
	

	

Title:		Comparative	immunology	of	fish	and	humans	(COMPARE)	

Primary	objective:	Create	an	interdisciplinary	consortium	emerging	from	two	CoE-environments	in	evolutionary	

genomics	and	fish	immunology	(CEES)	and	human	immunology	(CIR)	with	an	overarching	goal	to	disentangle	

how	the	peculiar	immune	system	of	the	codfishes	function	in	detail	and	its	implications	for	human	immune	

disease	

Secondary	objectives:	

• Create	a	new	knowledge	platform	in	comparative	immunology	

• Functionally	characterize	the	codfish	immune	system	by	single	cell	transcriptomics		

• Address	the	importance	of	MHC	I	cross	presentation	and	innate	signalling	pathways	

• Investigate	immune	variation	at	the	population	level	of	selected	fish	species	

• Develop	gene	modification	tools	and	antibodies	for	codfish	and	other	species		

• Address	how	the	lack	of	CD4+	T	cells	in	codfish	has	implications	for	treatment	of	immune	diseases	

• Create	transdisciplinary	interactions	between	the	traditional	life	sciences	and	social	scientists		

Summary:	We	have	shown	that	Atlantic	cod	and	codfishes	lacks	the	immune	pathway	that	is	central	to	

autoimmune	diseases,	fighting	bacterial	infections	and	is	the	way	that	HIV	viruses	use	to	infect	humans.	It	

remains	a	to	be	understood	how	codfishes	–	without	this	central	immune	pathway	–	are	able	to	efficiently	fight	

diseases.	Compared	with	human	and	mammalian	immunology	the	fish	counterpart	is	still	in	its	infancy	–	

particularly	with	respect	to	established	experimental	tools,	model	systems	and	general	understanding.	

However,	solving	the	codfish	immune	puzzle	is	likely	to	have	vast	implications	not	only	for	fish	vaccinology	but	

also	for	successful	immunotherapy	in	cancer,	autoimmune	diseases	and	transplantation	medicine.	In	the	

proposed	Convergence	Environment,	a	leading	group	in	human	immunology	at	CIR	has	teamed	up	with	

biologists	at	CEES	and	Dept.	of	Biosciences	to	address	the	codfish	immune	puzzle.	A	combination	of	

comparative	genomics,	single	cell	transcriptomics,	cell	biology,	advanced	microscopy	and	experimental	

approaches	will	be	used	to	unravel	codfish	as	a	natural	immune	knockout	system.	This	multi-disciplinary	

approach	will	provide	results	applicable	to	vaccine	development	for	new	aquaculture	species	as	well	as	having	

implications	in	medical	treatment	of	infectious	and	autoimmune	diseases.	The	project	will	rely	on	large	data	

sets	requiring	and	computational	approaches.	Thus,	as	part	of	the	consortium	we	have	included	strong	

environments	statistics	and	bioinformatics.	Further,	project	has	a	substantial	Responsible	Research	and	

Innovation	component.	The	results	will	affect	future	aquaculture,	human	medicine	as	well	as	providing	a	social	

sciences	case	for	our	awareness	of	the	future	possibilities	of	gene	modifications	of	fish	and	humans.	

Project	leader:	Kjetill	S	Jakobsen	

Centre	for	Ecological	and	Evolutionary	Synthesis	(CEES),	Department	of	Biosciences	(IBV),	Faculty	of	

Mathematics	and	Natural	Sciences	(MN)	

Supporting	units:	Dept	of	Mathematics	(MI),	Dept	of	Informatics	(IFI),	Center	for	Immune	Regulation	(CIR),	

Faculty	of	Medicine	(MF),	Center	for	Technology,	Innovation	and	Culture	(TIK),	Faculty	of	Social	Sciences		

Consortium:		

• Principal	investigators:	CEES	-	IBV:	Kjetill	Sigurd	Jakobsen	(KSJ),	Sissel	Jentoft	(SJ).	IFI:	Ole	Christian	

Lindgjærde	(OCL).	CIR:	Shuo-Wang	Qiao	(SWQ).	TIK:	Kristin	Asdal	(KA)	

• Other	important	collaborators:	University	of	Oslo:
	
MI:	Geir	O.	Storvik	(GOS).	IBV	and	CIR:	Oddmund	

Bakke	(OB).	IBV:	Cinzia	A.	M.	Progida	(CAMP),	Finn-Eirik	Johansen	(FEJ).	CEES:	Marine	S.	O.	Brieuc	

(MSOB).	University	of	Stirling	(UK)/University	of	Bergen:	Uni	Research:	Simon	MacKenzie	(SM).	

GEOMAR	Helmholtz	Cent.	for	Ocean	Res.	Kiel	(Germany):	Thorsten	Reusch	(TR),	Olivia	Roth	(OR)	 	
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1-	Science		

Background,	scientific	and	societal	motivations	

The	revolutionary	advancements	in	cell	biology,	imaging,	genomic	and	gene	modification	tools	have	provided	

great	insight	into	many	biological	phenomena,	for	instance	human	evolution	and	disease	mechanisms,	and	

have	improved	global	agriculture	yields.	Nevertheless,	their	implementation	in	marine	ecosystems	has	been	

relatively	slow.	We	argue	that	these	advancements	can	contribute	to	meet	the	challenges	faced	by	marine	

food	production,	development	of	sustainable	management	programs	and	provide	novel	insights	to	specific	

functional	genetic	changes	involved	in	(local)	adaptations.	This	knowledge	will	be	crucial	for	new	innovations	

improving	fisheries	management,	enhancing	establishment,	breeding	and	disease	control	of	new	aquaculture	

species	as	well	as	for	food	safety	and	quality	control.	From	a	socio-economic	perspective	Atlantic	cod	and	

related	codfishes	are	the	most	important	species	for	the	fisheries	industry	in	Norway	and	Northern	Europe.	

Unlike	Atlantic	salmon	the	codfishes	have	not	yet	proven	successful	as	aquaculture	species.	In	addition	to	their	

importance	in	fisheries,	the	codfishes	have	an	extremely	important	intrinsic	trait	–	namely	the	lack	of	the	

major	histocompatibility	complex	(MHC)	class	II	immune	pathway	of	antigen	presentation	to	CD4
+
	T	cells.	

Thus,	Atlantic	cod	and	its	relatives	represent	natural	CD4
+
	knockouts,	and	the	importance	of	this	trait	–	and	

implications	for	fisheries	(management,	climate	change),	aquaculture	(disease	control)	and	human	medicine	

have	just	been	realized
1
.		In	this	proposal	we	will	focus	on	the	special	fish	immune	systems	in	a	human	and	

mammalian	comparative	setting.		By	bringing	together	ecological	and	evolutionary	understanding	of	fish	

biology/immunology	with	the	strong	functional	and	experimental	competence	in	biomedical	immunology	

combined	with	statistics	and	bioinformatics	within	a	Responsible	Research	and	Innovation	(RRI)	framework	–	

we	will	develop	a	new	knowledge	platform	in	comparative	immunology.	In	this	way	we	will	utilize	the	

advancements	and	understanding	of	human	and	mammalian	immunology	to	experimentally	investigate	the	

fish	and	on	particular	the	codfish	immune	system.	The	motivation	behind	this	transdisciplinary	Convergence	

Environment	(CE)	is	to	deliver	results	of	crucial	importance	for	treatment	of	animal	and	human	infectious	and	

immune	disease.	

1.1	-	Research	

Status	of	knowledge:	fish	immunology,	genomics	and	outstanding	issues	

The	 time	 is	 now	 right	 to	 capitalize	 on	 the	 genomic	 revolution	 to	 update	 the	 development	 of	 marine	

biotechnology,	aquaculture	and	fisheries	knowledge	and	Norway	is	in	position	to	take	a	leading	role.	COMPARE	

will	do	 this	by	building	upon	 the	competence	gained	at	 the	Centre	 for	Ecological	 and	Evolutionary	Synthesis	

(CEES),	UiO	in	sequencing	the	Atlantic	cod	genome
2
,	the	Aqua	Genome	Project	(AGP)	where	more	than	1000	

individuals	 of	 Atlantic	 cod	 were	 re-sequenced,	 and	 the	 recent	 sequencing	 by	 our	 group	 of	 65	 teleost	 fish	

genomes
3
	–	the	largest	de	novo	sequencing	effort	so	far	carried	out	on	vertebrate	species.	The	demonstration	

of	complete	lack	of	MHC	class	II	and	CD4+	T	cells	in	all	codfishes	(Gadiformes)
3
	provides	a	natural	background	

in	which	to	map	the	cellular	circuitry	of	innate	immune	response	as	well	as	putative	cross	presentation	and	the	

plasticity	of	the	MHC	class	I	antigen	presentation	system.	In	other	words,	Atlantic	cod	and	codfishes	represent	

natural	CD4+	T	cell	knockouts	with	significance	for	mammalian	immunity	where	the	molecular	architecture	of	

