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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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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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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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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 > 80-90% bootstrap 
support and/or ultrafast bootstrap > 95% and/or 
approx. LRT > 80-90%.

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

A WAY TO ASSESS 
HOW GOOD OUR 
HYPOTHESIS IS 

● New metrics (highly recommended in large matrices): 
○ concordance factor (IQ-TREE): 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


Taxon Sampling

Orthology Inference

Alignment

Phylo. Analysis

Sensitivity Analysis

1

2

3

4

5

How to infer a species tree

Lies, damn lies and 
phylogenomics



Taxon Sampling

Orthology Inference

Alignment

Phylo. Analysis

Sensitivity Analysis

1

2

3

4

5

How to infer a species tree

Lies, damn lies and 
phylogenomics

inspired by



Can I trust my results 
(or the results of 

others)?



Can I trust my results 
(or the results of 

others)?
High support in an analysis 

does not mean that you 
can trust your tree!!



Can I trust my results 
(or the results of 

others)?
High support in an analysis 

does not mean that you 
can trust your tree!!

Wait, what?? And WHY is that?



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



(1) Intrinsic properties

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



(1) Intrinsic properties

Missing data

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



(1) Intrinsic properties

Missing data Species A

Gene 1   Gene 2   Gene 3 ………………………………………..Gene n

Species B

Species C

Species D

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



(1) Intrinsic properties

Missing data Species A

Gene 1   Gene 2   Gene 3 ………………………………………..Gene n

Species B

Species C

Species D

“Gruyère effect” 

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



(1) Intrinsic properties

Missing data

Saturation

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



(1) Intrinsic properties

Missing data

Saturation

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



(1) Intrinsic properties

Missing data

Saturation

Compositional Heterogeneity Species A

 Site 1      Site  2   Site 3 ………………………………………..    Site n

Species B

Species C

Species D

Gene 1

Leu    Met    Lys   Pro   Asn   Ile     Asn   Gln    Hys

Leu    Leu    Leu   Pro   Asn   Leu   Asn   Leu   Hys

Leu    Met    Lys   Pro   Asn   Ile     Gln    Leu   Hys

Leu    Leu    Leu   Pro   Asn   Leu   Asn   Leu   Hys

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



(1) Intrinsic properties

Missing data

Saturation

Compositional Heterogeneity Species A

 Site 1      Site  2   Site 3 ………………………………………..    Site n

Species B

Species C

Species D

Gene 1

Leu    Met    Lys   Pro   Asn   Ile     Asn   Gln    Hys

Leu    Leu    Leu   Pro   Asn   Leu   Asn   Leu   Hys

Leu    Met    Lys   Pro   Asn   Ile     Gln    Leu   Hys

Leu    Leu    Leu   Pro   Asn   Leu   Asn   Leu   Hys

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



(1) Intrinsic properties

Missing data

Saturation

Compositional Heterogeneity Species A

 Site 1      Site  2   Site 3 ………………………………………..    Site n

Species B

Species C

Species D

Gene 1

Leu    Met    Lys   Pro   Asn   Ile     Asn   Gln    Hys

Leu    Leu    Leu   Pro   Asn   Leu   Asn   Leu   Hys

Leu    Met    Lys   Pro   Asn   Ile     Gln    Leu   Hys

Leu    Leu    Leu   Pro   Asn   Leu   Asn   Leu   Asn

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



(1) Intrinsic properties

Missing data

Saturation

Compositional Heterogeneity

Lack of phylogenetic signal for your node of interest

Baeza & Fuentes 2013

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



(1) Intrinsic properties

Missing data

Saturation

Compositional Heterogeneity

Lack of phylogenetic signal for your node of interest

Baeza & Fuentes 2013

Good information to 
resolve these nodes

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



(1) Intrinsic properties

Missing data

Saturation

Compositional Heterogeneity

Lack of phylogenetic signal for your node of interest

Baeza & Fuentes 2013

Not enough information 
to resolve these nodes

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



(1) Intrinsic properties

Missing data

Saturation

Compositional Heterogeneity

Lack of phylogenetic signal for your node of interest

etc.

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



(1) Intrinsic properties

Missing data

Saturation

Compositional Heterogeneity

Lack of phylogenetic signal for your node of interest

etc.

(2)   Conflict between individual gene trees and the species tree

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



(1) Intrinsic properties

Missing data

Saturation

Compositional Heterogeneity

Lack of phylogenetic signal for your node of interest

etc.

(2)   Conflict between individual gene trees and the species tree

Incomplete lineage sorting

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



(2)   Conflict between individual gene trees and the species tree

Incomplete lineage sorting

Pollard et al. 2006

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



(1) Intrinsic properties

Missing data

Saturation

Compositional Heterogeneity

Lack of phylogenetic signal for your node of interest

etc.

(2)   Conflict between individual gene trees and the species tree

Incomplete lineage sorting

Gene loss (eg, hidden paralogy)

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



(2)   Conflict between individual gene trees and the species tree

Incomplete lineage sorting
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Missing data

Saturation
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Lack of phylogenetic signal for your node of interest

etc.

(2)   Conflict between individual gene trees and the species tree

Incomplete lineage sorting

Gene loss (eg, hidden paralogy)

Hybridization

Introgression
Horizontal gene transfer
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(2)   Conflict between individual gene trees and the 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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Because of:

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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So… what do we do to test the robustness of our tree?

