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Cross-Hybridisation

● Hybrid speciation (through sexual reproduction)
● Homo Sapiens ↔ Neanderthal
● Polar Bear ↔ Brown Bear
● Most common in plants

Jaguma Prizzly

Horizontal gene transfer 
in bacteria

● Horizontal gene transfer
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Phylogenetic Networks

● rooted directed acyclic graph 

● leaves representing a set of taxa  

Definition

Terminology
● reticulation

Henceforth network

● biconnected components

●    -level
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Network ‘Displaying’ a Tree

A Network displays a tree , if it can be obtained from via

Node and/or Edge  
       deletions

Suppressing Nodes with
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Clusters

Given a set of taxa

A cluster is a proper subset of all taxa, e.g.

A set of clusters on a set of taxa, e.g.

Taxa are in a cluster Taxa have a common ancestor

Networks represent Clusters
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Representing Clusters

We say that an edge  represents a cluster

if is the set of leaf descendants of .



  17 / 55

Representing Clusters

We say that a tree represents a cluster

if has an edge that represents .
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Representing Clusters

We say that a network represents a cluster

if displays a tree that represents .
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A Theoretical Polynomial-Time Algorithm for
Constructing Level-k Networks
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Goal

Given: ● set of clusters

● fixed 
Construct level-    network       representing     ,     
if such a network exists.

Possible in Polynomial-Time!
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From Clusters to Networks (Trivial)

E.g. ,

But:
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From Clusters to Networks

● Constructing a network representing clusters is trivial
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From Clusters to Networks

● Constructing a network representing clusters is trivial
 

● Constructing a network representing clusters with 
minimal level is NP-hard
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Generators

Any level-    network can be reduced to a level-    generator

Edges and nodes with   
are called sides 
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Algorithm Outline

● Guess a generator for the network
● Build the network from the generator with guesses

Disclaimer: This algorithm is purely theoretical and 
      doesn’t lend itself for practical implementation
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Algorithm
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Algorithm

1.  Guess a generator
2.  For each side, guess if it has

   ,   ,    , or more leaves on its side
3.Guess leaves of the sides with    leaf
4.Guess top      and bottom      of the 

sides with        leaves
5.  Add remaining leaves
6.Verify that the network actually 

represents 

, ,
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Adding Remaining Leaves

Start with the lowest side

Based on     ,       and the relationships from 
above, you can determine the leaf to be inserted 
in polynomial time

If no leaf can be added Start new

                       =
“Every cluster containing     ,
also contains    ”

must hold
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Complexity Recap

● Guess from a constant number of generators

● For a constant number of sides, guess how many leaves from 4 options

●           guesses for top and bottom

● Polynomial time for the remaining leaves

● Polynomial time to verify

Very polynomial-time algorithm!
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Issues

● # generators explodes

● # edges (and hence sides) in the generators grows linearly in

● The need to guess   ,   ,   ,        leaves per side

● The need to make up to               guesses per side to guess   
        

In sum this makes the algorithm practically unfeasible :(
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The End

Thank you for your attention!
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