
DNA MICROARRAYS: A HIGH- 
THROUGHPUT TECHNOLOGY 
Nathalie Corneau, Franco Pagotto and 
Jeffrey M. Farber, Health Canada, Ot- 
tawa, Ontario. Phone: (613) 952-4577; 
Email: nathalie-corneau@hc-sc.gc. ca 

In the last few years, DNA microarray technol- 
ogy has emerged as one of the most powerful 
tools in the biotechnology field. Microarrays 
(also known as biochips or chips) are a series 
of DNA molecules of known sequences (called 
probes), fixed on a substrate (glass or nylon) at 
a defined location. Microscope glass slides are 
the most commonly used support for high den- 
sity DNA microarrays. Although standard mi- 
croscope slides may be used, they must be 
treated to increase the adherence of DNA to 
the glass. Researchers can purchase ready to 
print slides or a variety of ready to use mi- 
croarrays. Many biotechnology companies 
now sell mouse, rat, yeast, bacteria and human 
DNA chips. The DNA molecules used to de- 
velop DNA arrays (i.e., to print on the slide) 
can be partial gene sequences generated by po- 
lymerase chain reaction (PCR), full-length 
cDNAs (DNA molecule generated form a 
mRNA molecule using the Reverse Transcrip- 
tase (RT) enzyme) or oligonucleotides. The 
number of spots deposited on a slide range 
from a few hundred to many thousands. 

Even though DNA microarrays are primarily 
used to study genomics, the technology is still 
very expensive. To set up a DNA microarray 
facility, a laboratory requires an investment of 
at least a quarter million Canadian dollars. The 
most important equipment is a two color, con- 
focal scanner ($60 000 - $100 000) with a 
computer powerful enough to manage the data 
($3 000). A good array software for data acqui- 
sition and image analysis is also required ($5 
000). Laboratories that intend to print their 
own chips will need an arrayer ($80 000 - $140 
000) and blank slides ($5 - $10 per slide). On 

the other hand, one may choose to use a com- 
mercially available DNA chip. The cost for 
these range from $300 and $600 per slide, de- 
pending on what material is printed on the 
chip. Companies now offer automated stations 
($85 000) to facilitate reproducibility of the 
hybridization steps where the target DNA is 
annealing with the probe. 

DNA microarray technology allows the re- 
searcher to screen either selected genes or an 
entire genome at once. Applications for chip 
technology include gene discovery and expres- 
sion, detection of mutations or polymorphisms, 
sequencing, as well as detection and molecular 
typing of pathogens. The amount of data ob- 
tained from a single experiment is huge and 
tnust be carefully analyzed using sophisticated 
software(s). 

In most applications, DNA arrays are used as a 
tool for examining differential gene expression 
using two fluorescent dyes (Cy3 and Cy5) in 
which both experimental and control samples 
are hybridized to the same array (Fig.l). In this 
example, targets (i.e., free nucleic acid samples 
whose identity and/or abundance are being de- 
tected) have been prepared from rnRNA ex- 
pressed in cells grown in aerobic or anaerobic 
conditions. Studies based on bacterial organ- 
isms are more complicated. Reproducible puri- 
fication of bacterial mRNA is very difficult be- 
cause of its low concentration in total RNA. In 
addition, bacterial mRNA degrades easily and 
does not contain a poly-A tail (found in eu- 
caryote mRNA) to facilitate its purification. In 
these instances, standardised protocols tnust be 
developed for a successful experiment, as dif- 
ferent RNA extraction methods can give dif- 
ferent results. There are three ways to prepare 
targets from RNA; 1) RNA can be labelled di- 
rectly with the fluorophores Cy3 or Cy5 (most 
commonly used dyes); 2) a cDNA is produced 
and the Cy3 or Cy5 conjugated nucleotides are 
incorporated during the reverse transcriptase 
(RT) reaction; 3) the dyes can be incorporated 
in a PCR assay (following the initial RT- 
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Figure 1. Illustration of differential gene expression analysis under aerobic and anaerobic growth. Dif- 
ferent dyes allow the comparison between RNA samples from the same bacterium grown under two en- 
tirely different conditions in the same assay. @ More expression in the control (aerobic) sample (i.e., 
same gene is repressed or turned off in the anaerobic sample); Greater expression of genes under an- 
aerobic growth (as compared to aerobic growth); 0 Gene expression is similar in both aerobic and an- 
aerobic samples. 
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reaction) to increase target sensitivity. In other 
applications, targets can be made from chromo- 
somal DNA or even antibodies (e.g., in protein 
arrays). 

In array probe-target detection experiments, hy- 
bridization and washing are critical steps in 
generating high quality data. As glass is a non- 
porous substrate, the hybridization volume can 
be kept to a minimum (8-100 uL), thus enhanc- 
ing the kinetics of annealing targets to probes. 
The classical method of hybridization is usually 
done under a cover-slip. That is, the labelled 
RNA is pipetted on the printed slide, and a 
cover-slip is placed over the array(s). This setup 

allows for random and passive interactions be- 
tween the probes and their target(s) to occur. 
Hybridization cassettes have been developed to 
maintain a saturated humidity, thereby avoiding 
evaporation of the targets. An alternative to this 

I 
method is to use a specially designed cassette 

I and cover the whole chip with the hybridization , solution (- 100 uL). This method is gaining in 
popularity since the circulation of fluid can be 
controlled to allow a better interaction between 
DNA molecules (i.e., probe and target). Like a 
standard Northern experiment, for the detection 
of RNA molecules of interest, temperature and 
salt concentration must be adjusted for optimal 
hybridization to occur. Temperature is con- 



trolled by a heated plate beneath the slide or, 
alternatively, hybridization cassettes can be 
used in water baths. Stringency can be modi- 
fied by temperature variation, the use of differ- 
ent salt concentrations, or the addition of so- 
dium dodecyl sulfate (SDS) in the washing so- 
lutions in order to optimize the hybridization 
process. Finally, the slides are dried, usually 
by centrifugation, before analysis. 

