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ABSTRACT

Genetic polymorphisms are considered as one of the major contributing factors for the variability in disease development and
pathogenesis as well as drug response in individuals. Fortunately, in the last few decades a range of technological advancements eased
the way for polymorphic studies to reveal the association between genetic polymorphism like single nucleotide polymorphisms (SNPs)
or Variable number tandem repeats (VNTRs) and human diseases. Starting from Mendelian inheritance to recent Next Generation
Sequencing (NGS) technologies not only helped to understand human disease biology better, paved the way towards personalised
therapy by studying individual drug/therapy responses based on genetic makeup (mutation/variant) of individuals. Literature mining
from PubMed, Google Scholar and Medline databases using keywords likes ‘polymorphism; ‘genetic polymorphism; ‘SNP’, ‘'VNTR;,
‘CNV' The massive parallel sequencing capability of the NGS facilitates clinicians towards therapeutic decisions and aids follow up of
patients by identifying minimal residual disease. However, this is the beginning of the era of targeted and personalised therapy and
scientific world which will be able to touch the tip of the iceberg. However, much focus is needed to develop more user-friendly and
cost-effective technologies to reach more patients along with development of much simpler and robust statistical methodologies to

handle or interpret big data.
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INTRODUCTION

ariations in DNA is a very common phenomenon but

when multiple forms of a gene are expressed in at least
1% of a population it is termed as genetic polymorphism.
Genetic polymorphism alters among species and between
genomes which justifies its impact on evolution as well as
conservation of species. Evolution induces genetic variation
and genetic adaptiveness towards cis or trans as a response to
environment.' Variation in effective population size governs
genetic diversity and polymorphism plays a vital role in this.?
It is known to have several effects on the plant and animal
world, especially disease prognosis in humans. Not only
diseases and its early predictions, it is also known to affect
animal behaviour.> The advancement of genotyping and
sequencing technologies along with sophisticated statistical
tools have resulted in easy detection of sequence variations
and its relation with development of human diseases by high-
density mapping of single nucleotide polymorphisms (SNPs)
and haplotypes.* The evolution of genetic polymorphism and
relation between technological advancement and genetic
studies is the main focus of this review particularly in human
diseases.

The human genome consists of 23 pairs of chromosomes,
each pair inherited from respective parents, contains
about 6 billion nucleotides of DNA.> Due to this vast size,
the probability of having polymorphic DNA is very high.
This polymorphism within the human genome varies from
single nucleotide change to several base pair changes and
presence of repetitive sequences.>”Among all different types
of polymorphisms, single nucleotide polymorphism (SNPs)

ISSN: 0367-8350 (Print)

Clinicogenomics Lab, Department of Physiology, Surendranath
College, University of Calcutta, Kolkata, India.

*Corresponding author: Barnali R. Basu, Clinicogenomics Lab,
Department of Physiology, Surendranath College, University of
Calcutta, Kolkata, India., Email: braybasu@gmail.com

How to cite this article: Pal R, Samaddar A, Chakraborty S,
Basu BR. Genetic Polymorphism: Evolution with Technological
Advances and Future Direction. Indian Journal of Physiology and
Allied Sciences. 2022;74(4):12-15.

Conflict of interest: None

Submitted:05/03/2022 Accepted:15/11/2022 Published:05/12/2022

is the most abundant.® SNPs are well scattered throughout
the genome with variation in numbers mostly present in
non-coding, regulatory regions of the genome and serve as
excellent genetic markers to map several human diseases,
evolutionary studies and population genetics.” Depending
on the location within the genome, SNPs act differently at
phenotypic levels.® Another major progress in the field of
genomics occurs with the discovery of highly polymorphic
repetitive DNA that comprises about 30-90% of the whole
genome.'” The length of variable number tandem repeats
(VNTRs) that remains adjacent to each other varies from 2
to many thousand copies and on the basis of this they are
classified into macro, mini and microsatellites.® According to
the previous studies, about 700000-1000000 microsatellite
loci is about 2-6 base pairs long whereas di and tetra
nucleotide constitutes 75% of the human reference genome.
Although VNTRs can be present widely at un-translated
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regions, introns and protein coding regions, the dinucleotide
repeats specifically abundant in regulatory regions than
any other genomic regions."" These polymorphic tandem
repeats were initially utilised in DNA fingerprinting but their
association with wide range of pathological conditions are
now well established."? Another important polymorphic DNA
sequence involves structural and copy number variations
(CNVs), discovery of which overruled the concept of having
strictly two copies on genes within the genome. Several
studies have illustrated that a substantial portion of DNA
which ranges from thousands to million base pair of DNA
can vary in copy numbers and they become one of the most
important sources of genomic diversity."

With the advancement of time, it becomes evident
that polymorphisms are well associated with several
diseases or may regulate a number of disease outcomes.
SNPs, being changes in one nucleotide, can cause several
genetic conditions that involve single or multiple genes."
SNPs present in the protein coding region of the genome
can be either synonymous or non-synonymous resulting
in either silent mutation or missense/nonsense mutation.
One such disease that occurs due to SNPs located in coding
sequence is Sickle cell anaemia. Disease causing SNPs can
also present within the regulatory or promoter region of
a gene that largely influence the expression and activity
of that particular gene. Another different class of SNPs are
responsible for alteration of the primary structure of proteins
associated with drug metabolism which become potent
target for the pharma-cogenetics studies. All the SNPs are
not directly harmful or causative but they, being in close
association with a disease-causing sequence, segregate with
that particular gene. Therefore, the existence of that SNP can
be a potent marker of the presence or the increased risk of
development of that disease. These SNPs are widely studied
for disease diagnosis, prediction and other applications.?
Along with SNPs, STRs also correlates with a number of
diseases and phenotypic changes depending on the increase
ordecrease in repetitive sequence length. One such example
is Huntington’s disease in which the causative mutation is
due to the increase in number of CAG repeats from normal
range of about 11-14 copies to an abnormal range of at
least 38 copies that produces the excess glutamine.”” Not
only that there is other 40 neurological diseases including
spinocerebellar ataxia with polyglutamine tracts also
have significant correlation with the changes in length of
trinucleotide repeats.'