MHC	class	I	cross	presentation	remains	unclear.	Within	the	biomedical	field	there	is	an	increasing	awareness	of	

the	 importance	 of	 the	 codfish	 immune	 system	 as	 a	 model	 for	 understanding	 human	 innate	 and	 adaptive	

immunity	 including	 cross	 presentation
1
	 and	 vaccine	 design.	Notably,	 in	 vaccine	 design	 the	 important	 role	 of	

cross	presentation	by	MHC	class	 I	has	been	highlighted
4
.	The	extreme	expansion	of	MHC	 I	 genes	 in	 cod	and	

many	codfishes	 is	suggested	to	be	a	compensatory	mechanism
2,	 5

,	but	 is	 intriguingly	also	associated	with	the	

high	species	diversification	rates
3
.	Further,	there	may	be	other	compensatory	mechanisms	associated	with	the	

innate	 immune	system.	For	example,	we	have	 shown	 that	 the	Toll-like	Receptor	 (TLR)	 repertoire	 is	different	

from	other	vertebrates	for	Atlantic	cod	and	codfishes	in	general
6,	7

.	Currently,	we	do	not	know	to	what	extent	

varying	copy	numbers	of	MHC	I	(and	the	degree	of	allelic	polymorphisms)	and	innate	immune	receptors	(TLRs	
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etc.)	are	found	in	different	populations	(and	adaptations)	of	Atlantic	cod	and	other	codfishes.	This	question	will	

be	 investigated	 in	 this	project	 for	Atlantic	 cod,	 some	other	 selected	codfishes	as	well	 as	 some	non-gadiform	

species	 (see	WP	2).	 Finally,	 there	 is	a	 lack	of	experimental	 systems	such	as	 codfish-derived	cell	 cultures.	We	

have	 therefore	developed	a	novel	macrophage	primary	 cell	 culture	 system	 for	Atlantic	 cod	–	as	an	essential	

bridge	between	genome	studies	and	functional	responses,	allowing	stringent	hypothesis	testing	and	accurate	

tuning	 of	 methodological	 innovation.	 In	 addition,	 we	 plan	 to	 perform	 large-scale	 single-cell	 transcriptomics	

experiment	of	immune	cells	from	the	Atlantic	cod	to	charter	the	functional	adaptation	to	the	lack	of	MHC	class	

II	 and	 CD4+	 T	 cells.	 Interesting	 gene	 expression	 patterns,	 i.e.	 gene	 pathways	 and	 candidate	 genes,	 found	 in	

single-cell	 transcriptomics	 experiments	 will	 be	 followed	 up	 in	 in	 vitro	 and	 in	 vivo	 experimental	 systems.		

Together,	this	experimental	work	will	facilitate	intelligent	vaccine	design.	

Although	the	original	Atlantic	cod	genome
2
	has	proven	extremely	useful	for	unravelling	this	species’	

special	immune	system	and	for	population	genomics
8
,	it	was	quite	fragmented.	A	new	Atlantic	cod	genome	

with	chromosome	arm	contingency	has	been	developed	using	a	combination	of	short	(Illumina,	454)	and	long	

read	(PacBio)	technologies
9
.	The	power	of	this	genome	assembly	has	been	demonstrated	by	re-sequencing	a	

large	number	of	males	and	females	for	identification	of	the	sex-determining	locus	in	cod
10
.	The	new	reference	

genome	has	aided	in	determining	linkage	groups	and	chromosomal	inversions	associated	with	migratory	and	

non-migratory	ecotypes	of	Atlantic	cod
11
.	Likewise,	the	65	new	teleost	genomes	are	very	useful	for	addressing	

the	evolution	of	teleost	adaptive	and	innate	immunity	as	well	as	large	scale	multigene	phylogeny
3,	7
,	although	

these	genomes	were	all	quite	fragmented	as	well.	Therefore,	we	have	initiated	–	in	a	separately	funded	project	

(Research	Council	of	Norway	-	RCN)	–	the	generation	of	high	quality	genomes	of	some	selected	gadiform	and	

non-gadiform	species	based	on	a	combination	of	short	and	long	read	technologies	(50	x	coverage	PacBio	

Sequel	and	30x	illumina	short	reads).	These	include	the	arctic	cod	species	Boreogadus	saida	and	Arctogadus	

glacialis,	the	widely	distributed	hake	(Merluccius	merluccius)	and	the	freshwater	gadiform	burbot	(Lota	lota).		

In	addition,	the	lantern	fish	(Benthostema	glacialis)	and	several	pipefish	species	(Syngnathiformes)	have	been	

selected	due	to	anomalies	in	their	immune	systems.	Benthostema	possesses	MHC	II,	but	seems	to	lack	a	

normal	MHC	I	(and	variation	therein),	and	the	pipefishes,	known	for	their	male	pregnancy,	have	lost	their	MHC	

II	functionality	independently	of	the	Gadiformes
12,	13

.	Additionally,	we	have	selected	a	few	fish	species,	in	which	

all	possess	a	normal	immune	repertoire,	e.g.	herring,	capelin	and	mackerel,	for	full	genome	sequencing	

enabling	us	to	conduct	comparative	analyses	and	thus,	infer	the	immune	function	in	fish	in	a	broader	context.	

The	reference	genomes	will	also	aid	in	efficient	re-sequencing	of	selected	populations	of	several	of	the	species	

in	addition	to	re-sequencing	of	Atlantic	cod	
2
	and	haddock	–	for	which	reference	genomes	exist	(the	haddock	

genome	is	currently	unpublished;	Tørresen	et	al.	in	prep.).	The	information	from	the	re-sequenced	populations	

will	be	used	for	investigating	population	differences	in	the	copy	numbers	of	adaptive	immune	genes	(such	as	

MHC	I)	as	well	as	TLRs	and	other	Pattern	Recognition	Receptors	(PRRs)	The	genome	information	will	also	allow	

development	of	gene	modification	of	non-model	species	using	CRISPR	(clustered	regularly	interspersed	

palindromic	repeats)/Cas9	–	a	methodology	that	has	already	successfully	been	implemented	on	a	few	fish	

species	such	as	Atlantic	salmon
14
.	There	is	also	a	general	need	for	improved	assembly	methods	for	displaying	

genomic	variation	and	statistical	assessment	of	assembly	and	annotation.	In	particular,	the	development	of	

more	efficient	and	cost	effective	genomic,	bioinformatical	and	statistical	methods	that	allow	the	integration	of	

“omics”	and	imaging	data	with	experimental	and/or	environmental	metadata	are	necessary.	

Project	plan	–	the	Work	Packages	1,2,3	

Given	the	high	immunity	divergence	shown	between	teleost	species	–	with	the	codfishes	being	the	prime	

example	by	the	loss	of	the	entire	MHC	II	pathway
3
	–	we	will	further	illuminate	these	differences	both	at	the	

cross-species	level	as	well	as	within	species	at	the	population	level.	These	analyses	will	give	us	valuable	

information	about	the	key	immune	genes	of	importance	in	how	teleosts	defend	themselves	against	invading	

pathogens.	Additionally,	by	conducting	cell	culture	experiments	–	mainly	using	Atlantic	cod	as	a	study	system	–	

we	will	achieve	detailed	insight	into	the	cellular	immune	responses	that	will	boost	aquaculture	vaccine	

development	and	bridge	the	gap	to	human	immunological	deficiencies.	We	will	use	cutting-edge	single-cell	
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transcriptomics,	cell	culture,	imaging	and	other	antibody-based	techniques	in	combination	with	comparative	

genomics	to	elucidate	how	the	unique	immune	system	of	cod	functions	at	the	cellular	and	molecular	level,	

giving	important	insight	in	immune	adaption	that	can	be	extended	to	other	vertebrate	species	with	human-like	

immune	systems.	Moreover,	we	will	explore	the	interface	between	environmental	complexity,	individual	

variation,	population	ecotypes	and	their	capacity	to	adapt	to	changing	environmental	conditions	–	in	the	

context	of	the	immune	response	and	survival.	

WP	1:	High	throughput	single	cell	transcriptomics	(Participants:	PhD	student	NN,	SWO,	KSJ,	SJ,	OB,	CAMP,	FEJ,	

MSOB,	OCL,	GS,	KA,	RRI	team)	

We	wish	to	perform	a	large-scale	single-cell	transcriptomics	study	of	immune	cells	of	codfish	in	order	to	get	a	

detailed	description	of	the	cellular	composition	and	functional	characteristics	of	the	codfish	immune	system.	

We	may	also	include	other	fish	species	that	have	intact	MHC	class	II	expression	and	CD4+	T	cells	to	contrast	the	

findings	in	cod.	This	would	be	the	largest	and	most	detailed	molecular	characterization	of	the	teleost	immune	

system	so	far.		

Recent	advances	in	molecular	biology,	high-throughput	sequencing	and	bioinformatics	have	given	us	

the	ability	to	interrogate	transcription	profiles	at	the	single-cell	level.	The	cellular	identity,	characteristics	and	

functions	can	be	obtained	by	comparing	the	transcriptomes	of	up	to	tens	of	thousands	of	cells.	This	powerful	

technology	is	particularly	useful	in	dissecting	the	very	particular	immune	system	of	the	codfishes	since	it	does	

not	require	prior	partitioning	of	cells	into	defined	cell	types.	Due	to	the	lack	of	good	antibody-based	reagents,	

it	is	hard	to	define	cellular	subsets	of	the	cod	immune	system,	such	as	T	cells	and	B	cells.	In	high-throughput	

single-cell	transcriptomics	experiments,	single-cell	suspensions	made	from	blood,	or	other	relevant	immune	

organs	such	as	spleen	can	be	directly	used	as	input	material	without	the	need	of	separation	into	subsets.	Cells	

will	be	clustered	computationally	according	to	their	transcriptional	activity,	and	cell	clusters	representing	T	

cells,	B	cells,	macrophages,	neutrophils	etc,	will	be	identified	by	their	characteristic	transcriptional	profiles.	We	

will	use	the	recently	published	Drop-seq	protocol
15
	that	enables	RNAseq	of	up	to	10	000	single	cells	in	one	

experiment.		

