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Review Article

Structural design of genetic studies has progressed over the last decade
into the most powerful tool for probing the complex human diseases.
There are many different approaches for the identification of genetic risk
factors of the complex diseases. New pharmacological therapies may get
established by understanding the underpinning of biological genetic
effects. We focus here on the applications and strategies that are
currently best suitable for genetic studies which provide preliminary
genetic information for subsequent statistical analyses. Here we review
the basic concept of genetic alterations including monogenic and
polygenic characteristics of complex diseases to determine underlying
genetic complexity and the most appropriate methods for genetic
analysis.
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INTRODUCTION

Alterations in the form of epigenetic changes are
inheritable either by mitosis or meiosis. These
epigenetic changes are drawn in the regulation of
gene expression without the involvement of
alterations at the sequence level of gene (Berger et
al., 2009). They are mostly involved in the basic
processes of embryogenesis (Li, 2002) or by cell
cycle to increase the expression of gene (Zaehres
& Scholar, 2007). In addition, alterations are
accountable for biological diversity amongst
individuals and indicate acquitted phenotype
discrepancies though, with the same genotypes.
Epigenetic alterations include alterations in histone,
expression of non-coding small RNAs and CpG
(cytosine methylation of DNA at the guanine-
phosphate-cytosine dinucleotide sites) are the most
important and frequent (Fraga et al., 2005).

The advancement of cellular repair
mechanism stimulates the signal for prevention of
DNA deterioration and activates the mechanism to
repair the alterations. The frequency of the DNA
alterations can be increased by the failure of the
DNA repair mechanism neoplasm and can be
considered at a large or small scale, depending on
the size of the effective locus of DNA (Harper &
Elledge, 2007).

Single Nucleotide Polymorphism

A certain sequence variation, one of the
diverse forms of DNA alterations that take place
seldom in one percent of population, in a normal
standard sequence is known as mutation though,
most usual ones are recognized as polymorphisms
(Fig. 1). Generally, the most studied mutation is
single nucleotide polymorphisms (SNPs). However,
more than 90 percent of the genomic alterations are
conferred by SNPs (Maniatis, 2007). These 90
percent alterations are biallelic (wild or normal allele
and lethal or rare allele) and can be surrogated
either by transversion, purine to pyrimidine or vice
versa or transition, purine to another purine or
pyrimidine to another pyrimidine (Mimi et al., 2018).
Hence, nearly two-thirds of SNPs are substituted by
transition between pyrimidines or purines (Guo &
Jamison, 2005).

SNPs are aligned according to their
location in genome and might be functional or non-
functional. Coding SNPs are located in the exons
and may be synonymous or non-synonymous
(Burton et al., 2007). Synonymous SNPs are silent
that do not change the coding sequence of amino
acids but alter the sequence of DNA whereas non-
synonymous SNPs are found in a coding region
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that change the amino acid sequence by varying
the sequence of DNA. Myriad of SNPs are
positioned in the non-coding regions, introns and
these intronic SNPs have unidentified function so
far but are, by and large, involved in the regulatory
functions and are termed as rSNPs. These non-
functional SNPs are located in silencers or
promoters. Nevertheless, all types of SNPs can
cause genetic alterations leading to disease
(Carlson et al., 2004). There are total six probable
ways of genotyping, which have included candidate
association based polymorphism testing,
diagnostics and risk outline, gene discovery and
mapping without assumptions or hypothesis,
pharmacogenetics, prediction of environmental
risks, testing for homogeneity, and epidemiological
study designing to understand the molecular
foundation of SNPs (Palmer & Cardon, 2005;
Schork et al., 2000).

