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•  What	
  might	
  cause	
  phenomenon	
  of	
  developmental	
  

pa?erns	
  such	
  as	
  phyllotaxis.	
  

•  Turing	
  proposed	
  a	
  theory	
  of	
  developmental	
  pa?ern	
  
formaAon.	
  



ReacAng	
  chemicals	
  

diffusion	
  



Morphogens	
  as	
  chemical	
  pre-­‐pa?erns	
  

Turing’s	
  main	
  hypothesis	
  was	
  that	
  the	
  resulAng	
  
gradient	
  of	
  chemical	
  concentraAons	
  could	
  cue	
  
differenAal	
  cell	
  growth	
  and	
  result	
  in	
  pa?ern	
  
formaAon.	
  



Diffusion-­‐driven	
  instability	
  

•  A	
  system	
  of	
  chemicals	
  which	
  is	
  stable	
  in	
  the	
  
absence	
  of	
  diffusion	
  becomes	
  unstable	
  in	
  the	
  
presence	
  of	
  diffusion.	
  

	
  	
  



A	
  ReacAon-­‐diffusion	
  Model	
  





J.D.	
  Murray’s	
  Fire	
  and	
  Grasshopper	
  
metaphor	
  	
  

Source	
  Philip	
  Maini’s	
  talk	
  on	
  youtube:	
  	
  	
  	
  
h?p://www.youtube.com/watch?v=pN8tVldm6QY	
  



Basic	
  principles	
  behind	
  pa?erning	
  
•  Short-­‐range	
  acAvaAon	
  gives	
  long-­‐range	
  
inhibiAon	
  

Source:	
  h?ps://sitn.hms.harvard.edu/sitnflash_wp/2012/07/morphogenesis/	
  



PredicAons	
  from	
  Turing’s	
  Model	
  

•  For	
  Turing	
  pa?erns	
  to	
  occur,	
  the	
  spaAal	
  
domain	
  should	
  have	
  a	
  minimum	
  size	
  

•  Complexity	
  of	
  the	
  Turing	
  pa?erns	
  is	
  
dependent	
  on	
  the	
  domain	
  size.	
  

•  Geometry	
  of	
  the	
  spaAal	
  domain	
  plays	
  a	
  big	
  
role	
  	
  



Source:	
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How	
  the	
  Leopard	
  got	
  its	
  spots?	
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Source:	
  J.	
  D.	
  Murray’s	
  arAcle,	
  h?p://www.ams.org/noAces/201206/rtx120600785p.pdf	
  



Spo?ed	
  animals	
  can	
  have	
  striped	
  tails	
  but	
  not	
  the	
  
other	
  way	
  round	
  



Source	
  Philip	
  Maini’s	
  talk	
  on	
  youtube:	
  	
  	
  	
  
h?p://www.youtube.com/watch?v=pN8tVldm6QY	
  

“All	
  Models	
  are	
  wrong…	
  but	
  
some	
  are	
  useful”	
  –	
  George	
  Box	
  



Source:	
  J.	
  D.	
  Murray’s	
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  h?p://www.ams.org/noAces/201206/rtx120600785p.pdf	
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Source	
  Philip	
  Maini’s	
  talk	
  on	
  youtube:	
  	
  	
  	
  
h?p://www.youtube.com/watch?v=pN8tVldm6QY	
  



Conclusions	
  

•  Turing’s	
  paper	
  on	
  morphogenesis	
  
revoluAonized	
  biology	
  

•  SAll	
  remains	
  a	
  seminal	
  work	
  in	
  several	
  areas	
  
	
  
•  Inspired	
  an	
  enormous	
  amount	
  of	
  
mathemaAcs.	
  


