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ABSTRACT

The sequencing of complete human genome revolutionized the genomic medicine. However, the complex
interplay of gene-environment-lifestyle and influence of non-coding genomic regions on human health remain
largely unexplored. Genomic medicine has great potential for diagnoses or disease prediction, disease prevention
and, targeted treatment. However, many of the promising tools of genomic medicine are still in their infancy and
their application may be limited because of the limited knowledge we have that precludes its use in many clinical
settings. In this review article, we have reviewed the evolution of genomic methodologies/tools, their limitations,

and scope, for current and future clinical application.
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INTRODUCTION

Remarkably, the human genome and the closest related
species chimpanzees differ in single nucleotide
alterations by a mere 1.23% and in deletions, insertions,
and copy number variations by 3%."! In humans, the
genomes of any two individuals are about 99.9%
identical. However, a mere 0.1% variation allows for
changes in a massive number of nucleotides because the
human genome has approximately 30 billion base pairs
(3.3 x 109).1"" The human genome project, which was
completed in 2003, revolutionized the understanding of
the human genome and served as a turning point to fast
forward the genomic methodologies. However, the
clinical application of findings from these genomic
studies is still in its infancy. This is largely because we
still have not understood or made complete sense of the
available information. That is, the sequence data have
been difficult to correlate to functional outcomes, making
it difficult to understand the genetic basis of diseases and
the complex gene-lifestyle-environment influences or
their interaction. Moreover, most of the initial focus of
the research had been on coding regions of DNA which
comprises approximately 2% of the DNA and the
knowledge about specific implications of non-coding
DNA regions (98% of DNA) are largely unknown.™*!

GENOMIC TOOLS AND THEIR EVOLUTION
DNA SEQUENCIES

It relied on the template DNA strand and had limited
capacity for sequencing gene panels. Subsequently, with
commercial production of high throughput technologies
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or next-generation sequencing (NGS) revolutionized the
DNA sequencing by 2007.1% Also called as massively
parallel sequencing, NGS does parallel sequencing of
millions of small DNA fragments. Each DNA fragment is
fixed at a unique location on the solid support. While the
sample of the patient's DNA which serves as a template
in NGS is amplified and fragmented, the third-generation
sequencing uses single DNA molecules rather than the
amplified DNA as a template thus eliminating errors
from DNA amplification processes. The NGS can be
used for whole-genome sequencing, exome sequencing,
or targeted gene panels comprising tens to hundreds of
genes.

SINGLE NUCLEOTIDE POLYMORPHISM

Single nucleotide polymorphism (SNP) is the variation in
genetic sequence by a single nucleotide. It is the most
common type of genetic variation in man.™! It was
detected in the 1980s using restriction enzymes.? With
application of the microarray technology to SNPs, the
scope of SNP in clinical practice has widened, especially
in oncology. The first SNP array analysis was done in
1998 and the first application of SNP array analysis in
cancer was done in 2000.*% SNP array analysis is used
to determine loss of heterozygosity, allelic imbalance,
genomic copy number changes, frequency of
homozygous chromosome regions, uniparental disomy,
DNA methylation alterations and linkage analysis of
DNA polymorphisms in cancer cells.'>4
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DNAAMPLIFICATION

Kary Banks Mullis  successfully demonstrated
polymerase chain reaction (PCR) in 1983.'*! PCR is a
cost-effective method that can amplify a single DNA
exponentially."® 1t is a rapid, highly specific, and
extremely sensitive method. PCR is being used in SNP
genotyping, detection of rare sequences, insertion-
deletion variants, and structural variants like copy-
number variants.

LINKAGE AND ASSOCIATION ANALYSIS

Linkage studies have been used for mapping Mendelian
traits with high penetrance in families and relatives./*!
They are especially useful to identify rare alleles that are
present in a small number of families®™, for disease
genes with weak effects and polygenic diseases, linkage
disequilibrium association mapping has proved to be
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(GWAS), genotyping of hundreds or thousands of SNPs
is done in cases and control populations and their
association with heritability is analysed. A combination
of linkage and association methodologies helps to
identify and characterize the wider range of disease-
susceptibility variants.??

