Dissecting the genetics variation of aggressive behaviour in pig using dense SNP data
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Introduction

Aggressive behaviour during abrupt mixing of commercial pig production is very common and it compromises welfare and profitability and cannot be significantly reduced by low-cost changes to the environment.  This aggression is associated with a reduction in the rate and efficiency of weight gain and poorer meat eating quality, carcass grading 
 ADDIN EN.CITE 
(Rundgren and Lofquist 1989; Tan et al. 1991; Warriss et al. 1998)
. Such behaviours have been found to be genetically controlled raising the potential of selective breeding to reduce aggression. Heritability for such traits and their indicators are low to moderate, with reported estimated value being as high as 0.4 


(Lovendahl et al. 2005; Turner et al. 2009) ADDIN EN.CITE . 

The benefit of selective breeding can be increased with the use of genetic markers. Genetics markers may be used in marker assisted selection schemes to exploit the discovery of QTL explaining a large proportion of the genetic variance (Fernando and Grossman 1989) or in genomic selection  programmes (Meuwissen et al. 2001).  The 60k Pig SNP chip has recently being made commercially available, making it easier the practical implementation of evaluation programmes using genetic markers.

The objective of this study was to dissect the genetic architecture of pig aggression by scanning the entire pig genome to find regions associated with aggression in pig.  A genome-wide association study (GWAS) was carried out to find SNP explaining large proportion of the genetic variance. SNP genotypes were also used to calculate relationship matrices and determine its value in explaining the overall genetic variance associated with aggressive behaviour in pigs. The potential value of genomic selection was assessed using cross-validation.
Material and methods

Phenotypic data: 

The data used here are a subset of a large study on the genetics of behaviour in pig, which has been described in details by 
 ADDIN EN.CITE 
(Turner et al. 2009)
. The records are a commercial dam line nucleus herd (Yoskshire, Landrace and their crosses).  Information on parents, grand-parents and great-grand parents was available which resulted in a pedigree containing 2428 individual in total. 
Nine different traits indicative of post-mixing aggression were recorded on 1660 pigs (Table 1). Aggressive behaviour (3) was recorded during 24-hours post mixing and counts of skin lesion (6) were recorded 24-hour and 3 weeks after mixing. The aggressive behaviour traits were: reciprocal aggression, recipient of non-reciprocal aggression and delivery of non-reciprocal aggression. Skin lesion counts to the anterior, central or caudal part of the pig were recorded separately and assumed to be different traits. 
 ADDIN EN.CITE 
Turner et al. (2009)
 performed a conventional genetic analysis of this dataset and showed that these traits are indeed genetically influenced with heritabilities ranging from 0.08 to 0.43.

Genotype data:
A total of 552 animals were genotyped for the Illumina pig SNP chip. The total number of genotyped SNP was 62,163, from which 11,960 of them (19.3%) were eliminated due to quality control in the call rate or because they were monomorphic. A further 13364 (21.4 %) SNP were eliminated because their minor allele frequency was less than 0.05 or because their 
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 value exceeded 3.89 when testing their genotype frequencies for deviation of what it is expected given Hardy-Weinberg equilibrium. Finally a total of 36,839 (59.3 %) segregating SNP covering the 18 autosomal chromosomes were used in the genome-wide association (GWAS) analysis and for calculating genetic relationship amount individuals.
Genome wide association study:
The objective of this analysis was to identify individual SNP with a significant effect on any of the traits. Four different approaches were used to analyse each of these traits, varying on: the assumed genetic model (additive vs additive + dominance), pre-correction of the data (pre-corrected vs estimation all at once) and the number of SNP fitted at a time (one vs three consecutive SNP). Bonferroni correction to account for multiple testing was carried out by calculating empirical significant threshold using 10,000 permutations.
Estimation of genetic variance and genomic estimated breeding values.
SNP genotypes were used to calculate relationship amount genotyped animals and then added into a REML analysis to calculate the genetic variance. This estimate was, in turn, used in a genomic BLUP (GBLUP) to obtain genomic estimated breeding values (GEBV). 
The genetic variation was calculated by either (i) fitting a single genome effect (All-Gen); or (ii) by separately fitting 18 chromosomal effects in a join analysis (All-Chr). Based on the results from All-Chr, it was possible to determine the chromosomes explaining part of the genetic variation for a given trait. Selecting the only SNP located in these chromosomes, two variants of the above methods were defined: (iii) Sel-Gen which fits a single genomic effect from the selected chromosomes for the trait in question; and (iv) Sel-Chr which fits the selected chromosomal effect separately in a join analysis.
In order to assess the potential value of using genomic evaluation in these traits a cross-validation study was carried out on the data. The animals were randomly allocated to 5 groups. For a given group, the phenotypic data from the animals assigned to the group were removed from the analysis and their GEBV used to predict the phenotype. The same procedure is carried out for all groups to predict the phenotype of all animals. The average correlation between the true and the predicted phenotype was used as the criteria to assess the predictive value of the scheme. Accuracy of prediction of the four GBLUP implementations were compared with accuracy obtained with standard BLUP analysis using pedigree information.
Results
Genome wide association study:
The results from the four types of approaches were very consistent (in term of the relative size of the estimate and their significant) across the four different analyses. Because of the similarity in results, only those from the analysis using pre-corrected data and assuming an additive model are shown here (Figure 1). In general, none of the approaches found a SNP with a (genome-wise) significant effect on any of the traits. Further exploration of the results shows that the estimated size of the (non significant) SNP effect was generally low with only few of the SNP having an (non significant) estimated effect greater than 0.2 phenotypic standard deviation. Furthermore, the effects of the SNPs with the highest statistic were at least 10% too small to be significantly detected for the experimental size used here.

