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WP1 Overall Objective (@<PerformFISH

Develop and optimize a mediugensity SNfhip tool to be
usedfor the first timefor selective breeding purposes in
gilthead sea bream and European sea bass focusing ¢
Important phenotypic traits for the MMFF sector (feed

efficiency, disease resistance, deformities).




Participants @PerformFlSH

- SevenResearch (HCMR, ULPGC, CSIC, IM&AJNIPD,
SYSAAF), and

- Fourindustrial (APROMAR, SFAMN, API & FGM)
partners




I
WP1 Specific Objectives 6, FISH

1. Develop a practical SNP genotyping tool for marker
assisted / genomic selection

2. Develop new phenotyping methods for important traits
(feed efficiency, disease resistance, fish shape)

3. Evaluate genetic and genomic variation for these traits
and produce fish for genotype by feed interactions

4. Produce case studies to include genomic evaluation in
European sea bass and gilthead sea bream breeding
programs
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WP1 Specific Objectives @PerformFlSH

1. Develop a practical SNP genotyping tool for marker
assisted / genomic selection

2. Develop new phenotyping methods for important traits
(feed efficiency, disease resistance, fish shape)

3. Evaluate genetic and genomic variation for these traits
and produce fish for genotype by feed interactions

4. Produce case studies to include genomic evaluation in
European sea bass and gilthead sea bream breeding
programs




Field TrialsNireus SA (FGM) @(PerformFISH
AnalysesHCMR & IHU

Overall Objective:

Estimatei) heritability for diseaseresistanceagainst
parasites in European sea bass, and 1) genetic
correlationswith growth asa productiontrait.

Production challenge that is addressed.:

To support the development of sustainable European
sea bass production free of antibiotic and anti
parasite drugs



Methodological Approach 6 FISH

Two areas with high infestation Iyiplectanumaequansand
Lernanthropuskroyeri selected for challenge tests through
cohabitation.

Duration: 6 monthsin each selected site f@017& 2018
L.kroyeri Jul. 2018; Dec. 2018
D.aequans Sept. 201 Feb. 2018

Jul. 2018 Dec. 2018

Population size:

L.kroyeri 92 crossings X 25 offspring412records(62.5%)
D.aequans 90 crossings X 25 offsprint,625records(72.9%)
92 crossings X 25 offsprint,253records(55.0%)



Methodological Approach @PerformFlSH
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Methodological Approach @PerformFlSH
25 offspring per family (crossingjit tagged at 15¢g

1,000 offspringused to monitor parasites infection

Regular weight recording§&2 months) of trial fish

ST SUE S

Parasite countingn each fish and gill arch by health experts at
the end of the trial

A Genetic parametergstimated using@nimal modelwith the site
andyear asfixed effectsandanimal asrandom effect

A Estimations omgrowth potential impact comparing growth with
a third farm site (not heavily infected by either parasite)



Resultsg D. aequans 6 FISH
WBTSea | W2mSea] W4mSea| Parasites n| Growth at sea
WBTSea 0.51 0.95 0.88 0.20 0.60
(0.04) (0.0) (0.0) (0.06 (0.03
W2mSea 0.80 0.43 0.94 0.26 0.66
(0.05) (0.01) (0.01) (0.05) (0.03)
W4mSea 0.72 0.82 0.42 0.28 0.85
(0.04) (0.00) (0.01) (0.05) (0.02)
Parasites n 0.05 0.01 -0.03 0.20 0.37
(0.05) (0.01) (0.01) (0.01) (0.06)
Growth at sea 0.37 0.54 0.72 0.00 0.43
(0.04) (0.01) (0.01) (0.01) (0.01)

(in parentheses the standard error of the estimates)

AHigh heritability for growth parameters, low heritability of parasite

count

AHigh phenotypic and genetic correlations between growth paramete @
AlLack ofphenotypiccorrelation but medium genetic correlation betwee

growth at sea and parasite count




Resultsc L. croyeri

@PerformFlSH

WBTSea 0.51 (0.05 0.80 (0.04) 0.67 (0.06
W2mSea 0.49 (0.03 0.28 (0.04) 0.93 (0.02
W4mSea 0.41 (0.03 0.77 (0.01)0.34 (0.05)
Parasites n 0.32 (0.03 0.19 (0.03) 0.14 (0.03

SEE S 0.25 (0.04 0.63 (0.02) 0.84 (0.01)

(in parentheses the standard error of the estimates)

AMedium heritability for growth parameters, medium heritability of

parasite count

AHigh phenotypic and genetic correlations between growth paramet

0.40 (0.11)
0.28 (0.11)
0.22 (0.11)
0.28 (0.03)

0.05 (0.03)

AlLack of bothphenotypiccorrelation and genetic correlation between

growth at sea and parasite count

0.47 (0.09)
0.78 (0.05)
0.94 (0.01)

0.09 (0.11)

0.29 (0.04)




Resultsg Growth Impact
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@PerformFlSH

| Palairos Nafpactos

Av. weight (g) FR%

FR%
2.61
2.01
1.28
1.52
1.33
0.91

1.90

AThe average growth of fish population for the experimental period of 2018sieqDans
trial was185gand in the Lkroyeritrial was155galthough the average temperature in
the second differs by.5°Ccompared to the first site.
AThe average growth of the full sibs farmed in the third (control) site268g used also
as a reference for the growth potential and the possible effect of parasites presence.



