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Summary

In 2013, Atlantic salmon juveniles were challenge tested for Piscirickettsia salmonis (SRS) in
VESO in Norway. The juveniles belonged to year class 2012 (YC-2012) comprising of 100
full and half sib families. In 2016 a sib-group of YC-2012 (non-challenged) was selected as
breeding candidates to create an offspring generation year class 2016 (YC-2016) which was
then challenge tested in VESO in 2017. Tissue samples from both challenged and non-
challenged groups of YC-2012 were sent to AgResearch, New Zealand, for DNA extraction
and genotyping by sequencing (GBS) using PstI. The KGD method (Dodds et al., 2015) was
used for estimating the genomic relationship matrix (GRM) allowing a GBLUP estimation of
genomic estimated breeding value (GEBV) of SRS resistance in YC-2012 breeding
candidates. Two models were applied: Test survival (TS) and Day of death (DD). Estimated
heritabilities for the models differ from 0.28 (TS) to 0.41 (DD). Accuracy in the non-
challenged group was estimated as 0.66 and 0.68 for TS and DD model respectively. GEBV
of YC-2012 breeding candidates was correlated with the families’ performance measured on
offspring in 2016 challenge test in VESO. The correlation was 0.62 and 0.68 for TS and DD
models respectively.
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Introduction

SRS is caused by the intracellular Gram-negative bacterium, Piscirickettsia salmonis, first
identified in Chile and later in Canada and several European countries (Corbeil et al., 2005).
SRS causes high losses in Chilean Atlantic salmon and Coho salmon industry (Cvitanich et
al., 1991). Mortality rates have been reported to be 30-90% among Coho salmon (Corbeil et
al., 2005). Treatments with antibiotic have provided a partial solution to the problem, but do
not give control of the disease. However, genetic selection could be a long-term solution to
the problem.

Genomic selection (GS) has been shown to increase genetic gain and accuracy of
selection substantially even with sparse SNPs (4K) (Sonesson & Meuwissen 2009; Ødegård et
al., 2014) in Atlantic salmon populations. Therefore, selecting for traits with low heritability
and relatively few records per trait measured (e.g. carcass and disease resistance traits), can
benefit from GS (Villanueva et al., 2011). In aquaculture populations where large full-sib
families are produced, GS captures within family variation allows prediction of the
Mendelian sampling term.

Several platforms (e.g. beadarrays) are available for single nucleotide polymorphism
(SNP) genotyping, but genotyping by sequencing (GBS) is a low-cost approach to
genotyping. Since SNP information from the GBS approach can be sparse, methods have
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been developed to better utilize this information for genomic selection purposes (Elshire et
al., 2011; Dodds et al., 2015).

Material and methods

The challenge tested juveniles belong to Stofnfiskur’s breeding program. Two year classes
were tested: YC-2012 and their offspring YC-2016. The juveniles were all PIT tagged and the
weight varied from 16-30 grams. The number of juveniles in the challenge test was 2000 and
1900 for YC-2012 and YC-2016 respectively. The mean family size was 20 and 19 for YC-
2012 and YC-2016 respectively. The challenge test lasted for 47 days for the YC-2012 and 48
days for the YC-2016.Tissue samples were taken from both YC-2012 challenged group and
2500 sibs of YC-2012 (breeding candidate). The samples were stored in 96 % ethanol. The
tissue samples were sent to AgResearch, New Zealand, for DNA extraction and GBS using
PstI. The protocol, and subsequent processing were described in Dodds et al. (2015) except
that 190 bar-coded samples were sequenced per Illumina Hiseq 2500 lane.

GEBV and estimated breeding value (EBV) for YC-2012 were fitted in the mixed
linear model using DMU 6, a software package for animal breeding (Madsen and Jensen
2013). Two models were used for the analysis. Model one was test survival (TS) where the
individual was scored 0 if it dies within challenge test time and 1 otherwise. The second
model was day of death (DD) where individuals were scored at the day of death in the
challenge ranging from day 1- 47 and individuals which survive the challenge test were
considered censored. Non-challenged individuals were given missing values. The model is as
follows: y = Xb + Za + e, where y is the vector of the survivals score either as 0/1 or day of
death, and b is a vector of fixed effects, which included sex and rearing tanks. The vector a is
a vector of random additive genetic effects of individual animals. The A-matrix used for
EBVs was replaced by a GRM for GEBV estimation. GEBV was standardized with mean
equal to 100 and standard deviation to 10. The model-based accuracy for both GEBV and
EBV were calculated from standard error of prediction (SEP) which is given as an output of
DMU.

The offspring’s performance in YC-2016 was calculated in two ways: first as test
survival (TS) at the time when the 50% mortality was observed in the challenge test; (at that
point each family has different survival) and second, the mean survival days per family in the
challenge test (DD). Accuracy of selection was calculated as the correlation between family
GEBVs and EBVs and i) percentage family survival (TS) and ii) the average number of days
to death for each family (DD).

Results and discussion
The total mortality in YC-2012 was 80% and 85% in YC-2016 (see Figure 1). A total of
29,671 putative SNPs was identified using the GBS methodology. After filtering (Hardy-
Weinberg disequilibrium > -0.05; Dodds et al., 2015), 22,917 remaining SNPs were used to
create the GRM for the BLUP evaluation. The estimation of heritability and accuracy are
given in Table 1.
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Table 1. The estimates of genetic parameters. BLUP refers to pedigree based BLUP
methodology and GBLUP refers to genomic based BLUP methodology.
BLUP methods Models h2 Accuracy of breeding candidates

YC-2012
Increased
accuracy

BLUP DD 0.35 0.55
GBLUP DD 0.41 0.68 24%
BLUP TS 0.23 0.53
GBLUP TS 0.28 0.66 25%

Figure 1. Cumulative mortality for YC-2012 and 2016. The vertical lines in the figures
indicate end of study. The mortality was followed few days after the termination of the study
but individuals which died after that were considered censored.

Correlation of GEBV (accuracy of GS) on family survival (TS) was rGEBV, Survival (%) = 0.62 and
rEBV, Survival (%) = 0.50 for EBV respectively. Correlation for the GEBV on mean survival days
(DD) was rGEBV, mean family survival = 0.68 and rGEBV, mean family survival = 0.57 for EBV respectively.

Figure 2. Figure A and B show the regression of standardized GEBV on family performance
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where A is the TS and B is the DD. The regression line is given with standard error (se).

The estimated heritabilities from these two models give different results. It should be noted
that traits are defined very differently in these two models. However the estimates of genetic
parameters for SRS resistance in Atlantic salmon are in line with Yáñez et al. (2013).

The result shows stronger correlation between mean parents GEBV and subsequent
family performance compared with EBV. Moreover, higher accuracy in GBLUP suggest that
selection for increased SRS resistance is likely to increase 24 -25% compared with
conventional pedigree based BLUP methodology. Breeding for SRS disease resistance is
difficult because breeding companies rely on sib testing for breeding candidates. Such
evaluation has many disadvantages when estimating genetic merit. GBS is an alternative way
to create a GRM for use in GBLUP and provides the opportunity to also utilize the Mendelian
sampling term and consequently leads to higher accuracy and selection intensity compared
with EBV based on pedigree.
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