	

WP	2:	Species	and	population	variations	in	the	teleost	immune	system	(Participants:	post	doc	NN,	SJ,	KSJ,	

MSOB,	OB,	GS,	OCL,	OR,	TR,	KA,	RRI	team)	

Using	the	new	reference	genomes	(see	Status	of	knowledge)	we	will	be	able	to	take	a	closer	look	at	the	entire	

immune	gene	repertoire,	and	thus,	provide	valuable	information	on	the	immune	genomic	architecture	at	the	

species	level.	So	far,	the	most	comprehensive	comparative	immunological	analyses	within	the	teleost	lineage	

have	been	conducted	on	low	coverage	genomes	and	focused	only	on	sub-sets	of	immune	genes
3,	7
.	These	

studies	have	reported	the	common	loss	of	the	MHC	II	pathway	for	the	entire	linage	of	the	codfishes,	

accompanied	by	an	extreme	expansion	of	MHC	I	and	an	alternative	repertoire	of	TLRs
3,	7
.	Taking	into	account	

the	high	complexity	of	the	immune	system	–	a	deeper	insight	into	the	whole	innate	and	adaptive	gene	

repertoire	is	still	needed	to	decipher	the	biological	function	of	teleost	immunity.	An	emerging	body	of	

literature	recently	emphasized	the	importance	of	structural	variations	such	as	copy-number	variations	(CNVs),	

both	at	the	inter-	and	intra-specific	level
16-18

.	Clearly,	CNVs	encompasses	more	nucleotide	content	per	genome	

than	SNPs,	which	underline	the	importance	of	CNV	on	genetic	diversity	and	thus,	their	role	in	adaptation	and	

evolutionary	change.	A	CNV	can	comprise	a	simple	repeat	structure	or	may	involve	gene	duplications	or	

losses
17
.	When	the	CNVs	are	found	as	gene	duplications,	maintenance	of	these	can	indicate	on-going	selection	

forces	associated	with	environmental	adaptations
16-18

.	For	example,	we	would	expect	to	find	differences	in	the	

gene	copy	number	of	the	varying	MHC	I	or	some	of	the	TLRs	–	or	other	immune	gene	families	–	at	the	

population-level	for	some	of	the	codfishes	under	investigation.	Taken	together,	this	work	package	will	enable	

us	to	pinpoint	the	key	immune	gene	families	that	are	strongly	influencing	the	immunity	in	the	different	

species	as	well	as	reflecting	local	adaptation	at	the	population-level.	
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WP	3:	Decoding	the	alternate	immunity	of	codfishes:	facilitating	future	immunotherapies	(Participants:	post	doc	

NN,	KSJ,	SJ,	OB,	CAMP,	FEJ,	CP,	SWQ,	OCL,	MSOB,	SM,	TR,	OR,	KA,	RRI-team)	

MHC	 I	 cross	 presentation	 and	 pattern	 recognition	 receptor	 signalling:	 Atlantic	 cod	 represents	 an	 excellent	

model	to	both	elucidate	the	underlying	pathways	of	MHC	I	cross	presentation	and	to	explore	the	evolutionary	

conservation	of	host-pathogen	recognition	systems.	In	this	WP	we	will	take	advantage	of	a	novel	Atlantic	cod	

primary	macrophage	cell	culture	system,	developed	by	Dr.	MacKenzie	(SM),	to	characterize	MHC	class	I	antigen	

cross	 presentation	 and	 explore	 the	 role	 of	 TLR9	 regulation	 including	 its	 role	 in	 the	 cross	 presentation	 of	

peptides	derived	from	phagosomes.	Parallel	studies	in	this	cell	system,	including	pharmacological	inhibition	of	

specific	kinase	pathways,	highlight	a	key	role	for	Nucleotide-binding,	oligomerization	domain	(NOD)	receptor-

mediated	recognition	of	bacterial	peptidoglycans	as	a	conserved	mechanism	for	bacterial	recognition.	Here	we	

will	 also	 conduct	 studies	 to	 see	 whether	MHC	 I	 in	 cod	 has	 the	 ability	 to	 be	 transported	 to	 the	 endosomal	

pathway	 and	 load	 exogenous	 antigens	 and	 express	 these	 on	 its	 MHC.	 Our	 understanding	 of	 MHC	 I	 cross-

presentation	 and	 TLR/NOD	 signalling	 will	 facilitate	 progress	 in	 vaccinology	 by	 enabling	 targeting	 of	 the	

optimal	 immune	 signalling	 pathway	 for	 the	 benefit	 of	 aquaculture	 and	 potentially	 human	 health	 (where	

cross	presentation	is	a	major	issue	in	autoimmunity	and	antigen	stimulation).	

Development	of	antibody	reagents:	Study	of	the	codfish	immune	system	is	seriously	handicapped	by	the	lack	

of	specific	antibodies.	It	is	a	goal	of	this	consortium	to	develop	good	antibody	tools	for	codfish	that	can	be	used	

to	propel	our	own	study,	as	well	as	to	be	provided	to	the	greater	scientific	community.	Specific	antibodies	can	

be	used	to	visualize,	enumerate,	track	and	sort	specific	cell	subsets	in	microscopic	or	flow	cytometric	studies.	

For	example,	if	a	B-cell	specific	antibody	is	available	for	codfish,	then	B	cells	can	be	identified	and	sorted	for	

downstream	single-cell	B-cell	receptor	analysis.	This	analysis	may	reveal	the	degree	of	which	the	Ig	genes	in	B	

cells	are	mutated,	a	sign	of	help	that	normally	is	given	by	CD4+	T	cells	in	animals	that	have	adequate	MHC	class	

II	system.		

Development	of	tools	for	gene	modifications	of	the	immune	system:	The	CPRISPR/Cas9	reveals	opportunities	

for	 genetic	 manipulation	 of	 non-model	 species.	 This	 technology	 is	 now	 so	 efficient	 that	 it	 can	 be	 used	 to	

induce	bi-allelic	mutation	in	the	first	generation	as	shown	for	zebrafish	and	Xenopus
19,	20

).	The	applications	of	

CRISPR/Cas9	manipulation	on	non-model	organisms	are	advancing	faster	than	one	could	anticipate	just	a	few	

years	ago.	For	example,	it	has	now	been	employed	on	tilapia
21
	and	Atlantic	salmon	(F0-generation)	where	this	

technology	has	been	used	for	targeted	knockout	of	two	pigmentation	genes
22
	and	the	sex	differentiation	gene	

dnd
14
.	 Although	 effective	 use	 of	 CRISPR/Cas9	 on	 non-model	 species	 is	 likely	 to	 be	 a	more	 distant	 goal,	 we	

strongly	believe	that	we	have	to	be	proactive	here	by	testing	this	technology	here	and	now.	Furthermore,	the	

CRISPR/Cas9	will	reveal	important	and	challenging	RRI	questions	to	be	investigated	in	this	project.	We	are	fully	

aware	 that	 implementation	 of	 CRISRP/Cas9	 on	 the	 sequenced	 non-model	 teleost	 species	 in	 this	 project	 is	

associated	with	some	risk	of	not	succeeding,	but	this	element	of	risk	in	COMPARE	offers	a	high	potential	value.	

To	 moderate	 risk,	 we	 will	 initially	 focus	 on	 a	 few	 species	 with	 the	 aim	 of	 one	 or	 two	 species	 performing	

successfully.	Herring	(possessing	a	functional	MHC	II	pathway),	Atlantic	cod	and	haddock	(both	MHC	II	depleted	

species)	will	be	the	prime	candidates. We	will	obviously	not	be	able	to	perform	CRISPR/Cas9	modification	of	all	

relevant	immune	genes	within	this	project.	However,	achieving	proof	of	principle	for	some	of	these	non-model	

species	will	be	regarded	as	a	success	factor	for	WP	4.	Further,	this	WP	will	be	associated	with	considerable	RRI	

activity	(see	1.2d).	

Technology	platforms	at	UiO	essential	to	COMPARE		

An	important	add-on	to	this	proposal	will	be	to	establish	a	closer	interaction	between	the	two	national	

technology	infrastructures	the	Norwegian	Sequencing	Centre	(NSC)	and	the	Norwegian	Molecular	Imaging	

Consortium	(NorMIC).	This	is	motivated	by	yet	another	convergent	development,	namely	the	fact	that	

genotype	(and	omics)	information	is	increasingly	being	merged	with	phenotype	data	(i.e.	imaging).	The	

technological	development	underlines	this	by	new	approaches	for	example	coupling	of	transcriptome	data	with	

3-dimensional	imaging.				

Norwegian	Sequencing	Centre	(NSC):	NSC	–	hosted	by	UiO	-		is	the	national	center	for	high	throughput	
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sequencing	(HTS)	in	Norway	and	provides	state-of-the-art	sequencing	(Illumina	MiSeq,	Next	Seq,	HiSeq	3000,	

4000,	HiSeqX	and	PacBio	RSII	and	Sequel).	NSC	has	a	considerable	infrastructure	of	supporting	hardware	to	

increase	throughput	and	automation	(Hamilton	and	Perkin	Elmer	Caliper	robots,	Beckmann	Biomek	FX	robots,	

two	Pippin	Prep	instruments,	Covaris	DNA	sonicators,	Agilent	Tape	Station	etc).	Due	to	this	substantial	funding	

from	the	National	Financing	Initiative	for	Research	Infrastructure	(INFRASTRUKTUR)	of	the	RCN,	NSC	has	been	

from	2014	on	the	National	Roadmap	for	research	infrastructures	and	large	national	projects.	There	is	a	

considerable	bioinformatics	expertise	at	NSC	and	in	addition	an	established	collaboration	with	ELIXIR	Norway	

through	the	Norwegian	eInfrastructure	for	Life	Sciences.	NSC	has	a	particular	experience	with	non-model	

organisms	such	as	teleost	genomes	and	transcriptomes
e.g.	2,	3,	6

.	This	competence	will	be	crucial	for	the	

proposed	project.	

