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Geallehelse fra en opdraetters perspektiv

e Desvaerre er dette billede stadig relevant i dag, efter mange ars forskning
* Gallehelse er stadig et kompliceret omrade med mange ukendte, isaer for
opdreaettet laks
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Dagsorden

* Gaellernes funktion og opbygning

e Gaellesygdomme (CGD)

* “Hvad er der i vandet” (udover virus, bakterier), som irriterer gellerne

* Mikroalger
e Sma gopler (hydrozoer)

* Gzllehelse og stress —immunforsvaret hos fisken er en ngglespiller
* Pilotprojekt — Kan immun-gener sige noget om gzellehelse?



Geallernes funktion

« Andedraet

* Optagelse afilt (O,) fra vandet
* Afgivelse af kuldioxid (CO,) til vandet

* Vand- og saltbalance

 Optagelse og udskillelse af salte (CI), ferskvand/saltvand
 Syre — base regulering

o Udskillelse af affaldsstoffer

* Restprodukter fra proteinomsaetningen | form af (NH;), (NH,*) via geellerne

* Spiller en vigtig rolle for immunfunktionen



Geallernes opbygning

* (A)Fire gzllebuer

* (D) Med 2 rekker af gxlleblade
* (C) Gallehulen

* (B) Afskeermet af geellelaget

* Der er fire geeller i hver side



Gzellebue

Geellernes opbygning 2 e
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Ydre pavirking af gellerne
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Gezllernes reaktion pa ydre pavirkning
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Rask vs. beskadiget geeller

: : : : Complex G|II Dlsease

. Amoebic Gill Disease (fAGo)

: AcuteWater Bomelmtants _-'.':
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Hvad sker der pa det mikroskopiske niveau, nar fisken udsaettes for geellesygdomme



Geaellesygdomme

Ofte et kompliceret billede med mange forskellige patogene og mikroorganismer spiller en rolle —— Multifaktoriel arsager

Agent(er)

Sygdom

AGD: Amoebic gill disease

- Rapporteret dgdelighed fra Norge op
til 80%

- Verdensomspazndende

- Hgj havtemperatur (>12°C) og
salinitet

Parasitter:

e Paramoeba perurans
* Desmozoon lepeophtherii

Bakterier:

Ca. Piscichlamydia salmonis

Ca. Branchiomonas cysticola
CGD/PGD: Complex gill
disease/proliferative gill disease

- En kompleks sygdom med bakterier,
: virus, parasitter, mikroalger og gopler
som resultere i proliferative celler og
en reduktion af overfladearealet pa
v geellerne
% - Storfisk (3 kg+)
# - Optreder ofte i sensommeren

Ca. Sygnamydia salmonis

Tenacibaculum spp.

Virus:

* Atlantic salmon paramyxovirus

e Salmon gill pox virus (SGPV)

JUEISE PATHOLOGY
-

Mikroorganismer

* Mikroalger, mikro og makro gopler (jellefish) 1



Gill health og stress — immunforsvaret er en ngglespiller

) Den holistiske tilgang/helhedsbillede
Bagage fra smoltstation

Sommer / temperatur

Potentielt sygdomsfremkaldende
Virus/bakterier/AGD

02/C0O2 niveauer

Vejr/vindforhold

Handtering/aflusning

Net cleanin . :
: Immunfunktion og healing

Nedsat appetit

|

Fokus pa sygdomme

Slagteklar fisk

Mikroalger/sma gopler




Vand: Fokus pa at identificere hvad der er i vores lokale vandmiljg

Mikroalger

Fiskaaling udfgrer mikroskopering og gPCR for mikroalger



Vand: Fokus pa at identificere hvad der er i vores lokale vandmiljg

* Rovdyr som fanger sit bytte vha. Giftige naeldeceller

* Dyrene optraeder i to livsformer
* Den fastsiddende polyp

* Den frit svgmmende gople (meduse)

| alt omfatter goplerne ca. 7700 arter

Sma gopler

»" /

Lizzia blondina ~ Adutsize:2mm
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Billede af en gople i forbindelse med en
lusetzelling pa Feergerne d. 14.04.21.



