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DESCRIPTION
Cytogenetic biomarkers have become indispensable tools in 
clinical practice, offering important insights into the diagnosis, 
prognosis and treatment of various diseases. These biomarkers, 
derived from the analysis of chromosomes and their 
abnormalities, provide valuable information that guides clinical 
decision making. The integration of cytogenetic biomarkers into 
routine healthcare has significantly improved the management of 
genetic disorders, cancers, and other conditions [1-3].

Understanding cytogenetic biomarkers

Cytogenetic biomarkers refer to specific chromosomal 
abnormalities that can be detected and measured to provide 
information about a disease state. These abnormalities include 
numerical changes, such as aneuploidies (extra or missing 
chromosomes) and structural alterations, such as translocations, 
deletions, duplications, and inversions. The detection and 
characterization of these biomarkers are performed using various 
techniques including karyotyping, Fluorescence in Situ 
Hybridization (FISH), and more advanced methods like Array 
Comparative Genomic Hybridization (aCGH) and Next-
Generation Sequencing (NGS) [4-6].

Diagnosis of genetic disorders

Cytogenetic biomarkers are essential for the diagnosis of 
hereditary diseases. Traditional karyotyping remains a 
fundamental tool for identifying large-scale chromosomal 
abnormalities. These karyotypic analyses provide definitive 
diagnoses for many chromosomal disorders, enabling early 
intervention and management.

FISH uses fluorescent probes that bind to specific DNA 
sequences, enabling the visualization of chromosomal regions of 
interest. This technique is particularly useful for identifying 
microdeletions and microduplications that are not detectable by 
conventional karyotyping. For example, FISH can diagnose

DiGeorge syndrome by detecting a microdeletion in 
chromosome 22q11.2. Cytogenetic biomarkers have transformed 
the field of oncology, providing critical information for the 
prognosis and treatment of various cancers. Chromosomal 
abnormalities are features of many cancers, and their detection 
can guide therapeutic decisions.

Personalized medicine and targeted therapies

The advent of Next-Generation Sequencing (NGS) has 
revolutionized the identification of cytogenetic biomarkers, 
facilitating the implementation of personalized medicine. NGS 
allows for comprehensive genomic profiling, revealing point 
mutations, small insertions and deletions, CNVs, and structural 
rearrangements in a single assay. The identification of new 
markers and characterization of intricate genomic landscapes in 
individual patients are made possible by this high-throughput 
method. In oncology, NGS-based genomic profiling has become 
a standard practice for identifying actionable mutations and 
guiding targeted therapies [7-9].

Implications for prenatal diagnostics

Cytogenetic biomarkers are in prenatal diagnostics, where early 
detection of chromosomal abnormalities can inform decision-
making and management. Non-Invasive Prenatal Testing (NIPT) 
using cell-free fetal DNA in maternal blood has revolutionized 
prenatal screening. With great sensitivity and specificity, NIPT 
can identify common aneuploidies such trisomy 21, trisomy 18, 
and trisomy 13. Positive results are typically confirmed with 
invasive diagnostic tests, such as Chorionic Villus Sampling 
(CVS) or amniocentesis, followed by karyotyping or aCGH. 
Moreover, cytogenetic analysis of amniotic fluid or chorionic 
villi can detect a wide range of chromosomal abnormalities, 
providing valuable information for prenatal counseling and 
management. The identification of structural abnormalities, 
such as balanced translocations, can also have implications for 
future pregnancies and familial risk assessment [10].
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The significant advances in cytogenetic biomarkers, several
challenges remain additionally the clinical significance of some
detected abnormalities may be uncertain, necessitating genotype-
phenotype correlations. The future of cytogenetic biomarkers
lies in the integration of multi-omic data, combining genomics
with transcriptomics, proteomics, and epigenomics to provide a
more comprehensive understanding of disease mechanisms.
Advances in artificial intelligence and machine learning will also
enhance the analysis and interpretation of large-scale genomic
data, facilitating the discovery of novel biomarkers and
improving diagnostic accuracy. Cytogenetic biomarkers have
strongly impacted clinical practice, providing essential tools for
the diagnosis, prognosis, and treatment of genetic disorders and
cancers. From traditional karyotyping to advanced genomic
arrays and NGS, these biomarkers offer valuable insights into
chromosomal abnormalities and their clinical implications. The
integration of cytogenetic biomarkers into healthcare has
improved patient outcomes, guided personalized medicine, and
informed prenatal diagnostics.
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