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  crest	
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  of	
  
vertebrate	
  craniofacial	
  form	
  



Cranial	
  neural	
  crest	
  derived	
  structures	
  are	
  strong	
  
targets	
  of	
  selec/ve	
  pressure	
  and	
  are	
  divergent	
  between	
  

humans	
  and	
  chimps	
  

What	
  (molecularly)	
  makes	
  our	
  faces	
  human?	
  	
  



Cis-­‐regulatory	
  change	
  is	
  thought	
  to	
  underlie	
  most	
  
of	
  the	
  morphological	
  divergence	
  between	
  closely	
  

related	
  species	
  	
  

enhancer	
  

p300	
   Mediator	
  H3K27ac	
   H3K4me1	
  

Target	
  gene	
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Supplemental Figures 

 

Figure S1. Features of epigenomically annotated hNCC active enhancers (related to 

Figure 1). (A) Epigenomic strategy for the characterization of the chromatin states and 

dynamics of hNCC enhancers. ChIP-seq was performed from hNCC against p300, H3K4me1 

and H3K27ac, which mark active enhancer elements, and H3K4me3 and H3K27me3, which 
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“Invariant”	
  
enhancers	
  

“Species-­‐biased”	
  
enhancers	
  

Changes	
  in	
  gene	
  
expression?	
  chimp NCCs

quan/ta/ve	
  change	
  at	
  
orthologous	
  regions	
  

structural	
  varia/on	
  
(no	
  clear	
  orthology)	
  

Can	
  we	
  systema/cally	
  map	
  cis-­‐regulatory	
  
divergence	
  in	
  human	
  and	
  chimp	
  neural	
  

crest	
  cells?	
  



Our	
  aims:	
  

AIM1:	
  To	
  characterize	
  epigene/c	
  landscapes	
  and	
  
transcriptomes	
  of	
  human	
  and	
  chimpanzee	
  cNCCs	
  
and	
  to	
  iden/fy	
  conserved	
  and	
  species-­‐specific	
  
cis-­‐regulatory	
  elements	
  

AIM2.	
  To	
  analyze	
  ac/vity	
  of	
  candidate	
  human-­‐
specific	
  craniofacial	
  enhancers	
  in	
  vivo.	
  



Human	
  embryonic	
  stem	
  cell-­‐based	
  model	
  of	
  cranial	
  
neural	
  crest	
  forma/on	
  

embryonic	
  
stem	
  cells	
  

neurectoderm	
   neural	
  crest	
  cells	
  

Bajpai	
  et	
  al.,	
  Nature,	
  2010	
  
Rada-­‐Iglesias	
  et	
  al.	
  Cell	
  Stem	
  Cell,	
  2012	
  

•  NC	
  gene	
  expression	
  (p75+,	
  TFAP2A+,	
  SOX9+,	
  ..)	
  
•  migra/on	
  in	
  ovo	
  
•  neurogenic,	
  mesenchymal	
  and	
  melanocy/c	
  

poten/al	
  



Establishment	
  of	
  the	
  chimpanzee	
  cranial	
  neural	
  
crest	
  model	
  

Sara	
  PrescoB	
  



Establishment	
  of	
  the	
  chimpanzee	
  cranial	
  neural	
  
crest	
  model	
  



Generate	
  comprehensive	
  epigenomic	
  maps	
  of	
  
human	
  and	
  chimp	
  neural	
  crest	
  cells	
  

H3K4me1	
   H3K27ac	
   H3K4me3	
  p300	
  

Enhancer 
signature 

Promoter 
signature 

Transcrip5on	
  
factors	
  (AP2a,	
  

NR2F1)	
  

