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Abstract

There are several biological databases devoted to make available regulatory sequences for their analysis. However, there are not
databases specialized on intergenic sequences of bacteria with information from each associated gene. Thus, the IntergenicDB portal
is a public repository that is available on the web. IntergenicDB allows researchers to query information of intergenic regions and
associated biological functions through a user-friendly interface. This article aims to describe the data retrieve, clean, association and

load of the IntergenicDB Portal dataset, and present applications for this data
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Introduction

The biological phenomena are very complex and entail the integration of numerous areas of knowledge to validate or discredit hypoth-
eses. The oldest (perhaps best known) interdisciplinary interface between Biology and Exact Sciences is Biostatistics. Gradually, Biology
has used the tools provided by computing and mathematics to unravel complications in the most diverse fields: from Genetics to Ecology
[1-3].

In this context, computational databases allow not only to store, organize and make accessible biological information, but also bring
new views and discoveries to several applications [3]. A well-designed database is an efficient mechanism for large data sets [4,5]. It was
not possible to find some estimative information in the literature about how many biological databases are available up to now. However,
Biology inferences usually require the combination of data located in different or heterogeneous sources [3]. To address this issue, it is
necessary the application of database integration approaches, such as data warehouse (DW), that can be described as an information re-
pository where the data from different sources is stored in a standard design [5]. The process of the insertion of data in a DW comprises
three main steps: (i) extraction of the data from heterogenous sources; (ii) transformation of the data in order to cleaning and improve the

data accuracy; (iii) load the data originated from the second step into an integrated multidimensional schema.

Citation: Scheila de Avila e Silva,, et al. “Biological Databases Integration: A Data Warehouse Perspective Applied to Intergenic Regions”.
EC Microbiology 15.8 (2019): 795-799.



Biological Databases Integration: A Data Warehouse Perspective Applied to Intergenic Regions

796

Taking this in consideration, the IntergenicDB was created as a public database developed for the study of intergenic sequences [6]
and was modeled to store relevant information on the structure of the intergenic sequences of Gram-negative bacteria. The portal has a
restricted access administrative area and a public consultation area. The administration are enables the management of user and group
registrations of the portal, and the group to which the user is associated will provide limited, or not, access. It is also possible to consult
the biological data inserted in the database individually, not allowing insertion or maintenance of the data. The administrative area still

provides the administrators with access to the users’ access data and the administration of the texts of the portal’s Home and Help pages.

IntergenicDB is justified since one of the utmost challenges of the post-genomic era is the determination of when, where, and how
genes are expressed. The variances between two species is much more interrelated to the transcription of their genes than to the structure
of these genes themselves. Thus, the study of gene regulation contributes to the construction of knowledge regarding the functionality
of genes in distinct species, the cell differentiation in multicellular organisms, cellular response to environmental changes, among other

issues [7].

In this context, regulatory essentials of gene transcription are in sequences known as intergenic, which consist of a non-transcribed
element that comprises the sequences responsible for the process of regulating the onset and termination of gene expression. By creating
an analogy, downstream elements (such as genes) represent the memory of a computer and the upstream elements (such as the promot-
ers) the programs that act on that memory. Thus, the study of upstream elements can provide models about the constitution of the “pro-
gram” and how it operates [8]. In prokaryotic organisms, such as bacteria and other single-celled organisms, the intergenic sequences are
related to one or more genes [7]. Thus, biological information linked to a given intergenic sequence, as a gene associated with it, biological

role of the gene and other information, contribute to the expansion of biological knowledge related to regulatory elements.

However, finding a biological database that has a gene connected to a specific intergenic region is not trivial. Some efforts in the obten-
tion of intergenic sequences are the tools IntergenicS [9] and Junker [10]. Allied to this, computational knowledge is not homogeneous
among Bioinformatics researchers who need to perform analysis of different data sources. To do so, this paper describes the data ware-
house methodology used to improve the query in the IntergenicDB database. The article is organized with the sections of Materials and
Methods, Results, Applications with Related Works and Conclusions.

Materials and Methods

This section presents the data sources used, the conceptual and logical model of the dataset, and the software description for generat-

ing the dataset.

