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ABSTRACT. In this study, 290 Chinese native Yantai black pig piglets 
were investigated to identify gene polymorphisms, for haplotype 
reconstruction, and to determine the association between piglet 
diarrhea and swine leukocyte antigen (SLA) class II DQA exons 2, 3, 
and 4 by polymerase chain reaction-single stranded conformational 
polymorphism and cloning sequencing. The results showed that the 5, 
8, and 7 genotypes were identified from SLA-DQA exon 2, 3, and 4, 
respectively, based on the single-stranded conformational polymorphism 
banding patterns and found a novel allele D in exon 2 and 2 novel 
mutational sites of allele C (c.4828T>C) and allele F (c.4617T>C) in 
exon 3. Polymorphism information content testing showed that exon 2 
was moderately polymorphic and that exons-3 and -4 loci were highly 
polymorphic. The piglet diarrhea scores for genotypes AB (1.40 ± 0.14) 
and AC (1.54 ± 0.17) in exon 2, AA (1.22 ± 0.32), BC (1.72 ± 0.13), DD 
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(1.67 ± 0.35), and CF (1.22 ± 0.45) in exon 3, and AD (2.35 ± 0.25) in 
exon 4 were significantly higher than those for the other genotypes (P 
≤ 0.05) in DQA exons. There were 14 reconstructed haplotypes in the 
3 exons from 290 individuals and Hap12 may be the diarrhea-resistant 
gene. Haplotype distribution was extremely uneven, and the SLA-DQA 
gene showed genetic linkage. In this study, we identified molecular 
genetic markers and provided a theoretical foundation for future pig 
anti-disease resistance breeding.

Key words: DQA gene; Gene polymorphism; Haplotype reconstruction; 
Piglet diarrhea; Swine leukocyte antigen

INTRODUCTION

The swine major histocompatibility complex (MHC) or swine leukocyte antigen 
(SLA) complex is located on chromosome 7 (SSC7p1.1-1q1.1), spanning the centromere, and 
comprising the class I, II, and III regions (Kelley et al., 2005; Renard et al., 2006). SLA class 
II includes heterodimeric proteins composed of 2 non-covalently linked a (34 kDa) and b (29 
kDa) chains with a chain coded by the DRA and DQA genes (Lunney et al., 2009; Takeshima 
et al., 2009). The a and b domains together form the peptide-binding region, where molecular 
pockets influence the binding of foreign peptides and subsequent immune responses (Vander 
et al., 1990). In addition, SLA class II molecules are cellular glycoproteins involved in antigen 
presentation to CD4+ T lymphocytes and are very polymorphic in both the DR and DQ genes 
(Lechler et al., 1991; Escayg et al., 1996; Patch et al., 2011).

The SLA-DQA gene consisting of 4 exons and 3 introns is approximately 5.5 kb 
encoding 255 amino acids (Bao et al., 2012) and is a cluster of genes responsible for antigen 
presentation and a highly polymorphic genomic region in vertebrates that has become a 
popular functional marker system for studying adaptive variation. The SLA-DQA gene plays 
important roles in immune responsiveness and disease resistance (susceptibility) (Gautschi and 
Gaillard, 1990; Ho et al., 2010). Variation in genes may affect immune responses to pathogens, 
leading to variation in disease susceptibility (Racioppi et al., 1991). Bao et al. (2012) found 
that SLA-DQA was broadly expressed in 11 piglet tissues, which may enhance humoral 
immunity and cell immunity to reduce signal transduction of F18 bacteria, and improved 
disease resistance. Yang et al. (2013, 2014) found that the various DQA and DRA genotypes 
significantly influenced the piglet diarrhea. Exploring the genetic influence on animal diseases 
can be used to effectively identify and control livestock diseases to reduce disease costs and 
increase animal health (Mallard et al., 1991; Eveline et al., 2008).

