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ANALYSIS OF ENTITY-ATTRIBUTE-VALUE MODEL APPLICATIONS IN
FREELY AVAILABLE DATABASE MANAGEMENT SYSTEMS FOR DNA
MICROARRAY DATA PROCESSING
Large volumes of data are generated during DNA microarrays experiments. Database management systems
(DBMS) are increasingly applied to these data, providing optimum processing and management from multiple
microarray experiments. In this study, freely accessible DBMS software versions were compared (Microsoft SQL
Server 2008 Express Edition, Oracle Database 10g Express Edition, DB2 Express-C 9.7.2, MySQL 5.1, and
PostgreSQL 9.0). We examined them in the context of possible Entity-Attribute-Value (EAV) application as an optimal
organization method for microarray data.
It was confirmed in the comparative analysis of component data processing methods, consistent with the EAV
model, that efficient methods for microarray data analysis are available in Microsoft SQL Server 2008 Express Edition
and PostgreSQL 9.0 systems. Also, DNA microarray data processing was confirmed to be more efficient with Microsoft
SQL Server 2008 Express Edition as compared with PostgreSQL 9.0.
The EAV method was also shown to be suitable for use with open-source versions of DBMS software as an
optimum storage model for DNA microarray data. In terms of data processing methods and performance, the Microsoft
SQL Server 2008 Express Edition proved to be the best among compared database systems.

1. BACKGROUND
DNA microarray is a commonly used technology to measure the transcription activity (expression)
for tens of thousands of genes. Microarrays are widely used in genotyping, medical diagnosis, and
pharmacy [8], and they can be constructed by the direct synthesis of oligonucleotide or cDNA spotting.
Microarray data were developed and specified based on the properties of data obtained with the
oligonucleotide method developed by Affymetrix (HG-U133A microarray model).
DNA microarray data are standard numerical data obtained by processing the microarray images
used in the experiment. Each image reflects a gene activity profile for a genetic material tested with a
specific microarray. Processed image data are converted into a table of numerical data, where each row
corresponds to a specific gene and each column to a tested sample. Each column presents a gene
expression profile for a specific sample, and each row presents an expression level for each gene for all
analyzed genetic materials. The table size depends on the microarray model and the number of tested
samples. The type of microarray determines the number of rows, which are constant for the applied model
(for example, for HG-U133A by Affymetrix, is 22283), and the number of used microarrays corresponds
to the number of columns. The data are the basis for all tests and analyses.
A well-designed microarray database can provide valuable information on gene expression levels
[1, 2, 4, 5]. The migration of data from a microarray experiment to a relational database is a simple
process, generally involving the design of a suitable table within the DBMS. However if data from
several experiments are to be stored, a problem will occur with in determining a suitable number of
columns for the relational database. For each experiment, a different number of microarrays can be used,
and the general number of columns cannot be determined in advance. Admittedly, one can assume that
the experiment will include, for example 256 samples. However this fixed allocation of samples, is not
a perfect solution, since it limits the possibility of using the database in experiments where the number of
1
2

Institute of Computer Science, Division of Biomedical Computer Systems, University of Silesia, Katowice, PL
Institute of Computer Science, Division of Information Systems, University of Silesia, Katowice, PL

MEDICAL DATA CLASSIFICATION METHODS

samples exceeds the number assumed for the database design. Additionally, for experiments with smaller
numbers of microarrays, the table will include unused columns and NULL values, which represent
a superfluous load at the data processing stage.

Fig. 1. An example of microarray data. Table section with experimental data - activity of 22,283 genes in 10 samples. 10 HG-U133A
microarrays by Affymetrix were used. The data were pre-processed. Author's own data from DNA Microarray Laboratory of the Department
of Molecular Biology of the Medical University of Silesia.

An interesting alternative to a relational model is the EAV model promoted by the authors [2, 7].
Similar to the relational model, the data are also stored in tables. However, with the EAV model, the
tables include 3 columns (entity ID, attribute name and attribute value) [6, 7]. With specific reference to
microarray data, EAV model tables [15, 16, 17] will include the following columns: sample/microarray
ID, gene ID and expression value (Fig. 2).