Sma gopler

Gopler er associeret med dgdelighed og gzelleskader i opdraettet laks fra Skotland og Norge

Den fritsvpmmende (medusa) fase er mest farlig for laksen, fordi de har giftige naeldeceller, som kan
levere et giftigt stik

Nar de kommer i kontakt med fisken, gdelaegge skin, gjne, geelleveev og fordgjelsessystemet

Goplerne medbringer ogsa skadelige bakterier (bl.a. Tenacibaculum, ogsa involveret i vintersadr )

Behandling pt.:
e Beluftningssystemer
e “Skirt management”
e Stoppe fodringen
Disse tiltag hjelper pa problemet, men Igser ikke disse
haendelser under ekstreme omstaendigheder

Fordgjelsessystemet: Rpde
pletter og inflammation i
mave-regionen




Er sm3 gopler (Hydrozoer) et problem

DNA* Taxonomy pa Fergerne — gellehelse?

Auriela aurita \/ \/
Obelia dichotoma

geniculata \/ \/
Ectopleura larynx

Tubularia larynx V

Lizzia blondina

Muggjaea atlantica

Ectopleura larynx
Tubularia larynx

Pelagia noctiluca

Phialella quadrata

*Havstovan har sekvenseret vandprgver fra Skopun-fjorden 5.,
og identificeret flere forskellige gople-arter
- Hvor repraesentativ er Skopun-fjorden — andre arter er
maske ogsa relevante og forskellig fra fjord til fjord




Indsamling af prever

* Fiskaaling er interesseret i indsamling af gopler pa Faergerne

* Indsamling af pr@gver fra opdraetsstederne
* Opdraetterne opbevarer gopler i plastikposer eller rgr ved 4°C

Monitorering af gopler — implementere viden og

erfaringer fra Skotske forskere til Feergerne
Recommended protocol for sampling - jellyfish

IGear (per sampling trip) 1.0 m diameter net 0.5 m diameter net

1 x 1.0 m or 0.5 m ring-net 270 pum mesh
1 x 1.0 m or 0.5 m ring-net 500 pm mesh (optional)

1 x non-filtering end-bucket for net

1 x sinking weight (such as old shackles or similar)
1 x deployment rope

1 x General Oceanics flowmeter

1 x 270 pm mesh sieve

1 x 10 1 carboy 4% buffered formalin (see below)
1 x log-sheets and labels pack, pencil

1 x safety goggles

1 x disposable gloves

B x plastic sample jars

1 x spray bottle

1 x plastic washing-up bowl or tray




Fokus pa immun-gener — indikation for geellehelse

* Akvakulturen har brug for palidelige velfeerdsindikatorer for
gxellehelse

e Sadanne indikatorer kan veere immun-gener

Immunfunktion og healing
Nedsat appetit

RASK SYG ELLER D@ENDE | Fokus pa sygdomme




Resultater fra et Pilot projekt om geellehelse

Sp@rgsmal:

e Kan udvalgte immun-gener detekteres i svaberprgver fra geller?
e Kan disse gener bruges til at forudsige fiskens gallehelse?

* Erfaringer fra en fjord — samarbejde med Bakkafrost



Preveindsamling

e Svaberprgver fra geller i forbindelse med lusetzllinger
* Oprense RNA til genekspression af immun-gener

* Vandprgver blev ogsa indsamlet i fjorden
* Mikroskopering af kendte mikroalger

Sampling should be Non-lethal
The 3 Rs — science are the guiding principle for more ethical use of animals in testing



