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In the future an approach incorporating cows’ measured phenotypes and marker genotypes of cows 
and bulls within a single model can be applied. The most important advantage of such a model is 
the simultaneous use of pedigree and marker-based genomic relationship data. Such a solution 
allows the use of both genotyped and non-genotyped animals in the prediction procedure. This pilot 
study is aimed towards implementation of a one-step approach in a random regression test day 
model context for the Polish Holstein Friesian population, considering various ways of adjusting the 
relationship matrix. Data consisted of 890 animals (10 genotyped bulls, 100 cows with phenotypic 
data and 780 ancestors without genotypes or phenotypes). Random regression test day models with 
a polygenic effect on milk yield modeled by second order Legendre polynomials for the estimation 
of variance-covariance parameters and were used for prediction of genomically enhanced breeding 
values (GEBV). In this model, a matrix combining pedigree and marker-based information was used 
instead of a traditional numerator relationship matrix. In this matrix the proportions of information 
coming from pedigree and markers were defined by weighting parameters w and 1-w for pedigree and 
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marker-based information matrices, respectively. Various weights of the two sources of information 
were considered. The accuracy of GEBV both for genotyped bulls and for cows with phenotypes 
was highest for weighting parameter w=0 and lowest for w=1. Incorporating genomic information 
into a conventional genetic evaluation improves reliabilities of breeding value prediction, however, 
pedigree information is important to maintain the stability of evaluation for non-genotyped animals. 
Implementation of the single-step approach in a random regression test day model framework 
is very attractive for genomic prediction in dairy cattle, since it allows to incorporate genomic 
information directly into a conventional genetic evaluation. However, for accurate predictions it 
is essential to achieve the right balance between the numerator relationship and markers-based 
relationship information.

KEy woRDS: genomic prediction / reliability / single-step model

Dairy cattle selection based on dense marker panels has become a very important 
part of breeding programs. Although up to now evaluations based on markers are 
routinely done as the so-called genomic evaluations, separately from the conventional 
evaluation based entirely on cow records and pedigree information, it is only a matter 
of time until cow records, pedigree and marker genotypes are combined into a single 
model. For this to happen procedures must be developed to efficiently solve the 
corresponding mixed model equations and to appropriately weight both sources of 
information. The inverse of the genomic relationship matrix, which is computationally 
feasible for large data sets used in routine evaluation, was independently proposed by 
Aguilar et al. [2010] and Christensen and Lund [2010]. Only recently Koivula et al. 
[2015] proposed implementation of the model in the context of test day data.

The current study is a pilot for the estimation of a weighting parameter for pedigree 
and genomic derived relationships for the population of Polish Holstein-Friesian dairy 
cattle.

Material and methods

The data set consisted of 890 animals of the Polish Holstein-Friesian breed 
forming a structure of 10 proven bulls with genotypes, 100 cows with test day records 
for milk yield at the 1st parity, and their 780 ancestors. The cows were daughters of 
the bulls, with 10 daughters originating from the same herd per bull. At least nine test 
day records per cow were available, making 987 records in total. Single nucleotide 
polymorphism (SNP) data genotyped using the Illumina BovineSNP50 BeadChip was 
available for the 10 bulls. Genotypic data was edited based on minor allele frequency 
(MAF) by removing SNPs with MAF lower than 0.05, so that 41,085 SNPs were used 
in the final analysis.

The first step of the analysis was to estimate covariance components between 
random regression coefficients. It was done using the ASReml software [Gilmour et 
al. 2006], based on the following model:

                                y = htd + Z1a + Z2p + e                                                      (1)
where:

T. Suchocki et al.



195

y – vector of test day records for milk yield of the 100 cows; 
htd – vector of fixed herd-test-day effects; 

a – vector of random regression coefficients of an animal additive 
polygenic effect;

p – vector of random regression coefficients of a permanent 
environmental effect; 

e – vector of residuals. 
It is assumed that a~N(0, A ⊗ Ga),  p~N(0, In ⊗ P),and e~N(0, In σ

2
e), where  A 

is a numerator relationship matrix; Ga is a covariance matrix for random regression 
coefficients of an additive polygenic effect; P is a covariance matrix for random 
regression coefficients of a permanent environmental effect;  In and IN are identity 
matrices of dimension number of cows (n) and number of all test day records (N), 
respectively; σ2

e is a residual variance. Z1 and Z2 are design matrices for additive 
polygenic and permanent environmental effects, respectively, with elements 
corresponding to orthogonal polynomial functions of days in milk (DIM). Both 
additive polygenic and permanent environmental effects were modeled using Legendre 
polynomials of order 2. 

