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Abstract

Immense amounts of genetic information are contained within microbial genomes. As the number of completely sequenced
microbial genomes is increasing, functional and comparative genomic techniques will be employed for sequence analysis and
gene characterization. Sequence comparison and expression profiling by DNA microarrays can determine phylogenetic
relationships and identify genes while bacterial artificial chromosomes (BACs) allow the study of entire biochemical pathways
and permit the expression of bacterial genes in a foreign host. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The term ‘“genome” was introduced in 1920 to
describe the sum of all genes on chromosomes. Since
then, advances in DNA research launched the field of
genomics. Genomics now encompasses the simulta-
neous structural and functional analysis of genes. The
development of rapid and efficient DNA sequencing
technology was a milestone in genomics. In 1995,
Haemophilus influenzae became the first free-living
microorganism to be sequenced (Fleischmann et al.,
1995).

As sequence information on numerous organisms,
both prokaryotic and eukaryotic, accumulates, the em-
phasis of study is shifting away from structural ge-
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nomics to comparative and functional genomics, con-
cerned with the analysis and application of whole-
genome sequence information. Functional genomics
attempts to assign a role to every gene within a genome
and to examine the function and expression pattern of
every gene in relation to all the other genes in the
genome. Investigation of the relationships between
genomes is the focus of comparative genomics. DNA
microarrays facilitate the study of thousands of genes
simultaneously by hybridization of mRNA to a high-
density array of immobilized probe sequences. The
arrays have been used primarily in biomedical research
and clinical diagnostics (Osin et al., 1998; Schena et al.,
1998).

A second useful tool in genomics research is the
bacterial artificial chromosome (BAC). BACs are spe-
cialized cloning systems derived from the Escherichia
coli F plasmid. Originally developed for chromosome
mapping and analysis of the human genome, BACs can
maintain DNA inserts exceeding 300 kilobase pairs
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(Shizuya et al., 1992), and allow expression of pro-
karyotic genes in a heterologous bacterial host (Rondon
et al., 1999).

Microbial genomes, although simpler compared to
eukaryotic organisms, are of great scientific, medical
and economic importance. In bacterial genomes, there
are genes encoding unique enzymes capable of cata-
lyzing reactions under extreme conditions, as well as
enzymatic pathways for degradation of chemical con-
taminants. Furthermore, the relative ease with which
entire bacterial genomes can be sequenced assists in
their functional analysis. Information obtained from
gene function and expression in microbial cells can be
used in the comparative analysis of more complex
genomes. For example, a number of GTP-binding
proteins, found in bacteria such as E. coli, Neisseria
gonorrheae and Bacillus subtilis, have no known
function yet, are encoded by a vital gene. Comparison
of the sequence information of these microorganisms to
the cumulating information in genomic databases has
uncovered orthologous sequences in the genomes of
diverse organisms, including eukaryotes. This infor-
mation has been used to establish phylogenetic lineages
and to identify genes that may be essential to life
(Mittenhuber, 2001). In this manuscript, we examine
the need for an integrative approach in the study of
bacterial genomes. This will be accomplished by as-
sessing the science and applications of bacterial ge-
nomics, and both the individual and combined roles of
DNA microarrays and BAC technology. In addition,
bioinformatics—the union of biology and comput-
ing—is needed to develop databases and data analysis
programs to accelerate and enhance scientific research.
Vast DNA sequence databases enable genome compar-
isons between completely different organisms. Like-
wise, functional genomic studies make significant
contributions to the numerous databases that link gene
structure to protein function. Although bioinformatics
will not be emphasized in this exploration of bacterial
genomics, it is imperative that computational analysis
is necessary for the research and applications examined
in this paper.

2. Bacterial genomics

Bacteria are ideal for genomic studies as the in-
formation in their small genomes (Trevors, 1996) is