NorMic:		NorMic	Oslo	-	hosted	by	UiO	-	is	a	national	platform	for	subcellular	imaging	funded	by	

INFRASTRUKTUR,	and	qualified	as	a	larger	ESFRI	network	(from	2016).	The	node	is	split	between	a	sub-node	at	

the	Radium	Hospital	and	another	at	Department	of	Biosciences	(IBV).	With	the	last	INFRASTRUKTUR	funding	

we	obtain	in	early	2017	the	latest	imaging	equipment	such	as	the	Zeiss	LSM	880	and	Andor	Dragonfly	and	will	

upgrade	to	new	high	throughput	imaging	from	our	well	used	Olympus	ScanR.	The	instruments	further	range	

from	electron	microscopy	with	correlative	light	and	electron	microscopy	to	super-resolution	light	microscopy	

and	high	throughput	imaging	and	the	node	in	specializing	within	the	area	of	live	cell	imaging	of	intracellular	

organelles,	cells	and	small	organisms	(e.g.	zebrafish)	and	the	ability	to	image	organisms	at	various	

temperatures.	At	both	sites	qualified	technical	assistance	are	hired	-	funded	by	the	INFRASTRUKTUR	program	in	

addition	to	our	permanent	two	1/2	positions	at	IBV	and	three	full	positions	at	Radiumhospitalet.	Together	with	

the	flowcytometric	index	sorting	(FACS	Aria	II)	to	our	disposal	at	Rikshospitalet	(Qiao	group)	this	imaging	will	be	

essential	for	the	functional	studies	comparing	the	MHC	and	related	molecules	in	different	species.	

Convergence	I:	biomedical	and	fish	immunology	

Most	of	our	knowledge	within	immunology	is	derived	from	studies	of	human	and	rodent	models.	With	the	easy	

access	to	blood	cells,	cell	cultures	and	the	availability	of	biological	tools	mainly	in	form	of	specific	antibodies,	

human	immunology	is	an	advanced	field	of	research.	This	has	translated	in	the	last	years	into	successful	

immunotherapy	in	cancer	and	autoimmune	diseases.	Although	rodent	animal	models	are	attractive	for	certain	

applications	due	to	the	possibility	of	genetic	manipulation,	human	studies	are	usually	more	relevant.	Because	

rodent	studies	are	performed	in	controlled	environment	with	minimal	exposure	to	pathogens,	and	that	the	

study	animals	are	inbred	and	thus	genetically	homogenous,	the	impact	of	evolutionary	adaptation	driven	by	

pathogenic	exposure	cannot	be	properly	studied	in	rodent	animal	models.	For	instance,	MHC	class	II	knockout	

laboratory	mouse	has	very	little	symptoms	and	has	near	normal	life	expectancy	despite	the	total	lack	of	CD4+	

T	cell	immunity
23
.	In	contrast,	impaired	MHC	class	II	expression	due	to	genetic	mutations	in	humans	cause	

severe	infections	and	without	bone	marrow	transplantation	many	patients	die	in	childhood	despite	medical	

treatment
24
.	COMPARE	offers	a	unique	opportunity	to	create	an	interdisciplinary	convergence	environment	in	

which	the	strong	research	environments	in	evolutionary	genomics	and	fish	immunology	at	CEES	and	in	

human	immunology	at	Center	for	Immune	Regulation	(CIR)	together	engage	into	how	the	codfishes	have	

solved	a	life	without	MHC	II.	By	combining	human	immunology	approaches	with	fish	comparative	immune-

genomics	we	aim	at	understanding	how	the	codfishes	have	evolved	an	alternative	route	of	combating	

infectious	disease.		Due	to	an	evolutionary	history	of	more	than	350	million	years	the	immune	diversity	is	far	

larger	in	fish	than	in	mammals	–	making	evolutionary	comparative	genomics	combined	with	single	cell	codfish	

transcriptome	and	other	experimental	data	a	unique	approach	bringing	together	two	of	the	strongest	research	

environments	at	UiO.	Using	codfish	as	a	natural	knockout	model,	we	can	learn	important	insights	in	how	other	

parts	of	the	immune	system	can	adapt	to	the	lack	of	CD4+	T	cells.	This	knowledge	will	in	turn	have	implications	

in	human	medicine	on	treatment	of	diseases	where	CD4+	T	cells	are	important	players,	such	as	HIV	and	AIDS.	

Convergence	II:	life	sciences	and	computational	sciences	

Transdisciplinarity	 is	 intrinsically	 embedded	 throughout	COMPARE	by	 combining	 genomics,	 immunology,	 cell	
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biology,	 evolutionary	 biology,	 statistics,	mathematics	 and	 informatics	 to	 address	 the	 specific	 challenges.	 For	

instance,	COMPARE	will	generate	and	make	use	of	an	enormous	amount	of	data	(genomics,	transcriptomics	

and	 imaging	 data	 as	 well	 as	 experimental	 and	 meta-data:	 “Big	 Data”).	 Only	 through	 a	 transdisciplinary	

approach	 will	 we	 be	 able	 to	 address	 the	 data	 accessibility	 issue,	 and	 the	 computational	 and	 statistical	

challenges	raised	by	them.	Indeed,	there	is	a	pressing	need	for	time	and	memory-efficient	algorithms	in	order	

to	 use	 optimally	 high-performance	 computer	 infrastructures	 and	 to	 efficiently	 analyze	 the	 “Big	 Data”	

generated.	COMPARE	will	do	this	by	merging	leading	expertise	in	genomics,	cell	biology	and	immunology	with	

the	 strong	 research	 environments	 in	 statistics,	 modeling,	 and	 informatics	 as	 well	 as	 using	 experimental	

approaches	 from	 the	 fields	 of	 cell	 biology	 and	 physiology.	 There	 will	 be	 a	 tight	 coupling	 of	 experimental	

methods,	statistical	methods	and	modeling	(integrating	meta-data	and	genomics).		

Importantly,	all	of	these	methods	call	for	skilled,	versatile	biologists,	who	understand	the	flow	from	

data	generation	and	statistical	analysis	or	mathematical	modeling	and	its	application	to	specific	biological	

questions,	and	who	can	also	communicate	with	the	(bio)informatics,	statistics	and	mathematics	specialists	who	

have	a	superior	understanding	of	computational	informatics	and	mathematics.	Reciprocally,	there	is	a	need	for	

informaticians,	mathematicians	and	statisticians	who	understand	the	biological	questions	and	language.	

Without	an	efficient	transdisciplinary	analytical	team,	the	benefits	of	the	genomic	era	cannot	be	fully	exploited	

in	complex	biological	systems.	In	COMPARE	we	will	address	the	challenge	of	effective	communication	between	

people	from	different	backgrounds	by	organizing	short	'crash	courses'	(in	person,	or	online	as	private	

‘webinars’)	in	the	different	disciplines	for	all	researchers	involved.	Such	sessions	will	facilitate	that	biologists,	

medical	scientists,	bioinformaticians	and	statisticians	are	able	to	understand	enough	of	each	respective	field	to	

be	empowered	to	efficiently	to	translate	their	problems	to	the	others.	In	addition,	transdisciplinarity	will	be	

facilitated	by	the	activities	of	the	Digital	Life	Norway	(DLN)	Centre	(http://www.ntnu.edu/dln)	where	a	

methodological	platform	(The	DLN	Competence	Network:	WG	4)	as	well	as	a	PhD	school	within	trans-

disciplinary	sciences	has	been	established.	Within	the	competence	network	and	PhD	school	areas	of	particular	

relevance	for	this	project	such	as	data	integration,	methodology	and	data	sources,	data	standards	and	

management,	bioinformatics	data	analyses	and	processing,	statistics	and	systems	biology	including	single	or	

multiscale	mathematical	modeling	are	emphasized.	

Convergence	III:	Responsible	research	and	innovation	(RRI)	

A	major	goal	in	COMPARE	is	to	include	RRI	as	an	integral	part	Convergence	Environment.	This	also	implies	

that	we	will	allocate	for	a	PhD	position	that	will	be	tightly	connected	to	biological	and	biomedical	sub-

projects.	The	RRI	team	will	contribute	to	COMPARE	on	four	interrelated	points:	1)	Develop,	participate	in	and	

enhance	transdisciplinary	communication,	2)	Investigate	different	meanings	of	value-creation	in	order	to	
enable	reflexivity	around	current	framings	of	innovation	and	responsibility,	3)	By	situating	COMPARE	in	

relation	to	this	body	of	work	as	well	as	known	issues	and	controversies	and	4)	build	an	arena	to	develop	an	

ongoing	dialogue	about	general	aims	and	societal	challenges.	Through	the	ongoing	RCN-funded	Aqua	Genome	

project,	key	members	of	the	project	leadership	already	have	an	established	collaboration	with	Prof.	Kristin	

Asdal	of	the	TIK	Centre	(Center	for	Technology,	Innovation	and	Culture)	doing	ELSA	(Ethical,	Legal	and	Social	

Aspects	of	science	and	technology)	research.	Asdal	heads	the	European	Research	Council	(ERC)	Starting	Grant	

project	Biocapitalization	and	the	little	tools	of	valuation	where	aquaculture	and	the	mobilization	of	

biotechnology	to	realize	green	growth	and	the	bioeconomy,	are	key	themes.	The	project	team	further	

includes	Bård	Hobæk’s	PhD	work	on	salmon	farming	and	science	for	environmental	management.	The	TIK	

Center	is	uniquely	situated	to	accommodate	a	PhD	position	working	on	RRI	within	COMPARE.	In	addition	to	the	

ongoing	research	on	aquaculture,	TIK	has	strong	research	groups	in	both	science	and	technology	studies	(STS)	

and	innovation	studies,	two	key	research	traditions	in	the	development	of	RRI.	This	provides	strong	

competence	on	studies	of	biotechnology	and	medicine	(professor	Susanne	Bauer,	Post	doc	Tone	Druglitrø,	

coming	associate	professor	Ana	Delgado)	as	well	as	a	broad	focus	on	the	relations	between	science	and	society,	

such	as	the	newly	established	Oslo	Institute	for	Research	on	the	Impact	of	Science	(OSIRIS).	Furthermore,	TIK	

will	be	involved	in	the	RRI	Group	at	DLN	through	a	recent	RCN	grant	(2017)	involving	Asdal,	Delgado	and	a	new	
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PhD	position,	in	a	project	in	collaboration	with	Norwegian	University	of	Science	and	Technology	(NTNU).	The	

RRI	component	in	COMPARE	will	strongly	benefit	from	the	RRI	group	at	DLN	providing	activities	and	arenas	

where	questions	of	relevance	to	COMPARE	will	be	addressed.	We	will	invite	the	Norwegian	Biotechnology	

Advisory	Board	to	participate	in	the	RRI	activities	of	COMPARE.	The	RRI	activities	will	be	an	integral	part	of	the	

three	WPs,	and	thus	all	PIs	and	consortium	partners	will	be	involved.	