Generne blev valgt ud fra publicerede resultater fra geellevaev og modelceller

Description Gene name Tissue Citation Note
Housekeeping  B-acrin Gills 'Marcos-Lépez et al, 2018 - Four different genes were tested (S-actin, elongation factor la, a- ’ ‘
tubulin, 18S rRNA), and found B-actin to be most stable f /I ’ )
etif3 Gills *Sveen et al, 2017 - Evaluated 2 reference genes (e/f/a and etif3) and found etif3 to be most
stable
rps20 TO cells*  *Nerbovik et al, 2017 - Evaluated 3 reference genes (rps20, efla and f-actin) and found rps20
to be the most stable
Mucins muc2.] Gills Sveen et al, 2017 - Secreted mucin, increase after acute handling stress, up-regulated in 3h
and 24h
mucin 2 Gills Marcos-Lopez et al, 2018 - Mucin genes showed most variability when exposed to AGD" and
mucin 5 Gills Marcos-Lopez etal, 2018 linked to disease severity
mucin 18 Gills Marcos-Lopez et al, 2018
Immune genes: Biomarkers
RIG family rig-1 TO cells Nerbovik et al, 2017 - Genes were up-regulated upon virus infection in general
Igp2 TO cells Nerbovik et al, 2017
Interferons ifna TO cells Nerbovik et al, 2017 - Up-regulated upon IPNV*and ISAV* infection
mfal TO cells Nerbovik et al, 2017
ifnb TO cells Nerbovik et al, 2017 - Up-regulated upon SAV® infection
Cytokines ill2 TO cells Nerbovik et al, 2017
il4/13a Gills Marcos-Lopez et al, 2019 - Genes showed most vanability when exposed to AGD and linked to
il4/13b2 Gills Marcos-Lopez et al, 2020  disease severity

Table 1. Description of the chosen biomarkers to be included in WP1 and WP2. *TO cells are derived from Atlantic salmon head kidney leucocytes, "Amoebic
Gill Disease (AGD), “Infectious Pancreatic Necrosis Virus (IPNV), “Infectious Salmon Anaemia Virus (ISAV) and “Salmonid Alphavirus (SAV).

1. Marcos-Lopez, M. ef al. Gene expression analysis of Atlantic salmon gills reveals mucin 5 and interleukin 4/13 as key molecules during amoebic gill disease. Sci.

Rep. 8, 1-15 (2018).

2 Sveen, L. R., Grammes, F. T., Yueborg, E., Takle, H. & Jorgensen, S. M. Genome-wide analysis of atlantic salmon (Salmo salar) mucin genes and their role as
biomarkers. PLoS One 12, 1-15 (2017).

3. Nerbovik, . K. G. er al. Molecular cloning of MDAS, phylogenetic analysis of RIG-I-like receptors (RLRs) and differential gene expression of RLRs, interferons and
proinflammatory cytokines after in vitro challenge with IPNV, ISAV and SAV in the salmonid cell line TO. J. Fish Dis. 40, 1529-1544 (2017).



Tidspunkter for prgvetagning

$2 - 07.06.2021 8,912

q S3 - 21.06.2021 8,912
S4 - 05.07.2021 8,912
¢ s5-19.07.2021

$6 - 02.08.2021 8,9,12

$7-16.08.2021 8,9 12

8,912

¢ s8-30.08.2021 8,9,12

*5 fisk fra hver ring
Vandpregver blev taget ved 4-5m dybde




Resultater — Gener der variere over forsggsperioden

Mucin 5 (21.06.21)

Mucin 5

Mucin 5 (19.07.21)

1

21.06.21 m19.07.21 = 30.08.2021

Mucin 5 (30.08.21)

Mucins:

- Glycosylated proteins produced by epithelial cells, part of the protective mucus

- Mucins bind and try to get rid of bacteria

- Mucin 5 linked to AGD and disease severity in salmon

- Humans: biomarkers for several inflammatory diseases including airway diseases and

cancer




Mucin 5

Mikroalger i forsggsperioden
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Results — Genes that vary across the 3. time points

RIG-1 (30.08.21)

21.06.21 m19.07.21 =30.08.2021

Immune related response:
- RIG family (receptors are key sensors of virus infection, recognize different viruses)



Results — Genes stable expressed across the 3. time points

Mucin 18

21.06.21 m19.07.21 #30.08.2021 21.06.21 m19.07.21 =30.08.2021

iL4/13a Immune response to infection:

- TNF-al (signal molecules in response to virus infection)

- iL4/13a (broad group of signal proteins (cytokines) — stimulate the
immune system)

21.06.21 m=19.07.21 = 30.08.2021




Del-konklusion: PROOF OF CONCEPT

Immun-generne kan detekteres i svaberprgverne

Hvilke immun-gener skal udveelges?

