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ABSTRACT: The major histocompatibility complex 
(MHC) region in swine contains genes associated with dis-
ease resistance, many of which have haplotype-specific ex-
pression. The objective of this study was to determine 
whether SNP genotypes from a high-density SNP chip can 
be used to predict haplotypes within the MHC region of the 
swine genome. In total, 920 pigs were genotyped using the 
Illumina SNP60 BeadChip. SNPs located within the Swine 
Leukocyte Antigen (SLA) I and SLA II regions of chromo-
some 7 were used to define SNP haplotypes for MHC clas-
ses I and II, respectively, using BEAGLE phasing software. 
Each SNP haplotype corresponded uniquely to a MHC hap-
lotype defined by a PCR-based method. In conclusion, high-
density SNP genotypes from the Illumina Porcine SNP60 
BeadChip can be used to predict MHC haplotypes with fair-
ly high accuracy, as an alternative to PCR-based approach-
es.   
Keywords: Swine Major Histocompatibility Complex; 
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genotyping 
 
 

Introduction 
 

The major histocompatibility complex (MHC) re-
gion (swine leukocyte antigen (SLA) complex in pigs) is a 
highly polymorphic, gene dense region (Vandiedonck et al. 
(2011)). Genes within the MHC region often have haplo-
type-specific expression and are associated with disease 
resistance. In pigs, SLA haplotypes have demonstrated im-
portance for transplantation, xenotransplantation, cancer, 
infectious disease responses, and risk factors for autoim-
munity, among others (Lunney et al. (2009)).   

 
MHC haplotypes can be determined in multiple 

ways, including wet lab assays using PCR-sequence-
specific primers (PCR-SSP) for low-resolution (Lr) SLA 
haplotyping or DNA sequence-based typing, which can be 
time intensive and costly (Lunney et al. (2009)). Alterna-
tively, high-density single nucleotide polymorphism (SNP) 
panels could be used to infer haplotypes in a genomic re-
gion. The latter approach has been shown to be effective for 
MHC haplotype prediction in cattle breeds (Fritz (2009)).  

 
The objective of this study was to determine 

whether SNP genotypes from a commercial high-density 
SNP chip can be used to predict haplotypes within the MHC 
region of the swine genome, as an alternative to the PCR-
SSP method.    

 

Materials & Methods 
 
Pigs: Pigs from five trials from the Porcine Repro-

ductive and Respiratory Syndrome (PRRS) Host Genetics 
Consortium (PHGC), which included commercial crossbred 
pigs from different companies and breeds, were used for this 
study (Table 1). PHGC trial pigs originated from high 
health, PRRS-free farms and were shipped to Kansas State 
University at weaning age. Upon arrival, pigs were allowed 
seven days to acclimate to their surroundings before they 
were intranasally and intramuscularly infected with PRRS 
virus isolate NVSL 97-7985. All pigs were genotyped using 
the Illumina Porcine SNP60 BeadChip (Ramos et al. 
(2009)). Within these trials, 140 pigs that demonstrated ex-
treme (high/low) viremia and growth were selected for 
PCR-SSP analysis (Arceo et al. (2013)).  

 
PCR-SSP: DNA extracted from ear samples of the 

140 selected pigs was used to assign Lr-SLA class I and 
class II haplotypes, as described in Ho et al. (2009) and Ho 
et al. (2010), respectively.  