1.2	-	Project	plan	for	positions	�	
1.2a	Position	1	(WP	1):	Single	cell	transcriptomics.		
A	PhD	student	with	training	in	molecular	biology/genomics	will	be	hired	to	perform	high-throughput	single-cell	

transcriptomics	of	codfish	immune	cells.	This	project	will	charter	the	functional	aspect	of	codfish	immune	

system	on	a	detailed	molecular	and	cellular	level.	Novel	findings	about	the	immune	adaptations	to	the	lack	of	

MHC	class	II	associated	immunity	from	this	part	of	the	project	will	be	further	explored	and	collaborated	in	

other	sub-parts	of	this	proposal.	

	 	 In	detail,	immune	cells	from	the	codfish	will	be	fed	through	a	droplet	generator	that	will	encapsulate	

one	single	cell	in	a	water-in-oil	droplet	with	a	diameter	of	approximately	100	um.	Within	the	same	droplet	

there	is	also	a	barcoded	bead	covered	with	poly-dT	sequences	that	will	anneal	and	capture	mRNA	molecules	

released	from	the	lysed	cell.		cDNA	molecules	from	each	cell	will	thus	be	uniquely	barcoded	such	that	down-

stream	PCR	amplification	of	cDNA	can	be	carried	out	in	one	single	sample.	RNAseq	libraries	from	up	to	several	

thousands	of	cells	can	be	sequenced	in	one	single	Illumina	HiSeq	run	after	Tagmentation-based	library	

preparation.		

	 	 The	Drop-seq	libraries	of	codfish	immune	cells	will	be	made	in	the	Qiao	lab	that	are	already	performing	

single-cell	transcriptomics	experiments	on	human	immune	cells,	with	particular	interest	in	CD4+	T	cells.	The	

group	has	recently	acquired	a	droplet	generator	and	is	in	the	process	of	establishing	the	Drop-seq	protocol	on	

human	CD4+	T	cells.	The	group	is	located	at	the	Department	of	Immunology	at	Oslo	University	Hospital	–	

Rikshospitalet	and	University	of	Oslo,	a	strong	immunology	environment	in	Oslo.	The	group	is	part	of	the	CIR.	

The	processing	of	the	large	volume	of	single-cell	transcriptomics	data	will	benefit	from	a	mutual	collaboration	

between	the	two	Centers	of	Excellence	(CoE)	CIR	and	CEES	environment	in	bioinformatics.	

1.2b	Position	2	(WP	2):	Population	genomics	of	the	immune	system	in	codfishes.		
A	post	doc	with	experience	in	population	genomics	and	the	relevant	bioinformatics	analytical	tools	will	be	

hired.	The	reference	genomes	of	Atlantic	cod,	haddock,	arctic	cods	(Boreogadus	and	Arctogadus),	hake,	burbot	

as	well	as	the	non-gadiform	species	Benthostema,	herring,	capelin	and	mackerel	will	be	used	for	an	efficient	re-

sequencing	of	a	limited	number	of	individuals	(in	the	range	of	20-40)	from	each	species.	The	sampling	of	

individuals	will	reflect	populations	that	are	adapted	to	extreme	differences	in	habitats	or	population	

differences	in	developmental,	behavior	or	life	history	traits	(such	as	temperature,	salinity,	geographic	

distribution,	migratory	behavior,	homing,	growth	rates,	sexual	maturation	and	more).	We	anticipate	that	

selecting	the	extremes	may	expose	the	genetic	differences	in	an	optimal	way.	Re-sequencing	will	be	performed	

on	an	Illumina	platform	using	10-30x	coverage	(short	read	technology	and	mapping	to	the	reference	genomes).	

In	order	to	detect	inversions	and	other	rearrangements	selected	individuals	from	the	various	species/different	

populations	may	be	sequenced	with	the	long	read	technology.	Advanced	tools	for	bioinformatical	and	

statistical	analyses	of	and/or	chromosomal	rearrangements,	CNVs,	SNPs	and	selection	forces	(e.g.	dN/dS,	

McDonald-Kreitman,	Fst	outliers,	Linkage	disequilibrium)	will	be	employed.	

We	plan	to	combine	the	species-specific	immunological	characteristics	identified	with	an	additional	

layer	of	information	collected	via	the	re-sequencing	data,	i.e.	immune	gene	repertoires	within	species	at	the	

population-level,	to	achieve	even	deeper	insight	into	how	teleosts	immunity	is	influenced	by	environmental	

conditions	and	local	adaptation.	In	this	regard,	heritable	differences	in	disease	resistance	have	been	reported	

when	comparing	costal	cod	vs.	the	more	migratory	northeast	Arctic	cod.	Challenge	experiments	showed	that	

northeast	Arctic	cod	is	more	susceptible	for	viral	nervous	necrosis	than	costal	cod,	whereas	their	F1	

crossbreeds	showed	an	intermediate	response
25
.	
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1.2c	Position	3	(WP	3):	Decoding	fish	immunity.		
A	post	doc	with	experience	in	experimental	immunology	and/or	cell	biology	and	ideally	CRISPR-	technology	will	

be	hired.	A	suite	of	in	vitro	primary	cell	culture	models	including	macrophages	and	erythrocytes	are	in	place,	

supported	by	an	analytical	approach	including	flow	cytometry	and	confocal	microscopy	(immunofluorescence:	

Smartflare	and	antibody-based	assays),	cytokine	assays	(absolute	rtQPCR)	and	cellular	activation	assays	

(phagocytosis,	phosphorylation	assays),	that	aim	to	elucidate:	1)	intracellular	localization	and	regulation	of	

cross-presentation	pathway	components	supported	by	a	novel	(in	fish)	lentiviral	transfection	system	(VSVg-

based)	for	example	to	localize	intracellular	TLR9-phagosome	interaction	and/or	manipulate	pathway	

constituents,	2)	characterization	of	PAMP	(pathogen-associated	molecular	patterns)-TLR9	and	PGN	

(peptidoglycan)-NOD	interactions	and	associated	signalling	pathways,	3)	development	of	a	cross	presentation	

assay	(mouse	H2-Kb	based	model)	and	4)	construct	a	model	of	MHC	class	I	antigen	presentation	and	bacterial	

recognition	in	cod’s	Antigen-presenting	cells.	

Polyclonal	antibodies	will	be	generated	by	commercially	available	services	when	the	antigen	target	of	

interest	(e.g.	CD19	as	a	B-cell	marker,	β2m	as	the	obligate	light	chain	of	all	classical	MHC	class	I	molecules)	is	

recombinantly	expressed	and	purified	in	prokaryote	cells.	Alternatively,	research	groups	at	CIR	have	the	

knowledge	and	ability	of	generating	highly	specific	monoclonal	antibodies	by	phage-display	technology.	

Specific	antibodies	will	be	used	in	pull-down	experiments	where	for	instance	functional	mature	MHC	I	proteins	

are	identified	by	mass	spectrometry	of	proteins	pulled	down	by	anti-β2m	antibodies.	Similarly,	the	identity	of	

endogenous	and	foreign	peptides	bound	to	the	MHC	class	I	proteins	will	be	probed	by	mass	spectrometry.	

Prior	to	initiation	of	the	experiments	with	non-model	species	will	we	establish	the	zebrafish	

CRISPR/Cas9	together	in	the	COMPARE	consortium.	This	will	give	the	necessary	hands-on	experience	when	it	

comes	to	the	technology,	and	will	be	a	way	to	test	and	compare	results.	We	will	design	the	different	CRISPR	

oligos	based	on	the	genomic	information,	perform	cloning	and	T7	driven	expression	of	gRNA	and	then	inject	

the	CRISPR	RNA	together	with	cas9	mRNA	into	eggs	–	according	to	established	protocols
19,	22

.	The	injection	

procedure(s)	will	be	adapted	for	each	species.	Herring	eggs	should	in	principle	be	easy	to	handle	due	to	their	

stickiness	onto	solid	surfaces.	Challenges	include	egg	survival,	embryogenesis,	larval	survival	and	development.	

If	we	manage	here,	we	believe	that	the	technology	can	be	adapted	to	several	other	species	of	aquaculture	

interest	including	wrasses	(Labridae)	and	flatfishes	(or	even	invertebrates).	The	genes	for	CRISPR	targeting	will	

be	chosen	based	on	the	results	we	achieve	in	the	other	WPs.	An	important	criterion	will	be	to	target	regions	

that	are	unique	and	avoid	choosing	genes	with	multiple	copies	with	redundant	or	overlapping	functions.	The	

reference	genomes	and	the	functional	understanding	we	achieve	in	the	other	WPs	will	be	crucial	here.	The	

obvious	candidate	genes	for	CRISPR/Cas9	knockouts	will	be	those	that	are	central	to	the	innate	or	adaptive	

immune	system,	including	the	genes	we	have	obtained	promising	results	for	in	WP	1,2,3.	Immune	genes	such	

as	MHC	I	and	II,	TLRs,	NOD	receptors	and	many	more	may	potentially	be	notoriously	difficult	to	target	since	

there	are	so	many	copies	(of	high	similarity).	However,	in	a	recent	paper	Chakrapani	et	al.	
26
	have	shown	that	

they	are	able	to	knock	out	the	TLR	22	in	the	common	carp.	Nevertheless,	other	low	copy	genes	such	as	CD4	

associated	with	the	MHC	II	pathway	or	single	copy	regulators	essential	for	innate	functionality,	would	be	more	

obvious	candidates.		