95 immun-gener (ImCom

Version Accession

1

B e R R R e e T e S

NM_001141642
NM_001245913
NM_001123579
XM_014173127
XM_014191808
NM_001173762
XM_014172597
NM_001139913
NM_001141046
NM_001141351
XM_014151277
XM_014200898
XM_014199487
XM_014155599
NM_0D1140862
XM_014162647
NM_001141028
XM_014205217
XM_D14127044
XM_014196207
223673050

XM_014129062
XM_014167081
XM_014180523
NM_001140849
NM_001145420
NM_001141080
XM_014163747
XM_014179290
XM_014152521
XM_014196344
XM_014162471
XM_014162047
NM_001142713
XM_014164758
XM_014177344
XM_014134365
XM_014193164
XM_014168158
XM_014155741
NM_001140738
XM_014210715
XM_014199306
XM 014190RSS

Locus

£rp7s

bZm
LOC100136446
LOC106586175
LOC106600447
LOC106599588
LOC106585878
LOC106572480
cd209d

pdi1
LOC106575093
LOC106605366
LOC106604645
LOC106577510
c25ha
LOC106581002
€XCL10
LOC106607825
LOC106562274
sat1

dditd.
LOC106563456
esfar
LOC106580030
hepcl

ilirz

i20ra

acodl
LOC106589386
il
LOC106603109
il1s

LOC106582060
LOC106588401
LOC106566391
LOC106601178
LOC106583673
LOC100380740
pkhfl

LOC106610967
LOC106604553
10010R530437

PLINZ
PLEKHF1
SACS.
SASH3
snrs

Gene Annotation Gene
78 kDa glucose-regulated protein
Beta-2 microglobulin

C type lectin receptor A

Catalase

Forward primer
Stress, chape 78 kDa glucose-regulated protein (£ SS_HSPS_LCF2
Antigen prese beta-2 microglobulin $5_B2M_LCF1
Lectin C type lectin receptor A (LOC10013€55_clra_LCF1
Stress, ROS i Catalase (Ortho_H) SS_CAT_LCF1
Chemokine  CC chemokine §5_CCLA_LCFL
€-C chemokine receptor type 3 Chemokine re C-C chemokine receptor type 3 SS_CCR3_LCF2
C-C motif chemokine 19-4 Chemokine  C-C motif chemokine 19-4 S5_CCL19_LCFL
CCAAT enhancer binding protein beta Stress, transc CCAAT/enhancer-binding protein be SS_CEBPB_LCF1

CC chemokine

CD209D Lymphocytes CD209 antigen-like protein O 55_Cd209d_LCFL
cpz7a Teells CD274, Programmed cel| death 1 |igS5_CD274_LCF1
D28 Teells €D28 T-cell-specific surface glycop S5_CD28_LCF1
cos3 Lymphocytes CD83 §5_CDB83_LCFL
cog7 Adhesion  €D97 antigen precursor alias ADGR S§_ADGRES_LCF1
Chitinase Cytokine  |chitinase S5_CHIA_LCFL
Cholesteral 25-hydroxylase A Antiviral  Cholesteral 25-hydroxylase-like prcSS_CH2SH_LCF1

