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ABSTRACT

The present work shows a bibliographical compilation about DNA microarray technology. First, a brief summary is
presented with the most important historical aspects that gave rise to this technology in the field of biotechnological research, until it became one of the most significant tools in the field of medical diagnosis. The concept of DNA
microarray is clearly defined and an important emphasis is made on the main variants within this technology: oligonucleotide microarray and cDNA microarray. Subsequently, the major differences between the two DNA microarray
classes are mentioned to culminate showing the advantages and disadvantages that each one has when it is time
of a gene expression analysis. Furthermore, some applications that this technology offers in the biological-clinical
field are cited. Finally, this work indicates the latest technological advances in data analysis from a bioinformatic
approach and a pithy explanation is made about the use and operation of microarray databases.
Key words: cDNA microarray, oligonucleotide microarray, microarray applications, microarray analysis, microarray
databases.

RESUMEN
El presente artículo es el resultado de una compilación bibliográfica acerca de la tecnología de microarreglos de
ADN. Primero, se realiza una breve recapitulación de los aspectos históricos más importantes que dieron paso a esta
tecnología en el campo de investigación biotecnológica, hasta llegar a ser una de las herramientas con mayor significancia en el campo de diagnóstico médico. Se define claramente el concepto de microarreglo de ADN y se hace un
fuerte énfasis en las principales variantes dentro de esta tecnología: microarreglos de ADNc y microarreglos de oligonucleótidos. Ulteriormente, se mencionan las mayores diferencias entre las dos clases de microarreglos de ADN,
para culminar mostrando las ventajas y desventajas que ambos tienen a la hora de realizar un análisis de expresión
génica. Además, se citan algunas aplicaciones que esta tecnología ofrece en el campo biológico-clínico. Finalmente,
se indica los avances tecnológicos más recientes en el análisis de datos desde una perspectiva bioinformática y se
realiza una breve explicación acerca del funcionamiento y uso de bases de datos de microarreglos.
Palabras claves: microarreglo de ADNc, microarreglo de oligonucleótidos, aplicaciones de microarreglos, análisis de
datos de microarreglos, base de datos de microarreglos.

Introducción
The publication of the complete decoding of
the human genome by The Human Genome Project
(HGP) in 20031 brought to light the latent complexity
that encompasses gene interaction in the phenotypic
expression of each human being. Where, to control the
necessary cellular mechanisms that mediate the transformation of a fertilized ovule into a mature human
body and then keep it alive requires the intervention
of every single gene2. Each one of these regulated in a
unique and precise way in relation to its location and
its degree of expressivity so that together and working
in a harmonious way give as final result life. Because
of this, and in order to have a better understanding
of the development of organisms, factors involved in
the onset of genetic diseases, or simply to monitor the
fluctuating expression of a single gene on a cell under
specific conditions, it became imperative to create tools
that allow efficient registration of the interactions between the basic macromolecules that regulate each vital cycle3.
Classically, the techniques or tools that were used
in the laboratory to perform the activities of gene monitoring were Southern and Northern blotting but
because of the digitization of research tools in the last
two decades these techniques were replaced by microarray technology4. The introduction of this new

tool in the biotechnology field allowed a much more
efficient quantitative and simultaneous monitoring of
the expression of thousands of genes5. Being DNA microarray the most significant, important and best developed technology of all types of microarrays6.
The development of DNA microarray technology
in 1995 was founded with the refinement of the technique for the formation in-situ of oligonucleotides called
photolithography and the creation of the first cDNA
library in 1992 and 1994 respectively6. In 1997 the first
quantitative and simultaneous monitoring of the gene
expression in one in a specific class of yeast, Saccharomyces cerevisiae, was obtained7. The improvement
in the efficiency of this technique allowed in 2003 to
be introduced in the clinical field with a focus on improving the techniques of medical diagnosis8. Finally,
in 2004 this technique allowed to study the gene expression of the entire human genome in a single layer
of DNA microarrays9.
As evidenced in the previous paragraph, this is
a technology that has undergone significant advances
in terms of its refinement that have been relatively fast
and whose theoretical foundation is essentially based
on macromolecular complementarity5. In a more detailed way, a DNA microarray works through a mechanism that is composed of the following elements: a)
target: which, in DNA microarray, is specifically a defined sample of DNA previously marked immersed in
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a solution; b) labels: these are markers placed in the target DNA
samples that when they undergo a change in their biochemical
medium reacts by showing a specific color or a specific wavelength; c) probes: they are DNA sequences corresponding to specific
genes placed on a solid support which will serve to determine the
degree of gene expression exhibited by a particular cell; and d) a
solid support, which is the place where DNA probe sequences are
anchored10. Thousands of slits are placed in a rectangular holder
where each contains many pieces of DNA or DNA probe3. The
mRNA is extracted from a sample cell and the reverse transcription process is performed with the reverse transcriptase enzyme
to obtain cDNA, thereby indicating which gene or which gene
set is highly expressed by the mRNA of the cell sample11. Each
cDNA copy is labeled with a fluorescent or radioactive label type.
The amount of hybridization that a cDNA sample displays with a
specific plate of DNA microarrays is measured by scanning the
wavelength or color change that each spot of the backing plate
presents12. In this way, this process can be summarized as the set
of 5 experimental steps13, which are: 1) biological query; 2) preparation of the sample; 3) biological reaction; 4) data visualization;
and 5) modeling.

