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POPULATION SIZE, INCOMPLETE LINEAGE SORTING AND SELECTION
IN ANIMAL GENOMES

Part 1: Reconstruction of ancestral population sizes and speciation times in
the primate phylogeny by studying the genealogy fo sequences along the
genome

< Incomplete lineage sorting (ILS)
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Data set : genome-wide alignment of 46 primates Copenhagen University
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CoalHMM framework
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Pervasive ILS along the primate phylogeny
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Ancestral population sizes and speciation times

- debiasing
> i and g to get absolute estimates

-Using only 4 possible genealogies=bias coalescent parameters (from Dutheil et al. 2009)
- Simulations + random forest to predict the biases on data

-What yearly mutation rate to use?
- Reconstruction of yearly mutation rate for extent and ancient species via
the reconstruction of body size and generation time.



Ancestral population sizes and speciation times

-What yearly mutation rate to use?

- Reconstruction of yearly mutation rate for extent and ancient species via
the reconstruction of body size and generation time.
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What yearly mutation rate to use?

Reconstruction of yearly mutation rate for extent and ancient species via the

reconstruction of body size and generation time.
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What yearly mutation rate to use?
Reconstruction of yearly mutation rate for extent and ancient species via the

body mass (kg)

reconstruction of body size and generation time.

Pearsons corr: 0.722, pval - 3.2138000900512966e-08
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What yearly mutation rate to use?

mutation rate per generation
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Reconstruction of yearly mutation rate for extent and ancient species via the

reconstruction of body size and generation time.
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Speciation times
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Speciation times & fossil record
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Speciation times & fossil record

% Strepshirrine

New World Monkeys-

M

Old World Monkeys-|

T

Plesiopithecus teras
s 2 (from Seiffert et al. 2003)

ePerupithecus
® e-eCatopithecus browni
ePliopithecus ! A\
e
®Proconsul
ehMorotopithecus
eeVictoriapithecus
ee\Wadi Moghara

eBuluk oA

A

20 30 40 50 60 70 80 90

OrangutarH

Gorilla

Chimpanzee-|

D F

vapithecus
.Swepn ecus V'S

oghcrorapi:hocus .

e Sahelanthropus
oOrrornn . e

‘er\pi[he(:us.

T T
10 15 20 25 30
Estimated split time from humans (in million years ago)

w

Current Opinion in Genetics & Development

Modified from Chintalapati & Moorjani, 2020



Ancestral population sizes
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Take home messages:

- High percentage of ILS in short branches of the primate phylogeny

-ILS signal and coalescent theory allows a robust reconstruction of ancestral population
parameters.

- High variation in ancestral population sizes, up to N of 1.5 millions

- Speciation times globally consistent with the fossil record
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Part 2 : Influence of population size of on the adaptive substitution rate in
eukaryotes.

> Mc-Donald & Kreitman like test



Mc-Donald and Kreitman test :

> What is the proportion of mutations that have been fixed by:
positive selection vs. drift ?

b o = proportion of adaptive substitution in protein sequences in the
lineage of a species

McDonald & Kretiman 1991



The Mc-Donald & Kreitman approach

Comparison of :

- inter-specific and intra-specific data
0 A

divergence polymorphism

focalspecies ougroup

- two types of mutations : synonymous Vvs. non-synonymous
™ ™

neutral potentially selected

McDonald & Kreitman 1991
Smith & Eyre-Walker 2002



The McDonald & Kreitman approach

B adaptive
B neutral
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McDonald & Kreitman 1991
Smith & Eyre-Walker 2002



The McDonald & Kreitman approach
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The McDonald & Kreitman approach
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B neutral
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The issues with the McDonald & Kreitman approach
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Smith & Eyre-Walker 2002
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The issues with the McDonald & Kreitman approach
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DFE-a approach
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DFE-a approach
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DFE-a approach

i ‘II""“lil]l]a]]aaa]il]l

> Data
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Results of the McDonald & Kreitman-like approaches

a~0% a~50 %

Smith & Eyre-Walker 2002
Zhang & Li 2005
Bustamante et al. 2005



Results of the McDonald & Kreitman-like approaches

- ﬁ - ¥ &

a~<0-13 % a~0% o ~ 40-50 % a~ 50 % o~ 50-70 %
N,

Smith & Eyre-Walker 2002
Zhang & Li 2005
Bustamante et al. 2005
Halligan et al. 2010
Tsagkogeorga et al. 2012
Loire et al. 2013



