
 

 

321 

INTRODUCTION 

 

The major histocompatibility complex (MHC) region, 

containing a number of immune related genes, is one of the 

most significant genomic locations in animals due to its 

association with immune responses. The porcine MHC 

antigens, which is also called swine leukocyte antigen (SLA), 

recognize self and non-self peptides on the surface of T-

lymphocytes and ultimately triggers the immune rejection 

cascade. Based on their biological functions, the MHC 

antigens are divided into 3 classes, SLA class I, II, and III, 

respectively. Most nucleated cells can express SLA class I 

genes that are recognized by CD8+ T cells (Shishido et al., 

1997). SLA class II genes are expressed on antigen 

presenting cells and are recognized by CD4+ T cells. On the 

other hand, SLA class III genes have several different 

functions, some of which are related to the immune response 

called complement cascade (Naziruddin et al., 1998). In 2002, 

SLA Nomenclature Committee of the International Society 

for Animal Genetics (ISAG) established the systematic 

nomenclature of the class I and class II SLA alleles (Smith et 

al., 2005a, b; Ho et al., 2009a, b; Ho et al., 2010). The recent 

updates of SLA alleles can also be found in the Immuno 

Polymorphism Database-Major Histocompatibility Complex 

(IPD-MHC) website (http:// www.ebi.ac.uk/ipd/mhc/sla/).  

The SLA genes are highly polymorphic and play very 

important roles in regulating the immune system against 

infectious diseases. The relationships between SLA 

haplotypes and immune responses to various infectious 

diseases are previously reported (Lunney and Murrell, 1988; 

Mallard et al., 1989). Very recently, based on the genome-

wide study, DQB1 was identified with significant effects on 
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ABSTRACT: The porcine major histocompatibility complex (MHC) is called swine leukocyte antigen (SLA), which controls immune 

responses and transplantation reactions. The SLA is mapped on pig chromosome 7 (SSC7) near the centromere. In this study, 3 class I 

(SLA-1, SLA-3, and SLA-2) and 3 class II (DRB1, DQB1, and DQA) genes were used for investigation of SLA haplotypes in Yucatan 

miniature pigs in Korea. This pig breed is a well-known model organism for biomedical research worldwide. The current study indicated 

that Korean Yucatan pig population had 3 Class I haplotypes (Lr-4.0, Lr-6.0, and Lr-25.0) and 3 class II haplotypes (Lr-0.5, Lr-0.7, and 

Lr-0.25). The combinations of SLA class I and II haplotype together, 2 homozygous (Lr-4.5/4.5 and Lr-6.7/6.7) and 3 heterozygous (Lr-

4.5/6.7, Lr-4.5/25.25, and Lr-6.7/25.25) haplotypes were identified, including previously unidentified new heterozygous haplotypes (Lr-

4.5/4.7). In addition, a new SLA allele typing method using Agilent 2100 bioanalyzer was developed that permitted more rapid 

identification of SLA haplotypes. These results will facilitate the breeding of SLA homozygous Yucatan pigs and will expedite the possible 

use of these pigs for the biomedical research, especially xenotransplantation research. (Key Words: Haplotype, Major  
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the susceptibility to viral load of the porcine circovirus type 

2b (PCV2b), representing 2.8% of the variation (Tosky et al., 

2015). Furthermore, results indicated that reproductive 

performance and production traits were related with SLA 

polymorphism (Renard and Vaiman, 1989; Gautschi and 

Gaillard, 1990). In relation to xenotransplantation research, 

SLA allele- or haplotype-specific xenogenic T-cell response 

are observed in human to porcine xenografts (Xu et al., 1999; 

Yamada et al., 2014). 

Until now, many breeds of pigs were used for the 

characterization of SLA alleles and haplotypes. About 30 

years ago, National Institutes of Health (NIH, USA) 

established MHC inbred miniature pig lines (Sachs et al., 

1976) that are widely used in xenotransplantation research. 

Since then, 2 research groups have developed MHC inbred 

pig lines, i.e., Westran and Yucatan miniature pigs that can 

be used for xenotransplantation research (Lee et al., 2005; 

Smith et al., 2005a). Subsequently, SLA alleles were 

investigated in Clawn miniature pigs by the Japanese group 

using polymerase chain reaction-sequence specific primer 

(PCR-SSP) and polymerase chain reaction-restriction 

fragment length polymorphism (PCR-RFLP) method (Ando 

et al., 2005). The same Japanese group identified SLA alleles 

and haplotypes in Microminipig (Ando et al., 2014). 

