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Summary
Piscirickettsia salmonis is a pathogenic agent causing the disease called salmonid rickettsial
septicaemia (SRS), which generate considerable economic losses in salmon aquaculture. The
bacteria affects coho salmon (Oncorhynchus kisutch), Atlantic salmon (Salmo salar) and
rainbow trout (Onchorhyncus mykiss) in several countries including Norway, Canada,
Scotland, Ireland and Chile. In this study we used Bayesian genome-wide association studies
(GWAS) to investigate the genetic architecture of resistance against P. salmonis in coho
salmon, rainbow trout and Atlantic salmon farmed populations by using dense SNP panels.
Fish were independently challenged with P. salmonis. Resistance to SRS was defined as the
number of days to death (DD) and as binary survival (BS; 1 for died and 0 to survived). A
total of 828 CS, 2.130 RT and 2.601 AS were genotyped used ten ddRAD libraries, 57K SNP
Affymetrix® Axiom® and 50K Affymetrix® SNP, respectively. GWAs was performed using
the Bayes C approach by means of the Gibbs sampling algorithm implemented in GS3
software. For coho salmon and rainbow trout, both traits presented evidence for oligogenic
control with few moderate-large effect loci and a large-unknown number of loci each having
a small effect on the traits, while in Atlantic salmon both traits showed evidence of polygenic
control. Differences in distribution of effects for P. salmonis resistance among the three
salmonid species may be due to different genetic factors and mechanisms involved in the
variation of the trait across species. From the practical perspective, the differential genetic
architecture of P. salmonis resistance may have an impact on differences in genomic
prediction accuracy of this trait in the coho salmon, rainbow trout and Atlantic salmon.
Keywords: Oncorhynchus mykiss, Oncorhynchus kisutch, Salmo salar, genome-wide
association study

Introduction
Piscirickettsia salmonis is a pathogenic agent causing the disease called salmonid rickettsial
septicaemia (SRS). The bacteria was identified for the first time in 1989 in farmed coho
salmon (Oncorhynchus kisutch) in Chile (Cvitanich et al. 1991). Since then, P. salmonis has
been confirmed as the causative agent for clinical and chronic SRS in coho salmon, Atlantic
salmon (Salmo salar) and rainbow trout (Onchorhyncus mykiss) in several countries including
Norway, Canada, Scotland, Ireland and Chile (Fryer and Hedrick, 2003).
Understanding the genetic factors which determine the phenotypic variation has been
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of interest animal breeders, geneticists and evolutionary biologists. Currently, the advance of
molecular technologies has allowed the generation of dense marker panels. The use of
genotypes from high-density panels of single nucleotide polymorphism (SNP) markers and a
large numbers of individuals could provide opportunities to discover the genetic architecture
of complex traits, as well as identifying genomic regions associated with them.
In this study we used Bayesian genome-wide association studies (GWAs) to
investigate the genetic architecture of resistance against P. salmonis in coho salmon, rainbow
trout and Atlantic salmon Chilean farmed populations by using dense SNP panels.

Material and methods
Coho salmon (CS), rainbow trout (RT) and Atlantic salmon (AS) were independently
challenged with P. salmonis. Fish were infected by intra-peritoneal (IP) injection with 0.2 ml
of a LD50 inoculum of P. salmonis. Post IP injection, infected fish were equally distributed
by family into three different test tanks. At the end of the challenge, all surviving fish were
anesthetized and euthanized. Resistance to salmon rickettsial syndrome (SRS) was defined as
the number of days to death (DD) and as binary survival (BS; 1 for died and 0 to survived).
A total of 828 CS, 2.130 RT and 2.601 AS were genotyped used ten ddRAD libraries,
57K SNP Affymetrix® Axiom® and 50K Affymetrix® SNP, respectively. Genotypes and
samples were filtered according to the following exclusion criteria: Hardy-Weinberg
Disequilibrium (p-value < 1 × 10-6), Minor Allele Frequency > 0.05 and genotyping call rate
> 0.95.
The genome wide association studies (GWAs) were performed using the Bayes C
approach (Habier et al., 2011) using the Gibbs sampling algorithm implemented in GS3
software (Legarra et al., 2010). A total of 200,000 iterations were used in the Gibbs sampling,
with a burn-in period of 20,000 cycles where results were saved every 50 cycles. The adjusted
model can be described by:
, where y is the vector of phenotypic
records (DD or BS); X is the incidence matrix of fixed effects; b is the vector of fixed effects
(sex, tank and age for CS; sex and age for RT; tank and age for AS); Z is the incidence matrix
of polygenic effect; u is a random vector of polygenic effects of all individuals in the
pedigree; is the vector of the genotypes for the ith SNP for each animal; is the random
allele substitution effect of the ith SNP;
is an indicator variable (0, 1) sampled from a
binomial distribution with parameters determined such that π value of 0.99; and e is a vector
of residual effects.

Results and discussion
A total of 580 CS and 9.389 SNPs, 1.929 RT and 24.916 SNPs and 2.383 AS and 42.624
SNPs passed in quality control. For CS and RT we found SNPs that explaining a relatively
moderate to high percentage of genetic variance for both traits (Figure 1). In contrast, for AS
a large numbers of SNPs with small effects were found and the percentage of genetic variance
was not higher than 4% for the top one SNP (Figure 1).
In few cases, the same SNPs were significantly associated with both traits. This could
be the result of pleiotropy or closely linked genes (local linkage disequilibrium). For
example, we observed the same SNPs associated with days to death and binary survival in CS
(58185_41 and 24601_47) and RT (AX-89926208 and AX-89966072) among the top ten
most important SNPs.
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The Figure 2 highlights the different genetic architecture for resistance against P.
salmonis among the three salmonid species studied. For CS and RT, both traits presented
evidence for oligogenic control with few moderate-large effect loci and a large-unknown
number of loci each having a small effect on the traits, e.g. for days to death, the top 200
SNPs explained about 80% and 90% for CS and RT, respectively, while in AS they explain
slightly more than 50%, evidencing the polygenic control.
Wu and Lin (2006) suggested that several factors could determine the genetic
architecture of complex traits as the gene frequencies and their additive, dominant, epistatic
and pleiotropic effects in multiple environments. Furthermore, the genetic architecture may
reflect the different causative variants and mechanism involved in P. salmonis resistance in
the three species.
Our results show evidence for alleles of medium to large effect for both traits in CS
and RT. In contrast, for AS our results suggest that if alleles of large effect do exist, they are
at such low frequency that they individually explain a small proportion of the variance for
resistance to P. salmonis.

Figure 1. Manhattan plot of genetic variance explained by markers to resistance against P.
salmonis for coho salmon, rainbow trout and Atlantic salmon.

Proceedings of the World Congress on Genetics Applied to Livestock Production, 11.721

Figure 2. Percentage of cumulative genetic variance for the top 200 markers to resistance
against P. salmonis for coho salmon, rainbow trout and Atlantic salmon.

Conclusion
Differences in distribution of effects for P. salmonis resistance among the three salmonid
species may be due to different genetic factors and mechanisms involved in the variation of
the trait across species. Further studies are needed to identify the causative variants on each
species. From the practical perspective, the differential genetic architecture of P. salmonis
resistance may have an impact on differences in genomic prediction accuracy of this trait in
the coho salmon, rainbow trout and Atlantic salmon.
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