Copy number variations

Human genome has several kinds of
variations that range from large chromosome
anomaly that can be seen through microscope to
single nucleotide variants. One of the recent
discovery is copy number variants that are
abundantly present, sub-microscopic in nature, and
range from kilo bases to mega bases (Mb) in size.
Copy number variants (CNVs) are the most
occurring and complex but less renowned form of
genetic alterations and are defined by either gain or
loss of more than 1000 base pairs. These types of
variations are observed among individuals by the
unaccepted number of copies of small region of
DNA. CNV is defined as a segment of DNA which is
1 kb or larger than 1kb, exists at variable number of
copies as compared to reference genome. This can
be simple including tandem duplication and can be
complex by gaining or losing of homologous
sequences at different loci in the genome (Redon et
al., 2006).There are some variations in the gene of
50bp or more than 50bp that are collectively called
as Structural Variants (SVs). SVs consist of many
forms such as insertions, deletions translocations,
duplication, and inversions (Hall & Quinlan, 2012).
CNVs are unstable SVs that can affect copy
number of DNA and can include deletions or every
form of duplications such as tandem du-plication,
tri-plication, and other amplifications. A broad range
of processes or mechanisms can produce SVs and
they are responsible for the varied SVs distribution
in terms of location and size all across the genome
(Monlong et al, 2018).
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Fig. 1: Single nucleotide Polymorphism

Highlighted alphabets in a human TCF7L2
gene sequence are showing the ambiguity code for
nucleotides considered as SNPs provided by
International Union of Pure and Applied Chemistry
(IUPAC) and indicated the possible nucleotides that
can occur at a given position (Ensembl Release
98,2019). *Y is for pyrimidine either T or C, R is for
purine either G or A, K is for keto (G or T), S is for
strong bonds (G or C), W is for Weak bonds (A or
T), M is for amino (A or C).

Genetic complexity

All the characteristics and diseases of
human with the heritable constituent can generally
be categorized in two main sets, based on the
genetic complexity.

Monogenic

The Mendelian patterns of recessive or
dominant inheritance are followed by monogenic
diseases or characteristics. Typically, in humans, it
has been recognized by various studies that
diseases with Mendelian inheritance have multiple
affected members within a family. Mode of
inheritance can examine the trait or any disease
that can be transmitted on throughout the progenies
within family. To define a disease or a particular
characteristic or trait with Mendelian inheritance, it
must be illustrated to confirm either a recessive or
dominant pattern within families. Recently
information, about traits or diseases that show the
existence of Mendelian inheritance is organized in
the “Online Mendelian Inheritance of Man”, OMIM
database. Genes that specify any ailment, disease,
or affected phenotypes following inheritance of
Mendelian, are also enlisted in OMIM. Cystic
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fibrosis (CF) was identified as the first monogenic
disease due to the presence of underlying gene.
For patients, it will be an added advantage if a
disease is noticed with Mendelian inheritance and
referred as monogenic. Though, the involvement
and interaction of multiple genes at same time will
result in an extremity. This will further leads to
complexity of disease along with the existence of
same mutation in the candidate gene.
Comparatively, a small number of diseases or traits
have been considered as monogenic. As a result,
an enormous amount of commonly known human
traits, ailments or any disease with inbred capability
are polygenic (Scriver & Waters, 1999).

Many benefits can be attained by
diagnosing a monogenic disease that involves
aimed and specific unconventional treatment
depends on the susceptible gene and genome
sequencing of family member testing for genetic
identification that often leads to prior recognition
and prevents misdiagnosis. Although, there is a
continuous rise and increase in clarity of benefits
with the diagnosis of monogenic disease but still
many boundaries and challenges are encountered
(Misra & Owen, 2018).

Polygenic

In the recent literature, most frequently
referred complex genetic traits are the polygenic
traits and are also referred as complex genetic
traits. Opposing to monogenic trait, the name of this
complex genetic trait shows that it is predisposed
by two or more than two genes, and also does not
exhibit the Mendelian pattern of disease
transmission within pedigree. The greater part of
extensive human diseases or human traits with the
capability of inheritance has a complicated genetic
make-up (Wang et al., 2005).

The most frequently used method is to
study monozygotic and dizygotic twins for resolving
the heritable constituent of diseases or traits that
does not explain Mendelian inheritance. In
comparison between both twins, dizygotic twins
share less phenotypes whereas the extent of
sharing in monozygotic twins is higher. This method
of estimation provides a good and primary
assessment of the transmissible constituent by
affecting the disease or trait being studied
(Boomsma et al, 2002). Polygenic traits are
expressive among number of different traits for
instance, a recent study concluded that foundations
of polygenic risks are self-regulating however, they
differ with phenotypic relationship (Weiner et al.,
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2017). These conclusions of polygenic analyses
lead to further contribution and perception of
complex genetic traits with the increase in sample
size, rise in clinical symptoms or environmental risk
factors (Wray et al., 2014).