ATAC	
  

transposase	
  

ChIP-seq, ATAC-seq 

neural	
  crest	
  cells	
  



Observed	
  epigenomic	
  paBerns	
  are	
  generally	
  well	
  
conserved	
  between	
  human	
  and	
  chimp	
  



Most	
  mapped	
  elements	
  correspond	
  to	
  puta/ve	
  
ac/ve	
  enhancers	
  

H3K27ac	
  

H3K4me1/H3K4me3	
  ra/o	
  



Mapped	
  ac/ve	
  enhancer	
  elements	
  are	
  enriched	
  
for	
  craniofacial	
  ontologies	
  

H3K27ac	
  

H3K4me1/H3K4me3	
  ra/o	
  



Mapped	
  ac/ve	
  enhancer	
  elements	
  drive	
  facial	
  
expression	
  in	
  vivo	
  

H3K27ac	
  

H3K4me1/H3K4me3	
  ra/o	
  

In	
  vivo	
  ac/vity	
  (Vista	
  database;	
  
mouse	
  embryo	
  d11.5)	
  



Upcoming	
  plans:	
  

Mid-­‐2015:	
  
•  Deposit	
  all	
  human	
  CNCC	
  ChIP-­‐seq	
  (TFAP2a,	
  NR2F1,	
  p300,	
  

H3K4me1,	
  H3K4me3,	
  H3K27ac,	
  H3K27me3)	
  and	
  ATAC-­‐seq	
  
raw	
  sequencing	
  reads	
  to	
  the	
  NCBI	
  SRA	
  repository	
  (30-­‐40	
  
libraries)	
  (three	
  different	
  gene/c	
  backgrounds)	
  

•  Deposit	
  minimally	
  processed	
  ChIP-­‐seq	
  and	
  ATAC-­‐seq	
  results	
  
(wig	
  files)	
  to	
  the	
  Hub	
  for	
  visualiza/on	
  in	
  the	
  FaceBase	
  
genome	
  browser	
  

•  Deposit	
  metadata	
  sheets	
  with	
  detailed	
  descrip/ons	
  of	
  data	
  
and	
  QC	
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“Invariant”	
  
enhancers	
  

“Species-­‐biased”	
  
enhancers	
  

Changes	
  in	
  gene	
  
expression?	
  chimp NCCs

quan/ta/ve	
  change	
  at	
  
orthologous	
  regions	
  

structural	
  varia/on	
  
(no	
  clear	
  orthology)	
  

Using	
  epigenomics	
  to	
  experimentally	
  map	
  
regulatory	
  divergence	
  in	
  human	
  and	
  chimp	
  

neural	
  crest	
  cells	
  



Quan/ta/ve	
  comparisons	
  of	
  H3K27ac	
  levels	
  at	
  
orthologous	
  regions	
  iden/fy	
  species-­‐biased	
  enhancers	
  

chimp NCCs



H2K27ac	
  status	
  alone	
  is	
  predic/ve	
  of	
  biases	
  in	
  transcrip/on	
  
factor	
  and	
  p300	
  binding	
  and	
  chroma/n	
  accessibility	
  



Examples	
  of	
  species-­‐biased	
  enhancers	
  



Species-­‐biased	
  enhancers	
  are	
  associated	
  with	
  
genes	
  that	
  affect	
  craniofacial	
  structures	
  

divergent	
  in	
  humans	
  and	
  chimps	
  
(oEen	
  in	
  a	
  dosage	
  dependent	
  manner)	
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We	
  can	
  validate	
  epigenomic	
  enhancer	
  predic/ons	
  and	
  
species-­‐specific	
  biases	
  in	
  ac/vity	
  using	
  luciferase	
  reporter	
  

assays	
  in	
  human	
  and	
  chimp	
  CNCCs	
  



AIM2.	
  To	
  analyze	
  ac/vity	
  of	
  candidate	
  human-­‐
specific	
  craniofacial	
  enhancers	
  in	
  vivo.	
  