relatively easy to access. One milestone in genomics
occurred in 1995 with the sequencing of the first free-
living organism, H. influenza (Fleischmann et al.,
1995). A growing list of microbial genomes that have
been sequenced can be found in the TIGR Microbial
Database (http://www.tigr.org/tdb/mdb/mdbcomplete.
html). For example, the pathogenic bacterium M.
meningitidis was recently sequenced to identify poten-
tial vaccines against meningitis and septicemia (Tet-
telin et al., 2000; Pizza et al., 2000). Analysis of the
sequence information uncovered 570 ORFs thought to
encode surface proteins. Over 60% of these proteins
were successfully expressed in E. coli, purified and
tested as putative vaccine candidates in mice. Immu-
nological analysis of the murine immune sera and
comparative genomic analysis of pathogenic N. men-
ingitidis strains showed that seven of the proteins
were conserved among strains and stimulated effec-
tive antibody production. This genome-derived infor-
mation is of immense value in the development of a
potential vaccine against meningococcal disease. The
industrial significance of the hydrolysis of complex
biopolymers at high temperatures prompted genome
sequencing of the thermophile, Thermotoga maritima
(Nelson et al., 1999). Information derived from the
completed genome sequence of the radiation-resistant
Deinococcus radiodurans has been used to construct
recombinant microorganisms with potential uses in
radioactive waste management (Brim et al., 2000).
The Xylella fastidiosa sequencing project has pro-
duced a wealth of information on a previously unchar-
acterized plant pathogen including the molecular basis
for a number of metabolic functions and host—cell
interactions (Simpson et al., 2000). Evidence for
horizontal gene transfer between distantly related
microbial species was uncovered by comparative ge-
nomic analysis of the thermpophilic eubacterium 7her-
matogoa maritima and Archaea (Nelson et al., 1999).
This has led to a new understanding of bacterial evo-
lution that includes not only diversification and adap-
tation through consecutive, single-gene mutations but
transfer and loss of gene clusters (Ochman and Moran,
2001).

The National Centre for Biotechnology Informa-
tion contains data on Clusters of Orthologous Groups
(COGs) of proteins encoded in the genomes of diverse
microorganisms. Each COG represents a functional
pathway or system, such as ion transport or DNA re-
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pair, conserved among at least three distant relatives.
Comparative sequence analysis of the proteins encoded
in fully sequenced genomes is used to discover COGs.
Typically, 60—80% of the proteins from the genomes
of entirely sequenced microorganisms belong to COGs
(Tatusov et al., 2001). An exception is Aeropyrum
pernix in which only 43% of proteins are in COGs. A
COG database (http://www.ncbi.nlm.nih.gov/COG/)
has been established to assist in phylogenetic and
evolutionary classification, as well as contributing to
the functional characterization of sequenced genomes
(Galperin and Koonin, 1999).

3. Genomic technologies

Comparative and functional genomic data can
provide fundamental scientific knowledge with appli-
cations in medicine, industry, agriculture and environ-
mental biomonitoring (Beattie, 1997; Kotra et al.,
2000). These approaches depend on bioinformatics
and methods. The growing use of technologies, such
as DNA microarrays and BACs, in the field of bacterial
genomics, has immense potential with respect to bene-
ficial applications.

4. DNA microarrays

DNA microarrays serve as platforms for genome-
wide hybridization experiments for identifying DNA
sequences, comparing different genomes, and mon-
itoring gene expression (Lee and Lee, 2000; van Hal
et al., 2000). DNA microarrays consist of thousands
of unique DNA sequences each attached at a known
location to a small, solid surface. Complementary,
labelled mRNA or DNA can bind to the fixed se-
quences, to produce a pattern indicative of nucleic
acid sequences that can be qualitatively and quantita-
tively analysed by a computer.

In this paper, the probe refers to the generally
known DNA sequence that is used to identify the
unknown ‘target’ sequence. This is the nomenclature
accepted by Nature (Phimister, 1999). In a standard
array, the probe consists of oligonucleotides or cloned
genes that are attached at a known location to a solid
support, such as glass or nylon. The targets are fluo-
rescent or radioactive-labelled total mRNA, DNA

derived from mRNA by RT-PCR, or genomic DNA
extracted from microorganisms in a given sample. The
targets are hybridized to complementary probes of the
array and are identified and quantified by the intensity
of the resulting signal.

An oligonucleotide chip describes a specific type
of array, originally produced by Affymetrix and
marketed as GeneChip®. This technology involves
the in situ synthesis of oligonucleotide on a glass ar-
ray, using a process know as photolithography (Fodor
et al., 1993). Using sophisticated, commercially avail-
able instruments, up to 300,000 distinct oligonucleo-
tides, can be printed on a 1.28-cm?® glass array
(Lipshutz et al., 1999). Oligonucleotide chips have
been used to provide rapid diagnosis of clinical
samples and screening for mutations in cancer-related
genes (Favis et al., 2000; Moch et al., 1999; Kononen
et al., 1998).

