Dragon Database for Exploration of Ovarian Cancer Genes
Database Overview
Introduction
Ovarian cancer (OC) is the leading cause of death among gynecological malignancies and
represents the fifth leading cause of cancer-related death in women. Statistics indicate
that at the time of diagnosis, the cancer has already metastasized beyond the ovary in
approximately 70% of patients and only 30% of patients with this advanced-stage OC
survive five years after the initial diagnosis (1). The lethality of ovarian carcinoma
primarily stems from the inability to detect the disease during the early organ-confined
stage, combined with the lack of effective therapies for advanced-stage disease. In
patients with metastasized OC, most relapse and ultimately die due to the development of
drug resistance (2). Efforts made by the scientific community to improve the survival rate
associated with OC have resulted in a wealth of scattered research data that makes it
difficult for researchers to select the relevant information.
To support current research endeavors in OC, we have developed an integrated
knowledge database called Dragon Database for Exploration of Ovarian Cancer Genes
(DDOC). DDOC provides a comprehensive compilation of the published research related
to the genes associated with OC. Many aspects of the information provided in the DDOC
were curated by biologists, which emphasize its accuracy compared to databases that are
populated in an automated fashion. Taking into account that experimental conditions
influence gene expression, DDOC provides details of the cell line, tissue or cell type,
expression status, disease stage, tumor grade, OC type and laboratory method provided in
the literature. We have provided links to the relevant sources of data used to extract
information related to genes included in DDOC. DDOC is freely accessible for academic
and non-profit users at http://apps.sanbi.ac.za/ddoc/index.php.
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Methods and Implementation
The methods used to collect and annotate data, as well as the structure of the database,
are summarized below. The data was populated on 18th May, 2008.
1) Data Collection
The inclusion of a gene into DDOC is based on results of curation process. To be
included in DDOC, the gene must satisfy the following criteria:
(i) Gene expression must be experimentally confirmed in ovarian cancer tissue using
techniques such as; RT-PCR, immunohistochemistry, western blotting or FISH
(Fluorescent In Situ Hybridization). Gene documented as having OC linked SNP
were also included in the database.
(ii) Genes identified using microarray technology were not included at this stage since
microarray provides initial evidence about expression of gene in certain tissue or cell
type, but there are limitations associated with analysis of microarray data. The results
obtained using high throughput technologies are debatable in terms of deciding about a
meaningful level of differential expression and statistical methods used for analysis and
interpretation of data (3;4). Therefore, it was decided to include only the genes
experimentally confirmed as described in (i). We plan to incorporate at later stage the
genes showing differential expression in OC specific microarray analysis.
The gene related information provided in the database was collected from various
repositories. Initially a list of 900 genes was collected from sources like Cancer Gene
Census
(5)
(http://www.sanger.ac.uk/genetics/CGP/Census/),
GeneCards
(6)
(http://www.genecards.org/index.shtml), SymAtlas (7), OMIM (8) (Online Mendelian
Inheritance in Man, 2007) (http://www.ncbi.nlm.nih.gov/), Ovarian Kaleidoscope
Entrez
Gene
(10)
Database
(9)
(http://ovary.stanford.edu/),
(http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene)
and
GenAtlas
(11)
(http://www.genatlas.org/). A literature search was conducted by the biologists in our
team and this process resulted in a final list of 379 genes which was used to populate the
database.
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Table 1- Summary of statistics of various features linked with genes included in
DDOC
Features
Reactome pathways
PDB IDs
Previous Symbols
Previous Name
KEGG pathways
OMIM IDs
Aliases (for gene symbols)
eVOC
Gene ontology annotations (GO)
Unigene IDs
Ensembl IDs
RefSeq peptide
EMBL IDs
RefSeq mRNA
UniProt IDs
HGNC IDs
GenBank IDs
Total number of genes in DDOC
Gene symbols, gene names and Entrez Gene IDs
TFs used for prediction of TFBS(according to Transfac IDs)
PubMed abstracts for text-mining

Number of genes
50
184
193
199
211
324
346
353
367
369
370
370
372
372
372
374
374
379
379
1449
588,727

