Abstract

*HQH SRINPRUSKLVP UHIHW IR IKH YDUDILRQ LQ =1$ VHTXHQFHV DPRQJ LQGLYLGXDWV VLIQL;FDQI\ FRQIUEXILQJ IR
JHQHILF GLYHUVUN DQG LQAXHQFIQJ SKHQRINSLF IUDUV  GLVHDVH VXVFHSILELLIN DQG GUXJ UHVSRQVH 7KLV RYHUYLHZ H[SIRUHV
IIKH PHFKDQLVPV IIKDI JLYH ULVH IR JHQH SRINPRUSKLVPV LQFIXGLQJ PXIDILRQV UHFRPELQDILRQ DQG JHQH ARZ Il FDIHIRUJHV
polymorphisms into types such as single nucleotide polymorphisms (SNPs), insertions and deletions (indels), copy
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the genetic architecture of human populations and its far-reaching
implications for health and disease. As we delve deeper into the
mechanisms and types of polymorphisms, it becomes evident that these
variations are not merely academic curiosities but fundamental factors
in uencing biological processes and health outcomes. Understanding
the mechanisms that generate gene polymorphisms-such as mutations
[6], recombination, and gene ow-provides insights into how genetic
diversity is maintained within populations. Mutations, whether
spontaneous or induced by environmental factors, serve as the primary
source of genetic variation. e e ects of these mutations can vary
widely, ranging from benign to pathogenic, depending on their nature
and location within the genome. Recombination during meiosis
contributes to this diversity by reshu ing genetic material, which
can lead to new allele combinations that may enhance adaptability to
changing environments [7].

e di erent types of gene polymorphisms-SNPs, indels, CNVs,
and structural variants-each play distinct roles in phenotypic expression
and disease susceptibility. SNPs, being the most abundant form of
genetic variation, are particularly valuable in genome-wide association
studies (GWAS) aimed at identifying genetic predispositions to
diseases. For instance, certain SNPs have been associated with an
increased risk of conditions like Alzheimer’s disease and various
cancers, 0 ering pathways for early diagnosis and intervention. Indels
and CNVs further complicate this landscape, as they canin uence gene
dosage and contribute to complex traits, such as height or intelligence,
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