	

1.2d	Position	4:	Responsible	Research	and	Innovation.		
One	PhD	position	will	be	allocated	to	develop	the	RRI	aspects	of	the	COMPARE	project.	Located	at	the	TIK-

Centre,	this	PhD	project	will	cooperate	closely	with	ongoing	work	there.	The	aforementioned	Little	Tools	ERC	

project	team	studies	the	rapidly	changing	relations	between	societal	"grand	challenges",	innovation	and	

fundamental	research	–	with	aquaculture,	biotechnology	and	the	bioeconomy	as	key	focus	areas.	These	issues	

are	highly	pertinent	to	address	in	an	RRI	setting,	and	will	contribute	to	COMPARE	on	four	interrelated	points:	1)	

Develop,	participate	in	and	enhance	transdisciplinary	communication,	which	is	already	a	key	practical	

challenge	and	deliberate	element	in	COMPARE	and	a	precondition	for	inclusive	and	responsive	research	and	

innovation.	The	proposed	crash	courses	organized	to	facilitate	this	communication	will	include	perspectives	

from	social	science	and	humanities.	2)	Investigate	different	meanings	of	value-creation	in	order	to	enable	
reflexivity	around	current	framings	of	innovation	and	responsibility:	What	does	“responsibility”	imply	in	
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practice	when	related	directly	to	innovation,	economic	growth	and	societal	challenges?	How	does	this	affect	

the	way	researchers	judge	what	is	of	value	in	ongoing	and	future	research?	This	is	an	important	contribution	in	

order	to	foster	dialogue	around	ongoing	research	in	1)	and	3).	Regular	interviews	with	project	participants	will	

be	conducted	and	group	discussion	organized.	This	continues	the	fruitful	line	of	work	undertaken	by	Asdal	

through	the	Aqua	Genome	project,	where	valuation	is	a	key	theme.	3)	Immunology,	comparative	medicine	and	

their	implications	in	wider	societal	issues	is	a	rich	topic	of	study	within	STS	and	the	history	of	science.	Situating	

COMPARE	in	relation	to	this	body	of	work	as	well	as	known	issues	and	controversies	will	enable	a	connection	

to	questions	that	arise	from	the	extraordinarily	rich	life	of	“immunity”	and	cognate	terms	as	politically	and	

culturally	significant	concepts.
27
		This	is	furthermore	an	important	heuristic	early	in	the	project	period,	in	order	

to	map	possible	concerns	and	wider	questions	the	project	may	raise.	4)	The	first	three	points	will	help	build	an	

arena	to	develop	an	ongoing	dialogue	about	general	aims	and	societal	challenges,	and	their	relation	to	the	

more	specific	research	questions	addressed	within	COMPARE.	This	should	provide	a	solid	platform	to	engage	

directly	with	controversial	questions	that	the	project	is	likely	to	raise	as	it	progresses.	Gene	editing	and	the	

CRISPR/Cas9	methods	is	currently	a	high	profile	controversy	in	political,	regulatory	and	juridical	debates	on	

biotechnology.	Beyond	“acceptability”	and	the	simple	for	or	against	new	technologies,	gene	editing	raises	

crucial	questions:		What	traits	and	species	to	target,	with	which	aims	in	mind,	and	within	what	configuration	of	

intellectual	property,	societal	and	commercial	interests?	This	is	similarly	relevant	for	vaccine	development,	

whether	for	aquaculture	or	human	medicine.	Priorities	and	selections	between	alternative	routes	invariably	

depend	on	assumptions	made	from	a	wide	variety	of	sources	–	such	as	future	production	systems	of	

aquaculture,	profitability	expectations,	long-term	market	trends	or	fisheries	management	under	climate	

change.	What	does	"responsibility"	entail	in	practice	here	–	and	how	does	it	translate	to	the	selection	of	goals	

of	COMPARE?	

Under	1)	the	position	will	participate	in	the	organization	of	activities	common	to	the	whole	COMPARE	

environment.	Points	2-4)	outline	problematics	to	be	addressed	for	COMPARE	as	such,	and	are	simultaneously	

key	research	topics	within	the	STS	group	at	TIK.	The	work	will	involve	a	variety	of	approaches	–	interviews,	

participant	observation	of	planning	and	research	practices,	as	well	as	stakeholder	meetings	or	similar	formats	

of	engaging	both	internal	and	external	actors	in	the	wider	questions	raised.	All	PIs	will	contribute	to	the	RRI	

project	and	the	PhD	will	be	supervised	by	a	team	that	in	addition	to	social	scientists	also	will	include	biology	

and	biomedical	expertise.	

1.3	Milestones	and	deliverables	��

Milestones:	

• Select	species	and	sample	populations	of	codfishes	(and	non-gadiforms)	for	population	genomics	

(November	2017)	

• Establish	the	convergence	team	and	a	transdisciplinary	RRI	research	group	(between	October	-	

December	2017)		

• Fish	population	(re)sequencing	(starting	December	2017,	finished	December	2018)	

• Development	of	antibody	reagents	(between	June	–	December	2018)	

• Establish	a	pipeline	for	single	cell	transcriptomics	on	cod	(January	2019)	

• Establish	the	role	of	TLR9	and	NOD	signaling	(between	November	2018	and	mid-	2019)	

• Establish	whether	or	not	cross-presentation	by	MHC	I	is	a	pathway	in	cod	(at	the	earliest	December	

2018,	most	likely	mid-2019)	

• Proof	of	principle	of	CRISPR/Cas9	gene	modification	of	non-model	teleosts	(2020)	

• First	results	from	immune	gene	modified	fish	(2021)	

	

Deliverables:	1)	A	new	knowledge	platform	in	comparative	immunology.	2)	A	strategically	important	

collaboration	between	the	top	notch	CEES	and	CIR.	3)	An	improved	understanding	of	how	the	immune	system	

can	adapt	to	lack	of	CD4+	T	cells	and	new	strategies	for	treating	immune	diseases.	4)	New	antibodies	for	fish	
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immunology	(and	imaging).	5)	New	gene	modification	tools	for	fish	(aquaculture).	6)	Improved	strategies	for	

fish	vaccines.	7)	A	new	breed	of	life	science	oriented	social	scientists.	7)	Laying	the	foundation	for	future	RCN,	

ERC,	Horizon	2020	and	CoE	funding.	

2	-	Consortium	and	organization		

Consortium	leader	(CL),	prof.	Kjetill	S	Jakobsen	–	a	core	member	of	the	CoE	CEES	–	has	a	long	experience	in	

evolutionary	and	comparative	genomics,	and	has	led	(and	leads)	several	large	genomic	projects	including	

sequencing	of	the	Atlantic	cod	genome,	the	Aqua	Genome	Project	and	the	Toppforsk	“REPEAT”	project.	The	co-

CL	Sissel	Jentoft	has	a	PhD	from	the	Norwegian	University	of	Life	Sciences	(NMBU)	within	fish	

physiology/endocrinology	and	combines	her	expertise	in	fish	biology	and	physiology	with	a	thorough	

understanding	of	population	genomics	and	genomics	technologies.	Jakobsen	and	Jentoft	have	a	well-

documented	track	record	of	collaborating	–	exemplified	by	high	profiles	papers	such	as	the	Atlantic	cod	

genome	
2
	and	the	loss	of	MHC	II	from	the	entire	Gadiformes	lineage

3
.	Both	assoc.	prof.	Shuo-Wang	Qiao	and	

prof.	Oddmund	Bakke	are	group	leaders	at	the	CoE	CIR	with	complementary	expertise.		Qiao	is	a	MD,	PhD	and	

associated	professor	in	immunology	at	the	faculty	of	Medicine	whose	research	has	a	particular	focus	on	the	

CD4+	T	cells	in	human	disease	models.	Her	lab	has	set	up	single-cell	analysis	of	the	T-cell	receptor,	as	well	as	

single-cell	transcriptomics	for	human	T	cells.	The	Qiao-group	is	also	a	part	of	the	K.	G.	Jebsen	Centre	for	Celiac	

Disease	Research.	The	focus	of	the	Bakke	group	is	investigations	of	intracellular	compartments,	in	particular	

related	to	antigen	processing,	antigen	loading	and	antigen	presentation
28
.	Further,	within	intracellular	

trafficking	in	model	and	immune	cells	assoc.	prof.	Cinzia	Progida	and	her	group	have	extensive	experience	and	

prof.	Finn-Eirik	Johansen	will	contribute	with	his	knowledge	in	comparative	immunology.	Prof.	Geir	Storvik,	

Dept.	of	Mathematics	and	Prof.	Ole	Christian	Lingjærde,	Dept.	of	Informatics,	are	leading	scientists	and	

professors	within	the	bio-statistics	and	bioinformatics	fields,	and	both	have	substantial	experience	in	cross	

disciplinary	life	science	projects.	Storvik	and	Lingjærde	are	core	scientists	in	the	Centre	for	Computational	

Inference	in	Evolutionary	Life	Sciences	(CELS)	Strategic	Research	Initiative	(SRI).	Kristin	Asdal	is	professor	at	the	

TIK	Centre	at	the	Faculty	of	Social	Sciences.	She	heads	the	ERC	project	“Little	Tools”	and	she	has	been	involved	

in	ELSA	research	in	the	ongoing	Aqua	Genome	Project	and	in	the	RRI	group	at	DLN.	Asdal	has	strong	

competence	in	social	sciences	studies	of	life	sciences,	biotechnology,	medicine	and	aquaculture. Central	
international	collaborators	include	prof.	Simon	MacKenzie,	Univ.	of	Sterling,	UK	and	prof.	Thorsten	Reusch	and	

Dr	Olivia	Roth,	GEOMAR	Helmholz	Centre	for	Ocean	Research,	Kiel,	Germany.	Mackenzie	is	an	expert	in	fish	

immunology	and	experimental	biology	and	Reusch/Roth	are	fish	biologists	with	a	strong	expertise	in	the	

biology	and	alternative	immune	system	of	pipefishes.		In	sum,	the	entire	consortium	represents	a	combination	

of	national	and	international	scientists	with	in-depth	experience	with	the	latest	methods	and	analytical	tools	

and	the	merited	scientists	have	large	international	networks	–	and	in	total	this	consortium	will	be	highly	

synergistic.		