Gene Identifiers
The general information about the genes which include, HGNC ID, approved symbol,
approved name, entrez ID, previous symbol, previous name, Aliases, OMIM and
chromosome location were extracted from sources such as HUGO (12)
(http://www.genenames.org/)
and
GeneCards
(6)
(http://www.genecards.org/index.shtml). Other gene related identifiers were also
compiled. Ones included in the database are EMBL (13) (http://www.ebi.ac.uk/embl/),
Ensembl (14) (http://www.ensembl.org/index.html),
Refseq (15), Genbank (16)
(http://www.ncbi.nlm.nih.gov/),
Unigene
(17)
http://www.ncbi.nlm.nih.gov/sites/entrez?db=unigene&orig_db),
Uniprot
(18)
http://www.ebi.ac.uk/uniprot/), Swiss-Prot (19) (http://www.expasy.ch/sprot/) and PDB
(20) (http://www.rcsb.org/pdb/home/home.do). ID conversion tools like IDconvertor (21)
(http://idconverter.bioinfo.cnio.es/)
and
Onto-tools
(22)
(http://vortex.cs.wayne.edu/ontoexpress/servlet/UserInfo) were used to convert among
different types of identifiers.
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2) Annotation of incorporated genes
In order to support uniformity in research, genes in DDOC were annotated using
classification systems adopted from controlled vocabularies like GO (23)
(http://www.geneontology.org/) and eVOC ontologies (24;25). eVOC provides a
platform that permits the evaluation of differentially expressed genes in different tissues
based on EST, SAGE and microarray data. The public version of eVOC is available at
(http://www.evocontology.org/). We annotated the genes using following eVOC
categories: anatomical system, associated with, cell type, development stage,
experimental technique, microarray platform, pathology, taxonomy, tissue preparation
and treatment. Information about the genes being implicated in other diseases has also
been included in the database.
In addition to the ontology classification, we also collected information about the
pathways in which the genes are involved in order to give the user a deeper insight into
the mechanisms associated with the genes expression. The genes were mapped to
pathways via KEGG (26) (http://www.genome.jp/kegg/), REACTOME (27)
(http://www.reactome.org/) and TRANSPATH (28) (http://www.transpath.com). Live
links are provided for each pathway. TRANSPATH is a commercial database provided
by BIOBASE and therefore access is limited to users having subscription to
TRANSPATH.
Another type of information included is about the orthology of genes. The sub-menu
‘ortholog genes’ (http:// ) displays information about homologs of a gene for four
species namely P. troglodytes, C. lupus familiaris, M. musculus and R. norvegicus from
Homologene (17) (http://www.ncbi.nlm.nih.gov/sites/entrez?db=homologene).
Information stored in the database was integrated with the information obtained from
literature research. The literature search was sourced from the National Center for
Biotechnology Information (NCBI) PubMed database (http://www.ncbi.nlm.nih.gov) via
a query data tool that our group develped based on the NCBI “Entrez Programming
Utilities”. The NCBI database was queried for each gene using the following keywords:
(“Gene Symbol” OR “Gene Alias” OR “Gene Alias”, ...) AND mammal AND cancer.
These queries produced list of 588,727 abstracts that were loaded into the “Dragon
Biomedical Text Miner” of OrionCell (http://www.orioncell.org). This text-mining tool
represents a complete redeveloped and significantly enhanced system based on the
concepts published initially in Dragon Plant Biology Explorer (29) and Dragon TF
Association Miner (30). By this tool we indexed the text document by vocabularies for
Nuclear Proteins, Pathways, Enzymes and Mammalian Genes, and produced a database
of associations that is integrated into DDOC.
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Fig 1 Screenshot of the interactive network generated using text-mining. The color coded
vocabulary entries are interconnected with weighted links representing frequency of
appearance of a term and its neighbors in our abstract list. By clicking on the node the
user will retrieve the abstracts containing the selected term, and the associated terms.
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3) Database structure
The DDOC is based on the three-tier (layer) (data, logic and presentation) architecture
(Fig 2). The presentation layer is web-based and implemented in DHTML and Javascript.
The logic layer was implemented as a number of server side PHP and Perl modules
interfaced with the data layer. Data layer is MySQL, and for the text-mining purposes,
file system based. The relational database design strictly distinguishes between tables
that contain data entities and tables that establish logical connections between these data
entities. The central data entity is the gene, to which most other data entities are linked.
Other important data entities are transcription related such as transcription start sites
(TSSs) and transcription factors (TFs). This is reflected in the two entry points that a user
can chose between on the top level of the web-interface (Genes http:// …. vs.
Transcription http://...).

