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Bayesian phylogenetics & big trees
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● History of systematics and phylogenetics
● Tree thinking
● Character analysis; synapomorphy, homoplasy
● Parsimony methods for phylogenetic inference
● Distance methods for phylogenetic inference
● Likelihood methods for phylogenetic inference
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Recap of last session



Phylogenetic relationships are based on shared derived 
characters (synapomorphies).

3

Recap of last session



Most inference methods infer unrooted trees, by 
counting/estimating changes along branches, and thus do not 
require us to know which trait is derived vs. ancestral.  
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Based on other knowledge we can then root the tree, which 
provides polarization to the characters, so we know which is 
derived versus ancestral.  
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Homoplasy is a pattern of independent evolution of a character 
multiple times. It can be caused by parallel evolution of homologous 
characters, or be visualized by mapping convergently evolved 
characters (non-homologous characters) on the tips of a phylogeny.  
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The Likelihood of the data depends on the topology (branching order), branch 
lengths, and rate matrix.

A maximum likelihood optimization finds the best fitting parameters of the 
model (e.g., a substitution matrix) to estimate branch lengths on a given 
topology. The tree likelihood is the product of all site likelihoods.

A tree search repeats this process for many or all topologies.
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Think about the logical steps involved in inferring a 
phylogeny, and at least one example of each:

● Starting tree (e.g, UPGMA, NJ)
● Optimality criterion (e.g., parsimony, likelihood)
● Heuristic search of tree space (e.g., Hill-climbing)

● tree rearrangements (e.g, NNI, SPR)

What are pros/cons of using parsimony vs. likelihood?
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Reconstructing Evolution II

● Bayesian inference and dated phylogenies
 
● Large-scale phylogenetics: Tree of Life

 



Frequentist (Maximum Likelihood) asks “what is the probability of the data 
given my hypothesis (model)?”
Bayesian inference asks “What is the probability of my hypothesis (model) 
given the data?”

Likelihood says, assuming my model is true, what is the probability it 
generated these data?
Bayesian says, assuming my prior beliefs about this model, how much should 
I be convinced by new evidence (what is the posterior probability)?
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Bayesian philosophy
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http://www.youtube.com/watch?v=gRvu0yHoHy8
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Bayes’ rule in statistics
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Why is Bayesian analysis useful for phylogenetics?
Phylogenies with branch lengths in units of time provide more information 
than unrooted trees with branch lengths in units of substitutions.
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Naive integration approach
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Markov chain Monte-Carlo (MCMC)

Heuristic method of integrating across marginal probabilities. Mechanistic 
algorithm to search parameter space where the proportion of steps spent 
in any part of search space reflects the posterior probability support for 
that parameter. The result is a posterior probability distribution.
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Incorporating both fossils and DNA sequences, and informed priors on the 
fossil placements, Gavryushkina et al. (2016) found the crown age of 
extant penguins is much younger than previously thought.
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Even without fossils, time-informed priors



● The study of how epidemiological, immunological, and 
evolutionary processes act and potentially interact to 
shape viral phylogenies.

● Bayesian phylogenetics is highly important because rate 
varies dramatically during viral outbreaks
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Phylodynamics
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● The 2013 West African Ebola virus 
epidemic spread primarily through 
Guinea, Sierra Leone and Liberia 
and killed over 11,000 people

 
● Estimated that strain began at a 

funeral in Guinea December 2013
 
● Phylogenetic analysis shows MRCA 

was February 2014 with 2 strains 
introduced to Sierra Leone.

Estimating the rate of infection of Ebola
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● Multiple birth-death model 
approaches were used to estimate 
epidemiological parameters across 
a Bayesian phylogeny.

● Birth is the rate of transmission, 
death is recovery or death of host.

 
● Incubation time: 4.92 days
● Infectious period: 2.58 days
● RO: 2.18 people

Estimating the rate of infection of Ebola



Summary of Bayesian phylogenetics

● Broadly applicable statistical framework that allows one to 
combine data from many different sources through defining 
priors. 

 
● In practice, often used for dated phylogenies because with priors 

on ages or rates you can better differentiate age from rate 
(which cannot be done in ML) 

● However, it can be rather slow (MCMC search)
● And if you define too strict of priors then your results may just 

return what you put it. Requires careful testing/refining.
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Large-scale phylogenetics
● Increasingly, phylogenetic and phylogenomics is a field 

of informatics, or data science, and computer science.
 
● Data archiving and mining. Researchers focus on 

specific groups and over time accumulate enough data 
to span deeper and deeper in time.

● Methods for combining knowledge and minimizing the 
need to optimization + tree search.
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How many species are there?
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How many species are there?

● Globally, our best approximation to the total 
number of species, based on taxonomic expertise, 
is 3-100 million species (May 2010). 

● Many methods are employed to estimate the 
number of undiscovered/described species: e.g., 
body-size distribution, species-area relationship, 
ratios between taxa, time-series relationships 
(Mora et al. 2011)
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(Mora et al. 2011)



Large-scale phylogenetics

● Super trees:

● Inferring large trees is difficult 
and time consuming, it is 
easier to join together smaller 
trees. Several techniques.

 
● This type of method has 

regained some popularity 
recently in the study of quartet 
trees (e.g., SVDquartets)
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Large-scale phylogenetics

● Supermatrices: 
 
● Around the early 2000s common 

markers were discovered that 
could be sequenced reliably 
across many organisms, which 
made it possible to combine their 
data into larger analyses. Faster 
inference methods developed.

 
● Hundreds of taxa, one or more 

genes. Sparse matrices. 
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Large-scale phylogenetics

● Megaphylogeny pipelines: 
Automated procedures to build 
supermatrices by finding 
sequences in databases and 
aligning them at multiple 
hierarchical levels.

● Example: >13K species of 
plants analyzed for one gene.  
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Large-scale phylogenetics

● Dated megaphylogenies:
 
● Bayesian relaxed clock 

analysis on a reduced set of 
taxa to infer the backbone.

● Bayesian relaxed clock 
analyses subclades that are 
then added to the backbone.

58



Large-scale phylogenetics
● National Science Foundation initiatives to support Assembling 

the Tree of Life programs starting in early 2000s.
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Large-scale phylogenetics

● Open Tree of Life.
● Compilation of all published 

phylogenetic knowledge.
● Uses a taxonomy (groups 

within groups) to stitch trees 
together where information is 
missing.

● Stores conflict among 
different published studies as 
a network.
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Large-scale phylogenetics

● However, some groups are 
difficult to characterize as 
‘species’, and therefore to 
confirm sampling.

 
● Most data does not end up in 

databases
 
● Manual curation and ranking 

remains necessary.
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Summary of large-scale phylogenetics

● Supermatrix approaches combine huge numbers of taxa for few or many 
genes. Often sparse matrices (missing data). Made possible by 
algorithmic and computational improvements to likelihood calculations.

 
● Supertree methods aim to combine information from multiple trees 

without the need to infer the actual sequence data for all samples at 
once.

 
● At the largest scale, both approaches are typically combined to stitch 

together the tree of life with both known (inferred) relationships, and 
estimated (taxonomy) relationships. A lot of work remains to be done!
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