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> Assumption: All processes of
diversification affect each lineage
independently and only cause bifurcating
divergences.
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Biogeography

» Environmental changes that affect whole
communities of species
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Biogeography
» Environmental changes that affect whole
communities of species
Gene family evolution
» Chromosomal duplications
Epidemiology
» E.g., transmission at social gatherings

Endosymbiont evolution (e.g., parasites,
microbiome)

» Speciation of the host

» Co-colonization of new host species
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Why account for shared divergences?
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True history

Current tree model
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Why account for shared divergences?

1. Improve inference

2. Provide a framework for studying processes of co-diversification
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Generalizing tree space
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P. O. Lewis et al. (2005). Systematic Biology 54: 241-253
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Generalizing tree space
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Generalized tree distribution
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H. Kishino et al. (2001). Molecular Biology and Evolution 18: 352-361
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Bayesian model averaging
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Validating ryMCMC with 7-leaf tree
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The rjMCMC algorithms sample the expected generalized tree distribution
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Phycoeval (part of Ecoevolity?)

! D. Bryant et al. (2012). Molecular Biology and Evolution 29: 1917-1932
2 J. R. Oaks (2019). Systematic Biology 68: 371-395
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Phycoeval (part of Ecoevolity?)

» CTMC model of characters evolving along genealogies
» Infer species trees by analytically integrate over genealogies!
> jMCMC sampling of generalized tree distribution

! D. Bryant et al. (2012). Molecular Biology and Evolution 29: 1917-1932
J. R. Oaks (2019). Systematic Biology 68: 371-395
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Phycoeval (part of Ecoevolity?)

» CTMC model of characters evolving along genealogies
» Infer species trees by analytically integrate over genealogies!
> jMCMC sampling of generalized tree distribution

» Goal: Co-estimation of phylogeny and shared divergences from genomic data

! D. Bryant et al. (2012). Molecular Biology and Evolution 29: 1917-1932
2
J. R. Oaks (2019). Systematic Biology 68: 371-395
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New method avoids spurious support for non-existant branches
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Generalized model Independent bifurcating
(true model) model

Wilcoxon signed-rank test P-value = 4.08e~18

Shared divergences

M. K. Kuhner et al. (1994). Molecular Biology and Evolution 11: 459-468
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M. K. Kuhner et al. (1994). Molecular Biology and Evolution 11: 459-468
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New method improves MCMC convergence and mixing
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Tree-varying simulation results
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Tree-varying simulation results
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Tree-varying simulation
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Did fragmentation of islands
promote diversification?

Shared divergences Jamie Oaks — phyletica.org 22/30


https://youtu.be/mLNLRdbu5W8
https://youtu.be/mLNLRdbu5W8
http://phyletica.org

Did fragmentation of islands
promote diversification?

Scan for sea-level animation
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J. R. Oaks et al. (2019). Evolution 73: 1151-1167
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» Sampled individuals from 27 and 26
populations across Philippines for
Cyrtodactylus and Gekko, respectively
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» Sampled individuals from 27 and 26
populations across Philippines for
Cyrtodactylus and Gekko, respectively

» Collected short DNA sequences (RADseq)
from across genome of each individual

» Cyrtodactylus: 1702 loci & 155,887 sites
»  Gekko: 1033 loci & 94,813 sites

Al AL o R A
(©Rafe M. Brown (©Rafe M. Brown

J. R. Oaks et al. (2019). Evolution 73: 1151-1167
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Cyrtodactylus
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Gekko
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Gekko
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Take-home points

» We can accurately infer phylogenies with shared divergences with moderately sized
genomic data sets
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Take-home points

» We can accurately infer phylogenies with shared divergences with moderately sized
genomic data sets

» Generalizing tree space can avoid spurious support and improve MCMC mixing

» We found support for shared divergences among Philippine gekkonids
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So much to do...

» Theory on generalized tree space
> Better algorithms to take advantage of new ways to explore this space

P Port generalized tree prior to RevBayes to couple with other data models, relaxed-clock
models, biogeographic models, etc.
» Couple with paleogeographically explicit model of range evolution

» Develop process-based priors
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Everything is on GitHub. ..

Software:

» Phycoeval: https://github.com/phyletica/ecoevolity

Open-Science Notebooks:
» Phycoeval simulations: https://github.com/phyletica/phycoeval-experiments
» Gecko RADseq: https://github.com/phyletica/gekgo
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Questions?

joaks@auburn.edu

phyletica.org
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