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Nutri+onal	  programing	  

•  Nutri+onal	  programming	  is	  the	  process	  
through	  which	  varia+on	  in	  the	  quality	  or	  
quan+ty	  of	  nutrients	  consumed	  during	  
cri+cal	  epridos	  in	  life	  exerts	  permanent	  
effects	  upon	  the	  developing	  fetus.	  	  

•  Nutri+onal	  programming	  is	  a	  nutri+onal	  
experience	  at	  cri+cal	  periods	  in	  life	  that	  can	  
programme	  a	  organism	  development,	  
metabolism	  and	  health	  for	  the	  future.	  	  	  



Dutch	  Hunger	  on	  44-‐45	  
winter	  was	  reflected	  six	  
decades	  later	  in	  the	  
children	  of	  mothers	  

exposed	  to	  famine	  early	  in	  
gesta<on,	  by	  increased	  
obesity,	  dyslipidemia	  and	  
vascular-‐related	  deaths	  



Epigene+cs	  

•  Epigene+cs	  is	  the	  study	  of	  a	  series	  of	  semi-‐
permanent	  changes	  in	  organisms	  caused	  by	  
modifica+on	  of	  gene	  expression	  rather	  than	  
altera+on	  of	  the	  gene+c	  code	  itself.	  

•  Epigene+cs	  is	  the	  study	  of	  poten+ally	  
heritable	  changes	  in	  gene	  expression	  that	  
does	  not	  involve	  changes	  in	  the	  DNA	  
sequence.	  Implies	  changes	  in	  the	  phenotype	  
without	  changes	  in	  the	  genotype.	  



Epigene<c	  factors	  (including	  nutrients)	  can	  modify	  gene	  
expression	  in	  a	  stable	  and	  even	  heritable	  way	  that	  is	  not	  

due	  to	  altera<ons	  in	  DNA	  sequence	  (epigene<c)	  

There	  are	  three	  main	  
epigene<c	  mechanisms	  
of	  gene	  expression	  

regula<on:	  	  

1.  DNA	  methyla<on,	  	  

2.  Histone	  
modifica<ons,	  	  

3.  Non-‐coding	  RNAs	  



In other animals PUFA have important 
Epigenetic properties 

 Cell	  specific	  lipid	  metabolism	  
and	  expression	  of	  faOy	  acid-‐

regulated	  transcrip<on	  
factors,	  play	  an	  important	  

role	  in	  determining	  how	  cells	  
respond	  to	  changes	  in	  PUFA	  

composi<on	  	  
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Offspring fatty acid composition in 
seahorses whose parents were fed either 

high (W) or low (C) n-3 LCPUFA diets 

ARA and DHA were high in offspring from 
mothers fed low n-3 LC-PUFA but fathers high 



Dietary fatty acids in broodstock 
diets completely changed the 
morphology of the offspring 
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Seahorse offspring were larger when males 
were fed low n-3 LC-PUFA if females were 

fed high n-3 LC-PUFA 
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Complete	  removal	  of	  fishmeal	  and	  fish	  oil	  
required	  for	  sustainable	  development	  of	  

aquaculture	  

Adapted	  
fish	  

Selected	  
strains	  

Gene<cally	  
modified??	  

Phenotype	  
modula<on	  

Fast growing high quality fish able to use 
feeds without fishmeal and fish oil 

	  	  	  

Persistent	  (life	  long	  &	  inheritance)	  
modifica<ons	  of	  the	  phenotype	  during	  

sensi<ve	  “windows”	  along	  
development:	  
	  EPIGENETICS	  
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Raw materials, particularly FO & FM 
constitute a main challenge for aquaculture 

development 



13 

16:0  18:0 

16:1n-7   18:1n-9    20:1n-9   22:1n-9  

  18:2n-9    20:2n-9   22:2n-9  18:3n-6    20:3n-6   22:3n-6   18:4n-3   20:4n-3     22:4n-3 

20:3n-9    22:3n-9                  

22:4n-9                                           22:5n-6     

9 

6  
Desaturase 
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Desaturase 
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Desaturase 

Desaturase 

24:5n-3 
24:6n-3 
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Elongase 

20:4n-6    22:4n-6  20:5n-3     22:5n-3 

18:2n-6    20:2n-6   22:2n-6 18:3n-3    20:3n-3    22:3n-3 

22:6n-3 
Essential for 
freshwater 

Essential for 
marine fish 

Essential fatty acids synthesis pathways 

High	  in	  
plant	  oils	  

High	  in	  fish	  oils	  



delTA           GAAAAAAATGGACAGTGAACGCATCGGGGGCGCATAAAAGTGAGGCGGTGTGTTAATGTG 
sondA           ------------------------------------------------------------ 
                                                                             
delTA           AGTGAAAGAAAAACAACCCGATCAGAGGAGCAGCCGAAAATCTGGACACTTGTGCAGCAG 
sondA           ------------------------------------------------------------ 
                                                                             
