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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
available online (http:/genome.lbl.gov/vista/TreeQVista).

Contact: vista@Ibl.gov

1 BACKGROUND

In the genomic age, invaluable insights can be derived
from comparisons between properties of different organisms.
Such contextual information, including both phenotypic
and genomic data, often results in important biological
findings, such as the characterization of novel proteins or
even whole genomic machineries. An example of these
is a recent elucidation of the CRISPR/CAS (clustered
regularly interspaced palindromic repeats/CRISPR-associated
sequences) system, a potential RNAi-based prokaryotic analog
of an immune system (Haft ez 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 phylogenetic profiles. There are multiple tools available
for the analysis 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 versus lateral gene transfer) result
from very different evolutionary phenomena, and require very
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different interpretation. Currently, such analysis relies on
detailed expert knowledge of phylogenetic relationships
between the involved organisms. To facilitate a rapid inter-
pretation of the profiles, there is a clear need to display multiple
traits on a phylogenetic tree.

For visualization of phylogenetic trees, several efficient
programs are available (Kumar er al., 2005; Page 1996
Zmasek and Eddy, 2001). For an updated list, see http://
evolution.genetics.washington.edu/phylip/software.html. These
programs provide tools for visualizing, rendering and manip-
ulating of trees, and in some cases they are attached to the tools
for phylogenetic inference (Kumar ez 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
designed 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 phylogeny a user prefers. Examples of traits that can
be displayed by TreeQ-Vista include a phenotype (such as
aerobic versus anaerobic), a gene’s properties (such as activity)
and a genomic presence/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 simultaneously.
For example, one could use a query for the phenotype
‘anaerobic’ and the presence of pyrophosphate-dependent
phosphofructokinase to test the theory that this enzyme is
used mainly by anaerobic organisms to generate a higher ATP
yield from glycolysis (Mertens, 1991).

© 2007 The Author(s)

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/2.0/uk/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://evolution.genetics.washington.edu/phylip/software.html
http://creativecommons.org/licenses/

TreeQ-VISTA

000 TreeQ-Vista Version 1.2.0
ol i @ Leptospira interrogans (serogroup Icteruhaemarrhagi;.;_ _. - Display Options Basic Queries More Queries -
—+ amydiae N=
=0 Chlorobium tepidum (strain TLS / ATCC 49652 f DSM} = ——
=0 Chlorobium phaeobacteroides DSMZ 266 = :‘:ie.oemis‘
‘ 7= @ Chlorobium limicola DSMZ 245 S DOMAIN: Archaea
= O Chlorobium vibrioforme f. thiosulfatophilum DSMZ 2§ = PHYLUM: Crenarchaeota
—i=—= @ Chlorochromatium aggregatum = IR_CLASS: Thermoprotei
| = = = = — 0 Pelodictyon luteolum DSMZ 273(T) = IR_ORDER: Thermoproteales
[ T__5 @O Pelodictyon phaeoclathratiforme BU-1 (DSMZ 5477(T)] — E‘E:IL: Ther:'soplromaceae
—=—= O Prosthecochloris aestuarii SK413/DSMZ 271(t) — SPECIUE-S:P;:?o;:::u:T
L == 0O Chlorobium phaeobacteroides BS1 = TAXON_NAME: Pyrobaculum aerophilum IM2
e = Deinococcus radiodurans (strain DSM 20539 / R1 /N| =
___._lf"___ =0 Deinococcus geothermalis, DSM11300 = Group Legends:
T sy O Thermus thermophilus (strain HB27 / ATCC BAA-163 5
===% ) Thermus thermophilus (strain HB8 / ATCC 27634 / DS 5 Apern subtype - csal [COC4343]
3 O Fusobacterium nucleatum (subsp. nucleatum, strain & = M Overlap Query Result (Reserved)
= — = = = T p Fusobacterium nucleatum subsp. vincentii ATCC 492! W Hmari subtype - csh2 [COG3649)
——— = - Rhodopirellula baltica (strain 1) M Query Result (Reserved)
|—=—&—=—=—=—& O Thermotoga maritima (strain ATCC 43589 / DSM 310¢ M core - cas1 [COG1518]
—# Acidobacteria M Tneap subtype - cst2 [COG1857)
,—_-ﬁ-j—-\-_ == @ Chloroflexus aurantiacus J-10-fl

= Dehalococcoides ethenogenes 195
O Dehalococcoides sp. CEDB1
Dehalococcoides sp. BAV1

Ferroplasma acidarmanus ferl
Picrophilus torridus DSM 9790
Thermoplasma acidophilum DSM 1728
Thermoplasma volcanium G551
Methanosarcina barkeri Fusaro
Methanosarcina acetivorans C2A
Methanosarcina mazei Col
Methanococcoides burtonii DSM 6242
Methaosaeta thermophila PT
Methanoculleus marisnigri
Methanospirillum hungatei JF-1
MNatronomonas pharaonis DSM 2160
Haloarcula marismortui ATCC 43049
& Halobacterium salinarium NRC-1

L}
pooooopoOooooo

- Methanococcus maripaludis 52
Methanopyrus kandleri AV19
Pyrococcus abyssi GES

Pyrococcus furiosus DSM 3638
Pyrococcus horikoshii OT3
Thermococcus kodakaraensis KOD1
= Cenarchaeum symbiosum
Thermofilum pendens
Pyrobaculum aerophilum IM2
Thermoproteus tenax

Aeropyrum pernix K1

Sulfolobus acidocaldarius DSM 639
Sulfolobus solfataricus P2
Sulfolobus tokodaii str. 7
Nanoarchaeum equitans Kin4-M
korarchaeote OPF1-KOR

1
ooooao

L& Viruses
R ¢ )

Interior Node Count: 1188 , Leaf Node Count: 747 , Height of the Tree: 8 , query result returned: 9

Methanosphaera stadtmanae DSM 3091
Methanobacterium thermoautotrophicum str. Delta H
Archaeoglobus fulgidus DSM (IMG Curated)
Methanococcus jannaschii DSM 2661 (IMG Curated)

Navigation:
| + Zoom In X | Ratio: |2.ﬂ

= Zoom QutX |

{

Ratio: IZT

+ ZoominY

-~ || _EZoomOwmy |

{

Ol oo

Grouping:
Display Group "] Hightlight Branches

)
$

Save Group

Clear Groups

Others:-

TEED R (09 ORI @ 00 0° 00 (0 OOED 0 0 (MDD (MDD (0

.)F'r ([ yrl

Fig. 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 Clusters of Orthologous Groups (COGs) 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 ez al., 2005).

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 databases and projects the occurrence of traits onto
a tree. In the last 10 years,databases of various types, such as
protein and RNA structures, expression data and morpholo-
gical 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 queries that flat file storage
approaches do not provide. Research in comparative genomics
is often based on relational databases, which store multiple
properties of genomes as well as their phenotypes (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 configuration,
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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.

3 DISCUSSION

In the described example, we aimed to investigate the distri-
bution of CRISP-associated sequences (CAS). CRISPRs 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 inactivates 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 markers 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 Figure 1. The wide distribution 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 genomes can be
readily seen. The TreeQ-Vista makes such associations rapid
to discover from SQL queries, and the visualization makes
it clearly visible by eye and can greatly speed up the discovery
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.Ibl.-
gov/vista/TreeQVista). More examples of sample queries and a
step-by-step tutorial are available at the same website.
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