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ABSTRACT

Structural variations refer to genomic alterations that involve changes in the
DNA sequence, such as insertions, deletions, inversions, duplications, and
translocations. These variations can have significant implications for human
health and disease. This mini review aims to provide an overview of structural
variations, highlighting their types, prevalence, mechanisms of formation, and
impact on phenotypic diversity and disease susceptibility. The review begins
by defining structural variations and their classification based on size and
genomic location. It then explores the various mechanisms that contribute
to the formation of these variations, including errors in DNA replication,
recombination events, and mobile genetic elements. The review further

discusses the role of structural variations in evolutionary processes and their
association with genetic disorders and complex diseases. Additionally, the
use of advanced genomic technologies, such as next-generation sequencing
and array-based methods, in detecting and characterizing structural variations
is explored. The importance of understanding structural variations in
personalized medicine and clinical genetics is emphasized. Furthermore, the
review addresses the challenges and future prospects in the field of structural
variations research. In conclusion, a comprehensive understanding of
structural variations is crucial for unraveling the complexity of the human
genome, improving disease diagnostics, and advancing precision medicine.
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INTRODUCTION

tructural variations are genomic alterations that involve changes in the

DNA sequence, ranging from small insertions and deletions to large-scale
rearrangements. These variations can arise through various mechanisms
and play a crucial role in phenotypic diversity, disease susceptibility, and
evolutionary processes. In this mini review, we provide an overview of
structural variations, exploring their types, prevalence, mechanisms of
formation, and impact on human health and disease [1-2].

Types and Classification of Structural Variations: Structural variations can
be broadly classified based on their size and genomic location. Small-scale
variations include insertions, deletions, and inversions, involving alterations
within a few base pairs to several kilobases. Large-scale variations encompass
duplications, translocations, and complex rearrangements, involving changes
in DNA segments ranging from kilobases to megabases. These variations can
occur at various genomic locations, including intergenic regions, introns,
exons, and regulatory elements, influencing gene expression and function [3].

Mechanisms of Formation: Structural variations can arise through multiple
mechanisms, including errors in DNA replication, recombination events, and
the activity of mobile genetic elements. Replication errors, such as slippage
during DNA replication or unequal crossing-over, can lead to insertions,
deletions, and duplications. Recombination events between repetitive
elements, such as segmental duplications or transposable elements can result
in complex rearrangements. Mobile genetic elements, such as retrotransposons
and DNA transposons, can mediate genomic rearrangements by mobilizing
and inserting at new genomic locations [4].

Impact on Phenotypic Diversity and Disease Susceptibility: Structural
variations contribute to phenotypic diversity by altering gene dosage, disrupting
gene structures, creating novel gene fusions, or affecting regulatory elements.
Large-scale variations can lead to gene duplications or deletions, impacting
gene expression levels and protein function. Inversions and translocations
can disrupt gene structures, leading to fusion genes or loss of gene function.
These variations can contribute to genetic disorders, including developmental
disorders, intellectual disabilities, and cancer [5-6]. Furthermore, structural
variations have been implicated in complex diseases, such as schizophrenia,
autism spectrum disorders, and susceptibility to infectious diseases.

Detection and Characterization of Structural Variations: The advent
of advanced genomic technologies has revolutionized the detection and
characterization of structural variations. Next-generation sequencing methods,
such as whole-genome sequencing and targeted sequencing, provide high-
resolution genomic data, enabling the identification of structural variations
with increased sensitivity [7-8]. Array-based techniques, such as comparative
genomic hybridization (CGH) and single-nucleotide polymorphism (SNP)
arrays, offer a cost-effective approach for detecting large-scale variations. These
technologies, combined with bioinformatics tools and algorithms, aid in the
precise identification and interpretation of structural variations [9].

Significance in Personalized Medicine and Clinical Genetics: Understanding
structural variations has significant implications for personalized medicine
and clinical genetics. Structural variations can influence drug response and
efficacy, affecting individualized treatment strategies. Detection of variations
in cancer genomes can guide targeted therapy selection and prognosis
assessment. In clinical genetics, identification of pathogenic structural
variations helps in accurate genetic diagnosis, genetic counseling, and family
planning [10].

DISCUSSION

The study of structural variations presents several challenges, including
the complexity of interpreting their functional consequences and the need
for robust bioinformatics tools for accurate detection. Additionally, the
integration of structural variations with other genomic data, such as gene
expression and epigenetic information, poses challenges in understanding
their functional impact. Future prospects in structural variations research
include the development of comprehensive databases, improved algorithms
for variant interpretation, and the integration of multi-omics data to unravel
the complex genotype-phenotype relationships.