Data from the biological databases GenBank [11] and Kegg [12] were used to collect the information of organisms, genes, family,
kingdom and intergenic region the files of organisms were downloaded using GenBank FTP. The only information that does not originate
from GenBank is the biological role. For such, a search was performed on the Keeg Brite database using the tool available on its website.
The full description of IntergenicBD can be found in [6]. In order to insert the sequences in the database modeled as describe in figure
1, a tool named MMDB Import Tool was implemented. The figure 1 shows the Entity-Relationship diagram of the IntergenicDB database
using Heuser notation [13]. The data stored in this database are: (i) each promoter region is linked to an organism, which has a name,
a kingdom, a family, a type of molecule and a biological role; (ii) each gene has a name, a symbol, a start and end identification number,
a function and a percentage of CG; (iii) each intergenic region has a number for the initial and final position in the sequence, a size, its

nucleotide sequence and the type of tape to which it belongs.

Figure 1: Entity-Relationship diagram of the IntergenicDB.
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Aiming at optimizing database query performance, due to the various relationships and resulting volume, a data warehouse was imple-
mented using the star model. The fact table (Figure 2) is formed only by the identifiers of the dimension tables. The fact table is static,
that is, new data is not added to the table at the time of insertion. For this, it is necessary to run a routine that destroys the fact table and

recreates.

Figure 2: Fact table and its tables dimensions.

The query, available in the IntergenicDB portal, has an interface based on query builders of portals such as “PubMed Advanced Search
Builder” of NCBI}, “Free text search” of EBI? and “ARSA” of DDBJ°. From the parameters selected by the user, the query engine assembles
an SQL query. Once the parameters are entered, the engine generates the query by looking for the identifiers of the parameters in the
dimension tables and, after obtaining them, the query follows in the fact table. With identifiers filtered from the fact table, the query looks
up their names in the dimension tables. The query only occurs within the range of user-determined pagination rows, that is, if the user
parameterizes in the query that wants to view 50 rows per page, the query will only occur within that range to minimize the amount of

data to be manipulated.

thttps://www.ncbi.nlm.nih.gov/pubmed/advanced
thttp://www.ebi.ac.uk/ena/data/warehouse/search

thttp://ddbj.nig.ac.jp/arsa/
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Results and Discussion

The execution of the MMDB Import Tool generated the data saved in the IntergenicDB. The structure of the dataset generated has the
following structure: (i) organism: name of the organism; (ii) gene: gene symbol; (iii) kingdom: kingdom of the organism; (iv) family: fam-
ily of the organism; (v) role: gene’s biological role; (vi) tape5address: position of the sequence in the sense forward; (vii) tape3address:

position of the sequence in the direction reverse; (viii) sequence: transgenic region data sequence.

The data set has 75252 lines entered with the data combined. In addition, it has data from 88 organisms, 15095 genes, 12565 biologi-
cal functions and 55635 DNA sequences from different intergenic regions. Imported data are limited to gram negative bacteria. The pres-
ent work highlights the analysis of DNA sequences for different organisms. IntergenicDB was created to store sequences of gene-based
intergenic regions of gram-negative bacteria allowing future in silico analyzes using bioinformatics tools.

Conclusion

There is an assortment of tools employed in the analysis of regulatory elements of gene expression. Simultaneously, this widens the
space of hypotheses generated, the range of standards (or lack thereof) of implementation becomes a restrictive factor in obtaining and
contrasting results. The advance of a database to integrate the data of the intergenic regions into a single repository is central in helping
the researcher to correlate this information with other online tools for the analysis of gene transcription regulatory elements. The inter-

genic dataset described in this paper was also presented in the Brazilian Data Base Symposium, in October, 2017 [14].

In addition, the relationship between the sequences deposited in this database with other online regulatory analysis tools is being de-
veloped. Considering this question, this project aims to amalgamate intergenic regions stored in IntergenicDB with other tools accessible
on the internet for data analysis and/or prediction of sequences such as: promoters (e.g. BacPP [15], NNPP [16], BTSSFinder [17], Prom-
Predict [18]), consensual motifs (e.g. ClustalO [19], WebLogo [20]), terminators (e.g. WebGeSTerDB [21], Arnold [22]) among other tools.
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