Conclusions @PerformFlSH

A Families showing high variability in parasite count and
phenotypic measurementse going to be genetically screened
through a powerful genomic tool (SN&ray), andGenome
Wide Association Studies (GWASE expected to shed light into
the genomic regions linked to disease resistance

Next Steps

A Based on these heritability estimates we can verify that the
presence of parasites@xpressing a reasonable (additive)
genetic variationwhich makes possible the genetic improvemen
at a reasonable rate without significantly impairing selection on

growth



@PerformFlSH

HOW TO INCREASE DISEASE
RESISTANCE OF FISH TO PARASITES
THROUGH SELECTIVE BREEDING?




Breeding Programs

@PerformFlSH

YEAR STARTED OF
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Number of individuals in each

phenotypic class

Selective breeding

Normal distributions have a bell-shape curve
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Over80%o0f the European @PerformFlSH
aquaculture production is coming

from breeding programs!

Table 6
Market shares of breeding companies per species.

Rainbow trout Atlantic salmon European seabass Gilthead seabream Turbot

Total reported egg/juvenile production by breeding companies (million) 1006-1048 513-558 138-178 248-275 18.3
Total European egg/juvenile production (million) 1543 473 319 414 183
Market share (%) 65-68 b93-95 43-56 60-66 100

* Includes 40-60 million from egg sales to Europe.
b Estimation based on egg production not originating from breeding programs.

F hyte mmg: 2F GKS 22NIRQA | |j dzZ Odz G dz\

Kasper Janssen et al (2017), Aquaculture



Technology level for
major European species

Aquaculture Proportion of Genomic Reference
species production Selection density Genome
from selective SNP array
breeding * ./ Established / routine

Atlantic 95 04 / Emerging / early stage
salmon / / / % Little or none
Rainbow 65 %
trout \/ \/ /
Gilthead sea 60 % / / /
bream
Pacific oyster ~ ?7? X / /
European 50 % /
sea bass ‘/ /

After Janssen et al. (2017), Aquaculture, 4&ppll, 816



Target traits in breeding programs @PerformFlSH

Table 7
Number of breeding programs that reported to select on a given trait in the first
survey (n = 28).

Selected traits Rainbow Atlantic European Gilthead Turbot Total
trout salmon seabass seabream

Growth performance 9 7 - 5 2 27
Morphology 4 3 3 5 0 15
Disease resistance 4 6 2 2 1 15
Product quality 3 6 1 3 0 13
Processing yield 4 6 2 0 0 12
Reproduction 5 2 0 0 0 7
Feed efficiency 2 2 1 2 0 7

Kasper Janssen et al (2017), Aquaculture



-
Genomic Selection (GS) @ FISH

AGS is a form of Marker Assisted Selection (MAS) that simultaneously
considers the effecdf all markers in the whole genonte calculate the
Genomic Estimate of Breeding Value (GEBV).

ATheaccuracy of genomic predictions is substantially highan
estimates obtained from the traditional pedigrémsed BLUP model for
several traits including resistance

AThe GS approadaipes not necessarily require pedigree recordamgl
the selection candidates do not need phenotypes. Thus, the GS
methodology igarticularly relevant for traits that cannot be measured
directly on selection candidatescluding carcass traits, sex limited
traits, and disease resistance.

AFor agquaculture species, the main advantage of GS is teaaiiles
exploitation of withinfamily genetic variatiofor traits that cannot be

measured directly on selection candidates.
.




-
GS¢ the process 67 FISH

Reference Dataset:
1000+ animals with known genotypes (SNPS)
and reliable EBVs

v

Obtain EBVs for SNPs

¥

Accurate GEBVs yousgjection candidates

Young Selection candidates with known genotypes (SN
but without performance records



N
GSq the process @ FISH

Why Genomic selection getting popular:

A Drop in the cost of marker information,

A52y QU0 YSSR |yé &aLISOATFTAO
data analysis,

A Lots of QTL for different traits can be surveyed at the
same time as you are not stick to just two parental
lines,

A Works with complex traits controlled by many genes,

A Make the process of selection easy and very cost
effective and shorten the breeding cycles.



