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Abstract. For an effective integration of microarray-based technologies in clinical 

settings a number of contributions from biomedical informatics technologies and 

techniques are needed to facilitate the improvement of the phases of experimental design, 

image analysis, data management, annotation, and analysis. In this communication we 

briefly present the state-of-the-art in the application of biomedical informatics to 

laboratories conducting microarray experiments and how our unit is coping with these 

requirements imposed by the routine clinical work of the National Centre of 

Microbiology, a reference laboratory for the Spanish Health System.
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Introduction

Microarray technology is being integrated into basic biomedical research and is 

becoming a fundamental molecular monitoring tool in clinical microbiology settings, 

especially for diagnostic applications due to the possibility of multiplexing the 

simultaneous detection of several pathogens in a single reaction [1, 2, 3]. Most of these 

clinical applications are based in the development of DNA microarrays for the 

detection of specific genes or gene regions in pathogens, but others are based in protein 

(ELISA microarrays) or other immobilised molecules. Clinical microbiologists can also

apply microarray technology from other approaches such as analysis of gene 

expression to monitor microbial metabolism and screening of regulons to study 

microbial response to drugs, environmental changes, genome organization, and 

evolutionary studies [4]. 

Many software development projects have emerged in response to the needs of 

postgenomic research projects focused on laboratory information management [5],

scripting and programming language (bioperl, biopython, biojava, bioruby…) [6],

database integration [7] and data models and ontology development [8].

Along with this increasing diversity of laboratory techniques and uses of microarrays 

there is an increasing need of specific biomedical informatics tools in some areas of the 

field of microarray applications in clinical microbiology  that  are not covered by the 
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solutions designed and developed for gene expression studies, mainly in cancer 

research.

The aim of this work is to identify some of the biomedical informatics needs detected 

in a microarray laboratory focused on clinical microbiology (Figure 1) and how these 

user requirements could benefit from different synergistic developments of 

bioinformatics and medical informatics techniques and methods [9]. 

 

1. Material and Methods

1.1. Biomedical informatics and Microarray Design 

Technological advances have boosted the field of microarray experiments. Although 

they represent high-throughput methods microarrays must be carefully designed in 

order to obtain useful data for clinical applications. Therefore design steps are key 

processes for the success or failure in the routine use of microarrays. In most of the 

clinical microbiological applications of microarrays, the design process is focused on 

the detection of probes that are capable to characterize and specifically identify the 

organism or organisms of interest. Therefore the initial step of design consists of 

Figure 1. Biomedical informatics technologies of application in the different phases of a microarray

experiment in a clinical microbiology context.
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querying sequence databases and retrieving information. The target is the sequence of 

DNA to be amplified and fluorescently labelled. The strategy used to design it involves 

interrogating complete genome sequences stored in specific databases as the 

Comprehensive Microbial Genome [10] and expressed sequence tag databases

available in the public domain. This step is problematic due in some cases to the vast 

amount and high redundancy of available sequence data or in other cases to the lack of 

available sequences in databases. At this point considerable effort has already been 

spent in generating EST libraries for the design of microbial genome microarrays.

Microarray probe design tools are very inefficient for large genomes and many existing 

tools operate in a batch mode. There are now several technologies that are useful for

the design of microarrays for a selected set of model organisms based on Gene 

Ontology (GO) classification or using UniGene clusters [11].

Specificity of the designed oligonucleotides has to be checked with BLAST (Basic 

Local Alignment Search Tool) [12] and smart filtering techniques, which are employed 

to avoid redundant computation while maintaining accuracy.

1.2 Data management and annotation for Clinical Microarrays 

Managing a microarray laboratory, especially for clinical use, typically involves good

organization and sound tracking of experiments and samples data, including 

information on clinical samples, treatment, and experimental results. The use of 

Laboratory Information Management Systems (LIMS) addresses this problem by 

storing information with rigorous data entry mechanisms to prevent inaccuracies and to 

avoid redundancy. LIMS represent repositories of raw data associated with 

experiments, and are extremely useful as transient repositories before final submission 

of experimental microarray results to public databases, such as Gene Expression 

Omnibus (GEO) [13] or ArrayExpress [14]. 

1.3. Image Analysis Techniques in Microarray Experiments

In medical image processing the image content is often represented by features that are 

computed from the pixel matrix in order to extract features that support the 

development of reliable clinical diagnostic systems. In the case of microarray images 

there are some added difficulties for image analysis because many features are of 

abstract nature, as for instance those derived from a wavelength transform function.

After a reaction, microarrays are scanned and image analysis software determines the 

raw values using a data file that identifies the features and defines their dimensions and 

locations. Data stored in a tagged image file format (TIFF) is quantified by the image 

analysis software. To quantify microarray images it is necessary to ensure the quality 

of the signals and to prevent artefacts. Finally, the arithmetic mean or better median of 

the foreground and background pixels is calculated and data is obtained in the form of 

a table [15]. 

