GENOME 541:
population genetic inference

Il. The coalescent with recombination
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Genetic diversity stats
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Example: sample frequency spectrum (SFS)
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Theory: sample frequency spectrum (SFS)
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Non tree-like ancestry

Recombining genomes as mosaics
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Non tree-like ancestry

Recombining genomes as mosaics

genealogical ancestry genetic ancestry

https://gcbias.org/2013/11/11/how-does-your-number-of-genetic-ancestors-grow-back-over-time/
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https://gcbias.org/2013/11/11/how-does-your-number-of-genetic-ancestors-grow-back-over-time/

Non tree-like ancestry
Recombining genomes as mosaics
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The coalescent with recombination
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A sequence of trees




Decay of linkage
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Previously on...

Population size determines coalescence rate
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Coalescent HMMs

Pairwise sequential Markov coalescent (PSMC)
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ARTICLE

doi:10.1038/naturel5393

A global reference for human

genetic variation

The 1000 Genomes Project Consortium*
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Generalizing beyond diploids

Inferring human population size and separation history Robust and scalable inference of population history from
from multiple genome sequences hundreds of unphased whole genomes

Jonathan Terhorst!, John A Kamm!2 & Yun S Song!~4

Stephan Schiffels & Richard Durbin
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The future: tree sequence inference

ARTICLES

https://doi.org/10.1038/s41588-019-0483-y

nature

nature |

genetlcs

Inferring whole-genome histories in large
population datasets

Jerome Kelleher®*, Yan Wong, Anthony W. Wohns

and Gil McVean

0 Sample haplotypes

Input variation data. We assume
ancestral states are known and
haplotypes are phased.

Currently support biallelic SNPs only.
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9 Ancestral haplotype inference

Generate plausible ancestral
haplotypes for each variant site.

Uses frequency as a proxy for
relative age and heuristics.

fe Inferred ancestors

The inferred ancestral haplotypes
may not span the whole genome.

Older ancestors tend to be shorter
than more recent ancestors.
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0 Ancestral copying process

Ancestors may copy from any older
ancestor; processed epoch-by-epoch.

All paths for an epoch inserted into
the tree sequence together.
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9 Tree sequence output

After all ancestors and samples (the
final epoch) have found copying paths
output the tskit TreeSequence object.

Old

Time

Young

L Includes site and mutation data.

9 Inferred ancestors

, Chaimaa Fadil ©®, Patrick K. Albers
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9 Ancestral haplotype inference
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o Sample haplotypes

sadAjoidey a|dwes
yum ssaooid snuiuon)

T

Chromosome position

> I

ic: m

J H

Immediate ancestral
haplotype segments

.

o

mpp @) Tree sequence output

genetlcs

Time

A method for genome-wide genealogy estimation
for thousands of samples

Leo Speidel @7, Marie Forest?, Sinan Shi' and Simon R. Myers ©"3*

Modified Li and Stephens HMM
focal SNP

—
Reconstruct one chromosome as a mosaic of other samples

Store position specific distance matrix containing transformed
probabilities of copying from each other sample

—)

Hierarchical clustering and
coalescent model-based
branch length estimation
produce local trees

ARTICLES

https://doi.org/10.1038/s41588-019-0484-x
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Haplotype data sorted using constructed tree