Therefore, it is clear that the development of SLA 

homozygous pig lines is very important in the future use of 

these experimental animals, especially for the biomedical 

research.  

In order to use the Yucatan miniature pigs, we initially 

investigated 6 SLA loci in this pig population. The results of 

our study provide general guidelines not only for breeding of 

SLA homozygous Yucatan miniature pig lines but also for 

their use in transplantation and immunology-related research. 

 

MATERIALS AND METHODS 

 

Animals 

Ear tissue samples from 114 Yucatan miniature pigs were 

obtained from Optifarm solution Inc. (Ochang, Korea). 

Genomic DNAs were extracted using PrimePrep genomic 

DNA isolation Kit (GeNetbio, Daejeon, Korea). The 

concentration of the genomic DNA was measured using 

NanoDrop 2000c spectrophotometer (Thermo Scientific, 

Waltham, MA, USA) at a wavelength of 260 nm and stored 

at –20°C until use. 

 

Analysis of SLA haplotypes by PCR-SSP method 

We used the PCR-SSP (sequence-specific primer) 

method for discriminating SLA alleles and haplotypes in 

Yucatan miniature pigs. This is a simple, fast and accurate 

genotyping method for SLA allele study. The SLA allele 

genotyping comprises 47 primer pairs for SLA class I alleles 

(SLA-1, SLA-3, SLA-2), 47 primer pairs for SLA class II 

alleles (DRB1, DQB1, DQA) and positive control primers for 

the porcine α-actin (ACTA1 gene) (Supplementary Table 1) 

(Ho et al., 2009a; 2010). The PCR primers for the SLA class 

I alleles are presented in Supplementary Table 1. The class II 

primers are the same as used in Ho et al. (2010). The PCR 

amplification was carried out under the condition of 

denaturation for 10 min at 94°C followed by 35 cycles of 

96°C for 15 s, 65°C for 20 s and 72°C for 20 s, with final 

extension step of 3 min at 72°C, and stored at 4°C using a 

96-well GeneAmp PCR System 2700 (Applied Biosystems, 

Waltham, MA, USA). Each PCR reaction contained 25 ng of 

genomic DNA from Yucatan miniature pig, 10× PCR gold 

buffer (Applied Biosystems, USA) containing 25 mM MgCl2 

(Applied Biosystems, USA), 2.5 mM of each dNTPs 

(GeNetbio, Korea), 10 pmol of forward and reverse primer 

pairs, 1X Cresol Red loading buffer (1.0 mM Cresol Red in 

1,750 mM sucrose), 1.5 Unit of AmpliTaq Gold polymerase 

(Applied Biosystems, USA), 0.5 pmol porcine positive 

control primers designed from α-actin gene (ACTA1) and 0.5 

μg of acetylated BSA (Promega, Madison, WI, USA) in a 

total volume of 5 μL. Negative control was included to detect 

reagent contamination in each genotyping reaction. The PCR 

products were confirmed by 2.0% standard 1× TAE (Tris-

acetate-EDTA) agarose gel electrophoresis at 150 V for 5 

min using Micro SSP Gel System (One Lambda, Canoga 

Park, CA, USA). 

 

Lab on a chip analysis 

The Agilent 2100 analyzer (Agilent Technologies, Palo 

Alto, CA, USA) was also used for known allele genotyping 

using the size differences. The microchip (LabChip 7500; 

Caliper Technologies, Mountain View, CA, USA) for the 

analyzer can be used for up to 12 samples and the results are 

obtained within 30 min. The Agilent 2100 bioanalyzer uses 

capillary-based electrophoresis on a microchip resulting in 

efficient and rapid size identification of small DNA 

fragments. 

