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Implementation strategies for genomic selection in swine
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Summary

Genomic selection is a powerful tool for a breeding program, but incorporating it must be
done strategically as it is costly on a continuous and large-scale basis. The objectives of this
study were to investigate the impact of genomic selection in a multi-stage selection program
in pigs. Traits in the breeding goal included off-test growth rate and total number born. Six
scenarios were used: two with no genomic information, two with only males genotyped, and
two with males and females genotyped. For each pair of scenarios, one scenario included
early and late growth selection stages and the other only late growth. There was no difference
in genetic improvement between counterpart scenarios where early growth information was
and was not included. Genotyping all male selection candidates in a litter improved total
response to the breeding goal by 23% compared to no genomic information. Both traits had
an increase in response when genomic information was included, with total number born
having the largest increase. Adding genomic information on female selection candidates
increased response to the breeding goal by 6% compared to males only, with genetic
improvement to both traits. Again, total number born had a larger increase compared to
average daily gain.

Introduction

The primary goal of a swine genetics company is to help customers maximize profitability by
providing genetically improved pigs. Therefore, the traits in the breeding goal must be
economically important. Some of these traits cannot be collected until later in life, after the
animal has been harvested, on only one sex, or on all selection candidates. Traits in these
categories are expected to benefit the most from genomic selection (Dekkers, 2007).
However, genomic selection on a large scale is costly and must be implemented in a manner
that achieves the highest benefit for a given cost.

Deterministic simulation is a useful tool when investigating the implementation of
new technologies or traits into a genetic program. One of the basic questions when
incorporating genomic information is how much more genetic improvement will be
achieved. This is an important question, but genomics can also help with re-allocation of
genetic program resources, such as not collecting data on indicator traits and using that
money to genotype more animals or collect unique data on more animals. For example, a
North American breeding company might collect early growth data on boars for early stage
selection because the company will lose money on market weight for intact boars in North
American packing plants. Therefore, genomic information can assist with early stage
selection of young boar candidates and the unselected barrows can receive market value at
slaughter.

The objective of this study was to investigate the impact of alternative genomic
selection and phenotyping strategies on genetic improvement.
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Materials and methods

Simulation analyses were carried out using SelAction (Rutten et al. 2002). The population
was modeled after an existing Yorkshire nucleus population of 1,275 sows. Each generation,
150 males and 1,600 females were selected as replacements. Table 1 shows the input
parameters used for all simulations. Each female produced 6 male and 6 female offspring. To
simplify the analyses, the breeding goal was simplified to include one trait (TNB) that
represents reproduction traits of a full breeding goal and one trait (ADG120) that represents
the growth-related traits of a full breeding goal. The relative weights in the index were 0.42
and 0.58 for TNB and ADG120, respectively. These weights are the relative contributions of
all reproduction-related and growth-related traits in the breeding goal. The traits were
standardized to a genetic SD of 1 and phenotypic variances were calculated based on the
heritabilities of a representative population. Other traits in the index included growth to 80
kg (ADG80) and/or genomic information in the form of a genomic EBV with accuracies
equal to 50 and 70% for TNB and ADG120, respectively. The genetic and phenotypic
correlations between ADG80 and ADG120 were 0.80 and 0.60, respectively. The
correlations of TNB with ADG80 and ADG120 were 0. Genomic variances and covariances
were calculated using the methods outlined by Dekkers (2007).

Individual weights were collected at birth and at 120 kg for all pigs and at 80 kg for
males only. Males were selected at 3 stages: weaning (33%) (2 per litter), 80 kg (31%), and
120 kg (10%), resulting in an overall selection rate of 1%. Females were selected only at 120
kg at a rate of 15%. Six scenarios were simulated, with the first being the aforementioned
current process (Table 2). Scenarios 2, 3, and 5 did not include ADG80 information in the
index. Therefore, males were selected at 2 stages, weaning and off-test, at rates of 33 and
3.1%, respectively. Genomic information was included in index scenarios 3 - 6 and was
available at the first stage of selection. In all scenarios, parental, full- and half-sib
information was included for ADG120 and ADG80. For TNB, parental and 1 half-sib’s
information was available at the time of selection.

