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But not today! 



Figure from: Bootstrap-based Support of HGT 
Inferred by Maximum Parsimony, Park et al. 
BMC Evolutionary Biology 2010, 10:131 
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2. Models and algorithms – where are there 
opportunities for generalization to non-biological 
fields? 

 

3. Looking forwards… 
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Computational complexity 
cannot be ignored! 



Biological motivation for 
phylogenetic networks 



Gene trees, species trees 

•  The “classical” assumption: 

 

 

 Gene 1 Gene 2 Gene 3 

Gene Tree 1 
 

Gene Tree 2 
 

Gene Tree 3 
 

Different genes, same tree 



Gene trees, species trees 

•  The “classical” assumption: 

 

 

 Gene 1 Gene 2 Gene 3 

Species tree (same as the gene trees) 



Gene trees, species trees 

•  But, as more data becomes available, we often see... 

 

 

 Gene 1 Gene 2 Gene 3 

Three distinct gene trees! 
So what is the species tree? Can we even say there is a species “tree”?  



One tree to rule them all…? 

• There is nothing wrong with the idea of tree-like evolution. 

• What is wrong with the classical view of evolution, is that 
there is a single tree that can simultaneously explain 
everything, in all cases. 

• The reality is more complex. There are often multiple 
conflicting (“incongruent”) tree signals involved. 

• There are actually many different evolutionary phenomena 
that can cause multiple conflicting tree signals to arise. 

 

 







 (Incomplete Lineage Sorting) 



 (Incomplete Lineage Sorting) 

Horizontal / 
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vertical 



Models and algorithms 



“Data display” / 
unrooted  
networks 

Evolutionary / 
rooted / explicit 

networks 

No (explicit) model of evolution: tries to 
graphically represent where the data is 

non-treelike. 
 

Does not generate a hypothesis of 
“what happened”. 

Tries to model the events that caused the 
data to be non-treelike. 
 
 
Tries – in some limited way – to generate a 
hypothesis of “what happened”. 

Phylogenetic networks: 2 types 
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Briefly: data-display networks 
This example taken from Primer of Phylogenetic Networks by David Morrison, 
http://acacia.atspace.eu/Tutorial/Tutorial.html 



Briefly: data-display networks 

In each of the 43 DNA sites, at most two different DNA characters are observed. 
 So each site induces a bipartition. In this way, there are 9 different bipartitions 
possible, shown below. (Note that the original numbering of the DNA sites is 
lost in the figure below). 
 

Each parallel set of edges in the network, represents one of these 9 bipartitions. 
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Briefly: data-display networks 

• In practice data-display phylogenetic networks are still used far 
more than evolutionary phylogenetic networks. 

• Why? Because they let the biologist explore the data, and to 
draw his/her own conclusions. They do not impose a (probably 
controversial…) model on the biologist.  



Briefly: data-display networks 

• In practice data-display phylogenetic networks are still used far 
more than evolutionary phylogenetic networks. 

• Why? Because they let the biologist explore the data, and to 
draw his/her own conclusions. They do not impose a (probably 
controversial…) model on the biologist.  

 

• Note that nothing in this example is specific to biology! The 
characters are binary and unordered. Such data display 
networks are indeed already being used outside biology. 





 

The Phylogeny of Little Red Riding Hood, Jamshid J. Tehrani, PLOS One 2013 
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Figure from: Bootstrap-based Support of HGT 
Inferred by Maximum Parsimony, Park et al. 
BMC Evolutionary Biology 2010, 10:131 

Back to evolutionary networks 

 

Explicit evolutionary 
hypothesis combining 
vertical + horizontal events 



Back to evolutionary networks 

• Source of confusion: evolutionary phylogenetic networks 
appear under various different names and guises in different 
branches of (comparative) evolutionary biology. 

 

• Trees with edges added to denote horizontal gene transfer events 

• Deletion-Loss-Transfer species-gene tree reconciliation scenarios 

• Ancestral Recombination Graphs (ARGs) 

• Hybridization networks 

• … 

 



“A rose by any other 
name, would 
smell as sweet…” 



A B 

C 

This construction -  a 
“reticulation event” - is the 
topological heart of all 
evolutionary 
phylogenetic network models, 
even those that are not called 
as such… 



A B 

C 

The (biological) meaning of such 
an event depends on the 
(biological) context! 



A B 

C 

Hybridization: C is a hybrid 
of A and B 



A B 

C 

Horizontal Gene Transfer: 
a transfer of one or more 
genes from donor A into 
recipient B (emphasizes 
asymmetry) 



A 

B 

C 

Horizontal Gene Transfer: 
is often drawn like this, to 
emphasize the lateral 
and asymmetrical 
character of the transfer 



A B 

C 

Recombination (population 
genetics): C is a recombinant of 
A and B.  Linearly ordered 
character data (e.g. SNPs) is often, 
but not always, assumed. 
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Model assumptions 

• Some evolutionary phylogenetic network models use 
assumptions that might not hold in the linguistic context 

• Linearly ordered genome 

• Infinite sites model (each character mutates at most once) 

 

• But many do not!  

