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ABSTRACT: To further help determine the history of 
Canadian dairy breeds, breed proportions were estimated 
using ADMIXTURE software and compared to regression 
on ancestral allele frequencies in 3 widely used breeds that 
have been shown to be related in some way to the native 
Canadienne breed of cattle. A high correlation between 
methods was found, and very little admixture across Hol-
stein, Jersey, and Brown Swiss breeds was found. The small 
amount of admixture detected, mostly in the Brown Swiss 
breed can be contributed to rare use of sires from other 
breeds as well as a historical mixing of all of these breeds 
with ancestral Canadian breeds.  
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Background 
 

 Understanding the history of Canadian dairy cattle 
can help to understand better the origins of our modern 
agriculture systems, as well as to better quantify the changes 
that the industry has undergone over time. Looking at breed 
composition of animals that are thought to be pure-bred may 
give us some information as to how these breeds developed 
historically and to what degree these breeds may have been 
mixed in the distant past. It is known that the Canadian 
dairy population began with a single breed, the Canadienne, 
and a number of sires from other breeds were introduced to 
this population until the Canadienne, as it was in the distant 
past, is no longer a major breed for dairy production in 
Canada. The degree to which modern Canadian breeds are 
mixed may provide insight into what degree the original 
population of Canadienne animals still affect Canadian dairy 
production today as well as how much those breeds were 
intermixed in early Canadian dairy history. It was shown by 
Hansen et al. (2002) that the Canadienne breed is most simi-
lar to Brown Swiss cattle, when also compared to Holstein 
and Jersey cattle.  
 

If we can identify chunks of genotypes that have 
origins in another breed, we may also be able to trace cer-
tain QTL to a given region on the genome. This is only 
possible if a significant difference in phenotype is seen 
between animals that have greater levels of admixture and 
those that are pure-bred.  

 
 Here we discuss a novel strategy to assess the level 
of admixture in breeds genotyped with the 50k SNP panel, 
by reducing the number of SNPs selected, and iterating 
many times, giving every SNP an equal opportunity to be 

included in the analysis. The goal of this method is to accu-
rately assess genomic breed proportions using ADMIX-
TURE software (Alexander et al., 2009), and compare to 
results from an allelic based method as proposed by Chiang 
et al., (2010) to determine the accuracy of the novel SNP 
selection method.  
 

Materials and Methods 
Data 

 
 Pedigree records and genotypes were collected for 
North American Holstein, Brown Swiss and Jersey animals. 
Genotypes on the Illumina BovineSNP50 beadchip were 
available from 47,433 Holstein, 1,566 Brown Swiss and 
4,517 Jersey animals. To maintain consistency between 
breeds, and to stay within the computational capacity avail-
able in software used, we randomly selected 200 Canadian 
bulls from each breed to proceed with admixture analysis. 
Genotypes were filtered for minor allele frequency less than 
5% and for missing call rates of greater than 10% in the 
entire population, before the random subset of males were 
selected. This resulted in 43,382 SNPs being considered 
after quality control measures. 
Admixture model 
 
 The admixture model, as detailed by Alexander et 
al. (2009), allows for the detection of “chunks” of chromo-
somes that are unbroken that originally stemmed from an 
ancestral population. Identifying these chunks allows us to 
quantify what proportion of a genome has come from some 
level of admixture with other distinct groups or clusters. 
This is only possible if markers are linked to some degree as 
to be able to detect these “chunks” but not so tightly linked 
that there will be extensive background LD, which will lead 
to spurious clustering, and a misrepresentation of the true 
level of admixture. The linkage model employed in this 
study assumes that the breaks between “chunks” of chromo-
somes occur randomly as a Poisson process, and occur as a 
function of genetic distance.  The model was applied to each 
animal to determine the level of admixture. The results for 
all animals where then plotted as a triangle plot (K=3; Fig-
ure 1) to illustrate the overall cluster of populations. 
 

Breed composition prediction  
using individual markers 

 
 Breed compositions were also estimated using the 
regression approach as described by Chiang et al. (2010) 
and expanded on by Kuehn et al. (2011). Genotypes were 



regressed on allele frequencies for each breed as reported by 
Kuehn et al. (2011). This was carried out using the formula: 
 

𝒚 = 𝑿𝒃 + 𝒆 
 
where X is a matrix of allele frequencies for 35,051 SNP 
that were considered after matching SNP IDs from the 
North American Collaboration on Genomic Prediction with 
those reported by Kuehn et al. (2011) for the three breeds 
considered, b is a vector of regression coefficients for breed 
proportions, y is the vector of copies of an allele present at 
each locus for a given animal, and e is a vector of random 
residuals. These results were then compared to the results 
from the analysis performed by ADMIXTURE using a 
regression of breed component estimates from one algo-
rithm on the other. 
 

