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SUMMARY 
 

Currently, biomedical research is mainly focused 
on overcoming the major challenges faced by soci-
ety, including the development of new therapeutic 
strategies against highly prevalent diseases. Over 
the past 20 years, considerable advances in this 
field have been achieved through an interdiscipli-
nary and collaborative approach, enhanced by the 
development of computer science and its applica-
tions in genomics and proteomics. This study cen-
ters on platforms for the data management of re-
search assets with high specialization in genomics 
and proteomics, analyzing the role of web-based 
databases in the progress made in these areas 
and evaluating their impact on global scientific pro-
duction. The web platforms analyzed have proven 
to be an important resource for stimulating the in-
tegration of research data through information ex-
change. Specialized web search sites facilitate the 
obtaining of data in these specific areas, creating a 
trend in current biomedical research. The im-
portance of these platforms is revealed by their 
impact on scientific production, with some being 
referenced in more than 100,000 articles and pa-
tents. A wider extension of the use of these tools 
can be expected within the modern society of infor-
mation. 
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INTRODUCTION 
 

Current biomedical research is largely focused 
on addressing the major challenges faced by soci-
ety, including the development of new therapeutic 
strategies against highly prevalent diseases. Con-
siderable advances in this field over the past 20 
years can be attributed to an interdisciplinary and 
collaborative approach and to the development of 
information technology and specific disciplines 
such as genomics and proteomics, which have 
had a significant effect on high-impact areas in 
biomedicine. The abundant data derived from re-
search in genomics and proteomics have allowed 
valid and useful conclusions to be drawn. Howev-
er, this has only been possible by applying the 
computer tools developed over the past few years 
for the adequate management of these data 
(Webster et al., 2011). These developments have 
strengthened strategies for improving communica-
tion and access to data from research groups in-
volved in common interdisciplinary projects, as 
well as for promoting diffusion of their scientific 
achievements (Anderson et al., 2012). The scope 
of research projects is also defined by their social 
usefulness, and the management of scientific ac-
complishments should also aim to achieve their 
recognition by industry and the business world in 
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general. 
The biomedical scientific community has been 

able to develop highly innovative therapies 
through an interdisciplinary approach, with an 
increasing involvement of basic and translational 
research in the evaluation of this knowledge 
(Beskow and Smolek, 2009). There is a need to 
support the management of this type of speciali-
zation of knowledge at these new frontiers of 
science (Collins, 2011), and web technologies 
and metadata can play a key role in organizing 
the knowledge generated by modern collabora-
tive research. Enormous amounts of information 
are generated in the Life Sciences, including 
data from genotyping projects (e.g., the Human 
Genome Project) and on genetic variants and 
disease predisposition, diagnosis, and the re-
sponse to treatments. The development of inno-
vative computer tools to extract and organize 
the data has facilitated the management of 
these data, endowing metadata with useful 
meaning and generating new knowledge (Szalay 
and Gray, 2006; Antezana et al., 2009; Rebholz-
Schuhmann and Nenadic, 2010). They have 
proven especially useful in such strategic areas 
as gene sequencing and expression (Baux et 
al., 2009). 

The integration of multidisciplinary results is 
necessary (Antezana et al., 2009) but challeng-
ing, because the different types of information 
obtained in a biological system are computed 
through different databases. This is a prolix and 
complex task, and research is required on the 
optimal methods for managing and interrelating 
the data (Miyoshi et al., 2013). In genomics and 
proteomics, data derive from multiple fields, in-
cluding gene expression, polymorphisms, meta-
bolic maps, and genome sequencing, including 
the human genome. 

Major advances in specialized software have 
facilitated efficient data management (Meslin 
and Cho, 2010), and novel user interfaces and 
interactive systems have allowed the conver-
gence and management of large sets of bigdata 
(Collins, 2011). However, difficulties remain 
when integrating the heterogeneous data gener-
ated in research across different disciplines, and 
there is a need to overcome these problems. 
The past two decades have seen the develop-
ment of invaluable and increasingly versatile 
biocomputing tools and techniques for integrat-
ing heterogeneous data and standardizing termi-
nology (Splendiani et al., 2011). There has been 
also an exponential growth in instrumental meth-
odologies to facilitate and promote collaborative 
and interdisciplinary research. 

In this study, we investigate data management 
platforms related to highly-specialized research 
in genomics and proteomics, exploring the role 
of web-based databases in advances in these 
fields and their impact on scientific production. 

