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Hoping	
  to	
  Follow	
  Robert	
  Edward’s	
  Example	
  

•  Working	
  in	
  a	
  scien0fic	
  field	
  with	
  social,	
  
poli0cal	
  and	
  religious	
  connota0ons	
  	
  
– science	
  educa0on	
  policy	
  	
  
– militant	
  religious	
  fundamentalism	
  vs.	
  militant	
  
atheism	
  

•  Challenging	
  long-­‐held,	
  comfortable	
  certain0es	
  
in	
  the	
  academic	
  world:	
  i.e.,	
  natural	
  selec0on	
  
and	
  random	
  changes	
  are	
  sufficient	
  to	
  explain	
  
evolu0onary	
  novel0es	
  in	
  “read-­‐only”	
  genomes	
  

•  LeWng	
  rigorous	
  science	
  and	
  empirical	
  
demonstra0ons	
  seXle	
  the	
  ideological	
  debates	
  



What	
  does	
  “RW	
  Genome”	
  Mean?	
  
•  Cells	
  ac0vely	
  write	
  informa0on	
  onto	
  or	
  into	
  
their	
  DNA	
  genomes	
  as	
  necessary	
  for	
  survival	
  
and	
  reproduc0on.	
  

•  Genome	
  wri0ng	
  can	
  be	
  transient	
  (e.g.,	
  
transcrip0on	
  factor	
  binding	
  complexes).	
  

•  Genome	
  wri0ng	
  can	
  be	
  heritable	
  over	
  
mul0ple	
  cell	
  divisions	
  (epigene0c	
  chroma0n	
  
modifica0ons).	
  

•  Genome	
  wri0ng	
  can	
  alter	
  the	
  sequence	
  and	
  
structure	
  of	
  the	
  DNA	
  itself	
  (natural	
  gene0c	
  
engineering).	
  



Why	
  Are	
  Theore0cal	
  Ques0ons	
  About	
  
the	
  Genome	
  Relevant	
  to	
  COGI?	
  

•  Gametogenesis,	
  fer0liza0on	
  and	
  embryonic	
  
development	
  generate	
  constantly	
  changing	
  condi0ons;	
  

•  Pregnancy	
  evolved	
  thanks	
  to	
  natural	
  gene0c	
  
engineering	
  operators	
  crea0ng	
  essen0al	
  coding	
  
sequences	
  and	
  regulatory	
  networks;	
  

•  The	
  successful	
  establishment	
  and	
  comple0on	
  of	
  
pregnancy	
  involves	
  wri0ng	
  and	
  rewri0ng	
  gene0c	
  loci	
  by	
  
epigene0c	
  reformaWng	
  opera0ons;	
  	
  

•  Understanding	
  the	
  opera0on	
  of	
  epigene0c	
  genome	
  
wri0ng	
  in	
  pregnancy	
  is	
  key	
  to	
  developing	
  successful	
  
new	
  diagnos0cs	
  and	
  therapies	
  for	
  mul0ple	
  
reproduc0ve	
  disorders.	
  

	
  



Two	
  Take-­‐Home	
  Messages	
  

1.  Pregnancy	
  provides	
  the	
  best	
  example	
  we	
  
have	
  of	
  evolu0onary	
  innova0on	
  by	
  cell	
  
agents	
  of	
  genome	
  rewri0ng	
  (endogenous	
  
retroviruses	
  and	
  transposons).	
  

2.  Epigene0c	
  control	
  of	
  the	
  newly	
  evolved	
  
placental	
  reproduc0on	
  system	
  is	
  deeply	
  
involved	
  in	
  the	
  outcome	
  of	
  every	
  pregnancy.	
  



What	
  have	
  60	
  years	
  of	
  DNA	
  and	
  molecular	
  
biology	
  taught	
  us	
  about	
  evolu0on?	
  

•  All	
  organisms	
  are	
  related	
  and	
  can	
  exchange	
  hereditary	
  
informa0on	
  (“horizontal	
  transfer”).	
  

•  Cells	
  can	
  merge	
  to	
  make	
  new	
  life	
  forms	
  (“symbiogenesis”).	
  
•  Cells	
  have	
  mul0ple	
  biochemical	
  systems	
  to	
  proofread,	
  
repair,	
  and	
  restructure	
  their	
  RW	
  genomes	
  (“natural	
  gene0c	
  
engineering”	
  =	
  NGE).	
  

•  NGE	
  is	
  subject	
  to	
  regula0on	
  (ac0va0on,	
  silencing	
  and	
  
targe0ng)	
  and	
  responds	
  to	
  life	
  history	
  events.	
  

•  The	
  DNA	
  record	
  tells	
  us	
  that	
  responsive	
  cell	
  ac0on	
  has	
  
been	
  a	
  major	
  factor	
  in	
  genome	
  evolu0on.	
  



