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ABSTRACT: Using genomic data to assign breed or breed 
content is becoming commonplace in both the research 
setting and in genetic evaluation. There is potential to use 
this strategy for breed verification purposes where pedigree 
records are missing or incomplete. The current study 
provides guidelines on the number of cattle required in a 
reference to accurately assign breed to animals of unknown 
origin. A reference dataset comprising SNP genotypes 
(5817 loci) from Brahman, Hereford, Shorthorn and Angus 
were used to train the program Admixture and assign breed 
to individuals outside the reference set. The dataset 
demonstrates that as few as 50 animals are required to train 
the prediction to achieve accurate (>0.97) discrimination 
between breeds that are distantly related. However, at least 
500 animals are required in the reference set to achieve 
accurate (>0.96) discrimination between closely related 
breeds such as Hereford and Shorthorn.  
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Introduction 
 
There is interest in the development of breed 

composition tests for the purposes of breed societies 
commercial branded beef programs and quality control 
where pedigree is unknown or unable to be verified using 
traditional methods. This is a particular issue in extensive 
conditions on many Australian properties where control of 
bulls is difficult. In Australia, breed societies often register 
several grades of animals from Full Blood and Purebred 
through F1, F2 and F3 commercial registers. A DNA test 
that could accredit individual animals or herds to a 
particular register for use as breeding stock would be useful 
(where an animal would otherwise be excluded due to 
missing pedigree records, for example). An alternate 
application of genomic breed composition tests is of quality 
control of supply chains in high value markets to verify 
origin or breed purity of individual carcasses or boxed beef. 

Assignment of breed and breed composition using 
high density SNP genotypes has been demonstrated by 
several groups (eg. Porto-Neto et al., 2013; Frkonja et al., 
2012; Kuehn et al. 2011). However, there is little 
information on the number of animals required in the 
reference population to develop robust predictions of breed 
assignment. In addition, an estimation of the accuracy 
(sensitivity and specificity) is vital to the implementation of 
such tests in lieu of traditional parentage verification for 
breed society registration purposes. 

The present study was undertaken to determine the 
minimum number of animals that would be required in a 
reference or ‘training’ population of cattle to accurately 
assign breed using genomic data, and to determine what 

level of accuracy, specificity and sensitivity could be 
expected from such a test. 

 
Materials and Methods 

 
Animals and genotypes. The data used in this 

experiment was available from the database of the 
Australian Cooperative Research Centre for Beef Genetic 
Technologies (Beef CRC). A total of 9352 animals were 
included in the study based on the availability of genomic 
data (an Illumina Bovine SNP50 genotype) linked to a 
breed record. The study included Hereford, Brahman, 
Angus and Shorthorn which all had greater than 700 
records available as  outlined in Table 1. 

A selection of 5817 markers from the GeneSeek® 
Genomic Profiler-LD were used in the study. These 
markers were common to the Illumina Bovine SNP50 
versions 1.0 and 2.0, and the GeneSeek GGP-LD (a custom 
chip based on the Illumina Bovine 7K chip). The decision 
to use markers common across all platforms used in the 
analysis maximised the number of animals available. 
Additionally Frkonja et al. (2012) showed that little power 
was lost by using approximately 4000 markers rather than 
50k. 

Data analyses. The software program, Admixture 
(Alexander & Lange, 2011) was used to estimate individual 
and population (breed) allele frequencies from the SNP 
data. Given a certain number of animals in the reference set, 
we compared the ability of the test to assign an animal 
outside the reference set to its correct breed. This was 
performed on a pairwise comparison (Angus vs Shorthorn, 
Angus vs Brahman etc). A process of cross validation was 
performed where animals were selected without 
replacement into training groups of increasing size (50, 150, 
200, 250, 300 per breed, and 350, 400, 450, 500 per breed).  
Once the training size reached more than one third of the 
population, it was not possible to randomly sample enough 
groups with replacement and obtain three estimates of 
accuracy. Thus once the number of animals was more than 
1/3 of the population a k-fold validation method was used 
where animals were excluded from the training set once 
they had been used in validation. Accuracy was defined as 
the percentage of animals correctly assigned.  Specificity is 
the number of true negatives divided by the sum of the 
number of true negatives plus false positives. Sensitivity is 
the number of true positives divided by the sum of the 
number of true positives plus false negatives. 
 

