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ABSTRACT. The major histocompatibility complex (MHC) is one 
of the most important genetic systems associated with resistance to 
infectious diseases in vertebrates. The spotted seal (Phoca largha) is 
one of the most endangered species in China. In this study, we present 
the first step in the molecular characterization of a DRB-like locus in the 
spotted seal by analyzing the nucleotide sequence of the polymorphic 
exon 2 segments, a 288-nucleotide sequence. By examining the 
segment from a group of 41 individuals, 28 alleles were identified. No 
deletion, insertion, or exceptional stop codon was detected, suggesting 
that these alleles could be functional in vivo. The nucleotide and amino 
acid sequences of the segment both showed a relatively high level of 
similarity (nucleotides 97%; amino acids 98%) to those of Meles meles 
and Zalophus californianus. The high level of spotted seal MHC-DRB 
polymorphism revealed in the present study has not been reported for 
the Phocidae and could be a consequence of the small spotted seal 
population adapting to the Bohai Sea, which probably has a relatively 
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high level of pathogens.
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INTRODUCTION

The spotted seal (Phoca largha) is one of the world’s endangered mammals, and it is 
distributed in the Yellow Sea, Sea of Japan and Okhotsk, Bering, Chukchi and Beaufort Seas 
in the North Pacific Ocean. It is categorized as Critically Endangered Species in China and 
South Korea because of the destruction of its habitat by human activity. There have been con-
servation attempts to preserve the animals, such as the Dalian Spotted Seal Reserve of China, 
which was established in 1992 in the Liaodong Gulf in the Bohai Sea, the most southern of the 
eight spotted seal sanctuaries across China (Shaughnessy and Fay, 1977; Won and Yoo, 2004). 

In the spotted seal population from the Liaodong Gulf, lower genetic variation of mtD-
NA sequences was observed in our previous study compared to those from the coast of Hokkaido 
in Japan and from the Sea of Okhotsk in Russia (Han et al., 2007). This may be indicative of an 
independent colony of spotted seals in the Liaodong Gulf, which is isolated from the Hokkaido 
and Okhotsk populations. Information obtained from the spotted seals with satellite-linked tag-
ging in the Liaodong Gulf and Bak-ryoung Island of South Korea has indicated that the spotted 
seals spend the spring, summer and autumn feeding along the coast of Bak-ryoung Island, but 
spend the winter breeding in the Liaodong Gulf (Han et al., 2013). The surviving population 
declined to about one thousand individuals by 2005, even though some protection measures had 
been taken and seal hunting was prohibited in this region during the past two decades.

The major histocompatibility complex (MHC) is one of the most important genetic sys-
tems associated with resistance to infectious diseases in vertebrates. In the vertebrate genome, the 
MHC genes are among the nuclear genes to have the most polymorphic loci. It has been suggested 
that species and/or populations with a low level of MHC diversity are particularly vulnerable to 
infectious diseases because the encoded proteins of the MHC genes play an important role in the 
immune response against pathogens. MHC variability has been the focus of many genetic studies 
devoted to endangered species in recent years (Yang et al., 2010; Wu et al., 2012). In general, in-
vestigations of MHC have focused on wildlife species that have recently experienced a population 
decline due to factors such as emerging infectious diseases and negative anthropogenic influences.

In MHC class II genes, the DRB regions exhibit the most elaborate polymorphisms, 
and these have been extensively characterized in marine mammals, due to their importance in 
immunological research (Bowen et al., 2004; Osborne et al., 2013). In this study, we examined 
the loci within the DRB region, with emphasis on the second exon of DRB. This study could 
provide a platform for the evaluation of the genetic structure and diversity of the spotted seal 
population in relation to wildlife diseases.

