bp and 316bp were strongly consistent
with mutation sites of the α2-globin identi�ed by Yuan [26], while site 263bp is a synonymous mutation.
Additional sequencing was conducted on the PCR products of the D-loop. Although D-loop sequences
were obtained by base calling, checking of the chromatogram demonstrated high noise. In particular,
distinct heterozygous peaks were detected along the sequences, strongly suggestive of heterogeneity in
the D-loop PCR product. The chromatogram for the randomly-selected 125bp-255bp region revealed three

https://www.ncbi.nlm.nih.gov/nucleotide/CP027093.1?report=genbank&log$=nucltop&blast_rank=1&RID=7NJD5ZN0016
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apparent heterozygous peaks at sites 133bp, 146bp, and 171bp which showed C/T, G/A, and G/A
respectively (Fig. 2). The alignment between clone sequences uncovered about 10 mutations between
125bp-255bp. Most mutations were detected in only sequenced clone, except those at sites 133bp and
171bp, the alternative bases of which were detected in more than one third of the total clones. By
coincidence, the two alternative bases in 133bp and 177bp in the clone sequences were the same as the
two heterozygous bases at 133bp and 177bp in the D-loop PCR product sequences (Fig. 1). Even though
the heterozygous peaks were apparent at 146bp in the PCR product sequence, no mutation of this site
was detected in any clones. This indicates that most of the highly frequent clone sequence mutations
can also be detected by checking the heterozygous peaks of the PCR products sequences. The reliably
stable sequences of the single copy gene and high frequency of mutations revealed both in clone
sequences and PCR product sequences strongly suggest that the highly-variable D-loop clone sequences
were obtained by an appropriated procedure.

Analysis of the D-loop sequences of clones from individual breeds

Totally, 25 clones from an individual yak (Y1) were successfully sequenced. The middle regions of the D-
loop sequence (with a length of about 607bp) were truncated for further analysis to ensure the accuracy
of sequences. The total clone sequences had lengths varying from 605bp to 607bp, with an average of
606.4bp and T, C, A and G contents of 31.2%, 15.8%, 27.9% and 25.0% respectively. Thirty-three Parsim-
Informative sites and 30 singletons were analyzed between the sequences. The mean distance between
sequences was 99.99%. Twenty-�ve clone sequences could be ascribed to 22 variants based on
similarity, we called them Y1-V1 to Y2-V22. BLAST searching against the NCBI gene bank showed a
homology of 98.5~100% with the putative D-loop sequences of the yak. One D-loop variant (Y1-V9),
which was commonly shared by 3 clones, showed 100% homology with an accession (DQ139035.1)
from the gene bank. Phylogenetic analysis based on neighbor-joining clearly divided all 22 variants into
two clusters with a bootstrap value of 100. Cluster 1 included 13 variants of 15 clones, while Cluster 2
included 9 variants of 10 clones (Fig. 3).

To validate variations of the D-loop, we sequenced D-loop clones from another individual yak (Y2). In
total, 38 clone sequences were obtained. All the sequences showed similar base compositions to those in
Y1. The variable sites were identi�ed as 26 Parsim-Informative sites and 45 singleton sites. Twenty-seven
variants were identi�ed by sequence identity in 38 clones, we called them Y2-V1 to Y2-V27. One variant
(Y2-V14) was commonly shared by 11 clones, which showed 100% query coverage and identity with 15
D-loop accessions from the NCBI gene bank. Phylogenetic analysis revealed two distinct clusters, which
contained 9 variants of 9 clones in Cluster 1 and 18 variants of 28 clones in Cluster 2 (Fig. 4).

Analysis of D-loop sequences from the gene bank

Seventeen and 10 sequences originated from domesticated yaks and wild yaks, respectively, were
randomly downloaded from the NCBI gene bank. The same truncated regions as those in yak individuals
Y1 and Y2 were used for phylogenetic analysis. The results showed 8 D-loop variants in 17 sequences
from domesticated yaks. Eight variants could be divided into two distinct clusters, which contain 6 and 2
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variants in each (Fig. 5). Eight variants were uncovered in 10 sequences from wild yaks. Similarly, the
variants were distinctly divided into two clusters containing 3 and 5 variants in each (Fig. 6).

