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Summary

The objective of this study was to investigate genetic basis of host resistance against S.
chrysophrii and explore potential of genomic selection for this trait. Results on available
genetic variation showed that resistance against this parasite is lowly heritable ( = ~ 0.12). We
observed strong negative genetic correlation ( = -0.549 to -0.807) of parasite count with
production traits (i.e. body weight and specific growth rate) which signals possibility of
indirect selection. Genome-wide association analysis revealed a locus at linkage group 17
which surpassed chromosome-wide Bonferroni threshold and might be involved in producing
variation. Genomic selection improved accuracy of prediction by 8-23% compared to
pedigree information.
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Introduction

Gilthead sea bream (Sparus aurata) is a highly important farmed fish species specifically to
the Mediterranean aquaculture industry with an annual production ~ 147,649 metric tons
(FEAP Secretariat, 2016). The increased production of gilthead sea bream in the
Mediterranean sea has been accompanied by elevated outbreaks of parasitic diseases in sea
cages (Sitjà-Bobadilla, 2004) especially those which are caused by monogenean parasites
(Nowak, 2007) with direct life cycles on host. Sparicotyle chrysophrii is a common
monogenean parasite of cultured gilthead seabream causing lethal epizootics in sea cages.
This parasite is emerging to be highly problematic agent provoking considerable economical
losses with mortality of ~10% (Athanassopoulou et al., 2005) and more importantly, by a
notable growth reduction of the farmed stock due to the emaciated and anemic state of the
survivors (Sitjà-Bobadilla and Alvarez-Pellitero, 2009). Selection and breeding for resistance
against infectious diseases is a highly valuable tool to help prevent or diminish disease
outbreaks, and currently available advanced selection methods with the application of
genomic information could pace up response to selection (Meuwissen et al., 2001). Current
study aimed to investigate genetic basis for host resistance to S. chrysophrii as well as explore
potential of genomic selection for this trait.
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Material and Methods

The test population of this study originated from the breeding nucleus of Andromeda Group
which was developed by crossing of parents mated in ~8x8 factorial crosses using
approximately 64 sires and 64 dams. Offspring produced through this mating design were
challenged with S. chrysophrii using controllable cohabitation infection model developed by
Rigos et al. (G. Rigos et al., 2015). Fish were recorded for initial body weight (BW1) before
the start of challenge test, and at the end of total experiment period of 10 weeks, surviving
recipients (n=807) were recorded for parasite count (PC), final body weight (BW2), and the
specific growth rate (SGR). PC values were log transformed to make them normally
distributed, and these PC values were then used in all the analyses. The formula used for the
calculations of SGR is given below.

Tissue samples were collected from all recoded individuals (including parents) for DNA
extraction, library preparation using 2b-RAD and genotyping by sequencing. Libraries were
sequenced using Illumina NextSeq 500 platform and the sequence data were used to generate
genome-wide SNP genotypes for all the samples. A catalogue of unique tags was developed
from the sequence data of all the parents using customized scripts from the 2bRAD pipeline
v2.0 which was then used as a reference sequence, and the individual specific quality reads
were aligned to this reference sequence using bwa samse (V = 0.7.13-r1126) to detect and call
SNP-based genotypes. The mpileup function of SAMtools version was used to call variants
and the call option of bcftools was used to call the genotype at each variant site for each
animal.

Genotypic data was further used to develop pedigree by parentage assignments, develop
a linkage map, perform genome wide association analysis (GWAS) and for the estimation of
breeding values. Parentage assignments were achieved using likelihood method implemented
in CERVUS version 3.0 (Kalinowski et al., 2007). Variance components and breeding value
estimations were performed using bivariate analyses in ASReml 4.0 (Gilmour et al., 2015) by
employing genomic or pedigree-based relationship matrices (G-matrix and A-matrix,
respectively) with the following mixed model,

where is a vector of ‘n’ records on , and/or , is an overall mean, is a vector of fixed effects,
is a vector of additive genetic effects distributed as or where is the additive genetic variance,
and are genomic and pedigree relationship matrices, respectively; and are the corresponding
incidence matrices for fixed (BW1) and additive effects, respectively, and is the vector of
random residual effects with .

