
Gene Expression and Microarray analysis 

 

 

Current advancements in the field of bioinformatics and high-throughput technologies 

such as microarray analysis are bringing a revolution in the perceptive of the molecular 

mechanisms basic to normal and dysfunctional biological processes. Microarray studies 

and other modern genomic techniques are provoking the discovery of new targets for the 

treatment of disease which is aiding drug development, immunotherapeutic and gene 

therapy.  

The microarray technology is a permutation of wet lab techniques, statistical analysis and 

application of information. It is an extension of the concepts and constitutes a very small 

arrangement of many points in rows and columns.  

The term has referred to a sequence of high density DNA spots bound to some solid 

support. The origin of this technology is the Southern Blot technique, where the capillary 

transfer of DNA to a support membrane (nylon or nitrocellulose) is used to do a southern 

blot, microarray bind DNA to a solid support (usually glass), using automated processes. 

This allows for much higher and more consistent spot densities to be realized, thus 

increasing the number of samples that can be probed at once. The immobilized DNA can 

be probed with labeled complementary sequences of DNA.   

 

DNA microarray technology is used for two major applications: 

 

(1) to identify the sequences (of gene or the mutated gene) and, 

(2) to determine the expression level of genes. 

 

Microarray for Gene Expression Profiling 

 

Gene expression profiling or microarray analysis has enabled the measurement of 

thousands of genes in a single RNA sample. There are a variety of microarray platforms 

that have been developed to accomplish this and the basic idea for each is simple: a glass 

slide or membrane is spotted or "arrayed" with DNA fragments or oligonucleotides that 



represent specific gene coding regions. Purified RNA is then fluorescently- or 

radioactively labeled and hybridized to the slide/membrane. In some cases, hybridization 

is done simultaneously with reference RNA to facilitate comparison of data across 

multiple experiments. After thorough washing, the raw data is obtained by laser scanning 

or autoradiographic imaging. At this point, the data may then be entered into a database 

and analyzed by a number of statistical methods. 

 

The following are the basic steps for gene expression study using microarrays: 
 

(1) Print and cross-link DNA Clones (probes) onto a glass slide. 

(2) Reverse transcribe mRNAs from sample tissues into cDNAs (targets) and 

label with different fluorescence dyes (Cy3 and Cy5). 

(3) Hybridize targets to probes. The amount of target hybridized to a probe is 

measured by the intensity of fluorescence emission from the probe. 

(4) Images of fluorescence emission are compared to find out differentially 

expressed genes. Those genes are annotated and further studied. 

 

 

Source: http://www.microarray.lu/en/MICROARRAY_Overview.shtml 

 

http://www.microarray.lu/en/MICROARRAY_Overview.shtml


 

The primary goal of any experiment is to generate expression information for every gene 

in the array, under some set of conditions. The gene array experiments can be designed 

for various types of studies. For example, 

 Tissues 

 developmental stages 

 genotypes 

 treatments and, 

 different times after a treatment. 

Having performed the experiment and obtained the data, the critical task remaining to 

analyze data of several computational tasks can be performed with the data and then used 

for various applications. 

 

Computational Tasks Applications 

Clustering genes Identifying which genes seems  to be regulated together 

Clustering Samples Identifying which treatments/individuals have similar 

profiles  

Classification of genes Classification of gene to a functional class 

Classification of samples Classification of samples to a class 

Inferring regulatory networks Hypothesizing the “circuitry” of the cell 

 

Every experimental step in a procedure contributes to the final experimental error. Some of 

the factors that can contribute to experimental errors are as follows: 

 

Type of Error Possible Procedural Caution 

Treatments Experimental conditions should be uniform during tissue 

preparation process 

Probes RNA isolation-use identical amounts of tissues, identical 

extraction methods. Also use minimum number of steps 

and measure amount of RNA and normalize 

concentration. 



Labelling-measures incorporation of label and normalize 

samples to same concentration. 

Amount-add some amount of label to each hybridization 

Arrays PCR products-amplify directly from bacterial cells and 

not from isolated plasmids. Also, add some amount of 

product to each spot on filter. 

uniformly spotting-use robot for microarrays. 

 

Image Analysis 
 

The first step in analyzing data is processing of the images produced by the laser scanner 

to decide the fluorescence intensity for each spot. Aligning the image with a grid 

representing the array layout identifies each spot. Once the spot has been identified and 

its boundaries are decided, the next step is to determine its intensity for the “red” and 

“green” channels arises. Image analysis provides an output that is a table with spot 

intensities and backgrounds. However, the intensities of the two dies often fall in 

different ranges. This is a systematic error resulting from different labeling efficiencies of 

the red and green dyes or different amounts of total RNA from the two samples. We need 

to normalize the intensity to allow comparisons between different slides. 
 

 

 

Areas of Microarray Technology: 

 
 

 Functional Genomics- Microarray technology is used in the area of functional 

genomics and gene annotations, i.e. in determination of the functions of large 

number of genes discovered in the sequenced genomes. The inference of gene 

functions is done from sequence similarity to genes with known functions. 

 Comparative Genomics- Microarray data from different species can be used to 

study genomics differences between the species. This can be done by 

hybridization of genomic DNA from different strains of a species, or from 

different species that can reveal some of the differences in organisms that are 

closely related. 



 DNA Microarray- A DNA microarray is a multiplex technology used in 

molecular biology. It consists of an arrayed series of thousands of microscopic 

spots of DNA oligonucleotides, called features, each containing picomoles  of a 

specific DNA sequence, known as probes (or reporters). This can be a short 

section of a gene or other DNA elements that are used to hybridize a cDNA or 

cRNA sample (called target) under high-stringency conditions. Probe-target 

hybridization is usually detected and quantified by detection of fluorophore-, 

silver-, or chemiluminescence-labeled targets to determine relative abundance of 

nucleic acid sequences in the target. DNA microarrays can be used to measure 

changes in expression levels, to detect single nucleotide polymorphisms (SNPs), 

or to genotype or resequence mutant genomes 

 CGH Microarrays- Comparative genomic hybridization (CGH) microarray or 

genomic microarrays are new generation high-throughput tools for genetic 

analysis, which enables high resolution detection of DNA copy number 

imbalances or aberrations.  

 
 

 

 

There are some of the useful websites are available like: 

 

For Protocol: Browse http://www.microarrayworld.com/ProtocolPage.html, where they 

have described the microarray process from DNA amplification to array scanning. These 

protocols encompass the most commonly used microarray platforms which include 

cDNA arrays, membrane arrays and Affymetrix gene chips. 

 

For Instruments: Browse http://www.microarrayworld.com/InstrumentPage.html, where 

they have provided useful links to specific manufacturers of the instruments required to 

develop a microarray platform including robots and scanners. 

 

For Software: Browse http://www.microarrayworld.com/SoftwarePage.html,where they 

have included links to powerful academic and commercial programs that are useful for 

managing microarray data and analyzing results. 

 

For Database: Browse http://www.microarrayworld.com/DatabasePage.html, where 

public data repositories and others that may be mined for gene expression data. 

http://www.microarrayworld.com/ProtocolPage.html
http://www.microarrayworld.com/InstrumentPage.html
http://www.microarrayworld.com/SoftwarePage.html,where
http://www.microarrayworld.com/DatabasePage.html


 

For Validation: Browse http://www.microarrayworld.com/ValidationPage.html), where a 

set of links are provided for the quantitative "real time" PCR resources. These include 

primer design programs, real time PCR primer set databases, and commercial instruments, 

kits and services. Collectively, these resources will greatly assist researchers in finding 

information related to gene expression profiling. 
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