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Table 3. Table shows GRM values when p = 0.5 (A) and when p approaches 1 (B) -by using the formula 
in Table 1-A 

Formula (A) - p = 0.5 and 2p(l -p) = 0.5 (B) - limp->J+ and 2p(l - p) = 0
Allele -1 0 -1 0 1 
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Table 4. For different relationships (r) using formula in Table 2 the p would be 

Formula 

Allele 
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(A) - for 0.5 relationships (B) - for 0.25 relationships
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Allele Frequency 
Figure 1. Effect of different allele frequencies on the GRM values using three individuals and one locus. 
The legend shows the genotypes pairs. 

For a single marker only GRM, as discussed in this article, allele frequencies have significant 
effects on the GRM values. As shown in Figure 1, the more extreme the allele frequency (i.e. 0 
or 1) the more extreme the GRM value. Table 3 - (B) shows that allele frequencies of O and 1 can 
result in infinite GRM values, demonstrated also in Figure 1. The lower limit of GRM for opposing 
homozygote is always -2, regardless of allele frequency. Figure 1 demonstrates how rare alleles and 
extreme allele frequencies can cause very large numbers in the GRM. This is amplified here due to 
only using a single marker. It should be noted that in practice, usually using thousands of markers, 
the effect of extreme allele frequencies will be minimized. This is dependent on SNP selection and 
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the effect of extreme allele frequencies will be minimized. This is dependent on SNP selection and 
whether the population is multi-breed for example. This simple example shows the importance 
of choosing the appropriate allele frequency (e.g. base population allele frequency - VanRaden 
(2008)) in order to reflect the true relationship among individuals in a GRM. Removing SNPs with 
very high or low allele frequencies or replacing their allele frequencies with pre-set allele 
frequencies may lead to more compatible values in GRM (in comparison to NRM), with no or 
negligible effect on estimated breeding values kings (Tier et al. 2015). 

CONCLUSIONS 
In this article a simplified version of the GRM was presented to demonstrate the effect of allele 

frequency on GRM values. In addition, simple formula were presented to calculate GRM values based 
on the specific allele frequency, or what allele frequency to use to obtain a specific GRM relationship 
value. These formulas can further be used for simulation purposes and development of methods to 
build the GRM efficiently. 
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