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Summary

Genomic predictions using single step BLUP (SSBLUP) methodologies utilize information
on phenotypes, pedigree and markers from genotyped and non-genotyped animals
simultaneously. In this study, we compared the prediction accuracies of genomic estimated
breeding values (GEBV) obtained from SSBLUP for backfat depth, loin depth, age at 120 kg,
and the total number of piglets born, with the accuracies of traditional pedigree-based
prediction (PBLUP). The data set consisted of 481,062 animals, of which 3,369 pigs had
genotypes. Of these, 1,853 pigs were genotyped using a 55 k custom chip array from
Affymetrix and the rest were genotyped using the Illumina Porcine SNP 60 BeadChip. In
total, 26,109 single nucleotide polymorphisms (SNP) were in common between these two
panels. Animals genotyped using the Illumina panel were imputed to the 55 k panel, with an
average allele correct rate of 97.9%. The dataset was divided into training and validation sets
based on date of birth, with younger animals in the validation dataset. Among the genotyped
animals, 853 belonged to the validation set and 2,516 to the training set. Accuracies for
animals in the validation set were estimated as the correlation between their EBV and
phenotype, corrected for fixed effects, divided by the square root of heritability of the trait.
For all traits studied, prediction accuracies using SSBLUP (0.26 to 0.75) were higher than
those from PBLUP (0.07 to 0.66). The results indicate that the SSBLUP methodology
produces more accurate EBV for traits associated with growth and reproduction in pigs.
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Introduction

Genetic improvement involves selection of superior animals as parents of future generations.
Traditionally, animals are selected based on estimated breeding values (EBV)calculated from
phenotypic records and pedigree(PBLUP). With the rapid advancement of genotyping
technology, it is now possible to obtain genomic estimated breeding values (GEBV) of
selection candidates utilizing genome wide single nucleotide polymorphism (SNP) marker
information. VanRaden et al. (2008) proposed a method to link the pedigree based EBV and
GEBV. The method was suboptimal as it involved handling of data in multiple steps. To
overcome this, Legarra et al. (2009), Aguliar et al. (2010) and Christensen and Lund (2010)
introduced a new approach called single step BLUP (SSBLUP) that utilizes information from
both genotyped and non-genotyped animals simultaneously.
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As high-throughput SNP genotyping technology develops, not all animals in a
breeding program will be genotyped using the same platform. Also, the number of
overlapping markers between these panels can vary significantly. To utilize information from
all panels in the evaluation process, missing genotypes need to be imputed in one or more of
the panels. Hence, the objective of this study was to estimate and compare the prediction
accuracies of estimated breeding values of growth and reproduction traits in pigs obtained
using SSBLUP and PBLUP methods and genotypes from two different SNP panels.

Materials and methods

Animals and genotypes

Data used in this study were provided by Genesus Inc. on pure line Yorkshire pigs maintained
at various breeding herds in Canada. There were 481,062 animals in the pedigree, of which
3,369 parent animals and selected replacementswere genotyped using two different SNP
panels. No specific selection criteria were applied for selecting these animals. Of the
genotyped animals, 1,853 were genotyped using a 55 k custom chip array from Affymetrix
(Santa Clara, CA) and the rest using the Illumina Porcine SNP 60 BeadChip (Illumina, San
Diego, CA).

Between the two panels used, 26,109 SNP were in common. The pigs genotyped
using the Illumina panel were imputed from 26 k to 55 k using the software F Impute
(Sargolzaei et al., 2014), utilizing a 10-generation pedigree. The marker information from 2
pigs that were genotyped using both panels was used for evaluating the accuracy of
imputation. Two criteria were used to measure the accuracy of imputation) the allele correct
rate (ACR), which was calculated as the number of correctly imputed alleles divided by the
total number of imputed alleles, and ii) the correlation coefficient between imputed and
original genotypes. The imputed Illumina genotypes were then combined with the Affymetrix
genotypes to produce the marker file for genomic evaluation. After quality control, a total of
54,287 SNPswere included in the final combined dataset.

Statistical analysis

Routinely measured breeding program traits were used in this study. All selection candidates
were weighed and scanned for back fat and loin depth at around 110 kg body weight. The
backfat (ABF) and loin depth (ALD) were then adjusted to a fixed weight of 120 kg using
standard equations and analysed as the production traits, along with age at 120 kg body
weight (AGE). The reproductive trait studied was total number of piglets born (TNB), which
included all fully formed piglets that were born dead or alive.

