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Summary

Genomic selection is widely implemented in major pig breeding programs and several studies
have been conducted to evaluate the accuracy of genomic prediction within pig populations.
Compared to traditional pedigree-based genetic evaluations, genomic selection is expected to
increase prediction accuracy by 20 to 50%, according to results obtained using both real and
simulated data. However, results based on field data showing the realized added value of
genomic selection in pig breeding schemes are lacking. Therefore, the objectives of this study
were to: 1) evaluate variation in estimated breeding values (EBVs) before and after
genotyping for individuals that lack own or progeny performance records, and 2) to compare
the prediction accuracy of EBVs for these individuals before and after genotyping. To address
these objectives, historical (estimated up to ~3 years ago) and current EBVs (Today’s EBV)
for total number of piglets born (TNB) and average daily gain (ADG) were evaluated for a
commercial dam and sire line. Prediction accuracy was measured as the correlation between
Today’s EBV and the Historical EBVs recorded before and after genotyping. Results showed
that the increase in variation of EBVs after genotyping was higher for the dam line than the
sire line. For instance, the standard deviation of the EBVs in the dam line increased by >35%
for both traits, while the standard deviation of the EBVs increased by 17.5% and 22% for
TNB and ADG for the sire line, respectively. Compared to using EBVs recorded before
genotyping, prediction accuracy after genotyping increased by 25 to 51% for all lines and
traits. Taken together, these results show that using historical EBVs, recorded as part of the
routine breeding program procedure, compared to Today’s EBVs, indicate the added value of
genomics for accurate prediction of EBVs for selection candidates that lack own or progeny
performance records. Results also showed that, after genotyping, there was a significant
increase in variation and accuracy of EBVs of selection candidates. In conclusion, results
obtained using field data from a commercial pig breeding program corroborate the added
value of genomics for selection as previously demonstrated by empirical results based on real
and simulated data.
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Introduction
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Throughout the last decade, the development of dense Single Nucleotide Polymorphisms
(SNP) panels and sophisticated statistical models based on genomic information have enabled
the implementation of genomic selection in livestock species (Hayes et al., 2009;
Lillehammer et al., 2013; Knol et al., 2016). Genomic selection is widely implemented in
major pig breeding programs and several studies have been conducted to evaluate the
accuracy of genomic prediction within pig populations. Compared to traditional pedigree-
based genetic evaluations, genomic selection is expected to increase prediction accuracy by
20 to 50% (Lillehammer et al., 2013; Hidalgo et al., 2015; Knol et al., 2016), according to
results obtained using both real and simulated data. However, results based on field data
showing the realized added value of genomic selection in pig breeding schemes are lacking.
Therefore, the objectives of this study were to: 1) evaluate variation in estimated breeding
values (EBVs) before and after genotyping individuals without own or progeny performance
records, and 2) to compare the prediction accuracy of EBV for these individuals before and
after genotyping. Estimated breeding values for two highly relevant traits in pig breeding,
including total number of piglets born (TNB) and average daily gain (ADG), were analyzed.

Material and methods

Breeding values estimated up to ~3 years ago, when no own or progeny performance records
were available (Historical EBVs) and current EBVs, estimated using own and, in some cases,
progeny performance records (Today’s EBVs) across 4,067 total animals were used for
analyses (Table 1). Pigs were from one dam line and one sire line located in different farms
(one farm for each line). The trait TNB was defined as the number of live born plus the
number of stillborn piglets within a litter. The trait ADG was expressed in grams of weight
gain per day from start to the end of the test period (from ~25Kg to ~120Kg).

The EBVs were calculated as part of Topigs Norsvin’s routine genetic evaluation
program, where monthly historical EBVs were recorded for all individuals. The EBVs were
estimated using a multitrait model with MiXBLUP software (Mulder et al., 2012) and the
single-step approach (Misztal et al., 2009) was used to combine data across both genotyped
and non-genotyped individuals. Only pigs born from 2015 to 2016 with a reliability >50% for
Today’s EBV were used for analyses. Reliabilities were obtained via routine genetic
evaluation and estimated using MiXBLUP based on the methodology of (Tier and Meyer,
2004). Only EBVs recorded on females for TNB and EBVs recorded on males for ADG were
used. The number of individuals and average reliability of Today’s EBV by line and trait are
presented in Table 1.

Table 1. Description of the evaluated data.

Line
Trait1 N2 Average reliability of

Today’s EBV

Dam
TNB 619 58%
ADG 935 58%

Sire
TNB 360 57%
ADG 2,153 58%

1Trait: total number of piglets born (TNB) and average daily gain (ADG).
2N: number of animals.

