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Is lice grazing genetically controlled »

* Percentage grazing on lice
increases from 10 to 36%

e Still over 60% who don't eat
lice?

36%

e Large individual differences
in lice grazing

e Can we teach lumpfish to
eat lice?

e |sit possible to select for
lice grazing?

0% 10% 20% 30% 40% -
Percentage of individuals with ingested sea lice i



Proposal for breeding program on lumpfish-
CYCLOSELECT

. Familie-
e C(Classical approach produksjon
— Production and testing of different family ’
groups (APN og Gifas)

e Molecular methods (APN, NIBIO)

e |Industry partners: Lergy/SAS, Lumarine,
Nordlaks Oppdrett




Implementation of CYCLOSELECT

v Now the proportion of lice grazers is between 0-42%

v That is, for every 100 NOK kr that goes to the purchase of lumpfish,
a maximum of 40 NOK kr is used for delousing

v If we can get this share up to 70-80% we will increase the sales
value of the lumpfish fry produced




Implementation of CYCLOSELECT

v’ Increased survival and more robust fish
v’ Increased proportion of lice grazers (up to 70-80%)

v’ Summarized:

v/ We estimate the value of the implementation of the project for industrial partner
around 5-10 m NOK annually per 1 m fry under the first and second generation (G)
of the breeding project




First published trial
(Imsland et al. 2016, Aquaculture 459, 156-165)

L More than 80% net reduction in lice on salmon in cages 3 and 8
L These cages had the "lice eating family" present
QO Significant maternal and paternal effect, so selection is possible

P a=ip v o ded ST » TR




H18 trial — Lice grazing in different lumpfish families
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» Sea pen nr. 207 (with families F5 og 6) shows clearest lice grazing

» 46-68% lower lice numbers in cages with family 5 and 6 present




Family trials — publications

O Our trials show that it is possible to significally increase lice grazing through genetic selection

L We also see clear effect in disease resistance and survival




Lumpfish genomics
Strategy for identifying genes underlying

economically important traits

Genome-wide anonymous markers

v

Population Genomics

* Calculate measure of
divergence (e.g., Fgy) or
reduced variation (e.g.,
InRV)

+ [dentify 'outlier loci

= Test for repeatability
in multiple populations
or along multiple
environmental gradients

Knowledge of
phenctype

|

S

LD Mapping

* Genome-wide
association tests,
marker by marker

* Detect and control
for population
processes (e.g.,
demography,
population structure)

~

Knowledge of
phenotype and
pedigree

R

Candidate gene information

QTL Mapping

* Controlled crosses to
generate a large
number of progeny

e Development of a
genome-wide linkage
map

+ Statistical association
of phenotypes with
genetic markers




A) Population Genomics: SNPs and
Microsatellites (g-STR and EST-STRs)

* To apply a seascape genomics
© Samping popuiaon (10-15 }‘ran:ev(\j/ork tq detect patterns of
ocal adaptations

e
¢ * Genome-wide SNP genotyping
L4 using 3RADseq was carried out
° AU :.. for 206 individuals for 14 global
o sampling populations
% * 3RADseq data was successfully

generated and currently
undergoing quality control



Population genomics- Atlantic — 10,584 SNPs

(single nucleotid polymorphisms)

Results indicate:

- One population: Norway, Ireland, Faroe Islands and
Iceland

- Another population: England
- Third population: Greenland and Canada

© www.akvaplan.niva.no



Population genomics — Norwegian coast
Microsatellites (g-STRs and EST-STRs)




Population Genomics — Norwegian coast
(different samples) - 10,586 SNPs
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B) Linkage mapping — positions of genes on chromosomes

e —.

© www.akvaplan.niva.no



C) Genetic dissection of traits

— 2018-Families 1, -2, -5, -6 and -10 selected to comprise the
mapping population segregating for :
— Growth-related traits (BW, SGR)

— Health-related traits (cataract severity, eye ulceration)

— Foraging-related traits (Sea-lice grazing)

— SNP genotyping using the 3RADseq protocol has been :
completed and sequencing data has been successfully generated  :

£aR | Riwsey

PRRVEIAS



Objectives
Four key phases in molecular breeding

Phase 1: Development of molecular genetic markers
(DNA polymorphisms that segregates in a given population)

Phase 2: Linkage mapping
(Defining the position of known genes or genetic markers relative to each other along
the Iength of all chromosomes in terms of recombination rate)

\/ Phase 3: Quantitative traits loci (QTL) and GWAS analyses
(Identifying genes and/or regulatory regions, and the causal variants underlying
complex traits)

X Phase 4: Marker-assisted selection (MAS) breeding
(Efficient genetic improvement of broodstock for economically important traits)




Genetic research — publications
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