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introduction

Molecular diagnostics generally refers to detecting or analyzing nucleic acid molecules
(DNA or RNA) or specific proteins in clinical samples. The information provided by
molecular diagnostics is used to detect pathogens and analyze patient genes leading to
treatment for infectious diseases or genetic disorders. The most common sample sources

are patient blood or tissue..




For a while, the only means of detecting pathogens was through growing sample
cultures, but this method was time-consuming, not to mention dangerous for lab

technicians. In the past few decades .

Molecular diagnostics is a rapidly evolving field that leverages molecular biology
techniques to diagnose diseases, assess disease progression, identify genetic
predispositions, and monitor responses to treatment. The goal of molecular diagnostics is
to provide a more precise, accurate, and timely diagnosis, which is crucial for effective

patient management. o -




Specimens used in Molecular Diagnostic Tests

Bacterial Sample

Blood sample
Nasal or throat swabs
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Stool Sample

Urine Sample
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Molecular diagnostics involves the detection of specific molecules—such as DNA, RNA, or
proteins—in biological samples (blood, saliva, tissue, etc.) to identify or confirm the

presence of diseases or genetic conditions.

Unlike traditional diagnostic methods, which focus on symptoms and observable changes
in the body, molecular diagnostics focuses on the molecular alterations occurring within

the cells or tissues




Molecular diagnostics is grounded in several key principles of molecular biology,

including:

A. Nucleic Acid Detection: a9 i) Lalaal¥l oo sl

The foundation of molecular diagnostics is the detection of nucleic acids—DNA or RNA.
Changes in the structure or expression of nucleic acids can indicate the presence of
infections, genetic disorders, or cancer. Techniqgues used for detecting nucleic acids

include:
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Polymerase Chain Reaction (PCR):

PCR is the most widely used method in molecular diagnostics. It amplifies a specific DNA
segment to generate sufficient quantities of the target molecule for analysis. PCR is used
in a variety of diagnostic applications, including detecting infectious agents, genetic

mutations, and mutations associated with cancer. Polymerase * EiLRCE G ]y




Reverse Transcription PCR (RT-PCR):
RT-PCR is used to detect RNA by converting it into complementary DNA (cDNA) through
reverse transcription.

RT-PCR is commonly used to detect RNA viruses, such as SARS-CoV-2, the virus that causes

COVID-19 ( RT-PCR A
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Quantitative PCR (qPCR):
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gPCR quantifies the amount of a specific DNA or RNA sequence in a sample. It is used for

assessing gene expression, detecting viral loads, and monitoring treatment efficacy




Real Time PCR / quantitative PCR (qPCR)

Polymerase chain reaction - PCR
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B. Hybridization Techniques: (¢l SLisS
Hybridization refers to the binding of complementary strands of nucleic acids. It is
used to detect specific DNA or RNA sequences in a sample.

* Fluorescent In Situ Hybridization (FISH)g_s& (2a sl gl @ FISH uses fluorescent
probes to detect specific DNA or RNA sequences within intact cells or tissue samples. It is
used for detecting chromosomal abnormalities and identifying certain cancers.

e Southern Blotting : Southern blotting is a technique used to detect specific DNA
sequences in a sample after they have been separated by gel electrophoresis and
transferred onto a membrane.

e Northern Blotting: Northern blotting is used to detect specific RNA sequences. This
technique is useful for studying gene expression.



C. Sequencing Technologies:  Juleill Clyiss

Sequencing technologies provide detailed information about the exact nucleotide

sequence of DNA or RNA. Two major types of sequencing used in molecular diagnostics
are:

e Sanger Sequencing >~ Julid : The Sanger method is a traditional DNA sequencing
method that is highly accurate and widely used for small-scale sequencing projects or
when a specific mutation needs to be detected.



3. Applications of Molecular Diagnostics (i) gaddill el

Molecular diagnostics is applied in a wide range of clinical settings, including

A. Infectious Disease Diagnosis
B. Genetic Disease Diagnosis
C. Cancer Diagnosis and Prognosis

D. Prenatal and Newborn Screening









Challenges in Molecular Diagnostics (il gadddl) cilyass

While molecular diagnostics holds immense promise, several challenges exist:
A. Sensitivity and Specificity:

B. Interpretation of Results:

C. Ethical and Privacy Concerns:

D. Cost and Accessibility:
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