Variation in EBVs before and after genotyping was assessed by calculating the standard



deviation (SD) of the EBVs for the same group of individuals before and after genotyping.
Prediction accuracy of EBVs for TNB and ADG were assessed as the correlation between
Today’s EBVs (i.e. the “true” breeding value) and Historical EBVs calculated before and
after genotyping.

Results and Discussion

Compared to before genotyping, variation in EBVs after genotyping increased for all lines
and traits (Table 2). This result was expected since Mendelian sampling, which is the source
of variation, is accounted for when breeding value estimation is performed using a genomic-
based relationship matrix (Lopes et al., 2013). The increase in variation of EBVs was higher
in the dam line, where the SD of the EBV increased by >35% for both traits. In the sire line,
the SD of the EBV increased by 17.5% for TNB and 22% for ADG. This difference between
the dam and sire lines can be explained by the fact that a smaller proportion of selection
candidates from the sire line are routinely genotyped, compared to the dam line. Therefore,
fewer half- and full-sib pairs are included in the set of evaluated individuals for the sire line.
The largest increase in variability of EBV is expected within sib families.

Table 2. Variation in breeding value before and after genotyping.
Line Trait1 Genotyping status2 Average ± SD3 Minimum Maximum

Dam
TNB

Before 0.26 ± 0.49 -1.38 2.02
After 0.24 ± 0.66 -1.95 2.38

ADG
Before 11.24 ± 26.11 -79.33 76.22
After 9.66 ± 35.78 -114.75 106.73

Sire
TNB

Before -0.16 ± 0.40 -1.20 0.94
After -0.14 ± 0.47 -1.45 1.11

ADG
Before 35.17 ± 27.12 -42.70 110.45
After 31.20 ± 33.20 -82.46 129.43

1Trait: total number of piglets born (TNB) and average daily gain (ADG).
2Genotyping status: indicates whether breeding values estimated before or after genotyping were used for
analyses.
3SD: Standard deviation of estimated breeding values.

The correlation (r) between Today’s EBVs and Historical EBVs before genotyping in
the dam line was 0.60 for TNB and 0.65 for ADG (Figure 1). After genotyping, these
correlations increased to 0.82 for TNB and 0.91 for ADG. In the sire line, the correlation
between Today’s EBVs and Historical EBVs before genotyping was 0.67 for TNB and 0.53
for ADG. Similar to results for the dam line, after genotyping, correlations increased to 0.84
for TNB and 0.80 for ADG. Therefore, the increase in prediction accuracy obtained after
genotyping versus before genotyping ranged from 25% to 51%, which is consistent with
empirical results (Lillehammer et al., 2013; Hidalgo et al., 2015; Knol et al., 2016).

After genotyping, the coefficient of determination (r2, Figure 1) increased by 56 to
128% for TNB and ADG for the sire line, respectively. However, it is important to note that
results may be influenced by the fact that Today’s EBVs are also estimated using genomics.
Further, the reliability of Today’s EBVs, taken as the “true” EBVs, was on average 58%
(Table 1) for both traits and lines. Therefore, these analyses should be repeated once
additional data for the evaluated individuals or their offspring become available (and the
reliability of their EBV increases) to better evaluate the added value of genomics on
prediction accuracy.



Figure 1. Today’s estimated breeding value (EBV) versus Historical EBV for total number of
piglets born (TNB: A and B) and average daily gain (ADG: C and D) before and after
genotyping.

The increased prediction accuracy of the ranking of the evaluated animals indicates that
fewer selection errors will be made for an individual lacking own performance records if
genomic EBVs (calculated at a young age) can be used to facilitate selection. The fewer the
selection errors, the more genetic progress that can be made. For example, if selection was
implemented prior to genotyping and the 10% best animals for TNB were selected for the



dam line, the average Today’s EBV (with own performance) of the selected 10% of animals
would be 1.23 piglets. However, if selection occurred after genotyping, the average Today’s
EBV of this same 10% would be 1.55 piglets. For this example, selection after genotyping,
rather than before genotyping, increased the average EBV by 0.32 piglets.

Conclusions

Results from this study show that Historical EBV, recorded via routine breeding program
procedure, compared to Today’s EBVs, indicate the added value of genomics for accurate
prediction of EBVs for selection candidates that lack own or progeny performance records.
Results also showed that, after genotyping, variation and accuracy of EBV of selection
candidates increased significantly. In conclusion, results obtained using field data from a
commercial pig breeding program corroborate the added value of genomics for selection as
previously demonstrated by empirical results based on real and simulated data.
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