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Abstract: Single nucleotide polymorphisms (SNPs) are the most prevalent form of 

genetic variation in the human genome, occurring approximately once every 300 

nucleotides. While many SNPs are phenotypically neutral, some exert profound effects on 

gene function, protein activity, and regulatory networks, influencing susceptibility to 

complex diseases, response to pharmacological treatments, and overall human health. This 

article provides an in-depth analysis of the mechanisms by which SNPs impact health, the 

genetic and epigenetic interactions involved, disease-specific associations, and applications 

in precision medicine. Furthermore, challenges, ethical considerations, and future directions 

in SNP research are critically evaluated to emphasize their significance in advancing 

genomic medicine. 
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Human genetic diversity underpins phenotypic variability, including traits such as 

height, metabolism, immune response, and predisposition to diseases. Among genetic 

variations, single nucleotide polymorphisms (SNPs) are point mutations at a single base 

pair in the DNA sequence. The human genome harbors more than 10 million SNPs, 

making them a cornerstone of genetic studies and personalized medicine. SNPs can be 

classified as coding or non-coding, synonymous or non-synonymous, and their functional 

impacts range from negligible to critical alterations in protein structure, enzymatic 

activity, and gene regulation. 

The study of SNPs is fundamental for understanding the genetic architecture of 

complex diseases, which are typically polygenic and influenced by environmental 

interactions. Genome-wide association studies (GWAS) have demonstrated that even 

single nucleotide changes can modulate disease risk, highlighting the clinical relevance of 

SNP analysis in both preventive and therapeutic contexts. 

Relevance of the Topic 

SNPs are vital for elucidating the genetic basis of diseases and traits in humans. 

Their identification allows the mapping of disease loci, understanding population-specific 

genetic risks, and guiding pharmacogenomic interventions. For instance, SNPs in CYP2D6 

or CYP2C9 genes are extensively studied for their impact on drug metabolism, informing 

dose adjustments and minimizing adverse drug reactions. In cancer research, SNPs in 

genes such as BRCA1, BRCA2, and TP53 serve as predictive biomarkers, allowing 

targeted surveillance and early intervention strategies. 
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Moreover, SNPs facilitate personalized medicine by predicting individual 

susceptibility to metabolic disorders, cardiovascular diseases, autoimmune conditions, 

and neurodegenerative diseases. The integration of SNP data into electronic health 

records and clinical decision support systems enhances preventive healthcare and 

enables more precise treatment regimens. 

Mechanisms of SNP Impact 

1. Coding Region SNPs 

Coding SNPs directly alter the nucleotide sequence of exons, potentially impacting 

the protein product. They are classified into: 

Synonymous SNPs (Silent mutations): Though these do not change the amino acid 

sequence, they can affect mRNA stability, splicing efficiency, and translation kinetics, 

which may influence protein folding and functional efficiency. For example, studies have 

shown that synonymous SNPs in the CFTR gene can modulate mRNA splicing, affecting 

cystic fibrosis severity. 

Nonsynonymous SNPs: These include missense mutations, which substitute one 

amino acid for another, and nonsense mutations, which introduce premature stop 

codons. Missense SNPs in LDLR are associated with familial hypercholesterolemia due to 

altered receptor activity, whereas nonsense mutations in TP53 often result in loss of 

tumor suppressor function. 

2. Non-Coding Region SNPs 

Although not directly altering protein sequences, non-coding SNPs can influence 

gene expression and regulatory networks: 

Promoter and Enhancer Variants: SNPs in promoter regions can modify 

transcription factor binding affinities, altering gene transcription levels. For instance, 

SNPs in the MTHFR promoter affect folate metabolism and cardiovascular disease risk. 

Splice Site Variants: SNPs at exon-intron junctions can cause aberrant splicing, 

producing truncated or dysfunctional proteins. A notable example is the SMN1 gene in 

spinal muscular atrophy, where splice site SNPs disrupt functional protein production. 

MicroRNA Binding Sites: SNPs within 3’ untranslated regions (3’UTRs) can affect 

microRNA binding, modulating post-transcriptional gene regulation. For instance, 

polymorphisms in the KRAS 3’UTR alter miRNA binding, influencing colorectal cancer 

susceptibility. 

3. Epigenetic Interactions 

SNPs can indirectly impact gene expression through epigenetic mechanisms. 

Variants may influence DNA methylation, histone modifications, or chromatin 

remodeling, thus regulating gene activity without changing the nucleotide sequence. This 

crosstalk between genetics and epigenetics highlights the complexity of SNP effects on 

phenotype. 

Disease Associations 

Cardiovascular Diseases 
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SNPs in genes regulating lipid metabolism, blood pressure, and vascular function 

contribute to cardiovascular disease susceptibility. Examples include: 

APOE ε4 allele: Increases plasma LDL levels and risk of atherosclerosis. 

PCSK9 gain-of-function variants: Elevate LDL cholesterol, predisposing to coronary 

artery disease. 

ACE I/D polymorphism: Associated with hypertension and cardiac remodeling. 

Large-scale meta-analyses indicate that individuals carrying multiple risk SNPs have 

significantly higher incidence of myocardial infarction and stroke, underscoring the 

polygenic nature of cardiovascular diseases. 

Cancer 

SNPs contribute to oncogenesis through alterations in tumor suppressors, 

oncogenes, and DNA repair pathways. Key examples: 

• BRCA1/2 variants: Increase lifetime risk of breast and ovarian cancer. 

• TP53 missense SNPs: Affect apoptosis regulation and DNA damage response. 

