D1032-D1035 Nucleic Acids Research, 2016, Vol. 44, Database issue

doi: 10.1093/narlgkvi 146

Published online 17 November 2015

PCOSKB: A KnowledgeBase on genes, diseases,
ontology terms and biochemical pathways associated
with PolyCystic Ovary Syndrome

Shaini Joseph''f, Ram Shankar Barai''f, Rasika Bhujbalrao? and Susan Idicula-Thomas'~

"Biomedical Informatics Center of Indian Council of Medical Research, National Institute for Research in
Reproductive Health, Mumbai-400012, India and 2G.N. Khalsa College, University of Mumbai, India

Received August 14, 2015; Revised October 05, 2015; Accepted October 19, 2015

ABSTRACT

Polycystic ovary syndrome (PCOS) is one of the ma-
jor causes of female subfertility worldwide and ~7-
10% of women in reproductive age are affected by
it. The affected individuals exhibit varying types and
levels of comorbid conditions, along with the clas-
sical PCOS symptoms. Extensive studies on PCOS
across diverse ethnic populations have resulted in a
plethora of information on dysregulated genes, gene
polymorphisms and diseases linked to PCOS. How-
ever, efforts have not been taken to collate and link
these data. Our group, for the first time, has compiled
PCOS-related information available through scien-
tific literature; cross-linked it with molecular, bio-
chemical and clinical databases and presented it
as a user-friendly, web-based online knowledgebase
for the benefit of the scientific and clinical com-
munity. Manually curated information on associated
genes, single nucleotide polymorphisms, diseases,
gene ontology terms and pathways along with sup-
porting reference literature has been collated and in-
cluded in PCOSKB (http://pcoskb.bicnirrh.res.in).

INTRODUCTION

Polycystic ovary syndrome (PCOS) is a multi-factorial re-
productive disorder affecting 7-10% of women globally
(1,2). It is one of the major causes of female subfertility
(3,4). The complexity of the syndrome is contributed by
both the genes and the diseases associated with it. Several
factors like gene interactions, environmental and ethnic in-
fluences and lifestyle play a role in the clinical manifestation
of PCOS (5-7).

Genetic studies on PCOS has revealed that genes hav-
ing dissimilar functions and affecting varied biochemical
pathways like ovarian and adrenal steroidogenesis (e.g.
CYPI11A4, CYP2I), gonadotropin action and regulation

(e.g. FST, LHCGR and FSHR), insulin action and secretion
(e.g. INS, IRS-1, IRS-2), inflammation (e.g. IL-6), com-
plement and coagulation cascades (e.g. VWF), signalling
(e.g. ADIPOQ, INS, LHCGR, AMH), cancer (e.g. INS, AR,
MMPI) etc. are associated with PCOS (7,8). Single Nu-
cleotide Polymorphisms (SNPs)/mutations in one or more
of these genes have been linked to diverse comorbid condi-
tions associated with PCOS such as obesity, diabetes, dys-
lipidemia, cardiovascular diseases, cancer and subfertility
(6).

Thus, depending on the causal factors, the phenotypic
manifestations vary widely making diagnosis a daunting
task. PCOS diagnosis is currently based on the NIH or the
Rotterdam criteria formulated in 2003. For a disease con-
dition to be diagnosed as PCOS, presence of any two of
the following symptoms is essential: clinical or biochemi-
cal hyperandrogenism, oligo-anovulation and/or polycystic
ovaries, excluding other endocrinopathies as per the Rotter-
dam criteria (1,5).

Being a highly researched disorder, there is abundant in-
formation available in literature on the various aspects of
PCOS such as its genetics, diverse phenotypic manifesta-
tions, associated comorbidities and even inconsistencies in
the study results across different population groups. Elec-
tronic databases and computational tools are required to
integrate this information from disparate sources and to
analyse the complex data arising out of genetic heterogene-
ity for PCOS. Use of such computational approaches that
involve collating and mining information on genes, their
function/ontology terms, expression profiles, tissue speci-
ficity and pathway information is expected to lead to a bet-
ter understanding of the genetic aetiology of PCOS (9,10).