With the recent advancement of technologies and
introduction of the human genome project and next
generation sequencing it is now a virgin area of genetic
association studies that had revolutionised the field of
scientific research.

In the present study we have conducted a detailed
analysis of the genetic polymorphism studies specifically
focused on humans by integrating the recent technological
advancement over the past decades (i) to find out the

technological advancement in genetic studies since
inception, and (ii) to highlight time-framed polymorphism
and genetic polymorphism studies and its implications on
the human system.

MATERIALS AND METHODS

For this review, PubMed, Google Scholar and Medline
data bases were extensively searched using keywords like
‘polymorphism’, ‘genetic polymorphism’, 'SNP’, 'VNTR’, 'CNV".

RESULTS

Genetic studies are not possible without the knowledge of
DNA and the various advancements in technology. Here we
had categorised our search into two; one is the advancement
of technology and simultaneous hallmark discoveries in
genetic studies; second is the polymorphism study which
although being multiple (expressive or non-expressive) forms
of a particular gene, might have other biological implications.

Genetic Discoveries and Technological Advancement

Gregory Mendel had introduced fundamentals of inheritance
which led to discovery of DNA and Chromosomes. DNA was
then discovered as the hereditary carrier and later its double
helical structure was identified which fetched Watson and
Crick a Nobel prize."” In 1977, Sanger sequencing technique
(dideoxy method) was discovered which was the stepping
stone for all genetic studies till the current time which eluted
complete genome sequences for the first time.'® Post the
completion of the Human Genome Project in 2003, further
development of sequencing techniques like Next generation
sequencing (NGS), the second-generation sequencing was
comparatively faster and cheaper but they were short reads.'”
The third generation or long-read sequencing methods can
produce novel genome assemblies.?> SMRT has helped to
resolve high-GC content regions and also highly repetitive
regions, commonly known as short term Tandem Repeats
(STR) which are known to be disease initiators.?! All of this
has resulted in a huge amount of generated data which
calls for big data management and thereby the use of data
management and developed sophisticated statistical tools
has been ever increasing. Figure 1 gives an insight into
detailed technological advances along with hallmarks of
genetic studies.

Polymorphism Studies and their Implications Over
Time

Trailing the path of several scientific discoveries related
to polymorphism revealed that the prior polymorphic
investigations solely depended on phenotypic visible
coexistence of several characteristics within the organism.
The most ancient study on polymorphism done on butterflies
termed as mimetic polymorphism to illustrate the visible
colour differences found among butterflies.?? Immediately
afterwards there are polymorphism studies on colour profile
of drosophila and origin and evolution of polymorphism
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Figure 1: Time-lapse representation of hallmarks of Genetic
discoveries and Technological advancements contributing to
evolution of genetic studies.

on ants.?*?* Another striking coexistence of different
characteristics in animals are blood groups and with the help
of the technological advancements’ genetic polymorphism
study on ABO blood groups has been done.?® After
interpreting these visible components of polymorphism,
the area of the research moved further into the cellular levels
analysing the polymorphic genes in complement system,
Gc globulin and collagen.?®28 With the advancement of
technology, the loci of research move further from cellular
towards genetic/DNA levels and therefore different varieties
of polymorphisms have surfaced that are responsible for
different sets of characteristics or diseases among human
population. Single nucleotide polymorphism study was
earliest in this genre and subsequently all other varieties
such as Variable number tandem repeats, short tandem
repeats and copy number variations polymorphism has also
enter the arena of research.??' Polymorphism detection
techniques and invention of Sanger DNA sequencing has
further correlated different diseases with polymorphisms.
In very recent times, Human genome project and advanced
sequencing techniques enables the researchers to analyse
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Figure 2: Polymorphism studies from initial to recent times associated
with different types of polymorphism and related diseases.

the relationship between different diseases and presence
of a specific polymorphism which further facilitates disease
prediction at very early stage. Intricate DNA sequencing and
analysis help the researchers to even design individualised
drugs depending on their polymorphism profile to minimise
the disease outcome.32*3 Figure 2 ropes in the studies of
polymorphism and its various forms and how 90s decade
saw a sudden change of general polymorphism study being
metamorphosed into disease based polymorphism studies
and also its various forms came into limelight.

DISCUSSION

Genetic studies enrichment is impossible without various
technological advances which mainly targets at achieving
maximum yield of data with minimum resources, be it
DNA sample or/and low cost of reagents and machines.
Machines have made detection easier but data analysis
has to be ultimately done by humans not by machines.
Nowadays much of genetic studies are targeted with
in-silico approaches before laboratory work but machines
are only tools so the data for machine learning comes from
experiments conducted in laboratories.

Our study highlighted various technological advances
and how genetic polymorphism studies have evolved and
developed over the years. One significant observation is the
vividness and minute up gradation of DNA studies with each
evolving technology.
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