• Methods that work directly with sequence data (i.e. 
multiple alignments) often do not use the linear ordering 

• Many methods are (for computational complexity 
reasons and due to modelling uncertainty) indirect, 
based on puzzling together (fragments of) tree-like 
signals that have already been obtained “elsewhere”… 

 



Combinatorial Statistical 

Few parameters/unknowns; 
“model free” – no attempt 

to distinguish the 
different causes 
of incongruence 

Many parameters/unknowns; 
describing e.g. relative 
frequency of different reticulate 
events 
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What are the 
advantages and  

disadvantages of these 
methods? 
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“model free” – no attempt 
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Broadly speaking: imagine 
the usual parsimony vs. 
likelihood vs. Bayesian 

debates, against a backdrop 
of more degrees of freedom 

and more computational 
intractability 

 



Combinatorial Statistical 

Few parameters/unknowns; 
“model free” – no attempt 

to distinguish the 
different causes 
of incongruence 

Many parameters/unknowns; 
describing e.g. relative 
frequency of different reticulate 
events 
 

Do these methods have a 
common core? 

 
Yes, arguably… 

 
 



Sets of trees 

 

• A recurring theme - sometimes implicit - is the idea that 
an evolutionary phylogenetic network has many different 
trees (or more generally: tree-like signals) topologically 
embedded within it. 

 

• That is: it is the simultaneous representation of the 
multiple distinct tree signals that can be present in a 
genome. 

 

 

 

 



 
 

 
 
   









Overall framework 
Multiple conflicting tree 

hypotheses/signals 
 

+ 
 

Appropriate 
choice of model 

(main decision: how to 
measure the goodness-
of-fit of the tree signals 

to the network?) 
 

+  
 

Appropriate 
choice of parameters 

 

 

= 
 
 

Phylogenetic 
network that 

fits the input tree 
signals “well” 

 
Inference 

Sets of (gene) trees 
Species tree + sets of gene trees 
Subtrees 
Monophyletic clades 
Characters (e.g. DNA alignment) 



• Reticulation parsimony 

• Minimizing number of horizontal events 

• Reconciliation 

• Mapping gene tree(s) onto given species tree  subject to 
minimizing cost model (parsimony) or statistical model 

• Topological dissimilarity 

• E.g. SPR distance or incompatible quartet topologies as proxy for 
presence and location of horizontal events 

• “Highways” 

• Only focus on horizontal events which many gene trees seem to 
want to use 

• Character-based (e.g. on alignments or SNP data) 

• Parsimony, Likelihood, Bayesian 

 

 

Summary of methods… 



Combinatorial Statistical 

Few parameters 
“model free” 

Many parameters 

Reticulation 
parsimony 

Dissimilarity 
measures 

 

Species-Gene Tree 
Reconciliation 

 

Species-Gene Tree 
Reconciliation 

 

Bayesian 
 

Likelihood 
 

Parsimony (on 
Sequences) 
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Bayesian 
 

Likelihood 
 

Parsimony (on 
Sequences) 





 

 

 

 

 

 

 

 

 

Likelihood function… 

• Likelihood of a parameterized network topology (i.e. a 
network topology augmented with a certain set of branch 
lengths and inheritance probabilities at the horizontal events) 
given a set of alignments (one per locus/gene) is equal to…. 

 

• The product (ranging over each input alignment Si) of,  

• The integral ranging over all possible gene trees g, of 

• The probability of observing Si given g, multiplied by 
the probability of observing g within the network 
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Likelihood function…second try! 

• Likelihood of a parameterized network topology (i.e. a 
network topology augmented with a certain set of branch 
lengths and inheritance probabilities at the horizontal events) 
given a set of previously inferred gene trees, is… 

 

• The product (ranging over each gene tree Gi) of,  

• The probability of observing Gi given the network 

 

• Topological computational “short-cut” 





• Pragmatic combinations of parsimony-based and statistical  methods: 
comparative speed + resolution 

 

• Constructive statistical methods (e.g. A Bayesian Method for Analyzing 
Lateral Gene Transfer, Sjöstrand et al, Systematic Biology 2014) 

 

• Multi-event models (D-T-L-H-ILS….) 

 

• Robustness/stability analysis (noise, uncertainty, multiple optima) 

 

• Getting the huge size of the network search space under control (…) 

 

• Solving “small” problems (small parsimony, small likelihood) more 
efficiently (unlike on trees these problems are NP-hard) 

 

• Identifiability / Reconstructability issues 

 

 

Trends in phylogenetic networks  



Looking forwards... 



• Computational intractability has forced us to use all kinds of 
(topological) short-cuts…e.g. working with previously inferred tree 
topologies (or fragments of trees) instead of directly on sequence 
data. Can non-biological fields exploit this abstraction layer? 

 

• Don’t worry if your “gene trees” are bad or incomplete or noisy, they 
are in biology too! Many techniques aim at trying to compensate 
for this (i.e. focussing only on the strongest signal) 

 

• Automatic network methods are in their infancy in biology too, 
there is no silver bullet. Methods will remain semi-automated / 
part of an ad-hoc experimental pipeline for the foreseeable future. 
Make sure you understand exactly what software does… 

 

• Don’t bother trying to infer network topologies with lots of 
horizontal events (either in biology or linguistics) – keep it simple, 
i.e. at most “a few” horizontal events (cf. mouse, wheat)   

 

 

Use outside biology? 



Ancient hybridizations among the ancestral genomes 
of bread wheat, Marcuse et al, Science 2014 



Some books… 



http://phylnet.univ-mlv.fr/ 

http://phylonetworks.blogspot.com 

Some websites… 



http://phylnet.univ-mlv.fr/ 

http://phylonetworks.blogspot.com 

Thank you for listening  


