 

ONTOLOGY OF DATA 
 

Ontology is widely used in semantic computing 
and reasoning, and has become a key computing 
discipline in Life Sciences (Antezana et al., 2009). 
It makes a major contribution to effective metadata 
processing and analysis, improving the ability of 
researchers to make use of the increasing amount 
of heterogeneous knowledge available (Li et al., 
2014). Over the past few years, ontology develop-
ment has become a priority in Artificial Intelligence 
laboratories, and has become widespread on the 
Internet, facilitating information exchange among 
software researchers or agents. The precision and 
reutilization of all types of knowledge is improved 
in the context of the semantic web (Miyoshi et al., 
2013), which is in productive use in multiple fields, 
including software engineering, web engineering, 
information systems, and applied computing in 
different areas (medicine, education, etc). 

Thus, achievements in genomics and proteomics 
are recorded in accordance with the detailed onto-
logical protocol established by each database 
(Brinkman et al., 2010). Each new entry contains a 
brief but precise description of its characteristic 
features and its relationship with other resources. 
Hence, ontologies constitute taxonomic indexes for 
organizing and accessing content (Goble and Ste-
vens, 2008). Metadata allow the structuring of con-
tent, while ontologies offer the semantics for its 
management, providing a controlled vocabulary 
common to researchers needing to share infor-
mation in a given domain (Stein, 2008). Ontology 
can give meaning to different types of data offered 
in varied formats in a given area (Benites et al., 
2014). 

The aim is to turn information into knowledge by 
its transformation into formalized structures that 
reference data under a normalized common 
scheme in a given domain of knowledge. Metadata 
not only specify the data scheme that appears in 
each case, but can also include information on 
how to establish axioms that can be applied in the 
different domains in which the stored knowledge is 
managed. 

Hence, abundant and precise data can be yield-
ed by searches of ontology-based metadata, which 
automatically offer information related to the re-
quirements of the user though utilization of stand-
ardized web annotation schemes. 

 
CONTRIBUTION TO THE DEVELOPMENT OF 
GENOMICS AND PROTEOMICS 

 
The above strategies have mainly been used to 

optimize Internet/Intranet searches for information 
and to verify and test the validity of data, and the 
development of web resources has focused on the 
construction of databases. However, bioscientific 
research is increasingly carried out in projects that 
involve networks of different researchers who need 
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to communicate and share their preliminary results 
and the know-how acquired. The metadata gener-
ated in many studies must be adequately man-
aged to draw useful conclusions and avoid the 
loss of essential information (Roncaglia et al., 
2013). Furthermore, they represent a clear poten-
tial indicator for the detection of errors and optimi-
zation of efforts. These resources can also en-
hance the societal contribution of scientific 
achievements generated by researchers with com-
mon specific interests (Walk et al., 2008). As an 
illustrative example, analysis of the human ge-
nome led to numerous projects on the relationship 
of genetic variants with disease predisposition and 
the response to treatment, among others. These 
required the development of highly complex com-
puting tools to manage the massive amounts of 
data from different databases (Bettembourg et al., 
2014). These advances have improved the diag-
nosis and therapy of numerous complex diseases 
(Meslin and Cho, 2010), and research in human 
genetic diseases cannot be imagined without bio-
computing. 

 
DATABASES 

 
There are two main types of database in ge-

nomics and proteomics: primary databases, which 
include information related to DNA and protein 
sequences, expression profiles, and 3D structure 
acquired; and secondary databases, which contain 
the results obtained from analysis of the primary 
databases, including the taxonomy of gene and 
protein families, active motifs or domains, muta-
tions, polymorphisms, and the involvement of all 
these in disease development (Panet et al., 2011). 
The information in these databases is generally 
obtained from scientific journals. Various web-
based bibliographic databases allow access to the 
articles published in these journals, notably (in de-
scending order of access frequency) Pubmed 
(NCBI), Sciencedirect (Elsevier), Scopus 
(Elsevier), and Web of Science (Thomson Reu-
ters). These databases facilitate advanced anal-
yses of scientific production based on various clas-
sification criteria (Álvarez et al., 2014). 

