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Inference of population size history from genome-wide molecular data using Approximate Bayesian Computation (ABC), Part of Virtual School "Inference of demography and selection using full genome data", organizers :

Outline Genomic data

Allele frequencies at polymorphic positions.

SNP (Single Nucleotide Polymorphism): numerous, observed by genotyping arrays or NGS (Next Generation Sequencing).

close SNP → correlated allele frequencies: Linkage Disequilibrium (LD).

Outline

Kingman 's coalescent (1982) 

N → +∞, rescaled time τ = t N Coalescence time T N k tends to T k , with exponential distribution P(T k > τ ) = e -k(k-1) 2 τ
Coalescence events imply one single pair of lineages.

Number of mutations on a branch of length τ is Poisson P( θ 2 τ ), with θ = 2Nµ (population scaled mutation rate).

Advantages of the coalescent approach

Very efficient way to simulate genetic data.

Easily extended to more complex models (variable population sizes, structured populations . . . ).

Provides conceptual framework to understand the influence of some evolutionary parameters on observed genetic data.

Used to express the likelihood of observed genetic data.

Constant population size : intuition larger N → longer coalescence times → more mutations.

Constant population size : the Watterson estimator S n number of polymorphic sites in a sample of n DNA sequences of length L.

θ W = 1 L S n ( n-1 k=1 1 k ) -1 E[θ W ] = θ = 2Nµ.
As µ is known, this provides an unbiased estimator of N.

Outline

Genome-wide data Advantge:

Very large number of genealogies arising from a same demographic model (indirectly) observed.

More accurate estimation of this model.

Challenges:

Genealogies G i and G j at two close loci are correlated.

Difficult to model, model recombinaison.

New methods needed.

Examples

Allele Frequency Spectrum (AFS): Bhaskar et al (2015), Liu et al (2015), Waltoft et Hobolt (2017).
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minor
Recent history better recovered due to larger sample size.

ABC, n=25

years before present (log scale) Ranking of breeds according to their recent size makes sense.
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frequency

Theoretical link with expected coalescence times (E[T i ], i = 2 . . . n)

(Griffiths et Tavaré, 1998)

.

Wright-Fisher model for one locus

Genealogy and coalescence

Simulate summary statistics, modifying python script simul data fixed history.py (≈ 30 s)

Perform ABC estimation, running R script abc test history n50.R (≈ 1 min)

Variable population size : intuition

Population expansion → Longer coalescence times in recent past → a lot of rare derived alleles.

Population decline → Longer coalescence times in ancient past → a lot of common derived alleles.

Variable population size : estimation

For one locus i without recombinaison:

D i observed sequences, N() demographic history, G genealogy.

For p independent loci:

Methods Msvar (Beaumont, 1999), Bottleneck (Piry et al, 1999), Beast (Drummond et Rambaut, 2007), VarEff (Nikolic et Chevalet, 2014), SISR (Merle et al, 2017) . . .

Inference of population size history: models and main principles

The genomic era

The PopSizeABC method

Conclusions and perspectives

Practical training with popsizeABC

The Ancestral Recombination Graph (ARG)

SMC = Sequentially Markovian Coalescent

Markovian approximation:

→ Estimation through Hidden Markov Models (HMM).

Advantages:

Complete data, exact likelihood.

Limits:

Long continuous DNA fragments needed (chromosomes). Small sample sizes (≈ 5 diploid max). → Low accuracy for recent history estimation. Infer demography (model parameters) and T 2 distribution (hidden variable).

Examples

Summary statistics

Replace complete data D by a vector of statistics S summarizing important features of D.

Advantages:

Applicable to discontinuous DNA (RADseq, short contigs).

Drawbacks:

Loss of information, lower accuracy.

Examples

Linkage Disequilibrium (LD). r 2 = correlation of genotypes observed at two SNPs. Approximation of Hayes et al (2003):

The ABC approach (Beaumont et al, 2002) ABC = Approximate Bayesian Computation.

Estimate P(N() | S).

Proceeds by intensive simulations 1 Sample demographic history N i () in a prior. 2 Simulate a sample of genomes under this model (coalescent). Other comments 

Quick start example

Observed data: sample of 15 Jersey cows, vcf file for a small fragment of Chromosome 1.

Simulated data: 1,000 datasets consisting of one 2Mb segment.

Main steps:

1 Compute observed summary statistics, running python script stat from vcf ex1.py (≤ 1 min) 2 Simulate summary statistics, running python script simul data ex1.py (≈ 3 min) 3 Perform ABC estimation, running R script abc ex1.R (≈ 10 s) 4 Evaluate the expected accuracy of ABC estimation, running R script abc cv ex1.R (≈ 5 min)

Improve accuracy using more simulated data 

Posterior predictive check

Observed data: sample of 15 Jersey cows, vcf file for a small fragment of Chromosome 1.

Simulated data: 100 datasets consisting of 5 2Mb segments, simulated from population size histories sampled in the posterior distribution obtained by ABC.

Main steps:

1 Sample population size histories from the posterior distributions estimated from Jersey data, using R script abc ex1 big.R (≈ 1 min). 2 Simulate summary statistics, modifying python script simul data fixed history.py (≈ 5 min). 3 Compare observed and simulated statistics using PCA, running R script posterior check Jersey.R (≈ 1 s). 4 See what would happen with summary statistics from another history, for instance the constant size sudied previously.