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Summary

Genomic selection provides the opportunity of genetic improvement of difficult-to-measure
traits, such as carcass and meat traits. This study investigated the accuracies of genomic
predictions of carcass and meat quality traits in Hereford with an initial training population of
747 steers. Hot carcass weights, rib eye areas and subcutaneous, fat depths were recorded in
commercial slaughterhouses, as well as, the left pistola cut weight and retail product. Shear
force and intramuscular fat content were measured in the Longissumus dorsi. Animals were
genotyped with GGP HD80K, GGP HD150K or Illumina Bovine HD and were imputed to
the highest density, with a total of 601,399 SNPs used in the study. Accuracies of GEBV
predicted by GBLUP were assessed by four-fold cross-validation using k-means and random
clustering. Average accuracies were of 0.35 and 0.24 for random and k-means cross-
validations, respectively. Differences between clustering methods were expected given the
differences in genomic relationships between validation and training populations. There was a
trend of increased accuracy with increasing genomic heritability estimates, which were of
moderate magnitude. Although the magnitudes of estimated accuracies are encouraging, cost-
effective strategies for increasing training populations, such as national platforms connecting
traceability and electronic post-slaughter data recording systems and international training
populations should be investigated
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Introduction

Carcass and meat quality traits are economically relevant for beef cattle industry.
Nevertheless they have only been included in few breeding programs given that data
recording requires post mortem and costly measurements of relatives of selection candidates.
Although expected progeny differences (EPD) for eye muscle area, subcutaneous fat depth,
and intramuscular fat percentage are available in many beef cattle genetic evaluations, based
on in vivo ultrasound measurements, they are indirect predictors of carcass composition and
some meat traits (Garrick, 2011) Estimations of genetic merits for other relevant traits such
percentage of valuable cuts are limited by the difficulties of phenotypic recording.

Current large-scale genotyping technologies and methods to incorporate genomic
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information into genetic evaluations (Aguilar et al., 2010) provide the opportunity of
selecting for carcass and meat quality, with shorter generation intervals than those resulting
from using post-slaughter measures. The feasibility of implementing genomic selection relies
on the accuracy of the genomic predictions which depends, among other factors, on the size
of the training population (Berry et al., 2016).

The aim of this study was to evaluate the accuracy of the prediction of genomic EPD
(GEPD) for carcass and meat quality traits in the Uruguayan Hereford breed. Alternatives for
increasing the size of training populations for these traits are discussed.

Material and methods

Carcass and meat quality data of 747 purebred Hereford steers slaughtered between
2009 and 2015 were analysed. Data was recorded in research projects in which steers were
slaughtered at constant live-weight (507 ± 41 kg) and had similar post-mortem assessment
and laboratory protocols. Hot carcass weights (HCW), rib eye area (REA) and subcutaneous
fat depth (SF) were recorded. Left pistola cuts (hindquarter) were weighted (PW) and then
deboned into 9 cuts (UK standard). The pistola cut retail product was calculated as the sum of
the weights of the cuts and the meat trimmings (PRETAIL). Warner-Bratzler shear force (SF)
was measured in Longissimus dorsi samples after 5 to 7 days of aging. Intramuscular fat
content (IMF, %) was measured as the total lipid extracted by solvent.

Sixty four percent of the steers had their sire identified. The pedigree file included five
generations of ancestors, with a total of 1537 animals. DNA samples were genotyped with
GGP HD80K, GGP HD150K or Illumina Bovine HD, and imputed to the highest density with
a total of 601,399 SNP used in the study, after data editing.

Statistical analysis

Predictions of EPD and GEPD were based on the following model:
y = Xb + Zu + e, (1)
where y is the vector of observations; b is the vector of fixed effects including year of
slaughter and batch effects as contemporary group and sire class for REA (high, low,
unknown); u is the vector of random animal effects and e is the vector of random residual
effects with distribution N(0,Iσ2e), where I is an identity matrix including all animals with
records and σ2e is the error variance; and X and Z are design matrices that relate records to
fixed effects and random animal effects, respectively. When only pedigree information was
used (BLUP), u is assumed to follow a normal distribution N (0, Aσ2a) where A and σ2a are
the numerator additive relationship matrix and polygenic variance, respectively. The GEPDs
were predicted with genomic and pedigree information and u is assumed to follow a
distribution N (0, Hσ2a) where H is a matrix which combines pedigree and genomic
information (GBLUP, Aguilar et al., 2010). Variance component were estimated using the
restricted maximum likelihood method (REML) and model (1).

