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Models with indirect genetic effects depending on group sizes - A simulation study assessing the precision of the estimates of the dilution
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Summary

With social interactions, the phenotype of an individual is influenced by the direct genetic effect (DGEs) of the individual, as well as the indirect genetic effects (IGEs) of its group mates. With IGEs, the heritable variance and response to selection depend on the group size. The change of IGE with group size can be modelled via a ‘dilution’ parameter (d), which reflects the magnitude of IGE as a function of group size. Very little is known of the estimability of d and the precision of its estimate. The relevance of d estimation is due to its impact on the dynamics of response to selection and heritable variation. We simulated data with varying group sizes and estimated d using IGE models including d parameter. Schemes investigated differed with respect to average group size (4, 6 or 8) and variability of group size (coefficient of variation=CV, ranging from 0.125 to 1.010) obtained based on either 2 or 3 group sizes within a scheme. A design where individuals were randomly allocated to groups was used to estimate d. Results showed that it was possible to estimate d in data with varying group sizes. All estimates were unbiased. With larger CV of group sizes, d could be estimated more precisely. Estimation of the relationship between the magnitude of IGEs and group size would allow for proper interpretation of direct and indirect variance components that contributes to heritable variation in relation to group size. 
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Introduction

In the presence of social interactions, the phenotype of an individual is influenced by the direct genetic effect (DGE) of the individual, as well as the indirect genetic effects (IGE) of other individuals (Moore et al., 1997). With IGEs, the heritable variance and response to selection depend on the number of individuals that interact (group size) (Griffing, 1967; Bijma et al., 2007). Dependency of IGEs on group size has been defined as a function of a ‘dilution’ parameter (d) (Bijma, 2010). That is, the IGE may decrease as group size increases and vice versa. Ignoring d would cause overestimation of both total heritable variance and the potential of a population to respond to selection in larger groups (Bijma, 2010). Several studies have investigated the estimation of IGEs and the contribution of IGEs to the heritable variance where the group size has been fixed (see review by Bijma, 2014). In data with varying group sizes, there is, however, limited knowledge about estimability of genetic parameters, including d. We applied the proposed model by Bijma (2010) to simulated data with varying group sizes to estimate d and other genetic parameters (variances of DGEs and IGEs, and genetic correlation between DGEs and IGEs). The first hypothesis was that d would be estimable from data with variation in group size. To estimate d and evaluate the bias and precision of estimates, a set of schemes were chosen with different variability of group sizes, i.e. coefficient of variation (CV), and different average group size (4, 6 or 8). The second hypothesis was that estimates would be more precise in schemes with larger CV of group sizes.

Materials and methods

Simulation. A population with two discrete generations was simulated. The base population included 50 sires and 200 dams. To generate the next generation, sires and dams of the first generation were mated randomly. Each sire was mated to 4 dams and each dam produced 40 full-sib offspring, resulting in a total number of 8000 simulated individuals with equal sex ratio. Both direct and indirect effects had a genetic component and a non-genetic component. The direct and indirect additive genetic effects of each individual in the base generation were simulated from a bivariate normal distribution: , where  and  were direct and indirect genetic variances, respectively, and  was the covariance between DGE and IGE. Direct and indirect genetic effects of the individuals in the second generation were simulated as:  and , where  and  were the direct and indirect genetic effects of a corresponding sire, respectively,  and were the direct and indirect genetic effects of a corresponding dam, respectively, and  and were direct and indirect Mendelian sampling components, respectively, which were sampled from . Also, direct and indirect non-genetic components were sampled from where  and  were direct and indirect non-genetic variances, respectively, and  was the direct-indirect non-genetic covariance. Both generations were included in the pedigree, but phenotypic values were only simulated for the second generation. The phenotype of each individual () was computed by scaling the indirect genetic and non-genetic effects depending on group size, and summing all effects as follows:



