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H play a significant role. Variants in promoter regions or enhancers can affect
IntrOdUCtlon the binding of transcription factors or the accessibility of chromatin, leading
to changes in gene expression. For instance, SNPs in regulatory regions of
genes involved in immune responses or inflammation can impact susceptibility
to autoimmune diseases or chronic inflammatory conditions. Similarly, SNPs
in genes related to metabolism or lipid regulation can influence the risk of
cardiovascular diseases and type 2 diabetes.

Single-Nucleotide Polymorphisms (SNPs) are variations at a single
nucleotide position in the genome that occur in at least 1% of the population.
While many SNPs are benign and have no effect on health, others can
influence an individual's susceptibility to complex diseases, which are
influenced by multiple genetic and environmental factors. Understanding the
role of SNPs in disease susceptibility is crucial for advancing personalized SNPs can also affect gene-environment interactions. The impact of a
medicine and improving disease prevention strategies. SNPs can affect SNP on disease risk can be modulated by environmental factors such as diet,
disease susceptibility through various mechanisms. They may alter protein lifestyle, or exposure to toxins. For example, certain SNPs associated with
function by changing the amino acid sequence of a protein or affect gene cancer risk may only significantly affect disease susceptibility in individuals
expression by modifying regulatory regions. SNPs in coding regions can lead  with specific environmental exposures, such as smoking or high-fat diets.
to non-synonymous changes, which may result in altered protein function
or stability. Conversely, SNPs in non-coding regions, such as promoters or
enhancers, can influence gene expression levels or the binding affinity of
transcription factors.

Genome-Wide Association Studies (GWAS) have been instrumental
in identifying SNPs associated with complex diseases by scanning large
populations for genetic variants that correlate with disease traits. These
studies have uncovered numerous SNPs linked to various conditions,

Moreover, SNPs can affect the structure and function of RNA molecules, including cardiovascular diseases, diabetes, and neurological disorders.
including mRNAs and non-coding RNAs. For instance, SNPs in mRNA coding However, the effect sizes of individual SNPs are often small, and their
regions can create or disrupt microRNA binding sites, affecting mRNA stability contributions to disease risk are typically combined with other genetic variants
and translation. Additionally, SNPs in non-coding RNA genes can influence the ~ and environmental factors [3,4].
zﬁdsi(;tg;ns eors Lli;r(]:(::t)irt]) i(l)i]; yt.hese regulatory RNAs, impacting gene expression Challenges and advances in SNP research

Despite significant progress, several challenges remain in understanding

H and utilizing SNPs for disease prediction and treatment. One challenge is
DGSCTIptIOﬂ distinguishing between causative SNPs and those that are merely linked to
. . disease due to their proximity to other genetic variations. Additionally, the

SNPs and complex disease risk influence of SNPs on disease risk is often modulated by interactions with other
Single-Nucleotide Polymorphisms (SNPs) have become a central focus ~ £enetic factors and environmental exposures, complicating the interpretation

in understanding complex diseases due to their ability to influence disease  Of their effects.

susceptibility through genetic variation. These variations, which involve Advances in genomic technologies, such as high-throughput sequencing
changes in a single nucleotide at a specific position in the genome, can affect  ang piginformatics tools, have improved our ability to identify and analyze
arange of.biological processes and contribute to the development of various  gnps associated with complex diseases. Integrating SNP data with other
complex diseases. omics data, such as transcriptomics and proteomics, can provide a more
The role of SNPs in complex disease risk is multifaceted. SNPs can comprehensive understanding of disease mechanisms and aid in the
influence disease susceptibility by affecting gene function, gene expression,  development of personalized treatment strategies [5].
and interactions between different genetic and environmental factors. For
example, SNPs located in coding regions of genes can lead to amino acid COHC'USiOﬂ
substitutions that alter the structure and function of proteins. These changes
can impact enzymatic activity, receptor binding, or protein-protein interactions,
thereby influencing disease risk. In some cases, such as with certain types
of cancer, SNPs in oncogenes or tumor suppressor genes can affect cellular
processes like DNA repair, cell cycle regulation, and apoptosis, contributing to
increased cancer susceptibility [1,2].

Single-nucleotide polymorphisms play a critical role in determining
susceptibility to complex diseases. Their influence on gene function and
expression provides valuable insights into disease mechanisms and potential
therapeutic targets. As genomic research continues to advance, understanding
the role of SNPs in complex disease susceptibility will enhance our ability to
Beyond coding regions, SNPs in regulatory regions of the genome also predict, prevent, and treat a wide range of conditions, paving the way for more
personalized and effective healthcare strategies. The identification of SNPs
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interactions between SNPs and environmental factors, as well as exploring
how SNPs affect gene networks and pathways. Additionally, incorporating
SNP information into clinical practice will require developing robust methods
for risk prediction and personalized medicine. This involves translating
genetic findings into actionable insights for disease prevention, diagnosis,
and treatment.
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