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Abstract. The major histocompatibility complex (MHC) plays a crucial role in the processing and presenta-
tion of antigens and in discrimination between self and non-self. The aim of this investigation was to scrutinize
the structural diversity and possible duplication of the MHC-DQA genes in yak (Bos grunniens). Two cDNA
sequences were amplified and designated as Bogr-DQA1 (DQA∗0101) and Bogr-DQA2 (DQA∗2001) with Gen-
Bank accession numbers JQ864314 and JQ864315, respectively. The nucleotide and amino acid sequence align-
ment between Bogr-DQA1 and Bogr-DQA2 molecules showed that these two identified MHC-DQA gene se-
quences had more similarity to alleles of specific DQA1 and DQA2 genes from other Ruminantia species than
to each other. The result from phylogenic investigation also revealed that there was a larger genetic distance be-
tween these two genes than between homologous genes from different species. The presence of different bovine
DQA putative motifs and the large genetic distance between Bogr-DQA1 and Bogr-DQA2 suggest that these
sequences are non-allelic. Further, these results indicate that DQA gene duplication occurs in ruminants. This
study will be helpful in knowing MHC diversity in common ruminants and will deepen our understanding of the
variation of immunological functions, evolutionary constraints, and selective forces that affect MHC variation
within and between species.

1 Introduction

The extent of genetic diversity is known to be linked to
the ability for adapting to environmental changes and with
the capacity to evolve (Reed and Frankham, 2003). The po-
tential of an organism for evolutionary interactions with ei-
ther pathogens or other species as well as its Darwinian fit-
ness is related to immunological functions (Lazzaro and Lit-
tle, 2009). Diversity of genes important for immune func-
tions may be associated with resistance or susceptibility to
pathogens (Trowsdale and Parham, 2004; Tibayrenc, 2007).
A cluster of associated genes called the major histocompati-
bility complex (MHC) play a key role in presenting antigenic
peptides to T lymphocytes (Klein, 1986). In the vertebrate

genome, genes of MHC are known to be the most polymor-
phic genes which are maintained by balancing selection, pre-
dating speciation events, and reflecting the co-evolution of
hosts with their pathogens (Bernatchez and Landry, 2003).

The class II genes of MHC encode for the α and β

chains of DR and DQ dimer molecules, which present anti-
genic peptides to helper T cells (McKinney et al., 2013).
In rats, mice, rabbits, and pigs, there is a single gene of
the DQ genes, whereas in dogs and humans multiple DQ
genes copies have been identified but only one of them ap-
pears to be expressed (Kappes and Strominger, 1988; Trows-
dale, 2001). The number of DQ loci in ruminants has been
reported to be different in different species; for example,
the haplotypes in cattle and buffalo contain two copies of
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DQ genes (Andersson and Rask, 1988; Sigurdardottir et al.,
1992; Sena et al., 2011) and both of these DQ genes are ex-
pressed (Russell et al., 1997). Hence, the polymorphism as
well as the duplication of DQ gene increases the differences
at the cell surface by inter- and intra-haplotype pairing of
the α and β chains during dimerization. The formation of
functional restriction elements is the result of inter-haplotype
combination of DQA and DQB molecules with duplicated
DQA haplotypes (Glass et al., 2000).

The yak (Bos grunniens) is a native ruminant of the
Qinghai–Tibet Plateau and is well adapted to that hypoxic
and low-temperature environment (An et al., 2005; Xi et
al., 2014). The yak plays an important role in the Himalaya
region, contributing in particular in terms of high-quality
foods, fuel, conveyance, and cash income for the local herds-
men, and is believed to have more resistance than cattle to
some endemic diseases under the harsh environmental con-
ditions (Wiener et al., 2003; Qiu et al., 2012).

In the present investigation, the DQA genes of the yak
MHC were cloned and characterized to identify structural
changes and possible duplication which remains in other ru-
minants. This study will be helpful in characterizing MHC
diversity in common ruminants and will deepen our under-
standing of the variation of immunological functions, evo-
lutionary constraints, and selective forces that affect MHC
variation within and between species.

2 Material and methods

Liver samples from six mature (8.2± 2.8 years) Zhong-
dian yak (B. grunniens) were randomly collected from the
slaughterhouse in Shangri-La City, Diqing District, Yunnan
Province, China. The samples were snap-frozen, kept in liq-
uid nitrogen during transportation, and then stored at−80 ◦C.
The total RNA was extracted using a total RNA extraction kit
(Beijing Tiangen Biotech Co., Ltd., Beijing, China). Before
the first-strand cDNA synthesis, DNase I treatment of the to-
tal RNA was carried out before the cDNA was constructed
using RevertAid™ first-strand cDNA synthesis kits (Fermen-
tas Inc., Ontario, Canada) following the manufacturer’s pro-
tocol.