Piglet diarrhea death is a leading factor affecting the economic benefits of the swine 
industry, and has a complex etiology and high fatality, making it difficult to control. According 
to previous reports, microorganisms have been associated with pig neonatal enteritis, 
including rotavirus and coronavirus. Further, the enterotoxigenic Escherichia coli (ETEC) and 
Clostridium perfringens type C, among other bacteria, interact consistently in a synergistic and 
competitive manner. Disturbances in this microbial community can cause bacterial overgrowth 
and disease (Wei, 2004; Maddox-Hyttel et al., 2006), and thus piglet diarrhea is one of the 
primary diseases affecting piglet survival. Some studies have confirmed that post-weaning 
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diarrhea and edema disease were mainly caused by the ETEC F18 pathogen (Nagy and Fekete, 
1999). Yantai black pig is a Chinese native pig of the Shangdong Province local gray skin pig. 
It is a good local pig resource to China with high growth performance, resistance of forage, 
high prolificacy, and strong disease resistance and has become a recognized healthy and safe 
meat, playing an important role in the economic development of the Chinese pig industry.

Relatively little is known about DQA exons 2, 3, and 4 in Chinese native Yantai black 
pig; therefore, we identified the SLA class II gene to analyze sequence variation, genetic 
haplotype, linkage disequilibrium (LD), and the relationship between gene and post-weaning 
piglet diarrhea, which has not been previously reported for piglet diarrhea.

MATERIAL AND METHODS

Samples collection and DNA extraction

Ear tissue samples were collected randomly from 290 Yantai black pig piglets from 
a pig breeding farm in Honggu Region, Gansu Province of China. These piglets were born 
during June to October 2013, and the fodder, feeding conditions, and disease control during the 
experiment were in accordance with the Guide for Chinese Feeding Standard of Swine. Piglet 
diarrhea was recorded twice per day from birth to weaning (0-28 days) and was assigned a daily 
score based on a standard evaluation of symptom traits. Evaluation standards were as follows: 
0: normal, manure solid feces; 1: slight diarrhea, manure soft and loose feces; 2: moderate 
diarrhea, manure semi-liquid feces; and 3: severe diarrhea manure liquid and unformed feces 
(Kelly et al., 1990; Cooper and Helman, 2000). The pig ear tissue samples were preserved in 5 
mL alcohol in tubes and immediately transported to the laboratory on ice before DNA isolation. 
Genomic DNA was extracted from the ear tissues samples using a standard phenol-chloroform 
extraction procedure (Sambrook and Russell, 2001) and stored at -20°C.

Polymerase chain reaction (PCR) amplification and single-stranded conformational 
polymorphism (SSCP) analysis

Three pairs of primers were designed to amplify the exon 2 (378 bp), exon 3 (388 bp), 
and exon 4 (278 bp) fragments of SLA-DQA (GenBank accession No. AY 303988) using the  
Primer 5.0 online software. Primer sequences are shown in Table 1.

Region Primer (5'→3') Reference sequences SAF AT (°C) SSCP condition

Exon 2 F: GTCAAGTTCTCTTGTCACT GenBank accession No. AY 303988 378 bp 55.5 250 V 30 min; 170 V 20 h
 R: TGTGAACGGGTAGATTCTGT 
Exon 3 F: CAGGACACAACGCAGAACTCA   388 bp 56.0 250 V 30 min; 200 V 20 h
 R: GAAACAAAGGTTCCAAAAGGG 
Exon 4 F: CCGCTCTGTGTTCTGACTTCTAC  278 bp 56.2 250 V 30 min; 200 V 23 h
 R: GCCTCCTCCCACTTTCCTTC

AT = annealing temperature; SAF = size of amplification fragment.

Table 1. Primer and SSCP condition of SLA-DQA exon 2, 3, and 4 nucleotides.

PCR amplifications were performed in a 25-mL final volume and consisted of 10X 
PCR buffer (including 15 mM Mg2+), 50 to 100 ng genomic DNA, 10 pmol of each primer, 2.5 
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mM dNTPs, 5 U Taq DNA polymerase (TaKaRa, Shiga, Japan), and ddH2O to make up the 
final volume. PCR amplifications consisted of 94°C for 3 min, followed by 35 cycles at 94°C 
for 30 s, 30 s at annealing temperature as shown in Table 1, 72°C for 30 s, and final extension 
at 72°C for 10 min. 

The PCR products of the SLA-DQA genes were detected by 2% agarose gel 
electrophoresis (Biowest Agarose, Nuaillé, France) using 1X TBE buffer (89 mM Tris, 89 mM 
boric acid, 2 mM Na2EDTA, pH 8.0). The gels were stained with nucleic acid fuel (BioTeKe, 
Beijing, China) and photographed under UV light (1000X Press, Syngene, Cambridge, UK).

