Neutral evolution:
adaptation behind the curtain

José A. Cuesta & Susanna Manrubia
GISC - UC3M CAB

g ®  Universidad
% & & Carlos Il de Madrid
Lanss

_: OISC




Evolution:
The current paradigm
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Branching process




Mutation-selection matrix
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quasi-species equation




Some properties

1. Exponential growth
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2.Survival of the fittest
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3. Mutations are the source of variability




Steady state

quasi-species equation in frequencies
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Fitness landscapes
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Genome space
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Metaphors




Quasi-species

ATTTGGAAATGCCGCAATTTACGGEGA
ACTTGCAAAT TCCGCAAATTTCGGEEG
AGT TCGGAACT TCCGCAATTCT CGGGA
ACTTGCGGACATTCCGATATTCTCGGEA
GGT TCGGAAATACCCCAATTTTCGGEGA
ACTTTGAAATTCCGCAACGGT CGGGA
ACATGGAAATTCCGCAATTTTCGGEGEA

ACTTGGAAATTCCGCAATTTTCGGEGA

e

consensus sequence




Error catastrophe
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Error catastrophe
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Eigen, Naturwissenschaften (1971)
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Speciation in rugged
landscapes
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Evolution:
The new paradigm




Neutral evolution




Evidence
y'd 28 Myr

100 aa

4000 Mbp (80% redundancy)

1 aa substitution / genome every 2 yr !l

Kimura, Nature (1968)
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First Base

High redundancy

GCA CGT
Ala Gly

Second Base

AL
Tyr
UAC

UAA  Seop | UGA  Stop
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cee Ces
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cCG CGG
AAL
Ael Asn

GCA CGT
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Genotype-phenotype mapping

SELECTION
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Distribution of phenotypes
D=1
other phenotypes
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Maynard Smith, Nature (1970)
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Neutral networks
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Working example: RNA




RNA secondary structures

hairpin loop ;

G=C - 3 Kcal/mol

A=l =2 Kcal/mol

G-U -1 Kcal/mol




RNA secondary structures

mean number of sequences of length n

folding into the same secondary structure:

~0.67351n"7(2.1635)"

Schuster et al, Proc. Roy. Soc. London B (1994)



RNA phenotype landscape
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RNA phenotype landscape

folding 10° 35-mers
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Stich, Briones & Manrubia, J. Theor. Biol. (2008)
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RNA phenotype landscape

ket e NS

3 HP4 DSL DSL2 DSL3 HH TSL
Name No. seq. Ratio seq. No. struc. Ratio struc. Seq./struc.
("o) (%o)
Open 2133048 2.1330 1 <0.0001 2133048.0
SL 20054055 20.0541 2330 0.0451 8606.9
HP 37359257 37.3593 182569 3.5359 204.6
HP2 22 580 884 22.5809 1624404 31.4616 13.9
HP3 4 583268 4.5833 1771143 34.3024 2.6
DSL 7782386 7.7824 82554 1.5989 94.3
DSL2 4295840 4.2958 699 668 13.5507 6.1
DSL3 427878 0.4279 299045 5.7917 1.4
HH 433103 0.4331 203886 3.9487 2.1
TSL 23495 0.0235 16652 0.3225 1.4

Stich, Briones & Manrubia, J. Theor. Biol. (2008)
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Landscapes revisited




Distribution of phenotypes




Phenotype landscapes




New metaphors




Error catastrophe?

eigenvalues




Error catastrophe?

eigenvalues
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o
w




Punctuated equilibrium

Morphological
change

Morphological
change
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(a) Gradualism model (b) Punctuated equilibrium model




Conclusions

e Current paradigm: population genetics
* genotype-based
e gradual evolution

e problems to explain speciation

 New paradigm: neutral evolution
* most evolution is neutral: great redundancy
* many genotypes map to the same phenotype
« a few phenotypes dominate the genotype space
» small changes in genotype may induce big changes in phenotype

 evolutionary preference for abundant phenotypes
(abundance - replicability < entropy - energy)

* punctuated equilibrium (at least at molecular level)
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