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ABSTRACT

The Hongyuan breed Yak (Bos grunniens) belongs to a member of t the subfamily Bovinae. We provide
a complete mitogenome of B. grunniens and analyze its phylogenetic relationship with other related
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species. Its mitogenome is a circular molecule with 16,322bp in size, including 13 protein coding

genes, 22 tRNA genes, 2 rRNA genes, and a non-coding control region (D-loop, CR) that are conserved
in most Bovidae mitogenomes. The total base composition of the B. grunniens mitogenome is 33.67%
A, 27.29% T, 25.84% C, and 13.20% G. The gene composition, structure and the arrangement for B.
grunniens are similar to those of most other Bovidae species. Phylogenetic analysis of mitochondrial
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genomes of 30 close species with Bayesian inference and maximum likelihood based on 13 protein-
coding genes indicated that B. grunniens breed Hongyuan is more closely related to B. grunniens breed
Qinghai Plateau than to B. grunniens breed Xuedong and B. grunniens breed Maiwa. The complete
mitogenome of B. grunniens breed Hongyuan provides a potentially useful resource for further explor-
ation of the taxonomic status and phylogenetic relationships of Bovinae and related species.

Yak is unique and important biological species breeds in the
Qinghai-Tibet plateau, the pamir and Himalayan plateau,
which can provide most important production and living
materials for local aborigines in these areas (Chu et al. 2016;
Fu et al. 2019). The development of yak industry related to
regional social and economic development and people’s life.
The Yak breed (Bos grunniens) from Hongyuan County
belongs to a member of the subfamily Bovinae. It lives at the
boundary of the Qinghai-Tibet Plateau, China, which has
good adaptability to the plateau extreme environment (high
altitude, hypoxia, high ultraviolet, etc.) and diseases resist-
ance (Hu et al. 2012; Ma et al. 2012). However, fewer mito-
chondrial information about the Hongyuan Yak breed could
be used to compare its genetic evolution relationship with
other yak breeds. To better understand the mitogenomic
characteristics, phylogeny and evolution of the Bovidae, the
whole mitogenome sequence of the yak breed was charac-
terized and annotated to provide useful information to fea-
ture analysis and system evolution research.

The muscle samples were collected from Hongyuan
County, Aba Prefecture, Sichuan province, China in
November 2019 (102°19'44.55"E, 32°38/59.84"N) and immedi-
ately preserved in 95% ethanol and stored at —80°C until
use. The voucher specimens were stored in the Key
Laboratory for Molecular Biology and Biopharmaceutics from
Mianyang Normal University (LC2019112008). The sample was

extracted by phenol-chloride method (Sambrook and David
2001). We employed Long-and-Accurate PCR methods to
amplify the whole mitogenomic region of B. grunniens with
the self-designed and reported primers (Bao et al. 2016; Gu
et al. 2007; Wang et al. 2010). The whole sequence of the B.
grunniens mtDNA was determined and deposited to the
GenBank DNA databases under accession number MT162465.
The complete mtDNA of B. grunniens is a circular molecule
with 16,322 bp in size and include 37 genes, 13 protein-cod-
ing genes (PCGs), 2 ribosomal RNA genes (12S rRNA and 16S
rRNA), 22 tRNA genes and a control region (D-loop). The
base composition of the whole mitogenome is 33.67% A,
27.29% T, 25.84% C, and 13.20% G. The gene composition
and the arrangement for B. grunniens are similar to those of
most other Bovidae species (Cheng et al. 2011; Douglas et al.
2011; Hassanin et al. 2012; Tu et al. 2014; Guo et al. 2016).
Most genes are encoded on the heavy strand except for one
PCG (ND6) and eight tRNAs (tRNA-Ala, -Asn, -Cys, -GIn, -Glu,
-Pro, -Ser, and -Tyr). Most protein-coding genes start with the
ATG codon, with the exception of ND3 and ND5, where they
start with ATA. The recognizable complete stop codon TAA
or AGA formed the stop codon for eight PCGs, with the other
five PCGs (ND1-4 and COXIll) exhibiting incomplete stop
codons with a single T- and TA- residue, respectively. The 22
tRNA genes ranged in length from 60 to 75 bp. The length of
D-loop is 892 bp, which between tRNA-Phe and tRNA-Pro.
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Figure 1. Phylogenetic relationship of mitochondrial genomes of 30 close species and Bubalus bubalis and Syncerus caffer as outgroups based on the nucleotide
dataset of the 13 mitochondrial protein-coding genes. Branch lengths and topology are from the ML analysis. Numbers above branches specify posterior probabil-
ities from Bayesian inference (Bl) and bootstrap percentages from maximum likelihood (ML, 1000 replications) analyses. Tree topologies produced by Bayesian infer-
ences (Bl) and maximum likelihood (ML) analyses were similar. Bayesian posterior probability and bootstrap support values for ML analyses are shown orderly on
the nodes and the symbol "-" indicates that the posterior probability is less than 0.5 or bootstrap support value is less than 500. The asterisks indicate new sequen-

ces generated in this study.

Phylogenetic trees were reconstructed using Bl and ML
analyses, based on the nucleotide dataset (13 PCGs). The
best-fit TPM2uf+G model was selected in jModelTest 0.1
(Darriba et al. 2012), and yielded identical phylogenetic
trees by high node-supporting values, including that 29
reported Bovinae species (Figure 1). It showed that B. grun-
niens breed Hongyuan and B. grunniens breed Qinghai
Plateau converged on the same branch and they have a
close genetic relationship. In conclusion, our study charac-
terized the complete mitogenome of B. grunniens breed
Hongyuan, and determined its systematic classification sta-
tus, which would contribute to the management and
molecular breeding of yak breeds, analysis of the molecular
evolution and genetic structure of bovines, and protection
of genetic resources.
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