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ABSTRACT: The classical class I genes of the major 
histocompatibility complex are responsible for presenting 
cytosolic antigens to CD8+ T-cells. Previous expression 
assays revealed that a major antigen presenting locus, 
BoLA-BSA (AF396750.1), is missing from the bovine 
reference assembly and the CHORI 240 BAC library, 
although the BSA sequence is present in the DNA of 
Domino, the donor for the CHORI 240 BAC library. 
Genomic BoLA-BSA is a classical class I MHC locus of 
eight exons and approximately three kilobases in length. 
We localized the BSA sequence by high-resolution radiation 
hybrid mapping and used sequencing to characterize the 
distribution and diversity of BSA alleles in 92 different 
BoLA haplotypes. BSA was localized to BoLA on 
chromosome 23 in the distal end of the class I region. We 
identified 62 unique alleles of the BSA locus. 
Approximately 61% of tested BoLA haplotypes contain the 
BSA sequence, while BSA amplicons were not detected in 
39% of the haplotypes.  
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Introduction 
 

The bovine major histocompatibility complex 
(BoLA) is a three megabase pair region enriched for 
polymorphic antigen presenting genes (Kelly et al. (2005)). 
A number of BoLA regions are missing from both bovine 
reference genome assemblies (Btau4.6.1 and UMD3.1). 
Expression studies by Garber et al. (1994) identified a class 
I mRNA designated BSA that was highly expressed in 
peripheral blood lymphocytes from an Angus Bull (#86; 
L02832.1). Locus specific primers designed from published 
BSA cDNA sequence were used to generate the genomic 
sequence (AF396750.1; McShane (1998)). The BSA 
sequence is not present in either of the bovine reference 
assemblies, chromosomally unassigned bins or sequence 
trace archives. We failed to amplify BSA from the CHORI 
240 BAC library, and two other genomic libraries, but 
successfully amplified BSA from genomic DNA of Domino, 
the BAC library genome donor, and donors for the two 
other genomic libraries. In this study, we characterized the 
BSA sequence of Domino and described the distribution of 
BSA alleles among 92 different BoLA haplotypes.  

 
The objectives of this study were to: (1) analyze 

the sequences of the BSA locus from both donor animals 
Domino and Dominette, (2) to localize the BSA locus by 

radiation hybrid mapping, and (3) determine the allelic 
distribution, variation, and phylogenetic relationships of 
BSA alleles in representative homozygous haplotypes of 
BoLA.  

Materials and Methods 
 

Source of DNAs. Presence or absence of the BSA 
amplicon was tested in DNAs from the bovine genome 
reference samples (Domino and Dominette) and from 179 
cell lines of the 12R bovine RH panel (Rexroad et al. 
(2000)). Additionally, BSA was genotyped in 125 cattle of 
nine breeds predicted to be homozygous at BoLA based on 
SNP profiling using either the 50K or 770K Illumina 
bovine SNP assays.  Ninety-two different SNP-defined 
haplotypes were represented among the 125 animals. 

 
Genotyping.  Locus specific primers, Bucon New 

5’-CCGCCCAACTCTGCTTCTTTC-3’ and Blcon 5’-
TCCTTCCCGTTCTCCAGGTATC-3’ were used for locus-
specific PCR with high fidelity TaKaRa PrimeSTAR GXL 
DNA polymerase. PCR reactions contained 50-100 ng of 
DNA, 1x buffer (TaKaRa PrimeSTAR), 0.3 pmol each 
primer, 0.25 mM each dNTPs, and 1.25 units PrimeSTAR 
GXL polymerase (TaKaRa) in 50 µl final volume. 
Amplification parameters included 30 cycles of (98 °C for 
10 sec, 60 °C for 15 sec, and 68 °C for 80 sec). Presence or 
absence of amplicons was determined by electrophoresis on 
1.0 % agarose gels with 0.005 % ethidium bromide. 
Positive and negative controls were included in each 
amplification experiment. Amplified DNA from BSA 
positive samples were extracted and gel purified with a 
Qiagen Gel Extraction Kit (Qiagen®) and cloned into 
pCR™4-TOPO® Vector (Invitrogen) prior to sequencing.  

  
Radiation Hybrid Screen and Mapping. DNA from 

179 cell lines and a hamster negative control from the 12R 
bovine radiation hybrid panel were genotyped by PCR for 
BSA amplification. Amplification was detected as described 
above. Mapping of BSA was performed using concordance 
with known BoLA markers in the 12R panel (Brinkmeyer-
Langford et al. (2009)). 