Several gene-disease networks and gene prioritization
methods have been applied to identify novel candidate genes
or the most crucial genes involved in pathophysiology of
multi-factorial diseases like Alzheimer’s, Cancer etc. (11—
13). This approach has not yet been used for PCOS; an im-
portant contributing factor being absence of comprehensive
and curated repositories catering to PCOS-related genomic,
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proteomic, metabolomic and clinical information. To facil-
itate and augment high-throughput research on PCOS in-
cluding gene network and prioritization studies, we have
created a manually curated knowledgebase with complete
information on genes associated with PCOS collated from
literature references and reviewed databases. It currently
holds information on 241 genes and their corresponding
proteins, 3D structures, SNPs/mutations, ontology terms,
pathways and diseases.

DATA COLLECTION AND ORGANIZATION

PubMed, was searched using relevant keywords namely
‘PCOS’, ‘Polycystic ovarian syndrome’, ‘PCO’, ‘PCO1’,
‘anovulation’, ‘Stein Leventhal’, ‘Ovarian Syndrome’,
‘polycystic ovaries’, ‘polycystic ovary disease’, ‘POS’,
‘PCOD-Polycystic Ovarian Disease’, ‘hyperandrogenic
chronic anovula’, ‘hyperandrogenic chronic anovulation’,
‘ovarian hyperthecosis’, ‘Sclerocystic Ovarian Disease’,
‘sclerocystic ovary syndrome’, ‘Bilateral PCOS’ and ‘func-
tional ovarian hyperandrogen’. The genes cited in the
retrieved literature were acquired from the NCBI Gene
database. The reference literature was reviewed to ascertain
the association of each of these genes to PCOS. Genes
and SNPs, whose association with PCOS could not be
confirmed based on the reference, were discarded.

Relevant information on the validated genes such as na-
ture of the study population, ethnicity, mutations/ SNPs,
gene ontology terms, protein structural information, bio-
chemical pathway and disease related information were re-
trieved from online databases such as NCBI PubMed (14),
Gene (15), dbSNP (14), Ensembl (16), UniProt (17), Pfam
(18), InterPro (19), GO (20), KEGG (21), GeneCards (22)
and OMIM (23).

The diseases associated with each of the validated
genes were retrieved from GeneCards database. These dis-
eases were grouped into non-redundant categories such as
cancers/tumors, cardiac disorders, reproductive disorders,
immune disorders etc. Each of the gene-disease associa-
tions was manually verified by reviewing the reference lit-
erature. Several gene-disease associations, retrieved using
GeneCards, could not be established based on reference lit-
erature and were therefore discarded.

The data collected on genes associated with PCOS have
been organised into seven tables in PCOSKB.

DATA ARCHITECTURE

PCOSKB is built on Apache HTTP Server 2.0.59. The
database was created using MySQL Server 5.0 and the
web interfaces were designed using PHP 5.2.9, HTML and
JavaScript. These are platform independent, open source
software and they support multithreading and multiuser en-
vironment. The analysis graphs and charts were generated
using the JpGraph library (http://jpgraph.net/).

WEB INTERFACES
PCOSKB has a user-friendly interface, as described below:

(1) Home: a brief introduction on PCOS and information
accessible in the database is provided.
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(i) Search: two search options: quick and advanced are
available to users.

(iii) Browse: this tab can be used to browse the database
for:

(a) Genes: this page provides description of the genes,
their genomic location and links to the complete
gene record.

(b) SNPs: the detailed information on PCOS associ-
ated SNPs such as their upstream/downstream se-
quence, functional significance and links to rele-
vant databases such as dbSNP and PubMed are
provided.

(c) Associated diseases: the unique gene-disease asso-
ciations in PCOSKB can be browsed

(d) Pathways: the pathways involving PCOS-related
genes hyperlinked to the KEGG pathway database
is provided.

(e) Ontology terms: the unique ontology terms asso-
ciated with genes along with their associated path-
ways and diseases can be analysed.

(f) Tools: this section enables users to identify the sig-
nificant gene ontology terms, pathways and disease
phenotypes corresponding to a user-defined gene
list. The gene list can be obtained either by directly
selecting the genes present in PCOSKB or through
their associated diseases.

(iv) Help: the features present in the database are explained
with examples to assist users.

(v) Analysis: the relative frequencies of the disease phe-
notypes, gene ontology terms and pathways predom-
inantly associated with genes involved in PCOS patho-
physiology are displayed.

(vi) Statistics: it gives information on the total number
of genes, associated diseases, ontology terms, path-
ways and SNPs present in the database. Users can
directly view the associated diseases, gene ontology
terms, SNPs for genes using the ‘Diseases associated
with genes’ link. The number of genes that are associ-
ated with each of the diseases can be accessed through
‘Genes associated with disease’ link.

