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Abstract. Over recent years the ﬁeld of phylogenetics has witnessed
signiﬁcant algorithmic and technical progress. A new class of eﬃcient
phylogeny programs allows for computation of large evolutionary trees
comprising 500–1.000 organisms within a couple of hours on a single CPU
under elaborate optimization criteria. However, it is diﬃcult to extract
the valuable information contained in those large trees without appropriate visualization tools. As potential solution we propose the application
of treemaps to visualize large phylogenies (evolutionary trees) and improve knowledge-retrieval. In addition, we propose a hybrid tree/treemap
representation which provides a detailed view of subtrees via treemaps
while maintaining a contextual view of the entire topology at the same
time. Moreover, we demonstrate how it can be deployed to visualize an
evolutionary tree comprising 2.415 mammals. The respective software
package is available on-line at www.ics.forth.gr/˜stamatak.

1

Introduction

Phylogenetic (evolutionary) trees are used to represent the evolutionary history
of a set of n organisms which are often also called taxa within this context.
Usually, a multiple alignment of a—in a biological context—suitable small region
of their DNA or protein sequences can be used as input for the computation of
phylogenetic trees. Other computational approaches to phylogenetics also use
gene order data [28].
In a computational context phylogenetic trees are usually strictly bifurcating (binary) unrooted trees. The organisms of the alignment are located at the
tips (leaves) of such a tree whereas the inner nodes represent extinct common
ancestors. The branches of the tree represent the time which was required for
the mutation of one species into another—new—one. An example for the evolutionary tree of the monkeys and the homo sapiens is provided in Figure 1.
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Fig. 1. Phylogenetic tree representing the evolutionary relationship between monkeys
and the homo sapiens

The inference of phylogenies with computational methods has many important applications in medical and biological research, such as e.g. drug discovery
and conservation biology. A paper by Bader et al [1] addresses potential industrial applications of evolutionary tree inference and contains numerous useful
references to important biological results obtained by phylogenetic analysis.
Due to the rapid growth of available sequence data over the last years and
the constant improvement of multiple alignment methods it has now become
feasible to compute very large trees for datasets which comprise more than 500–
1.000 organisms. The computation of the tree-of-life containing representatives
of all living beings on earth is considered to be one of the grand challenges in
Bioinformatics.
Unfortunately, phylogenetic inference under elaborate criteria such as Maximum Parsimony [10] (MP) or Maximum Likelihood [9] (ML) is an NP-complete1
problem [7] [4]. However, the ﬁeld has witnessed signiﬁcant algorithmic progress
over the last 2–3 years. Novel phylogeny programs and methods such as PHYML
[11], MetaPigA [15], RAxML [25], [23], [26], or Rec-I-DCM3 [19] allow for inference of large evolutionary trees of up to 1.000 taxa with MP or ML within less
than 24 hours on a single CPU. The largest ML-based tree computed to date
with the parallel version of RAxML contains 10.000 taxa [24] and the largest MPbased phylogeny with Rec-I-DCM3 comprises more than 13.000 organisms [19].
Despite the algorithmic advances in the ﬁeld only few adequate visualization
tools are available for the analysis of such large trees. Thus, the design of novel
1

Note that, this has not yet been demonstrated for ML due to the high mathematical
complexity
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tree viewing tools is crucial [22] in order to accelerate the analysis process as
well as to extract useful information from the data and expedite the cognitive
process. In this paper we describe the deployment of treemaps for visualization
of phylogenies and present the respective software tool. Furthermore, we show
how it can be used to visualize a phylogeny of 2415 mammalian mitochondrial
DNA sequences which has been computed with RAxML.
The remainder of this paper is organized as follows: In Section 2 we survey
the most common phylogenetic tree display tools and describe the basic concepts of treemaps. Thereafter, we describe the implementation, algorithms, and
basic features of the visualization tool (Section 3). The advantages of displaying
phylogenies with treemaps are outlined in Section 4 by example of a 2.415 taxon
tree. Finally, we conclude in Section 5 and indicate directions of current and
future research.