The SSCP analysis of the SLA-DQA genes was performed using a 3 mL aliquot of each 
SSCP parent mixed with 7 mL denaturing solution (98% formamide, 0.025% bromophenol 
blue, 0.025% xylene cyanol, 20 mM EDTA, pH 8.0). After heat denaturation at 98°C for 10 
min, the samples were immediately chilled on ice for 10 min to prevent heteroduplex formation 
and then loaded onto 21 x 22 cm 10% acrylamide:bis-acrylamide gels (39:1 acrylamide:bis-
acrylamide). Electrophoresis was performed in 1X TBE under the conditions described 
in Table 1. The polyacrylamide gel was visualized by silver staining after electrophoresis 
(Sanguinetti et al., 1994).

Cloning and sequencing

Compared with the SSCP banding patterns, the PCR products of different representative 
banding patterns were purified using the DNA Fragment Quick Recover Kit (Tiangen, Beijing, 
China) and cloned into the pMD19-T vector (TaKaRa, Shiga, Japan). When the PCR-cloned 
products of different representative banding patterns were capable of recovering the banding 
patterns as the original PCR products, representative clones were selected from 2 separate 
PCR samples and subjected to sequencing by Sangon Biotech Co., Ltd. (Shanghai, China).

Statistical analysis

Sequence alignments and translations were carried out using MEGA5 software 
(Tamura et al., 2011). The identified single-nucleotide polymorphisms (SNPs) were compared 
with the swine NCBI dbSNP database using BLAST. The frequencies of genotypes and 
alleles, observed heterozygosity (HO), and effective number of alleles (NE) were calculated 
using POPGENE (version 1.32); the polymorphism information content (PIC) was calculated 
using Botstein’s method (Botstein et al., 1980). The PHASE v2.11 (Stephens and Donnelly, 
2003) software based on Bayesian algorithm was used to build haploid types. The SHEsis 
software (http://analysis.bio-x.cn/SHEsisMain.htm) was used to calculate the LD value.

The effects of genotype on piglet diarrhea were estimated using the general linear 
mixed-effect models procedure in the SPSS 18.0 software (SPSS, 2008), according to the 
following statistical model: 

where Yijk = the observed piglet diarrhea score, μ = mean of the population, Bi = effect of the 
season (i = 1 for summer or 2 for autumn), Sk = fixed effect of sex (k = 1 for male or 2 for 
female), Gj = effect of the genotype (j = 1, 2, 3), and eijk = the random error.
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RESULTS

Genetic polymorphism analysis of SLA-DQA exons 2, 3, and 4

There were 5, 8, and 7 genotypes identified from exons 2, 3, and 4, respectively, based 
on the SSCP banding patterns (Figure 1). The genotype frequencies and allele frequencies of 
exons 2, 3, and 4 in Yantai black pig were presented in Table 2. There were 4 alleles (A, B, 
C, and D) and 5 genotypes (AA, BB, AB, AC, and AD) detected in exon 2; allele A was the 
dominant allele with a frequency of 0.71 (Figure 1A). The 4 alleles were described as: A (G-A-
G-T-G-C-A-C-A-C-T-T-A-A-T-G-C-A), B (T-A-T-C-A-C-A-C-G-T-G-G-T-C-C-C-A-A), C 
(G-T-G-C-G-T-G-T-A-C-T-T-A-A-C-G-C-A), and D (T-A-G-C-G-T-G-T-G-C-T-T-A-C-C-G-
A-A). For exon 3, 8 genotypes (AA, BB, AB, CC, BC, DD, EE, and CF) were identified and 
formed by 6 alleles (A, B, C, D, E, and F) and allele B was predominant with a frequency of 
0.56 (Figure 1C). All alleles were described as: A (T-T-G-A-C-A-G-A-T), B (T-T-A-G-C-A-
G-G-T), C (T-C-G-A-C-A-G-A-C), D (T-T-A-G-X-X-X-A-T), E (T-C-G-A-C-A-G-A-T), and 
F (C-C-G-A-C-A-G-A-T) (X represented nucleotide deficiency). A total of 4 alleles (A, B, C, 
and D) and 7 genotypes (AA, BB, AB, CC, BC, AD, and BD) were detected in exon 4 and 
allele A with a frequency of 0.55 was the predominant allele among the 4 alleles (Figure 1B). 
The 4 alleles were described as A (A-A-G), B (A-A-A), C (A-T-G), and D (G-T-G).

