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Phylogenetics uses different models depending on data

] Genealogy: Coalescent
Species tree: Yule
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The coalescent relates node height to population size
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The coalescent relates node height to population size
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The coalescent relates node height to population size
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Population size of N. So choose same parent with prob 1/N
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Coalescent based methods have been remarkably successful
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Coalescent based methods have been remarkably successful

from Bouckhaert et al 2012



Phylodynamics: applying phylogenetic methods to
epidemiological data
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Phylodynamics: applying phylogenetic methods to
epidemiological data
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A hierarchical model of transmission trees




Trees with sampled ancestors

Transmissions (birth) at rate A

Recovery (death) at rate p.

Sampling at rate v

Removal at sampling with probability r
(only 3 out of 4 parameters are identifiable)



Trees with sampled ancestors

Transmissions (birth) at rate A

Recovery (death) at rate p.

Sampling at rate %

Removal at sampling with probability r
(only 3 out of 4 parameters are identifiable)



Sampled ancestors exist in data: HIV MSM cluster UK
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Sampled ancestors exist in data: HIV MSM cluster UK

101559 139717 (59%)
L @—116051

117808

— | I 126787
102536

013176 4%
10107 (0.1%)

61332

17505
03979 (61%) 150494
128539
| ————— 114060
0 L 124923 (0.01%)

from Gavryushkina et al 2014



Birth rate ()

With sampled ancestors
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Parameter estimates are wrong if sampled ancestors are
not included

Without sampled ancestors
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Parameter estimates are wrong if sampled ancestors are
not included

Diversification rate (A — p): growth rate of epidemic
from Gavryushkina et al 2014
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Skyline methods are unreliable heuristics in phylodynamics
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An exact model for reconstructing the transmission tree
and prevalence




Points to remember

>

Standard phylogenetic methods cannot be applied willy-nilly
to genomic data from pathogens

Models that capture the dynamics specific to epidemics result
in more reliable inference

We are currently working on a number of inference tools for
models of sampled ancestor trees, oriented trees, exact
inference of trees and prevalence curves, hierarchical models
of viral and transmission trees.

All tools will be made available as Beast 2 packages.

We are always keen to collaborate with people who have data
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