Two methods were used for predicting breeding values in this study, i) PBLUP using a
pedigree-based relationship matrix, and ii) SSBLUP using a combined relationship matrix
constructed using both marker and pedigree information. All traits were evaluated using a
multi trait mixed linear animal model, including direct additive genetic and litter effects as
random effects. The fixed effects included were same as those used in the routine evaluation.
All evaluations were done using the software MiXBLUP (ten Napel et al., 2016) from
Wageningen University.

Genomic prediction
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The animals in the dataset were divided into training and validation groups based on the date
of birth relative to January 1, 2016; all animals (genotyped and non-genotyped) born before
this date were assigned to the training dataset. Thus, among the genotyped animals, 853
belonged to the validation dataset and 2,516 to the training dataset. All validation animals
were the selected progeny of the genotyped animals in the training dataset. Details of the
number of observations in the training and validation dataset after removing outliers are in
table 1.

Accuracies of the EBV for animals in the validation dataset were estimated as the
correlation of their EBV with phenotypes corrected for fixed effects, divided by the square
root of heritability of the trait. Change in accuracy was computed as ((SSBLUP accuracy-
PBLUP accuracy)/PBLUP accuracy) *100).

Results and Discussion

The animals genotyped using the Illumina panel were imputed from 26 k to 55 k. The two
animals used for evaluating the accuracy yielded an average ACR of 97.9%. This was higher
than some of the previously reported accuracy figures of 97.0 (Durate et al., 2013) and 95.0
(Badke et al., 2014). Chromosome 18 showed the highest mean ACR (99.6) and correlation
coefficient (1.00), whereas X chromosome had the lowest (85.1 and 0.88). The high ACR and
correlations obtained might be because the imputed animals were closely related to the
reference animals, and the imputation was from a relatively higher density of 26 k to 55 k.

To design and implement breeding programs incorporating genomic information, we
need to estimate how accurately we can predict the EBV of selection candidates utilizing
genomic information. The accuracies of EBV with phenotypes corrected for fixed effects for
all traits studied are summarized in Table 2. Among the production traits, AGE had the
highest increase in accuracy, whereas ABF had the lowest. Christensen et al. (2012) analysed
average daily gain and feed conversion ratio in Danish Durocs using these two methods. For
both traits, the prediction accuracies of SSBLUP were higher than the traditional BLUP
method. For the reproductive trait, TNB, the accuracy from SSBLUP (0.37) was 86% higher
than from PBLUP (0.20). For TNB, Guo et al., (2015) reported an increase in accuracy of
34% (from 0.5 to 0.67) in Yorkshires and 11 % (0.3 to 0.34) in Landrace pigs, whereasOh et
al., (2017) reported an increase of 170 % (from 0.08 to 0.216) in Yorkshire pigs, between
SSBLUP and PBLUP.In general, for all traits studied, accuracies obtained using SSBLUP
were higher than those of PBLUP.The marker information used in the SSBLUP method helps
to capture all the relationships among the genotyped individuals, and this can be a reason for
increased accuracies. Further the SSBLUP method utilises the information from genotyped
and non-genotyped animals simultaneously by integrating the marker based relationship
matrix into the pedigree based relationship matrix (Legarra et al., 2009; Christensen and
Lund, 2010), which helpsto estimate more accurate EBV. In addition, SSBLUP is easy to
implement and to integrate into the existing evaluation systems.

Conclusions

The results from the current study indicate that the accuracies of EBV of both production and
reproductive traits can be increased by incorporating genomic marker information into the
evaluation and, thus, SSBLUP is a suitable approach for practical implementation of genomic
prediction.
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Table 1. Heritability and the number of records by trait in the training and validation sets.
Number of records

Training Validation
Traits Heritability Genotyped Non- Genotyped Genotyped
Age 0.26 2,501 195,775 851
Back Fat 0.44 2,489 195,121 817
Loin Depth 0.30 2,505 191,509 853
Total piglets born 0.16 2,387 148,293 699

Table 2. Validation accuracies between estimated breeding values (SSBLUP or PBLUP) and
phenotypes corrected for fixed effects.

Accuracy
Increase (%)Traits PBLUP SSBLUP

Age 0.67 0.75 11.9
Back Fat 0.15 0.30 97.9
Loin Depth 0.07 0.26 274
Total piglets born 0.20 0.37 86.3
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