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Phylogenetic trees seem to be finding ever broader
applications, and researchers from very different back-
grounds are becoming interested in what they might
have to say. This tutorial aims to introduce the basics of
building and interpreting phylogenetic trees. It is
intended for those wanting to understand better what
they are looking at when they look at someone else’s
trees or to begin learning how to build their own.
Topics covered include: how to read a tree, assembling
a dataset, multiple sequence alignment (how it works
and when it does not), phylogenetic methods, boot-
strap analysis and long-branch artefacts, and software
and resources.

Phylogenetics is the science of estimating the evolutionary
past, in the case of molecular phylogeny, based on the
comparison of DNA or protein sequences. The idea of
representing these hypotheses as trees probably dates
back to Darwin, but the numerical calculation of trees
using quantitative methods is relatively recent [1], and
their application to molecular data even more so {2]. In the
age of rapid and rampant gene sequencing, molecular
phylogeny has truly come into its own, emerging as a major
tool for making sense of a sometimes overwhelming
amount information.

This tutorial aims to introduce the basic principles
behind and programs for constructing evolutionary trees
(phylogenetic analysis). It is intended primarily for those
who want to read other people’s trees, but also as a general
introduction for those who might wish to begin to try
building their own. In the latter case the reader is warned
— phylogenetic analysis and evolutionary theory are not
trivial pursuits; as with any new methodology, it is
advisable to seek expert help before getting in too deep.

Some basics

Terminology

A phylogenetic tree is composed of branches (edges) and
nodes. Branches connect nodes; a node is the point at
which two (or more) branches diverge. Branches and nodes
can be internal or external (terminal). An internal node
corresponds to the hypothetical last common ancestor
(LCA) of everything arising from it. Terminal nodes
correspond to the sequences from which the tree was
derived (also referred to as operational taxonomic units or
‘OTUS’). Trees can be made up of multigene families {gene

Corresponding author: Sandra L. Baldauf (slb14@york.ac.uk).

trees) or a single gene from many taxa (species trees, at
least theoretically) or a combination of the two. In the first
case, the internal nodes correspond to gene duplication
events, in the second to speciation events.

Groups

Trees are about groupings (Fig. 1). A node and everything
arising from it is a ‘clade’ or a ‘monophyletic group’. A
monophyletic group is a natural group; all members are
derived from a unique common ancestor (with respect to
the rest of the tree) and have inherited a set of unique
common traits (characters) from it. A group excluding
some of its descendents is a paraphyletic group
(e.g. animals excluding humans). A hodge-podge of
distantly related OTUs, perhaps superficially resembling
one another or retaining similar primitive characteristics,
is polyphyletic; that is, not a group at all.

Trees

Intuitively we draw trees from the ground up like real
trees (Fig. 2a). However, as these trees get larger and more
complex, they can become cluttered and difficult to read.
As an alternative we can expand the nodes (Fig. 2b) and
turn the tree on its side (Fig. 2¢). Now the tree grows left to
right, and all the labels are horizontal. This makes the tree

Polyphyletic
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Fig. 1. Trees are about groups: monophyietic (holophyletic), paraphyletic and
‘polyphyletic’.
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