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Biological robustness 

“Biological systems, from macromolecules to whole 

organisms, are robust if they continue to function, 

survive, or reproduce when faced with mutations, 

environmental change, and internal noise” 

 

Identify how biological systems lose robustness 

  



Rolling balls down-hill 

Conrad Hal Waddington 

Landscape Metaphor:  
Canalization in development biology  

 

1.  Genetic 

2.  Environmental 

3.  Stochastic  

      (noise or random events) 



Wild type Disease state 

Conrad Hal Waddington 

Landscape Metaphor:  
Robustness for phenotypic variability  



Loss of robustness induces pathogenesis 
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Starting point 

 

 

1.  It is NOT necessary detailed mechanistic 

models of a biological system in order to 

predict phenotypic variation, pragmatic 

statistical approaches may suffice 

(Genotype combinations studies). 

 

2.  Natural (biological) networks evolved to 

be robust to genetic, environmental and 

stochastic perturbations. GOOD level of 

abstraction, less precision 

–  Most genetic influences on a trait/phenotype are usually unknown 

–  Phenotypic variation is not just due to genetics.  



Sources of information 

1.  Genetic diseases 

2.  Pathological Phenotypes variability 

3.  Functional interactions between genes 

“All of this data can be modeled in networks” 



www.orpha.net	  www.omim.org	  

Databases	  

•  Dr. Victor A. McKusick 

•  Repository of studies about 
clinical features and molecular 
genetics 

 
Genetic disorders:  3.486 
 
Mutated genes:   2.794 
 
All diseases:   7.263    
 
 
 

•  Focused on low prevalence 
diseases. 

•  Originally enriched by OMIM 
diseases 

•  Actively reviewed by clinical 
experts 

 
Genetic disorders:  2.125 
 
Mutated genes:   2.331 
 
All diseases:   5.954 
 
 Many	  cases	  we	  know	  the	  gene	  but	  not	  the	  molecular	  e@ology	  



The	  Human	  Diseases	  Network	  

Databases 2 Diseasomes	  

The	  Orphan	  Disease	  Networks	  

Goh et al. 2007 Zhang et al. 2011 
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INFERRED UNIPARTITE PROJECTION!
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Co-associated genes in disease/s!

C! PROPOSED CLASSIFICATION!
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PATHOPHENOTYPIC SPACES BASED ON HPO TERMS ANNOTATIONS!
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Proposed classification (disease-gene) 

Strong differences between both 
inherited disease database 
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The Human Diseases Network 
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A) Human Diseases Gene Network 
(gene-to-gene unipartite)

Connected nodes: 749
Unconnected nodes: 1776

Edges: 2654

B) Orphan Diseases Gene Network
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A) Human Diseases Gene Network 
(gene-to-gene unipartite)

Connected nodes: 749
Unconnected nodes: 1776

Edges: 2654

B) Orphan Diseases Gene Network
(gene-to-gene unipartite)

Connected nodes: 1492
Unconnected nodes: 839

Edges: 6380

C) Pathophenotypic Similarity Gene Network
(gene-to-gene semantic similarity)

Connected nodes: 1705
Unconnected nodes: 0

Edges: 26197

Network comparison HDGN vs ODGN 

24 %          10% 
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Understanding diseases as sets of phenotypes 

“Information Content (IC)” 

Frecuencia de anotaciones 

o número de enfermedades 

asociadas al fenotipo 



genes! diseases!

Pleiotropic genes (PG)!

Monotropic genes (MG)!

Monotropic genes (MG)!

Po
ly

ge
ni

c 
di

se
as

es
 (P

D)
!

M
on

og
en

ic
 d

is
ea

se
s 

(M
D)
!

Mutated genes!

Gene$A$

Gene$C$

Gene$B$

Disease$A$

Disease$B$

Disease$C$

Pathological entities!

A!

