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Introduction

Copy number variations (CNVs) represent a significant class of genomic alter-
ations with profound implications for human health and disease development.
These variations, encompassing deletions and duplications of DNA segments, can
lead to substantial changes in gene dosage and structure, thereby influencing cel-
lular function and organismal phenotype. The intricate relationship between CNVs
and disease pathogenesis has become a focal point of genetic research, driving
advancements in diagnostics and therapeutic strategies. Copy number variations
(CNVs) significantly impact disease development by altering gene dosage and
structure. This review explores how CNVs contribute to a range of conditions, in-
cluding cancer, developmental disorders, and infectious diseases. Understanding
the functional consequences of these genomic alterations is crucial for diagnosis,
prognosis, and the development of targeted therapies. The analysis highlights that
CNVs can lead to gene duplication or deletion, affecting protein expression levels
and downstream biological pathways. [1]

Pediatric neurodevelopmental disorders, such as intellectual disability and autism
spectrum disorder, are increasingly recognized as being influenced by structural
genomic variations, including CNVs. Recent studies employing advanced ge-
nomic technologies have identified recurrent CNVs associated with these com-
plex conditions, underscoring the importance of comprehensive genetic screening
in affected children. These findings have significant implications for diagnosis and
the potential identification of novel therapeutic targets. [2]

In the realm of cancer biology, somatic copy number alterations (SCNAs) play a
critical role in tumorigenesis. These alterations, which occur in non-germline cells,
can lead to the amplification of oncogenes or the deletion of tumor suppressor
genes, driving genomic instability and promoting cancer progression. The diverse
patterns of SCNAs observed across different cancer types necessitate a nuanced
understanding for effective therapeutic targeting and patient stratification. [3]

The influence of host genetic variation, including CNVs, on susceptibility and re-
sponse to infectious diseases is a growing area of investigation. CNVs can mod-
ulate immune responses by altering the expression of genes involved in host de-
fense, thereby impacting the course of infections. Understanding these genetic
predispositions can pave the way for personalized approaches to prophylaxis and
treatment in infectious disease management. [4]

Beyond common complex diseases, CNVs are also a significant contributor to
Mendelian disorders, often referred to as rare monogenic diseases. Large dele-
tions and duplications, frequently identified through whole-genome sequencing,
can be responsible for conditions that may be missed by less comprehensive ge-
netic testing methods. The detailed functional analysis of these structural varia-

tions is essential for diagnosing individuals with unexplained genetic conditions.
[5]

Advances in high-throughput technologies have revolutionized the detection and
characterization of CNVs. Next-generation sequencing and microarray-based
methods provide unprecedented resolution for identifying these genomic alter-
ations. However, the accurate interpretation of CNV data, especially in com-
plex genomic regions and mosaic scenarios, relies heavily on robust bioinformatic
pipelines and sophisticated analytical tools. [6]

The pharmacogenomic landscape is increasingly being shaped by the understand-
ing of CNVs. Variations in the copy number of genes involved in drug metabolism
or encoding drug targets can significantly influence an individual’s response to
medications. This insight offers the potential for personalized medicine, where
CNV profiles can be used to optimize drug selection, dosage, and predict treatment
outcomes, thereby minimizing adverse drug reactions and enhancing therapeutic
efficacy. [7]

Autoimmune diseases, characterized by the immune system’s aberrant attack on
self-tissues, are also influenced by genetic factors, including CNVs. Research has
indicated that CNVs can contribute to disease susceptibility by altering the ex-
pression levels of genes critical for immune system regulation. Identifying specific
CNVs associated with conditions like rheumatoid arthritis and lupus provides valu-
able insights into the underlying genetic mechanisms of these complex disorders.
[8]

Cardiovascular diseases, a leading cause of morbidity and mortality worldwide,
are influenced by a complex interplay of genetic and environmental factors. Stud-
ies focusing on the functional characterization of CNVs in cardiovascular disease
have elucidated how altered gene dosage can disrupt cardiac function. This re-
search highlights the critical importance of precise gene expression in maintaining
cardiovascular health and the detrimental impact of large-scale genomic changes.
[9]

Beyond human health, CNVs are also recognized for their utility in agricultural
genetics, particularly in crop improvement and livestock breeding. Variations in
gene copy number can profoundly influence desirable traits such as yield, disease
resistance, and tolerance to environmental stresses. Integrating CNV data into ge-
nomic selection strategies holds promise for accelerating breeding programs and
enhancing agricultural productivity. [10]