delTA           GACCGGTGGATCAAGGCCAGAGACAGCACTGAAGGATGGGAGGTGGAGGCCAGCTCACGG 
sondA           ------------------------------------------------------------ 
                                                                             
delTA           AGCCAGGGGAGCCGGGCAGCAGGCGAGCTGGTGGCGTTTACACCTGGGAGGAGGTGCAGA 
sondA           ------------------------------------------------------------ 
                                                                             
delTA           GCCACAGCAGCAGGAATGACCAGTGGCTGGTGATAGATCGAAAGGTCTACAACGTCACAA 
sondA           ------------------------------------------------------------ 
                                                                             
delTA           AGTGGGCCAAGAGGCACCCGGGAGGATTCCGGGTCATCAACCACTATGCTGGAGAGGATG 
sondA           ------------------------------------------------------------ 
                                                                             
delTA           CCACGGAGGCGTTCACTGCTTTTCACCCTGATTTAAAGTTTGTGCAGAAGTTTCTGAAGC 
sondA           ------------------------------------------------------------ 
                                                                             
delTA           CCCTGCTGATTGGAGAGCTGGCAGCGACGGAGCCCAGCCAGGACCGAAATAAAAATGCGG 
sondA           ------------------------------------------------------------ 
                                                                             
delTA           CGGTCATTCAGGATTTCCACACCTTACGTGCGCAGGCGGAGAGCGACGGTCTGTTCCGAG 

Part	  of	  Δ-‐6	  Desaturase	  Mul<ple	  
sequence	  Alignment	  	  

	  Δ-‐6/Δ-‐5	  Desaturase	  gene	  (fads2)	  isolated	  from	  
seabream	  larvae	  

Δ-‐6	  Desaturase	  

Control	  FO	  SBO	  SHO	  

(Seiliez et al., 2003) 

(Izquierdo et al., 2007) 
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(Izquierdo et al., 2008) 



Life	  spam	  

EP	   EP	  EP	  EP	  

Gametes	  

Fer<liza<on	  

Parental diet Maternal diet Individual  diet 

Adulthood 

Puberty	  Hatching	  

Embryogenesis, early and late larval development 
are critical moments in marine fish life cycle 



PROGENIE	  

F1	  EARLY	  
DEVELOPMENT	  

F1	  LATE	  
DEVELOPMENT	  

F1	  JUVENILE	  

F1	  ADULT	  

EP	  

EP	  

EP	  

Is	  it	  feasible	  the	  early	  programming	  of	  seabream	  for	  a	  
beOer	  u<liza<on	  of	  vegetable	  oils	  during	  on-‐growing	  ?	  

INTERVENTION	  

BeOer	  
performance	  when	  

fed	  plant	  oils?	  



PROGENIE	  

F1	  EARLY	  
DEVELOPMENT	  

F1	  LATE	  
DEVELOPMENT	  

F1	  JUVENILE	  

F1	  ADULT	  

INTERVENTION	  

Monitoring	  

Monitoring	  

Monitoring	  



Fa`y	  acids	  from	  parental	  diets	  with	  4	  LO	  levels	  for	  
epigene+c	  reprogramming	  during	  gametogene+c	  and	  

embriogene+c	  peridods	  
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Fecundity of seabream broodstock 
conditioned with three LO inclusion levels 
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(Izquierdo	  et	  al.,	  2013,	  2015)	  	  



Total	  length	  of	  larvae	  from	  broodstock	  
fed	  different	  lipid	  sources	  	  
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Fa`y	  acids	  from	  of	  30	  dah	  larvae	  aber	  programming	  during	  
embryogenesis	  with	  parental	  diets	  with	  4	  LO	  levels	  

0,00 

0,50 

1,00 

1,50 

2,00 

2,50 

3,00 

18:2 n-6 18:3 n-3 ARA EPA DHA 

%
 d

ry
 w

ei
gh

t 

FO 40FO/60LO LO 



Δ6 Desaturase expression in 30 dah larvae after 
programming during embryogenesis with parental 

diets with 4 LO levels 
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Δ6 desaturase gene in 30 dah fish is up-
regulated by parental feeding with 80% LO 

and down-regulated by 100% 

(Fernández-Palacios et al., submitted) 
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Δ6 Desaturase expression of 45 dah larvae from 
broodstock conditioned with several LO levels 
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FO      40FO/   20FO/   LO            60LO    80LO 
(Izquierdo	  et	  al.,	  2015)	  	  
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Expression of specific fatty acid related genes in 
30 dah larvae larvae after programming during 
embryogenesis with parental diets with 4 LO 

levels 

(Fernández-Palacios et al., submitted) 
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Expression of specific fatty acid related genes in 
30 dah larvae larvae after parental programming 

(Fernández-Palacios et al., submitted) 
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Groups 
  

