
Knowledge	  Discovery	  in	  
System	  Biology	  	  

Katsumi	  Inoue	  
Yoshitaka	  Yamamoto	  

Andrei	  Doncescu	  



System,	  System	  Biology,	  
Complex	  Systems	  

!   System:	  set	  of	  objects,	  joined	  to	  accomplish	  
some	  purpose	  
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Knowledge-Based Discovery : 
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A Simplified History of 
Life on Earth!

Mattick (2004) Nature Reviews Genetics 5: 316-323. 
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regle(_,	  def,	  (product(mdm2_p53),	  1),	  (stimulation(p53_degradation_effectors,mdm2_p53),	  1)).	  
regle(_,	  def,	  (stimulation(p53_degradation_effectors,mdm2_p53),	  1),(product(p53_degradation),	  1)).	  
regle(_,	  def,	  (product(mdm2_p53),	  1),	  (phosphorylation(p_atm_free,mdm2_p53),	  1)).	  
regle(_,	  def,	  (phosphorylation(p_atm_free,mdm2_p53),	  1),(product(p_s15_p53_mdm2),	  1)).	  
regle(_,	  def,	  (product(mdm2_p53),	  1),	  	  (phosphorylation(atr,mdm2_p53),	  1)).	  
regle(_,	  def,	  (phosphorylation(atr,mdm2_p53),	  1),	  	  (product(p_s15_p53_mdm2),	  1)).	  
regle(_,	  def,	  (product(p_s15_p53_mdm2),	  1),	  	  (phosphorylation(chk2_53bp1,p_s15_p53_mdm2),	  1)).	  
regle(_,	  def,	  (phosphorylation(chk2_53bp1,p_s15_p53_mdm2),	  1),	  	  (product(p_p_p53_mdm2),	  1)).	  
regle(_,	  def,	  (product(p_s15_p53_mdm2),	  1),	  	  (phosphorylation(p_chk1,p_s15_p53_mdm2),	  1)).	  
regle(_,	  def,	  (phosphorylation(p_chk1,p_s15_p53_mdm2),	  1),	  	  (product(p_p_p53_mdm2),	  1)).	  
regle(_,	  def,	  (product(p_s15_p53_mdm2),	  1),	  	  (product(p53_degradation),-‐1)).	  
regle(_,	  def,	  (product(p_p_p53_mdm2),	  1),	  	  (product(p53_degradation),-‐1)).	  
regle(_,	  def,	  (product(p_p_p53_mdm2),	  1),	  	  (dissociation(p_p_p53_mdm2),	  1)).	  
regle(_,	  def,	  (dissociation(p_p_p53_mdm2),	  1),	  	  (product(p_p_p53),	  1)).	  
regle(_,	  def,	  (dissociation(p_p_p53_mdm2),	  1),	  	  (product(mdm2),	  1)).	  
regle(_,	  def,	  (product(mdm2),	  1),	  	  	  (phosphorylation(p_atm_free,mdm2),	  1)).	  
regle(_,	  def,	  (phosphorylation(p_atm_free,mdm2),	  1),	  	  (product(p_mdm2),	  1)).	  
regle(_,	  def,	  (product(p_p_p53),	  1),	  	  (binding(p300,p_p_p53),	  1)).	  
regle(_,	  def,	  (binding(p300,p_p_p53),	  1),	  	  (product(active_p53),	  1)).	  
regle(_,	  def,	  (product(active_p53),	  1),	  	  (transcription_activation(active_p53,prom_p21_gadd45),	  1)).	  
regle(_,	  def,	  (transcription_activation(active_p53,prom_p21_gadd45),	  1),	  	  (product(p21_and_gadd45),	  
1)).	  
regle(_,	  def,	  (product(p21_and_gadd45),	  1),	  	  (stimulation(p21_and_gadd45,cell_cycle),	  1)).	  
regle(_,	  def,	  (stimulation(p21_and_gadd45,cell_cycle),	  1),	  	  (product(cell_cycle_arrest),	  1)).	  
regle(_,	  def,	  (product(active_p53),	  1),	  	  (transcription_activation(active_p53,prom_bnpf),	  1)).	  
regle(_,	  def,	  (transcription_activation(active_p53,prom_bnpf),	  1),	  	  (product(box_nas_puma_fas),	  1)).	  
regle(_,	  def,	  (product(box_nas_puma_fas),	  1),	  	  (stimulation(box_nas_puma_fas,cell),	  1)).	  
regle(_,	  def,	  (stimulation(box_nas_puma_fas,cell),	  1),	  	  (product(apoptosis),	  1)).	  
regle(_,	  def,	  (product(active_p53),	  1),	  	  (transcription_activation(active_p53,prom_mdm2),	  1)).	  
regle(_,	  def,	  (transcription_activation(active_p53,prom_mdm2),	  1),	  	  	  (product(mdm2),	  1)).	  	  	  
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MicroARN	  
	  

Background 
Breslow(X,high)∧mir21(X,high)	 ∧miR-222, miR-23a(X,high)	 ∧miR-92(X,high)	 
∧ miR-149(X,high) ∧ miR-221 (X,high)è 
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A	  logic-‐based	  machine	  learning	  technique	  
ー	  Richer	  representation	  formalisms	  (First-‐order	  predicate	  logic)	  
ー	  Classification	  

■  Input:	  	  	  
–  B	  :	  	  background	  theory.	  	  
–  E	  :	  	  observations.	  
–  LB	  :	  	  language	  bias	  for	  restricting	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  the	  syntax	  of	  hypotheses	  	  

■  Output:	  	  	  
l  H	  :	  	  hypothesis	  satisfying	  that	  	  

–  H	  is	  a	  clause	  belonging	  to	  LB	  
–  B	  	  ∧	  	  H	  	  logically	  explains	  E	  

Life	  as	  a	  System	  of	  Relations	  



Results using Inoue’s 
ILP system 
•  Input file: the information on 15 patients with melanoma / 5 healthy 

patients  
•  Causal relations between status of relapsing and 19 factors 

Hypothesis (Clause) Rs 
(%) 

Rf 
(%) 

Expert’s 
opinion 

(7)   [mir182(X, low), metastasis(X), age(X, medium) → relapse(X)]	
 50 8 ◯ 

(6)   [metastasis(X), age(X, medium) → relapse(X)]	
 40 10 ◯ 

(7)   [mir630(X, low), mir182(X,high) → relapse(X)]	
 30 10 



Thank	  you	  