According to the protocol of Vaiman et al. (1994), the genetic polymorphic indexes of HO,  
NE and PIC indicated that the exon 2 locus was moderately polymorphic (PIC < 0.50), which was 
in accordance with the results of Yang et al. (2013); exon 3 and 4 loci were highly polymorphic in 
the Yantai black pig populations (PIC > 0.50) (Table 2).

Figure 1. SSCP analyses of SLA-DQA exon 2 (A), 3 (C), and 4 (B) nucleotides in Yantai black pig.

A

B

C
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Nucleotide and amino acid variation of SLA-DQA exons 2, 3, and 4

In this study, a total of 14 alleles at 3 SLA-DQA loci were identified in 290 Yantai 
black pigs. Compared with reference sequence, the DNA sequencing of the amplified 
products of the 3 genes included exon and intron fragments; only the exon sequence 
fragments are shown in Figure 2. According to Figure 2, 20 SNPs, 9 SNPs, and 3 SNPs 
were detected in exons 2, 3, and 4, respectively; these results indicated that the 3 exons had 
abundant polymorphism. When compared with the pre-exiting SLA-DQA allele sequences 
(NCBI BLASTn: http://blast.ncbi.nlm.nih.gov/Blast.cgi), allele D with 7 SNPs in exon 2, 
allele C with the new SNP site c.4828T>C, and allele F with the new SNP site c.4617T>C 
in exon 3 were identified for the first time. All alleles’ complete coding sequences and 
protein sequences were submitted to the GenBank database. Official allele designations 
assigned by the ISAG SLA Nomenclature Committee are shown in Table 2. Nucleotide 
mutations lead amino acid variation; 3 SNPs of allele D in exon 2 lead to 3 amino acid 
conversions of proline (Pro) to serine (Ser), threonine (Thr) to alanine, and asparagine to 
Thr; 2 SNPs including c.4618T>C and c.4828T>C in exon 3 caused amino acid conversion 
of Ser to Pro and cysteine (Cys) to arginine, respectively, which were missense mutations.

Correlating genotypes analyses on piglet diarrhea 

Statistical analysis showed that the genotype significantly affected piglet diarrhea at 
the swine DQA exon 2, 3, and 4 loci (P < 0.05) (Table 3), and the influences of the season and 
sex in 3 exons were not significant (P > 0.05) (Table 3).

Locus                         Allele                                   Genotype NE HO PIC

     GenBank accession No. Frequencies  Frequencies

Exon 2 A Known KM411971 0.71 (412) AA 0.46 (133) 0.39 1.65 0.43
 B Known KM411972 0.15 (87) BB 0.04 (12)   
 C Known KM411973 0.08 (46) AB 0.22 (64)   
 D New KM411974 0.06 (35) AC 0.16 (46)   
     AD 0.12 (35)   
Exon 3 A Known KM485555 0.09 (50) AA 0.04 (12) 0.38 2.63 0.58
 B Known KM485556 0.56 (325) BB 0.40 (116)   
 C New KM485557 0.15 (87) AB 0.10 (29)   
 D Known KM485558 0.04 (23) CC 0.02 (6)   
 E Known KM485559 0.15 (87) BC 0.23 (67)   
 F New KM485560 0.01(6) DD 0.04 (10)   
     EE 0.15 (44)   
     CF 0.02 (6)   
Exon 4 A Known KM485561 0.55 (319) AA 0.47 (138) 0.39 2.55 0.54
 B Known KM485562 0.28 (162) BB 0.18 (54)   
 C Known KM485563 0.11 (64) AB 0.08 (22)   
 D Known KM485564 0.06 (35) CC 0.08 (24)   
     AD 0.07 (20)   
     BC 0.06 (16)   
     BD 0.06 (16)

NE = effective number of alleles; HO = observed heterozygosity; PIC = polymorphism information content.

Table 2. Allelic and genotypic frequencies, population genetic parameters of SNPs of SLA-DQA exons 2, 3, and 
4 in Yantai black pigs and their allele accession Nos.



