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Phylogenetic trees
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W. Ford Doolittle, Science 1999

Fitch & Margoliash, 1967
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Phylogenetic trees

4
92 bacterial phyla, 26 archaeal phyla, and all eukaryotic phyla, built from 16 ribosomal proteins, Hug et al, 2016
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Ever larger trees in applications:

GTDB (Parks et al. 2020):


Reference taxonomy for archaea and bacteria

~32,000 genomes, based on ANI and marker genes


Silva (Quast et al. 2013) 

16S reference tree

9.5 million sequences


Nextstrain (Hadfield et al, 2018)

“Real-time tracking of pathogen evolution”

Phylogenetic trees
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Genome-scale data on populations for related species 

Phylogenetics meets population genetics

Phylogenetic trees
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Image source: https://www.beast2.org/
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Phylogenetic networks
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W. Ford Doolittle, Science 1999
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Unrooted phylogenetic networks


Rooted phylogenetic networks

Phylogenetic networks
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Splits networks
Split decomposition method

(Bandelt and Dress, 1992)

Haplotype networks
Median-joining method


(Bandelt, Forster & Röhl, 1999)

Rooted DAG
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Use phylogenetic networks when you can’t 
assume that data fits on a tree

Unrooted phylogenetic networks
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Ma, Sun & Sun., Historical introgression among the species of Rodgersia (Saxifragaceae) in 
mountainous forests of southwest China (2018)

Haplotype network using

median-joining method
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Neighbor-Net (Bryant and Moulton, 2004)

Input: distance matrix D on taxon set X

Output: set of “circular” splits  on X

Equal-angle algorithm computes network (Dress & H, 2004)

Σ

Unrooted phylogenetic networks

11Data: Greenhill, 2015
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Analysis and improvement (Levy & Pachter, 2011)

Alternative using ILP (Lpnet, Gao & Grünewald, ?)

Dave Bryant and H: 


Speed-up weight optimization

Use “phylogenetic outline” to display


Python implementation: Splits.py

More work on Neighbor-Net
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Split network for circular splits:


              O(n4)                                   O(n2) Bagci et al, 2021

Phylogenetic outlines

13Data: Greenhill, 2015
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Generalization of rooted phylogenetic trees

Rooted phylogenetic networks
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Rooted phylogenetic networks
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Koblmuller et al, BMC Evol. Bio, (2007)

Planet et al, Nat. Gen. (2003)
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Cluster network - based on Hasse diagram:

Cluster networks (“hardwired”)
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Cluster network

Polynomial time, size

(Splits: network can have exponential size)
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Hybridization network:

Input:    Rooted phylogenetic trees T1 and T2 

Output: Rooted network N displaying T1 and T2,                         


                 using minimum number of reticulations,

     hybridization number h


Combinatorial problem

Bordewich and Semple (2007); van Iersel and Linz 
(2013); van Iersel et al. (2014) and more.

Hybridization networks (“softwired”)

17



Center for Bioinformatics Institute for Bioinformatics

 and Medical Informatics

Daniel Huson 2022

Autumn algorithm (H. and Linz, 2018):


Input: two rooted trees T1 and T2


Multifurcations ok

Missing taxa ok


Output: 

hybridization number h and 

all minimum networks

Hybridization networks

18
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Hybridization networks

19Pirie et al, 2009
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Autumn algorithm

20Data: Pirie et al, 2009



Daniel Huson 2022

Center for Bioinformatics Institute for Bioinformatics

 and Medical Informatics Autumn algorithm

21

2-3 seconds
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Autumn algorithm
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Networks:


729

?

h=13

=36
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Autumn algorithm
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3

ways

Networks:


729

=36

?

a

b

c

a

b

c
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New interactive program for:


Unrooted phylogenetic networks

Phylogenetic trees

Rooted phylogenetic networks


JavaFX, based on SplitsTree4 (2006) and 
Dendroscope3 (2012)

SplitsTree6

24
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Example: 14 languages of 
Huon peninsula

391 cognate word characters

Example: New Guinea languages

25
Edgar Suter, PhD thesis 2018



Center for Bioinformatics Institute for Bioinformatics

 and Medical Informatics

Daniel Huson 2022

New Guinea languages
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SplitsTree4
Beast2

Bouckaert  et al, 2014

Greenhill, 2015

Colors:

Blue: Western

Red: Eastern

DensiTree

Bouckaert,  2010
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28Data: Greenhill, 2015
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Bouckaert et al, Beast 2, 2014

10,001 trees
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Many rooted networks

36

Networks:


729

h=13

How to summarize? Densi-network?

Pirie et al, 2009
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Singapore 5-29 Sep 2023
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 Workshops on:

Foundations of 
Phylogenetic 
Networks 

Algorithms and 
Software in 
Phylogenetic 
Analysis

Evolution of Viruses 
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Thank you!

SplitsTree6 available at:


software-ab.informatik.uni-tuebingen.de/download/splitstree6

Supported by: Royal Society of NZ “Catalyst International Leader Fellowship”

Joint work with Dave Bryant


Some programming by Daria Evseeva

https://software-ab.informatik.uni-tuebingen.de/
download/splitstree6