DATA ANALYSIS

The data in PCOSKB were analysed to identify the signif-
icant comorbid conditions, pathways and ontology terms
associated with PCOS. The results of the analysis can be
viewed in Figure 1.

Reproductive and cardiac disorders were the most preva-
lent diseases associated with PCOS, as expected. Hyperlinks
are provided in the pie-chart for users to view the gene-
disease associations (Figure 1A).

Information available in KEGG pathway database was
used to cluster the PCOS-related genes and retrieve the bio-
chemical pathways. The distribution of the pathways, based
on the gene members is depicted as bar graph. Each of the
bars, represent a pathway and are hyperlinked to the re-
spective KEGG pathway. The position (role) of the PCOS-
associated gene/s in the pathway can be identified by their
red highlights. The number of gene members for each of the
pathway is indicated adjacent to the bar. Of the 175 unique
pathways, ~30% had five or more gene members.
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Figure 1. (A) Pie chart of associated diseases, (B) Pie chart of ontology terms, (C) Pie chart of ontology terms (BP), (D) Snapshot of an associated ontology

terms page in PCOSKB.

The ontology terms for the PCOS-related genes were re-
trieved from the GO database (AmiGO 2). The gene on-
tology annotations in the GO database are organized in a
hierarchical manner with ‘parent’ terms being broad and
‘child’ terms being more specific to a biological process
(BP), molecular function (MF) and cellular component
(CQ). Parents of the PCOS-related GO terms were retrieved
using the GOOSE tool (20). These data were further used to
group the genes based on the three broad categories namely,
MF, BP and CC. The relative share of these three compo-
nents in the total ontology terms is represented as a pie chart
in the Analysis tab. Each of these components were further
analysed exclusively for relative proportion of the ontology
terms at the subsequent level of distance from the parent.
The data associated with the ontology term such as genes,
pathways, diseases can be accessed in a tabular format using
the hyperlinks provided in the pie-charts (Figure 1B, C, D).

DATABASE SUMMARY

® Genes and SNPs: PCOSKB holds information on 241
genes and 114 SNPs associated with PCOS. These genes
and SNPs have been validated for their association with
PCOS by reviewing the reference literature. The infor-
mation is organised into six sections namely gene re-
lated, protein related, gene ontology, validated SNPs,
associated diseases and references. Information mined
from PCOS-related references (e.g. population size, eth-

nicity, SNPs/ mutation and associated conditions) can be
viewed in the reference section.

® Associated diseases: the database has 1905 unique gene-
disease associations and 500 unique PCOS-associated
diseases. These diseases have been validated for their
association with the genes/PCOS by reviewing the ref-
erence literature. The diseases are broadly divided into
18 categories. Reproductive (21%) and cardiac disorders
(13%) feature in the top disease associations of PCOS.

® Biochemical pathways and gene ontology terms: analysis
of the validated genes revealed its association with 175
unique pathways and 1473 unique ontology terms. These
data highlight the diverse biological role of the genes
associated with PCOS; an observation which corrobo-
rates the known complexity and genetic heterogeneity of
PCOS.

COMPARISON WITH EXISTING DATABASES

Few gene-based databases like GeneCards (22) and Dis-
GeNET (24) provide information on genes and associ-
ated disorders. The information present in these databases
is not entirely manually curated and derived from sev-
eral primary and secondary databases. A curated data
set of genes and associated diseases is essential to under-
stand the pathophysiology of multi-factorial diseases. There
are few disease-specific databases like EpilepsyGene (25),
AutismKB (26) which are manually curated. However, till
date no database exists with information on genes, their as-



sociated ontology terms, pathways and disorders for repro-
ductive disorders like PCOS. In PCOSK B, we have made an
attempt to integrate complete information on genes associ-
ated with PCOS. Each gene has been manually verified with
reference literature for its role in PCOS and details of the
study population have been incorporated in the database.
Each gene-disease association present in the database has
been manually curated with published literature.

CONCLUSION

Although there are few online databases catering to
gene disease associations, there are no manually curated
databases dedicated to PCOS that focuses on observed hu-
man gene-disease associations along with information on
gene ontology terms and biochemical pathways. Clinicians
and researchers can leverage the well-integrated informa-
tion on molecular and clinical aspects of PCOS available
in PCOSKB. PCOSKB would be updated annually.
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