Características
DNA microarray overview
DNA microarray could be defined in two ways, as an arrangement of known sequenced genes printed on a solid support e.g.
glass microscope slides, silicon chips, plastics, nylon membrane,
as well as a technology used to analyze and detect gene expression

and mutations respectively14. DNA microarray makes possible to
identify genes that are being expressed due to changes in environmental parameters, cellular differentiation and mutations in metabolic pathways. Therefore, this technology is considered as an
effective tool for genome-wide expression profiling15. DNA arrays
are printed with DNA, cDNAs, oligonucleotides (synthetic) or
PCR products that normally represent a gene; an important advantage of DNA microarray is that it allows to study hundreds to
thousands of genes at the same time, even an entire genome of an
organism14.

cDNA microarray vs oligonucleotide microarray
There two types of DNA microarrays, cDNA microarrays
and oligonucleotide microarrays5. Both microarrays are based
on base complementarity and show the abundance of transcripts;
usually two mRNA samples are prepared, the control and experimental sample, these mRNA samples are converted into cDNAs
with reverse transcriptase16 and can be labeled with fluorophore,
silver, chemiluminescence17. In the case of cDNA microarrays each
sample is prepared with a different label and then both samples are
mixed to finally be spotted in the microarrays where probes are
ready to hybridize complementary sequences as in Figure 1. On
the other hand, in oligonucleotide arrays, both samples use the
same label, but the labeled cDNAs of each sample are hybridized
in separate arrays16 as in Figure 2.
There are other differences between cDNA microarrays and
oligonucleotide microarrays. In this last one, probes are printed
or synthesized in situ usually by photolithographic deposition –
the quality of the DNA chip depends on this technique- while in
cDNA microarrays the probes are pre-fabricated and then robo-

Figure 1: Schematic process of the operation of cDNA microarray technology.
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Figure 2: Schematic process of the operation of oligonucleotide microarray technology.

