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Abstract
The etiology of most chronic diseases involves interactions between environmental factors and genes
that modulate important biological processes (Olden and Wilson, 2000). We are developing the
publicly available Comparative Toxicogenomics Database (CTD) to promote understanding about
the effects of environmental chemicals on human health. CTD identifies interactions between
chemicals and genes and facilitates cross-species comparative studies of these genes. The use of
diverse animal models and cross-species comparative sequence studies has been critical for
understanding basic physiological mechanisms and gene and protein functions. Similarly, these
approaches will be valuable for exploring the molecular mechanisms of action of environmental
chemicals and the genetic basis of differential susceptibility.

INTRODUCTION
Environmental factors are implicated in many common conditions such as asthma, cancer,
diabetes, hypertension, immune deficiency disorders, and Parkinson’s disease; however, the
molecular mechanisms underlying these correlations are not well understood (Toscano and
Oehlke, 2004). A paradigm used to explain this environment-disease relationship suggests that
chemicals may be distributed or metabolized in cells and interact with, disrupt, or damage
target genes. Disease may result when the affected genes regulate important biological
processes such as DNA repair, cell cycle control, or differentiation. Understanding correlations
between chemicals and diseases is made challenging, however, by the size of the human
genome, the diversity of chemical combinations in the environment, the extent of genetic
variability, and the specific circumstances of exposure.

The availability of abundant sequence data from diverse species offers new opportunities for
understanding mechanisms of chemical actions. Cross-species comparative studies of
sequences for toxicologically important genes and proteins can facilitate the identification of
conserved and divergent regions to help elucidate the genetic basis of individual or species-
specific responses to chemical exposure. We are developing CTD to support cross-species
comparative studies of toxicologically important genes and proteins and their interactions with
chemicals (Mattingly and others, ‘03; Mattingly and others, ‘04).

*Correspondence to: Carolyn J. Mattingly, PhD, Department of Bioinformatics, Mount Desert Island Biological Laboratory, Old Bar
Harbor Rd, Salisbury Cove, ME 04672, Phone: 207-288-3605, Fax: 207-288-2130, cmattin@mdibl.org.
This work is supported by NIEHS (R33 ES011267), NCRR (P20 RR-016463), and the Mount Desert Island Biological Laboratory.

NIH Public Access
Author Manuscript
J Exp Zool A Comp Exp Biol. Author manuscript; available in PMC 2006 October 2.

Published in final edited form as:
J Exp Zool A Comp Exp Biol. 2006 September 1; 305(9): 689–692. doi:10.1002/jez.a.307.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



DATA INTEGRATION AND CURATION
A prototype version of CTD is available via the World Wide Web (http://ctd.mdibl.org; figure
1). The major data types in CTD are: 1) nucleotide and protein sequences, 2) reference
publications, 3) curated genes, 4) Gene Sets (sets of curated genes), 5) a hierarchical vocabulary
of chemicals, 6) Gene Ontology terms (hierarchical vocabulary of biological processes, cellular
components, and molecular functions), and 7) organism taxonomy. To date, nucleotide and
protein sequences are included for all vertebrates and invertebrates. Nucleotide sequences and
annotations are acquired from the National Center for Biotechnology Information (NCBI). We
include only Reference Sequences (RefSeqs) for H. sapiens, M. musculus, R. norvegicus, D.
melanogaster, and C. elegans (Pruitt and others, ‘05). Amino acid sequences and annotations
are acquired from the European Bioinformatics Institute’s UniProtKB/Swiss-Prot and
TrEMBL databases (Bairoch and others, ‘05).

References are acquired from PubMed and must contain information about chemical-gene
interactions. This data set will continue to expand in scope and size as our curation capacity
expands.

CTD integrates controlled, hierarchical vocabularies for organism taxonomy (NCBI; Wheeler
and others, ‘02), chemicals (National Library of Medicine’s Medical Subject Headings and
Supplementary Concepts (http://www.nlm.nih.gov/mesh/MBrowser.html), and Gene
Ontology (GO; Harris and others, ‘04) to ensure consistency in data integration, annotation,
access, and interpretation. These vocabularies enhance visitor query capabilities and enable us
to link to related data in other biological resources. The chemical vocabulary has also been
critical for establishing initial automated chemical-gene associations.

Our primary focus with curation is to construct cross-species toxicologically important genes
and Gene Sets. Genes are defined in CTD by their constituent nucleotide and protein sequences
from vertebrates and invertebrates and are constructed using sequence analysis methods in
combination with literature review. Gene Sets group closely related curated genes, such as
those that have undergone duplication events in specific species (e.g., CYP1A4, CYP1A5) or
are members of large families (e.g., ABC transporters, G protein coupled receptors) and provide
visitors with a broader perspective about their gene(s) of interest. To date we have curated
seven Gene Sets that comprise 21 curated genes and 572 sequences from 84 unique species.

DATA ACCESS
From the CTD Home Page, visitors may access chemical, gene, and sequence data from a range
of perspectives using sequence or reference query forms or by browsing the chemical
vocabulary. Where possible, data are presented in a cross-species context.

For example, visitors may use the Comparative Sequence Query form to search for teleostei
genes or sequences associated with dioxin (figure 2). Sequence results are organized by Gene
Set and gene (where curated), organism, chemicals, sequence type (DNA, mRNA, protein),
Gene Ontology annotation, and sequences. This presentation facilitates access to sequence data
for toxicologically important genes and comparative studies that will provide insights into the
role of specific genes in modulating chemical actions.

We aim to make CTD a community resource and encourage data contributions and feedback
(ctd@mdibl.org).
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Fig. 1. CTD Home Page
The CTD Home Page provides access to sequence, reference, chemical, and curated gene data.
Information about CTD updates and mechanisms for joining the CTD email list and providing
feedback are also presented.
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Fig. 2. Comparative Sequence Query Form and Results
The Comparative Sequence Query form is used to retrieve molecular sequences. Comparative
Sequence Query results are presented in a summary format, which includes the associated Gene
Set and gene (where curated), source organism, chemicals, molecule type, Gene Ontology
annotations, accession identifier, and description for each item. From this results page, one
may access individual sequence detail pages which provide information about a selected
sequence, or view or download selected FASTA-formatted sequences.
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