MATERIAL AND METHODS

A total of 41 specimens were collected from the seals in the Liaodong Gulf between 
2005 and 2012. Muscle samples were obtained from 16 dead juvenile seals (under one year-
old) accidentally caught in the fishing nets along the coast of Yantai Shandong, Peninsula Jia-
odong. Seventeen muscle samples were collected from seals caught by hunters on the coast of 



2057Spotted seal sequence variation at MHC DRB loci

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 14 (1): 2055-2062 (2015)

Dalian, Peninsula Liaodong. All the muscle tissues collected were preserved in 70% ethanol. 
After arriving at the laboratory, they were frozen at -20°C until analysis. The remaining eight 
samples were blood samples collected from the seals in Dalian Sun Asia Ocean World Co., 
Ltd. DNA from the above tissues was extracted using standard proteinase K/phenol/chloro-
form extraction (Sambrook and Russell, 2001).

The spotted seal transcriptome has been assembled using Illumina paired-end sequencing 
and has yielded 354,014 contigs and 178,466 unigenes (Gao et al., 2013). BLAST analysis of 
all unigenes revealed one sequence with high similarity to the DRB of MHC, and this unigene 
was selected for further cloning of the DRB of the MHC gene. A pair of specific primers, 
5'-GGCGAGTTGAGCCTACAGTGAC-3' (forward) and 5'-CATTCCACGGTGACAGGGCTC-3' 
(reverse), was designed on the basis of the known sequences reported by Gao et al. (2013) and used 
to amplify the partial fragment of exon 2 (the DBD region) of the MHC gene. All amplification 
reactions were carried out using the Applied Biosystems Veriti 96-well thermal cycler (Applied 
Biosystems, Foster City, CA, USA). The reaction mixture consisted of 20-50 ng genomic DNA, 1X 
PCR buffer, 1.5 mM MgCl2, 0.2 mM dNTPs, 200 nM of each primer, and 2 U Ex Taq polymerase 
(Takara, Dalian, China) in a total volume of 50 µL. The PCR program was as follows: initial 
denaturation at 94°C for 5 min followed by 35 cycles of 30 s at 94°C, 30 s at 60°C, and 30 s at 72°C, 
and a final extension step at 72°C for 10 min.

The purified PCR products of the 41 individuals were cloned into pMD-18T simple 
vector (Takara). Eight to ten clones were randomly selected from each individual and se-
quenced in the forward direction using the M13 forward primer (5'-CATGTGCTACTTCACC
AACGG-3'). DNA sequencing was performed by the ABI PRISM 310 Automated Genetic 
Analyzer (Applied Biosystems) using the BigDye Terminator Cycle Sequencing Ready Reac-
tion kit (Applied Biosystems).

To determine the variable nucleotide sites and unique alleles, the sequences obtained 
from the DNA sequencing were aligned with ClustalX 1.8, and the alignment corrected by 
hand. Phylogenetic analysis was performed using the Molecular Evolutionary Genetics Analy-
sis (MEGA) version 3.1 program. A phylogenetic tree, based on currently available spotted 
seal alleles and allele from Zalophus californianus was reconstructed using the neighbor-join-
ing algorithm (Saitou and Nei, 1987). Bootstrap confidence intervals were obtained from 1000 
replicates. Relative frequencies of nonsynonymous substitution were calculated according to 
the method described by Nei and Gojobori (1986).

RESULTS

A total of 401 clones from 41 individual seals were sequenced and 288-bp sequences 
were obtained. In all, 28 distinct sequences (alleles) (Phla-DRB*1-28) were identified (Gen-
Bank accession No. KJ546384-KJ546411; Figure 1). Of the 28 unique alleles, 18 alleles were 
observed in more than one individual, whereas the remaining 10 alleles were only seen in one 
individual, but were observed in two or more clones. These 10 alleles were further confirmed 
by a separate PCR and cloning procedure. A total of 94 variable sites were found in these al-
leles, including 69 transitions and 25 transversions. In addition, 70 nonsynonymous substitu-
tions were also identified, which contributed to the changes of 19 amino acid residues (Figure 
2). No insertion/deletion or premature stop codon was detected in these alleles.