 

RESULTS  

 

SLA alleles and haplotypes in Yucatan miniature pigs 

SLA class I (SLA-1, SLA-3, and SLA-2) and SLA class II 

(DRB1, DQB1, and DQA) haplotypes of Yucatan miniature 

pigs were identified using low-resolution PCR-SSP and 

allele-specific primers as previously described (Ho et al., 

2009b). In this study, SLA class I haplotypes (Lr-4.0, Lr-6.0, 

and Lr-0.25) and SLA class II haplotypes (Lr-0.5, Lr-0.7, and 

Lr-0.25) were identified in the 114 Yucatan miniature pigs 

(Supplementary Figures 1 and 2). Based on the SLA 

haplotypes identified in the 114 Yucatan miniature pig 

population, 5 SLA class I haplotypes, comprising 2 
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homozygous haplotypes (Lr-4.0/4.0 and Lr-6.0/6.0) and 3 

heterozygous haplotypes (Lr-4.0/6.0, Lr-4.0/25.0, and Lr-

6.0/25.0) were identified. Also, 5 SLA class II haplotypes, 

comprising 2 homozygous haplotypes (Lr-0.5/0.5 and Lr-

0.7/0.7) and 3 heterozygous haplotypes (Lr-0.5/0.7, Lr-

0.5/0.25, and Lr-0.7/0.25), respectively, were identified. The 

combination of SLA class I and class II haplotypes indicated 

that 2 homozygous haplotypes (Lr-4.5/4.5 and Lr-6.7/6.7) 

and 4 heterozygous haplotypes (Lr-4.5/6.7, Lr-4.5/25.25, Lr-

6.7/25.25, and Lr-4.5/4.7), respectively, were investigated in 

this population (Table 1). Based on the combination of SLA 

class I and class II haplotype, Lr-4.5/6.7 had the highest 

frequency of 56%. Two homozygous haplotypes (Lr-4.5/4.5 

and Lr-6.7/6.7) were the second highest frequency of 17.54% 

(Table 1). The pedigree information indicating the whole 

Yucatan miniature pigs were illustrated and their SLA class I 

and class II haplotypes were also presented (Figure 1).  

 

Genotyping of the SLA alleles using Agilent 2100 DNA 

analyzer 

Agilent 2100 DNA analyzer was applied for the efficient 

and fast genotyping of the SLA alleles identified in this study 

(Figure 2). Since only a small number of haplotypes was 

identified in the Korean Yucatan pig population, not all of the 

primers pairs were needed for allele identification. Therefore, 

only a sub set of primer pairs were applied in this study. The 

number of minimum markers for Lr-4.5 was 4 and 5 for class 

I and Class II genes, respectively. Also, 4 and 3 for class I 

and Class II genes, respectively, are needed for the 

genotyping of the Lr-6.7 haplotype. In case of genotyping Lr-

25.25, 4, and 5 for class I and Class II genes, respectively, 

were needed. Altogether, 12 primer pairs and 13 primer pairs 

were required for the genotyping of class I and class II genes, 

respectively, for genotyping entire Yucatan miniature pigs.  

During the experimental procedures, the observed 

product sizes did not exactly match the expected PCR 

product size. For example, the expected PCR product size for 

SLA-1*04XX was 181 bp. However, we observed 185 bp 

Table 1. SLA class I and II haplotypes and alleles identified in Yucatan miniature pig using a low-resolution PCR-SSP 

Haplotype 

Allele specificity  
Haplotype 

frequency (%) 

SLA class I 

haplotype 
SLA-1 SLA-3 SLA-2 

SLA class II 

haplotype 
DRB1 DQB1 DQA  Total 

Lr-4.5 

homozygote 

Lr-4.0 04XX 04XX 04XX Lr-0.5 05XX 02XX 02XX  17.54 

(20/114) 

Lr-6.7/6.7 

homozygote 

Lr-6.0 08XX 06XX 05XX Lr-0.7 06XX 03XX 01XX  17.54 

(20/114) 

Lr-4.5/6.7 

heterozygote 

Lr-4.0 04XX 04XX 04XX Lr-0.5 05XX 02XX 02XX  49.12 

(56/114) Lr-6.0 08XX 06XX 05XX Lr-0.7 06XX 03XX 01XX  

Lr-4.5/25.25 

heterozygote 

Lr-4.0 04XX 04XX 04XX Lr-0.5 05XX 02XX 02XX  7.02 

(8/114) Lr-25.0 11XX 03XX 07XX Lr-0.25 13XX 09XX 04XX+w05XX  

Lr-6.7/25.25 

heterozygote 

Lr-6.0 08XX 06XX 05XX Lr-0.7 06XX 03XX 01XX  7.02 

(8/114) Lr-25.0 11XX 03XX 07XX Lr-0.25 13XX 09XX 04XX+w05XX  

Lr-4.5/4.7 

heterozygote 

Lr-4.0 04XX 04XX 04XX Lr-0.5 05XX 02XX 02XX  1.75 

(2/114) Lr-4.0 04XX 04XX 04XX Lr-0.7 06XX 03XX 01XX  

SLA, swine leukocyte antigen; PCR-SSP, polymerase chain reaction-sequence specific primer. 

