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Positional information: the French flag model

Considering	
  one	
  fixed	
  source	
  of	
  a	
  diffusible	
  molecule	
  -­‐	
  the	
  morphogen
•  This	
  morphogen	
  produced	
  at	
  a	
  specific	
  posi:on	
  forms	
  a	
  gradient	
  by	
  diffusion.	
  
•  The	
  gradient	
  is	
  totally	
  dependent	
  on	
  the	
  pre-­‐pa=ern	
  of	
  the	
  morphogen	
  source	
  
(boundary	
  condi:on).

•  Posi:onal	
  informa:on:	
  cells	
  “know”	
  their	
  posi:on	
  from	
  the	
  concentra:on	
  of	
  the	
  
morphogen	
  

•  Cell	
  differen:a:on	
  is	
  totally	
  dependent	
  on	
  the	
  localiza:on	
  and	
  shape	
  of	
  the	
  
morphogen	
  gradient	
  



Positional information: the French flag model

Two	
  or	
  more	
  morphogens	
  
•  If	
  the	
  system	
  includes	
  a	
  second	
  morphogen,	
  more	
  complex	
  pa=erns	
  can	
  be	
  
produced	
  

•  The	
  pa=ern	
  of	
  cell	
  differen:a:on	
  is	
  s:ll	
  totally	
  dependent	
  on	
  the	
  ini:al	
  pre-­‐
pa=ern	
  of	
  the	
  morphogen	
  sources	
  

•  No	
  interac:ons	
  between	
  the	
  morphogens	
  are	
  considered	
  -­‐	
  the	
  system	
  is	
  not	
  self-­‐
regula:ng.	
  



Reaction-Diffusion systems: Alan Turing
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Reaction-Diffusion systems: Alan Turing

Alan Turing 
(1912-1954 )

“A	
  system	
  of	
  chemical	
  substances,	
  called	
  morphogens,	
  
reac8ng	
  together	
  and	
  diffusing	
  through	
  a	
  8ssue,	
  is	
  adequate	
  
to	
  account	
  for	
  the	
  main	
  phenomena	
  of	
  morphogenesis.	
  
Such	
  a	
  system,	
  although	
  it	
  may	
  originally	
  be	
  quite	
  
homogeneous,	
  may	
  later	
  develop	
  a	
  pa>ern	
  or	
  structure	
  due	
  to	
  
an	
  instability	
  of	
  the	
  homogeneous	
  equilibrium,	
  which	
  is	
  
triggered	
  off	
  by	
  random	
  disturbances.”	
  



Reaction-Diffusion systems: Belousov-Zhabotinksky reaction



Reaction-Diffusion systems: Turing instabilities



Reaction-Diffusion systems: Alan Turing model
If	
  there	
  are	
  interac:ons	
  between	
  two	
  diffusible	
  molecules,	
  and	
  their	
  diffusion	
  
coefficients	
  are	
  different	
  
•  The	
  system	
  can	
  become	
  self-­‐regulated	
  
•  More	
  complex	
  pa=erns	
  of	
  cell	
  differen:a:on	
  can	
  be	
  generated	
  
•  Spontaneous	
  pa=erns	
  can	
  be	
  generated,	
  independently	
  of	
  any	
  ini:al	
  pre-­‐pa=ern.	
  
The	
  existence	
  of	
  fixed	
  sources	
  of	
  morphogens	
  is	
  not	
  a	
  necessary	
  condi:on.	
  	
  	
  
Small	
  random	
  fluctua:ons	
  are	
  sufficient	
  to	
  trigger	
  pa=ern	
  forma:on,	
  even	
  from	
  
homogeneous	
  ini:al	
  condi:ons	
  

•  The	
  pa=erns	
  are	
  independent	
  of	
  the	
  size	
  and	
  shape	
  of	
  the	
  :ssue	
  



Reaction-Diffusion systems: Hans Meinhardt & Alfred Gierer
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Reaction-Diffusion systems: Hans Meinhardt & Alfred Gierer
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Local	
  self-­‐enhancement	
  and	
  long	
  range	
  inhibi:on	
  (lateral	
  inhibi:on)	
  

Reaction-Diffusion systems: Hans Meinhardt & Alfred Gierer



“Alan	
  Turing	
  —	
  most	
  famous	
  for	
  his	
  work	
  on	
  the	
  theore8cal	
  basis	
  of	
  compu8ng	
  —	
  
was	
  clearly	
  the	
  first	
  to	
  show	
  that	
  pa>erns	
  can	
  arise	
  if	
  two	
  substances	
  with	
  different	
  
diffusion	
  rates	
  interact.	
  In	
  our	
  work,	
  we	
  showed	
  that	
  pa>ern	
  forma8on	
  is	
  possible	
  
if,	
  and	
  only	
  if,	
  a	
  local	
  self-­‐enhancing	
  process	
  is	
  coupled	
  with	
  an	
  antagonis8c	
  
reac8on	
  with	
  a	
  long	
  range.	
  These	
  condi8ons	
  are	
  not	
  inherent	
  in	
  Turing's	
  paper,	
  but	
  
one	
  can	
  show	
  that	
  Turing's	
  equa8ons	
  sa8sfy	
  our	
  condi8ons.	
  The	
  self-­‐enhancement	
  
is	
  required	
  to	
  amplify	
  minute	
  devia8ons	
  from	
  a	
  homogeneous	
  steady	
  state,	
  while	
  
the	
  long-­‐range	
  inhibi8on	
  makes	
  sure	
  that	
  self-­‐enhancement	
  remains	
  spa8ally	
  
confined	
  and	
  does	
  not	
  lead	
  to	
  an	
  overall	
  explosion.	
  Our	
  ac8vator–inhibitor	
  
mechanism	
  is	
  a	
  special	
  example	
  of	
  this	
  and,	
  for	
  instance,	
  the	
  Nodal–leMy2	
  
interac8on	
  involved	
  in	
  mesoderm	
  and	
  leM–right	
  pa>erning	
  follows	
  this	
  scheme.”	
  

Current	
  Biology	
  (2008)	
  18,	
  R401-­‐R402	
  

Local	
  self-­‐enhancement	
  and	
  long	
  range	
  inhibi:on	
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Reaction-Diffusion systems: Hans Meinhardt & Alfred Gierer

h=p://www.eb.tuebingen.mpg.de/research/emeri:/hans-­‐meinhardt/home.html	
  



A recent example: digit formation in vertebrates
James Sharpe (CRG, Barcelona, Spain)