The phylogenetic trees based on nucleotide sequences (Figure 3) and inferred amino 
acid sequences (data not shown) were nearly identical. The sequence similarity between the 
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present Phla-DRB alleles and DRB2 genes of Meles meles and Z. californianus varied 96 to 
98% (average 97%) for nucleotides and 97 to 99% (average 98%) for amino acids. When the 
predicted amino acid sequences were compared with their counterparts in other animals, it was 
clear that the Phla-DRB alleles did not share the same motif with the DRB2 genes of humans 
and other mammals (Figure 4).

Figure 1. Variable sites of Phla-DRB alleles (Phla refers to Phoca largha). Allele codes are shown on the left. 
Identical bases are indicated by dots.
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Figure 2. Amino acid sequences of DRB alleles of spotted seal. The numbers above the sequences represent the 
amino acid positions based on the seal DRB sequences. Identical amino acids in the sequences are indicated by 
dots.
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Figure 4. Comparison of DRB amino acid sequences of spotted seal, sea lion, human and some other mammals.

Figure 3. Phylogenetic tree for spotted seal DRB nucleotide sequences reconstructed by neighbor-joining method. 
Zalophus californianus DRB allele (Zaca-DRB* 01) was used as an outgroup in the analysis. Bootstrap values from 
1000 iterations are indicated above the branches.
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DISCUSSION

In the present study, 28 alleles were identified from exon 2 of the MHC-DRB locus 
from 41 individual spotted seals. The fact that all individuals had more than two alleles suggest-
ed that these alleles did not come from the same locus and could thus be regarded as evidence 
for the existence of gene duplication at the spotted seal DRB locus. Gene duplications have 
been revealed in many MHC loci in some other animals, for example, the owl monkey (Aotus 
nancymaae) DRB locus (Nino-Vasquez et al., 2000) and the Baiji (Lipotes vexillifer) DQB lo-
cus (Yang et al., 2005). Gene duplication, in combination with allelic sequence diversity would 
effectively increase the diversity of MHC-encoded proteins and/or protein dimers or polymers, 
and would thus play an important role in the immune response to various pathogens.

It has been shown that many marine mammals have lower levels of MHC diversity 
compared to terrestrial mammals (Slade, 1992; Murray et al., 1995). Although several hypoth-
eses have been put forward to explain the reduction of MHC diversity in marine mammals, the 
simplest explanation is that the low level of MHC diversity is caused by a reduced balancing 
selection pressure, which in turn is the result of the lower abundance of parasites in marine water 
as compared to terrestrial environments (Slade, 1992). One problem with this hypothesis is the 
finding from previous studies that many diseases and epizootics do occur in marine mammal 
populations (Van Bressem et al., 1998; Acevedo-Whitehouse et al., 2003). Compared to the 
MHC genes of many other marine mammals, which show low levels of genetic diversity (Slade, 
1992; Murray et al., 1995), the spotted seal genome showed evidence of gene duplication and 
had unexpectedly high levels of allelic diversity and sequence variability. This result was similar 
to that obtained for Neophocaena phocaenoides asiaeorientalis, whereby more than two unique 
sequences were identified in one individual (Du et al., 2009). This suggested the possibility 
of gene duplication at this DRB locus, and indicated that the DRB gene in the Yangtze finless 
porpoise has potential function and high variability, as well as having undergone strong positive 
selection.

It is well known that the spotted seal population in the Liaodong Gulf has rapidly 
declined in the past few decades. Although systematic environmental studies have yet to be 
conducted, the pollution of the marine environment is expected to become increasingly seri-
ous, especially in the Liaodong Gulf. If so, it is likely that the gene duplication and relatively 
high levels of MHC sequence variability in the spotted seal discovered in this study could 
be evolutionary adaptations to the marine environment. Furthermore, the high level of ge-
netic variability at the MHC DRB locus was not consistent with neutral mitochondrial and 
SSR markers (Han et al., 2007, 2010). This inconsistency could be explained by the absence 
of an association between neutral and fit-related traits in the natural populations (Reed and 
Frankham, 2001).
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