The development of information networks among 
researchers across different European countries 
has been a priority EU objective (6th and 7th 
Framework Programs, and “Horizon 2020”), so 
that research data can be absorbed, evaluated 
and utilized by other research groups and by the 
productive sector. Open access resources are in-
creasingly numerous and influential, and major 
improvements have been achieved in the design, 
effectiveness, and usefulness of web-based data-
bases (Herrera-Galeano et al., 2013; Chen et al., 
2013), enabling the development of extensive 
“knowledge networks” to cover the needs of col-
laboration and information exchange in the scien-
tific community (Lyne et al., 2013). 

GenBank (ncbi.nlm.nih.gov/genbank) and En-
trezProteins (ncbi.nlm.nih.gov/protein) of the NCB 
are the leading databases in genomics and prote-
omics. They offer simple and well- organized ac-
cess to a large amount of well-referenced infor-
mation, mainly related to gene/protein sequences, 
their translation, and their functions. They also of-
fer rapid access to related topics available in other 
databases, especially other NCBI databases, in-
cluding: the NCBI taxonomy database 
(ncbi.nlm.nih.gov /taxonomy), which includes the 
names and phylogenetic trees of more than 
160,000 organisms based on molecular determi-
nants; the above-mentioned Pubmed 
(ncbi.nlm.nih.gov/pubmed); the MMDB (ncbi.nlm. 
nih.gov/Structure/MMDB/mmdb. shtml), which pro-
vides experimental structural data obtained by 
crystallography and magnetic resonance imaging 
(MRI); and the OMIM (ncbi.nlm.nih.gov/omim), 
which contains valuable information on genetic 
disorders and other inherited characters, including 
their clinical manifestations, molecular genetic di-
agnosis, and prognosis. The HPRD (Human Pro-
tein Reference Database; hprd.org) is related to 
the OMIM and constitutes a global platform for in-
tegrating data on domain architecture, post-
transational changes, and interaction networks, 
and on the diseases associated with each protein 
in the human proteome. The information on protein 
domains is especially relevant (Goh et al., 2013), 
presented as 3D units displaying sets of amino 
acid residues that remain highly preserved 
throughout the phylogenetic scale and are crucial 
for the function of the protein. 

Other databases include the EMBL of the Euro-
pean Bioinformatics Institute (ebi.ac.uk/ena), 
DDBJ (DNA Data Bank of Japan; ddbj.nig.ac.jp) of 
the Japan National Institute of Genetics, and the 
UniprotKB (uniprot.org/help/uniprotkb). The EMBL 
offers one of the best repositories in Europe and 
includes the results of genome sequencing pro-
jects and patented applications. The UniprotKB 
integrates information from three key primary data-
bases (PIR, Swiss-Prot, and TrEMBL). The PIR 
( P r o t e i n  I n f o r m a t i o n  R e s o u r c e ; 
pir.georgetown.edu) offers information on protein 
sequences, while wiss-Prot web expasy org docs 
swiss- (prot guideline html) contains data on pro-
tein function, domain structure, post-translational 
modifications, and variants. The TrEMBL 
(Translation of EMBL Nucleotide Sequence Data-
base) is complementary to the Swiss-Prot, provid-
ing information on nucleotide sequence transla-
tions and allowing large-scale functional character-
ization. We underline the close collaboration es-
tablished among the managers of the above data-
bases. Thus, GenBank, DDBJ, and EMBL continu-
ously share their data with the International Nucle-
otide Sequence Database Collaboration, which 
was established over 15 years ago. 

Other outstanding web consultation databases 
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include: GeneCards (genecards.org) of the Weiz-
mann Institute of Science, which provides concise 
information in the fields of genomics, proteomics, 
transcriptomics, and functional genetics on all 
known and candidate human genes, using a highly 
intuitive web interface. When the gene encodes for 
an enzyme, the information can be completed by 
using the Enzyme database (enzyme.expasy.org), 
which offers an in-depth description of the en-
zymes with an Enzyme Commission (EC) number. 
This database follows the nomenclature recom-
mended by the Nomenclature Committee of the 
International Union of Biochemistry and Molecular 
Biology (IUBMB); MotifScan (myhits.isb-sib.ch/cgi-
bin/motif_scan) enables sequence analysis and 
the search for similarities and homologies, and 
provides links with other databases for additional 
information, including: Prosite (secondary structure 
of proteins, domains; prosite.expasy.org), Pfam 
(relationship among domain configuration, protein 
f a m i l y ,  a n d  f u n c t i o n  p r e d i c t i o n ; 
pfam.sanger.ac.uk); InterPro (functional analysis 
and classification of proteins; ebi.ac.uk/interpro); 
and a large group of analysis databases, including 
B l o c k s  ( b l o c k s . f h c r c . o r g ) ,  P r i n t s 
(bioinf.manchester.ac.uk/dbbrowser/prints/ in-
dex.php), the Motif group (motif.stanford.edu/
projects.html), and a database with information 
related to genes, proteins, and mitochondrial dis-
eases (Mitochondrial Proteome; mitop.de:8080/