Salmonid species

Disease agent

h? + SE

Reference

Salmo salar

Salvelinus fontinalis
Oncorhynchus tshawytscha

O. kisutch
O. mykiss

Neoparamoeba spp.
Renibacterium salmoninarum
Aeromonas salmonicida
A. salmonicida

A. salmonicida

A. salmonicida

A. salmonicida

A. salmonicida

A. salmonicida
Gyrodactylus salaris
IPNV

IPNV

IPNV

ISAV

ISAV

ISAV

ISAV

ISAV

ISAV

Caligus elongatus
Lepeophtheirus salmonis
Lepeophtheirus salmonis
Vibrio anguillarum

V. salmonicida

Caligus royercresseyi
Caligus royercresseyi
SPDV

Piscirickettsia salmonis
P, salmonis

Aeromonas salmonicida
R. salmoninarum

A. salmonicida

V. anguillarum

R. salmoninarum
Yersinia ruckeri
Flavobacterium psychrophilum
F. psychrophilum

F. psychrophilum

F. psychrophilum

VHS

VHS

0.40 £ 0.08 - 0.49 £ 0.09
0.2+0.1
0.48 £0.17
0.34 £0.13
0.38 £ 0.09
0.43 £ 0.02
0.59 + 0.06
0.62

0.47 £ 0.05
0.32£0.10
0.43

0.5

0.55
0.13+0.03
0.16 &+ 0.01
0.32 £ 0.02
0.24 £0.03
0.37

0.40 £ 0.04
0.22

0.14 £ 0.02
0.07 £ 0.02
0.38 £ 1.07
0.13 +0.08
0.10 £ 0.03
0.12 £ 0.07 - 0.34 £ 0.07
0.21 £ 0.005
0.1 £0.02-0.41
0.18 + 0.03
0.51 £0.03
0+ 0.05
0.21 £0.14
0.14 £ 0.1
0.53 £ 0.16
0.21 £0.05
0.35 £ 0.09
0.23 £0.03
0.53 £0.09
0.07 £ 0.02
0.63 £0.26
0.1 +£0.1

Taylor etal. (2009)
Gjedrem and Gjeen (1995)
Gjedrem etal. (1991)
Gjeen etal. (1997)
@degard etal. (2006)
Qdegérd etal. (2007b)
Olesen etal. (2007)
Kjeglum etal. (2008)
Gjerde etal. (2009)

Salte etal. (2009)

Guy etal. (2006)

Wetten etal. (2007)
Kjeglum etal. (2008)
Gjeen etal. (1997)
@degard etal. (2007a)
Qdegérd etal. (2007b)
Olesen etal. (2007)
Kjeglum etal. (2008)
Gjerde etal. (2009)
Mustafa and MacKinnon (1999)
Kolstad etal. (2005)
Glover etal. (2005)

Gjoen etal. (1997)
Gjedrem and Gjeen (1995)
Yénez etal. (2014a)
Lhorente etal. (2012)
Norris etal. (2008)

Yéanez etal. (2013)

Yanez etal. (2014a)

Perry etal. (2004)
Beacham and Evelyn (1992)
Beacham and Evelyn (1992)
Beacham and Evelyn (1992)
Withler and Evelyn (1990)
Henryon etal. (2005)
Silverstein etal. (2009)
Leeds etal. (2010)

Vallejo etal. (2010)
Henryon etal. (2005)
Dorson etal. (1995)
Henryon etal. (2005)

Yanez, Houston & Newman (201Ejontiers in Livestock Genomic:
.

@PerformFlSH

w Disease resistance traits
seem to be generally
KSNRAGOFOGf SX
A However, the underlying
genetic architecture is

varying




@PerformFlSH

w Genetic markers capturavithin-family genetic variation
U Marker-assisted selectiom suitable for major gene (e.g. IPN virus)
U Genomic selectio suitable for polygenic traits (most traits!)

0.14

0.12

0.1

Frequency
(=
3

0.35 0.4 0.45 0.5 0.55 0.6 0.65

@degardand Meuwissen
Actual relationship

(2012), GSE, 44:16

U Actual relationship between full siblings variesibstantially
.



The IPN case in salmon @PerformFlSH

w Infectious Pancreatic Necrosis
w Previously problematic virus of salmon fry and pestnolts
w Single locus explains genetic resistance

80 -~
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% genetic variation
explained

20
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Major Resistance QTL ddhr26: —

Found independently by UK & Norwegian groups *Houston et al. (2008) Genetics & (2010)

Heredity. Moen et al. (2009) BMC Genomi
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Atlantic salmon chromosome number

w Marked contrast in mortality level between RR and SS homozygotes
U Genetic tests for IPNV resistance applied in salmon breeding programs

Sire haplotype

Dam haplotype R S
R 0% 2%
S 1% 63%




The IPN case in salmon @PerformFlSH

w Wide uptake of markerassisted selection by salmon breeders
w Rapid dissemination to farmers in UK, Norway and Chile
w Highlighted potential of genetic solutions to disease in aquaculture
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The sea lice case In Sa|mo|@<PerformFISH

w Sea lice

w Single largest problem for salmon farming
w Reliance on frequent chemical treatments

w Host genetic resistance

w 25¢ 30 % variation in lice count due to host geneticg th0.3)
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The sea lice case In 5a|mor@<PerformFISH

A Genomewide SNP data using 132K SNP chip
A After QC, n ~1,500 from two challenges

w Genomewide association analysis
w Individual SNPs associated with lice resistance?

-log P Value

Atlantic salmon chromosome Tsai et al. 2016, GSE, 48:47

U Highly polygenic trait, no major effect QTL



Atlantic salmon industry @PerformFlSH
tends to lead the way