Genetic analyses

There are generally two methods that have
been used in genetic analyses to identify the
hereditary machinery of disease or any trait. They
are referred to as the linkage analysis and the
association analysis. Both methods have the
common contributed factors of utilizing recognized
genetic markers including SNPs or microsatellites
moreover, both share the common principle of
finding one or many markers that are in correlation
with the standard inherited gene loci which are
associated with the specific trait of concern (Wang
et al., 2018).

Linkage

During meiosis, the action of recombination
events occur in which short segments of DNA are
exchanged between two chromosomes. The
standard number of total recombination events
during meiosis is approximately 38 and 24 for
females and males, respectively (Cheung et al.,
2007). Recombination is a chief mechanism that
can be utilized to map loci which is in linkage to a
disease or a trait. The incidence and process of
recombination events is directly related to the
distance between loci. Loci can be inherited
together if they are present adjacently to one
another and are referred to be in mutual
association.

Linkage analyses are used to determine the
measurement of coinheritance by assessing how
the already-established genetic marker is inherited
together with the particular disease or trait within
families. In linkage analysis, microsatellites as
genetic markers have been typically used.
Recombination among family members can also be
followed by linkage analysis to find the causative
loci. Nevertheless, this analysis is inadequate and
restricted as it depends on the actual presence of
the number of meiosis among families related to the
family size or the number of generations
represented. Due to this restriction and inadequacy,
the poor genetic declaration of the linkage is being
perceived between the marker and the interested
region of gene, even they are at enormous distance
apart. Studies used to discover linkage of genetic
loci to a specific disease or trait following Mendelian
inheritance pattern are extremely useful, done by
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genetic linkage analysis (Jimenez-Sanchez et al.,
2001). On the other hand, detection of genetic
machinery of common and familiar diseases by
means of linkage analysis has not been considered
as practically thriving (Hirschhorn & Daly, 2005).

Association

Association analysis is used for the
detection of relationship among alleles and disease
by relating frequencies of alleles between case
subjects and coordinated healthy control. There are
various reasons for the analysis based on
association. First, the inspected allele might be
connected to the specific disease, causing a direct
association. Second, the allele might be in linkage
disequilibrium with the responsible allele and
displayan indirect association. The third cause for
association is population structure in which the
occurrence of the inspected allele varies in the
influenced group compared to the control group.
This is not because of the examined trait but
because they originate from different population
cohorts. It is the most powerful tool to inspect the
genetic make-up of complex diseases (Burton et al.,
2007).

Association analysis: Linkage disequilibrium

Linkage disequilibrium (LD), usually used in
association analysis and is the connection amongst
genetic loci and genetic markers. There are two
main categories of statistical measurements, D" and
r* that are explained by the LD. The estimation of
the D measurement shows the occurrence of the
amount of recombination events connecting the two
loci and their significance ranges from 0 to 1.
Alleles of the two loci can be inherited together and
are believed as in complete genetic linkage if the
value of D" equals to one. However, the frequency
of marker alleles varies among different populations
due to the presence of different mutations at
different instances in the genetic history of the
populations. The statistical measurement, r’ value is
used to express the correlation between the two loci
thus, the marker alleles consist of the equivalent
frequencies if r° equals to one. This relationship is
employed in choosing the useful SNPs referred to
as tag SNPs with the intention of maximizing cost-
benefits in an association study (Carlson et al.,
2004).

Haplotypes
A set of discrete genetic loci, affiliated to
the same chromosome, are inherited together and
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are termed as haplotypes (Reynisdottir et al.,
2003)(Fig.2). Haplotypes are used in various
genetic analyses and can be constructed by the
measures of linkage disequilibrium of a specific
segment of DNA and its population-based data are
freely accessible in the Hap Map database (Frazer
et al., 2007).

SNP SNP SNP
' B v
Chromosome1 AACACGCCA.... TTCGGGGTC.... AGTCGACCG....
Chromosome2 AACACGCCA.... TTCGAGGTC.... AGTCA ACCG....

