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The variable N e hypothesis

Linked selection modelled as first approximation by a change of N e (Hill and Robertson, 1966;Charlesworth, 2009):

decreasing for BGS and SW. increasing for BalS.

Variable levels of N e genome-wide (Gossmann et al, 2011; Jimenez-Mena et al, 2016) reflecting the variations of selection constraints (recombination rate, functional density) .

Our approach

Assume linked selection can be approximated by modelling several classes of N e along the genome.

Study the genome-wide distribution of coalescence times (T 2 ) in this framework.

Influence of linked selection on demographic inference approaches such as PSMC (Li and Durbin, 2011). Denoting λ(t) = N(t) N(0) ,

P PSC (T 2 ≥ t) = e -t 0 1 λ(s) ds
We obtain f PSC (t)

P PSC (T 2 ≥ t) = 1 λ(t) → λ(t) Inverse Instantaneous Coalescence Rate (IICR). (inferred by PSMC).
Let F (t) = P(T 2 ≤ t), and

F (t) = f (t).
Introducing the IICR

λ(t) = 1 -F (t) f (t)
we obtain (Mazet et al, 2016)

F (t) = 1 -e -t 0 1 λ(s) ds = F PSC ,λ (t) 
⇒ There always exists a PSC model mimicking perfectly the distribution of T 2 observed from two sequences. Class i evolves under the WF model with λ i N diploids.

Implications: inference

T i 2 ∼ E(µ i ), µ i = 1/λ i Genome-wide distribution of T 2 f (t) = K i=1 a i µ i e -µ i t IICR IICR(t) = - 1 -F (t) f (t) = K i=1 a i e -µ i t K i=1 a i µ i e -µ i t
. IICR (t) > 0 ∀t → spurious signal of population size decline (forward in time).

Starting value:

IICR(0) = 1 K i=1 a i λ i
→ harmonic mean of the λ i 's weighted by the a i 's IICR(t) → λ max as t → +∞ → IICR plateaus at λ max (whatever a max ).

λ 1 = 0.1 (BGS/SW), λ 2 = 1 (neutral).

→ BGS/SW impact recent past IICR.

λ 1 = 1 (neutral), λ 2 = 10 (BalS).

→ BalS strongly impacts intermediate to ancient past IICR, even if in small proportion. Scaled migration rate M = 4Nm (i.e. not affected by selection)

Analytical expression for f i () and IICR i () (Mazet et al, 2016).

IICR i (0) = λ i IICR i (+∞) ≈ n(λ i + 1 M ) for large n
Genome-wide IICR() deduced from the f i ()'s. → Limited effect of selection except in ancient past.

Under panmixia, linked selection leaves a signature of population decline from the largest genomic N e to the harmonic mean of the N e distribution.

Expected magnitude of this decline is about 3-5 fold for humans and Drosophila melanogaster.

BGS/SW impact recent past IICR, BalS ancient past.

Larger effect of BalS, even if in much lower proportions.

Linked selection partly masked by population strucure.

Outline

  Context: linked selection and demographic inferenceThe IICRResultsPanmictic model with several classes of (stationary) N e Population structureConclusions and perspectivesEstimation of past variations of N e through time from a single diploid genomeObserved values of H e along the genome ⇒ distribution of T 2 .t = time before present (backward), in units of 2N generations.

Use

  PSMC as a summary statistics to accept / reject demographic scenarios (Chikhi et al, 2018; Rodriguez et al, 2018). Piecewise stationary n-island model (Arredondo et al, 2021) with relative proportion a i .

λ 1

 1 = 0.1 (BGS/SW), λ 2 = 1 (neutral), λ 3 = 3 (BalS). a 3 = 0.01 a 1 = 0.5 → stronger effect of BalS vs BGS/sweeps for the same proportion. → intermediate plateau depending on a 1 and a 3 Gossmann et al (2011) → Very similar to the results obtained for humans. Elyashiv et al (2016): direct modelling of linked selection and full DFE using recombination maps and detailed annotation. → Bi-modal λ distribution and slight inflexion of the IICR → Quite similar to other IICRs (long term 4-fold decline) n-island model Class i evolves under an island model with n demes of diploid size λ i N.

n→

  = 10, non stationary M (4 epochs). three classes: λ 1 = 0.1, λ 2 = 1, λ 3 = 3. a 3 = 0.01 a 1 = 0.5 High proportions of BGS/SW (e.g. a 1 = 0.8) impact the IICR. → Effect of BalS in ancient past more dramatic. λ distribution from Gossmann et al (2011).

  

→ long term 6-fold decline from t = 10.

→ Similar to panmixia for M >> 1.

Model generalization

Panmictic constant size model with

replaced by

for a T 2 distribution with pdf f i ().

. 
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Where is the bug?

The decline signature comes for the variability of N e along the genome, not considered by single locus models (Zeng and Charlesworth, 2011; Walczak et al, 2012). models with regular and short scale alternance of neutral and selected loci [START_REF] Johri | Expected signature of population expansion based on: Theoretical predictions at single loci with (Zeng and Charlesworth, 2011) or without recombination[END_REF].

Variable N e hypothesis less appropriate for samples properties like the Site Frequency Spectrum (Ewing and Jensen, 2016).

excess of singletons in BGS vs neutral models (Charlesworth et al, 1993).

Pros and cons of the IICR approach

Limited by the validity of the variable N e approximation: heterozygosity / pairwise coalescence rate or strong purifying selection. Perspective: joint inference of demography and linked selection parameters?

Advertizing 1

PhD funding starting in september! Genomic consequences of habitat fragmentation.

Demographic inference using IICR and AFS.

Mathematical modelling / methodological development.

contact lounes.chikhi@univ-tlse3.fr, omazet@insa-toulouse.fr.

Project starting in CBGP with M. Gautier, N. Rode, A. Estoup.

Genomic prediction of the adaptive potential of a population in a new environment.

Build from comparing allele frequencies in diverse environments.

Vulnerability to climate change (Bay et al, 2018).

Biological invasions, data in Drosophila suzukii and Harmonia Axyridis.

Comparison / development of prediction methods.

PhD funding starting in september!