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Mutation, Selection & Drift 

v mutation (infinite N, 
no selection) 

v single-locus 
selection (infinite N, 
no mutation) 

v genetic drift (no 
selection, no 
mutation) € 
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" p = p 1−µ( ) + 1− p( )ν

Mutation-Selection Balance 

v recurrent mutation generally produces 
deleterious, recessive alleles - why? 

v ∆p with mutation 

v effectiveness of selection at eliminating 
detrimental mutations depends on 
relative dominance of alleles 

€ 

" p =
p2w11 + pqw12

w 
1−µ( )
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w11 =1,     w12 =1− hs,      w22 =1− s
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Mutation-Selection Balance 

v equilibrium allele frequency of mutant 
alleles is: 

 
v e.g., Huntington’s disease: 

²  typical onset at 35+ years 
²  w11 = 1, w12 = 0.81	

²  q ~ 5 x 10-5 (allele frequency in a Michigan population) 
²  thus,  µ ~ 9.5 x 10-6 

€ 

ˆ q ≈ µ
s

,  for h = 0

ˆ q ≈ µ
hs

,  for h > 0

Mutation-Selection Balance 

s = 0.1, h = 0, 
µ = 0.000001 
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Mutation-Selection Balance 

v even partial 
dominance for 
a deleterious 
mutation greatly 
reduces its 
equilibrium allele 
frequency 

v  µ = 0.00001,  
v  s = 0.01 0 
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Haldane-Muller Principle 

v the “mutational load”, reduction in mean 
fitness due to recurrent mutation depends 
only on the mutation rate and not on the 
relative selective disadvantage of the 
mutations 

v Why? 

€ 

for h = 0,  w =1− ˆ q 2s =1− µ
s

s =1−µ

€ 

for h > 0,  w =1− 2 ˆ p ̂  q hs− q2s ≈1− 2 ˆ p µ
hs

hs ≈1− 2µ
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Mutation, Selection & Drift 

v mutation (infinite N, 
no selection) 

v single-locus 
selection (infinite N, 
no mutation) 

v genetic drift (no 
selection, no 
mutation) € 

" p =
p2w11 + pqw12

w 

€ 

pij =
2N
j

" 

# 
$ 

% 

& 
' 

i
2N
" 

# 
$ 

% 

& 
' 
j 2N − i
2N

" 

# 
$ 

% 

& 
' 
2N− j

€ 

" p = p 1−µ( ) + 1− p( )ν

Mutation, Selection & Drift 

v combining mutation, selection & drift 
into a single model 
² the diffusion approximation can be used to 

predict the equilibrium distribution of allele 
frequencies (Wright 1931) 

 

²  where x is the frequency of allele A, s is the selection 
coefficient, u and v are mutation rates (A to a and a to A), 
and C is a constant set to make the integral 1 

€ 

φ x( ) = Ce4Nesx x 4Nev−1(1− x)4Neu−1
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Mutation, Selection & Drift 

² where x is the frequency of allele A, s is the 
selection coefficient, µ and v are mutation 
rates (A to a and a to A), and C is a constant 
set to make the integral 1 

 
² where u and v are the forward and 

backward mutation rates (??) 

φ x( ) =Ce4Nesxx4Neν−1(1− x)4Neµ−1

φ p( ) =Cp4Neµ−1q4Neν−1e4Nespq

Hartl & Clark 

Hamilton 

Nearly Neutral Theory 

v what happens in small populations when 
selection is weak?  
²  changes in allele frequency due to drift and 

selection are approximately equal 

v probability of fixation for a new, “nearly neutral” 
allele: 

 

€ 

2Ns ≈1

€ 

Pr A fixed( ) =
2s

1− e−4Ns

€ 

wAA =1+ s,    wAa =1+ s /2,   waa =1
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Pr A fixed( ) =
2s

1− e−4Ns

v slightly deleterious alleles can achieve relatively 
high levels of heterozygosity even when their 
substitution (fixation) probability is low  
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Nearly Neutral Theory - Summary 

v the rate of neutral evolution is independent of 
population size 
²  substitution rate equals mutation rate 

v in contrast, the fate of nearly neutral 
mutations depends on population size 
²  when N is small, the effect of genetic drift can be 

greater than that of selection, making slightly 
deleterious mutations “effectively neutral” 

v thus, lineages experiencing small population 
size should accumulate both neutral and 
nearly neutral mutations, leading to a faster 
rate of sequence evolution 

€ 

2Nµ ×
1
2N

= µ

€ 

2Ns ≈1

Selection-Drift Balance 
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