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Genewise and sitewise views of adaptation:
spatial variation in selection pressure
in the genome
 Polymorphism within and divergence between

species is informative about
– The distribution of selective effects in the genome
– Changes in selection intensity over time
– The location of sites in the genome subject to adaptive

substitution

 Divergence tells us about the fixed differences that
distinguish species from one another.

 Polymorphism provides a snapshot of evolution at a
point in time. It tells us about the mutations that did
not contribute to divergence, which may be in the
majority.



 The distribution of selection coefficients affects how we interpret
divergence/polymorphism data at specific loci.

 Yet we need those data before we can say anything about the distribution of
selection coefficients.

→ Jointly infer the nature of selection at the whole genome and sub-genomic
levels.



Assumptions regarding spatial variation
in selection have broad consequences.



Increased power to detecting selection
through the McDonald-Kreitman test
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Sawyer & Hartl’s Poisson random field
Parameterisation of the MK table

melanogaster simulans

• Constant population size
• Constant mutation rate
• Constant selection intensity
• Synonymous changes are neutral
• Non-synonymous changes that are viable all have the

same selection coefficient



Sawyer & Hartl’s Poisson random field
Parameterisation of the MK table

melanogaster simulans

θ Population-scaled
mutation rate (4Neµ)

τ Divergence time

γ Population-scaled
selection coefficient (4Nes)

f Proportion nonsynonymous
changes that are inviable

θ = 32 τ = 1.9 γ = 8.4 f = 0.99



Multispecies codon-based model

melanogaster simulans

yakuba Wilson and Przeworski, in preparation

• Arbitrarily many species
• Explicit codon-based model
• Transition-transversion ratio
• Multiple alleles at the same site
• Probabilistic inference of ancestral states
• Different parameters for each lineage
• Bayesian



Sliding window model of variation in
selection pressure



Assumptions regarding spatial variation
in selection have broad consequences.



Analysis of the Drosophila X
chromosome

Key

melanogaster simulans

Fixed difference: non-synonymous
Fixed difference: synonymous
Polymorphism: non-synonymous
Polymorphism: synonymous



Analysis of the Drosophila X
chromosome
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Fixed difference: non-synonymous
Fixed difference: synonymous
Polymorphism: non-synonymous
Polymorphism: synonymous

17
12
2

14

9
3

20
26

DN / DS

PN / PS
=
0.47

0.05

= 9.9

p = 0.01

DN / DS

PN / PS
=
1.0

0.25

= 3.9

p = 0.11



Analysis of the Drosophila X
chromosome
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-321.4-332.0Sliding window
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9.333.83Sliding window
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Weak congruence between sitewise and
genewise detection of positive selection

R2 = 0.22 R2 = 0.26



How the inferred distribution of selection
coefficients is affected

Genewise



How the inferred distribution of selection
coefficients is affected

Genewise Sliding window Sitewise



Beneficial alleles are greatly over-
represented in the mutations that fix



The distribution of selection coefficients
for new mutants

Genewise Sliding window Sitewise



The distribution of selection coefficients
for amino acid substitutions
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Proportion of fixations driven by
adaptation



Proportion of amino acid substitutions
attributable to adaptation
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In summary

 Models of natural selection allow you to
– Quantify the distribution of selection coefficients
– Visualize changes in the selective regime between species
– Localize the signal of selection

 The model of spatial variation in selection pressures within the
genome affects both
– The estimated distribution of fitness effects
– The evidence for selection at an individual site
– Conclusions arising

 In order to understand the effect of selection more clearly, we
need to appreciate the nature of fine-scale variation within the
genome.
– Combined analyses of polymorphism and divergence allow us to do

this.
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