tically printed on the glass slide16. Another characteristic to take
in consideration is that oligonucleotides arrays contain probes
with short fragments of DNA of about 25 base pairs while cDNA
microarrays probes have long fragments of DNA from hundreds
to thousands of base pairs5. Because this technology has been
advancing considerably these last years, many DNA microarrays
with different characteristics (e.g. longer probes, RNA probes,
DNA probes, improved microelectrode arrays, higher resolution)
are available in the market and these are some of the commercial
arrayers: Affymetrix, Invitrogen, Genome systems, Silicon genetics Biodiscovery, Genetix, Xeno5.
The use of a specific type of DNA microarray is going to depend on what the investigation is about, but also on the resources
available for it. That is why the review will show some advantages
and disadvantages of each type of DNA microarray. cDNA microarrays have better detection sensitivity (probes are longer), a
lower cost, and do not require specific equipment; actually, most
of the equipment is often available in the laboratory. However, the
time required to synthesize, purify and store DNA solutions before
the fabrication of the microarray, along with more printing devices required and cross hybridization comprise the disadvantages
of cDNA microarrays. On the other hand, oligonucleotide microarrays have some benefits too such as faster generation of the
array, better specificity, less contamination and reproducibility. Not
having to deal with the preparation and correct handling of probes (PCR products, cDNAs) reduce time, contamination and the
possibility of mix up. The design oligonucleotides are printed on
the arrays and the use of multiple short sequences (base mismatch
strategy in the center of an additional partner sequence) help to
increase specificity and reproducibility. However, oligonucleotide
microarrays are much more expensive than cDNA microarrays
because specialized expensive equipment -for hybridization, labelling, washing, and analysis- is needed. Also, sensitivity can be
affected, but multiple probes can solve that problem14.
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DNA microarray applications
DNA microarrays are useful to analyze the transcripts of
cancer cells making a gene expression comparison with normal
cells. The data obtained from the DNA microarray images can be
used to identify patterns with similar transcriptional activity and
therefore to group together genes that are related with cell proliferative state. In other words transcript profiling and clustering are
power tools for sub-classification of tumor types which may lead
to a better diagnosis and therapy of cancer16. Besides, important
studies have been made in mitosis and meiosis -an analysis of
chances in gene expression at different times- of budding yeast.
Cho et al. used synchronized cells at a homogenous cell-cycle state while Spellman et al. used an asynchronous vegetative culture.
In the first case 416 periodic transcripts were identified whereas
in the Spellman et al. experiment 800 periodic transcripts were
observed16. These examples show another potential application
of DNA microarrays in the study of periodic cell-cycle genes of
other organisms.
Another interesting application of DNA microarrays is in
the field of stress response and aging, gene expression of cells
varies depending on the environmental conditions by which are
surrounded. Human myeloid cells have been analyzed after being treated with genotoxic agents and ionizing radiation and unsuspected genes were expressed as a result18. In this study, many
cellular responses took place such as DNA metabolism, signal
transduction and cell-cycle control16.
In another study calf muscles of young and old mice (stress
of age) were evaluated and 113 genes were observed19, many of
them related with energy metabolism, protein turnover, stress
response and other pathways. What was found in this study is
that caloric restriction (increases lifespan) prevent the transcription many of the 113 genes16. These studies are some applications
for DNA microarrays, however this technology has advanced in
such a way that another review paper is required to explain the
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known and the new DNA microarray applications that are still
been discovered.
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Feature selection methods which remove trivial features
(e.g. gene probes that only have low levels of activity), are now
required due to the size of the data generated in these last years.
They differ from feature extraction methods because they do not
change the normal representation of the data21. Besides, these methods are based on feature selection algorithms which are divided
in three groups: filters, wrappers, and embedded techniques21, 22.
The filters do not use any classifier and remove features without
the use of any learning techniques contrary to wrappers which
use those techniques to appraise useful features21. Furthermore,
embedded techniques usually use learning techniques to make
selections that depend on specific classifier algorithms22. This
technique tends to be more computationally efficient than wrappers which are usually computationally inefficient, however the
most efficient in this aspect are the filters21.
On the other hand, feature extraction methods combine
variables in order to give a new variable and therefore reducing
the dimensionality of the features that were combined. These methods are based on feature extraction algorithms are divided in
two groups: linear and nonlinear. In Figure 3 these two kinds of
problems are represented. In a linear feature extraction (LFE) the
reduction of the dimensionality is done by a linear matrix factorization on a dimensional linear subspace that is lower. Instead,
nonlinear feature extraction (NFE) has diverse ways to perform
the dimensionality reduction; it can find nonlinear relationships
among features on a low and high dimensional space21. In a LFE,
principal component analysis (PCA) is a widely used extraction
algorithm23 and is complemented by supervised principal component analysis to guarantee that the principal components of the
dataset belong to the class variable24. In NFE, lifting functions,
kernel functions, Isomap algorithms (manifolds) and Kernel
PCA have been used21.
We have seen that feature selection and feature extraction
are useful techniques to reduce irrelevant features, precisely to
decrease the dimensionality of them. However there some advantages and disadvantages between these two techniques. Feature
selection maintain the characteristics of the data, in other words,
the data preserve its normal representation for interpretability.
But the problem with this technique is that it has a low discriminative power and a reducing overfitting. On the other hand,
feature extraction has a high discriminative power and can control overfitting, but the characteristics of the data can change and
its transformation could be more expensive21. After this feature
selection or feature extraction to improve and prepare the data, it
can be classified and clustered by classifiers25 and various software such as CLIC, FIGS, SEURAT, AutoSOME, ConsensusCluster,
GcExplorer and so forth5.