 
DNA sequencing. Sequencing was performed by 

Beckman Coulter Genomics using vector M13 Forward and 
M13 Reverse primers. Raw sequence data were edited 
using Sequencher and CLC Genomics workbench 6, ends 
were trimmed and consensus sequences assembled. 
Consensus sequences were blasted against the Bos bovis 
nucleotide database using NCBI blastn.  



Phylogenetic Analysis. Consensus BSA sequences 
were trimmed to a common length and aligned using CLC 
genomics workbench 6. Relationships among BoLA-BSA 
alleles were inferred by constructing a phylogenetic tree 
using UMPGA with 10,000 bootstrap iterations. Three 
MHC class I bovine sequences (BSN, BSX, and BSC) and 
the human HLA-A class I sequence were used as outgroups 
to root the tree.  
 

Results and Discussion 
 
BSA sequences were amplified from Domino and 

the two donors for the other genomic libraries. We were 
unable to amplify a BSA sequence from Dominette. BSA 
was amplified from 60.8% (76/125) of samples with SNP-
defined homozygous BoLA haplotypes. These results are 
consistent with the observation that BoLA haplotypes 
contain a variable number of expressed class I loci and no 
single locus has been shown to be present in all defined 
haplotypes (Ellis et al. (1999)).  

 
RH mapping by concordancy analysis revealed 

that BSA maps to the distal end of BoLA, between the class 
I and extended class I regions. Distribution of BSA was in 
98.2% concordant with RH marker 48.30 at the distal end 
of the class I region (Figure 1). From comparative mapping 
(Brinkmeyer-Langford et al. (2009)), the comparable region 
in HLA contains eight MHC genes including the classical 
class I gene HLA-A. 

 
We identified 62 unique BSA alleles by sequence 

analysis. Phylogenetic analysis clustered these alleles into 
seven groups (Figure 2). Groups one through six were 
strongly supported by bootstrap analysis, however the 
relationship among allelic variants in group seven was 
poorly supported by bootstrap analysis (Figure 2). 
Although, Domino is heterozygous at BoLA, we identified 
a single BSA sequence in DNA from Domino suggesting 
that his genome contains one BSA haplotype and one non-
BSA haplotype.  

 
Phylogenetic analysis identified nine different 

alleles that are shared between two or more haplotypes, 
including alleles shared among different breeds: Gaur and 
Hereford; Holstein and Angus; and Limousin and Angus 
(Figure 2). Nineteen of the 62 (30.8%) BSA allelic 
sequences identified in this study have been previously 
deposited in the NCBI database. Nine of the 62 (14.5%) 
sequences contain a 21 bp deletion in intron A (data not 
shown) and cluster into group 3 in the phylogenetic analysis 
(Figure 2). A previously reported two bp deletion in exon 
two, causing a frame shift mutation (Ramlachan et al. 
(2004); Davies et al. (2006)), is present in 24.1% (15/62) of 
the BSA sequences. Two bp deletion alleles also occur in 
North American and European Bison and represent a trans-
species polymorphism (Ramlachan et al. (2004)). In cattle 
these sequences cluster together in group 4 (Figure 2). 
Alleles in group 4 originate from four breeds consistent 
with an origin prior to domestication of cattle. Among 

domestic breeds, the two bp deletion alleles are more 
common in Holstein haplotypes than in other breeds (Figure 
2). 

 

 
Figure 1. Comparison of the BoLA radiation hybrid 
map with the orthologous human region, HLA. Marker 
numbers to the right of the BoLA on chromosome 23 
are ordered as determined by radiation hybrid mapping 
(Brinkmeyer-Langford et al. (2009)) and were used for 
concordance testing to map BoLA-BSA. The probable 
location of BoLA-BSA is indicated by the orange arrow 
between markers 48.30 and 63.20. 
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Figure 2. Phylogenetic analysis of BSA alleles. UPGMA 
rooted tree of the sequences of 62 BSA alleles (Exons 1 – 
3) in different SNP-defined BoLA homozygotes with 
outgroups of bovine (BSC, BSN, and BSX) and human 
(HLA-A) class I genes. * Denotes samples with the 2 bp 
deletion in exon 2; samples with a 21 bp deletion in 
intron A are denoted by #. Accession numbers for prior 
published sequences are noted in parentheses following 
each haplotype. 
 

 
 

Conclusion 
 

The genome of Domino, the donor for the CHORI 
240 BAC library, contains a BSA sequence. RH mapping 
located the BSA locus to the boundary of the BoLA class I 
and class I extended regions. Among homozygous SNP-
defined BoLA haplotypes, 60.8% contain the BSA locus 
while BSA could not be amplified in 40% of the haplotypes. 
Phylogenetic analysis indicated that the BSA alleles are 
diverse and represent at least seven different evolutionary 
groups. 
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