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ABSTRACT: Genomic inbreeding coefficients (Fi) were 
estimated for 1515 Angus (AN), 1387 Charolais (CH), 549 
Simmental (SM), and 430 Hereford (HE). Fi in this sample 
of AN and CH remained relatively stable at around 12.48% 
and 11.95%, respectively, between 2001 and 2013. AN and 
CH from the research centres had slightly lower Fi com-
pared to those from their respective breed associations. The 
SM animals born between 2001- 2013 had higher Fi 
(15.32%) than AN and CH year mates. The HE animals had 
the highest Fi at all times, averaged at 28.91%. Inbreeding 
depression for average daily gain (ADG) was also investi-
gated in a multibreed and crossbred population of beef cat-
tle. No statistically significant dependence between ADG 
and Fi was found. 
Keywords: Beef cattle; Genomic inbreeding; Single nucleo-
tide polymorphism 
  
 

Introduction 
 

One of a few important factors that carry genetic se-
lection in livestock forward is the existence of genetic varia-
tion in target populations. At a molecular level, genetic vari-
ation at a locus is controlled by allelic variability at the site. 
Decrease in allelic variability will increase the number of 
homozygous loci across the genome, and lead to inbreeding 
depression. This study was carried out to investigate the 
level of inbreeding in a sample of four Canadian beef cattle 
breeds, and its impact on growth rate in crossbred beef cat-
tle.  
 

Materials and Methods 
 

Animals and genotypes. A total of 4478 animals 
were genotyped with the Illumina BovineSNP50, including 
1515 AN, 1387 CH, 549 SM, and 430 HE from the respec-
tive breed associations and research herds. These animals 
were born between 1956 and 2013. For the Angus and 
Charolais, 1200 and 999 animals, respectively, originated 
from the Onefour Research Substation of the Agriculture 
and Agri-Food Canada Research Centre, presently located at 
the Kinsella Research Ranch, University of Alberta. The 
rest came from breed associations. Pedigrees were available 
for the identification of key individuals in each breed. For 
the purpose of this study only, 12, 13, 29 and 7 ancestors, as 
identified by Stachowicz et al. (2013), were available for 
Angus, Charolais, Simmental and Hereford, respectively. 
They were born between 1956 and 1980. 

 
Genotyping was performed using either the Illumina 

BovineSNP50 BeadChip (both v1 and v2) and Affymetrix 
BOS1.  

 
Markers with spurious position and/or less than 95% 

call rates were excluded, leaving a final number of 42204 
SNP on 29 Bos Taurus autosomes (BTA) being used in this 
study. The number of SNP varied among chromosomes, 
with BTA1 having the largest number of SNP (2778), and 
BTA27 having the fewest (762). The overall average dis-
tance between two adjacent SNP was 59 kb. 
 

Testing the impact of inbreeding on average daily 
gain (ADG) was carried out on 1353 beef cattle, including 
24 AN, 5 CH, 19 SM, 13 Piedmontese (PI), and 1292 cross-
breds among mainly AN, CH, SM, LM, GV, HE and PI 
breeds. Detailed information of the animals is reported by 
Lu et al. (2013).   
 

Methodology. Inbreeding coefficients were estimat-
ed for individuals within each breed, using the genomic re-
lationship matrix proposed by VanRaden (2008). Briefly M 
is a matrix of dimension number of animals by number of 
SNP, which are in forms of -1, 0, and 1 for AA, AB, and 
AB genotypes, respectively; P is a vector of 2(pi – 0.5) with 
pi being the frequency of allele B at locus i in the respective 
ancestor group; subtraction of P from M gives Z; then  𝐺 =

!!!

! !!(!!!!)
 , and (Gjj -1) represents genomic inbreeding coef-

ficient of individual j.  
 

The effect of inbreeding on post-weaning ADG was 
estimated from the following univariate animal model 

 
𝑦!"#$% = 𝜇 + 𝛾! 𝑎𝑔𝑒!"#$% + 𝛾! ℎ!"#$% +

𝛾! 𝑓!"#$% + 𝑠𝑒𝑥! + 𝛽!𝑏!!
!!! + 𝑡! + ℎ𝑦! + 𝑎! + 𝑒!"#$% , 

 
where 𝑦!"#$%was ADG; 𝜇 the overall mean; 𝛾!, 𝛾!, 𝛾!  the 
regression coefficients for fixed effects age, heterosis, and 
inbreeding, respectively; 𝑠𝑒𝑥! the fixed effect of sex; 𝛽!the 
linear coefficient of the jth breed; 𝑏! the breed proportion of 
the jth breed (six major breeds being AN, CH, SM, LM, GV, 
PI) in the pth animal; 𝑡! the fixed effect of the kth feeding 
trial; ℎ𝑦! the random effect of the nth herd of origin by year 
group; 𝑎! the random additive genetic effect of individual p; 
𝑒!"#$% the random residual effect. ASReml (Gilmour et al. 
(2009)) was used run the described model. 