The entire genome of the yeast Saccharomyces
cerevisiae was mechanically microspotted on 110
glass microscope slides with an average density of
6400 different open reading frames per slide (DeRisi
et al., 1997). This array uses cDNA, cloned DNA or
DNA fragments obtained from other sources as the
immobilized probes. Using a robotics system, the pre-
synthesized DNA is bound to the array by chemical
methods. DNA microarrays have been similarly pro-
duced using ink-jet technology analogous to that cur-
rently used in many printers (Castellino, 1997). A
detailed description of how to make a DNA micro-
array can be found at the following website (http://
cmgm.stanford.edu/pbrown/).

Gene expression in cells under different growth
conditions or different environmental conditions can
be monitored by hybridization of labelled mRNA to
microarrays consisting of a large number of genes of a
given organism. In a standard expression study, car-
bocyanine-labelled nucleotides Cy3-dCTP and Cy5-
dCTP (Amersham Pharmacia Biotech, Piscataway,
NJ, USA), which fluoresce red and green, respec-
tively, are used to label mRNA extracted from two
different samples. The fluorescent labels are incorpo-
rated into the target molecules by RT-PCR. Following
hybridization, the intensity of red or green fluores-
cence at every position on the array is read by dual
laser sources and converted into a signal. A computer
displays the electronic symbol as a false-colour image
in which a red or green spot corresponds to an ex-
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pression of a gene in samples 1 or 2, respectively, and
a yellow-orange spot indicates that a gene was
expressed at similar levels in both samples. The
intensity of a given spot is proportional to the level
of gene expression. Richmond et al. (1999) used this
method to produce a high-density array of all 4290
predicted E. coli open reading frames (ORFs) to
compare the gene expression profiles of E. coli before
and after heat shock treatment. They observed the
expression of over 100 genes was affected by heat-
shock. One third of the genes identified were previ-
ously uncharacterized, thus illustrating the importance
of functional genomic analysis.

Although the probe sequence is known in a stand-
ard microarray expression study, useful information
can be obtained from a shot-gun array of random,
unsequenced DNA clones (Hayward et al., 2000). This
approach allows accumulation of biological informa-
tion on microorganisms without the need for complete
genome sequencing. Using an array constructed from
3648 arbitrarily selected clones from a Plasmodium
falciparum library, genes specific to different devel-
opmental stages of the malaria parasite were identified
by expression profiling. As the proteins encoded by
these genes are potential drug targets, this study
provided information from which the development of
anti-malaria drugs and vaccines may be possible (Hay-
ward et al., 2000). These experiments reinforce the
ability of genomics to bypass information gaps to pro-
vide significant information on organisms that have
been traditionally difficult to study.

Arrays can be used to screen for genes involved in
specific functions such as specific catabolic pathways,
toxin production, nitrogen fixation, antibiotic produc-
tion or cryoresistance (Tanghe et al., 2000). This can be
accomplished by comparative array experiments, prob-
ing genomic libraries, or expression-profiling experi-
ments using target mRNA extracted from a sample of
mixed bacterial populations such as soil, sediment,
food and clinical samples. Such studies underscore the
potential importance of DNA microarrays in microbial
ecology. DNA microarrays can be used for differential
sequencing. Genome variation both within and bet-
ween species, as well as the immense number of dif-
ferent organisms (many unculturable) on Earth, makes
sequencing of all genomes virtually impossible. To
overcome this problem, known probes from a com-
pletely sequenced microorganism can be hybridized to

an array of target DNA from a library of an unse-
quenced, but related microorganism. Only the clones
represented by non-fluorescent spots on the array
would have to be sequenced, as the rest of the DNA
sequence would be inferred from homology.

DNA microarrays are allowing scientists to ask
broader questions addressing the simultaneous inter-
action of all the genes in a cell under varying
conditions. Aside from deducing functional character-
istics and identification of a number of genetic ele-
ments within microbial genomes, comparative and
functional genomic experiments using DNA micro-
arrays have generated vast amounts of data, thereby
accelerating the formation of new hypotheses to direct
future research. There are numerous microbiological
applications of such experiments. Oligonucleotide
arrays have been used to detect pathogenic organisms
in clinical samples and cDNA arrays have been used
to monitor host response to bacterial infection (Man-
ger and Relman, 2000). The transcriptional response
of human microvascular endothelial cells (HMEC-1)
to infection with Chlamydia pneumoniae, a respira-
tory pathogen also associated with chronic arterial
inflammation, was observed through hybridization of
cDNA from infected cells to a low-density human
cDNA array (Coombes and Mahony, 2001). The
expression profile revealed the upregulation of 20
genes involved in inflammation, thereby strengthen-
ing the association of C. pneumoniae with arthero-
sclerosis. To understand alterations in host gene
function due to infection by Bordetella pertussis, the
causative agent of whooping cough in humans, human
bronchial epithethial cells were infected with B. per-
tussis (Belcher et al., 2000). Labelled cRNA from
both infected and uninfected cells was hybridized to
an Affymetrix HU6800 GeneChip microarray. The
host response to B. pertussis infection primarily
involved the upregulation of a number of genes
involved in inflammation, not previously associated
with B. pertussis infection. These studies provide
insight into how the host cell responds to infection
and suggest possible mechanisms of pathogenesis,
while eliminating the need for culturing pathogens
outside of the host system. Consequently, the appli-
cation of this approach has the potential to understand
the alterations of the host gene functions due to the
presence of poorly understood human diseases and a
number of emerging infectious diseases.
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5. Bacterial artificial chromosomes (BACs)

