Genetics and Breeding
Work Package 3

While selective breeding programmes increasingly underpin stock supply for this industry, genomic selection is not yet
widespread. Genomic selection has major potential to expedite genetic gain, particularly for traits practically impossible
to measure on selection candidates, such as disease resistance and fillet characteristics.
Adequate high-throughput genotyping arrays, i.e. SNP chips, are essential tools for genetic studies. MedAID has worked,
in collaboration with PerformFish project, to develop a combined SNP array for European seabass and the gilthead
seabream, the two most important fish species for Mediterranean aquaculture. The array, called MedFish, has multiple
uses, from gene mapping to genomic selection and population genetic characterization.
Lipid-related traits are important for breeding, because they affect both fish and human health and also because fat
deposition reduces resource efficiency and fillet quality. MedFish has been tested for the genetic analysis of lipid-related
traits, the assessment of their potential for selection and for the search for candidate genes.
The determination of population structure and genetic variability is also key for designing breeding programmes,
controlling inbreeding, and differentiating populations. This has been achieved by MedAID using the SNP array to study
a wide sample of Mediterranean populations of seabass and seabream.
Genotype-by-environment (GxE) interaction is the phenomenon that different genotypes perform differently in
different environments and if it exists, selection strategies need to be adapted or separate environment-specific breeding
programmes need to be developed. MedAID has worked to explore and quantify GxE interactions for production
efficiency traits in seabream at different temperature profiles, and has estimated heritability and genetic correlations of
these traits.

SNP chip development for seabream and
seabass (Task 3.1)
Objective: To generate and test the first combined-species high
density SNP array for European seabass and gilthead seabream.

R

Recommendation: The ‘MedFish’ array enables efficient
and accurate high-throughput genotyping for genomewide distributed SNPs on each fish species, and will facilitate stock
management, population genomics approaches, and acceleration of
selective breeding through genomic selection.

Use of Distell fat meter to measure lipid percentage in seabass fillets (Task 3.2)
Objective: To 1) validate the phenotype or measurement of fillet fat percentage using the Distell fat meter against
the analytic laboratory standard; and 2) validate the breeding values generated using either method.

R

Recommendation: It is recommended that the Distell fat meter not be used for applications where high levels
of accuracy and precision are needed, for example in nutritional or physiological research with small numbers
of fish, but ways of increasing its accuracy and precision are possible. The use of the Distell fat meter as a phenotypic trait
measurement for genetic breeding programmes has proved to be of high relevance as it is almost genetically equivalent to
the analytical laboratory methods with the added advantage that the fish do not need to be killed first and that the device
is highly affordable and portable.

Potential of genetic selection for lipid-related traits in European seabass and
gilthead seabream. Genetic analysis of production traits (Task 3.3)
Objective A: To estimate heritability and accuracy of selection of lipid-related traits in European seabass.

R

Recommendation: The results show a large potential to increase the relative contents of omega-3 fatty acids
in fillets of European seabass by selective breeding, here shown by medium-high heritability estimates and
corresponding accuracy of genomic predictions. Similarly, results show that total fat contents of both muscle and liver
can be changed by selective breeding in efficient ways. Candidate genes have also been identified for these traits.
Objective B: To estimate heritability and accuracy of selection of lipid-related traits in gilthead seabream.

R

Recommendation: The results show a large potential to increase the relative contents of omega-3 fatty acids in
fillets of gilthead seabream by selective breeding, here shown by medium-high heritability estimates. Similarly,
results show that total fat content of muscle and weight of liver (determined in large part by fat content) can be changed
by selective breeding.
In general, today’s recording methods are invasive therefore that information on these traits cannot come from the
selection candidates, but from their sibs instead. Typically, 10-20 sibs per family are measured for the traits. Combined
with the pedigree, this information can then be used to estimate breeding values of the selection candidates. Additional
genomic information from a large number of genetic markers in the selection candidates and the tested sibs, e.g. from the
MedFish array, is expected to lead to increased selection accuracy and genetic gains. Phenotypic and genetic correlations
to other important traits should be accounted for when setting up the selection index. Also, information on the desired
levels should be obtained before including them in the breeding goal as this information is unknown for many of the
traits in gilthead seabream today.

