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Summary

The genetic influence of an individual on the phenotype of another individual is an indirect
genetic effect. Social selection, i.e. accounting for indirect genetic effects in breeding
programs, is expected to increase productivity and welfare of group-housed animals.
However, if group selection showed to be effective, individual selection as tested with
experiments accounting for indirect genetic effects, appears less effective and seems to
depend strongly on rearing conditions. The objective of our research project is to understand
how rearing conditions may influence short to long-term changes in direct and indirect
genetic (co)variances. We developed a program of individual-centred stochastic simulations.
First, an infinitesimal model was simulated to validate the selection procedure on both direct
and indirect genetic effects. We performed a genetic evaluation at each generation to measure
genetic trends. This validation is described in the current paper. Simulating genomes and
events of recombination, pleiotropy, and mutation will be the next step to study if selection
response is accompanied by changes in the covariance structure of direct and indirect genetic
effects.
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Introduction

In the context of social selection, the social environment in which animals are raised
influence phenotypic evolution (Griffing, 1967) because the performance of a focal
individual is influenced by the expression of the genes of its social partners. The social
component of a phenotype can be heritable, as shown in numerous studies (Griffing, 1967;
Wolf, Brodie III, Cheverud, Moore, & Wade, 1998; Ellen et al., 2014). The genetic influence
of an individual on the phenotype of another individual is called an indirect genetic effect
(IGE) (Griffing, 1967; Wolf et al., 1998) and is a source of genetic variation additional to the
direct genetic effect (DGE). In the presence of social effects, the joint analysis of DGEs and
IGEs is necessary to account for their genetic correlation (D-IGEs correlation) and the total
additive variance that are used to predict response to social selection. Social selection , i.e.
accounting for indirect genetic effects in breeding programs, is expected to increase
productivity and welfare of group-housed animals (Ellen et al., 2014; Rodenburg et al.,
2010). However, if group selection showed to be effective, individual selection as tested with
experiments accounting for indirect genetic effects, appears less effective and seems to
depend strongly on rearing conditions (see Rodenburg et al., 2010 for a review).

The final objective of this project is to study the temporal evolution of the genetic
(co)variance matrix between traits when individuals are selected both on their direct and
social genetic effects. As an early stage of our project, we developed a flexible program in a
free statistical environment to simulate mono-trait trends in a population that is characterized
by demographic, genetic, and rearing parameters. As a starting point, we describe a basic
simulation procedure where populations under study need to be characterized by an effective
population size, breeders’ sex-ratio and average litter size, the number of individuals in each
social group and their litters of origin, as well as heritability values for direct and indirect
genetic effects and their correlations. The simulations are stochastic and individually centred.
Simulation outputs of this initial program presented here are in agreement with trends
expected when using the classical infinitesimal model.

Material and methods

Estimation of indirect genetic effects

The phenotype of a focal individual may be genetically and non-genetically influenced
by inter-individual interactions (Griffing, 1967). The expression of phenotype can be
expanded to account for social additive genetic and non-heritable components as:

(1)
where is a focal individual and is one of its groupmates. Here, and are respectively the
additive genetic and non-heritable effects originating from the direct effect of the focal
individual and social effect of its groupmate . In this model, and are direct breeding values
referring to direct genetic effects (DGE) of individual and social breeding values referring to
indirect genetic effects (IGE) of individual on , respectively.
The heritable component responding to selection in a social context is the total breeding value
(TBV) composed of the predicted direct BV of an individual and the effect of its social BV
on groupmates (Bijma, Muir, & Van Arendonk, 2007). TBV is defined as:
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(2)

where and are respectively the best linear unbiased predictors of direct and social breeding
values. is the average genetic effect of individual i on the phenotype of its groupmates and its
own phenotype.
We used socially expanded animal models (Bijma et al., 2007; Muir, 2005) carried out with
ASReml-R (Butler, 2009), where an incidence matrix relates individual phenotypic values to
a random vector of direct breeding values and where a second incidence matrix relates
individual phenotypic values to a random vector of groupmates’ social breeding values. A
third incidence matrix relates observations to a random vector of group effect. The covariance
structure of direct and social additive genetic terms is , where , and are respectively the
direct and social additive genetic variances, is the covariance between DGEs and IGEs, is
the additive genetic relationship matrix, and is the Kronecker product. Random effects and
residuals follow a multivariate normal distribution which covariance structure is:

where and are identity matrices related to the group effect and the residuals, respectively.

Data simulation

We produced a total of 28 scenarios consisting in unique combinations of variance of
DGEs, variance of IGEs, and D-IGEs covariance. Parameters are described in Table 1. We
simulated phenotypic variances as and derived that to express that social additive and non-
heritable components depend on the number of associates in a group and that is proportional
to the direct heritability () and the phenotypic variance via the contribution factor . We used
the R software (R Core Team, 2014) to simulate populations with discrete generations. Each
scenario referred to a base population mated at random for 5 generations. Individuals were
then selected for their highest predicted s for 30 generations. Each generation included 300
reproductive females and 15 reproductive males producing 12 offspring per litter with a sex
ratio of 1:1. Individual breeding value was calculated as the sum of half of the BV of both
parents plus a Mendelian sampling term defined as

.
where is the genetic (co)variance matrix of direct and social effects of the base population
and is a diagonal matrix where the element is one minus the average inbreeding of the
parents of individual .

Groups were composed of animals from two different litters in equal proportions. A genetic
evaluation was carried out for each of the 30 selected generations of each scenario. The
procedure was replicated 50 times.

Table 1. Initial genetic values used to produce the 28 scenarios.

Group size

Contribution factor c

c = 1 c = 2

0.2 ; 0.5 0.018 ; 0.036 0.045 ; 0.091 -0.75 ; -0.5 ; -0.25 ; 0 ; 0.25 ; 0.5 ; 0.75 12
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Results and Discussion

Figure 1. Simulated evolution of estimated genetic correlation (A) and covariance between
direct and indirect genetic effects (B), and their respective variances (C and D) over thirty
generations of selection. Lines are the mean values among replicates and semi-transparent
grey areas are their standard deviations.

We showed that our first stage of simulations provided results expected in the
framework of the infinitesimal model. Additive variance of direct and social effects decreased
(Fig 1C and 1D), as expected by the inclusion of mean parents inbreeding in the Mendelian
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sampling term involved in offspring’ breeding values. Those parallel reductions along with
that of the absolute value of non-null D-IGEs covariances (Fig 1B) resulted in the stationary
course of the D-IGEs correlation.

These results validate this preliminary simulation work which is meant to be expanded
to explore the effects of social selection outside of the limitation of the infinitesimal model,
and to answer questions such as: Do genetic (co)variances of direct and social effects change
with time due to social selection in the short- and long-term? How does social selection
influence genetic parameters when a small number of loci have important effects on the
phenotype? Answers to these questions could allow to develop strategies to maintain a
constant level of genetic improvement by social selection in the long term. Therefore, the
next stage of this work will be to simulate recombination between chromosomes and
mutations and pleiotropic effects of QTLs on DGEs and IGEs.
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