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Selection and Adaptation: Today

A. Context: What is selection, what is adaptation?

B. Detecting selection: within populations

C. Detecting selection: between populations

D. Case study: Landscape genomics of adaptation to abiotic climate

E. Questions/chat

- sequence-based tests of selection

- association studies

- outlier analyses

- environmental association analyses



goals

general rationale underlying empirical tests of selection (and adaptation)

inferential structure of (some) tests of selection/adaptation, at varying scales 

(some) factors that can mislead genomic inferences 
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(some) practical considerations for sampling and experimental decisions

(from the perspective of an end user, e.g., me)



(classically) a consistent difference in survival and/or reproduction 

among individuals that differ in one or more traits (alleles)

the evolutionary force that 

maintains or increases the 

frequency of variants that 

contribute to fitness 

Selection and Adaptation



In a perfect world, depending upon the variant, selection:

Å removes deleterious (fitness reducing) mutations

Å promotes advantageous (fitness enhancing) mutations

Å maintains advantageous (fitness enhancing) variation

ónegativeô or ópurifyingô selection

óbalancingô or ódiversifyingô selection

ópositiveô, or ódivergentô, selection

ódirectionalô 

selection

Flavours of natural selection



the process of evolutionary change whereby a lineage of organisms 

increases in average fitness (within an environmental context)

adaptation: a trait or 

characteristic that increases 

survival and/or reproduction 

in a given environment

the product of fitness-

enhancing selection

Selection and Adaptation



Generations (t)
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beneficial allele (A1) is dominant

A1 is recessive

A1 is additive

pA = t / (s + t)

pA = 1 or 0

(e.g., selection on single SNPs)

Single-locus models of selection

at equilibrium



Starting 

phenotype

Selection 

gradient

Change in 

phenotype

Selection on quantitative traits



ÅGenetic basis

ÅKey selective agents (ecological forces)

ÅRelative importance compared to other 
evolutionary processes (geographic isolation, 
demographic history, relatedness, etc.) IBE IBD

Genetic 

divergence

why study selection and adaptation?

ñMechanismsò

Interactions with other forces



Å what is the genetic architecture underlying adaptations?

Å what is the genetic source of adaptation?

Å what distribution and order of phenotypic effects, rate over time?

- simple versus complex genetic basis

- few versus many genes, allelic effects, epistasis, etc.

- distribution and average size of genetic effects

new mutation versus 

standing genetic variation 

(versus introgression)

why study selection and adaptation?

ñTheoreticalò: to understand how evolution works (in nature)

the genetic process of adaptation



ñTheoreticalò: to understand how evolution works (in nature)

Å does (local) adaptation act in parallel across species or 

environments?

Å are there common patterns of selection and adaptation 

(across populations or species) with respect to demography, 

traits, or history?

Å how does gene flow interact with local selection to shape 

genetic/adaptive responses?

ecological and evolutionary context

why study selection and adaptation?



Practical/applied: to understand, predict, manipulate populations

Å what genetic and ecological factors limit adaptation to future change 

(e.g. climate change)?

Å what allows or constrains species range expansion/invasion?

Å how is adaptive genetic variation distributed across a species range?

why study selection and adaptation?

Å what is the evolutionary potential of specific lineages or species?



(Rellstabet al. 2015)

Detecting selection with pre-genomic data



Detecting selection with pre-genomic data

Classical evidence of adaptation

Trait-environment 

correlations

/associations



Detecting selection with pre-genomic data

Trait-environment 

correlations

/associations

Hoekstra et al. 2004, Evolution



Detecting selection with pre-genomic data

Trait-environment 

correlations

/associations

Hoekstra et al. 2004, Evolution
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Change in relative fitness of genotypes across environments

a crossing reaction norm for fitness == local adaptation

Detecting selection with pre-genomic data

Genotype x 

Environment

Interaction



Change in relative fitness of genotypes across environments

a crossing reaction norm for fitness == local adaptation

Detecting selection with pre-genomic data

Genotype x 

Environment

Interaction

wRR> wRC> wCC wRR< wRC< wCC



(Rellstabet al. 2015)

Detecting selection with genomic data



Detecting selection with genomic data

using only (or primarily) variant data using variant and other 

(phenotypic, environmental, fitness) data

(Hohenlohe et al. 2010) (Rellstabet al. 2015)



selection is locus-specific,  

whereas historical and/or demographic effects act genome-wide

therefore must be able to:

1. describe the background genomic context (demography/history)

2. differentiate it from the target signature (selection)

Detecting selection with genomic data



genetic structure or historical relatedness among individuals

genomic heterogeneity in summary statistics, incl. those 

used to infer selection

accounting for/incorporating background variation

CORE CHALLENGE =

Detecting selection with genomic data



9ȄŀƳǇƭŜǎΧΦdifferent species pairs of Heliconiusbutterflies

genomic heterogeneity in summary statistics 
(often spatially correlated across the genome)



Genetic structure Environmental structure

genetic structure or historical relatedness among individuals 
(often spatially correlated across geography)

9ȄŀƳǇƭŜΧΦ

spatial structure in 
wild tomato S. pimpinellifolium



(Hohenlohe et al. 2018)

Detecting selection with genomic data

lots (most?) of population 

genomics aims to 

characterize these genome-

wide/ ôbackgroundô features

but this often 

isnôt easyé



your approach to detecting selection will depend 

upon your sample design and study goal

within populations 

between populations 

between species

Detecting selection with genomic data

time and/or spatial 

scale

contemporary

recent 

older



selection within populations

goal: 

identify loci

associated with segregating 

functional variation

sequence-based 

tests of selection

association studies

that depart from neutral or 

null expectations

undergoing recent selection 

(with or w/out phenotype)

underlying important 

functional variation

signature: 

variants/regions

approaches:



sequence-based 

tests of selection

Goal:
Identify markers/variants/SNPs that deviate from generic, null, or 

genome-wide patterns, due to the action of recent selection

Rationale:

Å selection generates predictable changes in the kind, amount, and 

distribution of genetic variation

Å targets of (recent) selection should be detectable based oncharacteristic 

patterns of population genetic statistics at local genomic locations, that 

differ from background regions



sequence-based 

tests of selection

in comparison to the 

genomic background, 

selection changes:

amount of 

sequence diversity

allele frequency 

spectrum

topology and depth 

of the coalescent

(Hohenlohe et al. 2010)directional background



selective sweeps time

in comparison to the 

genomic background, 

at the site of a 

selective sweep:

reduced sequence 

diversity

shifted allele 

frequency spectrum

(excess rare variants)



selective sweeps

in comparison to the 

genomic background, 

at the site of a 

selective sweep:

reduced sequence 

diversity

shifted allele 

frequency spectrum

(excess rare variants)

(Coop 2022; originally Williams and Pennings2019)



(Nielson 2005)

selective sweeps

in comparison to the 

genomic background, 

at the site of a 

selective sweep:

reduced sequence 

diversity

shifted allele 

frequency spectrum

(excess rare variants)



selective sweeps

extent of hitchhiking region depends on 

(among other things): 

(Coop 2022, Chapter 13)

selection coefficient 

(how advantageous the new variant is)

recombination around 

the selected variant

features of the sweep 

can tell you something 

about the strength of 

selection (and/or 

interaction with  

recombination (time))



selective sweeps

(Figure 8.2, from Hahn 2018)

features of the sweep 

can tell you something 

about the strength of 

selection (and/or 

interaction with  

recombination (time))

strong/older

strong/recent


