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Introduction 

Previous studies (Meuwissen et al., 2020; Gautason et al., 2023) have shown that the choice 

of centering allele frequencies (CAF) for the construction of genomic relationship matrices 

(GRM) according to method 1 of VanRaden (2008) (VR1) causes different magnitudes of drift 

and homozygosity when used for inbreeding management, e.g., in optimum contribution 

selection (OCS) (Meuwissen, 1997). Specifically, using allele frequencies (AF) of old (base) 

animals reduces drift and using CAF of 50% reduces homozygosity at genotyped SNPs. This 

means that the choice of GRM and the choice of CAF for its construction affect which animals 

are selected and how much they get to contribute to the next generation. 

With regard to inbreeding management, OCS optimizes the vector of contributions c so that 

c’Ac is minimized (A being a relationship matrix). c’Ac is the average relationship among 

selection candidates weighted by their contributions, and thus twice the average inbreeding 

level of the next generation (assuming random mating, including selfing, and same-sex 

mating). VR1 is calculated as ZZ’/∑(2pk(1-pk)) with pk being a chosen AF for scaling for the 

kth SNP, and Z being a centered-genotype matrix. It can be shown that the average element of 

the ZZ’ matrix is identical to ∑4(obs_afk -cafk)2 (where obs_afk is the observed AF of allele 

k). This means that when using VR1 as the relationship matrix for inbreeding control 

(c’VR1c), contributions are optimized so that the term c’ZZ’c is minimized, since the 

denominator ∑(2pk(1-pk)) just scales matrix entries but does not affect relative differences 

between them or their ranking. In other words, contributions are optimized so that the average 

squared difference between CAF and AF observed from the selected animals weighted by their 

assigned contributions, is as small as possible.  

This expression is not only useful for choosing CAF for inbreeding control, it may even be 

intentionally exploited to change allele frequencies of a population. Our aim, therefore, was to 

evaluate the efficiency of changing allele frequencies by basing OCS on a GRM constructed 

for loci of interest, where the CAF are set to the desired allele frequencies. This procedure then 

selects those animals with the lowest average ‘relationship’ to the population. We call this 

method Targeted Allele Frequency Tuning with OCS (TAFT-OCS). 

 

Materials & Methods 

Toy example. To showcase the principle, a toy example is simulated with 100 individuals and 

5 loci of interest. Contributions of animals are optimized with the R package optiSel 

(Wellmann, 2019) so that the average pedigree kinship increases by 1 percentage point per 

generation and the average matrix entry of a GRM constructed only for the 5 loci of interest is 

minimized. The desired allele frequency is used as the CAF for the construction of VR1. As a 

comparison, a selection strategy is included that uses an index instead of a matrix. The index 

values are the sum over all loci of the absolute deviations of allele counts of an animal from 

the desired frequency, and index weights are all assumed to be 1. 
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Application in Friesian horses. Multiple alleles with major effects like lethality or genetic 

diseases have been found in the Friesian horse breed. Our goal was to test TAFT for purging 

12 known variants in a simulation. We assumed recessive gene action for all of them. One of 

them is an allele associated with insect bite hypersensitivity (IBH) (Chr20:31Mb). This locus 

is located within the MHC region (major histocompatibility complex) (Chr20:29.6-34.6Mb) at 

which diversity is vital due to its role in immune responses to infectious diseases. The MHC 

region was included as a 13th genomic region considered by TAFT but with the goal to maintain 

haplotype-diversity.  

In addition to changing AF, horse breeders also focus on limiting the rate of inbreeding and 

make genetic progress on other (polygenic) traits in the breeding goal. As an example, we use 

withers height here (h2=0.76).  

Discrete generations based on realistic population parameters were simulated. 10,606 females 

were selected based on height and 35,000 matings per generation were conducted which were 

random. An exception to this was the avoidance of carrier x carrier matings for hydrocephalus 

and dwarfism for which breeders already use genetic tests. A complication is that most horses 

are currently not genotyped as routine genotype collection only started in 2023. 

We used the pseudo-female approach to accommodate all restrictions. That means that 

selection was only done on the male side and information of all females, like relationships and 

AF, was approximated from a few genotyped animals and condensed into a single value – the 

pseudo-female. The 150 tallest males were preselected as well as the three tallest sons of every 

sire. These preselected males were genotyped. Males were selected by OCS such that (1) the 

average pedigree-based kinship increased by at most 0.25% (av.ft+1 = av.ft +(1 - av.ft)*0.0025) 

per generation (av.ft is the average kinship now (t)), (2) the contribution-weighted average 

phenotype of selected males was at least the same as the average of the 150 tallest males, and 

(3) the average matrix entry of a GRM constructed with the 12 major-effect alleles as well as 

the haplotypes of the MHC regions was as small as possible.  