HAPMAP AND 1000 GENOME PROJECTS HAVE
CREATED A CATALOG OF SNPS

The HapMap project was started in 2002 to develop a
haplotype map of the human genome. It can also
describe the common patterns of human genetic
variation.”! The 1000 Genomes Project comprised a
total of 26 diverse population set in which whole-
genome sequencing was performed. It also used deep
exome sequencing and dense microarray genotyping to
give a comprehensive description of common human

more useful. In genome-wide association studies genetic variation.®!
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TARGETED GENOME EDITING OR GENOME DISCUSSION

ENGINEERING

It involves modification of the genome at a precise,
prespecified locus using programmable nucleases.
Examples of some of the programmable nucleases
include zinc-finger nucleases (ZFNs), transcription
activator-like  effector nucleases (TALENSs), and
clustered regularly interspaced short palindromic repeat
(CRISPR)-Cas (CRISPR-associated) system. These
programmable nucleases are designed to impart site-
specific double-strand breaks (dsBs) in chromosomal
DNA. The cell is therefore forced to use one of the
endogenous DNA repair mechanisms — homologous
recombination or homology-directed repair (HDR) and
nonhomologous end-joining (NHEJ). This enables
targeted genetic modifications during the repair process
in the living cells (in vivo) (Table (Table11).”® ZFNs
and TALENS recognize the target sequence through
protein-DNA interaction. CRISPR-Cas nucleases
recognize target sequences through RNA and DNA base
pairing.®!
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The newer genomic technology and tools have
broadened the scope and pushed the time limits for
development of new diagnostic kits, preventive strategies
like vaccines, therapeutic strategies like gene modulation
and gene therapy. A lot is yet to be studied in terms of the
complex interaction of gene-environment-lifestyle-
disease. Knowing the impact of genomics on disease
pathophysiology and response to medications. expands
the scope of research and clinical application. While
genome editing holds promise to correct the defective
genome in vivo, therapies can also be designed to alter
the gene expression without altering the genomic code
(example exon skipping, or inclusion discussed above).
The newer genomic editing tools have showed great
potential and promise but they need to be studied
extensively before clinical application. Also, uniform
international ethical guidelines and guiding principles
need to be established so that these genomic technologies
are not misused. It is very important to include diverse
populations and to represent minority population in the
genomic studies, so that results could be generalized and
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more accurate diagnostic, predictive and therapeutic
tools can be developed. Genomics in medicine is indeed
a new era in medicine. Even the control of coronavirus
disease 2019 pandemic has just begun at the time of
writing of this article with gene-based therapies eliciting
immune response against severe acute respiratory
syndrome coronavirus 2 spike proteins. A unified
international collaboration is needed to continue
expanding gene therapy use in opening new frontiers for
fight against novel infections and disease.

CONCLUSION

Genomic medicine holds great promise for providing
insight into disease pathophysiology, provide better
diagnostic or disease predictive tools, preventive
therapies and finally for targeted treatment of diseases.
Although some of the newer tools (like CRISPR system)
have great potential, more research is needed before
these tools can be unleashed to clinical use. Hence there
is great need for studies to unravel the mystery of
complex interaction of both coding and noncoding
genomic regions with environment and lifestyle
influences on disease occurrence and management. The
newer genomic technology and tools have broadened the
scope and pushed the time limits for development of new
diagnostic Kkits, preventive strategies like vaccines,
therapeutic strategies like gene modulation and gene
therapy. A lot is yet to be studied in terms of the complex
interaction ~ of  gene-environment-lifestyle-disease.
Knowing the impact of genomics on disease
pathophysiology and response to medications. expands
the scope of research and clinical application. While
genome editing holds promise to correct the defective
genome in vivo, therapies can also be designed to alter
the gene expression without altering the genomic code
(example exon skipping, or inclusion discussed above).
The newer genomic editing tools have showed great
potential and promise but they need to be studied
extensively before clinical application. Also, uniform
international ethical guidelines and guiding principles
need to be established so that these genomic technologies
are not misused. It is very important to include diverse
populations and to represent minority population in the
genomic studies, so that results could be generalized and
more accurate diagnostic, predictive and therapeutic
tools can be developed. Genomics in medicine is indeed
a new era in medicine. Even the control of coronavirus
disease 2019 pandemic has just begun at the time of
writing of this article with gene-based therapies eliciting
immune response against severe acute respiratory
syndrome coronavirus 2 spike proteins. A unified
international collaboration is needed to continue
expanding gene therapy use in opening new frontiers for
fight against novel infections and disease.
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