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Phenotypic	  plas?city	  when	  gene?c	  diversity	  is	  low:	  
the	  self-‐fer?lizing	  mangrove	  rivulus	  (Kryptolebias	  marmoratus),	  the	  new	  model	  vertebrate	  	  

species	  in	  ecological	  epigene?cs	  
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Only	  vertebrate	  capable	  of	  	  
self-‐fer<liza<on	  

	  
à high	  level	  of	  phenotypic	  plas<city	  	  	  

	  	  	  	  	  	  	  	  despite	  
à	  very	  low	  gene<c	  variability	  within	  lineages	  
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Phenotypic	   plas?city	   is	   increasingly	   emphasized	   as	   a	   crucial	   process	   for	  
popula?on	  survival	  when	  facing	  environmental	  changes…	  
	  
1.  Can	  phenotypic	   plas<city	   compensate	   for	   low	   gene<c	   diversity	   in	   a	  

harsh	  and	  changing	  environment?	  

2.  What	   are	   the	   cellular	   and	   molecular	   mechanisms	   underlying	  
phenotypic	  plas?city?	  

	  
3.  Can	   environmental	   stress	   affect	   the	   epigenome	   during	   early	  

development	   and	   consequently	   the	   phenotype	   in	   adults	   or	   even	  
further	  genera<ons?	  

	  

During	  early	  development	  of	  153,	  2013).	  	  
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k	   Dynamics	  of	  DNA	  methyla<on	  reprogramming	  in	  rivulus	  embryos	  
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2	  –	  25%	  	  
à	  low	  cross-‐fer?liza?on	  rate	  

Mangrove	  rivulus	  characteris<cs	  allow	  the	  iden<fica<on	  of	  gene<c	  
and	  environmental	  sources	  of	  phenotypic	  plas<city	  	  

Androdioecious	  popula?ons	  

(Mid	  blastula	  transi?on)	  

•  During	  early	  development	  of	  mangrove	  rivulus,	  DNA	  methyla<on	  is	  dynamic	  showing	  a	  first	  decrease	  from	  oocyte	  to	  gastrula	  and	  then	  an	  
increase	  up	  to	  caudal	  fin	  forma?on	  

•  This	  DNA	  methyla?on	  reprogramming	  is	  delayed	  compared	  to	  zebrafish:	  140	  hpf	  in	  rivulus	  (caudal	  fin)	  vs	  4	  hpf	  in	  zebra	  (midblastula	  stage)	  
(Jiang	  et	  al.	  Cell,	  153,	  2013)	  

•  For	  boldness	  à	  shelter	  test	  

Delayed	  effects	  of	  early-‐life	  exposure	  to	  EE2	  

DNA	  methyla?on	  in	  mangrove	  rivulus	  is	  peculiar	  compared	  to	  other	  fish	  species.	  Further	  studies	  will	  inves?gate:	  	  

•  the	  func?onal	  meaning	  of	  a	  late	  DNA	  methyla?on	  reprogramming	  	  

•  the	  genome-‐wide	  DNA	  methyla?on	  during	  the	  reprogramming	  and	  differen?al	  paJerns	  between	  spermatozoa	  and	  oocytes	  	  

•  the	  enzymes	  involved	  in	  DNA	  methyla?on/demethyla?on	  processes	  

•  the	  hypothe?cal	  link	  between	  phenotypic	  diversity	  and	  DNA	  methyla?on	  

•  mechanisms	  of	  transgenera?onal	  epigene?c	  inheritance	  
	  
All	  together,	  this	  model	  species	  will	  provide	  insights	  into	  the	  role	  of	  epigene<cs	  in	  shaping	  phenotypes	  and	  
into	  the	  consequences	  of	  exposure	  to	  pollutants	  during	  early	  life	  stages	  
	  

•  For	  agressiveness	  à	  model	  test	  

3.	  	  

Aggressive	  

Non	  aggressive	  
Bold	  

Shy	  

Behavioral	  analyses	  on	  rivulus	  

•  Consistent	  individual	  behavioral	  differences	  across	  <me	  and	  
situa<ons	  

	  
•  Strongly	  influence	  social	  rela?onships	  	  

	  	  reproduc?ve	  success	  
	  	  food	  access	  
	  	  survival	  

Boldness	  

Aggressiveness	  

&	  
	  
	  

Organisms’	  	  
FITNESS	  

What	  are	  the	  cellular	  and	  molecular	  mechanisms	  
underlying	  behavioral	  plas?city?	  

Proteomic	  analysis	  (gel	  and	  label	  free)	  

Methylome	  analysis	  (RRBS)	  

How	  environmental	  stress	  during	  early	  life	  affects	  
behavioral	  plas?city	  in	  adults?	  

Tests	  with:	  
•  Low	  salinity	  (5	  ppt)	  
•  Kin	  contacts	  (social)	  
•  BMAA	  (neurotoxin)	  
	  

Diversity	  of	  behaviors	  despite	  the	  low	  gene?c	  
diversity	  within	  rivulus	  lineages	  

Linking	  the	  behavioral	  phenotype	  with	  modifica?ons	  at	  the	  
epigene?c	  and	  proteomic	  levels	  (phenotype	  anchoring)	  seems	  

par?cularly	  relevant	  for	  understanding	  the	  ability	  of	  
organisms	  to	  respond	  adap<vely	  to	  environmental	  changes	  	  

HERMAPHRODITE	  MALE	  

Mangrove	  habitat	  
à  Highly	  variable	  

à  Harsh	  environment	  	  
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Ethinyl	  Estradiol	  (EE2)	  

28	  days	  exposure	   160	  days	  growing	  with	  no	  EE2	  
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Delayed	  effects	  

TransgeneraEonal	  effects	  in	  F1,	  F2,
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Physiological	  and	  behavioral	  assessment	   Quan<ta<ve	  shotgun	  proteomics	   Epigene<c	  mechanisms	  

Emerson	  
Point	  

St.	  Carlos	  
Bay	  

Dove	  Creek	  

Oleta	  
River	  
State	  Park	  	  

The	  mangrove	  rivulus	  inhabits	  the	  mangrove-‐lined	  coasts	  of	  
South	  Florida	  (USA),	  in	  a	  variety	  of	  microenvironments	  
	  
Individuals	  were	  captured	  at	  different	  sites,	  which	  were	  
characterized	  based	  on;	  temperature,	  salinity,	  conduc?vity	  and	  
dissolved	  oxygen,	  using	  a	  handheld	  YSI	  mul?parameter	  meter	  
	  
Their	  gene?c	  and	  epigene?c	  diversity	  are	  being	  quan?fied	  and	  
compared,	  both	  across	  and	  within	  lineages	  


