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Building blocksBuilding blocks



   

Building blocks

Replication

Selection

Mutation



   

Replication

P { X=k }= p k  k=0,1,2...



   

Selection

P i {X=k }= pi k  k=0,1,2...



   

Mutation

P i {X=k }=p i k  k i=0,1,2...



   

Branching process

Z n1Z n



   

Mutation-selection matrix

E i {X j }=w ij=r iq ij

R=
r1 0

⋱
0 r n

 replication matrix

Q=qij  mutation matrix

QuT=uT u=1, ,1

W≡R Q mutation-selection matrix



   

Evolution equation for the mean

N n1 =N n W

N n =E {Z n}

quasi-species equation



   

Some properties

1. Exponential growth

2. Survival of the fittest

3. Mutations are the source of variability

N n ~max
n vmax vmax W=max vmax

W=R max=ri vmax=e i r ir j



   

Steady state

x n1 =
x n W

xn W uT
x n uT=1

xW= x

=xW uT=xR uT=∑i
r i x i

quasi-species equation in frequencies

steady state

average fitness

u=1, ,1



   

Fitness landscapesFitness landscapes



   

Fitness landscapes



   

Genome space



   

Metaphors



   

Quasi-species

ATTTGGAAATGCCGCAATTTACGGGA
ACTTGCAAATTCCGCAAATTTCGGGG
AGTTGGAACTTCCGCAATTCTCGGGA
ACTTGGACATTCCGATATTCTCGGGA
GGTTGGAAATACCCCAATTTTCGGGA
ACTTTGAAATTCCGCAACGGTCGGGA
ACATGGAAATTCCGCAATTTTCGGGA

ACTTGGAAATTCCGCAATTTTCGGGA

consensus sequence



   

Error catastrophe


Hamming distance to the 
fittest sequence

quasispecies

error catastrophe



   

Error catastrophe

c

c

Eigen, Naturwissenschaften (1971)



   

Speciation in rugged 
landscapes
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Neutral evolutionNeutral evolution



   

Evidence

28 My

100 aa

4000 Mbp (80% redundancy)

1 aa substitution / genome every 2 yr !!

Kimura, Nature (1968)

28 Myr



   

High redundancy



   

Genotype-phenotype mapping

ATGCCCA

GGTACCA

CCACCTT

TTACCCA

AAACCCA

ATTTTAA

CGCGTTA

ATGATCA

ATGCCCAGGGTTTA

GATTACA

TTTTTTA

CATACAT

TTAAGAC

AAGGAAC

TGAGGAC ATTAATT

GGTATTA

genotypes

phenotypes

SELECTION



   

Distribution of phenotypes
D≫1

phenotye Φ
other phenotypes

 p 
1− p 

E {k }=D−1 pc=1 ⇔ pc=
1

D−1
≈
1
D

Maynard Smith, Nature (1970)



   

Neutral networks

Maynard Smith, Nature (1970)



   

Working example: RNAWorking example: RNA



   

RNA secondary structures



   

RNA secondary structures

mean number of sequences of length n 
folding into the same secondary structure:

~0.6735n3 /22.1635n

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



   

RNA phenotype landscape

Cowperthwait et al, PloS Comp. Biol. (2008)

85.4%
  1.3%
  1.1%
  1.0%

pc=2.8%



   

RNA phenotype landscape

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

folding 108 35-mers

pc=1.0%

0.1%

0.01%



   

RNA phenotype landscape

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



   

Landscapes revisitedLandscapes revisited



   

Distribution of phenotypes



   

Phenotype landscapes



   

New metaphors



   

Error catastrophe?

p W= r 1− p r p
0 1 

r=2



   

Error catastrophe?

p q W= r 1− p r p
q 1−q 

r=2



   

Punctuated equilibrium



   

Conclusions
● Current paradigm: population genetics

● genotype-based

● gradual evolution

● 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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