The next step was to estimate breeding values of all animals (genotyped bulls, 
cows with phenotypic data and their ancestors) by combining pedigree and genomic 
sources of information. This so-called single step model was set up as follows:

   y = htd + Z*
1 a

* + Z2p + e*                                                                                  (2)
where a* is a vector of random regression coefficients of animal additive 
polygenic effects of all animals and Z*

1 is a corresponding matrix with 
orthogonal polynomial functions of DIM, p and Z2 define permanent 
environmental effects and are the same as in model (1). Additive polygenic 
and permanent environmental effects, the same as in model (1), were 
modeled using Legendre polynomials of order 2. It was assumed that  a*N(0,H ⊗ Ĝa) 
and e*~N(0, INσ2

e*) where Ĝa contain covariances between orthogonal polynomials 
estimated by model (1). H is a relationship matrix defined as:
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 with A11, A22, and A12 representing numerator relationship matrices for non-genotyped, 
genotyped, and between non-genotyped and genotyped animals, respectively. These 
four matrices are sub-matrices of the relationship matrix A* between all animals:

Gw = (1 - w)G* + wA22 where G* is a SNP-based genomic relationship matrix adjusted 
for the difference between the original genomic relationship matrix (G) constructed 
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as proposed by VanRaden [2008] and the A22 component of the numerator relationship 
matrix, using two parameters  and  [Christensen et al. 2011]:

G* = Gβ + α
The parameters α and β  are derived from the following set of equations:

avg.diag(G)β + α = avg. diag (A22)
avg.offdiag(G)β + α = avg. offdiag (A22)

In the current study various values of weighting parameter w (within the range from 0 
to 1 incremented by 0.1) were tested. Note that the inverse of H is given by  
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[Aguilar et al. 2010, Christensen and Lund 2010].

The 305-day lactation based breeding values were calculated for each animal 
based on random regression coefficients for the additive polygenic effect estimated 
by model (2):

where ϕ0(τ), ϕ1(τ) and ϕ2(τ) define the Legendre polynomial evaluated at DIM τ and 
(âi0, âi1, âi2) are random regression coefficients for the additive polygenic effect of 
animal i. The coefficients of Legendre polynomials have the following form:

The reliability of breeding values for each animal was estimated as: 

expressed as a diagonal element of and inverse of a random regression coefficients for 
the additive polygenic effect matrix corresponding to animali. Accuracy is defined as 
a square root of reliability.

The R software [R Development Core Team 2009] was used to create custom-
written programs to predict breeding values and their reliabilities.

where

and PEVi represents the prediction error variance expressed
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Results and discussion

The average reliability of breeding values was not markedly influenced by 
weighting parameter  w and ranged between 0.8506 and 0.8518 for the 100 cows with 
records as well as between 0.9605 and 0.9607 for the genotyped bulls (Fig. 1). Still, a 
constant trend may be observed, that the highest reliabilities were always obtained for 
w = 0 corresponding to a pure genomic evaluation, while the lowest reliabilities were 
always obtained for w = 1 corresponding to a pure pedigree based evaluation. The 
average accuracy for ancestors amounted to 0.2616 and was independent of w. The 
variation of GEBV reliability among individuals, expressed by its standard deviation, 
did not depend on w and amounted to 0.002 and 0.092 for bulls and ancestors, 
respectively. However, for cows the standard deviation of reliability decreased with 
increasing w, ranging from 0.006 for  w = 0 to 0.002 for w = 1, indicating that genomic 
information provides increased reliability of some cows. Both evaluations (for w = 0 
and for w = 1) resulted in differences between average breeding values in the order of 
1.23 genetic standard deviations (540 kg milk) for the genotyped bulls, 0.49 genetic 
standard deviations (216 kg milk) for cows with records and 0.03 genetic standard 
deviations (13 kg milk) for ancestors. The ranking of bulls’ breeding values was not 
influenced by  w. Standard deviations of GEBV were independent of parameter w for 
genotyped bulls, cows with records and ancestors.

The results of our study indicate that incorporating genomic information into a 
conventional genetic evaluation improves reliabilities of breeding value prediction. 

One-step approach for Polish Holstein-Friesian dairy cattle

Fig. 1. Average accuracy of GEBV for different values of weighting parameter w for genotyped bulls and 
cows with records. Shaded parts of the Figure correspond to the standard deviation of the reliability of 
breeding values.
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However, pedigree information is important to maintain the stability of evaluation for 
non-genotyped animals by reducing the standard deviation of prediction reliability. 
Although estimated differences were very small due to a small sample size, still the 
trend of w and accuracy was consistent.
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