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• Speed of adaptation
• Effect of recombination on fixation of deleterious or beneficial mutations
• How does neutral diversity depend on recombination?
• Polymorphism spectra?
• Tunneling probabilities (adaptation through deleterious intermediates)
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Model inspired by HIV evolution

3

• Facultatively mating haploid population

• Complete reassortment of alleles upon mating

• Polymorphic at many loci (deleterious or beneficial)

• Additive contributions to fitness

• Tracer mutations to study genealogies and fixation 
probabilities

• Gaussian fitness distribution

• Traveling wave in case of adaptation

• Mutation/selection balance in case of 
deleterious mutations
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• Selection moves the distribution upwards (Fisherʼs theorem)
• Variation has to be replenished by mutations -> self-consistency condition
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Speed of adaptation
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• Selection moves the distribution upwards (Fisherʼs theorem)
• Variation has to be replenished by mutations -> self-consistency condition

Traveling wave models: Tsimring et al, Rouzine et al, Desai & Fisher,...
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Stochasticity: 
• association with genotypes of 

different fitness (Draft)
• sampling noise ~1/N not 

important (genetic drift)

Observables are averaged over 
all stochastic path 
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Infinitesimal model:

Integrate over one parent:

Simplified communal model:



Richard Neher KITP, 2011

Fixation probability

9

Initial survival 
limiting

“surfing probability” limiting



Richard Neher KITP, 2011

Fixation probability

9

Initial survival 
limiting

“surfing probability” limiting

Ti
m

e

Fitness

Fitness distribution



Richard Neher KITP, 2011

Self-consisting the velocity

10

Fixation probability Self-consistency condition:

RAN, Shraiman, Fisher, Genetics, 2010, see also Rouzine & Coffin, Genetics 2005 and TPB 2010
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Fixation probability Self-consistency condition:

RAN, Shraiman, Fisher, Genetics, 2010, see also Rouzine & Coffin, Genetics 2005 and TPB 2010
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• In large populations, recombination is limiting adaptation
• In small population, the supply of mutations is limiting

Fixation probability Self-consistency condition:

RAN, Shraiman, Fisher, Genetics, 2010, see also Rouzine & Coffin, Genetics 2005 and TPB 2010
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Population genetics dominated by draft
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Instead of fixation probability, we have to calculate P(n,t)

Ti
m

e

Fitness

Fitness distribution
Size of first clone:

# of daughter clones:

Clone size distribution:

Diverging variance!
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Recursion:

Generating function:
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Recursion:

Generating function:

Tunneling probabilities:
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Draft: Drift:

Quasi- neutral window:

Neutral allele frequency spectrum:
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Data from Hedskog et al, 2010
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FIG. 1 Schematic of the allelic diversity in the mutation-selection balance. (a) Sketch of the
mutation-selection balance in the case Ud

s = 5. The steady state distribution of fitness within the
population is maintained by a balance between mutations moving individuals towards lower fitness
and selection favoring those classes more fit than average at the expense of those less fit than
average. (b) The inset shows the processes maintaining a class of individuals with k deleterious
mutations. Deleterious mutations from class k − 1 found new lineages within class k at rate
Nhk−1Ud. Neutral mutations found new lineages in the class at a rate NhkUn. Selection favors or
disfavors individuals from each lineage at a per capita rate −(k − k̄)s, and deleterious mutations
eliminate individuals from each lineage at a per capita rate Ud + Un.
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FIG. 1 Schematic of the allelic diversity in the mutation-selection balance. (a) Sketch of the
mutation-selection balance in the case Ud

s = 5. The steady state distribution of fitness within the
population is maintained by a balance between mutations moving individuals towards lower fitness
and selection favoring those classes more fit than average at the expense of those less fit than
average. (b) The inset shows the processes maintaining a class of individuals with k deleterious
mutations. Deleterious mutations from class k − 1 found new lineages within class k at rate
Nhk−1Ud. Neutral mutations found new lineages in the class at a rate NhkUn. Selection favors or
disfavors individuals from each lineage at a per capita rate −(k − k̄)s, and deleterious mutations
eliminate individuals from each lineage at a per capita rate Ud + Un.
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• Lineages deteriorate by mutations
• Asexual, no ratchet: 

steady, poisson distribution
• Mutation-selection balance 
• Variance maintained by deleterious 

mutations
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Allele frequency
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Sites in mutation/selection balance

Genotypes carrying 
deleterious mutations
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• Recombination can limit adaptation
• Lack of recombination in  presence of selection 

changes everything...

• Epistasis?
• Linear Chromosomes?
• Population substructure?
• How do we test theoretical predictions?
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