


1. Autocatalytic chemical reactions in the flow reactor

2. Replication, mutation, selection and Shannon information

3. Evolution in silico and optimization of RNA structures

4. Random walks and ‚ensemble learning‘

5. Sequence-structure maps, neutral networks, and intersections
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50 years double-helix: 1953-2003

Complementary replication as the
simplest copying mechanism of RNA
Complementarity is determined by
Watson-Crick base pairs:

GÍC and A=U
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Selection of the „fittest“ or fastest replicating species



Selection equation:     [Ii] = xi Æ 0 ,  fi > 0

Mean fitness or dilution flux, φ (t), is a non-decreasing function of time, 

Solutions are obtained by integrating factor transformation
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s = ( f2-f1) / f1;  f2 > f1 ; x1(0) = 1 - 1/N ; x2(0) = 1/N 
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Changes in RNA sequences originate from replication 
errors called mutations.

Mutations occur uncorrelated to their consequences
in the selection process and are, therefore, commonly 
characterized as random elements of evolution.
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The origins of changes in RNA sequences are replication errors called mutations.
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Chemical kinetics of molecular 
evolution
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Chemical kinetics of replication and mutation as parallel reactions
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Single point mutations as moves in sequence space



CGTCGTTACAATTTA GTTATGTGCGAATTC CAAATT AAAA ACAAGAG.....

CGTCGTTACAATTTA GTTATGTGCGAATTC CAAATT AAAA ACAAGAG.....
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Hamming distance  d (I ,I ) = H 1 2 4

d (I ,I ) = 0H 1 1
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The Hamming distance between sequences induces a metric in sequence space



Mutation-selection equation: [Ii] = xi Æ 0,  fi > 0, Qij Æ 0

Solutions are obtained after integrating factor transformation by means of an 
eigenvalue problem
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The molecular quasispecies in sequence space
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Shannon information does not provide insight into the process creating 
information nor does it refer to the context that makes it useful. 

Information on the environment is created in the population by means of
the selection process through autocatalytic self-enhancement or replication 
of advantageous variants.

The population is visualized as a distribution of RNA molecules. In the 
evolutionary optimization process the population carries a temporary 
memory on its recent history in terms of previously selected variants that 
are still present.
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