10467Polymorphism and Haplotype of SLA-DQA

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 14 (3): 10461-10472 (2015)

According to the genotypic linear contrasts, the genotype diarrhea scores of the 3 
exons were significantly different (Table 4). In exon 2, the genotypes AB (1.40 ± 0.14) and AC 
(1.54 ± 0.17) showed higher diarrhea scores than the genotypes AA (0.64 ± 0.09), BB (0.40 ± 
0.43), and AD (0.92 ± 0.20). In exon 3, individuals with genotypes AA (1.22 ± 0.32), BC (1.71 
± 0.13), DD (1.67 ± 0.35), and CF (1.22 ± 0.45) showed higher diarrhea scores than other 
genotypes. In exon 4, the diarrhea scores of genotypes AD (2.35 ± 0.25) were significantly 
higher than the other genotypes (P < 0.05) (Table 4). The animals with higher diarrhea score 
genotypes were excluded for artificial disease-resistant varieties breeding because these 
individuals showed a higher incidence of diarrhea.

LD and haplotype analyses

The haplotype construction and its association with piglet diarrhea in Yantai black pig 
are shown in Table 5. The results of haplotype analysis of all SNPs showed that 14 haplotypes 
were identified in 290 individuals (all haplotype frequencies <0.02 were ignored in analyses). 
In Table 5, Hap1 and Hap2 showed the highest frequencies with Hap1 (23.62%) and Hap2 
(13.79%) in Yantai black pig. Hap8 and Hap12 showed the lowest frequencies with Hap6 

Figure 2. Alignment of SLA-DQA exon 2 (A), 3 (B), and 4 (C) allele nucleotide sequences compared to the 
reference sequence AY303988.

Factors  Exon 2   Exon 3   Exon 4

 Season Sex Genotype Season Sex Genotype Season Sex Genotype

F  3.075 1.733 34.141 2.782 0.042 55.201 1.452 0.301 42.461
P 0.079 0.188     0.001* 0.095 0.838     0.001* 0.228 0.583     0.001*

*Significant at 0.01 level.

Table 3. Effects of different factors on piglet diarrhea scores in DQA exon 2, 3, and 4 genes.
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(2.07%) and Hap8 (2.07%). The sums of all haplotype frequencies were 77.23%, which were the 
most frequent haplotypes. The low-frequency haplotypes were likely rare haplotypes. Hap4 and 
Hap8, which were significantly higher than the controls (P < 0.05), may indicate susceptibility to 
piglet diarrhea. Hap2 and Hap6, which were the controls, were significantly higher than the cases 
(P < 0.05), and may be disease-resistant haplotypes. Hap10 was only detected in the controls and 
not in the cases, indicating that Hap10 was strongly disease-resistant.

The result of LD tests between all SNPs in 3 exons discovered that the D' value ranged 
from 0.087 to 0.271; the r2 value ranged from 0.002 to 0.023. This indicated that the SNPs of 
exon 2, 3, and 4 had little LD. The reason may be that the haplotype recombination would be 
high and LD would be low in genovariation-dense regions.

Locus                                       Exon 2                                         Exon 3                                          Exon 4

Genotype SN LSM ± SE SN LSM ± SE SN LSM ± SE

AA 133  0.64 ± 0.09Ba   12 1.22 ± 0.32A 138 0.75 ± 0.09Bb

BB   12 0.40 ± 0.43B 118 0.70 ± 0.10B   54 0.79 ± 0.15Bb

AB   64 1.40 ± 0.14A     6 0.33 ± 0.22B   24 1.02 ± 0.24ab

AC   46 1.54 ± 0.17A     0 0     0 0
AD   35 0.92 ± 0.20a     0 0   20 2.35 ± 0.25Aa

CC     0 0   26 0.78 ± 0.45B   22 1.45 ± 0.23ab

BC     0 0   64 1.71 ± 0.13A   16 0.92 ± 0.29Bb

DD     0 0   10 1.67 ± 0.35A     0 0
BD     0 0     0 0   16 1.27 ± 0.28ab

EF     0 0   44 0.75 ± 0.16B     0 0
CF     0 0     6 1.22 ± 0.45A     0 0

SN indicates the sample number; LSM ± SE indicates the least square means ± standard errors. A and B in the same 
row mean significant difference (P < 0.01); a and b mean significant difference (P < 0.05); same letters mean not 
significant difference (P < 0.05).

Table 4. Least square means and standard errors of the piglet diarrhea scores of different genotypes in the DQA 
exon 2, 3, and 4 genes.