1.4. Microarray Data Mining Techniques 

Before obtaining microarray results and applying sophisticated statistics, it is important 

to adequately normalize the data. A number of normalization methods have been 

proposed to correct systematic biases resulting basically from different amounts of
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DNA used for labelling, different efficiencies of the Cy-3 and Cy-5 dyes in the 

labelling protocols, and different detection efficiencies of the dyes [16]. In gene 

expression experiments, fundamental patterns are extracted by several clustering

methods like hierarchical clustering, self organizing maps and support vector machines. 

Lastly, the use of additional knowledge sources in the microarray data analysis process 

can improve the discovery and validation of clinical hypothesis. Information on 

sequence and structure, gene and protein interactions, function annotation and 

ontologies, or genetics and metabolic pathways can significantly complement any data 

analysis and improve its results.

2. Results

2.1. BUSSUB, a tool for designing clinical microarrays 

The use of oligonucleotide microarray technology requires a very detailed attention to 

the design of specific probes to be spotted on the solid phase. They must have high 

sensitivity to detect a target gene and must be unique with high specificity. Parameters 

such as probe length, number of oligonucleotides, maximal distance from the 3 end,

melting temperature range, threshold to reject secondary structures and prohibited 

sequences have to be considered in order to obtain an efficient design. In addition, the 

designed oligonucleotides must be computationally optimized to achieve greater

specificity and uniformity and to perform optimally under the same melting 

temperature and other experimental conditions, reducing the noise due to cross-

hybridization. Although there is an increasing number of publicly available genetic and 

molecular analysis programs for microarray oligonucleotide design, most of them use 

the same algorithm or criteria with only scarce variation [17]. None of them gathers the 

whole set of criteria. For this reason we have developed BUSSUB [3] an amplicon 

retrieval software that simplify and boost the process of recovering sequences 

contained between two given regions. BUSSUB is essential is the first stage of 

microarray design because this system is able to deal with high complexity files 

including several complete bacterial genomes.

2.2. AMANDA, Clinical Microarray Laboratory Information Management System 

We have developed AMANDA [2] a LIMS specifically designed to store information 

about patient data, sample description, experimental resources, experimental 

parameters and conditions, and raw and processed hybridization results. The 

integration of this information into the microarray information system facilitates the 

processes of quality control and assessment of microarray experiments as well as 

further clinical interpretation of the results. AMANDA is compliant with the minimal 

information about a microarray experiment (MIAME) format [18]. This system is able 

to store, manage and visualize all the data and the information coming from several 

studies, to process it as a homogeneous dataset instead of multiple and separate sources

2.3 Image Analysis Software

Image analysis software used in our microarray laboratory carries out three

fundamental tasks: gridding (to locate each spot on the slide), segmentation (to
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 differentiate the pixels within a spot-containing region into foreground) and 

information extraction. Information extraction includes two steps: spot intensity 

extraction and background intensity extraction. Spot intensity extraction refers to the 

calculation of fluorescent signal of the foreground from segmentation process, while 

background intensity extraction utilizes different algorithms to estimate the background 

signal due to the non-specific hybridization on the glass.

Developments in image acquisition, analysis and informatics technologies are ongoing 

and are expected to broaden the usefulness of DNA microarrays. For example Stanford 

MicroArray Database (SMD) [19] has the ability to store, retrieve, display and analyze 

the complete raw data produced by several additional microarray platforms and image 

analysis software. 

2.4. Information of Clinical Microarray experiments

Most of the information resulting from diagnostic microarray experiments in a clinical 

microbiology context is qualitative (presence or absence of signal). In other cases as in 

gene expression or protein assays, data need to be analyzed in the context of clinical 

and epidemiological information in order to extract relevant knowledge useful for 

developing clinical solutions (Figure 2).

Figure 2. Implementation of biomedical informatics tools required for the production and use of clinical 

microarrays.

Data arising from microarray experiments can be normalized, filtered and analyzed 

utilizing several normalization and statistical modules available on integrative web 

based services. SMD [19] and the Bioconductor project [20] have added several tools 

and new ontologies to allow for an accurate and searchable annotation of biological 
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samples and experiments, developing and generalizing the schema for more efficient 

and flexible storage and analysis of microarray data.

 Conclusions

High-throughput technologies such as microarrays are in the process of revolutionizing 

clinical microbiology. Further research and development of new biomedical 

informatics methods and techniques is becoming an integral part of a microarray 

laboratory. In our experience, these technologies are key in the process of assigning 

experimental genomic signatures to clinical profiles and to turn data into meaningful 

and reproducible clinical and mechanistic inferences.
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