Accuracy of prediction was computed using two methods;

1) Mean accuracy using prediction error variance method ( with the formula
2) Applying cross validation scheme by randomly masking the phenotypes of ~ 23 % of

the population. The accuracy was computed as the correlation () of the estimated
breeding value (pedigree/genomic, PEBV/GEBV) with the pre-corrected phenotype
scaled by the square root of heritability.

Linkage map was constructed using Lep-Map v2 (Rastas et al., 2015), and GWAS for parasite
count was performed using univariate model with additional variable of SNP effects also
included in the model. Variance explained by the top significant SNP was computed by using
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it as an additional fixed effect in the univariate model, and the proportion reduction in total
genetic variance with the addition of SNP as an added fixed effect was considered to be the
contribution of top significant SNP.

Results and Discussion

The developed catalogue which was used as a reference sequence consisted of 269,660 unique
2b-RAD tags. The SNP calling and genotyping resulted genotypic data for 21,773 quality loci
on 841 individuals (724 offspring 117 parents). Parentage assignment analysis generated 154
full-sib families with 1-22 sibs per family. Linkage mapping produced 15,184 SNPs
distributed into 24 linkage groups (LGs), and the rest of the SNPs 6,589 were used as
singletons. The number of LGs obtained as a result of linkage mapping is consistent with the
karyotype of this species.

Estimates of heritability obtained using pedigree information were 0.129, 0.135 and
0.141 for PC, SGR and BW2 respectively. Genomic heritability for PC was 0.119, which is
slightly lower than pedigree information based heritability. However, genomic heritability
estimates for SGR and BW2 were higher than pedigree based estimates with values of 0.223
and 0.192, respectively (Table 1). Parasite count showed a strong negative genetic correlation
of -0.807±0.24 and -0.769±0.22 with SGR using pedigree vs. genomic information,
respectively. Similar direction and magnitude of genetic correlation was obtained for PC vs.
BW2 with values ranging from -0.549±0.27 and -0.701±0.21 using pedigree vs. genomic
information, respectively. These strong negative genetic correlations suggest that indirect
selection for growth may help to improve resistance against S. chrysophrii parasite. However,
these correlations showed large standard errors which could be due to small available data
size.

Table 1. Heritability estimates using pedigree vs. genomic information.

Components Pedigree Genomic

PC ( 0.129 (0.068) 0.119 (0.062)
SGR ( 0.135 (0.066) 0.223 (0.081)
BW2 ( 0.141 (0.066) 0.192 (0.075)

PC = log transformed parasite count; SGR = Specific growth rate; BW2 = body weight at the end of challenge

test; =heritability.

Table 2. Genomic vs. pedigree based prediction accuracies for parasite count.

Accuracy Pedigree Genomic

0.52 ± 0.051 0.64 ± 0.039
0.51± 0.147 0.55± 0.165

= accuracy computed using prediction error variance method; = accuracy computed using cross validation

scheme.

Accuracies of prediction using prediction models with pedigree vs. genomic information
are given in Table 2. Overall, genomic information based estimates showed 8-23% higher
accuracy compared pedigree information. Hence, increment in accuracy of prediction using
genomic information should ultimately be reflected in genetic gain as accuracy of selection is
directly proportional to the rate of genetic gain.



Proceedings of the World Congress on Genetics Applied to Livestock Production, 11.39

4

The GWAS analysis resulted in a single SNP at linkage group 17 which surpassed the
Bonferroni-corrected chromosome-wide significance threshold with P-value of 4.02e-05
(Figure 1). The effect of this SNP showed favorable direction with α value of -0.374 and the
magnitude of the variance explained by this SNP was ~ 15 % of the total genetic variance.
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ting association of SNPs with the PC trait. Green spot represents significant SNP which

surpassed chromosome-wide Bonferroni threshold.
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