Initial Body 

Weight (g) 

Final Body  

Weight (g) 

SGR1  

(%/day) 

FCR2 

  

        
    

Ff   243.0±1.9   337.4±3.3 0.7±0.06 A1.5±0.1 

LLf   244.1±0.9 B336.3±2.6 B0.6±0.03 B1.7±0.1 

HLf   242.5±2.0 339.6±7.2 0.7±0.05 1.6±0.1 

Fv   243.6±0.9 319.5±5.5b 0.5±0.07b B1.8±0.1b 

LLv   246.4±0.4 A351.3±1.2a A0.7±0.03a A1.4±0.2a 

HLv   242.3±1.3 321.3±4.0b 0.6±0.07b 1.9±0.2b 

Two-way ANOVA*           

Broodstock Diet  (B) n.d. p<0.05 n.d. n.d. 

Reminder Diet  (R) n.d. n.d. p<0.05 n.d. 

B × R   n.d. p<0.01 P<0.05 p<0.01 

Growth	  aber	  feed	  challenge	  of	  16-‐months	  
juveniles	  programmed	  during	  embryogenesis	  

with	  parental	  diets	  with	  4	  LO	  levels	  



Effect	  of	  broodstock	  feeding	  with	  reduced	  FO	  
contents	  on	  final	  weight	  in	  the	  16-‐months	  

offspring	  fed	  at	  4-‐months-‐old	  	  
with	  FO	  (blue)	  or	  LO	  (green)	  

B
B

A
60%FO	  

subs+tu+on	  by	  
LO	  in	  

broodstock	  diet	  
significantly	  
improved	  

growth	  in	  the	  
16	  month-‐old-‐

offspring	  	  

	  	  	  	  FO	  	  	  40FO/60LO	  20FO/80LO	   	  	  	  	  FO	  	  	  	  	  40FO/60LO	  20FO/80LO	  

	  	  	  	  FO/FM	   	  	  	  	  VO/VM	  
Broodstock	  diet	  
4-‐month-‐old	  diet	  



Effect of broodstock 
feeding on 16 month-old 

gilthead seabream 
challenged at 4-months-

old with VM/VO diet 
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Nutritional programing through broodstock diets allows in 
only 2 months of feeding low FM&FO diets a 24% 
improvement in FCR, a 12% improvement in SGR  



Nutri+onal	  
programing	  

through	  regula+on	  
of	  lpl,	  elovl6	  and	  
cpt-‐I,	  may	  prepare	  
the	  offspring	  for	  a	  
be`er	  u+lisa+on	  
of	  VM	  and	  VO	  

diets	  and	  reducing	  
the	  risk	  of	  

hepatosteatosis	  

Effect	  of	  broodstock	  feeding	  with	  reduced	  FO	  
contents	  on	  expression	  of	  selected	  genes	  in	  the	  

liver	  of	  16-‐months	  offspring	  	  
lpl	   cpt-‐I	  

ppar-‐α	  elovl6	  

fads2	   cox2	  

FO	  	  	  	  40FO/	  	  20FO/	  
	  	  	  	  	  	  	  	  	  60LO	  	  	  	  80LO	  

FO	  	  	  	  40FO/	  	  20FO/	  
	  	  	  	  	  	  	  	  	  60LO	  	  	  	  80LO	  

FO	  	  	  	  40FO/	  	  20FO/	  
	  	  	  	  	  	  	  	  	  60LO	  	  	  	  80LO	  

FO	  	  	  	  40FO/	  	  20FO/	  
	  	  	  	  	  	  	  	  	  60LO	  	  	  	  80LO	  Broodstock	  diet	  

4-‐month-‐old	  diet	   	  	  	  	  FO/FM	   	  	  	  	  VO/VM	   	  	  	  	  FO/FM	   	  	  	  	  VO/VM	  



Conclusions	  

•  Broodstock	  feeding	  with	  moderate	  FO	  
replacement	  by	  LO	  combined	  with	  
juvenile	  feeding	  with	  low	  FM	  and	  FO	  diets	  
improves	  offspring	  growth	  and	  feed	  
u+lisa+on	  of	  low	  FM/FO	  diets	  even	  when	  
they	  are	  	  18	  months-‐old	  

•  Offspring	  from	  fish	  selected	  for	  high	  fads2	  
expression	  showed	  faster	  growth	  
regardless	  the	  diet	  fed	  to	  the	  broodstock	  



Becarios	  de	  
inves+gación	  
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Thanks	  for	  your	  a`en+on!	  
	  



Join	  us	  in	  Las	  Palmas	  in	  3-‐7	  June	  2018!	  	  
18th	  Interna+onal	  Symposium	  in	  Fish	  Nutri+on	  and	  Feeding	  	  

(ISFNF	  2018)	  
	  

40	  Years	  of	  Research	  in	  Fish	  Nutri+on	  