Complement component C4 Complement complement C4 55_cdb_LCF1
C-X-C motif chemokine 10 precursor Chemokine  C-X-C motif chemokine 10 precurso S5_CXCL10_LCFL
Cyclic AMP-dependent transcription | Differentiatic Cyclic AMP-dependent transcriptior S_ATFS_LCF1
Cytochrome b-245 light chain Oxidative bui cytochrome b-245 light chain-like SS_CYBA_LCF1
Diamine acetyltransferase 1 NO polyamin Diamine acetyltransferase 1 SS_SAT1_LCFL
DNA-damage-inducible protein 4 Stress DNA  DNA-damage-inducible transcript 4 S5_DDIT4_LCFL
Fermitin family Lymphocytes Fermitin family SS_FERMT3_LCF1
Granulocyte colony-stimulating factc Cytokine rece Granulocyte colony-stimulating fac SS_CSF3R_LCFL
Heme oxygenase Heme metabc heme oxygenase-like (LOC1065900: 55_HMOX1_LCFL
Hepcidin Antibacterial Hepcidin-1 (hepcl) S5_HAMP_LCFL
IL-1 receptor type 11 Cytokine rece interleukin-1 receptor type 11 SS_ILIR2_LCF1
1L-20 receptor alpha chain Cytokine rece Interleukin-20 receptor alpha chair S5_IL20RA_LCF1
Immunoresponsive 1 homolog immune  Immunoresponsive 1 homolog  55_ACODI_LCFL
Interferon-induced protein with tetra Antiviral  Interferon-induced protein with tetr SS_IFITS_LCF1
Interleukin 11 Cytokine  interleukin 11 {il11), X1 S5_ILLI_LCFL
Cytokine rece interleukin-13 receptor subunit alp SS_IL13RA2_LCF1
Cytokine  Interleukin-18 (i118), X1 S5_IL15_LCFL
Chemokine  interleukin-8-like (LOC106580715) S5_CXCLB_LCFL
Immune regu Kruppel-like factor 4b SS_KLF4_LCF1
Macrophfge Macrophage receptor MARCO 55_MARCO_LCFL
Antigen prese MHC class la heavy chain precurso 5§_MHC1_LCFL

Interleukin 13 receptor alpha-2
Interleukin-18
Interleukin-8-like

Kruppel-like factor 4b
Macrophage receptor MARCO
MHC class Ia heavy chain

Natterin-like Acute phase Matterin-like protein S5_nattl_LCFL
NF-kappa-B inhibitor alpha Immune regu NF-kappa-B inhibitor alpha-like (LCSS_IKBA_LCF1
NFX1 Immune  NFX1-type zinc finger containing pr 55_ZNFX1_LCF1
Perilipin-2 Immune  Perilipin-2 SS_PLIN2_LCF1
Pleckstrin domain-containing 1 Apoptosis  Pleckstrin homology domain-conta 55_PLEKHF1_LCF1
sacsin Antiviral  Sacsin S5_SACS_LCF1

SAM and SH3 domain-containing pro Lymphocytes SAM and SH3 domain-containing pr SS_SASH3_LCF1

Sunnrecear of rutnaking sienalins 1 Immune resu Sunaresenr of rutaking sienalins 1 88 SOCST 1CF1

Sequence Reverse primer
AGTTTGAGGAGCTCAACA SS_HSP5_LCR2Z
GACTTAATGGGGGGCGTT SS_B2M_LCRL
ATCTCCAGCAGAGGAAAC S5_clra_LCR1
TTCTACACTGACGAGGGC S5_CAT_LCR1
ACCACCGAACATCTCTCTAS5_CCLA_LCRL
TAGAAAAGTCACACTGGT SS_CCR3_LCR2
AGAGGTCAAGGCTGCTCC S5_CCLIS_LCRL
ACGACAGGGATTGCTTTG SS_CEBPB_LCR1
ATCTCTCAGATGGAAGAA S5_Cd209d_LCR1
CACTTTGACTGTCAAAGCT SS_CD274_LCR1
TGAAGCTCTCCAGTGCCAI SS_CD28_LCR1
CCAATCAGAAGAAAGGGA 55_CDB3_LCR1
CAGCCTGGACAGACTCTA SS_ADGRES_LCR1
TTACTTGCAGGTCTGTGCT S5_CHIA_LCRL
TTCGTGGTGCTGGACCTCISS_CH25H_LCR1
TAGCCTGTACGAAGAGGC S5_c4b_LCRL
ATTCCCTGGTGGAAGATC S5_CXCL10_LCR1
TTCAGCCTGTCCGAGATC/ SS_ATFS_LCR1
TCATTCTCCTTACTGGTGG S5_CYBA_LCRL
TTGCGACTCATAAAGGAAISS_SAT1 LCR1
AATGAGCTGGATTTCTGG! S5_DDIT4_LCRL
TTCCATGACCTGGATCCC/ SS_FERMT3_LCR1
TTARACTCAAGTGGCCCT( S5_CSF3R_LCRL
GGCGACCTATCTGGCGGA SS_HMOX1_LCR1
AAGCTTCCTAACAAAACCC S5_HAMP_LCRL
CCAAGCAAACTGACATTG, SS_IL1RZ_LCR1
CCCTTGACTGACACATTG(SS_IL20RA_LCR1
TAGCGGTGCACTCTATGG, S5_ACODI_LCR1
ACAAGATGAGCCCTTCGG SS_IFITS_LCR1
GAAACCATTGCTTGTCGA(SS_ILLL_LCRL
AAATTACAGTGGATCCTCCSS_IL13RAZ_LCR1
CGGAGGTACCACACATGA S5_ILLE_LCRL
CGTGGGGTCAGACTTACG SS_CXCLB_LCR1
AGTCTGCGATTTTCCATG S5_KLF4_LCRL
TACACCTTCCAGAGCAGC!55_MARCO_LCRL
AAGGCTTTGTTCCGGCCAI SS_MHC1_LCR1
AGGTATGGCTCGGACATC S5_nattl_LCR1
GCTAGTGGACGACAGTGC SS_IKBA_LCR1
AGAGAAGGGCTTTGTCCA 55_ZNFX1_LCRL
ACTGTAGACCTGATTGAATSS_PLINZ_LCR1
AAGTGTTGTAATCCAGCTC 55_PLEKHFL_LCRL
TACCCTGATGGAGGACAG S5_SACS_LCR1
GTTACGGCGAAAACCTTCISS_SASH3_LCR1
CACAGTCGACTGAAGGAC S8 SOCST ICR1