Data analysis
Next to the step of macromolecular hybridization between
the specific samples of labeled DNA with the DNA probes continues the data obtained analysis process to finally result in the
interpretation of results. To carry out this analysis, the microarray
plate is scanned by a scanning confocal microscope with the objective of producing data in the form of images that will later be
transmuted into numeric data sets2. In order to make this numerical information meaningful, in the context of results interpretation, the obtained sets of numerical data are "normalized"4. That
is, the data sets are parameterized to obtain systematic differences
among them. As mentioned by Terca4 a clear example of normalization is the reforming of dye intensity values to compensate
for the efficiency of DNA markers in a dual-channel microarray
experiment where labels that reflect two different colors have
been used. After normalization, a statistical analysis is needed by
softwares such as ICEP or Nexus Expression then clustering and
classification methods are applied5.
However data analysis tends to be complicated because of
large amounts of data that microarrays provide; specific algorithms have been developed by the scientific community to guarantee quality control 20. In each sample (data point) of a microarray
it is possible to find up to 450,000 gene probes (variables). For
this reason, it is essential to remove features that are irrelevant
and redundant to reduce the dimensionality of the data; the
problem with high dimensionality is that more information is
required and the computational cost is higher. Then when there
is many variables and a small number of samples, large datasets
can have overfitting that lead to an increase in noisy features and
classification errors. Noisy data can increase complexity in the
proposed models and reduce the efficiency of machine learning
algorithms. However, to solve the high dimensionality problem,
these techniques are usually applied: feature subset selection and
feature extraction21.

Microarray databases
As a result of the analysis and monitoring of data obtained
by some of the types of DNA microarray we have the generation
of an enormous sequence of more data that must be conserved
in two possible ways: a) through the use of specific software that
fulfill the role of a database on a local scale and to store the data
obtained on-site, and b) databases that act as mass storage of public information. In this case, it is necessary to take into account
three aspects necessary for the dissemination of data coming
from the microarray, which are: 1) follow standard parameters
for data collection, 2) adhere to standard parameters established
for the exchange of data, and 3) use the public information stores
kindred to DDBJ, EMBL, and GenBank. Minimum Information
About Microarray Experiment (MIAME) and Microarray Gene
Expression Markup Language (MAGE-ML). MIAME is the standard format for data collection and MAGE-ML is the file format
based on XML data exchange which was grown-up by Microarray
Gene Expression Data (MGED) society and Object Management
Group (OMG)3, 26. As reference, Table 1 shows a bibliographic
compilation that contains the most available microarray databa-

Figure 3: A) represents a linear problem while B) represents a nonlinear
problem.
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Table 1: Bibliographic compilation of microarray databases.
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ses which follow the data dissemination parameters mentioned
above

CONCLUSIONS
Microarrays are emerging technologies in the field of biotechnology whose development and refinement has been concentrated in the last two decades. By allowing the simultaneous and
efficient monitoring of the gene expression of thousands of genes,
it has come to occupy the functional role of classical techniques
such as southern and northern blotting. The technical progress
of DNA microarray technology since its inception in 1995 has
allowed it to be considered as a strategic tool in the clinical field
of medical diagnosis. The theoretical scheme of this method is
based on the interaction of various elements (target, labels, probe, and solid support) among themselves applying the biological
principle of macromolecular complementarity.
The use of cDNA or oligonucleotide microarrays will depend
on the resources, equipment and the time available for the researcher. cDNA microarrays have a better sensitivity, lower cost, and
the equipment needed are normally present in a laboratory while
oligonucleotide arrays have a better specificity, less contamination, reproducibility is easier and the generation of the array is
faster. However, cDNA microarrays require more time to prepare
the probe; synthesis, purification and storage of DNA solutions
requires more work and contamination could be a problem. Another problem is the specificity because cross hybridization can
occur. Likewise, oligonucleotide microarrays are more expensive than cDNA microarrays (specialized equipment is needed to
prepare and analyze the microarrays) and not all researchers and
their laboratories can afford that. Sensitivity could also be a problem if multiple probes are not used.
One of the most important steps in the quantitative monitoring of gene expression is data analysis. This process involves
the transmutation of data in form of images to numeric data sets.
After this and following processes that include the parameterization of data, biologically meaningful information is obtained that
can finally be analyzed, interpreted and presented in the form of
results. Finally, all the data obtained from the data analysis are
stored in databases according to standardized parameters and
formats related to data collection and exchange of results.
The adequate preparation of DNA microarrays, its analysis
and to store the information obtained from it in databases make
possible a better understanding of cellular processes (DNA metabolism, signal transduction, cell-cycle, etc.). This is used to study
cancer, mitosis and meiosis, cellular responses to stress (changes
in the environment), infections, diseases and so forth, precisely to
find better mechanisms for diagnosis and treatments in the medical field. DNA microarrays have been improved these last decades
that is why this technology has many applications, some of them
which are still been discovered.
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CERTIFÍQUESE EN ENSAYOS CLÍNICOS
Clinical biotec en conjunto con la Universidad de las Americas (UDLA) ofrece el curso Inicial
para establecer las bases científicas en el desarrollo actual de los Ensayos Clínicos :
ESTRUCTURA Y ENTORNO DE LA INVESTIGACIÓN CLÍNICA. CONCEPTOS BÁSICOS EN LA INVESTIGACIÓN CLÍNICA.
Primer módulo: Se trabajará en la adquisición de los conceptos básicos necesarios y relacionados con el desarrollo preclínico sus conceptos
y etapas en las que se realizan dentro de la investigación clínica. Además se desarrollaran los conceptos básicos Ensayos Clínico de eficacia y
seguridad dentro de este tipo de investigación y el método científico en los Ensayos Clínicos.
Conferencias:
1) Investigación Clínica: Desarrollo de fármacos y Biofármacos.
2) Preclínica concepto fases y etapas a desarrollar en la concepción de los productos farmacéuticos.
3) Ensayos Clínicos: Concepto y Generalidades
-

