Selection & Adaptation

Leonie Moyle
Imoyle@indiana.edu

Workshop on Population and Speciation Genomics, Cesky Krumlov 2022



Selection and Adaptation: Today

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

B. Detecting selection: within populations

- sequence-based tests of selection
- association studies

C. Detecting selection: between populations
- outlier analyses
- environmental association analyses

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

E. Questions/chat



goals

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

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

broad overview of

(some) practical considerations for sampling and experimental decisions



Selection and Adaptation

the evolutionary force that

maintains or increases the

frequency of variants that
contribute to fitness

(classically) a consistent difference in survival and/or reproduction
among individuals that differ in one or more traits (alleles)



Flavours of natural selection

In a perfect world, depending upon the variant, selection:
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Selection and Adaptation

the product of fithess-
enhancing selection

adaptation: a trait or
characteristic that increases
survival and/or reproduction
In a given environment

the process of evolutionary change whereby a lineage of organisms
Increases in average fithess (within an environmental context)




Single-locus models of selection

(e.qg., selection on single SNPs)

104 beneficial allele (4) is dominant
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why study selection and adaptation?

hMechani smso
AGenetic basis i

AKey selective agents (ecological forces)

Interactions with other forces —

divergence

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




why study selection and adaptation?

the genetic process of adaptation

Awhat distribution and order of phenotypic effects, rate over time?

A what is the genetic architecture

- simple versus complex genetic basis
- few versus many genes, allelic effects, epistasis, etc.

- distribution and average size of genetic effects

A wh thé¢ genesic source of adaptation? new mutation versus
standing genetic variation

(versus introgression)

nNTheoreti cal 0: t o understand how



why study selection and adaptation?

ecological and evolutionary context

A are there common patterns of sele
(across populations or species) with respect to demography,
traits, or history?

A how does gene flow interact with
genetic/adaptive responses?

A does (local) adaptation act in pa
environments?

nNTheoreti cal 0: t o understand how



why study selection and adaptation?

A how is adaptive genetic variati on
A what allows or constrains species
A what genetic and ecological facto

(e.g. climate change)?

A what is the evolutionary potenti a

Practical/applied: to understand, predict, manipulate populations



(Rellstabet al. 2015)

Detecting selection with pre-genomic data

Environment

Environmental
association analysis

Common garden expeniments
Reciprocal transplant experiments

Phenotype

GWAS
QTL mapping

Population genomics



Detecting selection with pre-genomic data

Tralt-environment
correlations
/associations

Classical evidence of adaptation



Arizona
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Arizona

Detecting selection with pre-genomicsfjdata
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Detecting selection with pre-genomic data

Genotype x
Environment
Interaction

Change in relative fitness of genotypes across environments
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a crossing reaction norm for fitness == local adaptation



Detecting selection with pre-genomic data

Change in relative fitness of genotypes across environments
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Genotype x R
Environment a2
Interaction
e
WRR™ Wrc™ Wee WRRS WRc<Wcc

a crossing reaction norm for fitness == local adaptation



Detecting selection with genomic data

Selection

Environment

Environmental
association analysis

Common garden expeniments
Reciprocal transplant experiments

(Rellstabet al. 2015)



Detecting selection with genomic data

e Scale
(A) short long
L Knowledge of substitution class
one multiple yes no
g g Jrr s ———— s N
g * population differentiation (Fsr) : *substitution rates : i *HKAftest :
positive balancing + LD (25, XP-EHH) E (dN/dS) I D s

hard

Type of Sweep

i *nucleotide diversity (x)
: +allele frequency spectrum (B)

substitution rates

(Tajima’s D) EEEEEEEEEEE]

-
-----------------------------------

-----------------------------------------------------------------

3.
S A
——— S
mmm————— nucleotide diversity

———— popn. differentiation

i «nucleotide diversity ()  : i *LD(HS) i — |

s - aucle muemy sm § s"."...'...".'..:

$ (‘I‘(a']_‘igz)a's D) : selection Time
P LD

o
llllllllllllllllllllllllllllllllllllllllll

(Hohenlohe et al. 2010)

using only (or primarily) variant data
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using variant and other
(phenotypic, environmental, fithess) data



Detecting selection with genomic data

selection iIs 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

genomic heterogeneity in summary statistics, incl. those
used to infer selection

genetic structure or historical relatedness among individuals

CORE CHALLENGE =
accounting for/incorporating background variation



genomic heterogeneity in summary statistics
(often spatially correlated across the genome)
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genetic structure or historical relatedness among individuals
(often spatially correlated across geography)
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Detecting selection with genomic data

Table 1 Examples of research issues in ecology and evolution that are addressed with population

lots (most?) of population
genomics aims to
characterize these genome-

wi de/ O0backgr oyngo featuies

but this often
|l snotke easy

(Hohenlohe et al. 2018)

genomic approaches

Issue in ecology and evolution

Analytical methods and metrics

Broad-sense genomics

Estimation of genetic diversity

Heterozy gosity, allelic diversity, nucleotide diversity

Effective population size

Linkage disequilibrium (LD), two-sample methods

Population structure, admixture

Bayesian clustering, principal component
analysis (PCA)

Clusteefing methods

Inbreeding Identity-by-descent methods
Narrow-sense genomics
Mapping phenotypic traits Genome-wide association studies (GWAS)

Fine-scale demographic history

Coalescent, diffusion approximation methods

Fine-scale estimates of current his-
toric hybridization

Phylogenetic, haplotype-based methods

Loci for local adaptation

Outlier methods, genotype-environment association
(GEA), muliilocus covariance

Loci for inbreeding depression GWAS
Loci for adaptive introgression Outlier, cline analysis
Defining population units on local | Outlier, GEA

adaptation




Detecting selection with genomic data

contemporary within populations
recent  |timefand/or|spatial |between populations
older scale between species

your approach to detecting selection will depend
upon your sample design and study goal




selection within populations

goal:
identify loci undergoing recent selection underlying important
(with or w/out phenotype) functional variation
signature:
variants/regions that depart from neutral or associated with segregating
null expectations functional variation
approaches: sequence-based association studies

tests of selection



seguence-based
tests of selection

Goal:

|dentify markers/variants/SNPs that deviate from generic, null, or
genome-wide patterns, due to the action of recent selection

Rationale:

A selection generates predictable c¢
distribution of genetic variation

A targets of (recent) sel ec tharacteristch o
patterns of population genetic statistics at local genomic locations, that
differ from background regions
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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)

Novel
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selective sweeps
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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)
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The effect of a selective sweep on genetic variation. The figure is based on
averaging over 100 simulations of a strong sclective sweep. It illustrates
how the number of variable sites (variability) 1s reduced, LI is increased,
and the frequency spectrum, as measured by Tajima’s 1D, is skewed, in the
region around the selective sweep. All statistics are calculated in a sliding
window along the sequence right after the advantageous allele has reached
frequency 1 in the populadon. All statstics are also scaled so that the

cxpected value under neutrality equals one. (Nielson 2005)



i 6

selective sweeps

extent of hitchhiking region depends on
(among other things):
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features of the sweep
can tell you something
about the strength of
selection (and/or
Interaction with
recombination (time))

recombination around
the selected variant

(Coop 2022, Chapter 13)



selective sweeps

strong/older

strong/recent

(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))



