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Challenges in aquaculture of Atlantic cod Challenges in aquaculture of Atlantic cod 
during early developmental stages:during early developmental stages:

1)1) Growth is critical in the startGrowth is critical in the start--feeding phasefeeding phase

during early developmental stages:during early developmental stages:

)) g pg p
–– Larvae showing an early onset of growth maintain their lead Larvae showing an early onset of growth maintain their lead 

until metamorphosisuntil metamorphosis
–– They also show better survival and viability in later stagesThey also show better survival and viability in later stages

2)2) Optimal nutrition is a prerequisite for growthOptimal nutrition is a prerequisite for growth

3)3) The digestive capability may be affected by feed The digestive capability may be affected by feed 
type  dietary composition and diet concentrationtype  dietary composition and diet concentrationtype, dietary composition and diet concentrationtype, dietary composition and diet concentration

4)4) The molecular basis for these are not understoodThe molecular basis for these are not understood
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Pancreatic response to diet Pancreatic response to diet pp
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Nutritional regulation of endocrine functionsNutritional regulation of endocrine functions

•• Food intake and endocrine function are probably closely coupledFood intake and endocrine function are probably closely coupled

Brain:Brain:Brain:Brain:
••NeuropeptidesNeuropeptides
••NeurotransmittersNeurotransmitters

Pituitary:Pituitary:
brain

pituitary
Interrenal

••Protein and Peptide hormonesProtein and Peptide hormones

Liver:Liver:
••Growth factorsGrowth factors gonad

Gastrointestinal tract

Pancreas

Interrenal

Thyroid

Pancreas:Pancreas:
••Pancreatic peptide hormonesPancreatic peptide hormones

Gonad and interrenal:Gonad and interrenal:
St id hSt id h

liver

••Steroid hormonesSteroid hormones

Thyroid:Thyroid:
••Thyroxine / TriiodothyronineThyroxine / Triiodothyronine
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”later effects””later effects”
A mechanistic approachA mechanistic approach
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”early effects””early effects”

New technologiesNew technologies
Lack of informationLack of information
Most studies conducted Most studies conducted 

on mammalian systemson mammalian systems
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Main ObjectivesMain Objectives
1.1. Develop quantitative and qualitative molecular Develop quantitative and qualitative molecular 

markers for the ontogeny of digestive capability, feed markers for the ontogeny of digestive capability, feed 
uptake and feed preferences in cod larvaeuptake and feed preferences in cod larvaeuptake and feed preferences in cod larvaeuptake and feed preferences in cod larvae

2.2. We We hypothesized that manipulation of nutrition feeding hypothesized that manipulation of nutrition feeding 
t l  ill d  diff ti l h l d t l  ill d  diff ti l h l d protocols will produce differential hormonal and protocols will produce differential hormonal and 

digestive gene expression patterns digestive gene expression patterns whose functional whose functional 
products will modulateproducts will modulate early growth and development early growth and development pp y g py g p
of cod larvaeof cod larvae

A i tif
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Feeding regimeFeeding regime

1 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 34 50

Days post hatch

x3 Acartia (Rhodomonas)

GW

x3 Rotifers (Rhodomonas)x3 Rotifers (Rhodomonas)

GW DF (Gemma µ)

x3 Rotifers (Yeast/algeapaste/Marol E)

GW DF (Gemma µ)

x3 Rotifers (Yeast/algeapaste/Marol E)

Artemia (Marol E)Artemia  (Marol E)

GW DF (Gemma µ)
5,5-10 oC/4x 11-12 oC/8x
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mRNA abundance during larval growh mRNA abundance during larval growh 
55--50 dph50 dph
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mRNA abundance during larval growh mRNA abundance during larval growh 
55--50 dph50 dph
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Overall mRNA abundance Overall mRNA abundance 
during larval growth:during larval growth:during larval growth:during larval growth:

•• Significant transcript levels of all genes examined Significant transcript levels of all genes examined 
 b d t 5 d h b d t 5 d hwere observed at 5 dphwere observed at 5 dph

