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Mutation 

1. Random: spontaneous and induced mutation 

2. Nature of mutation: different models 

3. Estimating mutation rates, molecular 

4. Mutation and back mutation 

5. Mutation and drift 

6. Estimating genome-wide mutation rates U and 

selective effects 

7. Mutation and selection 

 



Nature of 

mutation: 

mutation 

is random 



Epigenetic mutation Cubas et al. 1999. Nature. 

Figure 1 Wild-type and peloric Linaria vulgaris flowers. a, Original herbarium specimen 

of peloric Linaria inflorescence collected by Linneaus, London. b, Peloric Linaria 

inflorescence from a living specimen. c, Face view of a wild-type Linaria flower 

compared to a peloric mutant. d, Floral diagrams of wild-type (top) and peloric (bottom) 

flowers showing the relative positions of different organs, with identities indicated by 

colours: blue (dorsal) brown (lateral) yellow (ventral). The wild-type flower has an axis of 

dorsoventral asymmetry orientated such that the upper part is nearer the stem whereas 

the lower part is nearer to the subtending leaf. The peloric flower is radially symmetrical.  

 

-Lcyc gene of the mutant is highly methylated, inherited, sometimes reverted. 



Mol pop gen mutation models 

• Infinite-allele model (IAM) 

 -consider the entire allele 

 -each new mutation generates a new allele, different 
alleles are not related to each other 

  -gene with 1000 bp => 41000 possible alleles 

 -molecular basis not necessarily known (e.g. enzyme 
genes)  

  -simplified model  

 

  

• Stepwise mutation model (SMM) 

 -special case 

 -insertions and deletions, alleles are related, new allele 
will be similar in length, differing by one or two repeats 

 -mutation can give rise to pre-existing alleles: generation 
of variation and level of heterozygosity less than for IAM 

 -microsatellites 
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• Infinite-sites model  

 -assume an infinite number of nucleotide sites, each 
mutation hits a new site and generates a new allele  

  

 

 

 

• Finite-sites model 

 -finite number of sites, mutations can hit the same site 

multiple times 

 eN4



Infinite Allele Infinite Site Finite Site 

-only identity, 

non-identity is 

determinable-

mutation creates 

a new allele 

-mutation always hits a 

new position 

-mutation changes 

nucleotide at chosen 

positions 

Q 
Q 

…CATGGATCTT… …CATGGATCTT… 

…CATGGATCTT… 

…gATGGATaTT… 

…CATcGATCTT… 

…CATcGATCTg… 

CATGGATCTT CATGGATCTT 

CATGGATCTa 

gATGGATaTa 

CATcGATCTT 

CATgGATCTg 

Sequence 1 Sequence 1 Sequence 2 Sequence 2 



 

-26 individuals, 

>3500 sperm, 

starting 

phenotypes 

27-62 repeats (15 

normal) 

 

-mutation 

frequency 

increased with 

repeat number 

(82->92%)   

 

-mean change in 

allele size 

increased with 

repeat number 

 

-mitotic mutations 

 

 

Mutation Leeflang et al. 1999 



Estimating neutral 

mutation rates 

Baer et al. 2007 NatRevGenet 

d. Estimation from neutral 

divergence between species 

r = K/(2T) = μ 



Mutation rates from molecular evolution 

Expected substitution rate for neutral nucleotide sites   r = μ  

(/site/year) 

 

Example: Average divergence rate at neutral sites between 

two species  Ks =0.03. They diverged 5 MYA.  

  

Substitution rate 

r = Ks/(2T)  equals the mutation rate 

r = 0.03/(2x5x106) = 3x10-9  



Visible mutation 
-mutations at individual loci rare, large-scale experiments 

necessary to estimate rates 

-forward and backward spontaneous mutations at five coat-colour 

loci in mice (7x106 ind.) 

Hedrick 2000 



Mutation rates per genome 

Ge/G, proportion of functional genes in the genome 

Rep/Gen, number of cell divisions per sexual generation 

 

Note: constancy of last column Ge/rep 



Estimating mutation rates – ”post genomic” 

μn, mutation rate per base; UD, deleterious mutation rate per  

genome based on fitness; UT, total mutation rate per genome 

 

-post-genomic rate estimates higher than pre-genomic 

-mutation rate affected by sequence context and genome position:  

Rate variation within genome 
 

Nishant et al. 2009 Bioessays 



4. Mutation and back mutation  
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A mutates to a with frequency μ, back mutation a to A with ν 

-equilibrium allele frequency 



Change of frequency under mutation  



Mutation-back mutation balance 
(from Hedrick 2005) 

Δq 

qe = 0.50 or 0.91 



5. Mutation and drift 

2

1 )1()
2

1
1

2

1

















 tt f

NN
f

-in mutation-drift equilibrium ft = ft-1 = fe,   ignore 2μ 

ignore μ2 
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-neutral  variation, in a large population drift less efficient than in  

small 
  

Ne and expected heterozygosity – infinite-allele model 

(1-μ)2 probability that both  

alleles do not mutate 



Mutation and population size 

Different final result 

Different time scale 



6. Estimating fitness effects and genomewide 

rates of mutation, U and s 

• Estimation of μ  (per locus, or per nucleotide) 

– Progeny assays  

– Molecular evolution 

– Mutation accumulation 

• Estimation of U, deleterious genomic mutation rate 

– Make chromosomes homozygous 

– Mutation accumulation 

• Estimating s 

– Mutation accumulation (estimation of mutation rate 
and fitness effects simultaneously) 



Estimating rates and effects of deleterious 

and beneficial mutations  

 

from Hedrick 2005 



Fate of mutations 

-large population, probability of loss in one generation e-1 



Fitness 

consequences of 

mutations in yeast 
 
-distributions for mutation 

accumulation and 

mutagenesis differ 

-bimodal 

-30-40% lethals 

-mutations with small 

effects undetected? 

 
Eyre-Walker and Keightley 2007 



Mutation accumulation, estimate U and s 
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Mutation accumulation lines: 

 

-start a large number of inbred lines 

-include large controls, no selection in controls 

-follow change in mean M (fitness), ΔM 

-change in variance V in viability of lines, ΔV 

-results allow estimation of lower limit 

of genome-wide mutation 



Mutation accumulation (Hedrick 2005) 

-early studies by Mukai: frequent slightly deleterious,  

some recent  studies: rare  but more deleterious 



7. Mutation - selection balance 
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-recessive detrimental allele, fitnesses  AA, Aa, aa 1,1,1-s 

-mutation adds alleles, selection removes them 

 

 

 

-assume that q is small, forget denominator, increase in allele 

frequency due to mutation 
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For dominant mutations: 

AA, Aa, aa  1,1-s,1-s 

qe = μ/s 

AA, Aa, aa 1,1-hs,1-s    

qe=μ/(hs) 
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Balance of selection 

and drift 

drift is effective in 

small populations, 

also for rare alleles 



Mutation, selection and dominance  

Deleterious mutations are kept at a low frequency if they are  

partly dominant, h measures dominance 



Inbreeding – selection: effect on deleterious 

frequency (Hedrick 2005) 

High inbreeding levels result in low frequency of deleterious  

recessives 


