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Abstract

Background: Diseases of cartilage, such as arthritis and degenerative disc disease, affect the
majority of the general population, particularly with ageing. Discovery and understanding of the
genes and pathways involved in cartilage biology will greatly assist research on the development,
degeneration and disorders of cartilage.

Description: We have established the Integrated Cartilage Gene Database (iCartiGD) of genes
that are known, based on results from high throughput experiments, to be expressed in cartilage.
Information about these genes is extracted automatically from public databases and presented as a
single page report via a web-browser. A variety of flexible search options are provided and the
chromosomal distribution of cartilage associated genes can be presented.

Conclusion: iCartiGD provides a comprehensive source of information on genes known to be
expressed in cartilage. It will remain current due to its automatic update capability and provide
researchers with an easily accessible resource for studies involving cartilage. Genetic studies of the
development and disorders of cartilage will benefit from this database.

Background

Diseases of cartilage, such as arthritis and degenerative
disc disease, affect the majority of the general population,
particularly with ageing. In recognition of the impact of
musculo-skeletal disorders on society, 2000-2010 has
been declared the bone and joint decade by the World
Health Organization [1]. One aim of this decade is to fos-

ter research relevant to musculo-skeletal systems. Discov-
ery and understanding of the genes and pathways
involved in cartilage biology will greatly assist research on
the development, degeneration and disorders of cartilage.
To this end we have established the Integrated Cartilage
Gene Database (iCartiGD) of genes that are known, based
on results from high throughput experiments, to be
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expressed in cartilage. Information about these genes is
extracted automatically from public databases and pre-
sented as a single page report via a web-browser. Several
flexible search options are provided and the chromo-
somal distribution of cartilage associated genes can be
presented. iCartiGD provides researchers with an easily
accessible resource for studies involving cartilage.

When compared with databases of relatively well studied
organ systems, such as the human prostate gene database
[2] or the ovarian kaleidoscope database [3], databases of
cartilage associated genes are less developed or not pub-
licly available. A skeletal gene database [4] and its accom-
panying skeletal transcript database have been created.
These databases contain a limited number of genes and
approximately 80,000 ESTs mainly from human and
mouse trabecular bone and bone marrow stromal cell
libraries. Recently an Osteo-Promoter Database has been
created [5] which contains information on the promoter
regions of the approximately 600 genes in SGD. Both
these databases provide links to other sources but do not
give comprehensive reports on the genes.

However, large amounts of information about cartilage
associated genes are available publicly. Numerous genes
involved in skeletal development have been discovered
through in vitro and in vivo studies [6,7]. Expressed
sequence tag (EST) libraries, prepared from both normal
and diseased human cartilage have been created [8-10] as
have cDNA libraries [11]. Another similar set of libraries
from Serial Analysis of Gene Expression (SAGE) also pro-
vides cartilage specific expression libraries. Microarray
based studies of cartilage tissue have also been conducted
[12,13]. These libraries provide lists of genes that are
expressed in various cartilage tissue subtypes and indicate
their level of expression and their degree of differential
expression between diseased and normal cartilage tissue.
iCartiGD combines these data with other gene specific
information such as its nomenclature, chromosome posi-
tion, sequence, protein domains or families, homologs,
SNPs, expression levels in various tissues, gene ontology,
associated disorders and literature references.

iCartiGD has been designed to facilitate access to the
wealth of publicly available information on cartilage asso-
ciated genes by providing a one-stop source for this infor-
mation. Rather than search a variety of databases,
scientists and clinicians studying cartilage can utilise the
automatically updated iCartiGD, with its flexible search
functions, to access the data and resources they require.

