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Brian Goodwin on networks and evolution

First model of gene regulation
First model of oscillatory genetic circuit
Theory of gene networks

Form and Transformation: Generative and Relational 
Principles in Biology, 
Cambridge Univ Press, 1996.

How the Leopard Changed its Spots: The Evolution of 
Complexity, 
Scribner, 1994
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Where does network complexity come from?

Complexity, 2003
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“Natural selection does not 
work as an engineer but as a 
tinkerer, limited by the 
constraints present at all 
levels of biological 
organization” 
François Jacob
Science 196: 1161-1166 
(1976)

What is the role of tinkering?
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Tinkering is widespread, even in Tech
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SynBio, evolution, functionality and design

With rare exceptions, Darwinian evolution requires established 
species to become extinct so that new species can replace them.

Now, after three billion years, the Darwinian interlude is over. 

                           Our Biotech future

                                Freeman Dyson

http://www.nybooks.com/articles/archives/2007/jul/19/our-biotech-future/
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A common description of functionality

All biological systems perform some kind of computation. Computation is 
inherent to adaptive systems and makes biology different from physics.

John Hopfield
Physics, computation and why biology looks so different. 

J. Theor. Biol. 171, 53-60 (1994)
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Cells and molecules as computers

Nature 1995

Science 1995
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Synthetic biology: milestones
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Synthetic biology: repressilator

A molecular clock out 
of three mutually inhibiting
regulations
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Synthetic biology: edge detector
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Synthetic biology: edge detector

IF NOT light, produce (difussible) signal
IF signal and NOT (NOT light) produce pigment
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Theoretical models of computation

Turing, A. M. "On Computable 
Numbers, with an Application to 
the Entscheidungsproblem." 

Proc. London Math. Soc. Ser. 2 
42, 230-265, 1937.

Turing machines
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Universal gates: NAND and NOR
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Combining logic circuits

Combining multiple small gates we obtain more complex 
circuits. The output is located at some given subset of elements
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Can we get solutions from enginering?

Problems: wiring and 
combinatorics
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The wiring problem
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The wiring problemThe wiring problem
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The wiring problem

Wiring diversity 
increases with  +  Reuse 
strongly limited
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SFI Complexity and computation
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No central control

Distributed decisions
Simple individuals, complex CI

Collective intelligence and computation
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Design landscape
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Evolved designs
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Evolved designs
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Evolved designs
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Evolved designs
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Robustness, redundancy and degeneracy
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How to solve it?

In any field, find the strangest thing
and then explore it.

John Wheeler 
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The wiring problem: first approach

Synthetic ecology: predator-prey, mutualistic, parasitic
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Multicellular systems
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Multicellular computing
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Multicellular distributed computing
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Multicellular distributed computing
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Multicellular distributed computing
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Multicellular distributed computing
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Distributed computation
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Distributed computation
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Distributed computation: LEGO-like
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Non-standard combinatorial logic
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What’s next? Reprogramming
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What’s next? Microfluidic interface

Spatial embodiment and/or 
increased wire diversity allows 
combinatorial explosion

Insight: Lab on a chip
Vol. 442, No. 7101 pp367-418

What’s next? Microfluidic interface
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Multicellularity and swarm intelligence
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Multicellularity and swarm intelligence
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Biological computation morphospace
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CSL

http://complex.upf.es/

Complex Systems 

WETLAB 
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