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Abstract

Exome sequencing has rapidly squeezed the speed for various
newly identified diseases genes/variants and build very important
role in the human genetics. Till now several studies have confirmed
the whole exome sequencing as a diagnostic tool for the document-
ed molecular defects with and without deferred genetic diseases and
disorders. The accurate methodology with the exome and next gen-
eration sequencings can be identified the complete exons (exome
sequencing) and next generation sequencing to sequence DNA at
unique speed, permitting formerly unimaginable scientific achieve-
ments and novel biological applications. This review describes
about the important role of exome and next generation sequencings
in human genes in the global population. Maximum studies have
documented affecting role of variants in the specific population but
this may not vary in the global population. This could be due to the
variability in the ethnicity. Novel identified variants from similar dis-
eases may or may not document in the global population. Hence
this study concludes exome and next generation sequencings can
be implemented in all the human diseases which is and not affected
with hereditary and medical genetics. This review suggests applying
the techniques exome sequencing and next generation sequencing
in the human diseases with all over the global population to confirm
the disease biomarker for the clinical practices.
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Exposing the genetic and inherited disparities on human health
and diseases has become the major scientific challenges in 21* cen-
tury. Human genome sequencing and Celera Genomics has published
the different versions on human genome. Human Genome Project
(HGP), an international project sequenced the human DNA and nu-
cleotide sequences which recognizes and maps all the genes of the
human genome. Till now 2.91 billion base pair consensus sequences
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of human data were generated with whole genome short gun sequenc-
ing method [1,2]. There are many genetic diseases are appeared as
hereditary and non-hereditary diseases. Hereditary disease is defining
as diseases produced by disturbances in storage, transformation and
production of genetic information. Recent improvement in the hu-
man genetic diseases such as medical genetics, hereditary nature of
many diseases and genetic syndromes of undetermined etiology has
been blown. Hereditary disease is mainly occurred by abnormalities
in chromosomal disorder and gene mutations. The hereditary diseases
are broadly based on the involvement of metabolic disorders such as
(1) amino acid metabolism (ex; phenylketonuria), (ii) lipid metabolism
(ex; Gaucher’s disease), (iii) Carbohydrate metabolism (ex; Fructo-
suria), (iv) mineral metabolism (ex; Wilsons hepatoreticular degener-
ation) and (v) bilirubin metabolism (ex; Crigler-Najjor syndrome) [3].
The number of human disease genes could be estimated. However,
the number of different mutations that could potentially cause human
inherited diseases are clearly almost limitless (ex; one was to include
all possible frameshift microdeletions and micro insertions), the num-
ber of mutations actually in existence and available to be identified
and characterized is a complex function of the mutability of each
inherited disease gene, the prevalence and ease of ascertainment of
the consequent clinical phenotypes, the demographic history of the
human population, at our disposal to locate and identify the patholog-
ical mutations [4]. Genetic variation is a key biological determinant
underpinning evolution and defining the heritable basis of phenotype.
Gene function cannot be fully understood without awareness of the
potential variability within the gene. Genetic variation takes many
forms, but all forms originate from just two types of mutation event.
The simplest type of variation results from a simple base substitu-
tion. This type of mutation event accounts for the commonest form of
variation, the Single Nucleotide Polymorphism (SNP), but also rare
mutations which may show Mendelian inheritance in families. Most
of the other types of variation result directly or indirectly from the
insertion or deletion of a section of DNA. At the simplest level, this
can result in the insertion or deletion of one or more nucleotides, the
so called Insertion/deletion (Indel) polymorphisms. The most com-
mon insertion/deletion events occur in repetitive sequence elements,
where repeated nucleotide patterns, so called “Variable Number Tan-
dem Repeat Polymorphisms” (VNTRs), expand or contract as a result
of insertion or deletion events. VNTRs are further sub-divided on the
basis of the size of the repeating unit; minisatellites are composed of
repeat units ranging from ten to several hundred base pairs [S]. Sim-
ple tandem repeats (STRs or microsatellites) are composed of 2-6 bp
repeat units. Insertion/ deletion events involving large regions rang-
ing from a few kilobases to several megabases are known as Copy
Number Variations (CNVs). These events may occur as a result of re-
combination between flanking repetitive elements. CNVs were once
thought to be very rare, restricted to severe genomic syndromes; how-
ever, the initial sequencing of the human genome and more recently,
studies of samples ascertained for the HapMap project have provided
evidence that CNVs are actually commoner than previously expect-
ed with most individuals carrying substantial deletion or duplications
of DNA possibly with little phenotypic impact [6]. Structural vari-
ants are all variants which are not single nucleotide variants, which
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include insertion-deletion, block substitutions, inversions of DNA
sequences and copy number differences. Large-scale genotyping of
common variants led to an avalanche of discoveries of variants asso-
ciating with common and complex diseases. Current studies based on
whole-genome and Exome Sequencing (ES) are beginning to yield
rare variants associating with common diseases. They also provide
unprecedented information about human sequence diversity and in-
sights into the structure and history of human populations [7].

The systematic identification of rare alleles is associated with
common traits typically requires resequencing instead of genotyping
and has therefore been challenging. Such studies have largely been
limited to assessing rare variants that have been found by the target-
ed sequencing of candidate genes or of genomic regions identified
by linkage or Genome Wide Association Study (GWAS), assumption
is that rare variants that influence a trait co localize with common
variants that influence risk. Although, whole-genome sequencing will
be performed on all subjects with in a disease cohort, this approach
is currently costly. In the meantime, exome sequencing provides an
opportunity to capture nearly all of the rare and very rare alleles in the
protein-coding genes that are present in a sample, although the contri-
bution of exome sequencing to our understanding of complex diseas-
es has been much smaller than its contribution to our understanding of
Mendelian traits. Exome sequencing is often used in conjunction with
two sampling strategies: family-based phenotypes and extreme phe-
notypes. In families in which multiple individuals are affected with a
common trait, one approach is to sequence the most distally related
individuals: the more distantly related the individuals, the fewer ge-
netic variants they share. However, even distantly related individuals
share many variants that require further stratification to identify a po-
tentially causal allele. An alternative, family-based approach, which
is used to identify de novo variants, involves sequencing parent-off-
spring trios in which only the offspring is affected. This strategy has
been used to identify candidate genes for several complex traits [8,9].