Accuracy of GEPD to select animals without phenotypes was assessed by four-fold-
cross-validation. Three subsets were used as training population to derive the prediction
equations of the fourth group (validation). Animals for the different subsets were selected
using two approaches that mimic genomic selection scenarios in which target animals are
more closely (random) or more distantly related (k-means) to the training populations,
respectively. In the random approach, animals were selected randomly and cross-validation
was replicated 50 times. In the second approach, relatedness was maximized within each
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subset and minimized between each of them (Saatchi et al., 2011), based on the genomic
relationship among animals. Prediction accuracies were estimated as the correlation between
GEPD and the phenotypes adjusted by the fixed effects and divided by the square root of the
genomic heritability, as proposed by Legarra et al. (2008).

Results and discussion

Estimates of heritabilities based on pedigree (h2P) and genomic information (h2G) were
between 0.16 and 0.48 across traits (Table 1). Values for the h2P were in agreement with
values reviewed by Mateescu (2015). The h2G estimates were in average slightly below h2P
(0.34 vs. 0.39). Pedigree-based estimates were larger for SF and IMF but these differences
may not be significant because of the large standard errors of h2P probably due to the scarce
pedigree information available given that only paternal genealogy was known for those
animals with identified sire.

Table 1. Number of records (N), phenotypic mean, standard deviation (SD) and pedigree and
genomic heritability estimates (standard error, SE) of each trait

Trait N Mean ± SD h2P (SE) h2G (SE)

HCW (kg) 740 261,9 ± 22,6 0,41 (0,16) 0,35 (0,09)
REA (cm2) 701 63,4 ± 6,2 0,36 (0,19) 0,16 (0,08)
SF (mm) 702 7,7 ± 2,3 0,51 (0,17) 0,44 (0,10)
PW (kg) 740 54,6 ± 4,5 0,48 (0,18) 0,41 (0,09)
PRETAIL (kg) 740 39,7 ± 3,5 0,49 (0,18) 0,39 (0,09)
SF (kg F) 741 3,8 ± 1,1 0,18 (0,12) 0,26 (0,09)
IMF (%) 735 3,7 ± 1,4 0,31 (0,14) 0,36 (0,10)

Accuracies of GEPD (Table 3) were moderate to high with averages of 0.35 and 0.24
for random and k-means cross validations, respectively.
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Table 2. Accuracy of genomic predictions
for carcass and meat quality traits by four-
fold random and k-means cross validations

Trait
Accuracy

Random1 k-means
HCW 0,40 0,24
REA 0,32 0,02
SF 0,39 0,28
PW 0,36 0,26
PRETAIL 0,39 0,31
SF 0,35 0,27
IMF 0,35 0,27
1SE of genomic accuracies by random were 0.01

The random cross-validation yielded
higher accuracies than k-means cross-
validation approach for all traits. This is
expected given the differences in genomic
relationships between the validation and
training populations derived from applying
the two approaches (Saatchi et al., 2011).
There is a trend of increased accuracy with
increasing genomic heritability estimates
as larger proportions of the variation are
explained by markers. Estimated
accuracies were similar to results from
pure and multi-breed training populations
(i.e. Bolormaa et al., 2013; Mehrban et al.,
2017).
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Although these results are encouraging about the possibilities of implementing genomic
selection for carcass and meat quality, a successful uptake by the beef industry requires
improved accuracies as discussed by Berry et al. (2016), and therefore larger training
populations.

Phenotypic and genomic data collection may continue based on research efforts and
funding. However, additional cost-effective strategies for increasing training populations for
carcass and meat quality traits should be investigated. National platforms connecting
traceability and electronic post-slaughter data recording systems, such as those in place in
Uruguay and Ireland, are useful sources of phenotypes for carcass traits. Additionally, the
evaluation of instrumental non-invasive techniques for meat quality traits should be
considered, as well as other alternatives such as building international training populations.

Conclusions

Moderate accuracies of genomic predictions for carcass and meat quality traits were
estimated with an initial training population of 747 Hereford steers. Although results are
encouraging, alternatives to assemble larger training populations need to be investigated to
improve the prediction accuracies and uptake by the beef industry.
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