Use	
  transient	
  transgenesis	
  reporter	
  assays	
  in	
  mice	
  to	
  
test	
  human-­‐biased	
  candidate	
  enhancer	
  regions	
  
(and,	
  where	
  applicable,	
  their	
  chimp	
  orthologs)	
  

Licia	
  Selleri	
  	
  



Ongoing	
  Analyses	
  of	
  Transgenic	
  Mouse	
  Embryos	
  for	
  	
  
Divergent	
  Chimp/Human	
  Enhancers	
  

[Analyses	
  Complete:	
  4	
  PCR(+),	
  2	
  LacZ	
  (+)	
  Tg	
  Embryos]	
  CNTNAP2x3-­‐Chimp	
  
	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  (1	
  more	
  injec/on	
  round	
  needed)	
  

[Analyses	
  Complete:	
  6	
  PCR(+),	
  5	
  LacZ	
  (+)	
  Tg	
  Embryos]	
  CNTNAP2x3-­‐Human	
  

[Analyses	
  Ongoing:	
  3	
  PCR(+),	
  1	
  LacZ	
  (+)	
  Tg	
  Embryos]	
  PAPPAx3-­‐Chimp	
  
	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  (1	
  more	
  injec/on	
  round	
  needed)	
  

[Embryo	
  Harves/ng	
  In	
  Progress]	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  PAPPAx3-­‐Human	
  	
  

[Analyses	
  Ongoing;	
  4	
  PCR(+),	
  4	
  LacZ	
  (+)	
  Tg	
  Embryos]	
  LRP6x3-­‐Human	
  



Ongoing	
  Analyses	
  of	
  Transgenic	
  Mouse	
  Embryos	
  for	
  	
  
Divergent	
  Chimp/Human	
  Enhancers	
  

[Analyses	
  Complete:	
  4	
  PCR(+),	
  2	
  LacZ	
  (+)	
  Tg	
  Embryos]	
  CNTNAP2x3-­‐Chimp	
  
	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  (1	
  more	
  injec/on	
  round	
  needed)	
  

[Analyses	
  Complete:	
  6	
  PCR(+),	
  5	
  LacZ	
  (+)	
  Tg	
  Embryos]	
  CNTNAP2x3-­‐Human	
  



SagiBal	
  views	
  

Hum8	
   Hum30	
  

Observed	
  expression	
  domains	
  are	
  highly	
  
reproducible	
  despite	
  varia5on	
  in	
  intensity	
  

Intensity	
  of	
  Staining	
  

Midbrain/Hindbrain	
  	
  
Border	
  

Op/c	
  Stalk/Projec/ons	
  

Eye	
  
Pit	
  

Olfactory	
  	
  
Placode	
  

Midline	
  
Groove	
  

Human	
  CNTNAP2	
  enhancer	
  spa5al	
  expression	
  paPerns	
  in	
  E11.5	
  tg	
  mouse	
  embryos	
  

Telencencephalic	
  	
  
Vesicle	
  

5/5	
  tg	
  embryos	
  show	
  these	
  expression	
  domains	
  despite	
  varia/on	
  in	
  intensity;	
  2	
  are	
  shown	
  



Poten5al	
  Gain	
  of	
  Head	
  Expression	
  Domains	
  of	
  Human	
  
CNTNAP2	
  Enhancer	
  Compared	
  to	
  Chimp	
  Enhancer	
  

Hum8	
  

***Olfactory	
  	
  
Placode	
  

Hum30	
  Chimp	
  32	
  

Midbrain/Hindbrain	
  	
  
Border	
  

Op/c	
  Stalk/Projec/ons	
  

Eye	
  Pit	
  

Midline	
  
Groove	
  

Telencencephalic	
  	
  
Vesicle	
  

***Olfactory	
  	
  
Placode	
  

***Olfactory	
  Placode:	
  Domain	
  Common	
  to	
  Chimp	
  and	
  Human	
  

Human	
  CNTNAP2	
  enhancer	
  Orthologous	
  chimp	
  sequence	
  



Upcoming	
  plans:	
  

Mid-­‐2015:	
  

•  Analyze	
  expression	
  paBerns	
  and	
  image	
  first	
  five	
  reporter	
  
constructs	
  

•  Clone	
  and	
  inject	
  next	
  round	
  of	
  constructs	
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