GWAS is defining as an investigation of the association between
common genetic variation and disease. This type of analysis requires
a dense set of markers that capture a substantial proportion of com-
mon variation across the genome, and large numbers of study sub-
jects. Presently, DNA sequencing has become a major concerns of
medical research. Most direct way to examine the human diseases
identified in the genes are through genetic heterogeneity, compare
the DNA sequences among specific diseases. Genomic DNA analysis
was based on Sanger sequencing, which was found to be effort in
identifying known variants existent in 10-20% of specific DNA. Wat-
son and Crick, fundamental discovery for double structure of DNA
and pioneering the expansion of method to detect DNA sequences
(ATGC) through sanger sequencing, develops in capacity, capability
and applications Sanger sequencing is defined, an approach in which
dye-labelled Normal Deoxynucleotides (ANTPs) and dideoxy-modi-
fied ANTPs are mixed. Standard PCR reaction is carried out and, as
elongation occurs, few strands incorporate a dideoxy-dNTP, thus ter-
minating elongation. The strands are then separated on a gel and the
terminal base label of each strand is identified by laser excitation and
spectral emission analysis.

Benefit of DNA sequencing for genetic heterogeneity was melo-
dramatically enhanced by approval of Next-Generation Sequencing
(NGS) for large scale disease analysis [10,11]. NGS is also termed
as high throughput sequencing/second generation sequencing and has
been introduced as effective tool for genetic screening and identifying

new disease-causing variants discovered by whole exome sequencing.
This technique is cost effective and generates large number of DNA
sequence variants for finding candidates for disease cause through
large-scale analysis. The NGS technique is similar to capillary elec-
trophoresis in which DNA polymerase catalyses the incorporation of
fluorescently labeled dNTPs into the DNA template strands during
sequencing cycles of DNA synthesis. However, NGS-based variant
detections are prone to erroneous calls and generate low-interest vari-
ants in the form of genotype false-positives [12]. Whole Genome Se-
quencing (WGS) is termed as process of determining the complete
analysis of DNA sequence of an organisms’ genome at a single time.
NGS allows scientists/researchers to explore genetic variations from
human genome project, which was initially completed in 2003. Cur-
rently, any sequencing technique is much more efficient, and any hu-
man genome can be sequenced in a matter of days for under $10,000.
The first human genome cost $2.7 billion. Today, most genetic testing
focuses on one or a few genes, rather than the entire genome. Howev-
er, with the falling cost of genome sequencing, more individuals are
pursuing this option. Physicians can look at an entire genome to see
how specific treatments for a disease will be affected by an individ-
ual’s unique genetics. For example, the physician may opt to look at
genes involved in drug metabolism when deciding dosage. In the fu-
ture, WGS may enable everyone to develop a personalized treatment
plan [13]. Sequencing of the exome, rather than the entire human ge-
nome, is well justified as an efficient strategy to search for alleles
underlying rare Mendelian disorders. Earlier study from the group Ng
et al., has confirmed affected gene for monogenetic disorder in the
unrelated individuals [14]. Bamshad et al., has concluded as exome
sequencing as a tool for the discovery of Mendelian disease gene [15].
Mendelian disorder is defined as phenotypes caused by a mutation/s
in a single gene and inherited in a dominant, recessive or X-linked
pattern. NGS has been widely using in the clinics for the diagnosis
purposes [16]. Kim et al., has discovered the stop-gain mutation in
TP53 gene in Langerhans cell sarcoma through WES. Both the NGS
and ES identified promoter, coding and non-coding variations in max-
imum all the diseases/disorders [17]. Several studies have confirmed
both the NGS and ES has high successful rate in the clinical and med-
ical genetics. The ES and NGS has already proven remarkably suc-
cessful in confirming the cause of Mendelian diseases. Consequently,
there is growing interest in the introduction of NGS into the clinic to
aid in the diagnosis of conditions for which no genetic cause can be
found with targeted testing or chromosomal arrays. In clinical setting,
patients with undiagnosed genetic conditions tend to present with a
wide range of clinical features, and is often necessary to consider each
patient’s genome individually, rather than looking for common dis-
rupted genes in multiple cases with a similar phenotype [18].

From this review, conclusion can be confirmed as both exome
and next generation sequencings can be implemented in all the hu-
man diseases which is and not affected with hereditary and medical
genetics. The accurate variant can be confirmed in promoter regions
such as 3'UTR regions, coding and non-coding regions of the human
genome. The results may not vary from population to population due
to the ethnicity. The racism will definitely play a major role in the
hereditary and non-hereditary diseases of the different global popu-
lation. The second generation sequencing techniques will enable us
to identify all the variants in an individual’s personal genome and, in
particular, clinically relevant alleles. Apart from this, whole genome
sequencing is also expected to bring a major shift in clinical practice
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in terms of diagnosis and understanding of diseases, ultimately en-
abling personalized medicine based on one’s genome. This review
suggests to apply the exome sequencing and next generation sequenc-
ing in the human diseases with all over the global population to con-
firm the disease biomarker for the clinical practices.
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