Fig 2 The schematic representation of the DDOC structure.
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4) Browsing and searching DDOC
The front page of the database has three different menu types: Gene search, Gene select
and Transcription regulation..
a/ Gene Select: In gene select option, the genes available in DDOC are displayed in an
alphabetical order. Information related to a particular gene or genes can be searched by
highlighting the genes of interest and clicking select button (Fig 3). The window will
display the general information about the gene (Fig 4) and the gene can be further
explored by clicking on the details icon. The window displayed next is the ‘Gene Details’
window (Fig 5) and it summarizes the relevant incorporated details of the genes which
has been classified into several self explanatory sub-menus like General Information,
Gene in other resources, Experimental evidence, Related Proteins, eVOC Ontologies,
Gene Ontologies, Associated Pathways, Associated Diseases, Ortholog Genes,
Regulations and Text mining reports. Required information can be displayed in the same
window by selecting any of these sub-menus. To find out more about DDOC and trouble
shooting users are referred to FAQ page (http://apps.sanbi.ac.za/ddoc/faq.php).

Fig 3 Screenshot of the ‘Gene select’ option in DDOC

Fig 4 Screenshot of the ‘list of genes’ page in DDOC
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Fig 5 Screenshot of the ‘Gene details’ page in DDOC
b/ Gene Search: This option adds maximum flexibility and functionality for the
biologists. Four categories are included in this option (Fig 6). The anatomical system
(where the gene is expressed), cell line in which the genes were studied with respect to
OC, KEGG pathways and GO categories related to the genes. User can select one or
multiple categories to display the list of genes involved in the category/categories
respectively. Multiple selection will retrieve the list of genes involved in all the processes
and categories selected by user. For example- if one wants to see the genes involved in
cell cycle as well as transcription, one should select the ‘cell cycle’ form pathways and
‘transcription’ from GO ontologies and press query. System will retrieve and display the
list of genes involved in both types of processes and each of these genes can be further
queries for detailed analysis.

Fig 6 Screenshot of the ‘Gene search’ option of DDOC
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c/ Transcription regulation: This option displays the list of all the TFs for which
putative binding sites have been predicted on the promoters of the genes included in the
database (Fig 7). User can highlight any TF of interest, for example AhRR and click the
select button. The system will lead the user to the page where all the genes having
binding sites for that particular TF are displayed (Fig 8). Need to explain method to
predict TFBS.

Fig 7 Screenshot of the ‘Transcription regulation’ option of DDOC

Fig 8 Screenshot of the page showing list of genes having binding sites for selected TF
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d) Batch Query
This option allows the user to extract the required information for selected set of genes
from the database (Fig 9). The user can submit a list of mixed identifiers (Entrez Gene
IDs, Gene Symbols and Ensembl IDs) as shown in Fig 9 (a). Moreover, the user can
select any type of information he/she may want to see in the reports (Fig 9 (b)) and the
system will extract that information in the ‘tsv’ format , which is a portable format in
excel in windows, and csv in linux systems.

Fig 9 (a) Screenshot of the ‘Batch Query’ option

Fig 9 (b) Screenshot of the ‘Batch Query’ option
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5) Data visualization
The text mining results have been presented in the form of networks which helps the user
to view the interactions of the gene of interest with other biological entities, genes and
pathways described in literature. The networks can be generated by selecting the number
of abstracts in which the terms appeared together. This is a convenient and efficient
method to explore the huge amounts of literature in few seconds time and visualize the
important interactions among different terms in an easy to follow graphical
representations ( for example - Fig 1).
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6) Retrieval of data from DDOC
User can download as “csv” file the information contained in “regulations and gene
ontology” menus. The lists of genes displayed by the system can directly be copied and
pasted in excel sheets. All other types of information provided is linked with resources
which can be directly accessed to download relevant information.
As described earlier, we have provided ‘Batch query’ option in the search menu and user
can select different types of information to be extracted from DDOC. This facility is
available for downloading of all the available categories within DDOC. We will provide
the search option using ‘chromosome’ and ‘ovarian cancer type’ during updates of the
database.
We have also provided the MySql dump of DDOC (Fig 10). The data is available at
‘Download’ page (http://apps.sanbi.ac.za/ddoc/download.php) and is accessible to all the
users, and can be used to integrate data into other resources. Moreover, users can make
any usual programmatic access to DDOC using wrappers.

