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Selection scan design

Important aspects: 

What is the time frame (macroevolution / microevolution)

What is the scope of the comparison (within / among populations)

How are populations distributed across the environmental 
condition of interest (clinally / only at extremes)

What are your data (individual-based resequencing / phased / 
poolseq)



Time frame matters



Let’s start the activity!



Ka/Ks (= dN/dS or ω)

Software PAML

Input: (consensus) fasta

Macroevolution - substitution-based



Macroevolution - substitution-based

McDonald-Kreitman test



Microevolution - differentiation-based

- use of the focal adapted and “background” 
non-adapted populations

- Measures of differentiation:

- Fst, Rho, Dxy, XtX,...

- Model-based test for excess differentiation

- Software BayPass, BayeScan, FLK,...

- Input: allele counts/frequencies, 
population-level sampling



Microevolution - linkage disequilibrium-based

- High prevalence of longer (selected) haplotype

- Suitable for soft sweeps

- Integrated haplotype score (iHS), Cross-population 
extended haplotype homozygosity (XP-EHH),...

- Software: selScan

- Input: haplotypes, even single population is ok



Differentiation-based scans:

- intuitive
- frequently used
- applicable to wide spectrum of divergences



Fst
“the most widely used descriptive statistics in population and evolutionary genetics”

- Combines genetic differentiation between populations and diversity 
within them.

- High values - high differentiation between populations, low diversity within
- Between 0 - 1



Signal of positive selection in a gene
Agouti



How to design selection scan for your study - best 
practices 
1. Try to understand your species of interest - Heritable difference? Mating 

system? Genetic diversity? Divergence between non-adapted and adapted 
populations? 

2. Get familiar with available (up-to-date) methods - they develop quickly!
3. Pick multiple (>1) complementary methods, i.e. Fst + LD-based + BayeScan
4. Available literature involving selection scans and simulations/functional 

validation might be good inspiration. 
5. Re-analyze with multiple thresholds - are the results consistent?

6. Visualize!!!



How to design selection scan for your study - best 
practices 

7. Try to find as much as possible about your candidate genes - GO 
enrichment/KEGG pathways/protein-protein interaction/modeling the impact of 
changes on protein structure/detecting the origin of the selected allele,... Be 
creative!

8. Combine with QTL mapping/GWAS

9. Functional validation of your candidate genes is optimal - but laborious and 
often limited to model organisms


