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Overview 

Phylogenetic trees are topological depictions of the 

relationships between species, which may be living or 

extinct.  Comparisons between unweighted 

topologies underpin many biological applications: for 

example, identifying correlations between distinct 

biological systems, evaluating the performance of tree 

reconstruction methods, or exploring how robust a 

dataset is to various sources of bias or error.  At 

present, however, there is no statistically meaningful 

metric for measuring the similarity of unweighted 

trees.   

This project will take a new approach to this problem, 

using the methods of information theory and 

algorithms to efficiently quantify the shared 

evolutionary signal held in common by arbitrarily large 

groups of trees. 

A computationally efficient approach to calculating this 

value will allow a robust approach to a number of 

outstanding biological problems: which methods 

should be used to infer relationships and evolutionary 

history from different datasets? How can different 

trees, perhaps recovered by different methods or 

from different sources of data, best be summarised?  

How can the deleterious effects of decay and non-

preservation distort signal in palaeontological 

datasets? How compatible are the phylogenetic signals 

presented by the genotype and from the phenotype, 

and how does this vary at different levels of the 

taxonomic hierarchy? 

Methodology 

Existing measures of tree similarity use arbitrary 

metrics and are therefore subject to a host of biases 

and shortcomings. Without a robust measure of the 

amount of information common to two trees, it is 

difficult to evaluate the performance of different 

bioinformatic approaches, or the resilience of a 

phylogenetic result to assumptions and biases in an 

underlying dataset.  Information theory suggests an 

objective and quantitative measure of tree similarity: 

the information content of their most informative 

agreement forest. This measure allows the 

comparison of unrooted, multifurcating trees in units 

of common information (bits). 

Given two trees that concern T terminal taxa, 

information common to these two trees can be 

expressed in the form of an ‘agreement forest’, a 

collection of statements (in the form of trees) in 

which each of the T taxa appears exactly once.  

Identifying the most informative agreement forest 

(MIAF) – whose total information content 

corresponds to the total information shared by the 

two trees – is analogous to the well-studied Maximum 

Agreement Forest problem. This problem is known to 
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be NP-hard, suggesting that no efficient exact 

algorithm exists – though efficient approximation 

algorithms, and exact algorithms dependant on 

restricted parameters (Fixed Parameter Tractability), 

are known. 

This project will develop and implement an effective 

algorithm for calculating the information content of 

the MIAF of two arbitrary trees, providing a robust 

and meaningful measure of tree similarity that is 

independent of tree shape, tree size, ‘wildcard’ / 

‘rogue’ taxa, and other compounding factors, and that 

– when provided with a reference tree – can 

distinguish ambiguity (correct grouping not resolved) 

from error (incorrect grouping present). 

This new measure will be applied to a suite of 

biological questions: 

- Which method of phylogenetic reconstruction can 

most faithfully recover the ‘true’ tree in simulation 

studies? 

- Do genes store a different record of evolutionary 

history than morphological characteristics? 

- Is biological signal resilient to the introduction of 

ambiguity?  Does error scale linearly or 

exponentially when data is removed from a 

dataset, due to incomplete taxon sampling or 

systematic incompleteness or decay in fossils? 

The MIAF itself represents an optimal way of 

describing the consensus of two (or more) trees 

generated by different means, and is robust to issues 

(such as wildcard taxa) that stymie other consensus 

approaches. 

Timeline 

The successful applicant will receive funding for 3½ 

years. Year 1 will integrate training to develop 

necessary skills and expertise, and lead to an initial 

implementation of MIAF estimation. Year two will 

focus on identifying efficient algorithms for 

accelerated calculation.  Year three will emphasize the 

application of the method to biological problems. 

Funding continues to year 3.5. 

Training & Skills 

This interdisciplinary project will develop the 

student’s mathematical and computational skills to 

allow sophisticated data analysis, including 

phylogenetic analysis and Bayesian inference, and 

programming in widely used software environments 

(R, C, MatLab).  A background in the applied sciences 

is not required, but the student will receive training in 

order to apply the method to morphological, 

molecular and palaeontological datasets, equipping 

them to handle a suite of forms and formats of data 

and to evaluate the strengths and limitations of each.  
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