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Short Abstract: In this video we describe a method of exploring gene-disease associations using Disease Ontology annotations. The Functional Disease Ontology (FunDO) website for this analysis is freely available at http://fundo.nubic.northwestern.edu or http://django.nubic.northwestern.edu/fundo.

Long Abstract: FunDO is a website for exploring genes using functional Disease Ontology annotations.  Disease Ontology (DO) is similar to Gene Ontology (GO) annotation, but consists of clinically relevant disease terms mapped to genes through Entrez Gene's References into Function (GeneRIFs) to identify gene-disease associations.  A hypergeometric test for gene-disease associations is performed on a user-input gene list, and an interactive table along with a graphical representation of the top 5 diseases highlighting the relationships to associated genes is returned.  Users can sort results by DO term, genes associated and strength of significance. The graphical user interface provides examples, a link to convert gene lists from high-throughput experimental platforms using links to the DAVID website Gene ID Conversion tool and a FAQ to guide researchers.  FunDO can identify gene-disease associations and may be useful for developing novel therapies.  The FunDO website is freely available to users and can be accessed at http://fundo.nubic.northwestern.edu or http://django.nubic.northwestern.edu/fundo.

Text:  Protocol

1. Access to the website:  Users access the site at the URLs http://django.nubic.northwestern.edu/fundo or http://fundo.nubic.northwestern.edu.  User registration is not required for use of FunDO.  

2. Input list of genes:  A gene list is input into the box on the left side of the browser window (Figure 1), using new lines, commas or spaces to separate the gene names.  An example gene list is available by clicking the “Example” link on task bar.  Gene names may be in the form of Entrez Gene ID1 or Gene Symbol. Lists of identifiers from high-throughput platforms such as Affymetrix or Illumina can be converted to gene symbols using a link to the DAVID Gene ID Conversion tool (http://david.abcc.ncifcrf.gov/conversion.jsp) at the DAVID website2,3.  

3. Statistical assessment of gene-disease associations: After the gene list is entered, the “Get Results” arrow is clicked to generate a table and a graph of results.  The site uses a hypergeometric test to mine the Disease Ontology Lite database (http://diseaseontology.sourceforge.net/) for disease-gene associations.  The framework and creation of Disease Ontology are described previously4,5.   The returned results may be re-sorted by any column heading in the table (DO term, number of genes in list associated with the term, percentage of total disease gene list represented by term, fold enrichment of the DO term in the disease gene list and p-value for statistical significance of the results).  Additionally, links from DO term will take the user to the Disease Ontology Lite entry for that term and links from the number of genes entry will take users to the gene list, which in turn has links to each gene’s entry in the Entrez Genes database.  The graph of the results displays the top 5 DO terms and associated genes, with DO terms represented by circular nodes and with lines (edges) between nodes and the genes associated with each disease.  The size of each node is weighted by number of genes it contacts.  Both the table and graph can be copied and saved by the user.

4. Other information at the FunDO website:  The FunDO site also includes supporting descriptive information on the FAQ page, as well as links to the Disease Ontology site, NCBI’s Entrez GeneRIF site and to the DAVID Gene ID Conversion site.  Users may also use links in the menu bar to download the Disease Ontology Lite mappings. 

Discussion

FunDO is particularly useful in discovering shared associations between diseases that have not otherwise been uncovered.  For example, on the FunDO FAQ page, and example is given in which a disease list is taken from a published study on pancreatic cancer6 and used to compare Disease Ontology against Gene Ontology (GO)7 annotations.  DO found 23 genes associated with neoplasm metastasis, a disease association that was not discussed in the original study, and not highlighted by GO, which focuses on biological processes, not disease states.  This type of new association can help researchers identify new candidate genes for an existing disease study or alert them to disease processes that may be affected by their current disease-gene associations.

Acknowledgments 

The authors thank Michelle Holko for contributions to the development of the website, Gang Feng and Pan Du for statistical design of the FunDO site and Dong Fu for administration of the website.  This project was funded partly by a National Library of Medicine Fellowship in Informationist Training, number F37 LM009568.

Disclosures

The authors have no known conflicts of interest and have nothing to disclose.

Materials

Materials needed are a personal computer (Mac or PC running Windows) using Safari, Google Chrome or Mozilla Firefox web browser.  Internet Explorer browser is not compatible with the Google API display interface of FunDO.
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Figure Legends

Figure 1.  The FunDO user interface

The user inputs a list of genes (in Entrez GeneID or Gene Symbol format) and clicks on the arrow to Get Results.  An example gene list can be loaded by clicking the link on the menu bar above the input box.

Figure 2.  FunDO output screen

Results are represented in a graph (above) and an interactive table (below).  The graph depicts the top 5 disease terms and associated genes, with diseases represented as circular nodes and lines (edges) connecting nodes and genes.  The size of each node is dependent on the number of edges that it contacts. 

[image: image1.png]Exploring Genes Using Functional Disease Ontology Annotations
FunDO

shout downiosd example FAQ home termsofservice video tutorial

p 1: Cut and Paste a Gene
FunbO takes a st of genes and finds relevant diseases based on statistical analysis of the Discose
Ontology annotation database. For a detalled description of how the database s generated from
GeneRIFs, see the paper In BMC Genomics, A condensed version of the Disease Ontology, Disease
Ontology Lite, Is actually used In s analysis.

Please paste 3 lst of Entrez gene Ids or gene symbols here, separated by tabs, newiines, or
‘commas. This st of genes can be obtained by microarray, proteomics, sequencing or other
high-throughput screening methods.

1f you are using Internet Explorer, please use another browser. For more Information on this, see
the £AQ.

Lst of Entrez gene Ids or gene symbols:

xnces  kam1





[image: image2.png]HAGD.
vz pRoXL
GLRx3
Cologancer
ceacams
ANXAL - crep
pric
Lamcz Hoxes ioraps  TUBAIA
v tGaLs3
1
Enss3 . Canore nwera
soct p
PLavR stz
KRT1S
Fxvo3
TGRS s1o0m11,
ForapL crse ars
wonz cxs18 S
GpRcsA  Foxm1

kol

Lunggrancer
Lo Kare
TMPLTGA2 xReca

coss wHBE

K17
Dibetg metius sicrea

Keuaz

HLADaAL
acte2
canmL

‘The top 5 diseases and the genes in the list which map to them. The sizes of the disease nodes are proportional to the number of edges.

‘The table below shows all diseases which map to at least 2 genes from the list. The p-value is calculated using Fisher's exact test. The table
tself is Interactive, to sort by a particular column, click on the column heading.

DO Term

Cancer
iabetes mell
Breast cancer

Colon cancer

Lung cancer
Embryoma
Atherosclerosis

Number of Gene:
List

30

% of Disease Gene

List

4.08
331
278
347
341
266
293

Fold pvalue Bonferroni corrected
p-value
135535  1.9460-25 1.3420-23
10225 114189 7.871e8
92365 822669 567607
105374 217267 0.00001498
11.3541 0000003109 0.0002145
88501 000001577 0.001088
97321 0.00003841 0.00265




