
Mutations in time:

Some basics of population genetics



Lecture plan

  Hardy-Weinberg equilibrium
  Random genetic drift without mutations
  Effective population size
  Random genetic drift and mutations
  The coalescent theory
  Natural selection. Mutation-selection balance
  Random genetic drift, positive selection
  Selection coefficients, deleterious alleles
  Non-random mating, population subdivision, 

gene flow, admixture, adaptation
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Hardy-Weinberg equilibrium (1908)
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Hardy-Weinberg equilibrium

Implications:

1. The allele frequencies does not change:

2. HWE frequencies are attained in one generation

Exercise: derive this
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Hardy-Weinberg equilibrium

Assumptions:
  Diploid species with sexual reproduction and 

random (not assortative) mating
  Same allele frequencies in males and females
  Non-overlapping generations
  Biallelic (autosomal) locus
  Population size is infinite
  No change in allele frequencies by migration, natural 

selection or mutation
  No genotyping errors
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Hardy-Weinberg equilibrium

Does it still make sense with so many assumptions? Yes:

1. A baseline for more realistic models

2. The H-W model splits life history
into two intervals: gametes → zygotes
and zygotes → adults

Hardy-WeinbergSelection, drift and mutation
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Hardy-Weinberg equilibrium
Testing for HWE:
df = n – k – 1, where n = 3 is the number of classes 
and k = 1 is the number of independent parameters

Relethford – Human Population Genetics

Exercise: do it yourself
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gnomAD: 137,842 predominantly healthy individuals from 7 major ethnic populations
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Random genetic drift (Wright-Fisher, 1930)

Assumptions:
  Diploid species with sexual reproduction and 

random (not assortative) mating
  Same allele frequencies in males and females
  Non-overlapping generations
  Biallelic (autosomal) locus
  Population size is infinite
  No change in allele frequencies by migration, natural 

selection or mutation
  No genotyping errors
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Random genetic drift
Finite population ⟹  Sampling variation ⟹ 
     Allele frequency fluctuations  ⟹ Random genetic drift

Exercise: derive
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Random genetic drift

Hartl & Clark –  Principles of population genetics11



Random genetic drift

Hartl & Clark –  Principles of population genetics12



Random genetic drift

The endpoint is allele fixation or loss:

Mean time to fixation, if fixed:

Mean time to loss, if lost:

Mean perstistence time:    

Exercise: at which p persistence time is maximal and what is it?

Exercise: estimate t
F
(p) when p→0
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Random genetic drift and genetic variation
Heterozygosity: probability that an individuum is 
heterozygous at a locus: H = 2pq 

Heterozygosity decay due to drift:

Decay is slow: 
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Random genetic drift and genetic variation
Heterozygosity: probability that an individuum is 
heterozygous at a locus: H = 2pq 

Heterozygosity decay due to drift:

Decay is slow: 
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Drift strength is  ≈1/2N



Effective population size
Effective population size of an actual population is the 
number of indivduals in a theoretically ideal population having 
the same magnitude of genetic drift as the actual population 
(Hartl & Clark, Principles of population genetics)

Fluctuation in population size:  

Unequal sex ratio:

Variance in offspring number:
σ, ξ – offspring mean and variance

Subdivided population:
d sub-populations of size N; m, migration

Exercise: bottleneck 
consequences for N

e
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