Evolu0onary	
  0me:	
  Genome	
  wri0ng	
  	
  
by	
  natural	
  gene0c	
  engineering	
  –	
  	
  

dispersed	
  mobile	
  elements	
  

International Human Genome Sequencing Consortium. Initial sequencing and analysis of
the human genome. Nature 409, 860 - 921 (2001)



Genomic	
  Impact	
  of	
  Mobile	
  Elements	
  
•  Interrupt	
  or	
  alter	
  coding	
  regions	
  (alterna0ve	
  
splicing,	
  novel	
  exons	
  =	
  “exoniza0on”);	
  	
  	
  

•  Promote	
  protein	
  evolu0on	
  by	
  “domain	
  shuffling;”	
  	
  
•  Introduce	
  new	
  transcrip0onal	
  controls	
  
(promoters,	
  terminators,	
  alter	
  rate	
  of	
  
transcrip0on);	
  

•  Provide	
  sequences	
  and	
  targets	
  for	
  control	
  by	
  
“non-­‐coding”	
  RNA	
  molecules;	
  

•  Provide	
  sites	
  for	
  epigene0c	
  modifica0on	
  and	
  
imprin0ng;	
  

•  Distribute	
  similar	
  control	
  casseXes	
  to	
  rewire	
  
mul0-­‐locus	
  networks	
  throughout	
  the	
  genome.	
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Endogenous	
  Retroviruses	
  in	
  Trophoblast	
  and	
  Placental	
  Development:	
  
Syncy;n	
  Evolu;on	
  from	
  ERV	
  Envelope	
  Protein	
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Proviral	
  
protein	
  
provides	
  
placental	
  
func0on	
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Hypomethyla0on	
  of	
  
func0onal	
  retrotransposon-­‐derived	
  genes	
  in	
  the	
  human	
  placenta.
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Transposon-­‐mediated	
  
rewiring	
  of	
  gene	
  
regulatory	
  networks	
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evolu;on	
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  pregnancy	
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“…the	
  transposable	
  
element,	
  MER20,	
  
contributed	
  to	
  the	
  origin	
  
of	
  a	
  novel	
  gene	
  regulatory	
  
network	
  dedicated	
  to	
  
pregnancy	
  in	
  placental	
  
mammals,	
  par0cularly	
  by	
  
recrui0ng	
  [progesterone	
  
induc0on	
  and]	
  the	
  cAMP	
  
signaling	
  pathway	
  into	
  
endometrial	
  stromal	
  cells.”	
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Figure 1.1 Histone posttranslational modifications and chromatin states. 	
  

Epigene0c	
  Control	
  of	
  Genome	
  Ac0on	
  and	
  Compac0on	
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Rewritable	
  Epigene;c	
  Chroma;n	
  Modifica;ons	
  Mark	
  
Func;onally	
  Dis;nct	
  Regions	
  of	
  the	
  Genome	
  ==>	
  Mul;ple	
  
Factors	
  Influence	
  Maintenance	
  of	
  Correct	
  Epigene;c	
  Status	
  



Epigene0c	
  “Imprin0ng”	
  
•  Parental-­‐specific	
  expression	
  of	
  an	
  extended	
  genome	
  
locus	
  (i.e.	
  same	
  DNA	
  sequences	
  behave	
  differently	
  if	
  
inherited	
  through	
  male	
  or	
  female	
  gamete)	
  

•  	
  ==>	
  Erasure	
  and	
  imprin0ng	
  in	
  germline	
  or	
  during	
  
gametogenesis	
  	
  

•  Differen0al	
  DNA	
  methyla0on	
  and	
  histone	
  modifica0on	
  
of	
  paternal,	
  maternal	
  alleles	
  

•  Tissue-­‐specific	
  expression	
  of	
  imprinted	
  locus	
  at	
  specific	
  
stage	
  in	
  development	
  (e.g.,	
  placenta	
  or	
  endosperm)	
  

•  Dependent	
  on	
  DNA	
  methyla0on	
  of	
  specific	
  sequences,	
  	
  
ouen	
  derived	
  	
  from	
  mobile	
  elements	
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 Fig. 3 Role of 
imprinted genes 
in determining 
placental 
phenotype. 
Schematic 
diagram showing 
the relationships 
between 
environmental 
factors, imprinted 
genes and fetal 
growth in 
regulating the 
nutrient transfer 
capacity of the 
mouse placenta. 
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Human	
  Disorders	
  Linked	
  to	
  Epigene0c	
  
Remodeling	
  and	
  Imprin0ng	
  in	
  Pregnancy	
  
•  Pre-­‐eclampsia	
  and	
  HELLP	
  Syndrome	
  
•  Prader	
  Willi	
  and	
  Angelman	
  Syndromes	
  
•  Beckwith-­‐Wiedemann	
  and	
  Russell-­‐Silver	
  
Syndromes	
  (higher	
  incidence	
  following	
  
assisted	
  reproduc0on	
  technologies?)	
  

•  Low	
  fetal	
  birth	
  weight	
  
•  Neurodegenera0ve	
  disease	
  (au0sm?)	
  
•  Predisposi0on	
  to	
  cardiovascular	
  disease,	
  
obesity	
  and	
  type	
  II	
  diabetes	
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