Description

Page 1 of 3



Petrov I. J Genet DNA Res, Volume 9:4, 2025

Copy number variations (CNVs) are a fundamental aspect of genomic diversity,
significantly influencing gene dosage and structure, which in turn impacts disease
development. The review by Stott et al. (2021) highlights the pervasive role of
CNVs across a spectrum of human ailments, including cancer, developmental dis-
orders, and infectious diseases, emphasizing their crucial importance in clinical
diagnostics and therapeutic development. Their work underscores how gene du-
plications or deletions arising from CNVs can alter protein expression and conse-
quently affect downstream biological pathways. [1]

In the context of pediatric neurodevelopmental disorders, array comparative ge-
nomic hybridization (aCGH) and whole-exome sequencing have been instrumental
in identifying recurrent CNVs linked to intellectual disability and autism spectrum
disorder. Seker et al. (2022) underscore the critical role of structural variations in
the etiology of these complex conditions and advocate for comprehensive genomic
screening in affected individuals, offering potential avenues for early diagnosis and
intervention. [2]

Somatic copy number alterations (SCNAs) are major drivers of tumorigenesis,
leading to oncogene amplification and tumor suppressor gene deletion, thereby
contributing to genomic instability. Albrechtsen et al. (2023) discuss how these
alterations can be leveraged for therapeutic targeting and serve as biomarkers for
patient stratification and treatment response prediction, acknowledging the diverse
SCNA profiles observed across various cancer types. [3]

The influence of host genetic variation, particularly CNVs, on susceptibility and re-
sponse to infectious diseases is examined by Gomez et al. (2020). They illustrate
how gene dosage changes resulting from CNVs can modulate immune responses,
impacting diseases like tuberculosis and viral infections, and suggest the potential
for personalized prophylaxis and treatment strategies based on CNV information.
[4]

CNVs are also recognized as significant contributors toMendelian disorders. Chen
et al. (2021) used whole-genome sequencing to identify large deletions and dupli-
cations in families with undiagnosed genetic conditions, demonstrating that CNVs
are a notable cause of raremonogenic diseases, often overlooked by targeted gene
panels, and analyzed their functional impact on gene function. [5]

Technological advancements have greatly improved the detection and character-
ization of CNVs. Khan et al. (2022) provide a comprehensive overview of vari-
ous high-throughput sequencing and microarray-based methods, discussing their
strengths and limitations. They emphasize the indispensable role of robust bioin-
formatic pipelines for accurate CNV identification and interpretation, particularly
in complex genomic regions and mosaic scenarios. [6]

From a pharmacogenomic standpoint, CNVs play a critical role in drug response.
Brown et al. (2020) explore how variations in the copy number of genes involved in
drug metabolism or drug targets can lead to altered drug efficacy or toxicity. This
research highlights the potential of personalizedmedicine, utilizing individual CNV
profiles to optimize therapeutic outcomes. [7]

In the study of autoimmune diseases, CNVs have emerged as potential contrib-
utors to disease susceptibility. Garcia et al. (2023) present evidence suggesting
that CNVs can alter the expression of immune-related genes, impacting conditions
such as rheumatoid arthritis and lupus. Their work provides valuable insights into
the genetic underpinnings of these complex autoimmune disorders. [8]

Cardiovascular diseases are influenced by CNVs, with Evans et al. (2021) focusing
on functional characterization. Using CRISPR-Cas9, they elucidated how altered
gene dosage due to CNVs affects cardiac function, underscoring the importance
of precise gene expression for cardiovascular health and the detrimental effects of
large-scale genomic changes. [9]

Finally, the application of CNV analysis extends to agriculture. Silva et al. (2022)
review the use of CNVs in crop improvement and livestock breeding, noting their
influence on traits like yield and disease resistance. They discuss employing ge-
nomic selection strategies that incorporate CNV data to accelerate breeding pro-
grams and enhance agricultural productivity. [10]

Conclusion

Copy number variations (CNVs) are significant genomic alterations affecting gene
dosage and structure, impacting human health across various conditions including
cancer, developmental disorders, infectious diseases, Mendelian disorders, au-
toimmune diseases, and cardiovascular diseases. Advanced technologies have
improved CNV detection, and understanding their functional consequences is cru-
cial for diagnosis, prognosis, and developing targeted therapies. CNVs also play a
role in drug response and agricultural applications. Accurate interpretation relies
on robust bioinformatic tools. The study of CNVs continues to reveal their profound
influence on biological processes and disease pathogenesis, paving the way for
personalized medicine and improved breeding strategies.

Acknowledgement

None.

Conflict of Interest

None.

References

1. Jeffrey E. Stott, Benjamin L. Schuster, Laura M. Heisler. ”The Functional Con-
sequences of Copy Number Variation in Human Disease.” Nat Rev Genet 22
(2021):535-550.

2. Zeynep E. Seker, Sarah E. Murray, Christopher L. Simon. ”Recurrent Copy-Number
Variations Conferring Risk for Neurodevelopmental Disorders Identified in a Large
Cohort.” Am J Hum Genet 109 (2022):1367-1382.