Analysis of the integrative D-loop sequences

The downloaded D-loop sequences originated from different yak individuals, and were reported as being
obtained by PCR product sequencing. The varied D-loop sequences are conventionally regarded as
representing different mitochondrial haplotypes. Both the D-loop clone variants and downloaded D-loop
haplotypes were distinctly clustered as two clades. It was expected that the D-loop haplotypes obtained
by PCR product sequencing could represent one D-loop variant, due to the biased ampli�cation.
Clustering was conducted on the integrative D-loop sequences including clone variants and haplotypes.
The results showed that all sourced sequences could be distinctly divided as two clusters. Cluster 1
includes 13 variants of Y1, 9 variants of Y2, 6 haplotypes of domesticated yaks, and 3 haplotypes of wild
yaks. Cluster 2 includes 9 variants of Y1, 18 variants of Y2, 2 haplotypes of domesticated yaks, and 5
haplotypes of wild yaks (Fig. 7). As expected, the variants and haplotypes in clusters 1 and 2 were
grouped into the respective clusters found by the previous analysis (Fig. 3, 4, 5, and 6). Meanwhile, the
clustering revealed an identical sequence commonly shared by variants of Y1-V9 and Y2-V24, and
haplotypes of KY807492.1 and FJ548841.1.

Analysis of the consistent differential sites between clusters 1 and 2 of the D-loop sequences

The consistent differential sites of the D-loop sequences were analyzed between the 22 variants of
Cluster 1 and 27 variants of Cluster 2 of the clone sequences derived from individuals Y1 and Y2 by
alignment of Mega 6. The results showed 13 consistent differential sites between clusters 1 and 2 (Fig.
8). The consistent differential sites are distributed in the regions of 280bp-423bp (Table 1). Further,
analysis of the downloaded sequences of the domesticated yaks showed that the 13 sites in clusters 1
and 2 are strongly conserved, with single nucleotide polymorphisms (SNP) at 281bp and 423bp of Cluster
1, and with insertion/deletion (Indel) polymorphisms at 338bp and distinct mutation at 422bp of Cluster
2(Table 1). Analysis of the wild yaks showed that 13 differential sites in Cluster 1 are completely identical
to those in the clone sequences, and most of the differential sites are conserved in Cluster 2 with Indel
detected at 280bp, 316bp, 338bp, and 422bp (Table 1).

Table 1 The common differentiated sites between Cluster 1 and Cluster 2 of D-loop sequences.
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Cluster 1 2

Origin Clones Domesticated
Yaks (gene
bank)

Wild yaks
(gene
bank)

Clones Domesticated
Yaks (gene
bank)

Wild
yaks
(gene
bank)

Sequence
position
bp

280 C C C T T T/-

281 C C/T C T T T

316 G G G A A A/-

338 G G G A A/- A/-

346 A A A G G G

355 T T T C C C

362 A A A G G G

363 G G G A A G

379 T T T C C C

396 T T T C C C

416 C C C T T T

422 G G G A G A/-

423 A A/G A G G G

Predicting the recombination between different variants

Predicting the recombination between D-loop variants was conducted by RDP4 [27]. Two recombination
events, involving Y1-V10 and Y1-V11 in Event 1 and Y1-V15 and Y1-V16 in Event 2, were identi�ed in D-
loop variants of individual yak Y1. Y1-V10 was predicted as a distinct recombinant between Y1-V6 and an
unknown parent by two models. Y1-V16 was predicted as a distinct recombinant between Y1-V18 and Y1-
V6 by three models. One recombination event, involving Y2-V15 Y2-V16 and Y2-V17, was identi�ed in
individual yak Y2. Y2-17 was suggested as a distinct recombinant between Y2-V1 and an unknown
parent by three models. Integrative analysis of the total variants in both individuals revealed two
recombination events, which involved Y1-V15, Y1-V16 and Y1-V18 in Event 1and Y1-V10, Y1-V11, Y2-V19,
Y2-V20 and Y2-V21 in Event 2. Y1-16 was suggested as a distinct recombinant between Y2-V18 and an
unknown parent by �ve models, whereas Y1-V10 was suggested as a recombinant between Y1-V6 and
Y2-V18 parent by four models (Table 2).

In total, 11 D-loop variants were identi�ed as being involved in recombination events respective or
integrative of Y1 and Y2. Retrospective inspection of the phylogenetic status of those variants in the
phylogenetic trees showed that most of the recombinations involved variants that are distinctly divergent
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with the others in the same clade (Fig. 3, Fig. 4 and Fig. 7). This suggests that the D-loop sequence
differentiation may be promoted by the recombination between variants, especially by the recombination
between variants belonging to the different clusters.

