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The Genotype -Phenotype Map
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The Genotype-Phenotype Map 11
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Genotype, Phenotype and Fitness
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Neutrality
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Neutrality and the
fitness landscape
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Plasticity

e Is the capability of a
phenotype to change due to
impulses of the external
conditions. In higher order
organisms it 1s controlled by
the genotype.
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Characteristics 111

Variability * Variability 1s the capability of a
and genome to change, usually due to
Evolvability errors 1n the copying process.
Without this, evolution would be
impossible.

* An evolvable genotype has the
possibility of finding fitter
phenotypes.

It has been shown by P. Schuster and coworkers that the RNA
sequence to secondary structure map has all these characteristics...
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At the molecular level

The secondary structure of a given RNA
sequence is the list of (Watson-Crick and
wobble) base pairs such that:

* each nucleotide takes part in at most one
base pair, and

* base pairs do not cross (knots and pseudo-
knots are forbidden)
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The RNAcofold algorithm computes the
hybridization complex of two RNA
molecules. The energy of the loop where the
two sequences meet is computed as an
external loop.
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Neutrality in RNAcofold
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Neutrality and length of neutral paths in RNAcofold
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RNAfold vs. RNAcofold
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Multi-molecular level
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The copying process
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The Hypercycle in two dimensions

Hogeweg and Boerljist proposed in the late 80’s a model of
the hypercycle in a two dimensional lattice which resulted to
be resistant against selfish parasites.

The main characteristic of this model, was the formation of
spirals. This spatial organization is responsible of the

expulsion of the parasite outside of the system.
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Evolving towards the hypercycle
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Concentration and Fitness
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Gene regulation

The regulation of a gene expression depends on multiple
factors. A typical Eukaryote gene has the following

structure:
[1 Coding region
1 Promoter
[1 Regulatory sequences
TATA box Promoter
\,_
. v
I RNA transcription I
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The CelloS model
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The Potts Model

Membrane
Cell-cell
interaCtion
\ 7 Random movements of the border
- LT accepted or rejected depending on the total
\ / energy of the cell:
Cells
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Over all entries of the membrane, where:

-J is the interaction matrix between type of cells,

cells and the air and cells and a substrate.

-V is the target volume and v the actual volume of a cell.
-4 is the compressibility of the cell.
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Genome and genes

Movement genes Metabolic genes
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The regulatory network

At the moment, we are using a very simple regulation
network for our two kind of genes:
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Protein expression curves

With these equations we obtain a switch between the protein
concentrations every time an impulse 1s given from the outside.
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Population and food sources

—— Population

—— Food source 1
Food source 2
Food source 3
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when cells are
feeding from the
sources. Depending
on the changes 1n the
environment, the
number of cells 1s
reduced or increased.




Time

Genome evolution
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Conclusions and outlook

Conclusions:

[] Neutrality is decreased in the case of more than two
sequences interacting.

[1 Depending on how interactions are defined, systems of
several molecules can evolve as in models of individual
sequences, the hypercycle for example, or be destroyed by
the low neutrality of the map (results not shown).

L1 CelloS does not measure fitness as a real number but
selection acts through surviving to changing conditions.
(And selection does work)




Conclusions and outlook

Further work:

More detailed study of cofold neutrality and its

relation to the degree of connectivity of a
network

Decoding of the regulatory networks from the

genome

Phylogenetic trees from these models to be

compared with real data
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