Fig. 2. Entity-relationship diagram. Simple database design based on EAV model. Author's own data.

EAV model application in database design allows storage of data from several microarray experiments in
a single table, where the data are diversified by the microarray type and the number of samples. An
advantage of this approach is that it does not limit the number of attributes, and it is not burdened with
NULL values.
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At the same time, the EAV data structure leads to an undesirable increase in the number of rows in the
table [6]. Numerous rows are a significant impediment in creating complex SQL queries, since applied
microarray data analysis methods (e.g., Significance Analysis of Microarrays [14] or cluster analysis
[14]) require a standard data layout, as illustrated in Fig. 1. Therefore, a main criterion for usefulness of
EAV model in a specific database system is the availability of a cross table feature. With this feature, data
columns and rows can be selected and rotated to change the structure of data, creating a typical
microarray experiment table, having the structure compatible with the EAV model.

2. METHODS
Two comparative analyses were conducted to investigate whether the EAV model can be used with
an open-source database system for efficient DNA microarray data storage. The first analysis compared
the most popular database systems in terms of accessibility of cross table development functionality.
Systems offering no such feature were excluded from further analysis. Another criterion subject in
conduced analysis concerns the processing of performance of DNA microarray data (consistent with the
EAV model in selected DMBS systems). These analyses were conducted on a PC (CPU: Intel Core 2 Duo
CPU, RAM 4 GB) with Windows 7 Professional 32 bit.

3. RESULTS
3.1. COMPARATIVE ANALYSIS OF AVAILABLE CROSS TABLE FEATURE IN DBMS
Several database management systems are currently available. The most popular versions, based on
Google search engine ratings (see Figure 3) were included in the study. The comparative analysis covers
only the free DBMS versions.

Fig. 3. Google search engine ratings of the DBMS. DBMS marked green were included in the comparative analysis.
Author's own data based on [http://www.google.pl].

The following systems were included: Microsoft SQL Server 2008 Express Edition, Oracle Database 10g
Express Edition, DB2 Express-C 9.7.2, MySQL 5.1 and PostgreSQL 9.0. The analysis demonstrates that
a dedicated and convenient method of creating cross tables is only provided by Microsoft SQL Server
2008 Express Edition and PostgreSQL 9.0 (see Table 1).
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Table 1. Benchmarks. List of selected database management systems regarding cross table feature [9, 10, 11, 12, 13]. Author's own data.

Database management system
Microsoft SQL Server 2008 Express Edition
Oracle Database 10g Express Edition
DB2 Express-C 9.7.2
MySQL 5.1
PostgreSQL 9.0

Cross table feature
YES, PIVOT relational operator
NO
NO
NO
YES, CROSSTAB function

Thus, Oracle Database 10g Express Edition, DB2 Express-C 9.7.2, and MySQL 5.1 systems were
eliminated from further study, since no cross table feature is available.
3.2. COMPARATIVE ANALYSIS OF AVAILABLE CROSS TABLE FEATURE IN DBMS
The DBMS usability analysis included a comparison of the time required to create a cross table
based on the EAV table (see Fig 1) for 25, 50, 100 and 200 DNA microarrays. Fig. 4 provides the test
results. Significantly better results were obtained using Microsoft SQL Server 2008 Express Edition,
where the cross table creating method is based on an embedded PIVOT relational operator.

Fig. 4. Comparison of DBMS efficiency. Comparison of efficiency of cross table creation depending on the data quantity. Author's own data
from DNA Microarray Laboratory of the Department of Molecular Biology of the Medical University of Silesia.

In the case of PostgreSQL 9.0, the cross table is generated with a standard function written in C
programming language, which is much less effective.

4. CONCLUSIONS
The EAV method was shown to be eligible for use in freely available versions of DBMS software
as an optimum storage model for DNA microarray data. In view of the data processing methods offered
by developers (and in particular, the availability of a simple method for the creation of cross tables),
Microsoft SQL Server 2008 Express Edition and PostgreSQL 9.0 are recommended as the preferred
methods. Microsoft SQL Server 2008 Express Edition proved to be the most efficient in the tests;
however, it cannot be considered as the best choice due to its limited maximum database capacity of 4 GB
(10 GB in the R2 version).
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