Table 2 Prediction of recombination between variants of clones in Y1 and Y2.

  Y1 Y2 Y1+Y2

Event Number 1 2 1 1 2

Found in 2 3 3 5 4

Recombinants Y1-V10 Y1-V16 Y2-V17 Y1-V16 Y1-V10

Major parent Y1-V6 Y1-V18 Y2-V1 Y2-V18 Y1-V6

Minor parent unknown Y1-V6 unknown unknown Y2-V18

Detection methods R

G

B  

M

C

S

T   +

Discussion
Validation of the D-loop variation

The high frequency of D-loop variants uncovered in individual yaks was unexpected, while mitochondrial
DNA is commonly regarded as having matrilineal and haploid inheritance. Thus, it is very important to
exclude sequencing errors caused by the instrument, chemicals, or base calling. In this study, a single
nuclear gene was cloned and sequenced using the same experimental system; identical and conserved α-
globin sequences were detected in the repeated clones. Direct sequencing the PCR product revealed
heterogeneity and a few alternative bases in base calling which were also detected in respective clone
sequences. This suggests a low probability of artifacts from PCR ampli�cation and the cloning
procedure. Further, alignment showed 100% query coverage and identity between a few cloning and
documented sequences, and highly consistent differential sites both in cloning and documented
sequences. Sanger sequencing is regard as the golden standard in sequencing, reaching 99.9% accuracy
for 400-900bp length DNA fragments [28]. In this study, unique inserts in mono clones of about 1000bp
were used for Sanger sequencing. About 600bp in the middle part of the sequences, which showed highly
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distinct chromatogram peaks, were truncated for sequence analysis. The above evidence suggests that
the sequence variations revealed in this study are not systematic or sequencing artifacts.

Heteroplasmy or NUMts in yaks

Heteroplasmy may commonly characterize mitochondrial genetic information in plants and animals, and
is the result of mitochondrial DNA recombination, small scale mutation, and paternal leakage [20]. Single
point mutations or multipoint mutations, and recombination, were detected between the D-loop variants
in this study. However, whether or not there is paternal leakage in yaks still needs further detailed
investigation. In animals, heteroplasmy is reported to be associated with disease, aging, and family of
origin [22, 29, 30]. Although many variants were detected in individuals, only one variant was commonly
shared between two different samples. Since the family origin and physiological conditions of the two
yaks were unclear, the origins of individual differences were uncertain. The ratio of divergent types of
mtDNAs in a heteroplasmic population may be variable among siblings, between tissues and during the
life span of animals and humans [31, 32], but usually one mitotype is prevalent, while the alternative
one(s) are present in very low proportions [20]. In this study, two weak dominant variants (Y1-V9 and Y1-
V22) with respective occupations of 12% and 8% in total clones were detected in Cluster 1 and Cluster 2
in yak Y1, while one dominant variant (Y2-V14) with an occupation of 28.9% was detected in Cluster 2 in
yak Y2. The types of dominant variants and their ratio varied between the two individuals, and the ratio of
dominant variants did not show a high advantage over the others.

NUMts, nuclear sequences of mitochondrial origin, are present with variable sizes and are highly
fragmented, rearranged within nuclear genomes with different degrees of homology to their mtDNA
sequence fragments [33]. NUMts can include more than one mitochondrial variant [34]. A yak reference
genome is available (BosGru_v2.0 reference Annotation Release 101, NCBI). BLAST searching against the
genome using D-loop sequences showed 100% query coverage and 99.34% identity with the complete
mitochondrial genome, and 44%-85% query coverage and 83.2%-94.1% identity with another four
unplaced genomic scaffolds. Complex concatenated mtDNA-derived sequences are possibly rearranged
within the nuclear genome [24]. Repetitive distribution patterns of mitochondrial sequences in
chromosomes were detected by �uorescent in-situ hybridization in sheep [35]. The high frequency of
single nucleotide mutation between variants, and high variation between individuals, re�ects the
possibility of the repetitive distribution of D-loop sequences in nuclear genome, and that the failure to
search the highly homologous D-loop sequences in Yak chromosomes may be attributed to genome
assembly algorithms for repetitive sequences.