ORGANISMOS Y ACTORES PARTICIPANTES EN LOS ENSAYOS CLÍNICOS: ENTORNO REGULATORIO

Segundo Modulo: Introducción al entorno de la Industria Farmacéutica a nivel nacional e internacional, conocimiento de los diferentes
actores, organizaciones, actividades, funciones, normativas que regulan esta investigación a nivel Nacional e Internacional.
Se abordarán con detalle las estructuras y organigramas profesionales que participan en el desarrollo y gestión de los Ensayos Clínicos.
Se plantearán con gran detalle los diferentes aspectos éticos y legales, a nivel local, europeo e internacional. Legislación FDA, EMEA y
AEMPS. GCP, ICH, Declaración de Helsinki
Conferencias:
4) Aspectos éticos y Legales de los Ensayos Clínicos.
5) Entorno regulatorio de los E. Clínicos, Agencias Reguladoras Internacionales y Nacional.
DISEÑO Y FASES DE LOS ENSAYOS CLÍNICOS
Introducción al conocimiento en los diferentes tipos de Ensayos Clínicos y proyectos de investigación, así como sus diferentes fases de
desarrollo y procedimientos de gestión y ejecución. Conocimiento detallado de los elementos diferenciales en cuanto al tipo de estudio, diseño,
objetivos y área terapéutica.
6) Diseño, aleatorización y tipos de Ensayos Clínicos.
7) Diseños estadísticos en los Ensayos Clínicos y sus Variables.
8) Fases de los Ensayos Clínicos
9) Estudios Observacionales y Epidemiológicos.
DOCUMENTOS ESENCIALES PARA LA APROBACIÓN DE LOS ENSAYOS CLÍNICOS
Cuarto Modulo: Abordaremos la documentación actual y aplicable al desarrollo y aprobación de los Ensayos Clínicos por medio de ejemplos prácticos.
Documentos esenciales para el desarrollo y procesos de aprobación de los diferentes tipos de estudio
Manejo de los ICH.
10) Documentos esenciales en los Ensayos clínicos: Protocolo, Manual Farmacéuticos, Cuadernos de Recogida de Datos y Formulario de
Consentimiento Informado
11) Escritura de Informe Final y Análisis Interinos. Publicación de los Ensayoa Clinicos.
Nota: Todo el curso estará basado en actividades prácticas referentes a trabajos presentados por los estudiantes e interacciones con los
profesores a partir del aula virtual.

Metodología: 4o horas total, 20 horas presencial 50% y 20 horas ONLINE 50%. Se activarán aulas virtuales semanalmente y
cada alumno tendrá la posibilidad de solicitar a su Tutor, tutorías virtuales según se requieran en dependencia de la complejidad
del tema. .

PERFIL DEL ESTUDIANTE:
El curso estará dirigido hacia Titulados Superiores, preferentemente en el área de Ciencias de la Salud preferentemente en Medicina aunque igualmente lo puede recibir profesionales afines o que se desarrollen dentro del campo de la Investigación Clínica.
(Biología, Farmacia etc.), enfocados a la realización de los ensayos clínicos con sus diversas aristas relacionadas con el desarrollo
clínico como investigadores y departamentos médico-científicos con presencia en un mercado global y colaborando en la correcta
ejecución de protocolos internacionales de investigación clínica.
...más información e inscripciones online http://clinicalbiotec.com/cursos.html