Application of the MedFish SNP array for determining population structure and
genetic variability in European seabass and gilthead seabream (Task 3.4)
Objective: To identify the extent of population stratification within species and to characterize genetic diversity
and inbreeding of seabream and seabass populations.

R

Recommendation: The MedFish array is a useful tool for discriminating between wild and farmed populations
and for determining the genetic diversity that exists within populations. Wild populations within a species show
low levels of differentiation whereas farmed populations present marked differences between them and differ from wild
populations. Thus, an important recommendation to the industry is that special care must be taken to avoid escapes
that could have undesirable genetic effects in native populations. Also, the knowledge acquired will be very useful if
base populations need to be created in an optimal way to start new breeding programmes. The low estimates of effective
population size found in several farmed populations highlight the need to apply selection and mating approaches designed
to control inbreeding and loss of genetic variability in order to ensure the sustainability of the breeding programmes.
The collaboration between MedAID and the PerformFISH project facilitate the knowledge transfer to the industry. The
main beneficiaries will be the seabream and seabass breeders given that the findings will facilitate sampling decisions
when base populations are established for the genetic management of their breeding programmes. Policy-makers with
responsibility in the conservation of natural seabream and seabass populations will also benefit from the population
structure analyses.

Measure points for the Distell fat meter in gilthead seabream

Genotype by environment (GxE) interaction for production efficiency traits.
Impact of GxE interaction for breeding of gilthead seabream in different
Mediterranean environments (Subtask 3.5a)
Objective: To estimate genetic correlations of production and efficiency traits in gilthead seabream produced in
sites with different water temperature profiles.

R

Recommendation: The moderate to high GxE interaction for growth and fillet yield of the fish shows that
genetic improvement programmes for these traits need to take into account which production environment is
targeted. Selection based on performance in the test environment will not necessarily lead to important improvements in
other production environments. Positive correlations indicate that genetic improvement can be expected when the traits
are expressed in other environments, but this improvement would be about half of what can be achieved. We recommend
that selection programmes use performance records obtained from target production environments to optimize their
breeding programme.
Selective breeding programmes can optimize their testing strategies based on the estimated genetic correlations.
Producers will benefit from this knowledge by sourcing fish for their production from breeding programmes that have
improved performance for the growth and efficiency in their production environment(s). The observed GxE between
the sites with different temperature profiles suggests that adaptation to rapidly changing environmental conditions, e.g.
caused by climate change, is an important trait to be taken into account in fish breeding programmes.

Genotype by environment interaction for production efficiency traits.
Reconstruction and use of genomic relationships based on genotypes from the
MedFish SNP array for gilthead seabream (Subtask 3.5b)
Objective: To test the effectiveness of genomic relationships obtained from the MedFish SNP array for estimation
of heritabilities and genetic correlations in gilthead seabream.

R

Recommendation: The heritability estimates of growth and weight traits are very similar to estimates reported
in literature. Estimates for genetic correlations are also within the expected range. For future studies and genetic
analyses by breeding companies we strongly recommend to use the MedFish SNP array. Solutions from the estimation
models were obtained without problems when using the genomic relationships based on this array and our results
therefore validate the array for genetic analyses in seabream.
Genotype data derived from fish typed with the MedFish SNP array are suitable for genetic and genomic analysis in
seabream. The use of genomic relationships has practical and analytical benefits over tracking fish pedigrees by separating
families and using physical tagging. In addition, the use of genomic relationships is expected to improve the accuracy of
parameter estimates because it uses more accurate relationships between fish.

Radial dendrograms constructed from allele frequencies estimated with pool-seq data for seabream (a) and seabass (b).

About Work Package 3
Work Package 3 was structured in six tasks aimed to provide
tools, knowledge and strategic information to assist genetic
selection in European seabass and gilthead seabream
selection for high quality fish. The specific objectives were:
• To develop a combined SNP array for seabream and
seabass.
• To develop and test genomic selection to improve key
production traits in seabream and seabass breeding.
• To discover individual genes associated with production
traits in seabass and seabream.
• To characterize the genetic diversity of representative
populations of farmed seabass and seabream, and test
measures on inbreeding.
• To assess the existence and extent for GxE interaction
for temperature and on production efficiency for
seabream.
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