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Motivation and Objectives
High-throughput production of both biomolecu-
lar data and their annotations is providing a
rapidly increasing amount of very valuable in-
formation that can potentially help finding also
long-searched answers to fundamental biomed-
ical questions. Yet, such data deluge makes dif-
ficult to extract the information most reliable and
most related to the increasingly complex bio-
medical questions to be answered, which can
simultaneously regard many heterogeneous as-
pects of single or multiple organisms, biological
fissues, cells or biomolecular entities. To address
such complex questions, many bio-data about
several heterogeneous topics, which are availo-
ble but dispersed in different data sources, must
be searched, extracted, integrated and com-
prehensively queried.

Different approaches have been proposed
to combine individual search services available
on the Web in order to support such heterogene-
ous searches (Hull et al., 2006; Nekrutenko, 2010).
Yet, they rarely rely on a general model of the
services to be infegrated and none considers, in
the integration process, the often available par-
fial rankings of the data to be integrated. Lately,
Search Computing (Ceri et al., 2010) has been
proposed as a new software framework to build
answers to complex search queries by interact-
ing with a collection of cooperating search ser-
vices and using ranking and joining of results as
the dominant factors for service composition. By
leveraging the peculiar features of search servic-
es, it offers query approaches, execution plans,
plan optimization techniques, query configura-
fion tools, and exploratory user interfaces.

Here, we report and discuss our work aimed at
supporting the explorative search of heteroge-
neous distributed bio-data and the automatic
integration and global ranking of their individual
search results, also taking into account the par-
fial rankings of individual searches. In so doing,
we make a step towards the computational sup-
port required for complex biomedical question
answering and biomedical knowledge discovery.

Methods
According to the Service Mart modeling ap-
proach of Search Computing (Ceri et al., 2010),
we selected an inifial set of typical biomolecular
topics (i.e. Protein, Gene, Gene Expression and
Biological Function) and modeled the Service
Marts (i.e. the generalized and normalized con-
ceptual description) of the bioinformatics ser-
vices that provide data regarding such topics.
We did so by identifying their main and common
attributes and normalizing their names. We also
defined the semantic Connection Patterns, i.e.
the pair-wise coupling, between Service Marts of
services that provide data about different topics.
This was done by identifying pairs of normalized
attributes of the connected Service Marts and de-
fining their comparison predicates, as conjunc-
five Boolean expressions, that allow joining their
values semantically. In so doing, we defined the
Semantic Resource Framework (SRF) depicted in
Figure 1, which constitutes the reference used by
Search Computing to enable the exploration of
the services registered in the framework and infe-
grate the data that they provide (Ceri et al., 2010).
Then, using available Search Computing
fools, we registered in the Search Computing
framework five bioinformatics search services
that provide data about the topics and seman-
fic associations described in the biomolecular
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Figure 1: Biomolecular Semantic Resource Framework de-
fined through modeling of data provided by bioinformatics
search services and created through service registration.
Boxes represent topics of the data provided by the search
services registered in the Search Computing framework;
lines represent the defined semantic connections created,
at registration fime, between the registered services.
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SRF in Figure 1, i.e. the NCBI Blast (Johnson et
al., 2008) and WU-BLAST (Lopez et al., 2003) pro-
fein sequence alignment search services, the
Array Express gene expression search service
(Parkinson et al., 2005), and two access services
fo the protein coding genes and their biological
function annotations (e.g. Gene Ontology an-
notations) in our Genomic and Proteomic Data
Warehouse (GPDW, hifp:/www.biocinformatics.
dei.polimi.it/GPKB/). Thus, through service reqis-
fration, the biomolecular SRF in Figure 1, previ-
ously described at conceptual level, is created.
To do so, for each service, first we created a
wrapper, i.e. an adapter that matches the ser-
vice attributes to their normalized version defined
in a modeled Service Mart, and associated the
wrapper with such a Service Mart. Then we de-
fined one or more Access Patterns and Service
Interfaces for the service. The latter ones map an
access pattern to the end point of a concrete
service data source, whereas the former ones
are specific signatures of a Service Mart, with the
characterization of each attribute as input (I) or
output (O), depending on the role that the at-
fribute plays in the service call; furthermore an
output attribute can be characterized as ranked
(R). if the service produces ifs results in an order
that depends on the value of that attribute. An
example Access Pattern for the GPDW Gene to
Biological Function Feature (BFF) service is:
(GPDW _ Gene2BFF-Name _ byGenelD(GenelD’,
GenelDName', BFFName', BFFID®, BFFIDName®,
BFFName®, BFFDefinition®) )

Specific Connection Patterns between indi-
vidual registered services are then automatically
derived from the Connection Pattermns defined at
conceptual level between the modeled Service
Marts that have been associated with the regis-
tered services.