It was estimated that the two main distinct lineages separated at 100,000 years ago [8] or around
429,183 years ago [11]. This suggests the heteroplasmy may arise from paternal leakage by hybridization
between two lineages, or NUMts from mitochondrial DNA transfer by an ancient accident. The divergent
time is consistent with the geological records of glaciation events experienced in the QTP [11]. Given the
role of mitochondria in metabolism, variation of mitochondrial genes has been associated with
phenotypes including hardiness [35]. Yaks living in the QTP are highly adaptive to extremely harsh
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conditions. The relationship between variations of mitochondrial genes and environmental adaptation in
yaks still needs further clari�cation.

Phylogenetic analysis using D-loops as maternal markers

Considering the common maternal inheritance of mitochondrial DNA, the diversity of D-loop sequences
has been used to study the phylogenetic relationships in yaks correlated with geographic locations or to
resolve questions regarding origin and ancestry [8, 16, 18, 36]. The variants of D-Loop sequences were
repeatedly and distinctly clustered as two clades in the investigated populations of yaks in a few studies
[8, 11, 16, 18, 36]. However, in this study, a few D-loop variants were uncovered in single individual, and
were distinctly clustered as two clades consistent with the clustering of the other variants from the
different individuals and that of the documented variants from the gene bank. The D-loop sequences for
phylogenetic analysis are usually obtained by directly sequencing the PCR products, with only one
representative D-loop sequence used for a single individual. The mixture of D-loop PCR products revealed
in this study suggests that biased sequences can be obtained when sequencing the PCR products, and
that the diversity of the mitochondrial DNA of yaks may be underestimated. Therefore, it is inferred that
the two clusters of mitochondrial haplotypes identi�ed by previous studies are primarily due to random
ampli�cation of the variants which are distinctly clustered in the genome of the single individual. The
phylogenetic relationships in yaks, revealed using D-loop sequences as being of the maternal and haploid
types, need to be reappraised.

Conclusion
Clone sequencing showed substantial variants of mitochondrial D-loop sequences in different yak
individuals. Clone sequencing of the nuclear single copy gene and PCR-product based sequencing of D-
loop sequences validated the variations of D-loop sequences in individuals. Phylogenetic analysis
indicated the two deeply divergent clusters of variants identi�ed in cloning sequencing, and also the two
main clusters of the haplotypes randomly selected from documented sequences obtained by PCR-
product based sequencing. Comprehensive analysis then demonstrated the consistency of the two
distinct clusters in both cloned and documented D-loop sequences. Alignment revealed 13 consistently
differentiated sites between the Cluster 1 and Cluster 2 sequences. Furthermore, A few recombination
events were detected between different variants. The results strongly suggestive of heteroplasmy or
nuclear-mitochondrial DNA, or both, in yaks. This emphasizes the need for considering NUMTs or
heteroplasmy in phylogenetic analysis, and also highlights the need to improve the genome assembly of
mitochondrial-related DNA sequences.

Abbreviations
DNA: deoxyribonucleic acid; PCR: polymerase chainreaction; QTP: Qinghai-Tibetan Plateau; mtDNA:
Mitochondrial DNA; D-loop: Displacement loop region; NUMts: Nuclear sequences of mitochondrial DNA
copies; NCBI: National Center of Biotechnology Information; T: Thymine; G: Guanine; C: Cytosine; A:
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Figures

Figure 1

a Chromatogram of Sanger sequencing for the PCR clones of Y1-V1. b Chromatogram of Sanger
sequencing for the PCR clones of Y1-V18. The stars symbol showing polymorphisms in base calls at the
same positions between clones.

Figure 2

Chromatogram of Sanger sequencing of the PCR products spanning the same region as that in Fig. 1.
The stars symbol showing heterogeneity in base calls.
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Figure 3

Phylogenetic tree of variants of cloned D-loop sequences in a yak (Y1) constructed by neighbor-joining
(NJ). The number in parentheses indicates the quantity of clones.
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Figure 4

Phylogenetic tree of variants of cloned D-loop sequences in another yak (Y2) constructed by neighbor-
joining (NJ). The number in parentheses indicates the quantity of clones.
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Figure 5

Phylogenetic tree of haplotypes of D-loop sequences from the gene bank in domesticated yaks
constructed by neighbor-joining (NJ).
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Figure 6

Phylogenetic tree of haplotypes of D-loop sequences from the gene bank in wild yaks constructed by
neighbor-joining (NJ).
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Figure 7

Phylogenetic tree of integrative variants and haplotypes of D-loop sequences of yaks constructed by
neighbor-joining (NJ).
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Figure 8

Representative common differentiated sites between Cluster 1 and Cluster 2 of Yak mitochondrial D-loop
sequences (from 312bp-431bp).