Fig 10 Screenshot of the ‘DDOC Download’ page
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Utility of DDOC
What type of queries can be performed using DDOC?
Scientists and clinicians can use DDOC to query questions such as:
i) Is my gene of interest expressed in OC and under which experimental conditions
has it been verified?
ii) Which pathway has my gene of interest been implicated in and have the other
genes in these pathways been verified as being expressed in OC under the
same conditions?
iii) Which transcription factors influences the expression of my gene of interest and
which other genes’ expression are likely transcribed by the same transcription
factors?
iv) Are there any orthologs for my gene of interest and what is the chromosomal
location and species specific IDs of orthologous genes?
v) What are the different sites of expression for my gene of interest and what
functional annotations have been assigned to it?
vi) Is there any way I can look out for interactions my gene of interest can have with
other genes and proteins?
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Examples of use
Question: I am interested in studying genes involved in cell cycle pathway, particularly
with a role in transcription and also like to study their regulation and biological
interactions.
Solution: The step-wise analysis is detailed below:
1. Go to the ‘Gene search’ page (http://apps.sanbi.ac.za/ddoc/search.php).
2. In Gene search tab, select the ‘cell cycle’ pathway and query.
3. The resulting window will display the list of 25 genes involved in cell cycle pathway.
4. Since I am interested in genes with role in transcription and cell cycle, using the
functions provided in the database, the genes having both these roles can be extracted
without much effort. For this, simply select the ‘cell cycle’ pathway and using the cntl
key select ‘transcription’ from GO ontology tab and query.
5. This exercise will result in the list of four genes, which are involved in cell cycle as
well as in transcription (Fig 11).
6. The details of each resulting gene can be explored individually.
7. Let us take E2F3 as an example from the above list. The ‘Gene details’ page has all the
information related to E2F3. The ‘regulations’ tab will display the list of transcription
factors for which putative binding sites have been predicted on the promoter region of
E2F3. This gives us an idea about the regulation of E2F3 gene at molecular level and
provides a narrow list of TFs for further experimental evaluation, if interested. The
binding sites are putative and should not be treated as a proof of regulation by respective
TFs.

Fig 11 Screenshot of ‘list of genes’ involved in cell cycle pathways as well as in
transcription.
8. The interactions predicted in the above step can be further analyzed using text-mining
tool. Text-mining helps to deduce the types of interactions each gene might have at
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biological level. We have predicted binding sites for E2F4 on the regulatory region of
E2F3 gene. The text mining results show that E2F4 has appeared eight and 11 times with
E2F3 (Fig 12) in the literature (depending on the symbol used).

Fig 12 Screenshot of the network generated using text-mining tool

The appearance of E2F3 and E2F4 in same abstract does not mean that E2F4 is a
regulator of E2F3, rather it shows that E2F3 and E2F4 along with E2F5 are involved in
similar tumor related processes (cell cycle- S phase) and are regulated by similar kind of
factors pRb, p53 and p130 etc. By clicking on each entity in the network, a list of relevant
PubMed abstracts is opened, which demonstrate the relationships as presented in the
network.
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Conclusions: Several conclusions can be drawn from above exercise:
a/ The list of genes involved in cell cycle as well as transcription (i.e. the genes
responsible for control of cell cycle at transcription level).
b/ The list of putative regulators of the genes in question. This will allow us to study the
molecular processes involved in regulation of cell cycle pathway and a network of all the
genes and factors involved in transcriptional control of cell cycle can be generated.
c/ The system provide support (literature and experimental) for the genes under study and
various observed biological interactions can be confirmed using literature provided, that
certainly speeds up the process and enhances deeper understanding of the biological
mechanisms by the use of simple but effective tools.
d/ The thorough analysis could help to identify new targets for future evaluations. The
associations for three (E2F3, E2F4 and E2F5) out of four genes (Fig 11) are
demonstrated using text-mining (Fig 12). The interactions with other mammalian genes
cyclinD1 and CDK2 have also been observed which can be studied in more details, thus
providing the clues for future investigations and also helps to draw known interations in
an easy to interpret visual representations of the data.
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