The three primers, which have been used success-
fully to clone the buffalo DQA genes (Niranjan et al.,
2009), were used to amplify the complete cDNA of the
yak DQA1 and DQA2 sequences. The forward primer
(A1A2F: 5′-ACCTTGAGAAGAGGATGGTCCTG-3′) was
matched onto the consensus region. For amplifying unique
sequence independently, two different reverse primers
(A1R: 5′-ATTGCACCTTCCTTCTGGAGTGT-3′; A2R:
5′-TCATAGATCGGCAGAACCACCTT-3′) were matched
onto the bovine regions specific to either DQA1 or DQA2.
Thus, the primers A1A2F and A1R as well as A1A2F
and A2R were combined to amplify the Bogr-DQA1 and
Bogr-DQA2 genes, respectively.

Polymerase chain reaction (PCR) was performed using a
Bioer Life Express thermal cycler using 2.0 µL of DNA tem-
plate (about 50 ng), 12.5 µL of PCR Power Mix, 1.0 µL of
10 pmoL µL−1 of each primer and 8.5 µL of double-distilled
water in a total reaction volume of 25 µL. The PCR condi-
tions started with an initial denaturation of 94 ◦C for 3 min,
followed by 35 cycles of the following steps: 94 ◦C for 1 min,
59 ◦C for 45 s, and 72 ◦C for 45 s, with a final extension
of 10 min at 72 ◦C. Amplified products were visualized on
agarose gel stained with ethidium bromide. The PCR prod-
ucts were sequenced bidirectionally using an ABI 3730 DNA
analyzer (Applied Biosystems Inc.) at the Sun Biotechnology
Company (Beijing, China).

The nucleotide sequence analysis was conducted using the
BLAST software from the NCBI server (http://www.ncbi.
nlm.nih.gov/BlAST). The sequence predictions were carried
out using the ORF Finder software (http://www.ncbi.nlm.nih.
gov/projects/gorf/). The theoretical isoelectric point (pI) and
molecular weight (Mw) of the two putative proteins of the
yak genes were also computed using the compute pI /Mw
tool (http://www.expasy.org/tools/pi_tool.html). The com-
plete cDNA and deduced amino acid sequences were com-
pared with the orthologous sequences by using the online
Clustal W (http://www.genome.jp/tools/clustalw/). A phylo-
genetic tree for coding region of different orthologous DQA
alleles from different species was constructed by means of
the neighbor-joining method using MEGA software version
4 (Tamura et al., 2007).

3 Results and discussion

In the present study, two fragments of 799 bp (Bogr-DQA1)
and 810 bp (Bogr-DQA2) were amplified from the template
cDNA. The cDNA sequence analysis showed that the two
genes are not homologous to any of the known yak genes.
Both the sequences were deposited into the NCBI GenBank
database with accession numbers JQ864314 (for DQA1) and
JQ864315 (for DQA2) as well as the Immuno Polymorphism
Database (www.ebi.ac.uk/ipd/mhc/bola/nomenclature) with
assigned official names Bogr-DQA∗0101 and DQA∗2001,
respectively, based on identity to existing BoLA-DQA se-
quences. Furthermore, the 799 and 810 bp cDNA sequences
represent two single genes containing a complete open read-
ing frame (ORF) of 768 nucleotides and both encoding a
polypeptide of 255 amino acids. The pI of yak DQA1 and
DQA2 was 5.52 and 4.84, respectively. The Mw of the two
putative proteins was 28 293.43 and 27 874.79.

The Bogr-DQA genes were compared for homology with
bovine leukocyte antigen (BoLA) DQA genes (BoLA-DQA).
The Bogr-DQA1 and Bogr-DQA2 showed the highest identi-
ties (97–99 and 99–100 %) at the nucleotide sequence level,
with that of BoLA-DQA1 and BoLA-DQA2, respectively (Ta-
ble 1). However, the sequence identity between the Bogr-
DQA1 and Bogr-DQA2 was found to be only 85 %, similar
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Figure 1. An alignment comparison between the amino acid sequences of Bogr-DQA and orthologous DQA sequences. (The arrows in-
dicate the amino acid positions constituting part of the peptide binding sites. The putative N-linked glycosylation sites are underlined (
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Table 1. Nucleotide similarity comparisons from the α1, α2, and CP/TM/CY regions between Bogr-DQA1/DQA2 and BoLA-DQA1/DQA2
genes (the amino acid similarity is shown in parentheses).

Bogr-DQA∗2001 (DQA2) BoLA-DQA∗0101 (DQA1) BoLA-DQA∗(2201)

Bogr-DQA∗0101 (DQA1)

α1 79.0 97.0 79.0
α2 89.0 99.0 88.0
CP/TM/CY 90.0 99.0 90.0
Entire gene (protein) 85.0 (79.0) 98.0 (97.0) 85.0 (78.0)

Bogr-DQA∗2001 (DQA2)

α1 80.0 100.0
α2 88.0 99.0
CP/TM/CY 91.0 99.0
Entire gene (protein) 86.0 (79.0) 99.0 (98.0)

BoLA-DQA∗0101 (DQA1)

α1 80.0
α2 87.0
CP/TM/CY 91.0
Entire gene (protein) 85.0 (78.0)

to that of cattle (83.5 %). These results were highly similar to
the finding of Niranjan et al. (2009) for water buffalo. How-
ever, they demonstrated that Bubu-DQA genes have less iden-
tity (93.9 and 97.7 %) with that of cattle as compared to the
sequence identity between DQA genes (85.7 %).

