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How to infer a species tree

Key message: taxon sampling matters a lot

Incomplete, biased, or improper taxon sampling 
can lead to misleading results in reconstructing 

evolutionary relationships. 

Outgroups / Fast-evolving lineages / Compositional heterogeneity
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Pairwise orthologs

Orthologous 
Group

(orthogroup)

For phylogenetic inference, our starting point are the Orthologous 
Groups, (OGs) since they are derived from speciation events

- single copy OGs (1:1 OGs: only one gene per species. 
Ready to continue with the next step!

- OGs with duplicates (1:many, many:many OGs): pruning 
is necessary to create your matrix

conda config --append channels 
conda-forge How to infer a species tree

Key message: the selection of OGs for 
further analysis matters a lot
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How to infer a species tree
Extensively covered last week 

by Mike, Rob & Francesco

If the sequences are poorly aligned, you may want to 
consider trimming the poorly aligned areas. There are 
several tools for it:

http://trimal.cgenomics.org/_media/tutorial.pdf
https://academic.oup.com/bioinformatics/article/34/22/3929/5026659
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transversions in evolving sequences

Seq1 ATGGCA

Seq2 ACGCCG

Seq3 AGGGCC

3 changes (1 transition, 
2 transversions)

3 changes (3 
transversions)

Kimura 1980 (K80)
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C10 C20

C60 CAT
Mixture models

per-site 
variation of 
the model
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Eg, mutational biases and purifying selection favoring 
conservative changes are probably responsible for 
the relatively high rate of transitions compared to 

transversions in evolving sequences

So… how do I select a model for my data?

Don’t worry, most phylogenetic programs have a tool to infer the 
model that better fits your data :-)

If you’re dealing with a difficult phylogenetic problem, mixture models 
are probably a good idea
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conservative changes are probably responsible for 
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So… how do I select a model for my data?

Key message: the selection of the 
model matters a lot
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Maximum Likelihood (ML) and Bayesian Inference (BI)

Basic question in BI:
‘What is the probability that this model (T) is correct, given 
the data (D) that we have observed?’

Basic question in ML:
‘What is the probability of seeing the observed data (D) 
given that a certain model (T) is true?’

BI seeks P(T|D), while ML maximizes P(D|T)
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RAxML
RevBayes



Taxon Sampling

Orthology Inference

Alignment

Phylo. Analysis

1

2

3

4

How to infer a species tree
DATA MODEL OF EVOLUTION

METHOD

Two main methods: 
Maximum Likelihood (ML) and Bayesian Inference (BI)

Which one should I choose?



Taxon Sampling

Orthology Inference

Alignment

Phylo. Analysis

1

2

3

4

How to infer a species tree
DATA MODEL OF EVOLUTION

METHOD

Two main methods: 
Maximum Likelihood (ML) and Bayesian Inference (BI)

Which one should I choose?



Taxon Sampling

Orthology Inference

Alignment

Phylo. Analysis

1

2

3

4

How to infer a species tree
DATA MODEL OF EVOLUTION

METHOD

Two main methods: 
Maximum Likelihood (ML) and Bayesian Inference (BI)

Which one should I choose?

Factors to consider: running time, availability of ‘complex’ models, etc.
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DATA MODEL OF EVOLUTION

METHOD

A WAY TO ASSESS 
HOW GOOD OUR 
HYPOTHESIS IS 

● ML: standard nonparametric bootstrap (100 reps), 
approximate likelihood ratio test (1,000 reps), ultrafast 
bootstrap (1,000 reps)(between 1 and 100)

○ you ‘believe’ in a clade with > 80% bootstrap 
support and/or ultrafast bootstrap > 95% and/or 
approx. LRT > 80%.

● BI: posterior probability (between 0 and 1)
○ you ‘believe’ in a clade with > 0.9 pp 
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DATA MODEL OF EVOLUTION

METHOD

A WAY TO ASSESS 
HOW GOOD OUR 
HYPOTHESIS IS 

● New metrics (highly recommended in large matrices): 
○ concordance factor (IQTREE): for every branch of a 

reference tree, the concordance factor is defined as 
the percentage of “decisive” gene trees containing 
that branch.

○ internode certainty (RAxML): a measure of the 
support for a given internode by considering its 
frequency in a given set of trees jointly with that of 
the most prevalent conflicting internode in the same 
set of trees.

○ tree certainty (RAxML): the sum of all the internode 
certainty across all internodes.

http://www.iqtree.org/doc/Concordance-Factor
https://academic.oup.com/sysbio/article/69/2/308/5556115
https://academic.oup.com/sysbio/article/69/2/308/5556115
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(2)   Conflict between individual gene trees and the ‘real’ species tree

Incomplete lineage sorting

Gene loss (eg, hidden paralogy)

Hybridization

Introgression
Horizontal gene transfer

Smets and Barkay 2005

Understanding your data (and the errors it may trigger in 
downstream analyses)
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1) Systematic error

Philippe et al. (2017)
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Because of:

1) Systematic error
2) Model violation
3) Gene tree/species tree discordance

Edelman et al. 2019

Why may these properties result in a highly supported ‘wrong’ tree?
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2) Run different analyses that rely on different assumptions or apply different models

3) Do 1) and 2) both at the level of supermatrix and set of individual gene trees
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Heterotachy refers to the 
phenomenon of a site in a 

gene-sequence changing its rate 
of evolution throughout the tree 
(ie, sometimes evolving fast, some 

others evolving slow) 
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And… how do I chose a subset of genes to run these analyses?

a) Random subsampling (eg, select randomly 30% of your initial data)

b)   Check the properties of the genes and chose the ones that behave ‘well’ (eg, 
discard the outliers).

-> Custom scripts (eg, select genes with less 50% of missing data)

          -> Software to measure some of these properties (eg, compositional 
heterogeneity, saturation, etc.)

We will be doing this today in our hands-on session
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