In an array-based assay, sensitive and accurate 
signal output detection is imperative. A two- 
color confocal scanner is used for generating 
light of the correct excitation wavelength (550 
nin for Cy3; 650 nm for Cy5) for detection. 
The resulting image is easily imported into 
most analysis software. In theory, a DNA mi- 
croarray is made of perfectly aligned spots 
with the same diameter, in a uniform back- 
ground; in reality, this rarely occurs. This is in 
part the reason why specialized programs are 
needed to analyse the images obtained. 

There are many steps required in the analysis 
of microarrays. The first step in data analysis is 
the localisation of each spot. Most programs 
are flexible enough to capture and analyse a 
spot located anywhere on a chip. The software 
has complex algorithms that take into account 
the imperfections in the gridding process and 
the non-uniform background. To complete the 
analysis and allow the comparison of each 
positive hybridization signal, the background 
noise corresponding to the area of each spot 
has to be subtracted from the positive result. 
Following this step, the pixel intensity of each 
spot is calculated to be proportional to the 
number of dye-labelled cDNA hybridized with 
the immobilized molecules. Quantitation of 
gene expression is then possible by the analy- 
sis of a variety of known controls present on 
the same chip. 

DNA microarray technology is currently 
viewed as a powerful tool for the study of ge- 
nomics. In fact, the benefits of microarray 
technology are much greater than this. It is par- 

ticularly well suited to detect large numbers of 
probe sequences. Within the area of food bio- 
technology, DNA chips can be used for analys- 
ing transcription profiles of foodborne patho- 
gens, as well as useful bacteria such as the lac- 
tic acid bacteria. The data obtained can provide 
information on gene expression which is useful 
for studying pathogenicity, stress conditions 
responses, antimicrobial resistance, metabolic 
pathways, mutations and phage resistance. 
What makes microarray technology appealing 
is its applicability to a wide variety of appar- 
ently non-related research interests. 

Both fundamental and applied research can 
benefit from this technology. For example, 
dairy food industries can develop new cock- 
tails of microorganisms for cheese fermenta- 
tion, reducing the fermentation failure due to 
phage infection and characterizing genes re- 
sponsible for organoleptic properties. On the 
other hand, academic institutions are focussing 
their efforts on fundamental research such as 
metabolic gene expression, cancer characteri- 
zation and antibiotic resistance. Government 
laboratories can enhance their regulatory roles 
by developing DNA arrays for the detection of 
genetically modified foods and/or organisms, 
as well as foodborne pathogen detection and 
identification. 

The first eucaryotic chip was developed for 
Saccharomyces cerevisiae (Lashkari et al., 
1997). Sequences representing the entire ge- 
nome were spotted as a grid onto a single mi- 
croscope slide (i.e., up to 2 479 open reading 
frames). Following this publication, the use of 
microarray technology for the food industry 
has been described. Of the latter, the most 

I studied has been the genetics of cereals such as 

1 rice, corn and soybean (McGonigle et al., 
2000; Yazaki et al., 2000). Microarrays have 
also been developed for the comprehensive 
analysis of plant diseases (Schenk et al., 2000). 
Major foodborne pathogens (i. e., Listeria, 
Campylobacter and Escherichia coli) have al- 



ready had their partial or complete genomes 
printed on various chips. Moreover, biotech- 
nology companies now offer ready-to-print oli- 
gonucleotide sets representative of the open 
reading frames for the entire genome of many 
eucaryotic and procaryotic organisms. 

A specific example of the use of DNA mi- 
croarray technology in the area of food safety 
is the recent development of a Listeria array. 
In Canada, an average of 50 human listeriosis 
cases are reported each year (Farber and Pe- 
terkin, 2000). Because the majority of listerio- 
sis cases are caused by only three serotypes 
(1/2a, 1/2b and 4b), improved molecular typ- 
ing methods are constantly being developed to 
differentiate isolates. A DNA lnicroarray has 
been developed in our laboratory for the detec- 
tion and typing of L. monocytogenes from 
food, clinical, or environmental samples. The 
expression patterns of different strains is ob- 
tained by the hybridization of targets (cDNA 
molecules representative of total cell's RNA) 
to the chip. Each expression pattern is analysed 
and then compared to the other. This method 
of identification is very sensitive and could be 
used as a diagnostic platform for improving 
food safety. Moreover, the specific design of 
this chip allows the virulence potential deter- 
mination of various L. monocytogenes isolates 
to be assessed. The use of animal models may 
eventually be replaced by in vitro, microarray- 
based, pathogenicity assays. 

Microarray technology is currently having its 
biggest impact on the understanding of gene 
function and expression. It is being used to 
complement and/or replace traditional, labour- 
intensive methods, such as Northern analysis. 
The actual limits of the chips are directly 
linked to the researcher's imagination. With 
the evolution of this technology, more eco- 
nomical ways to make and analyse arrays will 

\ 

be developed. Microarrays can benefit from 
1 fundamental studies on the technology itself, i. 

e., DNA interaction, hybrid stability, probe at- 
tachment, etc. The understanding of such basic 
biophysical and biochemical interactions will 
greatly speed up technological developments 
in the field and make its use in all areas of sci- 
ence even more far reaching. 
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