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Summary

Mating programs provide a support tool for breeders and producers to identify the best
combination of potential mating to maximise long-term genetic gain. Incorporating genomic
information can provide more accurate prediction of future performance. The objectives of
the present study were to evaluate alternative approaches to incorporating genomic
information into mating decision support tools. Since not all females in a given herd are
genotyped, prediction of these un-genotypes animals could prove to be informative when
incorporating genomic information into mating advice. It is possible to predict un-genotyped
animals using genotyped relatives, although the efficiency of such prediction is reduced the
further away the genotyped animals are in the population. Using simulated data, when both
the sire and dam of the un-genotyped animal are genotyped, using predicted allele dosage to
calculated genomic co-ancestry results in a strong correlation (0.95) with co-ancestry
calculated with when the genotypes are available. This correlation reduces to less than 0.20
when only one parent is genotyped, which is weaker than what is seen with pedigree
coefficients. Replacement of pedigree based co-ancestry estimates with genomic estimates
can reduce future inbreeding with little effect on genetic gain. Regardless of how inbreeding
is calculated having a penalty on inbreeding reduces expected inbreeding in future progeny
compare to random mating.
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Introduction

Mating programs provide a support tool for breeders and producers to identify the best
combination of potential matings to maximise long-term genetic gain. Mating programs tend
to allocate matings based on maximising the expected genetic merit of the prospective
offspring while avoiding the mating of (closely) related individuals (Weigel, 2001). Many
producers, especially with large herds, also seek to have a homogeneous herd for uniform
management. Most mating programs currently use pedigree relationships; however, genomic
information can provide a more accurate estimate of the relationships as well as provide
information on the major genes status of individual animals. Since not all animals are
genotyped a combination of genotyped and non-genotyped parents will exist on many farms
and cognisance needs to be taken on how to combine such data.

The objectives of the present study were to evaluate alternative approaches to
incorporating genomic information into mating decision support tools and quantify the
effectiveness of each approach in minimising future progeny inbreeding while maximising
genetic gain. Since not all females in a given herd are generally genotyped, the ability to
predict the un-genotyped population was quantified and the effects of incorporating such
predictions into the mating advice tools were quantified.
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Materials and methods

Genotypes

Simulated genotypes: A typical bovine genome was simulated using QMsim (Sargolzaei et
al., 2013) using parameters described in Judge et al. (2017). Briefly, 29 autosomes, with
1,500 bi-allelic markers per chromosome was simulated to represent the density of the
Illumina Bovine50 Beadchip (Matukumalli et al., 2009).

Actual genotypes: Genotypes from a total of 45,147 Irish Holstein-Friesian animals were
available; all animals were genotyped on one the four genotype panels: the Illumina
BovineSNP50 beadchip (Illumina In., San Diego, CA, USA), the International Dairy and
Beef (IDB) Version 1, IDB version 2, and IDB version 3 (Berry et al., 2013). All panels were
imputed to the Illumina BovineSNP50 density using FIMPUTE Version 2.2 (Sargolzaei et
al., 2013). Mendelian inconsistencies were used to validate parentage as well as discard SNPs
that did not adhere to Mendelian inheritance. Only autosomal SNPs in Hardy-Weinberg
equilibrium of a known genomic position with a minor allele frequency >1% and a call rate
>95% were retained. A total of 47,025 SNPs remained for analysis.

Pedigree and Genomic Relationships

The pedigree of all genotyped animals was traced back to their founders. Pedigree
coefficients of relationships between animals were estimated. Pairwise genomic relationships
was calculated using VanRadens method 2 (VanRaden, 2008):

where N is the number of SNPs, is the number of copies of the reference allele of the ith
SNP for the jth individual and is the frequency of the reference allele.

The impact of using a subset of SNPs to calculate the genomic relationships was
quantified. Four subsets of SNPs were selected from the 50k panel to represent a panel with
3,000 SNPs (3k), 5,000 SNPs (5k), 10,000 SNPs (10k), 15,000 SNPs (15k). The SNPs for
each panel were selected using the block method described in detail by Judge et al. (2016).
Briefly, this method divides each chromosome into blocks with the most informative SNP
chosen per block. Single nucleotide polymorphisms within a block were ranked based on
highest MAF and average LD between that SNP and all other SNP in that block.

Genotype prediction in un-genotyped animals

Predicted allele dosage. Predicted allele dosage per locus for individuals where no genotype
information existed was estimated using a gene dropping method (Gengler et al., 2007):

where qx is the predicted allele dosage of an un-genotyped individual, qy is the known allele
dosage of genotyped individuals, 1 is a vector of ones, Axy represents the additive genetic
relationship between individuals with unknown genotypes and the genotyped relative, Ay

represents the additive genetic relationships among all genotyped individual, µ is mean of the
population allele dosage.

Design of mating program
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Based on consultation with Irish producers allocation of sire-dam matings within a herd was
based on a number of criteria; 1) maximising the herd’s mean genetic merit while minimising
the (genetic) variability among progeny, 2) minimise expected inbreeding in progeny, 3)
maximising the mean estimated breeding value of two chosen group of traits of interest while
minimising the variability in these traits (can easily be expanded to more than 2 traits), and 4)
minimising the difference in EBV for trait 1 and trait 2. The objective of the mating criteria
was to produce as homogeneous as possible crop of calves that can be managed similarly
while maintaining emphasis on maximising the herd’s genetic merit. It was assumed that the
candidate sires are selected and a limit was applied based on producers own preference. All
potential mating’s within a herd where ranked based on the above criteria. The following
equation was used to evaluate the potential of each mating.

