In silico experimental evolution:
a tool to test evolutionary scenarios
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Elaboration of hypothetical evolutionary
scenarios with comparative genomics

Genome size

Free-living vs Endosymbionts
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Elaboration of hypothetical evolutionary
scenarios with comparative genomics

Genome size

Free-living vs Endosymbionts

* > E. coli 5.13Mbp
> Buchnera 0.59Mbp
Changes in lifestyle
Non reduced vs reduced Prochlorococcus
_ Non reduced 2.54Mbp
Prochlorococcus
~ Reduced 1.73Mbp

Changes in environmental conditions? Frochlorococcus

Changes in population structure?
Changes in mutation rates? 4



Experimental evolution to test evolutionary
scenarios coming from comparative genomics

Ancestor (al)

Independent populations over
increasing evolutionary time (d)
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(AN VAN W',
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v
| Fossil records: regular sampllng and storage at —80°C
Adaptation from [Hindré et al 2012]
Weaknesses

Long-term experiments

Difficulty to interpret the events

Difficulty to reproduce any real environmental conditions
and their variations



Experimental evolution to test evolutionary
scenarios coming from comparative genomics

Ancestor (61)

Independent populations over
increasing evolutionary time (d)

In vitro
N N N
(AN VAN W,
Ancestor TO T+1 T+2 T+3 T+n
v v v v v
| Fossil records: regular sampling and storage at —80°C |
| Perfect fossil records: systematic and complete data storage |
t 1 | | |
Ancestor TO
Ancestor (az)
In silico -

Independent replicates over (d))
increasing evolutionary time

[Hindré et al 2012]




In silico experimental evolution
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Aevol: an in silico experimental evolution
platform - www.aevol.fr
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Aevol: an in silico experimental evolution
platform - www.aevol.fr
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Aevol: an in silico experimental evolution
platform - www.aevol.fr

128 CDS

81% of coding bases

An organism => a structured genome with

a variable number of genes in a variable order
a variable amount of non coding sequences
a variable number of operons
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Using aevol to test evolutionary scenarios

Free-living vs Endosymbionts
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Smoother distribution of growth rates
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Genome shrinkage under relaxed
selection
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Genome shrinkage under relaxed 0%
selection aile
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Genome shrinkage under relaxed
selection
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Smaller and more compact genomes
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Smaller and more compact genomes
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Smaller and more compact genomes
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Comparison with endosymbionts and
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An exact “fossil record” is saved L X R S Y Rt
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inning lineage
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inning lineage
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In silico experimental evolution:
a tool to test evolutionary scenarios

In silico
experimental evolution

Comparative
genomics Adaptation from [WWagner 2009]
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In silico experimental evolution:
a tool to test evolutionary scenarios

In silico
experimental evolution

Comparative
genomics Adaptation from [Wagner 2009]
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11" RECOMB satellite meeting on
Comparative Genomics
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/ foreach Generation do \
//Genome decoding and evaluation
foreach Individual do
ldentify coding sequences
foreach CodingSequence do
Translation into abstract protein
end
Compute phenotype fp by combining protein
contributions
Compute gap with target g by comparing the
phenotype fpto the environmental target fr
end

//Selection

Compute the probabilities of reproduction based on
gap with target g

//Reproduction with mutations and rearrangements
foreach /ndividual do
foreach Offspring do
Create Offspring
Do rearrangements
Do local mutations
end
end

Replace current population

o J