In addition to TAFT, two additional scenarios were tested: a control scenario that solely aims 

to reduce inbreeding and a scenario in which an index is used to change allele frequencies. 

 

Results 

Toy example. TAFT and the selection index both managed to purge all alleles within 6 

generations (Fig. 1). However, they showed different behaviour. While TAFT purged all alleles 

at the same time, the index-method purged them one by one starting with the one with the 

lowest frequency (i.e., the lowest deviation from the target frequency). As a result, the 

proportion of animals that was not homozygous for any of the 5 alleles increased faster with 

TAFT than with the index-method. This is mainly caused by TAFT applying more selection 

pressure on the allele with the highest starting frequency. 

The index-method showed failing behaviour (overshooting) when intermediate allele 

frequencies were desired whereas TAFT shifted AF quickly to the desired AF and then 

maintained them there (Fig. 1 C and D). 
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Figure 1. Allele frequency trajectories when desired AF are 0% (A, B), or different 

frequencies for each SNP (C, D). A, C are scenarios with TAFT, and B, D with an index. 

 

Friesian horses. From currently 65% of horses being genetically ‘healthy’ (not homozygous 

for any unwanted allele), selection with either TAFT or the index-approach resulted in virtually 

the entire population being healthy after 6 generations of selection (Fig. 2). It took 4 more 

generations to fully purge the unwanted alleles, i.e., having a carrier-free population. When 

only focusing on minimizing inbreeding, the health-status of the population did not improve. 

 

 
Figure 2. Percentage of healthy horses (not homozygous for any of the 12 unwanted alleles) 

and percentage of carriers in the population.  

 

TAFT-OCS reduced the AF of the unwanted allele at IBH slightly faster than the index-method 

(Fig. 3). Purging could even be accelerated by ignoring the MHC region but this would be at 

the expense of the diversity in the region. When only using haplotypes of the MHC region to 

construct ZZ’ or the selection index, more diversity could be kept. The index-method barely 

managed to maintain the initial diversity whereas TAFT even increased the diversity to 5% 

higher than the diversity observed in the initial generation. 
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Figure 3. Allele frequency of unwanted allele at IBH and diversity in MHC region. 

 

All methods achieved virtually the same genetic gain over the 10 simulated generations (Tab. 

1). In scenarios trying to purge alleles (TAFT and index) the inbreeding rate was higher. 

 

Table 1. Inbreeding rate and genetic gain. 

Method Pedigree inbreeding (%) Withers height (cm) 

 Gen0 Gen10 ∆F/Gen Gen0 Gen10 ∆G/Gen 

Only minimize inbreeding 10.0 12.0 0.22 163.7 200.2 3.65 

TAFT-OCS 10.0 13.5 0.40 163.7 200.2 3.65 

Index-method 10.0 13.5 0.40 163.7 200.4 3.67 
Inbreeding rate calculated as ∆F=1-[(1-F10)/(1-F0)]1/10. 

 

Discussion 

TAFT showed potential for intermediate desired AF and genetic diversity. Differences between 

the index method and TAFT are small in the Friesian horse simulation probably because the 

solution space is too restricted by the restrictions for genetic gain and inbreeding. The achieved 

inbreeding rate was higher than the one used as a restriction because the average kinship (av.ft) 

was calculated each generation and increased due to stochasticity. The TAFT method may be 

seen as a quadratic desired gains index. Future work could focus on how to assign weights to 

alleles/loci in TAFT so that e.g. the unwanted allele at IBH is purged and the diversity in MHC 

is strictly kept at the initial level. TAFT might also be an interesting method for genotype 

building, or to select quantitative traits for which BLUP estimated SNP effects are available: 

simply set the desired AF to 0% or 100% depending on the sign of the estimated effect. This 

may be particularly interesting for favourable rare variants as TAFT places more selection 

pressure on rare alleles. 

 

Conclusions 

TAFT offers new possibilities to directly manage allele frequencies. It is especially valuable 

for diversity management as well as for alleles with intermediate desired frequencies. 
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