Results and Discussion

Leveraging the Search Computing framework
and biomolecular SRF, which we constructed as
previously reported in (Masseroli et al., 2011) and
briefly described in the Methods section, we cre-
ated the Bio Search Computing (Bio-SeCo) ap-
plication. In particular, in the work here reported,
we modeled and registered in Bio-SeCo two ad-
ditional services and created a Web interface
that offers public access to Bio-SeCo at htip://
www.bioinformatics.dei.polimi.it/bio-seco/seco/.
It enables explorative search, automatic integra-
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fion and global ranking of bio-data individually
provided by the services reqistered in the frame-
work. In this way and thanks to the additional ser-
vices infegrated, Bio-SeCo supports explorative
answering of even more complex biomedical
questions and biomedical knowledge discovery.

As an example, let us consider the following
complex question: Which are the genes (if they
exist) that encode proteins, in different organ-
isms, with high sequence similarity 1o a protein X
and have some biomedical features in common
(e.9. up/down significantly co-expressed in the
biological tissue or condition Y and involved in
the biological function Z)? Using Bio-SeCo, a user
can first input the UniProt ID of a protein X and
run a seqguence alignment search, by using the
NCBI Blast or WU-BLAST service, 1o look for amino
acid sequences similar to the protein X in a user
selected protein database (e.g. UniProtkB Swiss-
Protf). Then, he/she can select the most similar
proteins found (or some of them, e.g. only those
of some selected organisms) and automatically
refrieve the coding gene of each of them by
using the GPDW protein coding gene query ser-
vice. Next, the user can search for biomedical
features shared among the retrieved genes. For
instance, by using the Array Express and GPDW
gene biological function annofation services,
he/she can explore if some of such genes are
significantly co-expressed in the same biological
tissue or condition Y and are known to be involved
in the biological function Z. For example, the user
can set the human Paired box protfein Pax-6 iso-
form a protein (UniProt ID P26367) as input protein
X, tumor as pathological biological condition Y,
and regulation of apopfotic process as biologi-
cal function Z. By doing so, unpredictably, on July
20™M 2012, Bio-SeCo discovered the human PAX7
and PAX2, mouse Pax8 and human PAX8 genes,
ranked by their global score of 0.90661, 0.90407,
0.90354 and 0.90289, respectively (with 1.0 as
best score). This global score is computed by
Bio-SeCo according to a score function defined
as a combination of partial scores of intermedi-
ate ranked results, i.e. of the ranked sequence
alignment expectation and gene expression p-
value. To compute the global score, we adopt-
ed the Fagin method (Fagin et al., 2004), which
resulted to be very fast and less computationally
demanding than a recently proposed and very
promising approach for ranking composition
(Cohen-Boulakia et al., 2011). The 4 genes found


http://www.bioinformatics.dei.polimi.it/GPKB/
http://www.bioinformatics.dei.polimi.it/GPKB/
http://www.bioinformatics.dei.polimi.it/GPKB/
http://www.bioinformatics.dei.polimi.it/bio-seco/seco/
http://www.bioinformatics.dei.polimi.it/bio-seco/seco/

EMBnet.journal 18.8

encode, respectively, the human Paired box pro-
tein Pax-7, human Paired box protein Pax-2, mouse
Paired box protein Pax-8 and human Paired box
protein Pax-8 (which have 1.35413 E7¢, 1.72295 E™°,
3.22281 B¢ and 1.16475 E% expectation of se-
quence similarity to the input human Paired box
protein Pax-6 isoform a protein) and all 4 genes
are significantly co-expressed in tumor with a 1.0
E" p-value.

As the described methods and results dem-
onstrate, Bio-SeCo provides a public extremely
useful automated support for exploratory search-
es at the base of Life Science data driven know-
ledge discovery. It enables the user to explore
the very large and very heterogeneous bio-data
available, allowing he/she to easily make diffe-
rent attempts, inspect obtained partial results
and move forward and backward in the con-
struction of the global query that would eventu-
ally find the most relevant results, in case after
several unsuccessful attempits.
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