Results and discussion

For all scenarios and traits, males contributed more to the total response than females
because of the higher selection intensity in males (Figure 1). For scenarios 1, 4, and 6, stage
2 selection of boars using ADG80 information did not increase or decrease rates of genetic
improvement for ADG120 or TNB compared to scenarios where ADG80 information was
not included. Including genomic information on males increased ADG120 response by 8%
and also resulted in a substantial positive response in TNB, which minimal in scenarios 1 and
2 because animals were selected on family information at stage 1. Adding genomic
information on all females increased response by 26 and 3% for ADG120 and TNB,
respectively.

Figure 2 shows the total response in the breeding goal. Scenario 2 had 0.8% extra
response compared to scenario 1 because phenotypes were collected on a larger number of
boars in scenario 2 at the final stage of selection. Including genomic information on males
increased response by 23% compared to the scenarios without genomic information.
Including genomic information on females increased response by 30% compared to the
scenarios that did not include genomic information and by 6% compared to the scenarios
with genomic information on males only. Furthermore, male response slightly decreased
compared to scenarios 3 and 4 while female response increased. The relative contribution of
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TNB to the total response in the breeding goal increased as genomic information was added,
from 1% in the first 2 scenarios to 13.7% in scenarios 3 and 4, and 15.9% in scenarios 5 and
6. These results are similar to Lillehammer et al. (2013), who reported increases in total
response between 13 and 55%, depending on the number of male and female selection
candidates genotyped.

Lastly, Figure 3 shows index accuracies at the final stage of selection by sex for each
scenario. Accuracies for the first 2 scenarios were around 0.48. Including genomic
information on males increased accuracies for males by 40% and between 1 and 4% for
females. When genomic information was added for females, accuracy improved for both
sexes by 31% compared to scenarios 1 and 2. Compared to the scenarios where only males
were genotyped, accuracy for females increased by 27% and the accuracy for males
decreased by 8% when females were also genotyped.

Schrooten et al. (2005) reported a decreasing trend in response, albeit minor, when
increasing the number of selection stages compared to single stage selection in dairy cattle.
Although the current project did not use single stage selection, there was no difference in
response between 2 and 3-stage selection, likely because of the high genetic correlation
between the indicator trait ADG80 and the breeding goal trait ADG120.

Conclusion

Results from this study have shown that genomic selection can greatly improve genetic
response, particularly for traits where limited information is available at the time of
selection. Furthermore, traits that are measured early in life as indicators for traits in the
breeding goal may not be required when genomic information is available. Additional
scenarios to investigate include varying the number of male and female littermates genotyped
when the total number per litter is limited and varying the number of males selected in the
first stage of a 2-stage selection program. Furthermore, these results need to be applied to a
full cost-benefit analysis based on the complete breeding goal to understand the true value of
genomic selection. Nonetheless, these results demonstrate genomic selection in a swine
breeding program does increase genetic gain.
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Table 1. Genetic parameter inputs of traits included in the breeding goal and the selection
index

Trait1
Phenotypic
Variance h2

Breeding
Goal

Relative Economic
Weight

TNB 9.1 0.11 Yes 0.42
ADG120 (kg) 3.0 0.33 Yes 0.58
ADG80 (kg) 3.0 0.33 No NA
TNB Genomic EBV 0.25 1.0 No NA
ADG120 Genomic
EBV

0.49 1.0 No NA

1TNB = total number born, ADG120 = average daily gain to off-test weight (120 kg), ADG80 = average daily
gain to 80 kg body weight.
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Table 2. Number of stages and traits included in the index for each scenario1

Scenario2 # of Stages ADG80 Genomic Information
1 3 Yes No
2 2 No No
3 2 No Yes (Males)
4 3 Yes Yes (Males)
5 2 No Yes (Males and Females)
6 3 Yes Yes (Males and Females)
1 TNB = Total number born, ADG120 = average daily gain to 120 kg body weight, ADG80 = average daily
gain to 80 kg body weight.
2

Figure 1. Response to selection per generation by trait and sex. TNB = Total number born,
ADG120 = average daily to off-test weight (120 kg).

Figure 2. Total response to the breeding goal, defined as the sum of response by trait
multiplied by each traits relative weighting, by sex.

Figure 3. Accuracy of the selection index at the final selection stage by sex.
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