Gene$A$

Gene$C$

Gene$B$

Disease$A$

Disease$B$

Disease$C$

Gene$A$

Gene$C$

Gene$B$

INFERRED UNIPARTITE PROJECTION!
(gene-to-gene)!

Co-associated genes in disease/s!

C! PROPOSED CLASSIFICATION!
(for disease-to-gene associations)!

Mutated genes!

Pleiotropic genes (PG)!

B!

Genetic association studies 
(from OMIM and Orphanet)!

Inferred edges !
(Co-associated genes to at 

least one disease)!

Genetic association 
studies (from Morbid Map)!

Pathophenotypic space of diseases!

PATHOPHENOTYPIC SPACES BASED ON HPO TERMS ANNOTATIONS!

Pathophenotypic space of genes!

Gene$A$

Gene$C$

Gene$B$

Pathophenotypic!
similarities !

BIPARTITE PROJECTION !
(disease-to-gene)!

Pathophenotypic space for genes 

Un fenotipo cambia su especificidad entre enfermedades y genes 

“Information Content (IC)” de los fenotipos 



Phenotypic similarity 

Renisk uses the most specific phenotypes 

Robinson uses the media of all phenotypes 
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A) Human Diseases Gene Network 
(gene-to-gene unipartite)

Connected nodes: 749
Unconnected nodes: 1776

Edges: 2654

B) Orphan Diseases Gene Network
(gene-to-gene unipartite)

Connected nodes: 1492
Unconnected nodes: 839

Edges: 6380

C) Pathophenotypic Similarity Gene Network
(gene-to-gene semantic similarity)

Connected nodes: 1705
Unconnected nodes: 0

Edges: 26197

Human Pathophenotypic Similarity Gene Network (PSGN) 

Expanding phenotypic relationships 
to decrease the specificity	  
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A) Human Diseases Gene Network 
(gene-to-gene unipartite)

Connected nodes: 749
Unconnected nodes: 1776

Edges: 2654

B) Orphan Diseases Gene Network
(gene-to-gene unipartite)

Connected nodes: 1492
Unconnected nodes: 839

Edges: 6380

C) Pathophenotypic Similarity Gene Network
(gene-to-gene semantic similarity)

Connected nodes: 1705
Unconnected nodes: 0

Edges: 26197

Network comparison HDGN, ODGN and PSGN 



Degree of genes in HDGN, ODGN and PSGN 
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Inferred gene pairs  
(OMIM and Orphanet) 

Phenotypic similar 
gene pairs 

1933 genes 
10841 pairs 

 

1681 genes 
24902 pairs 

 

 

Inferred
OUT 

 
1725 genes 
8772 pairs 

!

 

Inferred 
IN 
 

807 genes 
2069 pairs 

!

 

Novel 
 
 

1652 genes 
22833 pairs 

!

Venn diagram [(HDGN U ODGN) ∩ PSGN ] 

Todos los genes anotados al menos 1 nueva relación	  



Performance validation (Phenotypic similarity vs. inference) 

Expanding phenotypic relationships 
to decrease the specificity	  

Robinson es una medida adecuada para la similitud fenotípica	  



Density function probability of phenotypic similarities 

Robinson es una medida adecuada para la similitud fenotípica	  
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Optimal Statistical Cut-Off (pragmatic) 

Expanding phenotypic relationships 
to decrease the specificity	  

From 98th we loss information 
 

TOMORROW	  
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From 98th we increase similarity 
with inferred	  





Network Comparisons Between Interactomes and PSGN Subsets 

0 

0.5 

1 

1.5 

2 

2.5 

Inferred  Inferred OUT Inferred IN Novel All pairs 

Ja
cc

ar
d 

co
ef

fc
ie

nt
 (%

) 

Biological process 
Cellular component 
Molecular function 
Protein-protein interaction 

1.
0E

-3
21

 
1.

0E
-3

21
 

1.
0E

-3
21

 
1.

0E
-3

21

1.
0E

-3
21

 
1.