In the early 1990s, Shizuya et al. (1992) at the
California Institute of Technology improved the human
genome sequencing initiative with an improved large
insert cloning vector for eukaryotic DNA sequences.
The construction of large insert DNA libraries
improved the physical mapping of the human genomes
prior to the shot-gun sequencing approach adopted in
1994. These efforts led to the development of bacterial
artificial chromosomes (BACs), cloning vectors capa-
ble of sustaining DNA inserts greater than 300 kb
(Shizuya et al., 1992). BACs were an improvement
over other commonly used cloning vectors, specifically
yeast artificial chromosomes (YACs) and cosmids.
BACs are more easily manipulated by conventional
molecular biology techniques and the integrity of the
recombinant DNA sequences is readily maintained
(Shizuya et al., 1992). Today, BACs are the cloning
vector of choice to generate genomic DNA libraries for
genomic mapping and sequencing, complementation
and hybridization experiments.

A BAC is a modified E. coli F-factor that regulates
its own replication at a copy number of one or two per
cell. BACs also have features typical of most cloning
vectors, including a multiple-cloning site and rapid
clone selection mechanisms such as antibiotic resist-
ance or lacZ inactivation (Kim et al., 1996). A
complete map of a standard BAC can be found at
http://www.brunel.ac.uk/depts/bl/project/genome/mol-
tec/library/pbac.htm. Transformation of BACs into
recombination-defective (recA ~) E. coli strains is
critical to maintain the integrity of the cloned DNA.
However, modification of BACs by specific recombi-
nation in recombination-competent strains is useful in
minimizing redundancy in libraries (Hill et al., 2000).
The construction of a BAC library is described at
http://www.tree.caltech.edu/protocols/BAC _lib_
construction.html.

Traditional applications of BACs have focused
mostly on eukaryotic genomes. These applications
include DNA fingerprinting, fluorescent in situ
hybridization (FISH), the development of BAC-end
sequencing databases and of sub-libraries containing
smaller inserts for sequencing and mapping (Kim
et al., 1996). BACs have assisted prokaryotic, as well
as eukaryotic, whole-genome sequencing efforts by
reducing the number of clones required to cover the

genome. A smaller number of clones reduces the time
and effort involved in library screening and mapping.
For example, an average bacterial genome, such as
that of E. coli, is approximately 4.5 Mbp (Blattner
et al., 1997). Ideally, only 30 clones would be required
for a minimal overlap library using a conservative
average insert size of 150 kb. A minimal overlap
library covering 97% of the 4.4 Mbp Mycobacterium
tuberculosis genome was possible with only 68 BAC
clones (Brosch et al., 1998). The large insert size of
BACs allows entire biochemical pathways and other
gene clusters to be cloned into a single vector, thereby
permitting the study of several genes at once. Fur-
thermore, BAC clones allow the study of certain
prokaryotes, such as many archaea, whose genomes
were previously unclonable due to their instability in
high copy number plasmids (Kim et al., 1996). BACs
have also provided a suitable system for the character-
ization of microorganisms that cannot be isolated or
sustained in pure cultures (Rondon et al., 2000). For
example, DNA extracted directly from a planktonic
marine sample was used to create a BAC library (Beja
et al., 2000). Subsequent analysis of BAC clones
revealed that a significant amount of DNA from
unculturable yet abundant marine microorganisms.
The applications of BACs are numerous. First, there
is the obvious application of whole-genome sequencing
and mapping. BAC libraries can be used to construct
DNA microarrays for the functional and comparative
genomics experiments described in the previous sec-
tion. This demonstrates the need for technological
integration in genomic studies.