•• mRNA levels of digestive enzymes (trypsin, mRNA levels of digestive enzymes (trypsin, mRNA levels of digestive enzymes (trypsin, mRNA levels of digestive enzymes (trypsin, 
amylase, lipase) decreased during larval growthamylase, lipase) decreased during larval growth

I t ti l  PLA2 RNA l l  i d  I t ti l  PLA2 RNA l l  i d  •• Interestingly, PLA2 mRNA levels increased over Interestingly, PLA2 mRNA levels increased over 
500500--fold from 5 to 50 dph fold from 5 to 50 dph 

•• Generally, mRNA levels of neural and growth Generally, mRNA levels of neural and growth 
controlling factors increased from 5 to 29 dphcontrolling factors increased from 5 to 29 dph
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Influence of feed on digestive enzyme gene expressionInfluence of feed on digestive enzyme gene expression

3 0
T i ** 2 5

1,5

2,0

2,5

3,0
Trypsin

g
ro

u
p

g
ro

u
p

1,5

2,0

2,5
Amylase

**

**

**

0,0

0,5

1,0

,

8 16 298 16 29 8 16 29

n
tr

o
l 
d
ie

t 
g

n
tr

o
l 
d
ie

t 
g

0,0

0,5

1,0

8 16 298 16 29 8 16 29

RotifersRotifers
++ArtemiaArtemia

RotifersRotifers
++RhodomonasRhodomonas CopepodsCopepods

R
o
ti
fe

r 
co

n
R
o
ti
fe

r 
co

n

RotifersRotifers
++ArtemiaArtemia

RotifersRotifers
++RhodomonasRhodomonas CopepodsCopepods

2,5

3,0

3,5

Lipase

++ArtemiaArtemia ++RhodomonasRhodomonas

h
an

g
e 

o
f 
R

h
an

g
e 

o
f 
R ++ArtemiaArtemia ++RhodomonasRhodomonas

1,5

2,0

PLA2 **

0 5

1,0

1,5

2,0

Fo
ld

 c
h

Fo
ld

 c
h

0,5

1,0

11

0,0

0,5

8 16 298 16 29 8 16 29 0,0
8 16 298 16 29 8 16 29



Influence of feed on neural and growth controlling Influence of feed on neural and growth controlling 
gene expressiongene expression
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Larval growthg
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Summary of resultsSummary of results

1)1) GenesGenes involvedinvolved inin appetiteappetite regulationregulation andand digestiondigestion showedshowed
differentialdifferential expressionexpression patternspatterns basedbased onon differentdifferent feedingfeeding

t lt lprotocolsprotocols

2)2) CorrelationCorrelation betweenbetween transcripttranscript profilesprofiles forfor digestivedigestive enzymesenzymes
andand neuralneural controllingcontrolling factorsfactors werewere demonstrateddemonstratedandand neuralneural controllingcontrolling factorsfactors werewere demonstrateddemonstrated

3)3) TheseThese relationshipsrelationships werewere partiallypartially reflectedreflected inin larvallarval specificspecific
growthgrowth ratesrates

4)4) TheThe ontogenyontogeny ofof digestivedigestive capabilitycapability andand itsits hormonalhormonal
componentscomponents maymay directlydirectly bebe tiedtied toto thethe typetype andand qualityquality ofof
earlyearly andand initialinitial dietarydietary constituentsconstituentsearlyearly andand initialinitial dietarydietary constituentsconstituents
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Thank you for your attentionThank you for your attentionThank you for your attentionThank you for your attention
•• This study was supported by the functional genomics This study was supported by the functional genomics This study was supported by the functional genomics This study was supported by the functional genomics 

research program of Central Norway (FUGE research program of Central Norway (FUGE MidtMidt--
NorgeNorge, Norwegian Research Council), Innovation , Norwegian Research Council), Innovation 
Norway and Norway and MabitMabitNorway and Norway and MabitMabit..

•• We thank PerWe thank Per--ArvidArvid WoldWold and and ToraTora BardalBardal for technical for technical •• We thank PerWe thank Per ArvidArvid WoldWold and and ToraTora BardalBardal for technical for technical 
assistance during samplingassistance during sampling

Q ?Q ?Questions?Questions?
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