mitop2). 
Understandably, one of the most active fields in 

current biomedical research centers on drug dis-
covery and development (Álvarez et al., 2012), 
which has been able to gain from major advances 
in related areas of biomedical sciences, including 
regenerative and stem cell medicine (Álvarez et 
al., 2013). It has also taken advantage of novel 
computing technologies, with web applications 
(Vihinen, 2014) such as a protein-small molecule 
in silico docking platform (e.g. SwissDock; 
swissdock.ch/docking). They permit the construc-
tion of predictive models for the interaction of pro-
teins and enzymes with candidate molecules that 
may play an important role in the physiopathology 
or healing of disease (Krallinger et al., 2012). In 
this manner, computers become virtual laborato-
ries for rapidly evaluating in probabilistic terms the 
usefulness of continuing with research on numer-
ous molecules. 

The use of a database that provides the true 
structure of the protein becomes indispensable for 
work with molecular docking systems, enabling the 
application of software to determine the possibili-
ties of interaction with the corresponding ligands 
(Bettembourg et al., 2014). These databases, no-
tably the PDB (Protein Data Bank; wwpdb.org), 
offer information on the 3D structure of proteins, 
generally based on X-ray crystallographic studies. 
This information can be imported into most molec-

Table 1. Impact of genomics and proteomics databases on scientific production. The databases reviewed, number of 
documents in which they are referenced in Google scholar (including articles and patents), and the main web address 
of the database. Search dates 5-10 February 2014 

  References Web Site 
EMBL 415,000 http://www.ebi.ac.uk/ 
PDB 249,000 http://www.wwpdb.org/ 
GenBank 243,000 http://www.ncbi.nlm.nih.gov/genbank 
NCBI Taxonomy 230,000 http://www.ncbi.nlm.nih.gov/taxonomy 
OMIM 162,000 http://www.ncbi.nlm.nih.gov/omim 
Swiss-Prot 83,700 http://web.expasy.org/docs/swiss-prot_guideline.html 
PIR 82,200 http://pir.georgetown.edu/ 
DDBJ 53,900 http://www.ddbj.nig.ac.jp/ 
Hapmap 34,200 http://hapmap.ncbi.nlm.nih.gov/index.html.en 
Enzyme 33,600 http://enzyme.expasy.org/ 
Pfam 33,500 http://pfam.sanger.ac.uk/ 
EntrezProteins 30,400 http://www.ncbi.nlm.nih.gov/protein 
Prosite 22,200 http://prosite.expasy.org/ 
TrEMBL 18,300 http://www.ebi.ac.uk/ 
InterPro 14,100 http://www.ebi.ac.uk/interpro/ 
UniprotKB 12,100 http://www.uniprot.org/help/uniprotkb 
Prints 7,720 http://www.bioinf.manchester.ac.uk/dbbrowser/prints/index.php 
DGV 6,320 http://projects.tcag.ca/variation/ 
HGMD 4,950 http://www.hgmd.cf.ac.uk/ac/index.php 
HPRD 4,840 http://hprd.org/ 
Blocks 4,530 http://blocks.fhcrc.org/ 
GeneCards 4,460 http://genecards.org/ 
Mitomap 2,910 http://mitomap.org/mitomap 
MMDB 2,480 http://www.ncbi.nlm.nih.gov/Structure/mmdb/mmdb.shtml 
Pupasuite 320 http://pupasuite.bioinfo.cipf.es/ 
F-SNP 136 http://compbio.cs.queensu.ca/F-SNP/ 
Mitop 65 http://mitop.de:8080/mitop2/ 
SYSNPs 20 http://www.sysnps.org/ 
Total 1,755,951   
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ular docking platforms merely by specifying the 
PDB code, greatly simplifying access to the data. 