 
Data Analyses: Seventy-five SNPs located within 

the 23-27 Mb region and 65 SNPs within the 29-31 Mb re-
gion of chromosome 7 were used to phase SNP genotypes 
into SLA class I and II haplotypes, respectively, using 
BEAGLE software  (Browning and Browning (2007)). 
Genotypes for 920 individuals from the five PHGC trials 
were used for phasing, of which 140 individuals also had 
Lr-SLA haplotypes based on the PCR-SSP method (Table 
1). These specific chromosomal regions were utilized for 
phasing because they directly correspond to the location of 
class I and class II genes (Altschul et al., (1990)). Specifi-
cally, the genes used to assign class I Lr-SLA haplotypes via 
the PCR-SSP method (SLA-1 and SLA-3) are located with-
in the 24 Mb window, while the DRB-1 gene (used to assign 
class II Lr-SLA haplotypes) is located within the 29 Mb 
window. For this reason, all SNPs located within 23-27 Mb 
were used to phase class I haplotypes but only SNPs within 
positions 24.02 to 24. 85 Mb, referred to hereafter as the 24 
Mb window, were used to define SNP haplotypes for the 
class I SLA. Similarly, only SNPs within positions 29.04 to 
29.99 Mb, referred to hereafter as the 29 Mb window, were 
used to define SNP haplotypes for the class II SLA. The 
resulting SNP haplotypes were assigned to Lr-SLA haplo-
types by integrating the PCR-SSP haplotype data with the 
SNP haplotype data to determine which Lr-SLA haplotype 
was shared by individuals that carried a given SNP haplo-
type. This approach made it possible to associate each SNP 
haplotype to a single Lr-SLA haplotype. Any SNP haplo-



type that did not align with a Lr-SLA haplotype was consid-
ered to be “unassigned”. However, by process of elimina-
tion, all unassigned SNP haplotypes could be assigned to a 
Lr-SLA haplotype based on knowledge of the second SNP 
haplotype for a given individual.  For example, if the class I 
Lr-SLA haplotypes for a given individual were “K” and 
“L”, but only one of the two SNP haplotypes was assigned a 
Lr-SLA haplotype (i.e.: “K”), the second SNP haplotype 
could be inferred to be associated with the “L” Lr-SLA hap-
lotype.   

 
Table 1: The number of pigs per PRRS Host Genetics 
Consortium (PHGC) trial.  

 
 
Linkage Disequilibrium: The PCR-SSP method 

indicates obvious evidence of haplotypes within the SLA 
class I and II regions, therefore, linkage disequilibrium (LD) 
was analyzed for the 75 SNPs in the class I region and the 
65 SNPs in the class II region. The average LD for a given 
window (24 Mb or 29 Mb) was calculated as the average of 
the square of the correlation (𝑟!) between adjacent SNPs 
within the window. Phased SNP genotypes of all 920 indi-
viduals were used to evaluate LD. 

 
Results & Discussion 

 
Phasing resulted in a total of 50 unique SNP haplo-

types for SLA class I and 37 unique SNP haplotypes for 
SLA class II. The unique class I SNP haplotypes were as-
signed to 24 Lr-SLA haplotypes and the unique class II hap-
lotypes were assigned to 14 Lr-SLA haplotypes (Figures 1 
and 2, respectively). Most unique class I and class II SNP 
haplotypes had a count of five or less, out of the 280 total 
SNP haplotypes carried by the 140 evaluated individuals 
(Table 2). Further analysis of the SNP haplotypes revealed 
that some class I and II Lr-SLA haplotypes had several sub-
haplotypes. For example, in total, 43 SNP haplotypes were 
assigned to the “B” Lr-SLA haplotype. However, these 43 
haplotypes consisted of 9 unique “sub-haplotypes” based on 
SNPs (Figure 1). This finding suggests that use of SNP gen-
otype information to predict haplotypes may be more sensi-
tive than the PCR-SSP method.  

 
 
 
 
 
 
 

Table 2: The number of unique SNP haplotypes (and the 
Lr-SLA haplotype it was assigned to) for a given fre-
quency (count) among the 140 evaluated pigs.  

 
 

Figure 1: Frequency distribution of class I SNP haplo-
types§ and their assignment to Lr-SLA haplotypes.  

§Each bar represents a unique SNP haplotype. Numbered SNP haplotypes 
are in alphabetical order based on their assignment to Lr-SLA haplotypes 
(A through X).  