Results and Discussion 
ADMIXTURE 

 
 Breed composition for each animal was calculated 
using the admixture model as described by Alexander et al. 
(2011). This model determines what proportion of a given 
genotype originated from each of K clusters (3 cluster used 
here). The average results for this analysis, averaged over all 
animals registered to each of the three breeds are given in 
Table 1. The results demonstrate that each of the three clus-
ters are representative of each of the three breeds, each 
breed having distinct genotypes at the marker spacing found 
on the 50k SNP panel. Given that breeds were clearly de-
fined before analysis, and the analysis showed clear separa-
tion of breeds, we can assume the iterative method to select 
SNPs was effective in giving an unbiased estimate of ad-
mixture. 
 
Table 1. Average breed composition of each of 3 regis-
tered breeds (N=200) given 3 clusters estimated by AD-
MIXTURE software. 

Registered 
Breed Cluster 1 Cluster 2 CCluster 3 
Holstein 0.9874 0.0073 0.0051 
Brown Swiss 0.0096 0.9813 0.0087 
Jersey 0.0058 0.0130 0.9809 

 
 

With no significant overlap between breeds, and 
very few animals that have a significant portion of their 
genotype coming from another cluster, it can be seen that 
there is very little overlap in the current breeds (Figure 1), 
and as such, it can be concluded that there is very little re-
maining from any ancestral breeds that may have interacted 
with all 3 of these breeds. It can also be assumed that there 
has been very little to no recent admixture of animals in 
these breeds. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Breed clustering from ADMIXTURE software 
based on the 50k panel. Holstein- blue dots, Brown 
Swiss- red dots, and Jersey- Green dots 

 
 

 For the few animals that had more diverse breed 
composition estimates, as can be seen in Figure 2a, where 
some animals do not have more than 75% of their genes 
coming from one breed, a more recent admixture event can 
be assumed to have taken place. This may be useful in iden-
tifying locations of certain QTL that are present in only one 
breed. If an animal has a phenotype that is significantly 
different from other animals in the breed to which it is regis-
tered and chunks coming from other breeds can be identified 
in the genome, we could propose that one or more of those 
chunks have a QTL for that trait on them. 
 

Allele Frequency 
 
 Breed composition was also quantified using allele 
frequencies of base populations of the three breeds included 
in this study. Results of breed composition based on a re-
gression on founder allele frequencies are reported in Table 
2. Results from regression on founder alleles sum to one, 
however some breed components can be estimated as great-
er than one for the registered breed, or as a negative value 
for breeds that have not made a significant contribution to 
the genome of an individual. When looking at animals indi-
vidually, if breed composition is greater than one, it is as-
sumed that individual’s genome is comprised 100% of that 
breed. When negative values are observed, it is assumed that 
the individual has no contribution from the breed which 
resulted in a negative regression estimate. These trimming 
procedures were not carried out on the overall results, and 
Figure 2b is representative of the raw output from regression 
analysis. This method clearly showed that there is little 
overlap of contribution of alleles across breeds.  
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Breed composition per animal using (top) 
ADMIXTURE software and (bottom) regression on 
founder allele frequencies. HO= Holstein, BS= Brown 
Swiss, and JE= Jersey. 
 
 
Table 2. Average breed composition of each of 3 regis-
tered breeds (N=200) given 3 clusters estimated by re-
gression on founder allele frequencies. 

 Founder Breed 
Registered 
Breed Holstein Brown 

Swiss Jersey 

Holstein 1.0063 -0.0046 -0.0007 
Brown 
Swiss 0.0215 0.9609 0.0160 
Jersey -0.0032 0.0009 1.0018 

 
 
 There was a very high degree of similarity between 
the 2 methods, with a regression coefficient greater than 
0.99 between the 2 methods.  
 

The higher level of admixture seen in the Brown 
Swiss breed when compared to the Jersey and Holstein 
breeds implies greater usage of outbreed sires in the Canadi-
an Brown Swiss population. This also may validate the 
findings of Hansen et al. (2002) that Brown Swiss cattle are 
more related to the Canadienne breed, and that is being 
detected here by relationship to Jersey and Holstein, that 
may also share some chunks with the Canadienne that can-
not be identified in this study. 

 
 
 
 

The slightly larger degree of admixture seen in 
Holstein and Jersey cattle as well as Brown Swiss when 
using the admixture algorithm when compared to regression 
on ancestral frequencies could be explained by admixture 
between these breeds and another breed such as the Canadi-
enne breed that cannot be detected by regression analysis as 
it may lead to novel alleles at some loci when compared to 
ancestral allele frequencies in these breeds. This could fur-
ther substantiate some degree of admixing between these 
populations and another group not studied here. Admixture 
level is higher in Brown Swiss and Jersey breeds, possibly 
due to less influence of the international population on the 
current populations of these breeds in Canada. 

 
Conclusions 

 
 Modern Canadian Brown Swiss, Holstein, and 
Jersey breeds have very few shared genomic “chunks” with 
one another. The little admixture that can be detected is 
greatest in the Brown Swiss breed among those studied, but 
is still very small leading to the hypothesis that this admix-
ture took place, on average, in the distant past. 
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