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Implementation of genomic selection in UK dairy goats
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Summary

Genomic selection in UK dairy goats was introduced in 2014. One of the main challenges was
the small size and structure of the reference population (mixture of males and females). The
main objective of this study was to set up a breeding programme focused on recording new
phenotypes and implementation of genomic technology. The research was based on data
provided by two farms in the UK comprised of milk production, conformation (udder, teat,
feet and legs), feed efficiency, and health (mastitis) records on 19,790 goats. The pedigree
contained 38,273 individuals. In total 13,814 animals were genotyped with Illumina 50K
caprine chip. The single-step approach was implemented as the method of choice. The results
indicate that this method provides the best accuracy for populations with a small number of
genotyped individuals, where the number of males is relatively low, and females are
predominant in the reference population.
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Introduction

Despite increasing goat milk consumption in the UK, until very recently there has
been no formal breeding value estimations. Therefore, a research project was undertaken
aiming to implement routine breeding value estimation and incorporating genomic
technology. The estimation of genetic parameters was an essential first step to set up an
effective breeding program. Specifically, it was crucial to predict both the direct and
correlated responses to selection, to underpin the development of a selection index that
includes traits of economic importance. The implementation of genomic technologies in goats
was challenging. Even though it had become routine in many farmed livestock species such
as dairy and beef cattle, small ruminants such as goats were lagging behind for a number of
reasons. First of all, the breeding industry is not so well developed worldwide. Routine
breeding value estimation is carried out in several countries such as Canada, France, United
States, and Norway (Bélichon et al., 1999; Montaldo and Manfredi, 2002). However,
genomic evaluations have been introduced only in France (Carillier et al., 2013) and
subsequently also in UK (Mucha et al. 2015). This became possible due to introduction of the
Illumina Caprine 50K BeadChip (Illumina Inc., San Diego, CA; Tosser-Klopp et al., 2012).
Development of genomic evaluations in goats has also been slow due to lack of exchange of
genotypes between countries. The accuracy of methods that use only phenotypes of the
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genotyped animals and ignore records of the non-genotyped part of the population (e.g.,
GBLUP, BLUP-SNP) is limited when the reference population is small. This is particularly
important for small populations such as UK dairy goats. Therefore, an alternative approach
was considered that integrates all of the available phenotypic, pedigree, and genomic
information in a single-step procedure (Legarra et al., 2009; Misztal et al., 2009; Christensen
and Lund, 2010). This method allows for simultaneous evaluation of all animals (with and
without genotypes). Moreover, due to considerably smaller size of the evaluated population
(compared to dairy cattle) computational time is short and evaluations can be performed with
high frequency. The objective of this paper is to present an overview of methods applied in
order to create a system for routine genomic evaluations of UK dairy goats.

Materials and Methods

Phenotypic data

The data were recorded on two separate farm units in the UK owned by a single
farming business. A more detailed overview of the lactation data and genetic parameters for
milk production is described by Mucha et al., 2014. The farms participating in the breeding
program routinely record milk production (milk, fat and protein yield), conformation scored
on a linear 1-9 scale (udder, teat, feet and legs), feed efficiency, and health traits (clinical and
sub-clinical mastitis). The database contained records on 19,790 goats born between 1987 and
2017. The population was created in 1985 by crossing three breeds: Alpine, Saanen, and
Toggenburg. There was no particular crossing strategy and in each generation, the best
performing animals were selected for breeding and as a result, a synthetic breed was created.
The breed composition of the animals was not recorded, and thus could not be included in the
analysis. To mitigate this problem SNP information was used to assess breed composition of
the animals. Genotypes of 1961 goats from the population were used for clustering based on
principal component analysis, performed with SNP & Variation Suite v7.7.8 (Golden Helix
Inc.). The PCA did not reveal any major distinct groups. This suggests that the analysed
population is mostly homogenous and therefore breed was not included as a factor in the
subsequent analyses. The pedigree file contained 38,273 individuals, of which 2,799 were
considered as founders. There were 386 sires and 16,112 dams in the pedigree.

Genotypes

In 2013 two thousand animals were initially selected to build a reference population.
Selection of animals for genotyping was based on 2 criteria: average daily lifetime yield and
genetic relationship between the animals (for more details see Mucha et al. 2015). Since then,
a total of 13,814 animals have been genotyped. All animals were genotyped commercially
with the Illumina Caprine 50K BeadChip (Illumina Inc., San Diego, CA; Tosser-Klopp et al.,
2012) at Edinburgh Genomics (Edinburgh, UK) and Neogen Europe. A total of 47,306 SNP
were used after QA. Apart from breeding value estimation, SNP information was also used
for parentage verification and parent discovery.