 
 
All Lr-SLA frequencies obtained via SNP haplo-

typing were very similar, but not identical to the frequencies 
obtained using the PCR-SSP data; some Lr-SLA haplotypes 
could not be resolved using the PCR-SSP method, but all 
SNP haplotypes were successfully resolved using SNP data. 
For example, the PCR-SSP method was not capable of dis-
tinguishing between a “B” and “U” Lr-SLA haplotype for 
eight class I haplotypes, but use of SNP haplotypes enabled 
confirmation of either “B” or “U”. Nevertheless, the most 
frequent class I Lr-SLA haplotype (“B”) and class II haplo-
type (“4”), were the same based on SNP and PCR-SSP hap-
lotyping.  

PHGC 
Trial 

Number of Pigs with 
Lr-SLA haplotypes 

Number of Pigs with 
SNP genotypes 

Trial 2 25 200 
Trial 3 33 199 
Trial 4 32 196 
Trial 5 34 199 
Trial 6 16 126 
Total 140 920 

Count Number of 
Unique 
Class I 
SNP Haplo-
types 

Class I 
Lr-SLA 
Haplotype 

Number of 
Unique 
Class II 
SNP Haplo-
types 

Class II 
Lr-SLA 
Haplo-
type 

> 20 2 A, G 3 4, 5, 9 
15 - 20 2 S, V 3 1, 10, 14 
10 - 15 5 D, F, J, R 3 2, 6 
5 - 10 11 B, E, H, I, 

L, M, V 
9 1, 2, 5, 

7, 10, 
13, 15 

3 - 5 10 C, E, F, H, 
K, L, N, O, 
S, U 

7 2, 6, 8, 
10, 11, 
13 

2 7 B, L, N, P, 
Q, T, W 

5 2, 6, 9, 
14, 22 

1 13 A, B, C, L, 
O, Q, R, X 

1 
7 

1, 4, 6, 
13, 15 



Figure 2: Frequency distribution of class II SNP haplo-
types§ and their assignment to Lr-SLA haplotypes.  

§Each bar represents a unique SNP haplotype. Numbered SNP haplotypes 
are in numerical order based on their assignment to Lr-SLA haplotypes (1 
through 22).  

 
 
Note that some SNP haplotypes had a count of one, 

which indicated that these haplotypes could be rare. Alt-
hough it was possible to assign a Lr-SLA haplotype to these 
rare haplotypes, without a second identical SNP haplotype 
to compare to, validation of this assignment was not possi-
ble.  

 
Based on the above analyses, both the SNP haplo-

typing method and the PCR-SSP method indicated obvious 
evidence of haplotype structure within the SLA class I and 
II regions. The average LD (r2 value) was 0.19 for the 24 
Mb window and 0.12 for the 29 Mb window. In addition, 
both the SNP haplotyping approach and the PCR-SSP ap-
proach indicated evidence of an association between certain 
class I and class II haplotypes. For example, class I haplo-
type “E” always paired with class II haplotypes “4” and 
“13”. Because SLA haplotypes provide valuable infor-
mation for transplantation, xenotransplantation, and disease 
resistance, SLA haplotype information will continue to 
prove useful to biomedical research and the swine industry. 
Studies of the human population have already indicated the 
potential to identify haplotypes that are associated with re-
sistance to disease (Trowsdale and Knight (2013)); (Goulder 
and Walker (2012)). For pigs, such information may enable 
breeders to selectively breed pigs with favorable haplotypes 
for improved resistance to a particular disease. 

 
 
 
 
 
 
 
 
 
 

For future projects, when using SNP genotype in-
formation to predict haplotypes as described, it is important 
to note that the MHC region exhibits a high degree of genet-
ic variation (especially between populations) and that rare 
SLA haplotypes exist. Thus, the efficacy of the approach 
described may vary on a case-to-case basis. 

 
Conclusions 

 
In conclusion, results demonstrate that genotypes 

from the Illumina Porcine SNP60 BeadChip can be used to 
predict SLA haplotypes as an alternative to PCR-SSP meth-
ods. This will enable us to investigate the role of SLA class 
I and II genes in disease resistance/susceptibility. 
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