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Summary
This study aims to evaluate the feasibility of using the single-step GBLUP (ssGBLUP) to
analyze milk yield using an autoregressive (AR) test-day model for Holstein cattle in
Portugal. A total of 11,168,530 test-day (TD) records from the first three lactations of milk,
from 1994 to 2016 were provided by the Portuguese Dairy Cattle Breeders Association.
Genotypes of 1,081 bulls were also available. The data set were edited according to
predefined criteria for genetic analysis with the AR model. Validation of the ssGBLUP was
based on comparisons between models using the traditional pedigree-based additive genetic
relationship matrix (A-AR) and the H relationship matrix, which included both, genomic and
pedigree information (H-AR). Correlations between DYD from the complete data set and
GEBV or parent average (PA) from a reduced data, in which daughters (12,586) of genotyped
bulls (110) born after 2004 were excluded, were used to evaluate the predictive ability of the
ssGBLUP. There were no practical differences between EBV rankings (r > 0.99) and genetic
trends obtained from A-AR and H-AR. The relatively small number of genotyped animals
may explain this result. The largest impact on reliabilities (R2) was obtained on bulls with less
than 10 daughters with average (minimum) of 0.59 (0.24) using A-AR vs. 0.66 (0.32) using
H-AR. The correlation between GEBV and DYD of the 110 bulls with no daughter
information on the reduced data set was 0.38 for H-AR. In the traditional evaluation, the
correlation between PA and DYD was 0.26 for A-AR. When moving from A-AR to H-AR,
the correlation increases 12%. These results suggest that the ssGBLUP autoregressive test-day
model is feasible and may be applied on National Portuguese genetic evaluations. With the
increase of genotyped animals in the future, including females, it is expected that the H-AR
will provide higher R2 especially on young bulls and improve the genetic progress of the
Portuguese Holstein population.
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Introduction

Genomic selection using single-nucleotide polymorphism (SNP) has become a standard
procedure in dairy cattle breeding because of it’s potential for increasing genetic gain through
improved evaluation accuracy and by reducing generation interval. The current method used
in dairy cattle evaluations is based on a multistep procedure (VanRaden et al. 2008). In the
multi-step approach, the calculation of pseudo-phenotypes such as de-regressed EBV or
daughter yield deviations (DYD) is required (Aguilar et al. 2010; Misztal et al. 2009).
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Legarra et al. (2009) and Misztal et al. (2009) proposed single-step GBLUP (ssGBLUP), in
which phenotypes, pedigree, and genotypes are utilized in a single analysis with GEBV as a
direct output. In ssGBLUP, the pedigree-based relationship matrix (A) is replaced by a matrix
“H” that integrates A and a genomic-based relationship matrix (G).

In Portugal, a multiple lactations autoregressive test-day (TD) model proposed by
Carvalheira et al. (2002) has been implemented in the traditional genetic evaluation of milk
production traits. In an autoregressive model (AR), the animals permanent environmental
effects are assumed as long-term (auto-correlations between parities) and short-term (auto-
correlations between TD within lactation) effects taking into account those non-genetic
correlations due to the cows’ repeated performance.

There are no reports on applications of ssGBLUP using AR models, therefore, the aim
of this study was to evaluate and validate the feasibility of using the ssGBLUP methodology
to analyze milk yield with an autoregressive test-day model for Holstein cattle in Portugal.

Material and methods

A total of 11,168,530 TD records from the first three lactations, obtained between 1994 and
2016 were provided by the Portuguese Dairy Cattle Breeders Association. The data set was
edited according to predefined criteria for genetic analysis with AR models (Carvalheira et
al., 2002). The pedigree file consisted of 857,476 animals with 31,469 bulls and 826,007
cows. Genotypes of 1,081 bulls were also available from different SNP chips. A total of 525
bulls were genotyped using the Illumina BovineSNP50v2 Bead chip (54,609 SNPs). The
remaining 556 bulls were genotyped with low-density (GeneSeek Genomic Profiler GGP8K,
GGP20K, and GGP25K, Neogen Corp., Lincoln, NE, USA), medium-density (Illumina
BovineSNP50v1, San Diego, CA, USA), and high-density (GeneSeek Genomic Profiler
GGP80K, and GGP150K).