 

Figure 1. Pedigree of the Yucatan miniature pig population in Korea. 
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with the data from Agilent 2100 DNA analyzer. The size of 

the PCR products could be confirmed with the cloning and 

sequencing. The bp differences were actually due to the 

errors from the machine because the product size was 

estimated from the ladder used in the machine. Despite a few 

bp difference between the estimated and actual PCR product 

size, the results did not affect the allele identification in this 

study.  

 

DISCUSSION 

 

Previously, Smith et al. (2005a, b) identified 4 SLA class 

I haplotypes (Lr-4.0, Lr-5.0, Lr-6.0, and Lr-7.0) and 4 SLA 

class II haplotypes (Lr-0.5, Lr-0.6, Lr-0.7, and Lr-0.8a) in 

Yucatan miniature pigs in USA. Haplotype Lr-25.25 was 

previously identified in LLC-PK1 cell line, which originated 

from the Hampshire breed. Therefore, in order to confirm the 

new haplotype, Lr-25.25, the PCR fragment for the alleles of 

Figure 2. Results of the SLA genotypes for the Yucatan miniature pigs using the Agilent 2100 DNA analyzer. Information of the lane 

numbers is the locus specific class I and class II products that were shown in Ho et al. (2009a, b). The genotypes for each haplotype are 

represented (a) PCR results for haplotype 4.5, (b) PCR results for haplotype 6.7, (c) PCR results for haplotype 25.25. The numbers above 

the PCR bands are the product sizes. SLA, swine leukocyte antigen; PCR, polymerase chain reaction. 

(a) 

 
(b) 

 
(c) 
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Lr-25.25 were directly sequenced and the results were 

aligned with reference sequences in the IPD-MHC database 

(https://www.ebi.ac.uk/ipd/mhc/). The results indicated that 

the sequences obtained are 100% identical with the alleles of 

Lr-25.25 (data not shown). Based on the haplotype analysis, 

Lr-25.25 homozygous animals do not currently exist in the 

Yucatan immature pig population in Korea. 

Previously, RFLP (Chardon et al., 1985), PCR-RFLP 

(Fang et al., 2005) and genomic sequence-based typing 

(GBST) (Park et al., 2010; Thong et al., 2011), cDNA 

sequence-based typing (SBT) methods were applied for the 

SLA genotyping. Among these, the cDNA SBT typing 

method is a very accurate and direct method for defining SLA 

alleles. However, it requires more complicated experimental 

procedures such as cloning and sequencing of the PCR 

products (Ho et al., 2009a, b). In this study, a new method 

using Agilent 2100 DNA analyzer was developed, which is 

very efficient for the allele identification of a closed 

population with known pedigree information. 

Primates are one of the best xenotransplantation donors 

based on the phylogenetic relationships. However, primates 

can share infectious diseases and also present ethical issues. 

Furthermore, there is a very high cost involved in breeding 

primates. The alternative species for the biomedical model 

animal is the pig due to the high reproductive performance, 

breeding in disease free environment and relatively less 

ethical issues, as compared with primates. The transgenic 

pigs, such as α1,3-galactosyltransferase gene knockout pigs, 

were used for the xenotransplantation research. Until now, 

porcine heart, kidney, liver, lung, and islets of Langerhans 

were the specific target organs for xenotransplantation 

research. Among these, islets of Langerhans have been 

clinically used in Mexico, Russia and China (Michel et al., 

2015).  

In conclusion, we have characterized 2 homozygous (Lr-

4.5/4.5 and Lr-6.7/6.7) and 4 heterozygous (Lr-4.5/6.7, Lr-

4.5/25.25, Lr-6.7/25.25, and Lr-4.5/4.7) haplotypes 

identified in the Yucatan miniature pigs in Korea. The results 

of this study will enable the selection and breeding of 

genetically stable Yucatan miniature pigs for use in 

biomedical and xenotransplantation studies. 
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