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•  Less	  accurate	  than	  quanHtaHve	  

•  QuanHtaHvely	  significantly	  more	  relevant	  than	  
qualitaHve	  

•  More	  forgiving	  when	  we	  lack	  accurate	  knowledge	  

June	  24,	  2013,	  Milano,	  Italy	  



8	  

Petri	  nets	  
QualitaHve	  PNs	  

Time-‐free	  

-‐QualitaHve	  descripHon	  
-‐Behavioural	  properHes	  

Timed,	  
Quan,ta,ve	  

StochasHc	  PNs	  
-‐Molecules	  

Discrete	  State	  Space	   Con,nuous	  State	  Space	  

-‐StochasHc	  rates	  

Fuzzy	  PNs	  
-‐QualitaHve	  descripHon	  

-‐Augment	  exisHng	  
methods	  

ConHnuous	  PNs	  
-‐ConcentraHons	  
-‐ODEs	  
-‐DeterminisHc	  rates	  

Fuzzy	  PNs	  
-‐Semi-‐quanHtaHve	  

BioPPN’13	  |	  Jure	  Bordon	  

Heiner	  et	  al,	  Petri	  nets	  for	  systems	  and	  synthe,c	  biology,	  2008	  

June	  24,	  2013,	  Milano,	  Italy	  



Elowitz	  repressilator	  

9	  BioPPN’13	  |	  Jure	  Bordon	  
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•  CompuHng	  with	  words	  (IF-‐THEN	  rules)	  
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•  CompuHng	  with	  words	  (IF-‐THEN	  rules)	  
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•  CompuHng	  with	  words	  (IF-‐THEN	  rules)	  
•  FuzzificaHon	  

–  Defining	  fuzzificaHon	  for	  different	  abstracHon	  levels	  

–  Different	  membership	  funcHons	  to	  achieve	  desired	  descripHon	  

–  Using	  the	  knowledge	  about	  the	  system	  we	  have	  to	  gain	  more	  
accurate	  descripHon	  
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•  General	  (Elowitz)	  
–  The	  system/cell	  can	  contain	  up	  to	  approximately	  2000	  
molecules	  of	  each	  protein	  

–  One	  protein	  molecule	  equals	  about	  1nM	  in	  concentraHon	  
•  Dynamical	  

–  Approximate	  protein,	  mRNA	  half-‐life	  
–  Approximate	  binding/disassociaHon	  affinity	  
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•  Semi-‐quanHtaHve	  representaHon	  
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Conclusions	  

•  Proposed	  fuzzy	  Petri	  net	  approach	  can	  be	  used	  to	  semi-‐quanHtaHvely	  
model	  biological	  processes	  as	  demonstrated	  on	  degradaHon	  

•  Can	  be	  used	  to	  augment	  exisHng	  methods	  where	  kineHc	  data	  or	  
parameters	  are	  missing	  

	  
•  Formal	  definiHon	  of	  fuzzy	  Petri	  nets	  used	  for	  our	  approach	  and	  

building	  more	  complex	  FPN	  models	  
•  Fuzzy	  descripHon	  of	  other	  basic	  biological	  processes	  
•  SimulaHon	  result	  evaluaHon	  and	  verificaHon	  
•  Color	  for	  different	  fuzzy	  abstracHons	  
•  StochasHc	  fuzzy	  modelling	  
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and	  future	  work	  

June	  24,	  2013,	  Milano,	  Italy	  


