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ABSTRACT 

 

Enrichment analysis  allows to study biological annotation terms overrepresented in a biomedical 

repository (e.g. a gene list). In this work we aimed at investigating functional characteristics of a set of 

genes involved in Mendelian neurological disorders, which are also validated therapeutic targets.Three 

different biological annotation resources were employed: the Gene Ontology, the KEGG pathways and 

the Pfam domains database. The test based on the hypergeometric distribution was  used to assess 

statistical significance. After applying correction for multiple testing, enriched functional terms for the 

different categories were identified. The results obtained from this study might provide further insight  

into common attributes among successful neurological drug targets. 
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1. INTRODUCTION 

 

In the search for novel therapeutic molecules, knowledge extracted from successful drug targets is of 

great relevance. Information on functional aspects of genes and gene products can be gathered from 

different public repositories, including  the Gene Ontology (GO), the Kyoto Encyclopedia of Genes and 

Genomes (KEGG) and the Protein domain database Pfam. 

The GO annotation database consists of three structured controlled vocabularies of terms describing 

biological processes (BP), cellular components (CC) and molecular functions (MF) associated to gene 

products. Information about canonical pathways is contained in the KEGG database, which  comprises a 

set of networks of molecular interactions including metabolic and signaling routes and human diseases. 

The Pfam database contains information about conserved protein domain families based on protein 

regions of sequence similarity. 

The aim of this study was to investigate functional aspects associated to drug target genes related to 

neurological phenotypes, by looking for functional categories overrepresented in a given gene list 

compared to a general background gene list. 

 

2. METHODOLOGY 

 

The genes to be tested were identified through the search for neurological records in OMIM (Online 

Mendelian Inheritance in Man),  an encyclopedia of genes causing human diseases. The total collection of 

neurological genes obtained from OMIM was set as the reference list (N = 1067). A subset of that list - 

the test set - was comprised of the genes known to be drug targets according to DrugBank, a database of 

drugs and drug targets (N = 272). 

 

 

This choice of reference set was made in order to avoid potential bias due to overrepresentation of 

terms linked to the nervous system.  
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Among the different statistical methods that can be used to estimate enrichment P-values, the 

hypergeometric test calculates the probability of enrichment of a given term in the target set against the 

reference set (or universe) by assuming that the list of elements are sampled from a hypergeometric 

distribution: 
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Where N are the number of genes in the reference set, n are the number of genes in the target set, M 
and  k are the number of genes annotated to a specific term in the reference set and the target set, 

respectively. 

Enrichment analysis of functional characteristics according to GO categories, KEGG pathways and 

Pfam protein families was performed by means of Bioconductor R package Category (version 2.26.0), 

which includes an implementation of the hypergeometric test. Given that several categories are tested at 

the same time, multiple testing correction was performed using the R package multtest. The Benjamini & 

Hochberg (1995) step-up FDR-controlling procedure was applied to calculated adjusted P-values.  

 

 

3. RESULTS AND DISCUSSION 

 

The total number of terms significantly enriched was of 27 for GO Molecular Function, 12 for GO 

Cellular Component, 29 for GO Biological Process, 20 for KEGG pathways and 2 for Pfam domains.  

Results from the hypergeometric test regarding KEGG pathways and Pfam domains are shown in 

tables 1 and 2, respectively. Only results with adjusted P-value <0.05 are shown. 

 

 

Table 1: Results from the enrichment analysis considering KEGG pathways 

 

 

KEGG ID KEGG Term  P-value  

(uncorrected) 

Adjusted P-value 

(BH correction) 

01100 Metabolic pathways 1.445e-10 2.615e-08 

00330 Arginine and proline metabolism 5.829e-07 3.978e-05 

00190 Oxidative phosphorylation 6.593e-07 3.978e-05 

05012 Parkinson´s disease 2.160e-06 9.775e-05 

05016 Huntington´s disease 1.498e-05 5.422e-04 

05010 Alzheimer's disease 3.491e-05 1.053e-03 

00640 Propanoate metabolism 9.139e-05 2.363e-03 

00071 Fatty acid metabolism 1.813e-04 4.104e-03 

00280 Valine, leucine and isoleucine degradation 2.456e-04 4.940e-03 

00380 Tryptophan metabolism 5.105e-04 9.240e-03 

00970 Aminoacyl-tRNA biosynthesis 1.283e-03 0.0172 

00650 Butanoate metabolism 1.283e-03 0.0172 

00260 Glycine, serine and threonine metabolism 1.283e-03 0.0172 

00620 Pyruvate metabolism 1.329e-03 0.0172 

05215 Prostate cancer 2.073e-03 0.0225 

00250 Alanine, aspartate and glutamate metabolism 2.109e-03 0.0225 

00020 Citrate cycle (TCA cycle) 2.109e-03 0.0225 

04080 Neuroactive ligand-receptor interaction 2.352e-03 0.0237 

04914 Progesterone-mediated oocyte maturation 3.030e-03 0.0289 

00310 Lysine degradation 4.641e-03 0.0419 
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Table 2: Results from the enrichment analysis considering Pfam domains 

 

 

PFAM ID PFAM Term  P-value  

(uncorrected) 

Adjusted P-value 

(BH correction) 

PF07714 Protein tyrosine kinase 1.215e-06 4.362e-04 

PF00001 Transmembrane receptor (rhodopsin family) 2.666e-04 0.0478 

 

  

By using a simple statistical method and biological data available in public databases, we can obtain 

valuable information about a gene set of interest. In this particular case, for instance, we could identify 

two protein families (tyrosine kinases and rhodopsin-type receptors) overrepresented within the 

neurological drug targets compared to the whole set of neurological genes. 

 Special attention must be paid to the selection of the reference set, since the choice of alternative 

gene universes might have a potential impact on the results. Furthermore, due to the structure of the 

public databases used to retrieve the terms, the test results are likely to include closely related terms, 

regardless of multiple testing corrections. Another factor potentially introducing bias in the list of terms 

for comparison might be the fact that it is expected to have more abundant and more specific information 

in the databases on genes that are drug targets, as well as on diseases and pathways that have an available 

drug. Thus, the results should be interpreted cautiously. 
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