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The world is full of bugs!




Evolution by Natural Selection

But how are the things that evolve
“created” in the first place?
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Evolution and Coupling of Autocatalytic Sets




Enclosure by a lipid-bilayer




Photosynthesis
Capturing Energy Directly from Sunlight
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~ 3,500,000,000 years ago ~ 1,400,000,000 years ago
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Second Law of Thermodynamics:

Entropy Always Increases

X

Entropy — Disorder




The Earth is an Open System
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Pattern Formation: Dissipative Structures
Bénard Convection Cells
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Energy, Entropy and Information

Energy Gradient

Information

Energy Dissipation = Work = Structure

Gain of Entropy,
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Dissipated State
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Information and Dissipative Structures
Energy Gradient

Transfer of Information, dissipation into heat

No Information
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Pattern Formation: Feedback Processes
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Positive Feedback Negative Feedback
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Positive and Negative Feedback
Combined in Time

Oscillator circuit using positive feedback
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Positive and Negative Feedback
Combined in Time and Space
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http://www.turingarchive.org/browse.php/B/22

Positive and Negative Feedback
Combined in Time and Space
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Positive and Negative Feedback
Combined in Time and Space

o Cconcentration

spatial distribution
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Positive and Negative Feedback
Combined in Time and Space
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Positive and Negative Feedback
Combined in Time and Space

Exponential Growth Curve Lagistic Growth Curve

Carrying Capacty [K)

Mumber of individuals (M
Mumber of individuals (N}

Time (1) Time (L)

Positive Feedback Causes Growth Negative Feedback Causes Selection



But... There's More Than Just Feedback

“The stripes are easy, but the horse part is harder to explain”



Pattern Formation: Interactions

©



Trophic Interactions

“Eating and Being Eaten”

1,000,000 J of sunlight

Copyright © Paarson Education, Inc., publishing as Benjamin Cummings.



A simplified food web for the Northwest Atlantic



Competitive Interactions
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http://www.nis.atr.jp/~ray/tierra/

Interactions Between RNA Molecules

Nobuto Takeuchi and Paulien Hogeweg
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http://www-binf.bio.uu.nl/nobuto/

Interactions Can Get Selected For
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New Level of Selection
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Cells 1.0
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New Level Formed by Dynamics

Spiral Selection

Hypercycle Hypercycles Organise Spirals Compete
Into Spirals

Maarten Boerlijst and Paulien Hogeweg, 1993


http://bioinformatics.bio.uu.nl/BINF/binflitt2004/node10.html

A Hierarchy of Organisation Levels

HI

2 1998 Sinauer Associates, Inc.
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3.5 billion years ago
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1.8 billion years ago
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200 million years ago
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“‘*he Visible Embzyo'
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Life = Information?
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. Cellular Potts Model ;
Glazier & Graner (1992, 1992) %
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http://en.wikipedia.org/wiki/Cellular_Potts_model

Cell Interactions + Genetic Interactions + Evolution = Morphogenesis

Paulien Hogeweg (2000)



http://www-binf.bio.uu.nl/pdf/Hogeweg.jtb00-203.pdf

Cellular Slime Mold

Dictyostelium discoideum



file:///home/levien/ccc07/pics/real_dicty/realdicty-xvid.avi

Modelling an Organism

Stan Mareé, Paulien Hogeweg, and Nick Savill
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Modelling an Organism

Stan Mareé, Paulien Hogeweg, and Nick Sauvill
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“Local Optimum”

“Global Optimum” = “The Fittest™ ?
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