


2. Replication, mutation, selection and Shannon information
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Definition of RNA structure
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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:
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Selection equation: [L.]=x;£0, f,>0
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Mean fitness or dilution flux, ¢ (t), is a non-decreasing function of time,
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Solutions are obtained by integrating factor transformation

e %0)-exp(fr)
R ST



s= () /f1; /L>11:x1(0)=1-1/N;x,(0)=1/N

| ( /
E |
I !
508 /
> I
) !
S 0.6
8 I
§ [ s=20.1 s =0.02 /
E _
“g 0.4 [ /
: | /
S -
b5 0.2
E ' s =0.01
/
O |
0 200 400 600 800 1000

Time [Generations]

Selection of advantageous mutants in populations of N = 10 000 individuals



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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Point Mutation

GAAUCCCGAA — GAAUCCCGUCCCGAA

Insertion

GAAUCCCGAA —> GAAucciA

Deletion

The origins of changes in RNA sequences are replication errors called mutations.
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The Hypercycle

Chemical Kinetics of molecular
evolution
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Chemical kinetics of replication and mutation as parallel reactions
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City-block distance in sequence space 2D Sketch of sequence space

Single point mutations as moves in sequence space



CGTCGTTACAATTTAGGTTATGTGCGAATTCACAAATT GAAAATACAAGAG. . . . .

CGTCGTTACAATTTAAGTTATGTGCGAATTCCCAAATTAAAAACACAAGAG. . ...

Hamming distance dy(Iy,l,) =4

(i) dp(l,I;)=0
(i) dy(l,Lp) = dy(ly,1y)
() dy(l,13) T dy(l,L) + dg(),13)

The Hamming distance between sequences induces a metric in sequence space



Mutation-selection equation: [I.]=x.£0, £.>0,0.£E0
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Solutions are obtained after integrating factor transformation by means of an
eigenvalue problem
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Master sequence

Mutant cloud
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The molecular quasispecies in sequence space
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Shannon information content of individual sequences: [, =—1.4428 In p, [bit]
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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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