DISCUSSION

The SLA genes play important roles in immune responses to both antibodies and 
cellular responses to conventional antigens, pathogenic viruses, and pathogens (Vaiman et al., 

Name Haplotypes Frequencies (%) Cases Control     P

Hap1 GAGTGCACACTTAATGCATTAGCAGGTTAG 23.62 63.16 (0.23) 81.72 (0.27) 0.778
Hap2 GAGTGCACACTTAATGCATTAGCAGGTAAA 13.79 28.51 (0.11) 56.71 (0.18) 0.019*
Hap3 GAGTGCACACTTAATGCATTAGCAGGT ATG 3.10 7.64 (0.03) 6.00 (0.02)     -
Hap4 GAGTGCACACTTAATGCATCGACAGACTAG 3.79 20.25 (0.08) 2.28 (0.01) 0.006**
Hap5 GAGTGCACACTTAATGCATCGACAGATAAA 3.45 7.40 (0.03) 10.00 (0.03) 0.861
Hap6 GAGTGCACACTTAATGCATCGACAGATAAG 6.21 6.60 (0.02) 28.00 (0.09) 0.002**
Hap7 TATCACACGTGGTCCCAATTAGCAGGTAAG 2.76 10.01 (0.04) 8.11 (0.03) 0.346
Hap8 TATCACACGTGGTCCCAATCGACAGACAAA 2.41 10.81 (0.04) 4.00 (0.02) 0.024*
Hap9 GTGCGTGTACTTAACGCATTAGCAGGTAAG 2.07 3.03 (0.01) 8.00 (0.03) 0.146
Hap10 GAGTGCACACTTAATGCATTGACAGATAAG 4.48 6.62 (0.02) 16.00 (0.05) 0.132
Hap11 GAGTGCACACTTAATGCATTAGCAGGTATG 3.97 5.90 (0.02) 5.22 (0.012)     -
Hap12 GAGTGCACACTTAATGCATCGACAGATAAG 2.07 0 7.98 (0.03)     -
Hap13 TAGCGTGTGCTTACCGAATTAGCAGGTAAA 3.10 2.23 (0.01) 8.82 (0.03)     -
Hap14 TATCACACGTGGTCCCAATCGACAGACAAG 2.41 6.39 (0.03) 3.89 (0.02)     -
Others  22.77

Table 5. SLA-DQA gene haplotype reconstruction and its association with piglet diarrhea.

*Significant at 0.05 level. **Significant at 0.01 level.
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1998; Zhou et al., 2005). The DQA genes are important production trait genes and are closely 
related to disease resistance in swine (Hickford et al., 2007; Janova et al., 2009). Extensive 
studies have examined the MHC II DQA genes in various species (Kamath and Getz, 2011), 
such as swine, cattle, and sheep. Liu et al. (2003) found 4 novel mutational sites and 2 novel 
alleles, DQA-SLT 26 and DQA-TC 21-1, in DQA exon 2 of Swedish Landrace. There were 
6 in 13 conserved regions, which differed from the published DQA2 sheep sequences (Zhou 
et al., 2005); 37 ovine DQA haplotypes were detected in 520 sheep (Hickford et al., 2007). 
Janova et al. (2009) had reported that 13 new alleles were identified in the genus Equus. Le et 
al. (2012) identified 7 SLA-DQA alleles with 49 genotypes using genomic DNA-based high-
resolution genotyping methods. One study reported greater SLA allelic diversity than had ever 
been observed in vertebrates (Kamath and Getz, 2011). Some studies demonstrated that the 
PCR-RFLP technique was not useful for polymorphism studies of the SLA genes because of its 
highly restrictive enzyme specificity (Zare, 2010). Yang et al. (2012, 2013) used PCR-SSCP 
technology to detect polymorphisms in DRA and DQA in the Large White, Landrace, and 
Duroc breeds. Therefore, the PCR-SSCP technique and DNA sequencing are considered to be 
efficient methods for comparison.