1) Build different subsets of your data through a subsampling strategy selecting genes with different 
properties

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

Fernández, Hormiga and Giribet 2014
(subset of indiv. gene trees)

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



So… how many matrices/subsets/analyses should I analyze?



So… how many matrices/subsets/analyses should I analyze?

Many. 
As many as you can!



So… how many matrices/subsets/analyses should I analyze?



So… how many matrices/subsets/analyses should I analyze?

These are matrices/subsets 
of individual gene trees
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Generating phylogenomic data matrices: hands-on session

(Important piece of information (shared by 
Scott): Český Krumlov locals used to refer to the 

workshop participants as ‘molekulos’)

The Český Krumlov
 town hall decides to fund 
a project to understand 

whether the brown bear is 
more closely related to the 
polar bear or the American 

black bear

Let’s ask the ‘molekulos’ for help!!
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or the brown bear?

Generating phylogenomic data matrices: hands-on session

Is the polar bear the sister group to the American black bear 
or the brown bear?

Giant Panda 
Ailuropoda melanoleuca 

(outgroup)

Black bear
Ursus americanus

Polar bear
Ursus 

maritimus

Brown bear
Ursus arctos



Is the polar bear the sister group to the American black bear 
or the brown bear?

TOTAL: 16 samples
Siro
Luisa
Pepe
Juan

Noah
Oskar
Summer
Montana

Joseph
Margaret
Maripepa
Maria

Amparo
Paco
Adelaide
Margo

Generating phylogenomic data matrices: hands-on session
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Is the polar bear the sister group to the American black bear 
or the brown bear?

SAMPLE COLLECTION

        SEQUENCING

1) ORTHOLOGY INFERENCE

2) SUPERMATRIX CONSTRUCTION 
(several ones)

3) PHYLOGENETIC INFERENCE 
(MAXIMUM LIKELIHOOD)

Generating phylogenomic data matrices: hands-on session

(Important considerations: 
- the genes provided come from real 

transcriptomic data; I have filtered them out to 
have only the longest isoform per gene

- we are going to work at the level of amino acid 
data, not nucleotide (TransDecoder)





Is the polar bear the sister group to the American black bear 
or the brown bear?

Generating phylogenomic data matrices: hands-on session

During the first part of the tutorial, you have…

1) Inferred orthologous groups with OrthoFinder.
2) Created a supermatrix selecting genes based on:

a) their amount of missing data
b) their ‘decisiveness’ (ie, representation among species)
c) removing outliers accounting for a bunch of 

confounding factors (eg, compositional heterogeneity, 
saturation, etc.).

3) Inferred ML phylogenetic trees from these matrices

Which topology are your analyses supporting? Is this 
topology robust, or are the analyses showing any 

conflict?
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high support

Abstract:

The interrelationships within the genus Ursus have been 
contentious based on the analysis of a limited amount of 
molecular markers. Here, we sequenced full genomes of 16 
specimens of the American black bear, brown bear, polar bear 
and giant panda and explored their phylogenetic relationships 
through a phylogenomic spyglass. Our results, based on 
the analysis of multiple supermatrices to account for 
the effect of missing data, compositional heterogeneity 
and other confounding factors, strongly support a sister 
relationship of the brown bear to the polar bear. Our 
findings pave te road towards understanding bear evolution at 
a deeper level.
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Is the polar bear the sister group to the American black bear 
or the brown bear?

Generating phylogenomic data matrices: hands-on session

Phylogenomics illuminate the interrelationships of the genus Ursus 
and supports the brown bear as sister group to the polar bear

Authors: Participants of the 2023 Workshop on Genomics český Krumlov (‘molekulos’)

high support

Abstract:

The interrelationships within the genus Ursus have been 
contentious based on the analysis of a limited amount of 
molecular markers. Here, we sequenced full genomes of 16 
specimens of the American black bear, brown bear, polar bear 
and giant panda and explored their phylogenetic relationships 
through a phylogenomic spyglass. Our results, based on the 
analysis of multiple supermatrices to account for the effect of 
missing data, compositional heterogeneity and other 
confounding factors, strongly support a sister relationship of 
the brown bear to the polar bear. Our findings pave te road 
towards understanding bear evolution at a deeper level.

Reviewer #3: although I appreciate the efforts of the authors to 
account for confounding factors and test the robustness of their 
results, they failed to test whether their hypothesis was driven 
by incongruence between individual gene evolutionary 
trajectories.
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Analyzing gene tree/species tree conflict: hands-on session

Brief introduction to coalescent theory

Pollard et al. 2006

Naciri and Li 2015

Gene A
Gene B
Gene C

Gene A          Gene B           Gene C



Is the polar bear the sister group to the American black bear 
or the brown bear?

ASTRAL is a tool for estimating an unrooted species tree 
given a set of unrooted gene trees. 

ASTRAL is statistically consistent under the multi-species 
coalescent model (and thus is useful for handling 

incomplete lineage sorting, i.e., ILS). 
ASTRAL finds the species tree that has the maximum 
number of shared induced quartet trees with the set of 

gene trees, subject to the constraint that the set of 
bipartitions in the species tree comes from a predefined set 

of bipartitions. 

Analyzing gene tree/species tree conflict: hands-on session
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Is the polar bear the sister group to the American black bear 
or the brown bear?

Second part of the tutorial: analyzing how the evolutionary trajectory 
of each individual orthogroup supports each of the three topologies.

Species Tree 1 Species Tree 2

Analyzing gene tree/species tree conflict: hands-on session

Species Tree 3
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