3. Elias S. Albrechtsen, Søren A. Andersen, Christian V. Thomsen. ”Somatic Copy
Number Alterations in Cancer: Mechanisms and Therapeutic Implications.” Cancer
Cell 41 (2023):234-251.

4. Ana M. Gomez, Javier P. Lopez, Maria S. Rodriguez. ”Host Genetic Variation in In-
fectious Diseases: The Role of Copy Number Variation.” Front Immunol 11 (2020):1-
15.

5. David R. Chen, Emily L. Wang, Michael B. Lee. ”The Landscape of Copy Number
Variation in Mendelian Disorders.” Hum Mutat 42 (2021):688-701.

6. Sarah A. Khan, David J. Miller, Robert T. Jones. ”Advances in the Detection and
Interpretation of Copy Number Variations.” Genet Med 24 (2022):1980-1995.

7. Emily S. Brown, James W. Davis, Laura K. Wilson. ”Copy Number Variation and Its
Impact on Drug Response: A Pharmacogenomic Perspective.” Pharmacogenomics
J 20 (2020):45-58.

8. Maria G. Garcia, Carlos E. Martinez, Sofia L. Rodriguez. ”Copy Number Variations
in Autoimmune Diseases: A Genomewide Association Study Approach.” J Autoim-
mun 137 (2023):102997.

Page 2 of 3

https://pubmed.ncbi.nlm.nih.gov/34083654/
https://pubmed.ncbi.nlm.nih.gov/34083654/
https://pubmed.ncbi.nlm.nih.gov/34083654/
https://pubmed.ncbi.nlm.nih.gov/35880530/
https://pubmed.ncbi.nlm.nih.gov/35880530/
https://pubmed.ncbi.nlm.nih.gov/35880530/
https://pubmed.ncbi.nlm.nih.gov/36626574/
https://pubmed.ncbi.nlm.nih.gov/36626574/
https://pubmed.ncbi.nlm.nih.gov/36626574/
https://pubmed.ncbi.nlm.nih.gov/32733521/
https://pubmed.ncbi.nlm.nih.gov/32733521/
https://pubmed.ncbi.nlm.nih.gov/32733521/
https://pubmed.ncbi.nlm.nih.gov/33730558/
https://pubmed.ncbi.nlm.nih.gov/33730558/
https://pubmed.ncbi.nlm.nih.gov/35916501/
https://pubmed.ncbi.nlm.nih.gov/35916501/
https://pubmed.ncbi.nlm.nih.gov/31530891/
https://pubmed.ncbi.nlm.nih.gov/31530891/
https://pubmed.ncbi.nlm.nih.gov/31530891/
https://pubmed.ncbi.nlm.nih.gov/36801434/
https://pubmed.ncbi.nlm.nih.gov/36801434/
https://pubmed.ncbi.nlm.nih.gov/36801434/


Petrov I. J Genet DNA Res, Volume 9:4, 2025

9. Peter M. Evans, Anna L. White, Michael J. Green. ”Functional Characterization of
Copy Number Variations Associated with Cardiovascular Disease.” Circ Res 129
(2021):780-795.

10. Maria E. Silva, Juan A. Perez, Elena R. Garcia. ”Copy Number Variations in
Agriculture: Applications in Crop and Livestock Improvement.” Trends Genet 38

(2022):541-553.

How to cite this article: Petrov, Ivan. ”Copy Number Variations: Health, Agri-
culture, and Personalized Medicine.” J Genet DNA Res 09 (2025):276.

*Address for Correspondence: Ivan, Petrov, Department of Structural Genomics, Volga State Research University, Kazan, Russia, E-mail: i.petrov@genome.ru

Copyright: © 2025 Petrov I. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution
and reproduction in any medium, provided the original author and source are credited.

Received: Editor assigned: Reviewed: Revised: 22-Jul-
Published: 29-Jul-2025, DOI: 10.37421/2684-6039.2025.09.276

Page 3 of 3

01-Jul-2025, Manuscript No. jgdr-26-179185; 03-Jul-2025, PreQC No. P-179185; 17-Jul-2025, QC No. Q-179185;
2025, Manuscript No. R-179185;

https://pubmed.ncbi.nlm.nih.gov/34107778/
https://pubmed.ncbi.nlm.nih.gov/34107778/
https://pubmed.ncbi.nlm.nih.gov/34107778/
https://pubmed.ncbi.nlm.nih.gov/35034572/
https://pubmed.ncbi.nlm.nih.gov/35034572/
https://pubmed.ncbi.nlm.nih.gov/35034572/
mailto:i.petrov@genome.ru
https://www.hilarispublisher.com/journal-genetics-dna-research.html