Results and Discussion 
 



 Number of samples required in the reference 
set for accurate breed assignment. The number of 
animals required in the reference population to calculate an 
accurate prediction of breed is presented in Figure 1. 
Increasing numbers of animals in the reference set 
increased the accuracy of the breed assignment, although 
the most marked increases in accuracy were obtained when 
comparing breeds with similar ancestry. Highly divergent 
breeds such as Angus and Brahman required very few 
animals in the reference set to provide a high level of 
accuracy (97%) in breed assignment with as little as 50 or 
100 animals per breed in training. Breeds more closely 
related to Angus (Shorthorn and Hereford) required 400-
500 animals in the training set to reach similar levels of 
correct assignment. Angus and Hereford seemed to require 
fewer animals for accurate assignment than either Angus 
and Shorthorn or Hereford assignment.  

Results from this study were consistent with 
Frkonja et al. (2012) who found that with quite divergent 
breeds (Simmental and Red Holstein) they were able to 
obtain accurate allocations to breed of origin with as few as 
10 animals. Their result was robust across a range of 
different estimated procedures (BayesB, PLSR, Structure 
and LASSO). We show however that in the case of more 
related breeds the number of animals required to 
discriminate accurately is substantially higher. 

Considerations of sensitivity and specificity. An 
analysis of the sensitivity and specificity was also 
performed for all cross validation groups. It was found that 
the sensitivity was high across all combinations of breed 
contrasts and numbers of animals in training (Figure 2); that 
is, all animals that were supposed to be assigned to a 
particular breed were assigned to that breed.  Thus with the 
current threshold of 0.85 for assigning to pure breed group 
very few false negatives should occur.  

Figure 3 shows the specificity of the test. The 
specificity was quite a bit lower and as low as 85% for 
Angus-Shorthorns and Shorthorn-Herefords with low 
numbers in training. Once the number of animals in training 
was increased the specificity also increased substantially.  
The specificity could be increased by applying less 
stringent thresholds to assignment of breed, however this 
would be at the expense of potentially decreasing the 
sensitivity.  

The thresholds set for the definition of breed will 
affect the sensitivity and specificity of such a test (to 
potentially be used in place of traditional pedigree 
recording). The way these thresholds are set need to be 

considered in the context of the desired outcome. Is it more 
important to ensure that everyone who should be ‘in’ is 
‘in’? (Even if that means some individuals will be 
incorrectly included in the group?) Or is it more important 
to ensure the purity of the group, even if it means excluding 
some individuals who should actually be ‘in’?  

 
Conclusion 

 
Genomic data can be used to assign unknown 

individuals to their correct breed with over 96% accuracy 
when appropriate numbers of animals are used to train the 
prediction. Few animals (between 50-100) are required in 
the reference set when attempting to discriminate between 
distantly related breeds, but many more (400-500) are 
required to discriminate between closely related breeds 
using this number of SNP markers. The number of animals 
in the reference set will also affect the sensitivity and 
specificity of the breed assignment, which should be 
important considerations if such a test was to be used in a 
commercial setting. 
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Table 1.  Number of animals used in analysis 
Abbreviation Breed No. of Animals 
AA Angus 2695 
BB Brahman 5045 
HH Hereford 744 
SS Shorthorn 868 

Number of animals available with genotypes for each of four 
breeds used in the analysis together with abbreviations for each 
breed. 
 
 
 

 
 

 

  



Figure 1. Accuracy of assignment to correct breed for pairs of breeds 

 
Figure 2.  Sensitivity of assignment to correct breed for pairs of breeds 

 
Figure 3. Specificity of assignment to correct breed for pairs of breeds 

 


