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• Gene Ontology
• Pathways
• Phenotype/Disease Association
• Protein Domains
• TFBS and microRNA
• Protein Interactions
• Expression in other 

tissues/experiments
• Drug targets
• Literature co-citation…

I have a list of co-expressed mRNAs (Transcriptome)….
Identify the underlying biological theme

What are my genes “enriched” for?
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ToppGene Suite (http://toppgene.cchmc.org) 

1. Free for use, no log-in required.
2. Web-based, no need to install 

anything (except for applications to 
visualize or analyze networks)

3. Validated and published 



ToppGene Suite (http://toppgene.cchmc.org) - ToppFun

1. Supports variety of inputs
2. Supports symbol correction
3. Eliminates any duplicates
4. Drawback: Supports human and mouse 

genes only



1. Gene list analyzed for as 
many as 18 features!

2. Single-stop enrichment 
analysis server for both 
regulatory elements (TFBSs 
and miRNA) and biological 
themes

3. Back-end has an exhaustive, 
normalized data resources 
compiled and integrated

4. Bonferroni correction is “too 
stringent”; FDR with 0.05 is 
preferable.

5. TFBS are based on conserved 
cis-elements and motifs 
within  ±2kb region of TSS in 
human, mouse, rat, and dog.

6. miRNA-targets are based on 
TargetScan, PicTar and 
miRrecords/Tarbase.

ToppGene Suite (http://toppgene.cchmc.org) - ToppFun



ToppGene Suite (http://toppgene.cchmc.org) 

1. Database updated regularly
2. Exhaustive collection of 

annotations



ToppGene Suite (http://toppgene.cchmc.org) - ToppFun



ToppGene Suite (http://toppgene.cchmc.org) - ToppFun



ToppGene Suite (http://toppgene.cchmc.org) - ToppFun



ToppGene Suite Usage - Stats



ToppGene Suite Usage – Top users
(Aug 12, 2014- Sept 11, 2015)



Are there any other tools 
similar to these?



DAVID (https://david.ncifcrf.gov)
Database for Annotation, Visualization and Integrated Discovery



DAVID (https://david.ncifcrf.gov)



DAVID (https://david.ncifcrf.gov)
Database for Annotation, Visualization and Integrated Discovery



DAVID (https://david.ncifcrf.gov)
Convert NCBI Entrez Gene IDs to RefSeq Accession Numbers



DAVID (https://david.ncifcrf.gov)



ToppCluster (http://toppcluster.cchmc.org) 

What if I want to compare several gene lists at a time?



ToppCluster (http://toppcluster.cchmc.org) 



ToppCluster (http://toppcluster.cchmc.org) 





ToppCluster (http://toppcluster.cchmc.org) 



ToppCluster (http://toppcluster.cchmc.org) 

Cytoscape (http://cytoscape.org) 

Gephi (http://gephi.org) 

Should be installed on your 
computer and the downloaded 
files should be imported into 
these applications



Cytoscape Network (Abstract View)



Cytoscape Network (GeneLevel View)



Salivary Gland

Stomach

Liver

EHF
COL15A1
LOC100130100
IGHA1
LTF
IGKC
IGL@
FAM129A
ATP8B1
IGLC2

1. abnormal gastric 
mucosa 
morphology

2. abnormal stomach 
morphology

3. abnormal digestive 
secretion

4. abnormal digestive 
system physiology

V$HNF1

Network View – Shared and 
specific genes and 
annotations between 
different gene lists
Cytoscape 
(http://cytoscape.org) 
installation required

Cytoscape Network (GeneLevel View)



Disease Candidate Gene 
Prioritization



What, Why, & How

Computational Disease Gene prioritization

• What: Computationally assigning likelihood of gene 

involvement in generating a disease phenotype

• Why: Narrows down the set of genes to be tested 

experimentally – saves time/resources.

• How: “Guilt by Association” - Gene “priority" in 

disease is assigned in a more “informed” way taking 

into account a set of relevant features or annotations 

(e.g., gene expression, function/processes, pathways, 

model organism phenotype, etc.) - Functional 

Similarity-based methods



Computational 
Disease Gene 
Prioritization

Similarity-
based 

Approaches 
(functional 

annotations-
based)

Training set-
independent

Training set-
dependent

Network/Topol
ogy-based 

Approaches

Training set-
independent

Training set-
dependent

• Protein-Protein Interactions

• Protein Associations (Functional Linkage)

Broad Classification



• Guilt by association - Reliable predictions about the 

disease involvement of a gene can be made if several of 

its partners (e.g., genes with correlated expression 

profiles or protein interactants or genes involved in same 

biological process or pathway) share a corresponding 

annotation.

