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Morphological traits

Drosophila — morphological traits (REF. 107)
Daphnia — body size (REF. 108)

(REF. 109)
Atlantic salmon — freshwater-stage weight (REF. 109)
Birds — tarsus length (REF. 110)

Birds — tarsus length (REF. 110)

Animal species in the wild — morphological (REF. 111)
Cattle — yearling weight (REF. 112)

Human — height Finland born 1947-57 (REF. 113)
Human — height Finland born <1929 (REF. 113) i

Altantic salmon — marine-stage weight

Fitness traits

Drosophila — life-history traits (REF. 107) i
Daphnia — clutch size (REF. 108)
Rainbow Trout — alevin survival (REF. 114)
Cattle — calving success (REF. 112)

Cattle — bull fertility (REF. 112)

Pigs — number of piglets born alive (REF. 115)

)

Animal species in the wild — life-history traits (REF. 111
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ménopause: h2=0.47
ménarche: h2=0.62

Byars et al. PNAS 2009
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https://www.nature.com/articles/nrg2322
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Figure courtesy of Laura Hayward

For more details about stabilizing selection on complex traits, see Sella & Barton
2019 Annual Reviews of Human Genetics & Genomics, forthcoming
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Polygenic selection

Selection against an extreme

Population
aiter selection

Original
population

A set of variants becomes adaptive
in anew environment

A new optimum is very rapidly attained

Over time, the set of variants
becomes more common
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Borrowed from Scheinfeldt & Tishkoff 2013
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Trait value

Meta-analysis of Wood ot al. (2014)
with GWAS of height in UK Biobank
a (N-693,529)
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https://academic.oup.com/hmg/article-abstract/27/20/3641/5067845 ?redirectedFrom=fulltext
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a)

Polygenic selection

Selection against an extreme

Population
after selection

Original
population

Set of variants
identified in GWAS
in a given population

Does this set show evidence
for directional selection, when
considered jointly?



Selection at present

Sickle cell allele frequency Malaria density

S =sickle cell allele N = non sickle cell allele

NN NS SS
# newborn 160 160 40
# adults 144 160 20
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Complication
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Viability selection today
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Genotype of individuals predicted by:
Mostafavi et al. 2017 PLoS Biology Ancestry, Age



Paternal survival Maternal survival

Genome-wide
genotype data

(see Pilling et al. 2016, Joshi et al. 2016, Liu et al. 2016)
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Sets of genetic variants

39 phenotypes, Pickrell et al., 2016
T ; Age at menarche, Day et al., 2017
Age at first birth, Barban et al., 2016
Age at natural menopause, Day et al., 2015

1004  Genome-wide association study
(GWAS) for age at menarche
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Perry et al., 2014

Polygenic score

of individual i at locus j
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Effect size of genetic
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Traits associated with paternal age at death

Total cholesterol (P~9x10~°)
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Protective effect of later
predicted age of puberty
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Evidence of directional and stabilizing selection
in contemporary humans

Jaleal S. Sanjak®®, Julia Sidorenko“?, Matthew R. Robinson“®¢, Kevin R. Thornton®®, and Peter M. Visscher<d!

*Department of Ecology and Evolutionary Biology, University of California, Irvine, CA 92697; ®Center for Complex Biological Systems, University
of California, Irvine, CA 92697; <Queensland Brain Institute, The University of Queensland, Brisbane, QLD 4072, Australia; “Institute for Molecular
Biosciences, The University of Queensland, Brisbane, QLD 4072, Australia; and Department of Computational Biology, University of Lausanne, Lausanne

1010, Switzerland
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Reproductive fitness and genetic risk of psychiatric
disorders in the general population
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Selection against variants in the genome associated
with educational attainment
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Separation of population leads to divergence in allele frequencies

Population 1
Allele frequency 0.2

p / S; = z B9:i
, Genotype of individual
Frequency : Polygenic score / \ at locus |
3 of individual i
0.5

: Effect size of genetic

: \ variant j on the phenotype
=> Polygenic scores will diverge by
genetic drift alone

¢ g Population 2

Allele frequency 0.5
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https://gcbias.org/2014/08/07/some-thoughts-on-our-polygenic-selection-paper/
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Polygenic selection on variants that influence height in Europe

Genome-wide association study (GWAS) for height
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Height Skin Pigmentation
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Figure 3. Histog of the empirical null distribution of Qy for each trait, obtained from genome-wide resampling of well matched

SNPs. The mean of each distribution is marked with a vertical black bar and the observed value is marked by a red amow. The expected z3,_, density
is shown as a black curve.

Coop & Berg 2014 Plos Genetics; see also Coop & Berg 2017 BioRxiv
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Among many strong assumptions:

+* Assume Betas estimated without bias
BUT residual environmental confounding in
GWAS

+» Assume Betas fixed in space and time
BUT GxG, GxE E X}. j /;
: . markers i

*»» Only genetic effects taken into account { )
BUT environmental pressure could mitigate or
oppose genetic effects

https://gcbias.org/2018/03/14/polygenic-scores-and-tea-drinking/

Novembre and Barton 2018 Genetics
Barton, Hermisson and Nordborg 2019 elLife


https://gcbias.org/2018/03/14/polygenic-scores-and-tea-drinking/

+* What were the typical fitness effects of beneficial changes?
Typically small

+* How many changes were involved? Probably many, scattered
throughout the genome

= Is it meaningful to catalogue them?
= How to test their effects?
= A new view of human adaptations



