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Phylogenetic Analysis with SplitsTree
SplitsTree is an interactive program for analyzing
and visualizing evolutionary data.
Based on the
split decomposition method due to H.-J. Bandelt and
A.W.M. Dress, it takes as input a distance matrix
or a set of aligned sequences and produces as output a graph that represents the evolutionary relationships between the taxa. For ideal data, this graph is
a tree, whereas less ideal data gives rise to a more
or less tree-like network that can be interpreted as
possible evidence for different and conflicting phylogenies. The program supports a number of distances
transformations, the computation of parsimony splits,
spectral analysis and bootstrapping.
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Trees are Compatible Split Systems
Evolutionary relationships are usually represented by a phylogenetic tree T , i.e. a tree whose leaves are labeled by a set X of
taxa and whose remaining vertices are unlabeled and of degree
at least 3. Any edge e of T defines a split S = {A, A!} of X, i.e.
a partitioning of X into two non-empty sets A and A!, consisting
of all taxa on the one side, or the other, of e in T . A system Σ of
such splits is called compatible, if for any two splits S1 = {A1 , A!1}
and S2 = {A2, A!2} in Σ one of the four intersections
is empty.

A1 ∩ A2, A1 ∩ A!2, A!1 ∩ A2 or A!1 ∩ A!2

Any phylogenetic tree T gives rise to a compatible split system
Σ . Vice versa, any compatible split system Σ corresponds to
a unique phylogenetic tree T (Buneman 1971). So, tree reconstruction for a given set of taxa X is equivalent to computing a
compatible system of splits Σ for X and determining a weight
for each split Σ that corresponds to the length of the associated
edge.
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Weak Compatibility allows Networks
To obtain graphs more general than trees, one must consider
less restricted systems of splits. Let X be a set of taxa. A split
system Σ of X is called weakly compatible, if for any three splits
S1, S2, S3 and all Ai ∈ Si (i = 1, 2, 3), at least one of the four
intersections
A1 ∪ A2 ∪ A3, A1 ∪ A!2 ∪ A!3, A!1 ∪ A2 ∪ A!3 orA!1 ∪ A!2 ∪ A3

is empty.

The split decomposition technique defines a unique decomposition of any given distance matrix into a weighted sum of weakly
compatible splits that can be efficiently computed (Bandelt and
Dress 1992).
A split graph representing a weakly compatible split system Σ is
a graph G(Σ) = (V, E) whose vertices v ∈ V are labeled by the
set of taxa X and whose edges e ∈ E are straight line segments
that represent the splits in Σ.
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Examples of Split Graphs
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The Disk-Covering Method
A main drawback of split decomposition is that it only recovers those edges of a tree
or graph that are supported by every quartet of taxa in the given data set. It suffers
from lack of resolution on large and/or very divergent datasets, and will typically
only work well on data sets of size up to 20-30, say.
One possible solution to this problem is offered by the disk-covering method (DCM)
suggested by Tandy Warnow (Huson, Nettles and Warnow 1999). The idea is to
compute a phylogenetic tree or network on a large dataset by (1) decomposing
the problem into a number of overlapping subproblems that are significantly smaller
and less divergent than the original problem, (2) solving each of these subproblems
using any base method for building trees or split graphs and then (3) merging the
subsolutions to obtain a solution for the whole data set.
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This method comes in a number of flavors and can be used in conjunction with any
phylogenetic base method such as neighbor-joining, parsimony or split decomposition.
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Implementation, Availability and References
SplitsTree is written in C++. The graphical user interface of SplitsTree version 3 is
based on Tcl-Tk.
• SplitsTree v2.4.1 for MacOS is available from:
ftp://ftp.uni-bielefeld.de/pub/math/splits/splitstree2
• SplitsTree v3.1 for Windows95 and for Linux is available from:
ftp://ftp.uni-bielefeld.de/pub/math/splits/splitstree3
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