6E
-1

20
 

8.
7E

-1
96

 
1.

0E
-3

21

1.
0E

-3
21

 
1.

0E
-3

21
 

1.
1E

-1
79

 
1.

0E
-3

21

1.
0E

-3
21

 
6.

4E
-2

6 
4.

9E
-6

1 
1.

0E
-3

21

1.
0E

-3
21

 
1.

8E
-1

62
 

1.
9E

-1
63

 
1.

0E
-3

21

Inferred gene pairs  
(OMIM and Orphanet) 

Phenotypic similar 
gene pairs 

1933 genes 
10841 pairs 

 

1681 genes 
24902 pairs 
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Intersection between 
Phenotypic and 
Functional 
interactions has 
higher similarity scores 
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Natural (biological) networks evolved to be 

robust to genetic, environmental and 

stochastic perturbations. GOOD level of 

abstraction, less precision 

ROC curves
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Novel phenotypic similarities ∩ protein interactions 
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Conclusion I 

Feno,pos	  
intermedios	  o	  
moleculares	  

M i g r a c i ó n d e b a s e s d e d a t o s 
d e s c r i p t i v a s a g e s t i o n a r e s a 
información en red. Network Medicine	  



Conclusion II 
ROC curve of similarity scores

False positive rate
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Conclusion III 

COHERENCIA BIOLÓGICA	  

0 

0.5 

1 

1.5 

2 

2.5 

Inferred  Inferred OUT Inferred IN Novel All pairs 

Ja
cc

ar
d 

co
ef

fc
ie

nt
 (%

) 

Biological process 
Cellular component 
Molecular function 
Protein-protein interaction 

1.
0E

-3
21

 
1.

0E
-3

21
 

1.
0E

-3
21

 
1.

0E
-3

21

1.
0E

-3
21

 
1.

6E
-1

20
 

8.
7E

-1
96

 
1.

0E
-3

21

1.
0E

-3
21

 
1.

0E
-3

21
 

1.
1E

-1
79

 
1.

0E
-3

21

1.
0E

-3
21

 
6.

4E
-2

6 
4.

9E
-6

1 
1.

0E
-3

21

1.
0E

-3
21

 
1.

8E
-1

62
 

1.
9E

-1
63

 
1.

0E
-3

21



PhenUMA	  KB	  

Known	  
Rela,onships	  

Inferred	  
Rela,onships	  

Seman,c	  Similarity	  
Rela,onships	  

OMIM	  

Orphanet	  

STRING	  

Metabolic	  

Inferred	  Rela,onships	  are	  worked	  
out	  from	  Known	  Rela,onships	  	  

Phenotypic	  
Rela,onships	  

Func,onal	  
Rela,onships	  

GO	  HPO	  

Biological	  Process	  

Cellular	  Component	  

Molecular	  Func@on	  

Gene-‐Gene	  from	  OMIM	  

Gene-‐Gene	  from	  Orphan	  

OMIM-‐OMIM	  from	  Gene	  

Orphan-‐Orphan	  from	  Gene	  

OMIM	   gggggggggggggg	  Gene	   Orphan	  Disease	  

J o r n a d a s  PhenUMA !
www . p h e n um a . um a . e s !Conclusion IV 



ProCel team 

•  METABOLIC	  SYSTEMS,	  Group	  leader.	  Dr.	  F.	  Sánchez-‐Jiménez.	  
	  

•  Thesis	  Director.	  Dr.	  Miguel	  Ángel	  Medina	  Torres.	  

•  ProFunc:	  PROTEIN	  FUNCTION	  GROUP,	   	  PhD.	  A.A	  Moya	  and	  and	  PhD.	  JA	  Ranea	  

Kika	   	   	  Miguel	  Angel 	  	  	  	  	  	  	  Rocio	  Rodríguez-‐López	  

¡¡Muchas Gracias y Bienvenidos!!	  