Estimation of genetic variance and genomic estimated breeding values.
Table 2 shows the heritability estimates calculated using standard BLUP, All-Gen and All-Chr. Results from 
 ADDIN EN.CITE 
(Turner et al. 2009)
 are also show for comparison as their estimates are calculated from a multivariate analysis using a larger set of the same population. Whilst the results from these methods roughly agree between themselves, some differences are worth to be noticed. The general trend shows that estimates from the GBLUP tend to be larger than those found by standard BLUP analysis and estimates from All-Gen tends to be greater than those found with All-Chr. The estimates roughly agree with those found by 


Turner et al. (2009) ADDIN EN.CITE  with the exception of SLSFront, where using a smaller dataset resulted in a substantial reduction of the heritability estimate in all three method of evaluation. 
Figure 2 shows the average correlation between the predicted and the true phenotype obtained from the cross-validation analysis for the four GBLUP across the nine traits. Values are expressed relative to the values obtained using standard BLUP where the breeding values are estimated using pedigree information. The results of using GBLUP were very diverse across the different traits and methodology, with their benefit ranging from 57% more accurate to 62% less accurate than standard BLUP. Consistently, estimating each chromosome effect separately resulted in lower accuracy than when estimating a single genomic effect. Across the nine traits Sel-Gen, was the best GBLUP method and the only method which always yielded better performance than standard BLUP.
Discussion

The purpose of this study was to assess the value of using a dense SNP genotyping to explain the genetic variation affecting post-mixing aggressive behaviour in pig. The GWAS analyses failed to find an individual SNP with large affect on any of the nine traits considered here. The cross-validation study showed that the impact from genomic selection is very diverse but it may improve selection gain provided the right scheme is used.
The fact that these nine traits indicative of aggressive behaviour are very complex and not well defined, may partly explain the results found here. For instance, lesion counts are counted traits and the log transformation needed to normalise them, may have smooth out the data making them preventing to find any significant SNP during the GWAS analysis. As currently defined, perhaps they are truly complex polygenic traits influenced by a large number of loci all with a relative small effect to the defined trait.

Another important factor which should be considered when interpreting the results is the size of the study. Considering the average size of the previously published GWAS study, the power to of detecting a significant SNP with 552 records would be very low unless their effect is substantially large. Similarly, the size of the study may also explain the low predictive accuracy of the GBLUP when calculating separate chromosomal effects and its true potential is yet to be assessed in larger datasets.
Despite of the low performance in the cross-validation, estimating separate chromosomal effect allowed to discriminate the chromosomes harbouring genetic variation for each of the different traits. A refined and a more targeted estimation of relationship amount individuals was possible, which increased on the potential benefit of using dense SNP information for selective breeding to reduce aggressive behaviour in pigs.
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Table 1. List of traits indicative of aggressive behaviour in pig analysed in this study.

	Trait
	Abbreviation

	Behaviour traits

	Receipt of NRA
	Bullied

	Delivery of NRA
	Bullying

	Reciprocal Aggression
	Fight

	LC at mixing

	Anterior 
	MixLSFront

	Central
	MixLSMid

	Caudal
	MixSRear

	LC at 3 weeks post mixing

	Anterior 
	SLSFront

	Central
	SLSMid

	Caudal
	SLSRear


NRA: Non Reciprocal Aggression. 

LC: log(Lesion Count +1)

Table 2. Heritability estimates for the nine traits calculated using standard BLUP, All_Gen and All-Chr. Estimates from 
 ADDIN EN.CITE 
Turner et al. (2009)
 was also included for comparison.

	Trait
	
 ADDIN EN.CITE 
Turner et al. (2009)

	BLUP
	All-Gen
	All-Chr*

	Bullied
	0.08
	0.089
	0.105
	0.129  (6)

	Bullying
	0.31
	0.279
	0.357
	0.304 (12)

	Fight
	0.43
	0.332
	0.408
	0.284 (13)

	MixLSFront
	0.26
	0.160
	0.312
	0.238  (8)

	MixLSMid
	0.25
	0.108
	0.286
	0.143 (11)

	MixLSRear
	0.21
	0.131
	0.192
	0.119  (8)

	SLSFront
	0.43
	0.073
	0.129
	0.163 (11)

	SLSMid
	0.35
	0.386
	0.276
	0.300 (12)

	SLSRear
	0.19
	0.151
	0.194
	0.113 (10)


*values in bracket are the number of chromosomes explaining a proportion of the genetic variance.
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Figure 1. Manhattan plots with p values (in -log10 scale) for the genome wide association analysis carried out on each of the nine traits using the GRAMMAR approach assuming an additive model. The empirical 5% significant genome wide threshold (calculated using 10,000 permutations) was around 5.7 for each trait.
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Figure 2. Benefit of the different GBLUP methods for the nine aggressive behaviour traits. Benefit for each method is the average correlation between predicted and true phenotype obtained from the cross-validation analysis, relative to the average correlation obtained with standard BLUP analysis. A negative value means that the method has lower predicted value than standard BLUP.
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