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SUMMARY 
In this study, we tested 3 methods of building variations of genomic relationship matrix and 

compared these with the classic A matrix (pedigree based). Brahman bulls (n = 1,695) genotyped 
for or imputed to more than 700,000 single nucleotide polymorphisms were used. The allele 
frequencies used to obtain the 3 variations of G were: 0.5 for all SNPs (G50), the average minor 
allele frequency (GMF), and the observed allele frequency of each SNP (GOF). Our results 
indicate that, it is relevant to evaluate the allele frequency in the population and select the method 
of building matrices to increase the importance of rare alleles, which can help with estimating 
more precise relationships. 
 
INTRODUCTION 

The use of genomic information has been growing in animal breeding programs. Several 
researchers are using this type of information to improve the accuracy of estimated breeding 
values (Hayes et al. 2010; Gianola et al. 2010; Erbe et al. 2012). Technology advancement and the 
possibility of genotyping many individuals made possible to use information on the alleles 
identical by state (IBS), not only identical by descendent (IBD) that can be shared through 
common ancestors. It is feasible to use a genomic relationship matrix (G) for estimating breeding 
values (Meuwissen and Goddard 1996). 

Often it is not possible to obtain genomic information on the whole population and generate a 
relationship matrix based entirely on genomics due to the cost of genotyping and lack of samples 
to genotype. It is also difficult to estimate the allele frequencies of the base population. In the 
absence of this information, methods were developed to calculate the genomic relationship matrix 
using either an observed allele frequency, or a minor allele frequency or even a fixed value for 
allele frequency. These methods use observations from the genotyped population, which may be 
observed by actual genotyping or inferred with imputation from low density panels to high density 
panels. Forni et al. (2011) used genomic information from a population of pigs (1,919 females and 
70 males) to test the impact on breeding values of using different  approaches to build the G 
matrix and compared it to the A matrix (pedigree based). Forni et al. (2011) concluded that the 
breeding values estimated using the traditional A or an H matrix, that have both genomic and 
pedigree information, were similar. Their evidence suggested no real benefit from including 
genomic information in pig breeding programs. However, population structures in commercial pig 
lines are very different from the breed structure encountered in the beef cattle industry. Therefore, 
it is important to evaluate the contribution of genomic information to genetic evaluation processes 
in beef cattle. In this study, we test 3 methods of building genomic relationship matrices and 
compare these with the classic A matrix. 
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MATERIALS AND METHODS 
Animals and genotypes.  Data from 1,695 Brahman bulls were used in the current study. 

These cattle represent a subset of the population bred by the Beef CRC that was described in detail 
previously (Burns et al. 2013; Corbet et al. 2013). This population has information on 729,068 
single nucleotide polymorphisms (SNPs). These SNPs were genotyped (97 animals) or imputed 
(1,598 animals) from a lower density Illumina chip (BovineSNP50). Although only 97 animals 
within this study were genotyped on the high density marker panel, the full reference used to 
impute genotypes contained 917 animals from the Beef CRC population. Quality control criteria 
excluded SNP if minor allele frequency was lower than 0.05. Also, if pairwise correlations 
between SNP alleles was stronger than 0.95, only one SNP of the pair remained in the analysis. 
After quality control, 569,620 SNPs were used to estimate G, as follows: 
  

𝐺 =
(𝑀 − 𝑃)(𝑀 − 𝑃)′
2∑ 𝑝𝑗(1 − 𝑝𝑗)𝑚

𝑗=1
   , 

where M is an allele-sharing matrix with m columns (m = 569,620 SNPs) and n rows (n = 1,695 
individuals), and P is a matrix containing the frequency of the second allele (pj), expressed as 2pj. 
Mij was 0 if the genotype of individual i for SNP j was homozygous for the first allele, was 1 if 
heterozygous, or 2 if the genotype was the other homozygous state.  

The frequencies used to obtain 3 variations of G were similar to the methods described by 
Forni et al. (2011) where P matrix was obtained with: 1) the observed allele frequency of each 
SNP for the population (GOF), 2) average minor allele frequency (GMF), and 3) 0.5 for all SNPs 
(G50). For comparison between these variations of G matrices and the A matrix two methods 
were used: descriptive statistics and the correlation between the estimated kinship of individuals. 
For this population, 7 generations pedigree was used to obtain the relationship between the 
genotyped animals, underpinning the A matrix (total number of animals 3030). The comparison 
between A and G variations was made using only the relationship estimated between genotyped 
individuals. 
 
