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Vertebrate	  vs	  Fly	  
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Neural	  induc9on:	  classic	  experiment	  Spemann	  organizer	  

Neural	  induc9on:	  classic	  experiments	  

Neural	  induc9on:	  classic	  experiments	  
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BMP	  signaling	  is	  important	  in	  neural	  induc9on	  

BMP	  signaling	  is	  important	  in	  neural	  induc9on	  

Endogenous	  BMP	  inhibitors	  are	  neural	  inducers:	  noggin	  
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BMP	  inhibitors	  are	  expressed	  in	  the	  organizer	  

Noggin/chordin	  double	  ko	  

A-P patterning: Induction of the nervous system  
by mesoderm is region-specific"

Or…	  
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Step	  2:	  Posterioriza/on	  
What	  are	  the	  posteriorizing	  signals?	  

Dkk1	  over-‐expression	  induces	  an	  extra	  head	  

Dkk1	  knockout	  mouse	  has	  a	  severe	  loss	  of	  head	  structures	  
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Re9noic	  acid	  is	  important	  for	  paPerning	  the	  nervous	  system	  
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Step	  2:	  Posterioriza/on	  
What	  are	  the	  posteriorizing	  signals?	  

Retinoic Acid is an unusual developmental signaling molecule 

Vertebrate Hox genes	


COOH 

Retinoic Acid	


CHO 

CH OH 2 

Retinaldehyde	


Retinol (Vit. A)	


raldh2	


RARE	  Raldh	  

Aldh	  

Evidence for the posteriorizing effect of Retinoic Acid 

control	


r3	
 r5	
 r7-8	


RA antagonist	


2)	  Loss	  of	  RA	  causes	  the	  loss	  of	  
posterior	  iden99es	  

1)	  Raldh1a2	  is	  expressed	  in	  
the	  ventrolateral	  
mesendoderm	   s	  

s	  

s	  
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control	


r3	
 r5	
 r7-8	


100 nM RA	


3)	  Excess	  RA	  posteriorizes	  the	  CNS	  

Evidence for the posteriorizing effect of Retinoic Acid 

hoxb1a,  en3	


hoxd4, pax2.1, krox20	


Cyp26-depleted	
control	


4)	  knock-‐down	  of	  an	  RA	  
antagonist	  posteriorizes	  the	  
CNS	  

Hernandez	  et	  al.	  (2007)	  Development	  134:	  177	  

Step	  2:	  Posterioriza9on	  
What	  are	  the	  posteriorizing	  signals?	  

PaPerning	  factors	  summary	  

Wnt	  
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The Nervous System Starts Out as a Flat Epithelium 

The Notochord is an Inducer of Ventral Neural Fates 
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Sonic Hedgehog (shh) Expression 

Ptchd1	   Smo	  

GliA	  

GliR	  

Hedgehog	  signaling	  greatly	  simplified	  

Class	  I	  genes	  
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Ptchd1	   Smo	  

GliA	  

GliR	  

Hedgehog	  signaling	  greatly	  simplified	  

Class	  I	  genes	  

X	  

X	  

No	  Shh	  

Class	  II	  genes	  

Ptchd1	   Smo	  

GliA	  

GliR	  

Hedgehog	  signaling	  greatly	  simplified	  

Class	  I	  genes	  

X	   X	  

Shh	  

Shh	  

Class	  II	  genes	  

Gli	  transcrip9on	  factors	  in	  Shh	  signaling	  

•  Gli2	  is	  an	  ac9vator	  and	  is	  degraded	  without	  Shh	  
•  Gli3	  is	  proteoly9cally	  processed	  into	  a	  repressor	  without	  Shh,	  

but	  with	  Shh	  turns	  into	  an	  ac9vator	  

•  Gli1	  (also	  an	  ac9vator)	  is	  regulated	  by	  Gli2/3,	  and	  so	  is	  up-‐
regulated	  by	  Shh	  signaling.	  

•  Together	  the	  Gli	  proteins	  become	  ac9vators	  with	  Shh.	  
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Dorsal	  ventral	  paPerning	  with	  Shh	  

Shh	  is	  released	  from	  the	  notochord	  and	  floorplate	  and	  diffuses	  dorsally	  

Ptchd1	   Smo	  

GliA	  

GliR	  

X	   X	  Shh	  

Ptchd1	   Smo	  

GliA	  

GliR	  

X	  

Shh	  from	  notochord	  and	  floorplate	  ac9vates	  Gli	  in	  a	  ventral-‐dorsal	  gradient	  
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Ac9va9on	  of	  target	  genes	  is	  Shh	  concentra9on	  dependent	  

There	  is	  a	  transient	  olig2	  response.	  
Do	  cells	  first	  express	  olig2	  and	  then	  Nkx2.2?	  

Nkx2.2	  induc9on	  requires	  more	  Shh	  and	  a	  longer	  9me	  
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If	  Nkx2.2	  cells	  go	  through	  an	  Olig2	  expressing	  phase,	  they	  will	  be	  labeled	  with	  the	  Olig2-‐cre	  

Shh	  ac9vates	  a	  cross-‐repressing	  network	  of	  transcrip9on	  factors	  
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Pugng	  it	  all	  together	  

Vertebrate	  vs	  Fly	  
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Evolutionary Considerations 

PaPerning	  factors	  summary	  

Wnt	  
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Some	  take-‐home	  messages	  

•  BMP	  antagonists	  are	  the	  neural	  inducers	  
•  Wnt,	  FGF	  and	  RA	  are	  the	  primary	  anterior-‐
posterior	  paPerning	  factors	  

•  Shh/Bmp	  paPern	  the	  dorsal	  ventral	  axis	  

•  Gradients	  of	  signals	  are	  translated	  to	  domains	  
of	  differen9al	  gene	  expression	  

•  Many	  of	  the	  factors	  that	  paPern	  the	  nervous	  
system	  are	  derived	  from	  extra-‐neural	  sources	  