The genotypes of these 556 bulls were imputed to 50Kv2 using FIMPUTE 2.2 software
(Sagolzaei et al., 2014). Imputation accuracy was estimated based on the Spearman
correlation between imputed and known 50Kv2 genotypes. In general, sample accuracies
were higher than 0.96 in all platforms. Subsequently, in the quality control analysis, SNPs
were excluded if: the minor allele frequency was smaller than 0.02; the marker mapped to the
sex chromosomes; deviated from Hardy–Weinberg equilibrium (threshold p value: 1 × 10-6);
or more than 10% of animals had missing genotypes. Finally, 38,279 autosomal SNPs were
retained for the analyses. In addition, genotyped animals were excluded if their average
genotype call rate was lower than 90%.

The AR model was used to compute traditional genetic (A-AR) and genomic (H-AR)
evaluations for milk yield. In matrix notation, the autoregressive model can be described as
follows:

. (1)

Where

∼

N(, V) is the vector of TD records with co(variance) matrix V, is the vector
of fixed effects, ~ N(0, Aσa2), is the vector of random animal additive genetic effects, A is
the pedigree-based additive genetic relationship matrix and σa2 is the additive genetic variance
or, ~ N(0, Hσa2), where the combined relationship matrix H was constructed including both
marker and pedigree information (Aguilar et al., 2010), is the vector of random
contemporary group (HTD) effects, is the random long-term environmental effects (LTE), is
the random short-term environmental effects (STE), is the vector of random residual effects
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N~ (0, ), where IL is the identity matrix within lactation and is the residual variance within
lactation, and and are incidence matrices relating observations to fixed and random effects. A
first order autoregressive covariance structure was assumed for HTD (within herds), LTE
(between parities) and STE (between TD, within lactations) effects. In the H matrix, the
original genomic relationship matrix (G) was constructed according to VanRaden (2008).
Variance components were estimated using DFREML procedures following assumptions of
the AR model. To evaluate the predictive ability of the ssGBLUP, correlations were obtained
between DYD from the complete data set and GEBV or parent average (PA) from a reduced
data, in which daughters (12,586) of genotyped bulls (110) born after 2004 were excluded.

Results and Discussion

Estimated genetic and residual variances were smaller for the H-AR model compared to the
A-AR model, resulting in similar heritabilities. There were no practical differences between
the animal EBV rankings (r > 0.99) and the genetic trends were almost coincidental for the
two models.

The impact of the inclusion of the genomic relationship is well depicted in Figure 1. As
expected, the bulls that benefited more in terms of reliability (R2) were the younger ones,
with fewer daughters (< 10) reflecting a reduction on the prediction error variances. The
average (minimum) R2 obtained for this group of bulls, were 0.66 (0.32) with H-AR
compared with 0.59 (0.24) for A-AR, respectively (Figure 1-A). On the other hand, no
expressive changes were observed in R2 in non-genotyped bulls or genotyped bulls with more
than 10 daughters (Figure 1-B). This is not consistent with previous studies by Guo et al.
(2015) on pigs, which reported improved reliabilities for non-genotyped animals. Most
probably, this is due to the relatively small number of genotyped bulls in the present study.

Figure 1. Reliabilities of EBV (R2) obtained using H-AR and A-AR models. A- Reliabilities
for genotyped (GL10) and non-genotyped (NGL10) bulls with less than 10 daughters. B-
Reliabilities for genotyped (GM10) and non-genotyped (NGM10) bulls with more than 10
daughters.
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Correlations between GEBV or PA predicted using the reduced data set vs. DYD from
the complete data, were used to measure the predictive ability of the H-AR and A-AR
models, respectively. The correlation between GEBV and DYD of the 110 bulls with no
daughter information on the reduced data set was 0.38 for H-AR. In the traditional evaluation,
the correlation between PA and DYD was 0.26 for A-AR. When moving from A-AR to H-
AR, the correlation increases 12%. This increase is in agreement with results found in the
literature (e.g., Meuwissen et al. 2015) about applications with ssGBLUP.

These results suggest that the ssGBLUP autoregressive test-day model is feasible and
may be applied on National Portuguese genetic evaluations. With the increase of genotyped
animals in the future, including females, it is expected that the H-AR will provide higher R2

especially on young bulls and improve the genetic progress of the Portuguese Holstein
population.
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