RESULTS AND DISCUSSION 

Descriptive statistics for the A relationship matrix and the G relationship matrices, estimated 
for genotyped animals are provided in Table 1. The diagonal and off-diagonal elements were most 
similar for the matrices A and GOF, but the variances were very different. This lead to the 
differences between the matrices that can also be observed in Figure 1. 

 
Table 1. Statistics of relationship coefficients estimated using pedigree and genomic data* 
 

 Diagonal elements Off-diagonal elements 
 Mean Min. Max. Var. Mean Min. Max. Var. 

A 1.00 1.00 1.12 3.7x10-5 0.01 0.00 0.62 1.4x10-3 
GOF 1.03 0.90 1.26 3.4x10-3 0.00 -0.11 0.66 1.9x10-3 
GMF 2.84 2.57 3.08 3.6x10-3 1.91 1.55 2.58 5.7x10-3 
G50 1.36 1.20 1.52 1.4x10-3 0.68 0.45 1.16 2.6x10-3 

*A (relationship matrix pedigree-based); GOF (genomic relationship matrix with observed frequency); GMF 
(genomic relationship matrix with averaged minor allele frequency); G50 (genomic relationship matrix with 
frequency 0.5 for all alleles). 

 
Differences between the estimates for kinship based in either A or G calculations were 

observed (Figure 1). For some pairs of animals that A estimated as having no relationship (a value 
of zero), G matrices estimated values higher than zero suggesting that some of these animals share 
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alleles that are IBS, but may not be IBD, or they may have a common ancestor that was missing 
from the pedigree records.  

 
Figure 1. Pairwise comparisons between kinship values estimated by matrices: a) A vs. GOF, 
b) A vs. GMF, c) A vs. G50, d) GOF vs. GMF, e) GOF vs. GMF, and f) GMF vs.G50. 

 
Lower variances for the matrix A, compared to G, can be explained because the method of 

calculating the relationship is by probability of two individuals sharing only alleles IBD. Higher 
variance among G elements, compared to A, can be expected because genomic relationships 
considered both alleles IBS and IBD, in agreement with Forni et al. (2011). Differences between 
matrix element variances are also reflected in the estimated correlations between A and G (Table 
2). When the 3 variations of G were compared, we observed greater differences between GOF and 
the other 2 G matrices. The correlation between G50 and GMF was high (Table 2), reflecting 
similar relationships estimated by these 2 methods (Figure 2). 

 
Table 2. Correlations between individual kinship estimates from each relationship matrix* 
 

 GOF GMF G50 
A 0.85 0.50 0.54 
GOF  0.58 0.63 
GMF   0.99 

*A (pedigree based relationship matrix); GOF (genomic relationship matrix with observed allele 
frequencies); GMF (genomic relationship matrix with averaged minor allele frequencies); G50 (genomic 
relationship matrix with a fixed allele frequency of 0.5 for all SNP). 
 

The distribution of allele frequencies were shown in Figure 2. Extreme allele frequencies 
(higher than 0.8 and lower than 0.2) were observed in this population of Brahman bulls. This 
distribution of allele frequencies is in contrast with the distribution observed in pigs by Forni et al. 
(2011) that the distribution was much more uniform. The distribution of allele frequencies reflect 
the fact that the BovineSNP50 chip was developed primarily for Bos taurus. In Bos taurus, the 
allele frequencies are much more uniform in comparison to the distribution found in our Brahman 
population. The extreme frequencies in our allele distribution might help to explain the higher 
correlation between GMF and G50, and the differences between these 2 and GOF. Assumingly, if 
a fixed allele frequency such as 0.5 is used or minor allele frequencies are used instead of the 
observed frequencies, less importance is given to rare alleles and individual allele variation. As a 
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result, GMF and G50 might estimate higher values of kinship and some individuals might be 
perceived to be more related than suggested by GOF or A results. Differences in estimated kinship 
will influence estimated breeding values, having an impact on cattle selection programs. 

 

 
Figure 2. Distribution of observed frequencies of the second allele. 
 
CONCLUSION 

In this study, relationships between individuals estimated using genomic data were correlated 
with estimates based on pedigree information. Since G matrices are correlated but not identical to 
the A matrix, genomic data can add information and contribute to accurate relationship 
estimations. Appropriate use of genomic information can be achieved with different methods of 
calculating a G matrix. Our results indicate that it is relevant to evaluate the allele frequency in the 
target population and select the methodology accordingly. Presence of extreme allele frequencies 
might indicate the importance of rare alleles and the use of GOF. Future work should test the 
influence of the different G matrices in the estimative of breeding values. 
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