• MTHFR C677T SNP: Modifies folate metabolism, influencing susceptibility to 

colon cancer. 

• Integration of SNP profiling in oncology enables risk stratification, early 

screening, and tailored chemotherapeutic approaches. 

Neurological Disorders 

Genetic variants influence susceptibility to neurodegenerative and psychiatric 

conditions: 

• APOE ε4 allele: Strongly linked to late-onset Alzheimer’s disease. 

• COMT Val158Met SNP: Affects dopamine metabolism, influencing cognition and 

risk for schizophrenia. 

• BDNF Val66Met SNP: Impacts neuroplasticity and susceptibility to depression 

and anxiety disorders. 

These associations demonstrate the role of SNPs in both neurodevelopmental and 

age-related neurological disorders. 

Pharmacogenomics 

SNPs in drug-metabolizing enzymes and transporters determine pharmacokinetics 

and pharmacodynamics: 

 CYP2D6 polymorphisms: Affect metabolism of antidepressants, opioids, and beta-

blockers. 

 CYP2C9 variants: Influence warfarin clearance, necessitating dose adjustments. 

 VKORC1 SNPs: Modify vitamin K antagonist response, impacting anticoagulation 

therapy. 

Application of SNP data in clinical practice reduces adverse drug reactions and 

optimizes therapeutic efficacy. 

Methodology of SNP Research 

Investigating SNPs requires high-throughput genotyping, next-generation 

sequencing, and bioinformatics analysis. Genome-wide association studies (GWAS) 
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compare SNP frequencies between affected and healthy populations, revealing disease-

associated loci. Functional validation employs techniques such as CRISPR-Cas9 gene 

editing, transcriptomic profiling, and protein structural modeling to assess the biological 

consequences of variants. Multi-omic integration of genomics, transcriptomics, 

proteomics, and metabolomics enhances the predictive value of SNP studies. 

Problems and Challenges 

Despite advances, SNP research faces significant challenges: 

Polygenic Traits: Many complex diseases result from the interaction of multiple 

SNPs with small effect sizes, complicating risk prediction. 

Population Diversity: SNP frequencies vary across ethnic groups, limiting the 

transferability of GWAS findings. 

Ethical Concerns: Genetic privacy, informed consent, and potential discrimination 

based on SNP data require stringent regulations. 

Solutions and Future Directions 

Large-scale multi-ethnic GWAS to capture population-specific variants. 

Integration of multi-omic datasets for precise functional annotation. 

Development of ethical frameworks and secure databases for genetic information. 

Implementation of clinical decision support systems incorporating SNP data for 

personalized healthcare. 

Conclusion 

Single nucleotide polymorphisms are critical determinants of human health, 

influencing disease susceptibility, drug response, and phenotypic diversity. Advances in 

genomic technologies and computational biology have elucidated the functional 

consequences of SNPs, enabling predictive, preventive, and personalized medicine. 

Continued research, combined with ethical application and multi-omic integration, 

promises to transform healthcare by tailoring interventions to individual genetic profiles. 

Understanding SNPs thus represents a cornerstone of modern medical genomics. 

 

REFERENCES: 

 

1. Manolio, T. A., Collins, F. S., Cox, N. J., Goldstein, D. B., Hindorff, L. A., Hunter, D. J., ... 

& Visscher, P. M. (2009). Finding the missing heritability of complex diseases. Nature, 

461(7265), 747–753. 

2. Visscher, P. M., Wray, N. R., Zhang, Q., Sklar, P., McCarthy, M. I., Brown, M. A., & 

Yang, J. (2017). 10 years of GWAS discovery: biology, function, and translation. American 

Journal of Human Genetics, 101(1), 5–22. 

3. Zhang, X., Edwards, S. L., & Jia, P. (2020). The impact of SNPs on human health: 

From genome-wide association studies to functional mechanisms. Frontiers in Genetics, 

11, 123. 



Международный научный журнал                                            № 38 (100),часть 1 

«Научный импульс»                                                                                 Октябрь, 2025 

   167 
  

4. McCarthy, M. I., Abecasis, G. R., Cardon, L. R., Goldstein, D. B., Little, J., Ioannidis, J. 

P., & Hirschhorn, J. N. (2008). Genome-wide association studies for complex traits: 

consensus, uncertainty and challenges. Nature Reviews Genetics, 9(5), 356–369. 

5. Bush, W. S., & Moore, J. H. (2012). Chapter 11: Genome-wide association studies. 

PLoS Computational Biology, 8(12), e1002822. 

6. Wang, Z., Gerstein, M., & Snyder, M. (2009). RNA-Seq: a revolutionary tool for 

transcriptomics. Nature Reviews Genetics, 10(1), 57–63. 

7. Ingelman-Sundberg, M. (2005). Pharmacogenetics of cytochrome P450 and its 

applications in drug therapy: the past, present and future. Trends in Pharmacological 

Sciences, 25(4), 193–200. 

8. Smith, A., & Lusis, A. (2002). The genetics of atherosclerosis. Annual Review of 

Genomics and Human Genetics, 3, 293–316. 

9. Pritchard, J. K., & Cox, N. J. (2002). The allelic architecture of human disease genes: 

common disease–common variant… or not? Human Molecular Genetics, 11(20), 2417–

2423. 

10. Cooper, G. M., & Shendure, J. (2011). Needles in stacks of needles: finding 

disease-causal variants in a wealth of genomic data. Nature Reviews Genetics, 12(9), 

628–640. 

  