BAC libraries created from DNA directly extracted
from a mixed-population sample can be used in the
study of metagenomics. The term metagenome des-
cribes the sum of the diverse genomes within a mixed
population, such as the genetic material extracted from
an environmental sample such as soil, water or sedi-
ment (Rondon et al., 2000). BAC libraries of DNA
extracted directly from environmental samples allow
the phylogenetic and genomic analysis of the entire
microbial populations. This is useful when applied to
environments such as soil in which the majority of
microorganisms are viable but non-culturable (VBNC).
Rondon et al. (2000) showed that BAC clones directly
isolated from agricultural soil expressed various bio-
logical functions in E. coli, including bactericidal
activity. These libraries have the potential to revolu-
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tionize phylogenetics, promote the discovery of novel
genes and to assist in the hunt for new and useful
natural products, including antibiotics.

There is accumulating evidence that recombinant
prokaryotic genes within BACs can be expressed in
heterologous bacterial hosts. BAC-encoded genes
from the Gram-positive bacterium B. cereus have
been expressed in the Gram-negative E. coli (Rondon
et al., 1999). This genomic technique allowed rapid
identification of functional loci in B. cereus, a micro-
organism not easily studied by traditional molecular
techniques. Sosio et al. (2000) created BACs harbour-
ing actinomycete genomic clusters that could replicate
autonomously in E. coli host or stably integrate into a
Streptomyces genome by site-specific recombination.
The E. coli—Streptomyces artificial chromosomes
(ESAC) were made using the previously described
approach or by homologous replication of overlap-
ping clones in E. coli. ESACs will permit the analysis
of previously genetically uncharacterizable actinomy-
cetes. Optimization of expression of integrated genes
can potentially lead to the synthesis of production
hosts for antibiotic and other industrially and medi-
cally important actinomycete metabolites (Sosio et al.,
2000).

6. Discovery of novel antibiotics

One of the most promising areas of genomic
research is the search for novel antibiotics. There is
an increasing need to develop antibiotics against multi-
drug-resistant pathogenic bacteria. Currently, there are
limited known vital cell activities, each of which is
targeted by a single class of antibiotics. Furthermore,
occurrences of resistant microbial strains are typically
documented within a few years of prescribed use of a
given antibiotic. Using an integrative approach that
includes the implementation of both BACs and DNA
microarrays, the potential exists to find novel antibiotic
targets and to generate new antimicrobial agents.

Antibiotics must be selective for pathogens while
not adversely affecting humans. An antibiotic target
may consist of a conserved enzyme of a pathway that
is essential to microbial survival under conditions of
infection. Possible targets include cell division, secre-
tion and various metabolic pathways (Moir et al.,
1999). Comparative genomic approaches using both

sequence databases and DNA microarrays can be used
to find such targets. To accomplish this, BAC libraries
can be constructed for numerous pathogenic micro-
organisms. Once sequenced, microarrays of all ORFs
of a given microorganism can be fabricated, to find
targets through comparative screening of numerous
pathogens. Comparative genomics approaches and
expression profiling may also serve to identify vital
or virulence factors unique to a specific species or
group of microorganisms.

While comparisons between microorganisms may
reveal apparently well-suited targets for antibiotics,
screening of eukaryotic genomes against those of
bacteria is crucial for antibiotic selectivity without
toxicity (Loferer et al., 2000). Based on the findings
of the comparative studies, a microarray of all potential
targets can be constructed and used to screen for
homology in eukaryotic organisms to avoid toxicity.
However, sequence homology does not necessarily
correspond to functionality. This is demonstrated by
the fact that many antibiotics currently in use act on
targets whose nucleotide sequences are distinctly sim-
ilar to eukaryotic sequences. Thus, expression experi-
ments using the antibiotic target array may be in order
to determine the function of each array component.

From the information obtained through the experi-
ments above, potential protein targets can be purified
and characterized. Assays can be developed to screen
for the inhibitors of the target protein and to monitor
their potency, both in vitro and in vivo. The details of
the experimental procedure for developing drugs and
screening them against such pathways are beyond the
scope of this paper but can be found in a recent review
by Kotra et al. (2000).

