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Phylogenetic Model: The Basics

Stochastic model:
- Model of branching process
- Model of substitution process
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Applications of Statistical Phylogenetics

• Virus transmission pathways (HIV, SARS-CoV-2,…)

• Epidemiology

• Predicting next year’s influenza outbreak

• Identification of pathogens

• Relationships among organisms

• Divergence time estimation

• Molecular evolution processes

• Selection analysis (which genes cause X)

• Patterns of diversification and extinction

• Biogeography (where does an organism come from)

• …



”Nothing in Biology Makes Sense Except 
in the Light of Evolution”

Theodosius Dobzhansky (1900-1975)
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Birth-death model:
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usually ignored, that is, 

it is assumed that yi = si 

for all leaves i.

Substitution model

Ancestral states

Tip states

DNA sequence

GATAAATAATATAAGATTTTGAC...

site (s) assumed iid



Instantaneous rate matrix for the General Time Reversible 

(GTR) substitution model
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Stationary state frequencies

Exchangeability rates

DNA sequences are drawn iid from a discrete-state continuous-time 

Markov chain over four nucleotides: A, C, G, T



Standard approach in statistical phylogenetics

❑ Specify model: script or command-line settings

❑ Hard-coded Bayesian MCMC (or maximum 

likelihood) inference machinery



https://nbisweden.github.io/MrBayes/download.html
Huelsenbeck & Ronquist (Bioinformatics, 2001)





#NEXUS

begin mrbayes;

  execute data.nex;
 
  outgroup Ibalia;
  charset morphology = 1-166;
  charset molecules = 167-3246;
  charset COI = 167-1244;
  charset EF1a = 1245-1611;
  charset LWRh = 1612-2092;
  charset 28S = 2093-3246;
  partition favored= 5: morphology, COI, EF1a, LWRh, 28S;

  set partition=favored;
  lset applyto=(1) rates=gamma;
  lset applyto=(2,3,4,5) rates=invgamma nst=mixed;
  unlink revmat=(all) pinvar=(all) shape=(all) statefreq=(all); 
  prset ratepr=variable;

end;

MrBayes script



http://www.revbayes.com

Höhna et al. (Systematic Biology, 2014)













Modular representation



Challenges for a universal PPL for phylogenetics

• Ease of use in describing models and inference algorithms
• Computational efficiency [problem sizes are large, convergence is difficult]

• A range of inference strategies

• Fast computation of likelihoods/weights

• Informative diagnostics (are we there yet?)

• Belief propagation
• Makes a huge difference when it can be applied

• Standard model (GTR+Gamma) requires belief propagation in two dimensions (rates across sites and ancestral 
nucleotide states)

• Automated?

• Alignment
• Required when number of random variables varies (birth-death models, sampling of change histories)

• Automated?

• Proposal/guide distributions
• Using quick-and-dirty approximations essential for efficient inference

• Generic propose – update mechanism?
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