We	here	apply	for	two	PhD	positions	(each	for	4	years	with	25%	compulsory	work)	and	two	post	doc	

positions	(each	for	4	years).	Further,	we	have	been	awarded	a	post	doc	position	(4	years)	to	Digital	Life	

research	from	UiO	(The	Faculty	of	Mathematics	and	Natural	Sciences),	and	this	post	doc	(already	appointed	–	

Marine	Servane	Ono	Brieuc)	will	focus	on	the	activities	connected	to	COMPARE,	if	this	proposal	is	funded.	She	

will	in	particular	devote	her	time	to	WP	3,	but	she	will	also	contribute	to	the	bioinformatics	challenges	

associated	with	WP1	and	2.	The	appointed	PhD	candidate	and	post	docs	will	be	supervised	by	the	CL	or	co-CL	

as	well	as	a	selected	team	of	the	other	PIs	and/or	the	other	partners.	The	supervision	teams	will	be	set	up	so	

that	there	is	a	clear	overlap	between	them	–	to	ensure	optimal	communication.	The	supervising	team	of	the	

RRI	postdoc	will	also	include	some	of	the	biomed	or	biology	partners.	

For	the	entire	consortium	there	will	be	annual	meetings	(alternately	physical	and	web	conference),	

and	a	start-up	meeting	is	planned	as	soon	as	the	project	is	initiated	(2017).	Meetings	for	the	individual	WPs	will	

be	held	at	least	3-4	times	per	year.	The	CELS	strategic	research	initiative	(see	also	Feasibility)	has	been	

allocated	an	area	on	the	collaborative	software	development	website	github.com	with	non-public	repositories	

which	will	also	be	used	by	COMPARE	for	software	development	and	release	during	the	project	period.	For	the	
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industry/innovation	and	stakeholder	communication	and	activities	we	plan	to	take	advantage	of	the	

organization	and	human	resources	to	be	established	in	the	DLN	in	WG	2	–	Innovation	and	Industry	Involvement	

and	WG	5	Communication	–	(both	lead	by	UiO).	We	will	also	have	frequent	meetings	with	the	Technology	

Transfer	Offices	(TTO)	at	UiO	(Inven2).		

Feasibility:	The	CLs	have	several	years	of	project	management	experience	(Atlantic	cod	genome	project	2008-

2011,	Aqua	Genome	Project	2013-,	several	other	on-going	NFR-funded	research	projects)	and	an	extensive	

track	record	in	publications	on	relevant	subjects.	The	CEES	CoE	is	a	world-class	scientific	and	vibrant	

environment	with	a	multidisciplinary	tradition,	and	known	as	a	highly	efficient	centre	for	successful	completion	

of	large	research	projects.	CELS	is	a	Strategic	Research	Initiative	(SRI)	funded	with	around	21	million	NOK	by	

The	Faculty	of	Mathematics	and	Natural	Sciences,	UiO	and	is	headed	by	prof.	Jakobsen.	Although	CELS	is	

focusing	on	computational	methods	in	evolutionary	life	sciences,	while	COMPARE	has	a	focus	on	experiments	

and	comparative	immunology,	this	SRI	will	strongly	contribute	to	the	feasibility	of	COMPARE	(due	to	

established	network	and	bioinformatics	and	statistics	competence).	Also	highly	relevant	for	the	feasibility	of	

this	project	is	the	ongoing	RCN	projects	ComparaCod	and	REPEAT	(“Toppforsk	programme”).	In	the	

ComparaCod	project	we	have	generated	a	large	number	of	teleost	draft	genomes
3
,	laying	the	foundation	for	

generating	selected	reference	genomes.	Furthermore,	the	ComparaCod	project	addresses	the	basic	

mechanisms	behind	the	special	immune	system	of	Atlantic	cod
3,	6
.	In	the	REPEAT	project	experimental,	

bioinformatical	and	statistical	methods	are	used	to	investigate	the	functional	importance	of	the	dynamic	

nature	of	simple	repeats	in	fish	and	plant	genomes.	The	project	is	funded	with	25	million	NOK.	In	addition,	the	

Norwegian	Sequencing	Centre	has	a	proven	track	record	in	providing	sequencing	data	using	state-of-the-art	

instruments	and	the	latest	protocols,	and	will	be	the	main	responsible	for	sequencing	data	generation.	

Likewise,	NorMIC	has	through	substantial	funding	from	the	RCN	the	best	possible	imaging	equipment	and	

expertise	in	Norway.	The	national	members	have	the	background,	facilities	and	collaborative	network	

necessary	for	tackling	the	proposed	experimental	work,	and	providing	us	with	relevant	samples.	Our	

international	partners	have	strong	track	records	and	will	perform	parts	of	the	experimental	work,	and	provide	

the	necessary	support.	Finally,	our	industry	partners	will	provide	the	innovation	perspectives,	consulting	and,	

together	with	the	TTOs	and	governmental/management	partners,	the	necessary	commercialization	

perspectives.	In	planning	the	projects	of	COMPARE	we	will	also	benefit	from	the	DLN	Centre	–	and	the	

innovations	and	communication	platforms	here.		

COMPARE	–	strategic	relations	to	infrastructures,	BIOTEK	2021	and	Digital	Life:	The	proposal	is	related	to	marine	

biotech	(fisheries	and	aquaculture)	and	biomedicine	–	2	of	the	4	prioritized	areas	of	BIOTEK	2021.	COMPARE	

builds	 upon	 on	 two	 highly	 developed	 national	 infrastructures,	 the	 NSC	 and	 the	 Norwegian	 Advanced	 light	

Microscopy	 Network	 (NALMIN	where	 Oslo	 NorMIC	 is	 the	 central	 EurobioImaging	 Node).	 Further,	 important	

data	generation	has	been	carried	out	by	Aqua	Genome	Project	 (BIOTEK2021),	and	the	COMPARE	consortium	

represents	 an	 internationally	 strong	 competence	 in	 marine	 genomics	 and	 bioinformatics.	 Recently,	 Kjetill	 S	

Jakobsen	was	awarded	a	post	doc	from	UiO	dedicated	to	Digital	Life.	 It	 is	natural	that	the	post	doc	 joins	this	

proposed	 project.	 Further,	 CoE	 funding	 from	 RCN	 to	 CEES	 has	 led	 to	 a	world-class	 Norwegian	 environment	

combining	 genomics,	 ecology	 and	 evolutionary	 research	 with	 computational	 approaches.	 In	 this	 proposal	

however,	we	are	extending	beyond	the	CEES	research	portfolio	to	immunology.	Similarly,	the	participation	of	

two	 research	groups	 from	CIR,	 another	RCN-funded	CoE	with	main	 research	 interest	 in	human	 immunology,	

will	 thus	 extend	 the	 CIR	 research	 area	 into	 comparative	 immunology.	 Funding	 of	 COMPARE	will	 provide	 an	

efficient	return	of	substantial	 investments	and	funding	by	leveraging	a	 leading	environment	already	designed	

for	Digital	Life	(DL)	science:	strategically	wise	for	RCN,	DL	and	UiO.��

�
UiO	–	Life	science	strategy:	From	an	interdisciplinary	and	convergence	point-of-view	life	science	is	the	main	

priority	of	the	University	of	Oslo,	and	has	launched	a	new	cross-disciplinary	program,	UiO:Life	Science	-	

responsible	for	the	implementation	of	the	UiO	Life	Science	strategy	(www.uio.no/forskning/vi-forsker-

pa/naturvitenskap-teknologi/lv-strategi.pdf).	UiO	will	utilize	the	competence	within	generic	disciplines	such	as	
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medicine,	mathematics,	statistics	and	informatics,	as	well	as	social	sciences	and	humanities	(here	relevant	for	

RRI),	in	life	sciences.	Further	supporting	the	convergence	concept	is	the	Computational	Life	Science	Oslo:	a	

multidisciplinary	competence	platform	to	be	established	at	UiO	from	2016/17.	Relevant	resources	for	

COMPARE	include	the	Abel	supercomputing	(HPC)	cluster,	USIT,	the	initiative	Computation	in	Science	

Education,	the	CEES	High	Performance	Computing	resources	(wiki.uio.no/mn/bio/cees-bioinf,	also	

bit.ly/CodeX_HPC_infrastructure),	allocations	on	the	national	Norwegian	e-Infrastructure	

(www.notur.no/about,	www.norstore.no/about)	and	the	national	service	platforms	for	bioinformatics	(ELIXIR),	

imaging	(Normic)	and	HTS.	Further,	the	Faculty	of	Mathematics	and	Natural	Sciences	(MN)	has	recently	funded	

SRIs	including	a	Centre	for	Computational	Inference	in	Evolutionary	Life	Sciences:	(CELS:	

www.mn.uio.no/cees/english/research/groups/cels)	a	transdisciplinary	environment	that	will	act	in	a	

synergistic	way	to	COMPARE,	within	life	Sciences,	statistics	and	informatics.	CELS	is	a	pure,	but	quite	broad,	

computational	life	science	SRI	–	not	performing	any	kind	of	experimental	work.	In	COMPARE	–	a	comparative	

immunology	convergence	environment	–	the	experimental	approaches	are	central.	However,	the	

bioinformatics	and	statistical	competence	generated	by	CELS	represents	a	great	asset	for	COMPARE.	CELS	is	a	

collaboration	between	the	Departments	of	Mathematics,	Informatics	and	Biosciences	and	is	supported	with	6	

PhD	positions	for	the	period	of	2014	–	2019	(around	21	Million	NOK	from	UiO).	The	core	idea	of	CELS	is	to	bring	

computational	and	biological	sciences	together.	There	is	some	overlap	between	scientists	participating	in	

COMPARE,	i.e.	Sissel	Jentoft,	Kjetill	S	Jakobsen,	Geir	Storvik,	Ole	Christian	Lingjærde	are	core	members	of	both	

initiatives.	Thus,	this	will	also	promote	synergies.	 	 	