Many microorganisms, such as actinomycetes, nat-
urally produce antibiotic compounds (Demain and
Elander, 1999). Through comparative and functional
genomic and metagenomic studies using both micro-
arrays and bioinformatics, microorganisms can be
screened for natural antibiotic production. Gene clus-
ters encoding antibiotic synthesis could be cloned into
a BAC vector and expressed in an appropriate host.
As previously mentioned, E. coli—Streptomyces arti-
ficial chromosomes (ESAC) have been developed in
which genes from non-culturable actinomycete strains
have been integrated into a foreign genome and
expressed in a culturable host (Sosio et al., 2000).
Classical genetic, molecular and biochemical tech-
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niques can be employed to optimize expression of the
recombinant genes. This can potentially lead to the
large-scale production of natural antibiotics.

The availability of entirely sequenced microbial
genomes has led to the multidisciplinary use of bac-
teria in genomic applications. In a preliminary study
geared to the development of toxicogenomic approach
to cost-effective assessment of contaminated soils, E.
coli was used as an indicator of toxicity (Fredrickson et
al., 2001). Hybridization of mRNA from uranium
nitrate-exposed cells to an array of all predicted E.coli
genes showed the upregulation of more than 100
genes, many of which are associated with stress res-
ponse. Probes for the upregulated genes are being
incorporated into complex arrays called genosensors
that will be used to measure toxicity of contaminated
soils in terms of the metagenome. The integration of
bacterial genomics and novel technologies into various
scientific fields may lead to unprecedented research
initiatives and the building industrial and environ-
mental applications.

7. Summary

The availability of complete genomic sequences for
a growing number of microorganisms has made
genomic analysis, particularly, suitable to the study of
bacteria. Functional and comparative genomic charac-
terization of microbial genomic sequencing data using
bioinformatics, DNA microarrays and BACs, either
alone or collaboratively, has revolutionized our under-
standing of microbial genomes organization and mo-
lecular mechanisms underlying cell-functions. The
scientific, medical, industrial and environmental appli-
cations of bacterial genomics and their future potentials
are exhaustive.

Through large-scale identification of genome se-
quence similarity and variability, DNA microarrays can
help solve previously unanswerable questions concern-
ing evolutionary concepts such as speciation and hor-
izontal gene transfer. Hybridization of DNA from
various fluorescent Pseudomonas strains to an array
of genome fragments from reference Pseudonomads
confirmed the degree of relatedness between well-
characterized strains (Cho and Tiedje, 2001). This rapid
technique can be used to determine phylogenetic line-
ages and identify isolates at the species to strain level. A

modified approach used an array of Shewanella onei-
densis MR-1 ORFs to determine the degree of related-
ness between other unsequenced species of Shewanella
(Murray et al., 2001). In this study, it was discovered
that genes in operons had conserved levels of hybrid-
ization over the operon across species. This knowledge
may be applied to identify horizontally transfer genes
between distantly related bacterial species.

BACs serve as a reservoir of microbial genomic
information as genomic libraries. In addition to being
used to clone large random DNA, BACs can be deve-
loped to contain sequences encoded multiple genes and
regulatory elements in a heterologous host. Subse-
quently, such gene clusters can be easily manipulated
by traditional microbiological methods for further
study in vitro and in vivo (John et al., 2001; McGregor
and Schleiss, 2001). BACs have also been developed to
regulate expression of cloned genes in bacterial and
mammalian cells (Hong et al., 2001). Bacteria may
someday play a role as production vessels for BACs
modified as gene therapy vectors and vaccines against
viruses (Borst and Messerle, 2000; Suter et al., 1999).

An integrative approach to bacterial genomics that
combines the use of BAC and DNA microarray tech-
nologies may significantly contribute to the promotion
of both pure and applied scientific research including
the development of novel antibiotics and the determi-
nation of the minimal genome. The minimal genome
set is the theoretical smallest number of genetic ele-
ments capable of sustaining a free-living microorgan-
ism. The smallest known genome is that of the
Mycoplasma genitalium. The complete 0.58 Mb ge-
nome sequence of this parasitic bacterium has already
been determined (Himmelreich et al., 1996). Through
sequence analysis and comparative studies between
completely sequenced microorganisms and transposon
mutagenesis, approximately 300 genes have been pre-
dicted to be essential to life (Hutchison et al., 1999).
Interestingly, the function of one third of these genes
remains undetermined. DNA microarrays constructed
from BAC libraries of completely sequenced micro-
organisms can assist in both genome comparisons and
analysis of gene function via expression profiling of
diverse bacteria species (Mushegian, 1999). The poten-
tial exists for the integration of genomic analytical
tools, such as bioinformatics, DNA microarrays and
BACs, to exploit the wealth of diverse information
contained in bacterial genomes.
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