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Outline for this evening

• Introduction to population genomics (~30 mins)

• Practical exercises
• Part 1: Simulation based (~1 hour)

• Part 2: Real world example (~1 hour)



What is population genomics?

The study of how genomic variation is partitioned 
within and between populations, and the 
corresponding evolutionary causes and consequences



What is the genetic diversity of my species?



How much gene flow is there between populations?



Are differences between populations due to selection?



Do trait differences restrict gene flow?



How can we address these questions?

Sequence some genomes!

The genome contains the 
signature of a 
population’s evolutionary
history – we just need to 
decipher it



Evolutionary processes that shape diversity

Mutation
Genetic drift

Recombination
Natural selection

Migration



Mutation

Mutation is the original source of 
genetic variation

Without imperfection in DNA 
repair machinery we wouldn’t be 
here – variation is the substrate of 
evolution!

Wang & Obbard, 2023 Evo. Lett.
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Genetic drift

Drift leads to random fluctuations 
in allele frequencies

Ultimate fate of alleles is 
loss/fixation due to drift

Probability of fixation for a neutral
mutation = 1/2N

Masel 2011



Neutral diversity is a balance between drift 
and mutation

Population scaled 
mutation rate = 
4Nµ

Coop 2019



Effective population size: Ne

• Variation in census size is 
much greater than variation in 
genetic diversity

• Effective population size could 
explain this some of this 
disconnect

• Ne impacts the relative 
strengths of drift and selection

Buffalo 2021, eLife
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Recombination

• Repair of DSBs can lead to 
crossover events à creates new 
combinations of alleles

• Recombination rate varies across 
the genome and among species

• Variation in recombination rate is 
key to interpreting genomic 
patterns

Sung & Klein 2006



Recombination

• Repair of DSBs can lead to 
crossover events à creates new 
combinations of alleles

• Recombination rate varies across 
the genome and among species

• Variation in recombination rate is 
key to interpreting genomic 
patterns

Stapley et al. 2017



Natural selection

• Positive and background 
selection reduce variation in a 
population – both at target of 
selection and at linked sites

• Balancing selection maintains 
variation

• Methods for detecting selection 
often depend on this linked 
signature!
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Lower RR creates stronger signature of selection



Gene flow

• Gene flow homogenizes 
populations

• Reduction in gene flow 
(reproductive isolation) can lead 
to speciation

• Gene flow can also be an 
important source of adaptive 
mutations!
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Gene flow

• Gene flow homogenizes 
populations

• Reduction in gene flow 
(reproductive isolation) can lead 
to speciation

• Gene flow can also be an 
important source of adaptive 
mutations!

Reilly et al. 2022



Determinants of genetic diversity

Ellegren and Galtier 2016
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The site frequency spectrum
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The site frequency spectrum

The genome-wide SFS is 
impacted by the demographic 
history of a population

Neutral expectation for the 
density of sites in a frequency 
class = 1/f



Estimating genetic diversity

Korunes & Samuk 2021, Mol. Ecol. Res.

Pairwise nucleotide 
diversity: π

Mean number of 
pairwise differences in a 
population

π = 4Ne µ



Population structure

Smeds et al. 2020



Measures of genetic differentiation
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Differentiation varies across the genome

Martin et al. 2013



Differentiation varies across the genome

Chase et al. 2024, Proc. B

Differentiation is strongly 
correlated with recombination 
rate across a wide range of 
organisms



Detecting natural selection

Sabeti et al. 2006, Science Fijarczyk & Babik 2015, Mol. Ecol.



Detecting natural selection

Nielsen et al. 2005, Genome Research
Sabeti et al. 2006, Science

SFS-based methods Haplotype-based methods



Estimating recombination rates

Peñalba & Wolf 2020



Advances in population genomics: Pan-
genomics

Eizenga et al. 2020



Advances in population genomics: Ancestral 
recombination graphs

Shipilina et al. 2022 Wohns et al. 2022



Population genetics and scientific racism
The history of population genetics is 
intertwined with eugenics

In the modern day, population genetic 
research is used to justify white 
supremacist ideas

Panofsky et al. 2020



Further resources

• Statistical population genomics 
doi.org/10.1007/978-1-0716-0199-0

• Population and quantitative genetics
• https://cooplab.github.io/popgen-notes/

• Work on scientific racism and genetics:
• https://doi.org/10.1002/hast.4925
• https://doi.org/10.3389/fgene.2024.1345631
• https://doi.org/10.1002/ajpa.24150
• https://doi.org/10.1038/s41436-021-01109-w

https://cooplab.github.io/popgen-notes/
https://doi.org/10.1002/hast.4925
https://doi.org/10.3389/fgene.2024.1345631
https://doi.org/10.1002/ajpa.24150
https://doi.org/10.1038/s41436-021-01109-w