2
2.1

Related Work
Phylogenetic Tree Viewers

We review some popular tree viewing concepts and programs with respect to
their ability for visualization of large evolutionary trees. Among the most popular representations are phylogram, radial, and slanted cladogram drawings [16].
Those representation are provided by common tree-viewing programs such as
Treeview [17] and ATV [29]. However, these layouts and programs are targeted
at medium-sized trees comprising a maximum of 300–400 taxa. Thus, they are
not well-suited to visualize large trees with thousands of taxa (see Figure 3).
Approaches for larger trees make use of two-dimensional [3] and threedimensional [12] hyperbolic space in order to simultaneously provide a detailed
and contextual view of the tree. The two-dimensional hyperbolic tree-viewer
Hypertree [3] is able to reasonably display tree with up to 1.000 taxa.
Other approaches such as SpaceTree [18] or TreeWiz [20] only display representative parts of very large trees. However, biologists usually prefer a simultaneous detailed display and contextual view of phylogenies. There also exist some
approaches based on virtual reality [27],[21] which are however not accessible to
most researchers due to the sheer cost of the respective infrastructure.
Carrizo [6] provides a readable and comprehensive review of eﬀorts to appropriately display phylogenetic trees from an information visualization perspective.
To the best of our knowledge our implementation represents the ﬁrst dedicated adaptation of treemaps to display phylogenetic trees.
2.2

Treemaps

The concept of treemaps for visualization purposes was initially proposed by
Johnson and Shneiderman in 1991 [13]. It is particularly aimed at displaying
tree structures. The standard treemap algorithm starts with a given area and
positions a number of siblings within this area from left to right or top to bottom
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respectively in the same way as standard tree algorithms. The essential diﬀerence
is that treemaps ﬁll the entire available space and make use of rectangles to
display nodes and hierarchies. In contrast, standard tree-representation such as
e.g. cladograms draw a symbol for nodes at the center of the provided area and
then connect the nodes via edges.
In particular, treemaps can—apart from simply dividing the space into subareas of equal size for each descendant—adjust the size of each sub-area depending on additional parameters/information located at the nodes. The color intensity of each treemap rectangle can be used to visualize branch length (weight)
values. The method described so far represents the standard treemap-algorithm
which is also known as slice & dice because the produced rectangles are relatively
thin.
The squariﬁed algorithm [5] is a variation of the slice & dice algorithm which
seeks to solve the visibility problem of thin rectangles by drawing them in an as
square as possible. Since ﬁtting n squares of a given area into a rectangle of predeﬁned dimensions is an NP-complete problem [14], the optimal solution—if it
exists—takes exponential time to compute. To solve this problem the restrictions
are relaxed in [5] such that perfect squares are not required anymore. Those two
algorithms (slice & dice, squariﬁed) cover the two opposite ends of the aspectratio versus preservation-of-order spectrum.
Another variation for treemap drawing which intends to attain a compromise
between the two previously mentioned approaches is the strip & ordered algorithm [2]. Apart from the diﬀerent algorithms to draw treemaps with distinct
rectangular shapes there exists a number of additional measures to enhance the
visualization and interpretability of treemaps. The addition of frames (or borders) draws a border around each internal node such that the internal structure
becomes more clearly visible [5]. When using a treemap without borders the
risk of hiding color information of an internal node is high. The addition of
cushions [5] can be used to create a pseudo-3D eﬀect instead of displaying ﬂat
two–dimensional areas. At each hierarchy level of the tree a bump is added to
the respective nodes to generate cushions.

3

Implementation

Now we describe how the treemap visualization mechanism has been adapted
to display phylogenetic trees. One important property of the tree topologies—
obtained e.g. by maximum likelihood analysis—is that they are strictly bifurcating unrooted trees, i.e., describe the relative evolutionary history of the organisms (see Figure 1). Moreover, the visualization of the branch lengths is very
important since they denote evolutionary distances between organisms. Thus,
mechanisms to suﬃciently highlight branch lengths and to root the tree at arbitrary branches are required.
In general, branch lengths can be displayed by the addition of a see-through
border to each node. The width of this border is proportional to the distance
from the parent. However, this approach consumes valuable pixels and hence
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Fig. 2. The color of a node indicates the distance from the parent