Results and Discussion 
 

The genomic inbreeding coefficients estimated for 
each breed are presented in Table 1, and their changes over 
the years are displayed in Figure 1. The inbreeding estimat-
ed for Angus and Charolais appeared to have somewhat 
similar trends with the highest Fi of 14.32% in Angus in 
1997, and 15.41% for Charolais in 1998. They both fluctu-
ated in the following years until the lowest point of 11.36% 
in Angus in 2010, and 10.51% for Charolais in 2005, which 
then started to increase. The AN and CH that came from our 
research centres were grouped into AN1 and CH1, respec-
tively, while AN2 and CH2 accommodated animals that 
came from the respective breed associations. Their inbreed-
ing coefficients are presented in Figures 2 and 3. It appeared 
that inbreeding among the AN1 and CH1 animals was stable 
between 11% and 14% since 2000 for Angus, and 1997 for 
Charolais. AN2 and CH2 animals had wider ranges of in-
breeding with the highest coefficients of 16.69% and 
15.66% in AN2 and CH2, respectively. 

 
 

 
 
 

 
 
 

Table 1. Genomic inbreeding coefficients (%) estimated 
for each breed 

 Overall Fi 1980-1990 
AN 12.55±3.93 13.08±4.73 
CH 12.12±4.34 10.78±6.69 
SM 13.69±5.41 9.34±6.11 
HE 28.91±3.77 28.54±4.93 

 1991-2000 2001-2013 
AN 13.16±3.42 12.48±3.98 
CH 12.76±4.71 11.95±4.22 
SM 12.89±5.01 15.32±5.19 
HE 28.47±3.82 29.26±3.72 

 
 

For Simmental, inbreeding seemed to increase 
steadily every ten years from 1980 to 2013 (Figure 1). Av-
erage Fi during 1980-1990 in Simmental was 10.35% com-
pared to 13.08% in Angus, it increased slowly during 1991-
2000, but then more rapidly from 2001, making those Sim-
mental born between 2001 and 2013 slightly more inbred 
than their Angus and Charolais year mates. Our variance 
component analysis of genetic markers among the Simmen-
tals showed four sub-groups within the population, howev-
er, a test for genetic divergence among them was insignifi-
cant (results not presented). Perhaps the four sub-groups 
have not crossbred with one another, and thus they are still 
relatively inbred. 
 

The Hereford sample showed the highest Fi, as 
shown in Figure 1, at all times compared to the other three 
breeds. However inbreeding appeared to increase relatively 
slowly over the years. Assuming the estimated inbreeding 
coefficients in the Herefords reflect the true inbreeding sta-
tus among the researched Herefords, a high Fi is the result 
of a small effective population size (Ne) (Falconer and Mac-
kay (1996)), which means the Herefords might have had a 
smaller Ne than that in the Angus, Charolais, and Simmental 
populations. Consequently linkage disequilibrium (r2) in the 
Hereford population should be higher than that in the other 
three breeds because Ne is inversely proportional to r2. Our 
analysis of r2, especially for pairs of markers within 5Mb of 



genomic distance, for the four breeds supported this hypoth-
esis (results not presented). A high Fi may also reflect a lack 
of introgression resulting in HE being the most genetically 
divergent from Angus, Charolais, Simmental, Limousin, and 
Gelbvieh in our analysis of molecular variance (results not 
presented). From a positive view, a crossbreeding scheme 
that involves the HE may result in more heterosis than other 
crosses not using HE (Sagebiel et al. (1974); Olson (2011)).  
 

Genomic inbreeding coefficients reflect the status of 
homozygosity at loci across the genome, and often tend to 
be higher than those computed from pedigrees (Li et al., 
(2011); Silio et al. (2013)). However its accuracy depends 
on how the base population is defined (VanRaden (2008)). 
This study used small groups of ancestors for each of the 
four breeds made available at the time the analyses were 
performed. Further investigation with larger ancestral 
groups is therefore necessary and desirable.  
  

We found no statistically significant impact of in-
breeding on post-weaning ADG (P>0.05) in a multibreed 
and crossbred population with an average inbreeding of       
-0.002±0.043. However, the regression coefficient was        -
0.085, meaning a reduction of 85grams of ADG per 1% 
increase in inbreeding.  
 

Conclusion 
 

Results presented in this paper reveal the status of 
inbreeding in a sample of the Canadian Angus, Charolais, 
Simmental and Hereford beef breeds. The Herefords are 
more inbred than the Angus, Charolais, and Simmentals. 
Though further studies are required, it is also important for 
the respective breed associations to revisit their breeding 
schemes in the light of genomic results and take action to 
avoid or prevent inbreeding depression in their herds. 
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