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Irreversible Mutation
• 1 locus, 2 alleles
– A, a (frequencies p, q)

• Let µ = A to a mutation rate (per generation)
– Pr(A mutates to a) = µ

What does pt approach as ! → ∞?
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Reversible Mutation
• 1 locus, 2 alleles
– A, a (frequencies p, q)

• Let µ = A to a mutation rate (per generation)
• Let n = a to A mutation rate (per generation) 
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Summary so far

Random Mating
Discrete Generations
Hardy Weinberg
Infinite pop size

Wright Fisher
Mutational model
Neutral model

Allele frequency constant, genetic variation maintained

Allele frequency changes, genetic variation lost

Allele frequency changes SLOWLY, genetic variation lost, 
maintained
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Neutral Theory
• Intersection of mutation with drift
• Most mutations selectively neutral
• Drift determines allele frequencies



Infinite Alleles Model
• Each mutation creates new allele
– 2 alleles with identical sequence MUST be IBD

• To measure homozygosity, we can measure Pr(IBD)
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• Each mutation creates new allele
– 2 alleles with identical sequence MUST be IBD

• To measure homozygosity, we can measure Pr(IBD)



Hartl and Clark



At equilibrium:
• Steady-State under infinite alleles:
– H= q/1+q
– # alleles stationary
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At equilibrium
• Stationary distribution of allele frequencies
– Allele frequency spectrum 
• (Unique) alleles 1…k 
• Allelic configuration (frequencies p1, p2…pk)

– Allele frequency spectrum



Allele Frequency Spectrum
• Sample size n = 20, k = 10 unique alleles
– p1 = 6
– p2 = 4
– p3 = p4 = p5 = 2
– p6 = p7 = p8 = p9 = p10 = 1
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Implications
• If we know n, q , we can write down E(k)
• If we know n, k, we can generate expected allele 

frequency distribution under neutrality
• We can use neutral expectations as null models to 

test for deviations from neutrality



Summary
• Neutral model is intersection of mutation, drift
• Mutations introduced through a population 
• Once there, alleles are subject to drift and are 

ultimately fixed or lost
• At equilibrium there is a balance between drift and 

mutation
– Every allele introduced by mutation is exactly balanced 

by allelic loss through drift



Controversial implications
• Allele frequency changes driven by drift, not 

selection
• Most polymorphisms have nothing to do with 

adaptation
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Molecular Evolution
• k = µ
• Expected time b/t substitutions is 1/µ
• K = 2µt
• For p = 1/2N, tfix ≈ 4Ne

• For p = 1/2N, tloss ≈ 2ln(2Ne) 
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Nearly Neutral Theory
• Considers ‘slightly deleterious’ mutations
– 0 < |Nes| < 1

• Nearly neutral mutations
– |Nes| < 1



The distributions of fitness effects modelled by Ohta (1977) (exponential or gamma with β=1, 
dashed curve) and Kimura (1979) (gamma with β=0.5, solid curve).
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