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EMERGENCE OF COMPLEXITY
IN BIOLOGICAL NETWORKS

from selection to tinkering



Evolution in physics?

The Life of the Cosmos
Lee Smolin,Oxford U. Press (1997)

Para ver esta película, debe
disponer de QuickTime™ y de

un descompresor YUV420 codec.



C. Darwin 
“The Origin of Species” 

(1859)

F. Jacob 
“Evolution and Tinkering” 

Science (1977)

S.Kauffman 
“Origins of Order”

(1993)

Evolution: how does it take place?
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SELECTION TINKERING EMERGENCE



Does evolution occur at all?

EVOLUTION IS A STUPID IDEA

THE BIG BANG IS A STUPID THEORY

TO BELIEVE IN LIFE ORIGINATED 
FROM CHEMISTRY IS A STUPID IDEA

DON’T SUPPORT EVOLUTION IN SCHOOLS 
PAYED WITH MY TAXES

Kent Hovind (creation “scientist”)



Can life be created in the lab?

I WORK FOR GOD, SO I DON’T HAVE TO 
PAY TAXES

PAYING TAXES IS EVIL

Kent Hovind (creation “scientist”)



Evolution of complexity: networks

www.nrbsc.org/ brainmovie/index.html

http://www.nrbsc.org


Complex networks are scale-free



What is the architecture of cellular maps?
What are the consequences?

What are the origins?

Cell Biology

http://multimedia.mcb.harvard.edu/

http://multimedia.mcb.harvard.edu


The small world of protein interactions



Scale-free genome architecture

p53

H. Jeong, S. Mason, A.-L. Barabási 
and Z. N. Oltvai 

Lethality and centrality in protein networks 
Nature 411, 41-42 (2001). 



Proteome: small world, scale free

FEBS Journal  272 (2005) 6423-6434



“Natural selection does 
not work as an engineer 
but as a tinkerer, limited 

by the constraints 
present at all levels of 

biological organization”

Science 196: 1161-1166

François Jacob (1976)       

Evolution of genome : how to model? 

Para ver esta película, debe
disponer de QuickTime™ y de

un descompresor YUV420 codec.
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Complexity “for free”?

“If you haven’t found something strange during the day,
it hasn’t been much of a day”

John Wheeler



duplication

deletion

New interaction

Origins of scale-free regulatory maps



Origins of scale-free regulatory maps



Evolving protein interaction networks through gene duplication
R. Pastor-Satorras, E. Smith and R. V. Solé
J. Theor. Biol. 222 (2003) 199-210

REAL PROTEOME:

<k>=2.4
©

 

= 2.5
C = 0.7
D = 6.81
Disassortative
Modular
Hierarchical

Model proteome:
assuming ™

 

= 0.5 <k>=2.5, ©
 

= 2.5
C=0.1, D=5.9
Disassortative

Structure emerges without functionality



Modular networks

J(i,j)
O(i,j)= ----------------

Min{k(i),k(j)}

Overlap map

E. Ravasz, A. L. Somera, D. A. Mongru, Z. N. 
Oltvai and A.-L. Barabási 
Hierarchical Organization of Modularity 
in Metabolic Networks 
Science 297, 1551-1555 (2002). 



Modular architecture of the yeast interaction map

Cellular networks are modular



Spontaneous emergence of modularity in cellular networks
R. V. Solé and S. Valverde, J. Roy. Soc. Interface 2007
Are network motifs the spandrels of cellular complexity?
R. V. Solé and S. Valverde, Trends Ecol. Evol. 2006

Modularity for free?



What is the topology of language networks?

What are the consequences?

What are the origins?

Language



Language universals
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Zipf’s law: all languages display it, why?
R. Ferrer and R. Solé, PNAS (2003)



Network of word co-occurrences



Network of word co-occurrences



“The small world of human language”
R. Ferrer and R.V.Solé

Proc.Roy.Soc.London B (2002)

Less than 3 words in a universe of 
50000-100000 words: L=2.5the

The small world of human language



The ontogeny of human language

The SN provides a global, coarse picture of syntactic organization.
How do syntax networks change through language development?



A sudden shift is observed at two years of age: networks experience 
a dramatic topological change, from tree-like to scale free 

Language acquisition: the innate element

Emergence of scale-free syntax networks, B. Corominas, S. Valverde and RS
arXiv:0709.4344v [q-bio.NC] 27 Sep 2007



http://complex.upf.es

http://complex.upf.es/
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