where n was the number of individuals in the corresponding group,  and  were sums of the indirect additive genetic and indirect non-genetic effects, respectively. Both indirect genetic and non-genetic effects were summed over the  group members  of the focal individual. In total, 18 different group compositions (schemes) were simulated with different group sizes (Table 1). These schemes were chosen based on the average group size (4, 6 or 8) and variation in group sizes (CV ranging from 0.125 to 1.010). For all schemes, three different values of d (0, 0.5 and 1) were simulated. For all schemes,  was set to 0. A moderate heritability (both direct and indirect heritability, ==0.3) was simulated. With d=0, , , , and  were set to 0.3, 0.1, 0.7, and 0.23, respectively. For a fair comparison between the schemes with different average group sizes, but the same d, the indirect effects for a given group size should be comparable across schemes. In other words, when d>0, for two different schemes, the values assigned to parameters  and  were different depending on the scheme in Table 1. Table 2 shows values assigned to and , and using the scaling on variances corresponding to scaling of effects in model (1). By scaling, the schemes with the same d value, but different  were comparable (the same d was applied both between and within the schemes). Values of  and  for the schemes with =4 were considered to be the base values. Results shown are the average of estimates over 50 replicates. The experimental design used in this study was random group composition, where the individuals used to make up a group were sampled at random with respect to family.

Variance component estimation. For the simulated data, (co) variance components and d were estimated using the following mixed model: (Bijma, 2010), where  was a vector of phenotypic records, was the vector of fixed effects (sex), was the design matrix corresponding to fixed effects, was the vector of DGEs,  was the design matrix corresponding to DGEs. and  were the vectors of IGEs and indirect non-genetic effects, respectively, referring to the average group size.  and  were the design matrices corresponding to IGEs and indirect non-genetic effects, respectively, which depends on d; dilution being specified relative to the average group size, and  was a vector of residuals. Elements of  were: when j was a groupmate of i, otherwise. The direct genetic effect () and indirect genetic effect () were assumed to follow a multivariate normal distribution:  , where  was the 2*2 direct-indirect additive genetic (co) variance matrix: , and  was the additive genetic relationship matrix. Residual effects were assumed to be normally distributed as: . The above mixed model was fitted in software DMU using the average information REML procedure (Madsen & Jensen, 2013).

Dilution of IGE. For estimating d, the likelihood for different fixed values of d was used, i.e. for each replicate; the dilution of IGEs was estimated by varying d values from -0.2 to 0.2 when d=0, 0.3 to 0.7 when d=0.5, and 0.8 to 1.2 when d=1, in steps of 0.04, resulting in 11 runs of analysis per replicate. Then, the best d value was taken based on the maximum likelihood out of all likelihood values from the 11 runs of analysis.

Bias and precision of estimated parameters. The difference between true values and means of estimates across 50 replicates was used for assessing the bias. Length of the 95% confidence intervals (the difference between the two endpoints) was used for assessing the precision of estimates. The larger the length, the less precision of estimates and vice versa.

Results and discussion

The lengths of confidence intervals for all parameters for different group sizes (schemes) with different CV are shown in Figure 1. The schemes were compared within each d value for three average group sizes (4, 6, and 8). This study showed that d can be estimated unbiasedly with varying group sizes (Figures 2-4), and that the precision of the estimates increased with CV of group sizes (Figure 1). Generally, the lengths of confidence intervals for other parameters decreased with larger CV for group size, except DGEs, where there was no clear pattern in the lengths of confidence intervals with changes in CV, as the length fluctuated across different schemes with different CVs (Figure 1). Dilution and (co) variance estimates for all group sizes were unbiased, irrespective of the CV of group sizes and the average group sizes. To our knowledge, to date no study has investigated the estimability of d and bias and precision of the estimate. However, some studies based on real data investigated the dependency of IGEs on group size and tested whether or not IGEs become smaller when groups get larger (tested if dilution effect exist). For example, Canario et al. (2010) investigated the effect of group size on social genetic effects for growth trait in pigs and showed that both the social genetic and social litter effects decreased proportionally to group size, meaning that the influence of pigs on the growth of their groupmates was diluted across more recipients in larger groups than in smaller groups. Duijvesteijn et al. (2012) investigated the dependency of IGEs on group size for androstenone level in a population of boars. They estimated d for the IGEs by finding the maximum likelihood value for d in the range from 0 to 1, with step size of 0.25. Their results showed that the magnitude of IGEs was not affected by group size (d=0). In another study, Nielsen et al. (2016) tested whether or not the IGEs for growth (average daily gain) in Danish pigs decreased with larger groups. They concluded that IGEs for growth in pigs depended on group size. However, IGEs increased with increasing group size (opposite to dilution effect).

