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How	  does	  varia(on	  in	  prenatal	  and	  
postnatal	  experience	  lead	  to	  varia(on	  in	  
phenotype?	  
	  
Can	  these	  developmental	  effects	  persist	  
across	  genera(ons?	  
	  
What	  is	  the	  adap(ve	  significance	  of	  these	  
within-‐	  and	  across-‐genera(on	  effects	  



prenatal	  &	  postnatal	  
experiences	  

varia(ons	  in	  stress,	  
cogni(on,	  social,	  

reproduc(ve	  behavior	  

altered	  
neurodevelopment	  

long-‐term	  changes	  in	  
gene	  expression	  	  



Through	  what	  mechanism	  can	  perinatal	  
experiences	  induce	  long-‐term	  changes	  in	  
gene	  expression	  in	  the	  brain?	  

Epigene(c	  
Modifica(ons	  



The	  many	  meanings	  of	  “Epigene(c”	  

1. Environmentally-‐induced	  changes	  in	  gene	  expression	  

2. Phenotypic	  varia(ons	  in	  cells	  and	  organisms	  that	  
involve	  molecular	  mechanisms	  which	  alter	  gene	  
transcrip(on	  without	  altering	  gene	  sequence	  

3. Heritable	  molecular	  modifica(ons	  to	  gene	  expression	  

4. Genomic	  imprin(ng	  
	  

Waddington	  (1942):	  	  “the	  branch	  of	  biology	  which	  studies	  the	  
causal	  interac(ons	  between	  genes	  and	  their	  products	  which	  
bring	  the	  phenotype	  into	  being”	  

	  
	  



DNA	  is	  wrapped	  around	  a	  cluster	  of	  proteins	  
called	  histones	  

Champagne et al., (2009) Current Opinion in Neurobiology 



Gene	  expression	  requires	  unwrapping	  of	  DNA	  	  

Champagne et al., (2009) Current Opinion in Neurobiology 



When	  methyl	  chemical	  groups	  aSach	  to	  the	  DNA	  
there	  is	  reduced	  accessibility	  to	  genes	  

Champagne et al., (2009) Current Opinion in Neurobiology 



Repression	  of	  gene	  expression	  can	  occur	  through	  
DNA	  methyla(on	  

Champagne et al., (2009) Current Opinion in Neurobiology 



2 Types of Methylation 

unmethylated	  

methylated	  

hemimethylated	  

de	  novo	  
methyla@on	  

DNA	  replica(on	  

Dnmt3a	  
Dnmt3b	  

Dnmt1	  
maintenance	  
methyla@on	  



Methylation is a stable modification to DNA which can be 
transmitted to daughter cells 

DNA 

methylation cell 



DNA	  Methyltransferases	  

DNA	  
Methytransferase	  

Major	  Ac@vity	   Phenotype	  of	  loss-‐of-‐func@on	  
muta@ons	  

DNMT1	   Maintenance	  
methyla(on	  of	  CpGs	  

-‐	  genome	  wide	  loss	  of	  methyla(on	  
-‐	  embryonic	  lethality	  
-‐	  abnormal	  expression	  of	  imprinted	  	  
genes	  	  

DNMT3a	   De	  novo	  methyla(on	  
of	  CpGs	  

-‐ 	  postnatal	  lethality	  
-‐ 	  failure	  to	  establish	  methyla(on	  
imprints	  in	  male	  and	  female	  germ	  cells	  	  

DNMT3b	   De	  novo	  methyla(on	  
of	  CpGs	  

-‐ 	  embryonic	  lethality	  
-‐ 	  vascular	  and	  liver	  defects	  





Gene(cally	  Iden(cal	  –	  Epigene(cally	  Variable	  

Though	  twins	  are	  gene(cally	  
iden(cal	  and	  epigene(cally	  
similar	  when	  they	  are	  young,	  
as	  they	  age	  they	  become	  more	  
dissimilar	  in	  their	  epigene(c	  
paSerns	  

Varia(on	  emerges	  
across	  the	  lifespan	  



Mechanism	  of	  Perinatal	  Effects	  
on	  Offspring	  Development	  



prenatal	  &	  postnatal	  
experiences	  

varia(ons	  in	  stress,	  
cogni(on,	  social,	  

reproduc(ve	  behavior	  

altered	  
neurodevelopment	  

long-‐term	  changes	  in	  
gene	  expression	  	  

epigene(c	  varia(on	  



Postnatal	  
Maternal	  
Care	  

Varia(on	  in	  
Brain	  &	  
Behavior	  





LOW	  LG	   HIGH	  LG	  

Maternal	  Licking/Grooming	   Increased	  GR	  
methyla(on	  

Decreased	  GR	  
methyla(on	  

Decreased	  GR	  
expression	  

Increased	  GR	  
expression	  

Increased	  stress	  
response	  

Decreased	  stress	  
response	  

Weaver	  et	  al.	  Nature	  Neuroscience	  (2004)	  

Cross-‐fostering	  studies	  
confirm	  the	  influence	  of	  
rearing	  environment	  on	  
this	  epigene(c	  process	  





Transmission	  of	  Phenotype	  
from	  Parents	  to	  Offspring	  
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Mother	  &	  Offspring	  LG	  Behavior	  

Champagne	  et	  al.	  Physiology	  &	  Behavior	  (2003)	  



Correla(on	  between	  mother,	  offspring,	  
and	  grand-‐offspring	  LG	  



Champagne et al. Frontiers in Neuroendocrinology (2008)  





drugs	  
nutri(on	  

toxins	  

age	  
♂	  

cues	  to	  male	  “mate	  
quality”	  or	  condi(on	  

evalua(on	  of	  
cues	  by	  female	  

♀	  

prenatal	  
investment	  

postnatal	  
investment	  

♀	  

♀	  

Interac(on	  between	  maternal,	  paternal,	  &	  offspring	  characteris(cs/
influences	  

paternal	  germline	  
epigene(c	  effect	  

offspring	  induced	  changes	  
in	  maternal	  care	  







Adap(ve	  Significance	  



LOW	  LG	  

Increased	  GR	  
methyla(on	  

Decreased	  GR	  
expression	  

Increased	  stress	  
response	  

HIGH	  LG	  

Decreased	  GR	  
methyla(on	  

Increased	  GR	  
expression	  

Decreased	  stress	  
response	  

high	  stress	  is	  “bad”	  

bad	  paren@ng	  strategy	  



maternal	  care	  

elevated	  ERα	  mRNA	  in	  
the	  AVPVn	  

elevated	  ERα	  in	  the	  
MPOA	  

estrogen	  induced	  LH,	  
GnRH,	  &	  pER	  α	   estrogen	  induced	  OTR	  &	  

cfos	  in	  the	  MPOA	  

high	  low	  

early	  puberty	  

elevated	  sexual	  
recep(vity	  

high	  fecundity	   high	  maternal	  care	  



Prenatal	  Nutri(on	  &	  Social	  Status	  



Blocking	  DNMT3	  leads	  to	  more	  Queens	  
than	  Workers	  



abnormal	  vs.	  normal	  
	  

match	  vs.	  mismatch	  