Sequence
TCCTTCACCAGCTGCTGGACC
GGCACCTTGGCACAAAGTGTTA
CCTGCTAAATAAGAGCACGCTCA
TGGATGAAGGATGGGAACAGCA
GTGAACCTTGTTTGCATCAGTGT
TCCACAACATAGATGGGGTCTG
TTAGCCTTGAAGTTGGTTTCGTG
CCTCTCTGCTGAGTTTCGTTATG
TITAGGGAGATGTTGAGAATGACT
GAGGATAGCCCTCAGACTCACA
AGGCGATGACAGTGACAGCCA
ATATTCCTTAGGATGACATAGCTG
ATCTCCAGTTGACAGCGGTCTT
AAGCTCATTGGCAGGGTTGATAA
GTCCCAGATGAGACGCAGCGT
GAAATTGACATTCTCTCCTGGATT
GAAGACAGAATTTGGGTACACCT
CTCAGTCCGTTGGACAGLCE
CTTGCCCCTTGGGTACTCTAG
TGACAGTGTATCCGTCTGAGCT
GTCGCGCGCTATCCTCAGAGT
GTCAAGATCATCCATGGCAGGA
CTCTATATGTTCACACAGCCTCA
GACCTGGATGTTCAACTCGAAG
GTTCGCACCTCGGAGARAGGAA
TGGAGTCCTTATACCACTCTATTT
TGGATGTGGGGGGAGTTACCT
AGTCGCCCCTGCACCTCGAT
GCCTTGTGGAGATACTCAAGAG
ACGCATGTTCCTTCAATAAATCTG
GTACAGTCCTGATCACAGTCCA
GTCACTCGTAAATGTCGECTTC
GTGGCTATGATCTCAGTGTCTTT
ACCGCAGGTGATTCAACAATACT
CGAAAAGACTTTGTAAAGGAGGAA
GACGTTCCTCTTCAGCACCTTC
TCACCTGGGGTTTGAAGAGGG
TTCTGACCACTGTAGTTTGGTGT
TACCTCTGGAAGGGCAGATCCT
CTGTGTGAGGGAGCGCGCTAT
CAGAGGGGCCAAAGGAGTTCT
ATACAGAGCAGGACCTTGGTAC
CCTCTGGCACTGTGTAGTCCAA
TCACTTCCTGOCAGGCTGAAC

Fishgenetik group, Dr. Alexander Rebl

5
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Konklusion

* Gallehelse er stadig komplekst med mange ukendte faktorer

* Brug for at vide status for gaellehelse pa en mere regelmassig praksis for en
mere effektiv ledelse

* Immun-gener kan vaere en god og hurtig indikater for geellehelse i fremtiden



Tak til mine kolleger fra Fiskaaling

Tak til Bakkafrost @Fiskaaling
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