Conclusions

Dilution of indirect genetic effects could be estimated in simulated data with varying group sizes. The precision of estimation of dilution was higher with a larger coefficient of variation of group size. All parameters estimated from simulated data were unbiased.
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	Table 1. Schemes used to simulate data with different group compositions.

	Scheme
	Group size (n)
	Number of groups*
	CVn
	Average group size ()

	1
	3, 4, 5
	899, 667, 533
	0.250
	4

	2
	3, 5
	1335, 799
	0.354
	4

	3
	2, 4, 6
	1333, 666, 445
	0.500
	4

	4
	2, 6
	2002, 666
	0.707
	4

	5
	5, 6, 7
	534, 445, 380
	0.167
	6

	6
	5, 7
	799, 572
	0.236
	6

	7
	4, 6, 8
	666, 444, 334
	0.333
	6

	8
	4, 8
	1000, 500
	0.471
	6

	9
	2, 6, 10
	1333, 444, 267
	0.667
	6

	10
	2, 10
	2000, 400
	0.943
	6

	11
	7, 8, 9
	380, 333, 297
	0.125
	8

	12
	7, 9
	572, 444
	0.177
	8

	13
	6, 8, 10
	446, 333, 266
	0.250
	8

	14
	6, 10
	666, 400
	0.353
	8

	15
	4, 8, 12
	666, 334, 222
	0.500
	8

	16
	4, 12
	1001, 333
	0.707
	8

	17
	2, 8, 14
	1334, 334, 190
	0.750
	8

	18
	2, 14
	2005, 285
	1.010
	8


* The 8000 individuals were divided into either 2 or 3 subsets depending on the number of group sizes in a scheme and the subsets were divided by the group size, resulting in the number of groups. The values of this column are respective to the values in the column of group size.

	Table 2. Parameters used for simulation.

	Parameter
	d=0
	d=0.5
	d=1

	
	=4
	=6
	=8
	=4
	=6
	 = 8
	=4
	=6
	=8

	
	0.30
	0.30
	0.30
	0.30
	0.30
	0.30
	0.30
	0.30
	0.30

	
	0.10
	0.10
	0.10
	0.10
	0.06
	0.043
	0.10
	0.036
	0.0184

	
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70

	
	0.23
	0.23
	0.23
	0.23
	0.138
	0.099
	0.23
	0.0828
	0.042

	
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00



[image: U:\Marzi_Postdoc\papers\paper1\Figures\data\Figure1c.png]Figure 1. The lengths of confidence intervals for all parameters (dilution, DGEs, IGEs, and genetic correlations) for different schemes with different CV.
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Figure 2. Lower and upper confidence intervals for all parameters (dilution, DGEs, IGEs, and genetic correlations) for different group sizes (schemes) with different CV and  4. The black horizontal lines show the true simulated values and the black dots show the estimates.
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Figure 3. Lower and upper confidence intervals for all parameters (dilution, DGEs, IGEs, and genetic correlations) for different group sizes (schemes) with different CV and  6. The black horizontal lines show the true simulated values and the black dots show the estimates.

[image: U:\Marzi_Postdoc\papers\paper1\Figures\data\Bias_ave8\Bias_ave8.png]
Figure 4. Lower and upper confidence intervals for all parameters (dilution, DGEs, IGEs, and genetic correlations) for different group sizes (schemes) with different CV and  8. The black horizontal lines show the true simulated values and the black dots show the estimates.
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