The Bogr-DQA1 and Bogr-DQA2 revealed considerable
divergence with 115 nucleotide substitutions within the cod-
ing regions, resulting in 52 amino acid polymorphisms
(Fig. 1). Among these, 54 of the nucleotide mutations oc-
curred within the α1 motif (exon 2), resulting in 30 amino
acid substitutions. Furthermore, other amino acid differences
were observed, including 4 in the signal peptide (SP), 13 in
the α2 domain, 1 in the connecting peptide (CP), 2 in the
transmembrane (TM) region, and 2 in the cytoplasmic (CY)
domain. Obviously, yak has more amino acid replacements
than buffaloes with 45 amino acid polymorphisms (Niranjan
et al., 2009).

In addition, the peptide binding sites (PBSs; marked by
green arrow sign), the CD4+ binding site (marked by a
blue rectangle), one intramolecular disulfide bond, one N-
glycosylation within the α2 domain and another within the
α1 domain were retrieved, indicating the importance of
these motifs for maintaining molecular structure and func-
tion to protect against invading pathogens (Rudd et al.,
1999). The PBS is a specific functional motif which is con-
tacted with the antigens (Brown et al., 1993; Kuduk et al.,
2012). In the present study, 20 PBSs were observed (Fig. 1).
Among them, only 8 residues were highly conserved at po-
sitions 11, 25, 29, 35, 57, 60, 63, and 70 between DQA1
and DQA2 protein sequences from different Ruminantia
species. Importantly, the remaining 12 PBS sites have the
varied amino acids in both of the polypeptide chains, in-

 

Figure 2. Phylogenetic tree based on DQA nucleotide sequences of
yak (neighbor-joining method).

dicating that it could have association with adaptation of
yak to the harsh environment. However, Indian buffaloes
have an additional three specific substitutions locating at the
positions 36, 94 (hydrophobic> hydrophilic), and 57 (hy-
drophilic> hydrophobic), leading to the opposite water affin-
ity (Niranjan et al., 2009), which could be due to the breed
characteristics because buffalo can adapt well to the tropi-
cal areas (Perera, 2011). Furthermore, the mutations, espe-
cially within the α1 domain, have an impact on the antigen
binding groove and could present differential binding ability
to wide profiles of antigens in different environments during
the long evolutionary history for domesticated animals (Ger-
main, 1995; Williams et al., 2002).
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These results showed that the Bogr-DQA1 and Bogr-
DQA2 genes are more closely related to their cattle counter-
parts. Similarly, the low nucleotide sequence similarity be-
tween Bogr-DQA1 and Bogr-DQA2 as well as the high pro-
portion of nucleotide and amino acid replacements clearly
present inconsistencyin allelic form. Moreover, the bovine
DQA3∗01 and DQA3∗02 sequences as non-allelic types have
92 % nucleotide similarity and larger genetic distance within
two gene families (Ballingall et al., 1998).

From the phylogenetic tree analysis based on the nu-
cleotide sequences, it appears that the split of the DQA1 and
DQA2 sequences from the yak and other ruminants into two
major clusters and further reveals the independently evolu-
tionary relationship of the yak DQA sequences (Fig. 2). It
was apparent that yak is closest to cattle, as previous results
have shown (He et al., 2014; Sun et al., 2014). Moreover,
higher divergence between the two branches reveals that the
Bogr-DQA1 and Bogr-DQA2 belong to two different loci.
For cattle and buffalo, there is some evidence to show that the
DQA molecules are in the form of duplicated types and can
both be expressed (Russell et al., 1997; Niranjan et al., 2009).
These duplicated genes with more polymorphisms could be
helpful to consolidate the immunological defenses of yak un-
der harsh environmental conditions.

4 Conclusions

The Bogr-DQA1 and Bogr-DQA2 genes have been cloned
and characterized for the first time, thereby extending the
knowledge of the MHC-DQA in ruminants. The genes of
Bogr-DQA and Bogr-DQA2 are highly polymorphic, espe-
cially in the α1 domain, as in most ruminants. It would be
more interesting to study the effect of polymorphisms from
Bogr-DQA1 and Bogr-DQA2 on the pathogen resistance for
yak adaptation in the Himalayan Plateau, with its extremely
low temperature and varying oxygen conditions, in subse-
quent studies.

5 Data availability

All data have been deposited into the GenBank database
(http://www.ncbi.nlm.nih.gov/genbank/) under accession
numbers JQ864314 and JQ864315.
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