3.	Impact	(innovation	and	societal	impact;	RRI)	

Innovation:	Atlantic	cod	(as	well	as	other	codfishes)	are	potential	future	aquaculture	species.	Development	of	

efficient	vaccines	for	cod	has	not	been	straightforward.	The	understanding	of	the	special	immune	system	–	

both	functional	and	comparatively	–	is	key	to	efficient	vaccine	development	utilizing	alternative	pathways	

compared	to	standard	vaccines.	Here,	a	substantial	innovation	potential	exists.	Our	proposed	study	of	immune	

variation	between	stocks	(associated	with	local	adaptation)	will	be	crucial	for	future	management	–	and	since	

this	is	the	first	time	anyone	have	addressed	this	in	such	a	setting,	the	prospects	of	innovation	are	substantial.	

This	project	will	also	generate	genomic	resources	for	economically	important	species	–	essential	for	

management,	potential	breeding	programs	and	bioprospecting	of	commercially	important	cold-adapted	

enzymes	(shrimp	alkaline	phosphatase	is	such	an	example	of	a	commercialized	low	temperature	enzyme).	

Establishment	of	the	CRISPR/Cas	technology	on	none	model	marine	species	will	open	up	unprecedented	

innovation	opportunities	for	targeted	genetic	modification	of	future	aquaculture	species.		Even	though	such	

genetic	modifications	are	controversial	also	among	the	consumers	(see	below	–	and	the	proposed	RRI	

research),	it	is	not	unlikely	that	genetically	modified	food	will	be	accepted	quite	soon	–	even	in	Europe.	Finally,	

a	deeper	understanding	of	variations	in	the	immune	system	in	general	is	likely	to	lead	to	medical	innovation.	

Societal	impact:	This	project	will	generate	results	of	importance	to	aquaculture	and	fisheries	as	well	as	results	

of	medical	importance.	For	aquaculture,	new	ways	of	producing	vaccines,	thus	making	it	possible	to	establish	

new	aquaculture	species	will	have	societal	impact	in	terms	of	creating	new	jobs.	For	the	fisheries	industry,	

sustainable	future	management	of	stocks	requires	an	understanding	of	the	population	structure	-	including	

stock-specific	immune	system	variations.	Regarding	a	future	continued	demographic	structuring	in	Norway	

sustainable	fisheries	may	be	even	more	important	than	aquaculture.	In	a	longer	term	perspective	this	project	is	

likely	to	contribute	to	genetic	editing	of	fish	species	for	aquaculture.	Applying	gene	editing	on	aquaculture	

species	is	controversial.	This	controversy	will	be	one	of	the	themes	for	the	RRI	activities	of	this	project.	From	a	

medical	perspective	–	life	without	MHC	II	(i.e.	codfishes)	–	will	have	a	huge	impact	on	our	understanding	

autoimmune	disease	and	alternative	vaccine	strategies	applicable	to	humans.	

Communication	and	dialogue	with	society:	The	activities	will	be	carried	out	as	an	integral	part	of	the	Digital	Life	
Norway	Communication	(WG	5:	http://www.ntnu.edu/web/dln/inreach-and-outreach).	Large	emphasis	will	be	

put	on	communication	of	activities	and	results	beyond	scientific	publications.	We	will	utilize	traditional	media	
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(print	and	websites	like	forskning.no)	and	encourage	the	participants	to	be	active	and	open	about	their	

research	in	social	media.	A	dedicated	web	page	will	explain	the	research	in	an	understandable	way.	In	

collaboration	with	The	Norwegian	Biotechnology	Advisory	Board	two	open	meeting	will	be	organized,	where	

we	will	invite	politicians,	policy	makers,	media	and	the	public	to	discuss	the	future	of	marine	biotechnology	

innovation	and	value	creation	in	light	of	the	knowledge	generated	through	COMPARE	and	the	RRI	activities.	We	

will	make	active	use	of	the	dedicated	communication	officer	at	IBV	to	achieve	our	goals.	Through	the	activities	

under	WG	5	in	DLN	we	will	have	access	to	a	national	and	extensive	network	that	includes	various	relevant	

industry,	universities,	research	institutes	and	different	governmental	and	management	bodies.	Scientific	

publications	will	be	made	Open	Access.		

4	Budget		

4.1	total	cost	�	

The	CE	is	scheduled	to	start�last	quarter	of	2017	and	last	until	mid-2022.	Two	of	the	positions	(phD	and	post	

doc)	are	planned	to	start	last	quarter	2017,	the	two	other	positions	are	planned	for	mid	2018.	The	estimated	

total	cost	for	this	period	is	around	24	mill	NOK	(see	Table	1).	We	plan	to	obtain	additional	public	funding	

through	applications	to	RCN	including	a	new	CoE	when	the	new	call	from	RCN	is	out.	Further,	the	consortium	

leader	(Jakobsen)	and	the	PI	(Qiao)	will	apply	for	ERC	advanced	and	consolidator	grants,	respectively.	Public	

funding	already	in	place	for	the	project	include	a	4-year	post	doc	position	to	Brieuc	(UiO	–	Digital	Life),	funding	

for	genome	sequencing	from	the	Aqua	genome	project	(RCN	–	Biotek	2021)	and	ComparaCod	(RCN	–	FriPro),	

and	REPEAT	(RCN-	Toppforsk).	In	addition,	there	will	be	synergies	with	the	CELS	SRI	financed	by	UiO	(around	20	

mill	NOK)	

	

	

		 		 			2	017		 					2	018		 					2	019		 					2	020		 					2	021		 			2	022		 	TOTAL		

	Total	cost		 		 		 		 		 		 		 		

		

Personel	cost	incl.	social	cost	

and	overhead	 	775	446		 	4	009	243		 	5	212	112		 	5	212	112		 	3	945	850		 	712	052		 	19	866	815		

		 Expenses	and	other	activities	 	175	000		 	1	250	000		 	1	250	000		 	1	125	000		 					575	000		 	125	000		 				4	500	000		

Total	cost	 	950	446		 	5	259	243		 	6	462	112		 	6	337	112		 	4	520	850		 	837	052		 	24	366	815		

		 		 		 		 		 		 		 		 		

	Funding	from	Life	Sciences		 		 		 		 		 		 		 		

		 PhD	1,	stilling	 0,25	 1,00	 1,00	 1,00	 0,75			 																				4		

		 PhD	2,	stilling	 		 0,50	 1,00	 1,00	 1,00	 0,50	 																				4		

		 Post	doc	1,	stilling	 		 0,50	 1,00	 1,00	 0,50			 																				3		

		 Post	doc	1,	stilling	 0,25	 0,75	 0,75	 0,75	 0,50			 																				3		

		 Total	PhD	and	Post	doc		 375	000	 2	050	000	 2	800	000	 2	800	000	 2	025	000	 350	000	 	10	400	000		

		 Expenses	 				75	000		 					750	000		 					750	000		 					625	000		 					175	000		 	125	000		 				2	500	000		

		 Other	activities	 				50	000		 					250	000		 					250	000		 					250	000		 					200	000		 		 				1	000	000		

	Total	funding	from	Life	Sciences		 	500	000		 	3	050	000		 	3	800	000		 	3	675	000		 	2	400	000		 	475	000		 	13	900	000		

		 		 		 		 		 		 		 		 		

	Total	own	financing		 	450	446		 	2	209	243		 	2	662	112		 	2	662	112		 	2	120	850		 	362	052		 	10	466	815		

Table	1	-	Budget	
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4.2	Funding	sought	from	UiO:Life	Science		

The	funding	sought	from	UiO:Life	Science	is	described	in	Table	1	and	includes	4	positions	–	2	post	docs	and	2	

PhDs	–	each	for	4	years.	For	the	post	docs,	the	fourth	year	will	be	funded	by	IBV	(included	in	the	budget).	The	

host	units	will	provide	the	necessary	facilities	and	basic	office	equipment.	In	the	budget	we	have	included	

250.000	NOK	in	laboratory	expenses	per	year	for	three	of	the	positions.	The	planned	experiments	including	

genome	and	transcriptome	sequencing	(WP	1	and	2;	position	1	and	2),	generation	of	antibodies	and	

experimental	cell	biology	(WP	3;	position	3)	is	very	expensive	and	more	than	250.000	will	be	needed	to	carry	

out	the	yearly	experimental	work	connected	to	the	three	(lab)	positions.	The	resequencing	of	selected	

individuals	representing	distinct	populations	of	several	gadiform	and	non-gadiform	species	(see	1.2b	–	position	

2)	will	alone	amount	to	1.5	million	NOK	(500-600	individuals	-	20-30x	Illumina	coverage).	Further	the	single	cell	

transcriptomics	establishment	and	RNAseq	will	have	an	estimated	cost	of	1-1,2	mill	NOK	(see	1.2a	–	position	1).	

The	other	experimental	activities	(cell	experiments,	imaging,	production	of	antibodies,	proteomics	and	

CRISPR/Cas	experiments)	are	estimated	to	cost	around	1	mill	NOK	for	the	project	period	(see	1.2	a,	1.2c	–	

position	3).	We	will	therefore	provide	substantial	additional	funding	for	lab	expenses	through	the	ongoing	RCN	

projects	(see	4.1)	as	well	as	future	funded	projects.	We	have	also	applied	for	250.000	per	year	for	convergence	

activities	including	funds	for	bringing	the	foreign	associates	to	Oslo,	travel	for	the	PhDs	and	post	docs	and	PIs,	

meetings,	seminar,	symposia	(including	transdisciplinary	and	RRI	activities)	as	well	as	outreach	(see	

Communication	and	dialogue	with	society).	

4.3	Support	from	host	department	(or	other	UiO	unit)	and	collaborating	departments	(other	units)	

Support	letters	from	the	units	are	submitted	separately.	
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