Most genome variations correspond to altera-
tions in a single nucleotide throughout a sequence 
(Single Nucleotide Polymorphism). Although 
changes are small, they are highly relevant and 
can affect the susceptibility to diseases and the 
effectiveness of specific treatments, being invalua-
ble for studying the evolution of population groups, 
among other issues. Various databases gather this 
type of polymorphism, including pupasuite 
( p u p a s u i t e . b i o i n f o . c i p f . e s ) ,  F - S N P 
(compbio.cs.queensu.ca/F-SNP), and SYSNPs 
(sysnps.org). This information has contributed to 
the development of other databases for human 
genetic variants as a function of their geographic 
distribution (Hapmap, hapmap.org/index.html.en) 
or their genotype and phenotype (Database of Ge-
nomic Variants, DGV, projects.tcag.ca/variation). 

The importance of mutations in oncogenesis, 
especially in proto-oncogenes and tumor suppres-
sor genes, is reflected in the considerable space 
they occupy in databases devoted to genomics 
and proteomics, as in the case of the Human 
Gene Mutation Database at the Institute of Medical 
Genetics in Cardiff (hgmd.cf.ac.uk/ac/index.php) 
and the Human Mitochondrial Genome Database 
(Mitomap; mitomap.org), which gathers infor-
mation on variations and mutations in mitochondri-
al DNA. 

All of these databases are valuable e-science 
tools that enable advanced searches for specific 
information on the subject of analysis and facilitate 
management of these data (Arighi, 2011). They 
provide valuable and specific sets of biological 
data and protocols from well-equipped and -
supported state-of-the-art laboratories and highly 
qualified research teams (Smith et al., 2013). 
These new portals enrich not only the scientific 
community but also those investigating computing 
systems related to the biomedical information eco-
system. 

 
IMPACT OF GENOMIC AND PROTEOMIC WEB-
DATABASES 

 
The impact of databases in a given field of sci-

ence is demonstrated by the frequency of their 
citation by articles in specialist journals, indicating 
their visibility and usefulness. Among the various 
generic databases used to search for scientific 
articles, including Pubmed, Sciencedirect, or Sco-
pus, we selected Google Scholar. This platform 
offers major advantages relevant to our objectives. 
It allows combined searches in articles and pa-
tents and, unlike other platforms, it focuses on arti-
cles published in the scientific literature. Addition-
ally, searches in the other databases are limited to 
searches based on titles, abstracts, and key 
words. An increasing number of studies have de-
scribed Google Scholar as a search engine that 

surpasses even Pubmed in article classification in 
terms of their relevance and number of citations 
and the impact of the journals in which they are 
published (Nourbakhsh et al., 2014). Table 1 ex-
hibits the results of our searches. The EMBL, PDB, 
GenBank, NCBI Taxonomy, and OMIM databases 
are all cited in over 100,000 references, with 
EMBL being cited more than 400,000 times. Other 
databases are available that are less cited, at-
tributable to their high specialization. The useful-
ness of the databases based on generic genomic 
and proteomic ontologies is reflected by their more 
than 1,700,000 times that they have been cited. 

 
CONCLUSIONS 
 

We explored the role and importance of search 
engines based on the data management platforms 
of high specialization research assets or 
knowledge networks, centering on genomics and 
proteomics as high-value areas in biomedical re-
search. 

The platforms proved to be an important asset 
for stimulating the integration of research and col-
laborative data by information exchange. Highly 
specialized web search sites facilitate the retrieval 
and integration of data in specific areas and repre-
sent a current trend in life sciences research. 

Advances in life science research in general, and 
in proteomics and genomics in particular, require 
the development of e-science in the form of specif-
ic search engines and websites. The nature of this 
type of investigation makes collaboration and inter-
disciplinarity essential; therefore, computing tools 
that permit working with and recording the large 
amount of information generated and improving 
data integration and exchange become indispen-
sable. The knowledge management of 'big data' as 
such requires the development of computationally 
processable solutions. 

The magnitude and complexity of research in 
these areas implies collaboration with multidiscipli-
nary teams via extensive scientific networks, and 
this trend will continue to grow. Research groups 
show an increasing capacity for collaboration and 
interaction with others, linked to working practices 
geared towards the Internet. This change in con-
ceptual framework has been responsible for intro-
ducing changes in the shaping of the competences 
of present-day scientists. The aim of an effective, 
efficient and collaborative scientific community is 
achievable based on the experience accumulated 
in this field on the utilization of novel tools and oth-
er innovations. 
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