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PhyloBayesPhyloBayes

a Bayesian phylogenetic software based 
on mixture models



Bayesian phylogenetics

𝑃𝑃 𝑀𝑀 𝐷𝐷 =
𝑃𝑃 𝐷𝐷 𝑀𝑀 ∗ 𝑃𝑃(𝑀𝑀)

𝑃𝑃(𝐷𝐷)

𝑃𝑃 𝑀𝑀,𝐷𝐷 = 𝑃𝑃 𝑀𝑀 𝐷𝐷 ∗ 𝑃𝑃 𝐷𝐷 = 𝑃𝑃 𝐷𝐷 𝑀𝑀 ∗ 𝑃𝑃(𝑀𝑀)

𝑃𝑃 𝑀𝑀 𝐷𝐷 =
𝑃𝑃 𝐷𝐷 𝑀𝑀 ∗ 𝑃𝑃(𝑀𝑀)
∑𝑃𝑃 𝐷𝐷 𝑀𝑀 ∗ 𝑃𝑃(𝑀𝑀)

Posterior 
probability Likelihood Prior



Among site variation in sequence 
evolution
• Evolutionary rates

• Substitution model
• Exchange rate matrix
• Equilibrium frequency profile (PhyloBayes-CAT!!!)



Components of substitution model

To

From A T C G

A aπT bπC cπG

T aπA dπC eπG

C bπA dπT fπG

G cπA eπT fπC

Rate matrix of the GTR model

“exchangeability”

To

From A T C G

A a b c

T a d e

C b d f

G c e f

Equilibrium frequencies

[πA, πT, πC, πG]

F81 (Poisson) model:
a = b = c = d = e = f =1



Dirichlet process for site assignment



Long-Branch Attraction

True tree Inferred tree



PhyloBayes-CAT can suppress LBA



Models available in PhyloBayes

Exchangeability 
matrix

Equilibrium 
frequency Evolutionary Rate Data partition

• Poisson

• Empirical model
- JTT
- LG
…

• GTR

• Mixture model

• Site homogeneous
- similar to “+F” in ML

• Site heterogeneous
- CAT
- empirical mixture 
models (e.g. C10-
C60)

• Gamma distribution
- discrete
- continuous

• CAT model of rate

• Partially linked 
branch-length

• Partition-specific 
substitution matrix 
not supported (?)



Partitioned PhyloBayes-MPI



Limitations of PhyloBayes

• CAT+GTR model is very slow……
• Even with PhyloBayes-MPI

• Hard to converge
• Particularly CAT+GTR

• CAT-Poisson is often used instead of CAT-GTR

• Results of unconverged analyses were reported



“…… CAT-F81 consistently 
performed worse than 
other models (partitioning 
and CAT-GTR) in inferring 
the correct branching 
patterns ……”



Alternative solution in ML

• Empirical mixture models in ML
• C10 to C60

• Firstly introduced in PhyML-CAT

• Fast implementation in IQ-TREE, further accelerated using PMSF



Alternative solution in ML

• Empirical mixture models in ML
• C10 to C60

• Fast implementation in IQ-TREE, further accelerated using PMSF

Tree,
Alignment,
Model (e.g., 
C10)

Wang et al. (2017) Syst. Biol.



Model comparison in PhyloBayes

• Bayes factor

• Cross-Validation
• How well can the models predict future data?

• Posterior predictive analysis
• How well does simulated data approximate observed data?



Cross Validation

• 𝑃𝑃 𝐷𝐷𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝐷𝐷𝑙𝑙𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙,𝑀𝑀𝑙𝑙 𝑣𝑣𝑡𝑡. 𝑃𝑃(𝐷𝐷𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡|𝐷𝐷𝑙𝑙𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙,𝑀𝑀𝑀𝑀)
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Posterior 
distributio
n of model 
parameters

𝑃𝑃 𝐷𝐷𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝐷𝐷𝑙𝑙𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙,𝑀𝑀



Posterior predictive analysis

• Compare observed data vs. simulate data (using trained model)

• Resemble parametric bootstrap in ML
• Parameters sampled from posterior distributions instead of being fixed

• Available tests:
• Biochemical specificity
• Compositional homogeneity
• Saturation





Tutorial

1. Run PhyloBayes analyses on a toy dataset with four taxa:
• Check for convergence (e.g., TRACER)
• Compare inferred tree with true tree (e.g., phylo.io)
• Try different models (e.g., F81, GTR, CAT+F81, CAT+GTR…)

2. Perform model comparison
• Cross-Validation
• Posterior predictive analysis

3. Compare with empirical mixture models in ML (IQ-TREE)



The dataset was simulated under LBA

• 4 taxa, ~21,000 amino acid sites

• Simulated under LG+C60+F

• 𝑙𝑙 ranges from 1 to 10 to model 
different levels of LBA artefact

True tree

0.7

0.01 ∗ 𝑙𝑙

Wang et al. (2018) Syst. Biol.



Markov chain Monte Carlo



When does it finish?

• Check for convergence between runs

• Visually:
• TRACER (http://beast.community/tracer)
• AWTY (http://king2.scs.fsu.edu/CEBProjects/awty/awty_start.php)
• Graphylo (https://github.com/wrf/graphphylo)

• bpcomp (in PhyloBayes)



When does it finish?
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