Construction and content

Many databases of publicly available information have
been mined or cross-linked and integrated to create iCar-
tiGD. These databases include several of the National

http://www.biomedcentral.com/1471-2156/8/4

Center for Biotechnology Information (NCBI) databases
such as Genbank, Entrez Gene, UniGene, MapViewer,
dbEST, dbSNP, HomoloGene, SAGEmap, PubMed, Gene
Expression Omnibus (GEO), RefSeq and OMIM. Other
resources and databases used are Ensembl, UniProt, the
UCSC genome browser, the Protein Data Bank (PDB),
InterPro, Sage Genie, HapMap, Affymetrix, SymAtlas of
the Genomics Institute of the Novartis Research Founda-
tion, the Gene Ontology Annotation project (GOA), and
the Kyoto Encyclopedia of Genes and Genomes (KEGG).
See Table 1 for a list of their web addresses.

Only genes that are expressed in cartilage are included in
the database. We determine genes that are expressed in
cartilage based on reference to four lines of evidence. Cur-
rently, eight EST libraries from dbEST at the NCBI give
approximately 5,000 genes that are expressed in normal
and osteoarthritic cartilage, and chondrosarcomas. SAGE
libraries derived from chondrosarcomas, and microarray
studies and a cDNA library of normal cartilage complete
the cartilage tissue data set. This gives a total of approxi-
mately 14,000 genes (based on EntrezGene identifiers)
that are expressed in at least one cartilage tissue type. An
evidence display, based on these sources, reports the justi-
fication for the inclusion of a gene in the database.

EntrezGene records were primarily used to build the data-
base. Where appropriate, UniGene or Affymetrix probe-
ids were mapped to EntrezGene identifiers. Based on
these, the relevant information from the databases men-
tioned above was downloaded and integrated into iCar-
tiGD. The gene name, obtained via the EntrezGene
identifier, forms the primary key for the tables in iCar-
tiGD, with the Human Genome Nomenclature Commis-
sion (HGNC) gene name being used where available.

Data parsing and extraction from the source databases are
performed by PERL scripts, some of which utilise pub-
lished parser modules [14]. The extracted data are entered
into tables in a MySQL database. PHP scripts are used to
generate HTML web pages dynamically for the graphical
user interface. Web pages can also be generated in XML
format and transformed by XSL so that iCartiGD is web-
services ready. The bioinformatics server of the BIOSUP-
PORT project of the University of Hong Kong hosts iCar-
tiGD. This server also provides regularly updated local
mirrors of many of the source databases from which iCar-
tiGD is automatically updated on a weekly basis.

Update of the database is performed by automatically
regenerating the database each week using a shell script to
link the data extraction and database update scripts. The
EST and other libraries are down loaded for each update
run and the weekly updated mirrors of the source data-
bases provided by the BIOSUPPORT project are accessed.
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Table I: URLs of databases and resources integrated via iCartiGD
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Database/Resource URL

NCBI http://www.ncbi.nlm.nih.gov

Entrez Gene http://www.ncbi.nlm.nih.gov/entrez/query.fcgi’db=gene
UniGene http://www.ncbi.nlm.nih.gov/entrez/query.fcgi’db=unigene
MapViewer http://www.ncbi.nlm.nih.gov/mapview

HomoloGene http://www.ncbi.nlm.nih.gov/entrez/query.fcgi’db=homologene
dbEST http://www.ncbi.nlm.nih.gov/dbEST/index.html

SAGEmap http://www.ncbi.nlm.nih.gov/SAGE/

PubMed http://www.ncbi.nlm.nih.gov/entrez/query.fcgi’db=PubMed
OMIM http://www.ncbi.nlm.nih.gov/entrez/query.fcgi’db=OMIM
GEO http://www.ncbi.nlm.nih.gov/geo/

RefSeq http://www.ncbi.nlm.nih.gov/RefSeq/

dbSNP http://www.ncbi.nlm.nih.gov/SNP/index.html

Ensembl http://www.ensembl.org

UniProt http://www.uniprot.org

PDB http://www.rcsb.org/pdb

Sage Genie http://cgap.nci.nih.gov/SAGE

InterPro http://www.ebi.ac.uk/interpro

HapMap http://www.hapmap.org

Affymetrix http://www.affymetrix.com

SymAtlas http://wombat.gnf.org/SymAtlas

UCSC genome browser http://genome.ucsc.edu

GOA http://www.ebi.ac.uk/GOA

KEGG http://www.genome.jp/kegg/kegg2.html

This allows iCartiGD to take account of frequent modifi-
cations to databases such as UniGene and to provide the
correct mappings from UniGene to the latest version of
EntrezGene. Rebuilding the database from the current ver-
sions of the source databases ensures all modifications to
the data are obtained.