limits the size of displayable trees. Therefore, we use the node color to indicate
the distance from the parent (see Figure 2).
To visualize additional information for the tree, it is possible to load an
annotation ﬁle that contains labels assigned to each leaf of the tree. A unique
color is automatically assigned to each label and all leaves with the same label
are shown in the treemap with the same color. We use this feature to indicate
the taxonomic order of each species in the phylogenetic tree. The taxonomic
orders can be assigned to a tree in the Newick ﬁle format using an external
script and taxonomic information from the Integrated Taxonomic Information
System on-line database available under http://www.itis.usda.gov. This kind of
visualization can indicate very eﬃciently potential problems like outliers in the
constructed tree.
The tree-viewer implements two of the aforementioned treemap algorithms
(see Section 2.2): The standard slice & dice algorithm, and the squariﬁed algorithm. The rationale for selecting those two is that they embrace the entire
range of the aspect-ratio versus preservation-of-order spectrum.
The software has been entirely implemented in JAVA to ensure portability.
The software uses JAVA swings and the JBCL library for the graphical interface.
In the following we list some of the main features of our software:
– Borders of up to 4 pixels can be added to each node to highlight the internal
structure of the tree
– Nodes can be represented as cushions using a similar, but less computeintensive approach, as described in [5]

288

Adam Arvelakis et al.

– The tool oﬀers a hybrid tree/treemap representation mode which draws the
upper part (close to the root) of the phylogeny in standard tree representation and the lower part (subtrees containing tips) as treemaps.
– In addition to linear color coding w.r.t. branch lengths the coloring of the
treemaps can be performed using exponential or logarithmic functions
– Apart from an equal rectangular area size which is usually assigned to each
leaf of the treemap, the area of the leaves can be scaled according to their
accumulated branch length distance from the root
– The initially unrooted phylogenetic tree is rooted at the center branch (the
rooting that produces the tree with the smallest depth)
– The root can be moved with drag-and-drop to an arbitrary branch
– The user can zoom in into speciﬁc subtrees
Finally, in order to correlate the information of trees obtained by computational methods with phylogenetic information from other sources our tool provides the possibility to load taxonomic information about the tree species from
a separate ﬁle. This additional information about families and subfamilies of organisms can be used to color groups (treemaps) of species accordingly. Moreover,
this allows for detection of potentially misplaced organisms and identiﬁcation of
errors, at least with respect to expectations from non-computational approaches
to phylogenetics.

4

Results

In order to demonstrate the features of our tree-viewer we used two large tree
topologies which have been computed with RAxML and Phyml. The trees contain 2415 mammals and were computed based on a manually aligned mitochondrian DNA data set from Olaf Bininda–Emonds at the Technische Universität
München.
In Figure 3 the tree produced by RAxML is displayed using a typical treedrawing technique. In Figures 4 -7 the trees produced by both tools are colored
according to the taxonomic order of each species using taxonomic information
retrieved June 8, 2005, from the Integrated Taxonomic Information System online database, http://www.itis.usda.gov. Two problematic cases can be identiﬁed
very easily.
1. The species sturnaria-ilium is of the taxonomic order chiroptera, but occurs
in the tree on the branch of carnivora and
2. thylamys-pusilla belonging to order didelphimorphia, is on the branch of
rodentia.
Finally, Figure 8 illustrates the hybrid tree/treemap viewing option.

5

Conclusion, Availability, and Future Work

Treemaps represent an eﬀective visualization method to display and analyze
hierarchical data. In this paper we have presented the—to the best of our
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Fig. 3. Visualization of the 2415-taxon phylogeny of mammals with ATV

2

1

Fig. 4. The tree produced by RAxML, drawn with the squarif ied algorithm. The two
problematic cases are indicated with circles
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Fig. 5. The tree produced by RAxML, drawn with the slice and dice algorithm

Fig. 6. The tree produced by Phyml, drawn with the squarif ied algorithm
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Fig. 7. The tree produced by Phyml, drawn with the slice and dice algorithm

Fig. 8. The tree produced by RAxML, drawn as hybrid tree/treemap
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knowledge—ﬁrst adaptation of treemaps to the particular requirements of displaying large phylogenetic trees. Moreover, we have introduced a hybrid tree/
treemap representation of phylogenies which provides a detailed view of the subtrees containing the species (leaves) of the tree while maintaining a contextual
view of the entire tree at the same time. Finally, we have demonstrated how taxonomical data from other sources can be used to easily detect errors originating
either from the data assembly or the tree-building process.
The visualization tool is freely available for download at
www.ics.forth.gr/˜stamatak.
Future work will cover improved methods to visually emphasize that the
displayed trees are unrooted. Finally, we intend to automate the retrieval process
of taxonomical information about the species from public databases.
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