CONCLUSION

In conclusion, structural variations are important genomic alterations that
contribute to phenotypic diversity, disease susceptibility, and evolutionary
processes. Understanding the types, mechanisms, and impact of structural
variations is crucial for advancing precision medicine, improving disease
diagnostics, and unraveling the complexity of the human genome. Continued
research and technological advancements in the field of structural variations
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are essential for unlocking their full potential in personalized medicine and
clinical genetics.

CONFLICTS OF INTEREST: None.
REFERENCES

L.

2.

3.

Penprapa SK, Brianna KR. Duplication of the inferior vena cava:
evidence of a novel type IV. Folia Med Cracov. 2020; 28; 60(2):5-13.

Laurent de K, Stefano M. Variability of repairable bicuspid aortic valve
phenotypes: towards an anatomical and repair-oriented classification.

Eur ] Cardiothorac Surg. 2019; 37(11):9-828.

Jun S, ZhangY, Chuan C. Postoperative neovascularization, cerebral
hemodynamics, and clinical prognosis between combined and indirect

bypass revascularization procedures in hemorrhagic moyamoya disease.
Clin Neurol Neurosurg. 2021; 208:106869.

Qi L, Xiaojie T, Yafang D. Evaluation of Carotid Plaque Rupture and
Neovascularization by Contrast-Enhanced Ultrasound Imaging: an
Exploratory Study Based on Histopathology. Transl Stroke Res. 2021;
12(1):49-56.

312

10.

Kuo-Shyang ], Shu-Sheng L, Chiung-FC. The Role of Endoglin in
Hepatocellular Carcinoma. Int ] Mol Sci. 2021; 22(6):3208.

Anri S, Masayoshi O, Shigeru H. Glomerular Neovascularization in
Nondiabetic Renal Allograft Is Associated with Calcineurin Inhibitor
Toxicity. Nephron. 2020; 144 Suppl 1:37-42.

Mamikonyan VR, Pivin EA, Krakhmaleva DA. Mechanisms of corneal
neovascularization and modern options for its suppression. Vestn

Oftalmo. 2016; 132(4):81-87.

Brian M, Jared PB, Laura E. Thoracic surgery milestones 2.0: Rationale
and revision. ] Thorac Cardiovasc Surg. 2020 Nov; 160(5):1399-1404.

Xin W, Bofu L. Aortic Dissection with Rare Anatomical Aortic Arch
Variation Depicted by Computed Tomography Angiography. Heart Surg
Forum. 2021; 24(2): E407-E408.

Foivos I, Jonathon K, Daryll B. Aberrant right subclavian artery - a rare
congenital anatomical variation causing dysphagia lusoria. Vasa. 2021;

504(5):394-397.

Int J Anat Var Vol 16 No 5 May 2023


https://journals.pan.pl/dlibra/publication/135009/edition/118012/content
https://journals.pan.pl/dlibra/publication/135009/edition/118012/content
https://academic.oup.com/crawlprevention/governor?content=%2fejcts%2farticle%2f56%2f2%2f351%2f5353146
https://academic.oup.com/crawlprevention/governor?content=%2fejcts%2farticle%2f56%2f2%2f351%2f5353146
https://www.sciencedirect.com/science/article/abs/pii/S030384672100398X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S030384672100398X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S030384672100398X?via%3Dihub
https://link.springer.com/article/10.1007/s12975-020-00825-w
https://link.springer.com/article/10.1007/s12975-020-00825-w
https://link.springer.com/article/10.1007/s12975-020-00825-w
https://www.karger.com/Article/FullText/511452
https://www.karger.com/Article/FullText/511452
https://www.karger.com/Article/FullText/511452
https://www.mediasphera.ru/issues/vestnik-oftalmologii/2016/4/downloads/ru/10042465X2016041081
https://www.mediasphera.ru/issues/vestnik-oftalmologii/2016/4/downloads/ru/10042465X2016041081
https://www.jtcvs.org/article/S0022-5223(20)30528-6/fulltext
https://www.jtcvs.org/article/S0022-5223(20)30528-6/fulltext
https://journal.hsforum.com/index.php/HSF/article/view/3619
https://journal.hsforum.com/index.php/HSF/article/view/3619
https://econtent.hogrefe.com/doi/10.1024/0301-1526/a000904
https://econtent.hogrefe.com/doi/10.1024/0301-1526/a000904

