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What?

e Substitution rate evolution
— Molecular clock (Zuckerkandl & Pauling, 1962)
— Relaxed clock

* Divergence times

* Sequence evolution



Why?

* Avoid Molecular clock assumption

* Allows estimation of:
— Divergence times
— Substitution rates

 Biologically relevant priors for edge lengths
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Abstract.— The Bayesian method for estimating species phylogenies from molecular sequence data provides an attractive
alternative to maximum likelihood with nonparametric bootstrap due to the easy interpretation of posterior probabilities
for trees and to availability of efficient computational algorithms. However, for many data sets it produces extremely high
posterior probabilities, sometimes for apparently incorrect clades. Here we use both computer simulation and empirical
data analysis to examine the effect of the prior model for internal branch lengths. We found that posterior probabilities for
trees and clades are sensitive to the prior for internal branch lengths, and priors assuming long internal branches cause high
posterior probabilities for trees. In particular, uniform priors with high upper bounds bias Bayesian clade probabilities in
favor of extreme values. We discuss possible remedies to the problem, including empirical and full Bayesian methods and
subjective procedures suggested in Bayesian hypothesis testing. Our results also suggest that the bootstrap proportion and
Bayesian posterior probability are different measures of accuracy, and that the bootstrap proportion, if interpreted as the
probability that the clade is true, can be either too liberal or too conservative. [Fair-balance paradox; Lindley’s paradox;
model selection; molecular phylogenetics; posterior probabilities; prior; star tree paradox.]



When?

* Gillespie, J. H. The causes of molecular
evolution Oxford University Press, 1991

» Autocorrelated models
— Thorne, Kishino and co-workers, 1998,2001,2002
— Huelsenbeck et al 2001
— Yang and co-workers 2001

* Independent and identically distributed (iid)

— Linder 2003, and submitted, Drummond 2006,
Yang & Rannala 2006, Lepage 2007



How

* A model for rate variation over the tree
— AutoCorrelated rates
* 1y~ LogN(r,,, v)
— Independent and Identically Distributed rates
* r, ~ f(mean, variance)
« f-Gamma, LogN, InvG

« Model for divergence time
— BD process, Dirichlet, Uniform, Coalescence

o Substitution model
— JC69, HKYS85, GTR, JTT etc.



Which??

« Comparison of rate models (Linder 2003,

submitted)
— No difference in performance AC vs iid

Drata adll ndilG ndlLN AC ) clodk
log Loy log ﬁ log Ly log %ﬁ log Ly log ﬁ log Ly, log: ﬁ log %ﬁ
MNon-informative time prior
eudicot -4945.25 0.06 -4945.19 0 -4045.20 0.01 494548 0.29 4811
simian -12186.5 0.8 -12186.6 0.9 -12186.6 0.9 -12185.7 I 11.4
hominid -4305.22 0 -4305.24 0.02 - - -4305.37 0.15 1.98
Calibrated time prior

simian -12163.6 0.9 - - - - —12162.7 I 281




rbclL -- time estimates
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rbcL--rate estimates
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Which?

« Comparison of rate models (Linder 2003,
submitted)
— No difference in performance AC vs iid
— Estimate diff AC vs iid
— No correlation between adjacent rates

* Lepage et al. 2007
— Support for AC for most investigated data sets

— Reasons for deviant results
* Tree size, diff data, aa vs. DNA, diff Bayes factor approx.



How long?

- Faster implementation (Akerborg et al. 2008)
— MapDP
 Discretization of divergence time space
— Maximum A Posteriori (MAP) framework

— rbcl estimates similar
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How long?

» Faster implementation (Akerborg, submitted)
— Map-PD
 Discretization of divergence time space
— Maximum A Posteriori (MAP) framework

— rbcl estimates similar

— Gene tree reconstruction
« mtDNA, data Yang & Yoder, 2003



€3-

@3-

&

®
TR IR TE ORI o
o @ @ e S LD = 7 ==
SR N £ el H L
5 53 * 2 B8 3gg" T2 T
= w E .-_,-:,""-' 'E-.!'\-P._.g- i
" Ol : T : L=y : ﬁ-'l ,

Table 3: Phylogeny inference performed on a mtDNA dataset. 100 times MAP phylogeny inference on step by step larger proportions

of the tree shown in Figure 5.

Known! Inferred? Success?
Tree tree best median worst g4
a H843.8 -B8ls8 -B829.0 -8953.7 T2
a+h -133g19 -13345.0 -13369.6 -13472.5 &5
a+th+c -22054.2 219777 -22025.0 -22339.3 73
a+bh+c+d -30327.7 -30235.7 -30315.5 -30e5aT 58

IReference log-likelihood value obtained with the tree topology in Figure 5.
Y og-likelihood value obtained starting from a random tree topology.
*Parcentage of runs finding a tree with likelihood at least as good as for the tree topology in Figure 5.



How long?

» Faster implementation (Akerborg, submitted)
— Map-PD
 Discretization of divergence time space
— Maximum A Posteriori (MAP) framework

— rbcl estimates similar

— Gene tree reconstruction
« mtDNA, data Yang & Yoder, 2003

— Ascomycete divergence time estimates
* 1100 orthogroups from Wapinski et al. 2007



Ascomycete time estimates
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Summary

* primeSRT

— Integrated model
» Relaxed clock, iid (or AC)
« BD divergence time prior
« Standard substitution models

— Fast, discretized, algorithm
— Divergence time estimation
— Gene tree reconstruction