• Incorporating the prior information or knowledge about a 

disease (e.g., known disease genes) is critical.

• Challenge: Gather, normalize, and integrate 

heterogeneous data from multiple sources (and keeping 

them current).

Functional annotation-based candidate disease 

gene prioritization



• Step 1: List of candidate genes (Test Set) to prioritize - linkage 

regions, chromosomal aberrations, association study loci, 

differentially expressed gene lists or genes identified by sequencing 

variants, or the complete genome

• Step 2: Seed Genes or Training Set: Prior knowledge about the 

disease - known disease genes, or disease-relevant keywords, or 

biological processes or pathways.

• Step 3: Prioritization methods: Which one to select/use?

• Step 4: Assessment - Are the selected training/seed genes, 

keywords and tools suitable? Can reliable predictions be made using 

these?

• Step 5: Use multiple tools or multiple sets of seed gene or keywords 

- Combine the results to obtain a consensus result

Functional annotation-based candidate disease 

gene prioritization – General workflow



• Relevancy: Review each gene - Domain experts 

especially for selecting keywords (e.g., disease-

relevant phenotypes)

• Size Matters: Neither too small nor too large. 
• Too small - may be insufficiently informative

• Too large - too heterogeneous pattern to be useful.

• Break them down into multiple random sets

• Filter them based on additional features (e.g., 

genes associated with a BP term + MP term) 

• Ideally 6 – 30

What constitutes a “good” seed gene set?



• Robustness: How robust are the ranking results 

using a particular seed set?

Cross-validation - Assess whether a set of seed 

genes provides a coherent pattern 

Create multiple sets of seed genes or keywords 

covering complementary phenotypic aspects of the 

disease and assess their performance separately. 

Negative control seed genes: Use genes for other 

unrelated diseases as training set.
 Top-ranking candidates are same with negative control seed 

genes – suggests some systematic bias and prioritization 

results are probably unreliable

What constitutes a “good” seed gene set?



Other Quality Control Measures

• Smaller Test Sets: Perform prioritizations both on the 

actual set of candidates and on the whole genome OR

on a larger set that includes the smaller set of 

candidates. 
 Are the top-ranking candidates from the small subset rank 

within the top 5–15% of the whole genome?

 If not, the prioritization might not have been able to capture 

enough information to identify good candidates

• Functional Coherence: What are the enriched terms for 

the top ranked candidates? Do they match expectations for 

the biological process or phenotype of interest?

Tool A ranks my “favorite” gene on/among top –

Therefore tool A is the BEST!!!

Moreau & Tranchevent, 2012



Resources commonly used for compiling seed set
OMIM: http://omim.org

GAD: http://geneticassociationdb.nih.gov

Phenopedia: http://hugenavigator.net

KEGG Disease:

http://www.genome.jp/kegg/disease/



Additional resources for compiling seed set

Comparative Toxicogenomics Database: http://ctdbase.org



Comparative Toxicogenomics Database: http://ctdbase.org



Comparative Toxicogenomics Database: http://ctdbase.org

Ontological tree –

Children nodes and their 

annotations also used



Comparative Toxicogenomics Database: http://ctdbase.org

Explore the Venn 

utilities – Handy for 

generating/comparing 

annotated gene lists 

(seed set selection)



NCBI MedGen - http://www.ncbi.nlm.nih.gov/medgen

NCBI's portal to information related to Medical Genetics. Terms from 

the NIH Genetic Testing Registry (GTR), UMLS, HPO, ClinVar and 

other sources are aggregated into concepts and their gene annotations 

where available.



NCBI MedGen - http://www.ncbi.nlm.nih.gov/medgen



NCBI BioSystems - http://www.ncbi.nlm.nih.gov/biosystems

A group of genes that 

have a pathogenicity 

or other phenotype 

associated with them



Cartoon: G. Renee Guzlas

Functional Similarity – What features to consider?



Cartoon - G. Renee Guzlas

Tranchevent & Moreau 

• No single source of data can be expected to capture all relevant relations

• Integrate multiple data sources:  Better signal-to-noise ratio and improved 

prediction accuracy

Biological 

Processes 

(Gene 

Ontology)

Model 

organism 

Phenotype

Literature 

Co-citation 

(Gene-2-

PubMed)

Co-expression

Pathways 

(KEGG, 

BioCarta, 

Reactome)

Protein 

Interactions & 

Associations



• Guilt-by-association: 

Approaches differ by the 

strategy adopted in 

calculating similarity and by 

the data sources utilized 

• With some exceptions 

(e.g., ENDEAVOUR, 

ToppGene), most of the 

existing approaches mainly 

focus on the combination 

of only a few data sources

• For methodological details 

& validation see:
• Aerts et al., 2006 Nature Biotech.

