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Fst statistics

● Ideal Situation: Well-suited for studying populations 

with clear geographical or ecological boundaries.

● Strengths: Provides a straightforward measure of 

genetic differentiation between populations. Robust 

and widely applicable.

● Weaknesses: Sensitive to marker choice, may miss 

subtle population structure nuances.



Spatial FST (SFS)

● Ideal Situation: Investigating the geographical 

patterns of genetic variation in a species with known 

migration corridors or barriers, such as a river or 

mountain range.

● Strengths: Incorporates geographical information, 

providing insights into spatial patterns of genetic 

differentiation.

● Weaknesses: Sensitivity to the choice of the kernel 

and potential bias introduced by uneven sampling 

across space.



Tajima's D

● Ideal Situation: Assessing signatures of natural 

selection in a population with a recent demographic 

change, like a population recovering from a 

bottleneck.

● Strengths: Sensitive to selection and demographic 

events, provides information about the frequency 

spectrum of mutations.

● Weaknesses: Susceptible to population structure 

and demographic history effects.



Site Frequency Spectrum (SFS)

● Ideal Situation: Analyzing a population with a known 

demographic history, such as recent expansion or 

contraction, to understand the impact on allele 

frequencies.

● Strengths: Directly examines allele frequency 

distributions, useful for detecting demographic 

changes.

● Weaknesses: May not distinguish between different 

evolutionary processes affecting allele frequencies.



dN/dS Ratio

● Ideal Situation: Investigating positive selection on 

protein-coding genes in a population facing strong 

selective pressures, such as a pathogen-host arms 

race.

● Strengths: Focuses on protein-coding genes, 

highlighting signatures of positive selection.

● Weaknesses: Relies on accurate gene annotation 

and assumptions about synonymous mutations.



Haplotype-based Tests

● Ideal Situation: Exploring patterns of selection in 

regions with complex haplotype structures, like 

genomic regions associated with disease resistance.

● Strengths: Captures information on linkage 

disequilibrium and haplotype structure.

● Weaknesses: Sensitive to recombination rates and 

complex demographic scenarios.



Machine learning based approaches

● Ideal Situation: Employing machine learning 

techniques like neural networks to recognize subtle 

patterns indicative of positive selection in genomic 

sequences, especially in non-coding regions.

● Strengths: Can capture intricate patterns and 

dependencies in data. Suitable for high-dimensional 

and non-linear relationships.

● Weaknesses: Requires substantial computational 

resources and large training datasets. Interpretability 

may be challenging.



Selective Sweep Analysis

● Ideal Situation: Detecting selective sweeps in a 

population exposed to a sudden environmental 

change, such as a change in climate or the 

introduction of a new predator.

● Strengths: Detects regions where selected alleles 

rapidly rise in frequency.

● Weaknesses: May miss soft sweeps and is sensitive 

to demographic history and recombination rates.







- A near ideal population structure

- huge population size (census population 
size about 1012)

- random mating

- high fecundity 

- natural selection very effective

- genetic drift at selectively neutral loci is 
minute

















Exercise

1Յ Inside your working directory: $ git clone 
https://github.com/JasonAnthonyHill/pgip

2Յ $ module load R/4.2.1 R_packages/4.2.1 RStudio
3Յ $ rstudio
4Յ Within rstudio load the file: 

herring_selection_scan.Rmd

https://github.com/JasonAnthonyHill/pgip














Summary

- Many methods exist for detecting selection 
using genomic data

- Selecting the right method for the right 
species can yield powerful results

- Carry through to structure and function


