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TreeQ-VISTA: An Interactive Tree Visualization Tool with Func-
tional Annotation Query Capabilities
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ABSTRACT

Summary: We describe a general multiplatform exploratory tool
called TreeQ-Vista, designed for presenting functional annotations in
a phylogenetic context. Traits, such as phenotypic and genomic
properties, are interactively queried from a user-provided relational
database with a user-friendly interface which provides a set of tools
for users with or without SQL knowledge. The query results are
projected onto a phylogenetic tree and can be displayed in multiple
color groups. A rich set of browsing, grouping and query tools are
provided to facilitate trait exploration, comparison and analysis.
Availability: The program, detailed tutorial and examples are avail-
able online at http://genome-test.Ibl.gov/vista/TreeQVista.

Contact: vista@Ibl.gov

1 BACKGROUND

In the genomic age, invaluable insights can be derived from com-
parisons between properties of different organisms. Such contex-
tual information, including both phenotypic and genomic data,
often results in important biological findings, such as the charac-
terization of novel proteins or even whole genomic machineries.
An example of these is a recent elucidation of the CRISPR/CAS
system, a potential RNAi-based prokaryotic analog of an immune
system (Haft, et al., 2005;Jansen, et al., 2002; Mojica, et al., 2005).

One of the commonly used comparative genomic methods is the
analysis of co-occurrences of genes across organisms, termed phy-
logenetic profiles. There are multiple tools available for the analy-
sis of phylogenetic profiles (Tatusov, et al., 1997; von Mering, et
al., 2005). However, phylogenetic profiles of a gene consistently
present in a small clade and another gene sporadically dispersed
across distantly related organisms (i.e. direct inheritance vs. lateral
gene transfer) result from very different evolutionary phenomena,
and require very different interpretation. Currently, such analysis
relies on detailed expert knowledge of phylogenetic relationships
between the involved organisms. To facilitate a rapid interpretation
of the profiles, there is a clear need to display multiple traits on a
phylogenetic tree.

For visualization of phylogenetic trees, several efficient pro-
grams are available (Page, 1996)(Zmasek and Eddy, 2001)
(Kumar, et al, 2005). For an wupdated list see
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[http://evolution.genetics.washington.edu/phylip/software.html].
These programs provide tools for visualizing, rendering and ma-
nipulating of trees, and in some cases they are attached to the tools
for phylogenetic inference (Kumar, et al., 2005). However, these
tools are not designed to query and display traits of organisms
represented on a tree. There is no commonly used visualization
software which reflects the phylogenetic paradigm for database
access.

2 APPLICATION

TreeQ-Vista is an easy-to-use multiplatform interactive tool de-
signed for querying functional annotations from a database and
displaying them in context with a phylogeny. The tree is pre-
computed and provided by a user, and can reflect the phylogeny of
a particular gene, a group of organisms or any alternative phylog-
eny a user prefers. Examples of traits that can be displayed by
TreeQ-Vista include a phenotype (such as aerobic vs. anaerobic), a
gene’s properties (such as activity), and a genomic pres-
ence/absence profile of a gene family, domain, or pathway. Traits
are displayed on a tree using a pre-defined color code, and multiple
queries can be displayed at one time by color-coding different
queries using separate colors. While our tool does not allow for the
elucidation of links between microbial phenotypes and genotypes,
which is a subject of other detailed studies (Goh, et al., 2006; Jim,
et al., 2004), it gives a user the ability to query them simultane-
ously. For example, one could use a query for the phenotype “an-
aerobic” and the presence of pyrophosphate-dependent phos-
phofructokinase to test the theory that this enzyme is used mainly
by anaerobic organisms to generate a higher ATP yield from gly-
colysis (Mertens, 1991).

