ISSN: 2155-9597
Journal of

Bacteriology &
Parasitology

OPEN @ ACCESS Freely available online

Perspective

Molecular Approaches in Bacterial Identification and External

. . *
Fatima Mansouri

Department of Biotechnology, King Saud University, Riyadh, Saudi Arabia

DESCRIPTION

The accurate identification and typing of bacteria are essential
for diagnosing infectious diseases, tracking outbreaks,
monitoring  antimicrobial and  conducting
epidemiological investigations. While traditional methods such
as culture characteristics, staining, and biochemical tests have
long been used, they can be time-consuming, less sensitive, and

resistance,

sometimes inconclusive. In recent years, molecular techniques
have revolutionized the field of microbiology by offering faster,
and highly bacterial
identification and typing. These methods rely on the analysis of

more specific, sensitive tools for
genetic material and have significantly enhanced our ability to
detect and differentiate bacterial species and strains with

precision.

One of the most commonly used molecular techniques for
bacterial identification is Polymerase Chain Reaction (PCR).
PCR amplifies specific DNA sequences unique to a particular
organism, allowing for rapid and accurate detection. It is
particularly useful for identifying slow-growing or difficult-to-
culture bacteria. Variations such as multiplex PCR can detect
multiple pathogens in a single reaction, while real-time PCR
(quantitative =~ PCR)  provides both and
quantification, making it invaluable in clinical diagnostics and

identification

microbial load assessment.

Another widely used method is 16S ribosomal RNA gene
sequencing. The 16S rRNA gene is highly conserved among
bacteria but contains variable regions that provide species-
specific signatures. Sequencing this gene allows for precise
identification of bacteria, including novel or uncultivable
organisms. This approach has become a gold standard in
microbial taxonomy and has contributed significantly to our
understanding of the diversity of the bacterial world, especially
in complex environments like the human microbiome.

For typing, which involves distinguishing between strains of the
same species, molecular methods offer higher resolution than

phenotypic techniques. Pulsed-Field Gel Electrophoresis (PFGE)
was once considered the gold standard for bacterial typing. It
involves the digestion of bacterial DNA with restriction enzymes
followed by separation of the fragments in an electric field. The
resulting banding patterns are unique to each strain and can be
used to track outbreaks. However, PFGE is labor-intensive and
time-consuming.

Multilocus Sequence Typing (MLST) is a more refined method
that sequencing
housekeeping genes. The sequences are then compared to known

involves internal fragments of multiple
profiles in databases, enabling precise strain differentiation.
MLST has been particularly useful in tracking the global spread
Methicillin-Resistant

Staphylococcus aureus (MRSA) or Streptococcus pneumoniae. Its

of antibiotic-resistant strains, such as
reproducibility and portability make it a powerful tool for
international surveillance programs.

More recently, Whole Genome Sequencing (WGS) has emerged
as the most comprehensive approach for bacterial identification
and typing. WGS provides complete information about an
organism’s genetic makeup, offering unparalleled resolution for
distinguishing between even closely related strains. It allows for
the

evolutionary relationships. The decreasing cost and increasing

detection of virulence factors, resistance genes, and
speed of sequencing technologies have made WGS more
accessible, and it is now being used in clinical laboratories, food

safety investigations, and public health surveillance.

In addition to sequencing-based methods, DNA microarrays and
mass spectrometry-based techniques like MALDITOF (Matrix-
Assisted Laser Desorption/Ionization-Time of Flight) have also
contributed significantly to bacterial identification. MALDI-TOF
analyzes the protein profile of bacteria and compares it with
reference databases to quickly identify species. While it may not
provide detailed typing, its speed, cost-effectiveness, and ease of
use have made it popular in clinical microbiology labs.
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