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Problem:	
  Determining	
  Networks	
  

•  Elucida8ng	
  and	
  valida8ng	
  a	
  gene	
  regulatory	
  
network	
  is	
  hard	
  and	
  8me	
  consuming.	
  



Solu,on:	
  Need	
  in	
  vivo	
  benchmarking	
  tool	
  

•  Design	
  a	
  novel	
  gene	
  regulatory	
  network	
  
•  Characterize	
  the	
  parameters	
  of	
  the	
  network	
  

• Model	
  the	
  network	
  mathema8cally	
  

•  Test	
  your	
  reverse-­‐engineering	
  algorithm	
  on	
  
the	
  model	
  



Design:	
  A	
  Novel	
  Network	
  

•  Desired	
  characteris8cs	
  
–  Inducible	
  
– Orthogonal	
  
– Well	
  characterized	
  and	
  nonessen8al	
  parts	
  



Design:	
  A	
  Novel	
  Network	
  

•  	
  Promoter/repressor/ac8vator	
  pairs	
  
–  	
  HO/swi5AAA	
  and	
  HO/Ash1D	
  

–  	
  MET16/CBF1	
  
–  	
  GAL1-­‐10/GAL4	
  
–  	
  Ash1D/swi5AAA	
  

•  One	
  protein-­‐protein	
  interac8on	
  
–  	
  GAL4/GAL80	
  

•  Chassis:	
  YM4271	
  Yeast	
  



Design:	
  The	
  IRMA	
  Network	
  



Design:	
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Design:	
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Model:	
  A	
  DE	
  Approach	
  

•  Model	
  network	
  as	
  a	
  systems	
  of	
  differen8al	
  
equa8ons	
  (DE)	
  

•  Need	
  to	
  make	
  assump8ons!	
  



Model:	
  A	
  DE	
  Approach	
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Characterize:	
  Two	
  Types	
  of	
  Perturba,ons	
  

•  Want	
  to	
  characterize	
  the	
  dynamics	
  of	
  the	
  system	
  
•  Two	
  types	
  of	
  perturba8ons	
  
– Single	
  perturba8on	
  and	
  measure	
  mRNA	
  levels	
  at	
  
different	
  8me	
  points	
  

– Mul8ple	
  perturba8ons	
  and	
  measure	
  steady-­‐state	
  
mRNA	
  levels	
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  Single	
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Characterize:	
  Mul,ple	
  Perturba,ons	
  



Test:	
  Reverse	
  Engineering	
  

•  From	
  model	
  parameters,	
  test	
  to	
  see	
  which	
  
algorithms	
  can	
  derive	
  a	
  network	
  closest	
  to	
  the	
  
true	
  network	
  

•  TSNI:	
  Time	
  Series	
  Network	
  Iden8fica8on	
  

•  NIR:	
  Network	
  Inference	
  by	
  Regression	
  



Test:	
  TSNI	
  



Test:	
  NIR	
  



Test:	
  Simplified	
  Network	
  	
  

•  Most	
  false	
  interac8ons	
  involve	
  the	
  	
  protein	
  
regulators	
  GAL4	
  and	
  GAL80.	
  

•  Simplify	
  the	
  true	
  network	
  by	
  elimina8ng	
  the	
  
protein-­‐protein	
  interac8on,	
  leaving	
  only	
  
transcrip8onal	
  regula8on	
  



Test:	
  TNSI	
  	
  



Test:	
  NIR	
  



Conclusions	
  

•  Developed	
  and	
  characterized	
  a	
  novel	
  synthe8c	
  
system	
  

•  Can	
  be	
  used	
  to	
  assess	
  different	
  models	
  and	
  
network	
  predic8on	
  algorithms	
  



Significance	
  

•  Computa8onal	
  approaches	
  help	
  elucidate	
  
regulatory	
  interac8ons	
  in	
  biological	
  processes.	
  

•  Offers	
  a	
  tool	
  to	
  test	
  and	
  improve	
  computa8onal	
  
models	
  and	
  network	
  algorithms	
  



Concerns	
  

•  Mathema8cal	
  model	
  could	
  use	
  addi8onal	
  
refining	
  

•  Made	
  claims	
  that	
  didn’t	
  necessarily	
  emerge	
  
from	
  the	
  data.	
  



Ques,ons?	
  