• Chen et al., 2007 BMC Bioinfo.



ENDEAVOUR ToppGene



ENDEAVOUR
http://homes.esat.kuleuven.be/~bioiuser/endeavour/index.php

Supports multiple species

Little picky on the input types





• Little picky on the input types - e.g., gene symbols 

have to be HGNC approved.

• Supports chromosomal regions, e.g. chr:8p or 

chr:20p13 – will fetch all the genes in that region

• Doesn’t support chromosomal coordinates

What shared features make a test set 

gene rank at top or What features are 

shared between the training/seed set 

and test set gene are not explicit.

Download the rankings table



ToppGene – http://toppgene.cchmc.org

Doesn’t support other 

than human/mouse



• Supports synonyms

• Presents 

suggestions/alternatives 

for unrecognized entries



Enrichment of 

Training/seed set:

 Helps in assessing the 

“quality” of the training set

 Can assist in selecting sub-

sets of training set to 

perform prioritizations (e.g., 

large training set)



Why is a test set gene ranked at top or

What features are shared between the 

training/seed set and ranked test set 

gene are presented both as a network 

and tabular format.

• Select the ranked genes

• Resulting training set, shared 

annotations, and the ranked gene(s) 

can be downloaded as an XGMML or 

GEXF file (Cytoscape/Gephi import)

Download the rankings table



Gene in bold is 

ranked test set gene; 

rest are training/seed 

genes

Shared annotations 

between training set 

& ranked test set 

gene

Blue nodes: Seed genes

Pink nodes: ranked candidates

All other nodes – shared annotations



Moreau & Tranchevent, 2012

Combining gene level information with genomic 

variant information – Few case studies



Some more examples of published studies 

that used Endeavour and/or ToppGene for 

candidate gene prioritization



Limitations & Points to Remember
• Bias towards the training set: Disease genes yet to be 

discovered will be consistent with what is already known about 

a disease and/or its genetic basis – assumption not always true. 

• Bias towards selecting better annotated genes: “true” candidate 

can be missed if it lacks “sufficient” annotations. 

• Accuracy depends on the quality (and coverage) of underlying 

original sources from which the annotations are retrieved. 

• Appropriate or “true representative” training set selection: Using 

larger training sets (>100 genes) decreases the sensitivity and 

specificity of the prioritization compared to smaller training sets 

(6 to 30 genes).

• Coding-gene-centric: Complex traits result more often from 

noncoding regulatory variants than from coding sequence 

variants



Gene Prioritization Portal
http://homes.esat.kuleuven.be/~bioiuser/gpp/index.php



Gene Prioritization Portal



Gene Prioritization Portal



Disease Gene Prioritization - Network-

based strategies

• Candidate genes are ranked based on their 

topological relevance (e.g., distance) to known 

disease genes (Training/seed genes) in a network.

• Protein-protein interactions network (BioGrid, 

BIND, HPRD, etc.)

• Protein association network (STRING)

• Random-walk (or PageRank) approaches outperform 

clustering and neighborhood approaches.



ToppNet (http://toppgene.cchmc.org)

Chen et al., 2009



http://compbio.charite.de/ExomeWalker

New tools – Variant prioritization

http://homes.esat.kuleuven.be/~bioiuser/eXtasy/



References & Further Reading
• Kann MG. 2010. Advances in translational bioinformatics: computational 

approaches for the hunting of disease genes. Brief Bioinform. 11(1):96-110.

• Piro, R. M. & Di Cunto, F. 2012. Computational approaches to disease-gene 

prediction: rationale, classification and successes. FEBS J. 279: 678–696.

 Moreau Y, Tranchevent LC. 2012. Computational tools for prioritizing 

candidate genes: boosting disease gene discovery. Nat Rev Genet 13: 523–

536.

 Bromberg Y. 2013. Chapter 15: disease gene prioritization. PLoS Comput

Biol. 9(4):e1002902. 

• Navlakha S, Kingsford C. 2010. The power of protein interaction networks for 

associating genes with diseases. Bioinformatics 26(8):1057-63.

• Gonzalez MW, Kann MG. 2012. Chapter 4: Protein interactions and disease. 

PLoS Comput Biol. 8(12):e1002819

• Gilissen C, Hoischen A, Brunner HG, Veltman JA. 2012. Disease gene 

identification strategies for exome sequencing. Eur J Hum Genet. 20(5):490-7.



Cartoon - G. Renee Guzlas

ENDEAVOUR

GLAD4U GeneWanderer

BioGraph

ToppGene

PageRank

Random Walk

ToppNet


