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DESCRIPTION

Radiation-induced mutations are permanent alterations in the
genetic material that occur following exposure to ionizing or
non-ionizing radiation. These mutations arise when radiation
damages Deoxyribonucleic Acid (DNA) directly or indirectly through
reactive oxygen species, leading to structural and functional
changes within the genome. While cells possess sophisticated
mechanisms to detect and repair DNA damage, excessive or
repeated radiation exposure can overwhelm these protective
systems, resulting in mutations that accumulate over time.
Radiation-induced mutations play a significant role in
carcinogenesis, genetic disorders, and cellular aging, making
them an important subject of research in radiation biology,
molecular genetics, and oncology. Understanding the
mechanisms responsible for radiation-induced genetic alterations
is essential for improving cancer prevention, optimizing
radiation therapy, and protecting individuals from unnecessary
radiation exposure.

Radiation can be broadly classified into ionizing and non-
ionizing forms based on its energy and biological effects. Ionizing
radiation includes X-rays, gamma rays, alpha particles, beta
particles, and neutron radiation, all of which possess sufficient
energy to remove electrons from atoms and generate highly
Non-ionizing radiation, such as ultraviolet
radiation, has lower energy but can still induce significant DNA
damage, particularly within skin cells. lonizing radiation is
considered more mutagenic because it penetrates tissues deeply
and produces extensive DNA lesions, whereas ultraviolet
radiation primarily causes localized damage through the
formation of abnormal chemical bonds between adjacent
pyrimidine bases. Both forms of radiation contribute to
mutation formation when DNA repair mechanisms fail to
restore genomic integrity accurately.

reactive ions.

The biological effects of radiation are largely determined by the
type and extent of DNA damage produced. Direct interactions
between radiation and DNA may result in single-strand breaks,
double-strand breaks, base modifications, DNA crosslinks, and
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chromosomal rearrangements. Indirect damage occurs when
radiation interacts with intracellular water molecules to generate
reactive oxygen species, including hydroxyl radicals and hydrogen
peroxide, which subsequently attack DNA, proteins, and cellular
membranes. Among these lesions, doublestrand DNA breaks
represent one of the most severe forms of damage because
incorrect repair may produce deletions, insertions, inversions,
translocations, and chromosome loss. Such alterations increase
genomic instability and may activate oncogenes or inactivate
tumor suppressor genes involved in regulating cell proliferation
and survival.

Multiple factors influence the frequency and severity of
radiation-induced  mutations.  Radiation dose, exposure
duration, dose rate, radiation quality, tissue sensitivity, and
individual genetic susceptibility all determine the extent of
biological damage. Rapidly dividing tissues, including bone
intestinal  epithelium, reproductive tissues,
developing embryos, are particularly vulnerable because actively

marrow, and
replicating DNA is more susceptible to radiation injury.
Individuals carrying inherited defects in DNA repair pathways
may also exhibit greater sensitivity to radiation and a higher risk
of mutation accumulation. Age, nutritional status, oxidative
stress, and concutrrent exposure to environmental mutagens
further modify the cellular response to radiation and influence
long-term health outcomes.

In conclusion, radiation-induced mutations represent a major
mechanism through which radiation exposure contributes to
genomic instability, carcinogenesis, and other longterm
biological effects. The interaction of radiation with cellular DNA
and the subsequent failure of repair mechanisms can lead to
permanent that
development and therapeutic outcomes. Continued research

genetic  alterations influence  disease
into the molecular basis of radiation-induced mutagenesis,
together with improvements in radiation safety, diagnostic
technologies, and precision medicine, will strengthen strategies
for cancer prevention, optimize radiation-based therapies, and
enhance the protection of human health from the harmful

effects of radiation exposure.
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