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ABSTRACT: Delivering genomic technology to Canada’s 
beef industry has been of great interest in recent years. The 
Genome Canada project was an initiative to achieve this 
goal and included the identification of key ancestors 
through pedigree analysis for sequencing and genotyping. 
The Canadian Simmental Association has recently invested 
in both phenotyping and genotyping more Simmental beef 
cattle. It is of interest to identify key ancestors through ge-
nomic analysis and compare to animals previously selected 
using pedigree. A genomic relationship matrix was con-
structed and the top contributing animals were identified 
and over 46% were similar to the previous study using ped-
igree alone. Also, breed composition study in two commer-
cial populations, revealed Simmental and Angus as the ma-
jor breed with 45.27% and 38.69%, respectively.    
Keywords: beef industry; key ancestors; Simmental; ge-
nomics 
 
 

Introduction 
 

The Canadian Genome project entitled “Whole 
Genome Selection through Genome Wide Imputation in 
Beef Cattle” focuses on developing low cost and accurate 
genomic selection methodologies for the Canadian beef 
industry. In this project 6 purebred beef breeds (Angus, 
Charolais, Gelbvieh, Hereford, Limousin, and Simmental), 
Canadian Holsteins, and 3 composite beef populations were 
included. In the first steps of the project, pedigree analysis 
were performed. The key ancestors with the highest genetic 
and inbreeding contributions to the reference population 
were identified then sequenced and genotyped with 50k and 
high density panels (Stachowicz et al. (2013)). Taking into 
account the relationship of the animals, in order to avoid 
closely related animals, the top 30 ancestors were chosen 
for sequencing.  

 
The Canadian Simmental Association has further 

invested in additional genotyping that now puts the total 
genotyped population in Simmental towards over 15,000 
with Affymetrix Axiom Genome-Wide BOS1 Array. The 
main goal of this study was to identify the top contributing 
purebred Simmental using genomic information to compare 
to the ancestors identified using pedigree based analysis and 
investigate the proportion of Simmental breed in Canadian 
commercial cattle population.   

 
 

 
Materials and Methods 

 
Data. The purebred population consisted of 396 

Canadian Simmental bulls genotyped with Affymetrix Axi-
om Genome-Wide BOS1 Array (648,874 SNP). The com-
mercial population consisted of 1041 and 384 Canadian 
crossbred Simmental bulls, originating from Cargill Alberta 
and Guelph Elora station, respectively. Both crossbred pop-
ulations were also genotyped with the Affymetrix BOS1 
array. The genotyping was performed on DNA extracted 
from either blood or meat samples at Delta Genomics Cen-
tre, Alberta, Canada. 

 
Statistical analysis. Initial quality control was 

done on the genotypes and non-autosomal SNP genotypes, 
SNP not in Hardy-Weinberg equilibrium (p≤0.000001) or 
having excess of heterozygosity (>0.15), minor allele fre-
quency less than 5%, as well as call rate (<0.95) were ex-
cluded. A total of 637,322 SNPs remained and were used to 
construct the genomic relationship matrix among the ani-
mals.  

 
The genomic relationship matrix was created using 

VanRaden’s method (VanRaden (2008)). This allowed the 
use of exact fraction of shared genes, thus providing a more 
accurate measure of genetic relationships than a traditional 
relationship matrix based on pedigree information (Chen et 
al. (2011)). The genomic relationship matrix was further 
adjusted for the breed-specific SNP frequencies from the 
Canadian Cattle Genome Project. 

 
After estimating the average genomic relationship 

among individuals, the reference bulls were ranked based 
on their relationship with the two commercial crossbred 
populations. The inbreeding was also calculated and ani-
mals with the highest contributions to inbreeding were also 
identified.  

 
Breed composition analysis. To further identify 

components of breeds in the Simmental population admix-
ture proportions of breeds were predicted in the commercial 
populations, using the regression method (Chiang et al. 
(2010)) with allele frequencies estimated from a sample of 
reference breeds. SNP frequency estimates representing six 
beef breeds, Angus, Charolais, Simmental, Limousin, 
Gelbvieh, and Hereford, were obtained from 469 Angus, 
475 Charolais, 396 Simmentals, 511 Limousins, 414 



Gelbviehs, and 471 Herefords. These reference cattle were 
genotyped with the Affymetrix BOS1 for the Canadian Cat-
tle Genome Project. There were 552,588 SNP being used. 
Genotypes were coded 0, 0.5, or 1 for zero, 1, or 2 copies of 
the allele B. Breed composition was predicted by regression 
analysis, using stepwise selection procedure in SAS 9.3 
(SAS Institute, Cary, NC) and the following model y =Xb + 
e, where X was the matrix of allele frequency for each ref-
erence breed, b the vector of regression coefficients repre-
senting the percent contribution of each animal in y.   

 
Results and Discussion 

 
Table 1 shows a summary of the average genetic 

relationship between the animals. None of the animals in 
the reference population were found to have a relationship 
of 50% or higher with the commercial animals, only 9 ani-
mals had a genetic relationship between 0.25-0.5 and genet-
ically represented grand-sires of the phenotyped population. 
Also, 11,770 of the genomic relationships were less than 
0.125. 

 
Table 1. Summary of the genetic relationship between 
animals in the reference population and the animals in 
the commercial crossbred populations. 

Number of 
commercial 

animals 

Genomic relationship with the 
reference animals 

0 > 0.5  
9 0.5 – 0.25 

288 0.25 – 0.125 
11770 < 0.125  

 
 
The animals in the reference population were then 

ranked based on their average genomic relationship with the 
two commercial populations and the top 100 contributing 
animals were selected. These animals were then compared 
to the top identified ancestors using pedigree analysis and 
46% of the animals were found to be similar.  In order to 
have a more accurate comparison, the cumulative contribu-
tion of the genotyped ancestors to the phenotype population 
and their marginal contributions should be estimated using 
genomic information and compared with the measures ob-
tained from pedigree based analysis. 

 
The summary of the breed composition study is 

shown in Figure 1. The Simmental breed contributed the 
most to the commercial population with 45.3%. This result 
further confirms the results from the genomic relationships. 
The second major contributing breed was Angus with 
38.7%.  

 

 
Figure 1. Breed composition1 in the two commercial 
populations. 
1Angus (AN), Charolais (CH), Simmental (SM), Limousin (LM), Gelbvieh 
(GV), and Hereford (HE) 

 
 

Conclusion 
 
Based on the results obtained from the genomic re-

lation matrix from the HD genotype data in the Simmental 
breed, 46% of the key ancestors identified matched the pre-
viously identified animals using pedigree analysis.  
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