In this study, exon 2 contained 20 SNPs in the swine coding sequence and 10 amino 
acid variations, which was less than the previously reported 23 SNPs (Liu et al., 2003); this may 
occur because different breeds were used. SLA-DQA exons contained abundant polymorphism, 
and a total of 32 SNPs were detected in the 3 exons; however, the distribution of polymorphic 
sites was non-uniform. Compared to exon 4, exon 2 contained a larger number of SNPs. 
Compared to exons 2 and 3, exon 4 was relatively conserved. These conserved regions may be 
important functional gene areas. The cDNA codes for 255 amino acids containing 232 mature 
peptide amino acids in the DQ a chain and 23 signal peptide amino acids. In the DQ a chain, 
the Cys residues at positions 110 and 166 formed disulfide bonds, while positions 82 and 121 
were glycosylation sites (Chardon et al., 1999). The position 82 amino acids correspond to 
the nucleotides 4134-4145 bp in exon 2 and were glycosylation sites, which may be related to 
gene conservation. Gene conservation is an animal self-protection mechanism and plays very 
important roles in immune regulation during the growth process. Additional analyses of other 
exon regions may reveal further genetic variation, which should be examined in future studies. 
Table 2 shows that exon 2 displayed an intermediate level of polymorphism, while exons 3 and 
4 showed high polymorphism, which agreed with the results of Lunney et al. (2009) and Yang 
et al. (2013). Genetic diversity is essential for the preservation of adaptive potential of species 
and improvement of production potential of highly selected breeds.

Previously reports confirmed that the SLA gene was related to the death of post-
weaning piglets, resistance to certain parasites, antigen recognition, immune responses, and 
withstanding exogenous pathogen infection (Tissot et al., 1989; Rothschild and Rubinsdy, 
1998; Chen et al., 2005). The mortality rates before weaning caused by diarrhea were related to 
the SLA haplotypes (Renard and Vaiman, 1989; Yang et al., 2013). The diarrhea score of DQA 
exon 2 genotype CC (0.36 ± 0.19) was significantly lower than that of other genotypes (Yang 
et al., 2013). In this study, we did not detect this genotype in exon 2; however, genotype BB 
(0.42 ± 0.37) showed the lowest piglet diarrhea scores compared to others. Notably, genotype 
CC (0.36 ± 0.19) in Yang (2013) and genotype BB (0.42 ± 0.37) were both the most highly 
mutated genotypes in exon 2, with a total of 11 coincidental SNPs (CC:11/15, BB:11/14). 
This may be because of the difference in breeds and areas, generating significantly different 
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genotypes in natural selective processing. Individuals with higher diarrhea scores were more 
susceptible to diarrhea compared to individuals with lower diarrhea scores. During breeding, 
individuals with high diarrhea scores should be eliminated to improve disease resistance in 
population production.

Previous studies have reported strong LD among MHC genes, and the MHC class 
II region shows haplotype linkage in cow, human, and mouse, among others (Andersson et 
al., 1988; Andersson and Rask, 1988; Carrington, 1999; Yauk et al., 2003). In this study, we 
found that the haplotypes of DQA and DRA genes were in complete LD (Yang et al., 2014). 
Haplotypes were statistically analyzed for SLA-DQA “exon 2-exon 3-exon 4,” and a total of 
14 haplotypes were identified and found to be significantly lower than the theoretical value (4 
x 6 x 4 = 96), indicating that the SLA-DQA exons were in genetic LD and that the haplotype 
distribution regarding the frequencies of haplotypes were significantly different (Table 5). 
In Table 5, the P values of Hap2, Hap4, Hap6, Hap8, and Hap10 between the cases and 
controls were significantly different, and association analysis suggested that Hap4 and Hap8 
may contain diarrhea disease genes. The results reflected the interaction between multiple 
single-nucleotide variations, which was accordance with the hypothesis that inheritance of the 
haplotype combinations was more effective than that of 1 single-nucleotide variations (Fallin 
et al., 2001). The selection of MHC multiple haplotype genes may improve the accuracy of 
disease-resistant breeding.

In conclusion, this study was the first to report 3 novel SNPs in the SLA-DQA gene 
and described a significant association between polymorphism and piglet diarrhea in exons 
2, 3, and 4. The results showed that the SLA-DQA gene was an informative genetic marker 
for identifying allele and haplotype linkages and variations within different populations. This 
study provides a foundation for marker-assisted selection in pig disease resistance breeding. 
In the future, it is essential that studies of the complex role of genetic variants in SLA genes 
and the mRNA expression levels in body tissue determine candidate genes for identifying 
biologically relevant associations between genotype and phenotype.
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