Utility and discussion

An ever expanding amount of information that would be
of interest to biologists and clinicians who study cartilage
is being gathered in a wide range of databases. If these
data are to be utilised effectively, coordination of the
resources should prove an invaluable help to the research
community. iCartiGD has been developed to provide a
single point of entry for cartilage biologists into this
wealth of knowledge. A unified web-based, graphical user
interface (GUI) was developed to allow users to search
and access the data in iCartiGD (Figure 1). Currently over
14,000 genes that are known to be expressed in cartilage
tissue types have been stored in iCartiGD, thereby allow-
ing a comprehensive report of the information recorded
about them to be readily retrieved by cartilage researchers.
Not only does this report collate the available information
on the gene but it also allows the user to link into the
source databases to search further if required.

For cartilage researchers needing access to information on
their genes of interest, a variety of query options have
been provided through either a quick query box or a query
form. The query form allows the combination of search

results or further searches within the current results, and
the history of the last 30 searches is retained. Queries of
the database can be based on all genes in the database, or
on the genes expressed in a particular tissue subtype.
Advanced search options, such as field limits, Boolean
operators, wild cards and phrase matching are available. It
is possible for a user to construct queries in URL format so
that scripts can be used to access the database instead of
the web-based GUI if high throughput is needed. Users
can also browse the genes stored in the database by chro-
mosome number or alphabetically by the gene symbol or
the gene name. Another form of query is provided by an
interface to the BLAST search programs [15]. Users may
search for matches to the sequences in iCartiGD using
either the nucleic or amino acid sequences of interest to
them.

To assist with genetic studies, the genomic location of the
genes and transcripts in iCartiGD can be visualised on a
transcriptome map. At any chromosomal position a user
can retrieve the genes or transcripts in the database at that
location. This will allow the identification of genes that
are expressed in cartilage in the region of, for example, a
candidate gene for cartilage disease, or the cartilage
expressed genes in a region in significant linkage with dis-
ease markers. Comparisons of the differences in gene
expression patterns among the cartilage tissue types can
be made by examining the gene or transcript density [16]
along each chromosome. Clustering within the genome of
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Figure |
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cartilage expressed genes can also be examined by tissue
subtype with this facility.

As iCartiGD is automatically updated on a weekly basis
from major public data sources it will not suffer the lack
of currency that befalls many databases. In the event of

new EST libraries or large scale transcriptome studies on
cartilage being made available, they can be added to the
gene expression sources parsed by the update scripts
which extract the list of gene identifiers to be supplied to
update iCartiGD. Current data for the newly obtained and
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existing genes will then be automatically retrieved and
included in iCartiGD.

A knowledgebase is provided in the website to allow new
visitors to become familiar with site. Questions received
from different individuals can be posted in the knowledge
base when appropriate to also allow fellow users to
respond to queries or initiate discussions.

Searches of expression databases and the literature will be
used to identify new studies of gene expression in carti-
lage. Further developments in iCartiGD will include a dif-
ferential display tool to assist with comparative studies of
different conditions and tissue subtypes. Improved meth-
ods to search the database using finer subdivisions of the
data than the tissue sub-type currently available will be
added. Other methods to examine the genomic distribu-
tion of cartilage expressed genes [17] will be included, as
will genes associated with cartilage disorders, as they are
identified from our and others' ongoing studies.

Conclusion

iCartiGD provides a comprehensive source of informa-
tion about genes known to be expressed in cartilage. It will
remain current due to its automatic update capability and
will facilitate the research of basic scientists and clinicians
studying cartilage related genes. Genetic studies of carti-
lage development and disorders will also benefit from this
database.

Availability and requirements

iCartiGD is available to the public at http://bio
info.hku.hk/iCartiGD/.
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