While the TreeQ-Vista can display traits by parsing text-based
files, its particular strength is in providing a powerful and user-
friendly SQL query interface that extracts data from existing data-
bases and projects the occurrence of traits onto a tree. In the last
ten years , databases of various types, such as protein and RNA
structures, expression data, and morphological data, have become
ubiquitous. We are now accumulating data at an unprecedented,
ever increasing speed and database technology has become crucial
due to its advanced capability of constructing complex SQL que-
ries that flat file storage approaches do not provide. Research in
comparative genomics is often based on relational databases,
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which store multiple properties of genomes as well as their pheno-
types (Goldovsky, et al., 2005; Markowitz, et al., 2006; Peterson,
et al., 2001; von Mering, et al., 2005). Therefore, complex queries
can be addressed to a database of a user’s choice and configura-
tion, then processed and immediately displayed in a color-coded
form on a tree. TreeQ-Vista can be used with databases of any
sizes when a set of input files describing the database, tree and
properties are provided to TreeQ-Vista. The ability of TreeQ-Vista
to combine SQL queries against a database with the display of the
query result onto a phylogenetic tree is unique to our knowledge.
TreeQ-Vista greatly facilitates a much more efficient scientific
discovery process.

Figure 1. A screenshot of a TreeQ-Vista window on a MacOS X computer
showing a fragment of the taxonomic tree. Colors denote the presence of
each of the four COG groups in the genomes resulting from an SQL query
to the IMG database (Markowitz, et al., 2006). A major CAS core protein
COG1518 (casl) is depicted in green along with three subtype-defining
genes: COG4343 (csal) - Apern subtype in pink, COG1857 (cst2) - Tneap
subtype in blue and COG3649 (csh2) - Hmari subtype in orange. Subtypes
are defined according to (Haft, et al., 2005).

3 DISCUSSION

In the described example we aimed to investigate the distribution
of CRISPR-associated sequences (CAS). CRISPRs (Clustered
Regularly Interspaced Palindromic Repeats) are a novel class of
repeats, separated by unique spacer sequences of similar length
that are present in multiple prokaryotic genomes (Jansen, et al.,
2002; Mojica, et al., 1995). The CAS genes appear in conjunction
with CRISPRs and are thought to be involved in the propagation
and functioning of these repeats. It has been recently proposed that
the CRISPR/CAS system samples, maintains a record of, and inac-
tivates invasive DNA that the cell has encountered, and therefore
constitutes a exceptional prokaryotic analog of an immune system
(Mojica, et al., 2005). Most CAS gene cassettes contain a set of

core proteins, present in most CRISPR-containing genomes, and a
set of specific proteins define the particular subtype of
CRISPR/CAS subsystem (Haft, et al., 2005).

A regular search for multiple marker genes in such case would
consist of querying a database for each of the CAS subtype mark-
ers individually, then manually coloring branches on the tree using
graphic editing software. TreeQ-Vista allows us to perform this
whole exploratory routine, combined with a visual presentation in
an efficient user-friendly manner in the matter of seconds. The
graphical representation of the results of a database query for each
of the marker COG groups is shown on Fig 1. The wide distribu-
tion of the core CAS in Archaea comes in stark contrast to the
patchy distribution of the CAS subtypes. An extensive horizontal
transfer as well as presence of multiple subtypes within some ge-
nomes can be readily seen. The TreeQ-Vista makes such associa-
tions rapid to discover from SQL queries, and the visualization
makes it clearly visible by eye and can greatly speed up the dis-
COVery process.

4 IMPLEMENTATION AND AVAILABILITY

TreeQ-Vista was implemented in Java v1.5. TreeQ-Vista utilizes
the VectorGraphics package to export the tree display along with
traits to a variety of graphics formats
[http://java.freehep.org/vectorgraphics/index.html]. The program
accepts MySQL, Oracle and Derby database formats. User-
specified database connection, tree description and property key
description are read by the program, thus providing flexibility to
handle different databases and properties to be queried. TreeQ-
Vista also reads from a newick file format and a file containing
grouping information to display traits from a flat file input. TreeQ-
Vista is a general tool that can be utilized in many other areas of
science.

TreeQ-Vista is available for download at http://genome-
test.lbl.gov/vista/TreeQVista. More examples of sample queries
and a step-by-step tutorial are available at the same website.
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