Where Iij is the ranking index of potential progeny from mating animals i and j, EBIij is the
economic breeding index of the potential progeny, fij is the predicted progeny inbreeding, ω is
the cost associated inbreeding, ij is the economic value of any sub-index of interest, Trait1ij
and Trait2ij are the economic breeding value any traits that require variance between them to
be reduced, EBIsdpop is the standard deviation of the economic breeding value the total
population, sdherd is the standard deviation of the sub-index of all potential progeny in the
herd, and varsdpop is the standard deviation of the variance between the two traits of interest in
the population. Linear programing was used to the maximise the ranking index in the herd
while applying constraints on inbreeding levels (6.25%) and number of progeny per sire.

Within the actual genotyped population there were 544 cows that had genotypes as
well as their sire, dam and maternal grandsire. These animals randomly split into 5 groups to
represent 5 different herds. The mating program was tested on these 5 simulated herd where
inbreeding component was calculated using pedigree information, their actual genotype
information and genotype information where there genotypes where predicted from a
population that included either their sire and dam or their sire and maternal grandsire. The
proposed mating allotment was compared to random mating.

Results and discussion

Measure of co-ancestry and inbreeding

The correlation between the pedigree based and the genome based estimates of inbreeding
and co-ancestry in the simulated population was strong (r=0.89). However, the correlation
between both methods was considerable weaker in the real population (r=0.26) mostly likely
due to incomplete pedigree records in the real population compared to the simulated
population. Strong correlation existed between genomic relationships calculated using
different the SNP densities (Table 1). Based on these correlations it is feasible to reduce the
number of SNPs required in calculation of genomic relationship; although it would not be
recommended to go below 10,000 SNPs as the correlations become weaker.

Allele dosage prediction in un-genotyped animals

In the simulated population, the average correlation between predicted allele dosage and
actual allele dosage (genotyped of the animal) where the sire and dam were genotyped was
0.52 but this decreased the further back in the pedigree the genotypes relatives were. Using
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predicted allele dosage to estimated genomic co-ancestry resulted in a strong relationship
between co-ancestry calculated using actual genotypes and those calculated with the
predicted allele dosage; this was also illustrated in the real population where the 544 cows
predicted allele dosage was used to predict genomic co-ancestry (Figure 1).

Mating program

Since sires and cows in the herd are the same regardless of which method was used to allot
mating the average breeding value in the herd will not differ significantly, although there was
an increase in the average breeding value when any of the genomic methods where used
(Table 3). The difference in average breeding value were a consequence of the different
methods of calculating inbreeding leading to different penalties applied to the same mating.
Regardless of the inbreeding calculation used there is a reduction in inbreeding compared to
random mating (where no threshold was applied). Using the proposed mating method
reduced the variance between traits, in this case milk and fertility sub-indices compared to
random mating resulting in a more homogeneous herd.

Conclusions

Although pedigree information is suitable at controlling inbreeding, genomic measures of
inbreeding and co-ancestry are more effective. With increasing volumes of genomic data the
ability to incorporate this information into tools designed to help producer is possible.
Additionally, where animals are not genotyped it is possible to predict gene content and use
these estimates to predict the expected inbreeding of the progeny.
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Table 1. Correlations between genomic coefficients of relationship (above the diagonal) and
inbreeding (below the diagonal) between different SNP panels; 3,000 (3K), 5,000 (5k),
10,000 (10k), and 15,000 (15k) SNPs.

3k 5k 10k 15K 50k
3k 0.97 0.97 0.96 0.95
5k 0.94 0.98 0.98 0.97
10K 0.92 0.95 0.99 0.98
15k 0.92 0.95 0.98 0.99
50k 0.90 0.94 0.96 0.98

Table 2. Correlation (r), regression coefficient (b), root mean square error (RMSE) of
predicted genomic relationships, using pedigree information and predicted allele dosage with
different levels of available genomic information using the simulated population.

r rmse b
Pedigree 0.89 0.021 0.92

Predicted allele dosage with sire and dam genotypes 0.95 0.014 0.93

Predicted allele dosage with sire and maternal-grandsire genotypes 0.18 0.045 0.17
Predicted allele dosage with sire genotypes 0.21 0.045 0.22

Table 3. Mean economic breeding value, herd variance in economic breeding value, pedigree
inbreeding and genomic inbreeding of progeny based on random mating or mating program
using either pedigree or genomic co-ancestry estimates
  Random Mating advice

 
Pedigree

Actual
genotypes

Predicted
genotypes
(sire/dam)

Predicted
genotypes
(sire/mgs)

Breeding Value (€) 187.84 185.55 189.06 189.29 189.47

Variance between traits (€) 24.01 19.71 19.02 19.44 19.67

Pedigree inbreeding (%) 4.6 2.8 3.7 0.03.7 0.03.7
Genomic Inbreeding (%) 0.1 -1.1 -1.1 -0.9 -0.9

Figure 1. Relationships between the genomic relationship matrix using actual genotypes of
the real populations and a) genomic relationship matrix using predicted genotypes both sire
and dam genotypes, and b) genomic relationship matrix using predicted genotypes both sire
and maternal-grandsire.


