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= |s a trait neutrally evolving or under selection?
= |f not neutral, is the trait changing too fast or too slow?
= At which scale, between or within species variations?

= How to compute variations, and how to normalize it?
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Trait evolution between and within species
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How fast should evolve a neutral trait?
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Modelling (mean) trait evolution between species
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Pitfalls of modelling (mean) trait evolution between species
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Time e Brownian process can be favored for trait
under diversifying selection!’!
— Neutral evolution but it's not.

G J

USilvestro et al (2015); P'Copper et al (2016); BHansen & Martins (1996)
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What are you familiar

Phylogenetic comparative
method.

— What is the expected rate
of evolution for a neutral trait?

Quantitative-genetics
across populations.

— How to adapt QST—FST
methods across species’

Phylogenetic DNA Contrast polymorphism
evolution. m & divergence.

— How to a derive a d /d. XD | How to adapt McDonald &
ratio but for a trait instead of Kreitman test (d /d.>p,/p.) for
protein coding DNA sequences? trait changes along a phylogeny?
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Trait variations

Between (e.g. brain size) Within

species & species
L L
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CSI.equence Trait Trait Trait Sj.quen.ce
vergence mean heritability variance versity

Normalizing
factor

Normalizing
factor

Trait variation Variation between Trait variation
between species within species

Variation within

p <1 p=1 p>1

Stabilizing selection Neutral trait evolution Diversifying selection

= Ratio of between over within species trait variations
» Normalize using nucleotide variations (i.e. divergence and polymorphism)
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When are between and within species variations equal?

Within species variation:

e Vp: phenotypic variance.
e h*: heritability for the trait.

e m: mutations per site between two haplotypes.
Between species variation:

e COV (Pi, Pj): covariance in mean trait value between a pair of species.

e d: shared nucleotide divergence between a pair of species.

— og /0w = 1.

Op = — =0
e (: mutation rate per generation. e N.: effective population size.
e (: substitution rate per generation. . 01%4: efflect on the trait per mutation.

Lynch (1998); Hansen & Martins (1996); Kimura (1968); Tajima (1989)
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Can we test our estimate against simulated data?

Individual 4
Genotypic effect: ai ~ N(0,a?)
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= Simulator across the phylogeny under different scenarios.
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Can we test our estimate against simulated data?

—— | Stabilizing selection Neutral trait — | Diversitying selection

An optimal value for the trait. No fitness function. An optimal value for the trait,
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= Simulations across the phylogeny under different scenarios.
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Test of neutrality against simulations

N . . — | Diversifying selection
— | Stabilizing selection Neutral trait | ying |
. . . . An optimal value for the trait,
An optimal value for the trait. No fitness function. |
changing randomly.

1200- 10%
1000 |
> 800- >10°
S 600 C _
= 400- = 102‘;
200 |
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Neutrality index (p) Probability of diversifying selection (P[p > 1])

= Can test for diversifying selection acting on a trait.
= False positive for detection of stabilizing selection.
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Application to brain and body size in mammals

nature
AR//TIC,LES, ecology & evolution Trait diversity
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Take home messages

= Use the ratio of between over within species trait variations.
= Normalized using nucleotide variations (i.e. divergence and polymorphism).
» Not good to detect of stabilizing selection (false positives).

- o o o JOURNAL OF
= Good to detect diversifying selection. Evolutionary Biology
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Genetic architecture of the trait and individual phenotype

Genotypic effect: ai ~ N(0,a”)
s N0, Vi)
AT T ]
L , > Pi:Zangi,l+€i
=1
: l ' I l l l ' Phenotype
W
Alleles: gi1 € {0,1,2}

e [ is the number of loci encoding the trait.

e a; ~MN(0,a?) is the effect of a mutation on the trait at locus I € {1,..., L}.
e g;1 €{0,1,2} is the genotype at locus [ for individual ¢ € {1,..., N.}.

e (G; = S:lL_l a; X g;; 1s the influence of genotype on the trait for individual <.

Lande (1978); Lynch (1998)
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Normalizing trait variation using polymorphism

For any neutral genomic region of interest, the genetic diversity (), the fraction
of the region that are different between two randomly sampled haplotypes, is also a
balance between mutations and drift!!]:

T = 4N, - 1. (3)

At the population level, we have:

ol = 2 = 22" La? (4)

ol = —— =L-ad° (5)

UTajima (1989)
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Evolution of mean trait value as a function of trait architecture

P is the trait mean value. If the trait is neutral and encoded by many loci, P evolves
as Brownian process. cov (£, P;) is the covariance in mean trait value between a pair

of species!!:
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Hansen & Martins (1996)
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Normalizing mean trait value evolution using divergence

For a neutral genomic region of interest, some mutations will eventually reach fixa-
tion in the population due to genetic drift (Pgx = 1/2N,)!!)] resulting in a substitution.
The substitution rate per generation (q) is!?3!

1

:2Ne '[PXZQNG' ’
q R H ON.

= L4 (8)

For ¢ generations, the genetic distance (d) measured as the number of substitution
per site 1s:

d=t-q=1t-pu. (9)
We thus have for a pair of species:

y def €OV (P, Pj) 4t p-L-a®

-© — L -a”. 10
7B 4d At - 1 ¢ (10)

UKimura (1962); 2 Kimura (1968); BIMcCandlish & Stoltzfus (2014)[
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Estimation at the phylogenetic scale

Input:

e 7 1s the number of taxa.

e D (n xn) is the symmetric distance matrix computed from the branch lengths
and the topology of the phylogenetic tree.

e P (n x1)is the vector of mean trait values at the tips of the tree.
e 1 (n x1)is a vector of ones.

Output:

e ¢ is the estimate mean trait value at the root.

. 0]% is the estimated trait variance measured at the phylogenetic scale.

At the phylogenetic scale, the maximum likelihood estimates of ¢ and o arell):
o= (1Tx D™ x 1)_1-(1T x D" x P)

1 (P—¢-1)"xD1x (P—¢-1) (11)
4 n—1 |

o3 =

o Meara et al. (2006)
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