Chromosome3 AACATGCCA.... TTCGGGGTC.... AGTCAACCG....
Chromosome4 AACACGCCA.... TTCGGGGTC.... AGTCGACCG....

a SNPs

\ -"/-
\ -

b Haplotypes wv
Haplotype1 CTCAAAGTACGGTTCAGGCA
Haplotype? TTGATTGCGCAACAGTAATA
Haplotype3 CCCGATCTGTGATACTGGTG
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¢ Tag SNPs

D\ > <«
O\ - |-
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Fig. 2: Construction of the haplotypes

This figure illustrates the formation of
haplotypes occurring in three steps. (a) Represents
the SNPs recognized in DNA samples from various
individuals. (b) Represents the close SNPs that are
inherited together are assembled into haplotypes.
(c) Represents the tag SNPs within haplotypes is
identified that exclusively identify these haplotypes.
By genotyping, the three tag SNPs can identify
which of the four haplotypes are present in each
individual (adopted from www.hapmap.org).

Genome-wide association studies

Genome-wide association studies (GWAS)
have become progressively common to identify
associations between single nucleotide
polymorphism and phenotypic traits (Marees et al.,
2018). Many complex human diseases with the
contribution of many genetic and environmental
determinants have increased in incidence during
the past 2 decades. During the same time,
extensive effort and expense have been consumed
in conducting whole-genome  screening  of
individuals. The major aim of these studies is
recognition of genetic loci contributing to the
vulnerability of complex human diseases. However,
the achievement of genome wide association
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studies (GWAS) based on inherited studies is the
identification of commonly occurring genetic
susceptible disease risk (Martin et al., 2017).

GWAS have developed over the last ten
years into an influential tool for the investigation of
genetic architecture of complex human diseases.
GWAS have rapidly become a standard technique
for the discovery of disposed genes. A considerable
number of recent GWAS show that for most
disorders, only limited common variants are
associated and the associated Single Nucleotide
Polymorphisms (SNPs) clarify only a small division
of the genetic hazard. A standard method for
disease gene discovery by GWAS provided an
effective unbiased approach to reveal the risk
alleles for genetically complex disorders. The
principle of the GWAS strategy is that widespread
common variations in the human genome, revealed
by SNPs with occurrences greater than 1%, is
accountable for the possibility of most genetically
complex disorders (Peter et al., 2017).

There are three essential elements that are
involved in conducting GWAS; a large sufficient
study samples from populations, polymorphic
alleles that can be reasonably and proficiently
genotyped, and powerful statistical analytic
methods that can be utilized to detect the genetic
associations in an unbiased manner. A generous
numbers of SNPs throughout the genome were
identified by the HapMap Project and are sited in
simple accessible databases including Ensembl at
the European Molecular Biology Laboratory's
European Bioinformatics Institute (EMBI-EBI)
(Woicik et al., 2019).

Large-scale sequencing was formerly
excessively expensive but is now more financially
practical today and is plausible to become a
communal choice in the future. This will provide an
added evidence regarding the genetic cause of
complex disorders. Hardy & Singleton in 2009
elucidates several of the significant GWAS
concepts. It concludes that if the genetics of
complex diseases is placed in a position of jigsaw
puzzle, GWAS put the boundaries and corners in
position and now just need to have a framework to
pursue the etiology of complex genetic disorders.
Following a GWAS, association results can be
allocated to routes with the suitable computational
tools and in silico databases (Bustamante et al.,
2011).
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CONCLUSION

In conclusion, although these genetic
approaches have limitations and analytical
challenges, they also provide ways to prioritize
genes for bioinformatics and laboratory studies
focused on detecting underlying variants and their
biological roles. In addition, post-GWAS studies can
probably provide a clearer picture of common SNPs
in complex disorders. There have been many
improvements in the field of complex human traits
or diseases, although sufficient challenges remain.
Improving awareness of polygenic or monogenic
diseases and convenience of economical high
value services of genetic testing remain a key
challenge. Much remains to be done to facilitate
diagnostic pathways that are clinically safe, at a
national level. We are at the cusp of scientific
revolution by applying genetic strategies to multiple
different population stratification and can easily
reinforce these efforts to be authentically effective.
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