Results of the McDonald & Kreitman-like approaches

- ﬁ - ¥ &

a~<0-13 % a~0% o ~ 40-50 % a~ 50 % o~ 50-70 %
N

e

1. Large populations = more beneficial mutations

2. Adaptive substitution rate ~
P NeSlg

Smith & Eyre-Walker 2002

Zhang & Li 2005

Bustamante et al. 2005

Halligan et al. 2010

Tsagkogeorga et al. 2012

Loire et al. 2013



Results of the McDonald & Kreitman-like approaches

a~<0-13% a~0% a ~ 40-50 % a<0%? a~50% a~50-70 %
N, 7
Wa
o =

Charlesworth & Eyre-Walker 2006
Liti et al. 2009
Deinunm et al. 2015



Inconsistent observations

a~<0-13 % a~0% a ~ 40-50 % a <0 %? a~50% o~ 50-70 %

T

N, 7

e

-Positive correlation between (A)a and N,

- 13 eukaryotes and six sunflowers

-No correlation between wa and N,

] ) Strasburg et al. 2010
> 44 eukaryotes and two Drosophila species Jensen & Bachtrog 2011

Gossman et al. 2012
Galtier 2016



Controlling the biases in the DFE-a method

-gBGC : using only GC-conservative mutations
- drawback: reduces the dataset by 90 %

-Long-term demographic fluctuations :

— long-term fluctuations of the selective/drift regime in the divergence of those
species ~ observed variafion of the recent selective/driff regime between closely
related species



Controlling the biases in the DFE-a method

-gBGC : using only GC-conservative mutations
- drawback: reduces the dataset by 90 %

-Long-term demographic fluctuations :

= |ong-term fluctuafions of the selective/drift regime in the divergence of those
species ~ observed variafion of the recent selective/driff regime between closely
related species




Controlling the biases in the DFE-a method : datase

Existing datasets :
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Controlling the biases in the DFE-a method : 1% strategy
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Controlling the biases in the DFE-a method : 2" strategy
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A negative relationship between w_, and N, ?

Theory says that there should be a positive relationship between w, and
N. because:

1. Large populations » more beneficial mutations
2. Adaptive substitution rate ~N€5,ua

Only valid if
> the input of adaptive mutation is limited
> the DFE is independant on Ne

Kimura 1983
Gossman et al. 2012



Is adaptation limited by mutation?
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A negative relationship between w_, and N, ?

Theory says that there should be a positive relationship between w, and
N. because:

1. Large populations » more beneficial mutations
2. Adaptive substitution rate ~NeS,Ua

Only valid if

- the input of adaptive mutation is limited > we show that this is not always
true and it depends on Ne

- the DFE is independant on Ne

Kimura 1983
Gossman et al. 2012



A negative relationship between w_, and N, ?

Theory says that there should be a positive relationship between w, and
N. because:

1. Large populations » more beneficial mutations
2. Adaptive substitution rate ~N€5,ua

Only valid if

- the input of adaptive mutation is limited > we show that this is not always
true and it depends on Ne

- the DFE is independant on Ne > Fisher’'s geometrical model arguments

Kimura 1983
Gossman et al. 2012



Fisher’s geometrical model predictions

Low population size

7

\

1. Maladaptation

!
larger distance to
the fitness opfimum

l
larger proportion of
adaptive mutations

2. High longevity
l
longer generation
fime
l
higher rate of
environmental change

l
higher w,

Orr 2000

Fernandez & Lynch 2011
Lourengo et al. 2013



Take home messages:

N

e

-When comparing distantly related species with different life history traits and different
distance to their fitness optimum, we do not expect W_ to correlate positively with Ne

-Adaptation is limited by the supply of new mutations (Ne.p) only in low Ne taxa
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