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But why?
First things first

To understand the past



But why?
First things first

To understand where 
we came from.



But why?
First things first

To inform conservation 
projects and initiatives

Fontsere et al. (2022) Cell Genomics



But why?
First things first

As a neutral background 
for selection studies

Yu et al. (2010) Science
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Population history

Demographic events:


- Population split


- Migration events


- Changes in effective population sizes


- Temporal changes in migration rates 
and effective sizes

It can get messy
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Population history

Demographic events:


- Population split


- Migration events


- Changes in effective population sizes


- Temporal changes in migration rates 
and effective sizes

It can get messy
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Genomes vs Demography

Demography wil affect the entire genome


- Recombination


- Natural selection acting on specific 
regions of the chromosome


- The combination of all aspects will 
cause a difference between gene trees 
and population trees.
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Neutral mutations

We assume all alleles have the same 
fitness. And the tree shape is determined 
by the demography of these populations, 
no mutations.


Mutations will accumulate as a Poisson 
process, so longer branches = more 
mutations.
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Gene trees vs growing populations

500

24000

8000

time

A mix of mutations shared by some 
lineages and singletons

Most mutations are singletons, not shared 
between any lineages.

Coalescent rate is larger in smaller 
populations: smaller intervals, most 
events in ancestral population.



Gene trees vs bottlenecks

350

8000

time

8000

A mix of mutations shared by some 
lineages and singletons

Most lineages share the same mutations. 

Loss of diversity.



If only…

If we could observe all gene trees we 
could reconstruct the demographic 
history from them.


The next best thing is to observe 
mutations and allele frequencies.

tim
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Summarizing your genomic data

Booker et al. (2017) BMC Biology

Observing allele frequencies



Site frequency spectrum (SFS)

Booker et al. (2017) BMC Biology

One way is to summarize your genomic data.

Data                 SFS



Site frequency spectrum (SFS)

Vitor Sousa, 2019

One way is to summarize your genomic data.



Site frequency spectrum (SFS)

Folded: We don’t have an 
outgroup, so we use the allele with 
higher frequency is treated as a 
reference.


Unfolded: We have an outgroup 
that helps us determine the 
ancestral state.

Booker et al. (2017) BMC Biology

Additional suggested reading: 
https://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1010677 



Site frequency spectrum (SFS)
It works with genotype call data


(You must have >10x coverage)


Low quality/low depth can inflate the number 
of singletons leadings to false inferences (like 
a false population expansion signal). 

For the figure on the right. Think that 0 
means homozygote for the reference allele, 1 
is heterozygote and 2 is homozygote for the 
alternative allele. These are diploid 
individuals, so that’s why you can have more 
categories than 5.

Booker et al. (2017) BMC Biology



Site frequency spectrum (SFS)
You can get certain initial insights from SFS…

Booker et al. (2017) BMC Biology



Site frequency spectrum (SFS)

It works for 2 populations too…


But beware! 

- It ignores linkage

Booker et al. (2017) BMC Biology



What about that modeling thing?



We can also model the evolutionary history

Remember it assumes your data is good! NA

N1 N2
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We can also model the evolutionary history

You can incorporate 
inumerous parameters…


Because populations can 
have tricky histories. ts
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We can also model the evolutionary history

ts

ts
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N1 N2
Isolation after migration
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inumerous parameters…


Because populations can 
have tricky histories.



We can also model the evolutionary history

ts

Isolation with migration
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eYou can incorporate 

inumerous parameters…


Because populations can 
have tricky histories.



We can also model the evolutionary history

- Ne (effective population size)

- The split time (ts)

- Migration rates


- Selection

- Mutation rate

- Recombination rate

ts
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We can also model the evolutionary history

Ne (effective population size) 

The size of the population that 
would give you the same 
behavior as the population of 
interest.


It’s not the census size!


Sometimes more affected by 
selection than drift.

ts
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We can also model the evolutionary history

Excoffier et al. (2013) PloS Genetics



We can also model the evolutionary history

Ryan Gutenkunst, 2016, evomics.org



Many ways to simulate

Ryan Gutenkunst, 2016, evomics.org

Via Coalescent 

It aims to model the genealogy of 
sampled sequences;


The rate is proportional do 1/Ne;


It can model recombination;


Mutations are added via a Poisson 
process;


Selection :(



Many ways to simulate

Ryan Gutenkunst, 2016, evomics.org

Forward-in-time 

It aims model the distribution of 
allele frequencies in the 
population(s)


Simulation of selection is 
straightforward


Linkage is very challenging
If you’re curious about it, read the first paper on this: 

Diffusion models in population genetics by Motoo Kimura 

https://www.well.ox.ac.uk/~gerton/Gulbenkian/kimura-diffusion.pdf

Original slides says “Diffusion"

https://www.well.ox.ac.uk/~gerton/Gulbenkian/kimura-diffusion.pdf


Inferring demographic history from SFS
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Modeling with

all those parameters SFS (expected)



Ways to compare model and data
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Genomic data
SFS (observed)

Modeling with

all those parameters

Likelihood

SFS (expected)

Frequentist 

Likelihood 

Bayesian



Ways to compare model and data

Likelihood 

Probability of the data 
given the model

Frequentist 

Maximize function to 
find best-fit parameters

Bayesian 

Sample the posterior 
distribution of parameters 
based on a likelihood 
function



Inferring demographic history from SFS

Many programs do this:


(Coalescence)

Fastsimcoal2 (Excoffier et al. 2013)

Momi 1 and 2 (Kamm et al. 2015)

Rarecoal (Schiffels et al. 2016)


(Forward-in-time)

∂a∂i (Gutenkunst et al. 2009)

Multipop (Lukic and Hey 2012)

NA

N1 N2

Genomic data
SFS (observed)

Modeling with

all those parameters

Likelihood

SFS (expected)

Go to the last slide and get a more comprehensive list of programs for this!!

Original slides says “Diffusion"



The table

Nature Reviews Genetics, 2015; doi:10.1038/nrg4005

It’s basically mandatory at this point

https://www.nature.com/articles/nrg4005


