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The production of rainbow trout has grown

exponentially since the 1950s, especially in

Europe and more recently in Chile.

Chile is currently the largest producer. Major

producing countries include Norway,

Denmark, France, Italy, Spain, Greece, USA,

Germany, Turkey, Iran and the UK.



https://www.fao.org/fishery/en/culturedspecies/onc

orhynchus_mykiss/en

Gram negative bacterial
diseases
Red mouth-disease Yersinia
ruckeri

Gram positive bacterial
diseases
Streptococcosis

https://www.fao.org/fishery/en/culturedspecies/oncorhynchus_mykiss/en


1. Economic impact (incidence, mortality)

2. Vaccine availability

3. Treatments availability

4. Zoonotic potential





In the late 1990s, genetic-based methods began to
appear alongside the phenotypic approach and a
variety of genetic markers for aquaculture species were
developed.













We could apply Marker-assisted selection (MAS) for disease resistance, by selecting
for genetic variants associated with resistance through the use of nearby genetic
markers.

WHAT DOES IT MEAN?

It means to use genetic markers as flags for the target genes
Selection targets region, termed a quantitative trait locus (QTL), that may comprise
several genes. MAS has been applied to viral, bacterial, and parasitic diseases in
trout

WHAT COULD WE DO WILL ALL THESE MARKERS?









Application of the results in Norwegian breeding programmes resulting in a 
significant disease reduction







Moen suggested that viral entry into the host may be prevented simply by 
certain conformation of the surface molecules

When selection is based on candidate
or causative genes, it is termed gene-
assisted selection (GAS). Studying IPN
resistance in salmon, Moen et al.
identified the epithelial cadherin gene
as the causative locus of resistance to
this disease



NEDD8 activating enzyme (NAE) has

been identified as an essential regulator of

the NEDD8 conjugation pathway,

which controls the degradation of many

proteins with important roles in cell-

cycle progression, DNA damage, and

stress responses.







Elevated natural resistance towards infection could rely
on a lower mucous cell density in the skin and/or a lower
production of mucus or host molecules excreted through
the skin openings.

When the rainbow trout genome was scrutinized and
searched for genes associated with the SNPs Affx-
88916021 and Affx-88911623, it was evident that such a
search is challenged by the incomplete annotation of Omy
16 and 17.



Candidate genes

The candidate gene theory states that a significant
proportion of the phenotypic variant of a trait can
be ascribed to polymorphisms within genes known
to be involved in the physiological regulation of the
trait

Candidate Gene



MHC class I displays peptide fragments of
proteins from within the cell to cytotoxic T
cells. This pathway is often
called cytosolic or endogenous pathway.

The highly polymorphic MHC class II
molecules can present exogenous
antigenic peptides including those derived
from pathogens to CD4+ T lymphocytes in
the acquired immune system.

In salmonids, genes of the major histocompatibility complex (MHC) have
been well characterized and reported to be associated with resistance to
various diseases.





• In rainbow trout we described the MHC class II B-1 domain gene as a 
candidate for resistance to lactococcosis

• Johnson et al. found a suggestive association between MHC I and 
resistance to BCWD in rainbow trout. 

• Combinations of MHC I and II were found to significantly influence disease
resistance to infectious salmon anemia, furunculosis, and infectious
hematopoietic necrosis virus in Atlantic salmon





•400 trout naturally exposed

•323 females  and  77 males













Phe is characterized by an high affinity for poli-
proline binding sites described in surface

proteins of Gram positive bacteria, such as S. 
agalactiae



Solvent accessibility



MAS and GAS are efficient in selecting traits controlled by a few genes or in 
which few variants explain a substantial portion of the trait’s genetic variance.

When the trait is highly multigenic, a different approach can be taken that uses
the information provided by myriad markers spread along the genome (genomic
selection)

LIMITS OF MAS AND GAS