Estimation of genomic breeding values

After initial evaluation of various methods for calculation of GEBV, single-step -
HBLUP (Legarra et al. 2009; Misztal et al. 2009; Christiansen and Lund 2010) was selected
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as the best approach. The software package MIX99 (Lidauer et al., 2011) was selected for
routine breeding value estimation. GEBVs for milk production traits were estimated with a
random regression model (Mucha et al. 2015):

where y is the vector of phenotypes (test-day records); b the vector of fixed effects consisting
of herd test day, year-season, age at kidding, and fixed lactation curves modelled by fitting
Legendre polynomials (Kirkpatrick et al. 1990) of fourth order; a is a 1x3 vector of random
regression coefficients (Legendre polynomials of second order) for the animal effect; p is the
1x3 vector of random regression coefficients (Legendre polynomials of second order) for the
permanent environment effect; e is the vector of random residual effect. The matrix X is the
incidence matrix for fixed effects; Z and W are matrices of Legendre polynomials of days in
milk of second order for random animal and permanent environment effect, respectively.
Conformation traits were modelled with the following model (McLaren et al. 2016):

where y is a vector of observations for the analyzed conformation score; b is a vector of fixed
effects: farm, lactation stage, year of scoring, birth year, and scorer; a is the vector of random
additive animal effects; e is the vector of random residual effects, and X and Z are incidence
matrices relating records to their respective effects.
Mastitis was modelled with the following model

Where y was a vector of observations for mastitis (0- no case of mastitis and 1 – mastitis); b
was a vector of fixed effects containing herd year season and kidding age and the remaining
terms of the model were as defined above.
The relationship matrix was constructed, using a custom written Fortran programme produced
by Tomasz Krzyzelewski (EGENES, Edinburgh, UK, personal communication), by blending
Van Raden’s (2008) genomic relationship matrix G and pedigree relationship matrix A as:

Where S is a centered incidence matrix of SNP genotypes, n is the number of SNP markers,
and pi is allele frequency of marker i. The inverse of H is:

Where is the inverse of pedigree relationship matrix for the genotyped animals.

Accuracy of genomic breeding values

The genotyped population was divided into a training and a validation set which
depending on the trait consisted of 1474 - 2100 animals and 305 -2300 animals, respectively.
It is worth noting that the structure of the training and validation sets was dominated by
females. Reference animals were born between 2003 and 2011. Validation animals were born
after 2011. The accuracies of genomic predictions were calculated as correlations between de-
regressed proofs (DRP) and GEBVs from HBLUP.

Results and Discussion

The first genomic breeding values were obtained for milk yield which had the highest
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heritability (0.46) out of all of the traits analysed. The accuracy of genomic predictions for
milk yield was 0.56. Subsequently, genomic breeding values were also obtained for milk
composition traits with an accuracy between 0.46 (lactose yield) and 0.53 (protein yield).
Lower GEBV accuracy for milk composition traits was partially due to lower heritability of
these traits which was between 0.27 and 0.31 compared with 0.46 for milk yield. Secondly,
milk composition had been recorded for a shorter period of time which resulted in a
considerably smaller dataset compared to milk yield (1,337,653 and 123,611 records for milk
yield and composition, respectively). The accuracy for conformation traits was between 0.23
and 0.39 for udder, 0.18 and 0.48 for teat and 0.04 and 0.55 for feet and legs. In this case the
number of phenotypes (6,723 goats scored in their first lactation) was considerably smaller
which reduced the size of the training population (Table 1). This combined with heritability
between 0.13 and 0.36 resulted in lower accuracy. Finally, GEBVs for mastitis resistance had
the lowest accuracy of 0.30. This trait had a small number of phenotypes (11,844 records of
first lactation goats) and the smallest reference population which together with low
heritability (0.05) resulted in low accuracy of predictions. This is expected to improve with
additional phenotypes and genotypes which are continuously recorded on participating farms.

Table 1. Size of training and validation sets together with heritability (h2) and accuracy (r) of
genomic predictions for milk production, conformation and mastitis in UK dairy goats

Trait Training Validation h2 r
MY 3,793 1,419 0.46 0.56
FY 3,504 1,457 0.31 0.50
PY 3,501 1,457 0.29 0.53
LY 3,478 1,447 0.27 0.46
UF 2,045 2,286 0.28 0.23
UD 2,094 2,365 0.38 0.39
UA 1,840 1,885 0.15 0.26
TS 1,930 2,098 0.32 0.18
TA 1,828 1,825 0.36 0.39
TP 2,001 2,277 0.23 0.48
BL 1,273 1,177 0.13 0.21
FF 1,272 1,177 0.13 0.55
BF 1,737 1,561 0.24 0.04
MS 124 60 0.05 0.30
FI 1241 320 0.20 0.28
MY – milk yield, FY – fat yield, PY – protein yield, LY – lactose yield, UF - udder furrow, UD -

udder depth, UA - udder attachment, TS - teat shape, TA - teat angle, TP - teat placement, BL – back

legs, FF – front feet, BF – back feet, MS – mastitis, FI - feed intake

Conclusion

This study has demonstrated that genomic selection can be successfully implemented
in small populations. Single-step approach can be recommended as the method of choice that
provides the highest accuracy of genomic predictions. This method is suitable for breeding
programmes with reference populations containing a small number of sires supplemented
with females. Moreover, this study proves that the initial investment can be outweighed by
economic benefits from improved accuracy of breeding value estimation and lower costs
associated with only rearing sires that will be used for breeding.
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