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The antigens of the ABO blood group systems are expressed on the membrane of the red blood cells and
on the surface of several pathological and normal cells and tissues. Following this earlier investigations,
the pathological state of genetic diseases and disorders were determined from the blood fluids and blood
cells. Biology of most of the genetic diseases was associated with the development of marks and the ABO
antigens were associated with the development of various tumours, namely gastric and pancreatic can-
cers. ABO antigens are used as the prognostic biomarkers in various types of cancers in human. Moreover,
the association of these antigenic effects is uncertain. In human, several epigenetic marks required for the
normal development. These include DNA methylation at GpG dinucleotides, noncoding RNAs and cova-
lent modifications of histone. These functions are regulated in organized manner, regulating mitotically
heritable changes in the expression of genes without changing the primary sequences of DNA. Any
changes in the expression of these proteins due to genetic or environmental factors affect normal func-
tion and leads to aberrant epigenetic pattern. These aberrant epigenetic patterns lead to various human
disorders, including imprinting and sub-fertility. The present review discusses the biology and genetics of
various diseases and highlights the important theoretical and technical problems. Human genome
sequences and other technical implications in the line of genetic diseases are discussed in this review.
� 2022 The Author. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

ABO blood group was discovered by Karl Landsteiner in 1901
and human blood group was classified into various types, including
A, B, O, AB on the basis of presence or absence of antigens on the
blood cell surface (Karl Landsteiner, 2020). The expression of
ABO gene is not only limited with red blood cells but also in tissue
surfaces, including, sensory neurons, epithelial cells, kidney,
endothelial cells, heart, platelets, pancreas and lungs and revealed
the significance of ABO system in clinical practice beyond blood
transfusion and immunohematology (Franchini and Bonfanti,
2015). Endoplasmic reticulum (ER) malfunction might have poten-
tial impact on various neurological disorders including multiple
sclerosis and Alzheimer’s disease. ER is one of the important and
largest organelles in the human cell and is an important site of pro-
tein synthesis, protein folding and transport, carbohydrate meta-
bolism, steroid and lipid biosynthe sis and calcium storage
(Westrate et al., 2015). Consequently, variations in the structure
and composition of nuclear structure are reported in various
genetic diseases. In normal state, nucleus has a unique substruc-
ture and it is dynamic in structure. Oncogene expression, viral
infection, and inherited human disorders can cause various
changes in nuclear organization. Chromosomal instability (CIN) is
one of the factors associated with certain diseases including, can-
cer (Sathyamoorthi et al., 2019; Kumaresan et al., 2019;
Sathyamoorthi et al., 2018). CIN is termed as misleading segrega-
tion of chromosomes and is the problem during mitosis process.
Chromosomal instability is the process of loss and gain of chromo-
somes than normal state. CIN is one of the important markers of
genome instability linked with solid cancer. Werner syndrome
(WS) is one of the rare autosomal recessive disorder and this dis-
ease is characterized by instability of genomic DNA and by onset
of age-related diseases, including cancers. Likewise, cystic fibrosis
is an autosomal recessive, leathal disorder among Caucasians. Zell-
weger syndrome is one of the peroxisome biogenesis disorders and
this disease was caused by defects in 13 genes and called PEX
genes. Amyotrophic lateral sclerosis (ALS) is a fetal neurodegener-
ative disease that causes muscle weakness because of weakness in
the motor neurons. Epigenetic changes involved in the develop-
ment of various disease, including, cancer, cardiovascular disease,
metabolic disease, autoimmune disease and neurodegenerative
disease and most of them related to aging (Jung and Pfeifer,
2015). Whole genome sequencing as well as whole exome
sequencing is used for the determination of genetic diseases. Gen-
ome sequences are useful to provide valuable information on the
status of the genetic diseases and drug response efficacy. The
whole genome of a patient with a family history of vascular disease
and very early death but no critical clinical record, and determined
elevated post-test probability risks of coronary artery disease and
myocardial infarction (Pushkarev et al., 2009). In addition to the
whole genome sequencing approach transcriptome, epigenome,
metabolome and proteome of the human body and omics approach
such as microRNA and gut microbiome and various immune recep-
tor may also be significant factor for the monitoring of health and
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personalized medicine, either in combination with other iPOP
omics or alone (Ravichandran et al., 2018; Sathyamoorthi et al.,
2017; Ravichandran et al., 2017). The present review summarize
the biological and genetic basis of various ABO blood group, endo-
plasmic reticulum and nucleus and determination of rare human
disorders including rare human cancers and perspectives on per-
sonalized medicine using whole genome and whole exome
sequencing.
2. Biological basis of human ABO blood group

The ABO gene consists of seven exons and occupied on chromo-
some 9 and encodes an enzyme glycosyltransferase that involved
in the formation of antigenic structures on the surface of the blood
cells (Clausen et al., 1994). In A and B alleles of the ABO genes, the
amino acid coding sequence varied, and they catalyze the transfer
of various carbohydrate molecules (galactose or N-acetyl-
galactosamine) to form the B and A antigen, respectively. Moreover
individuals associated with O blood group do not produce B or A
antigens due to a deletion of single-base nonsense (Yamamoto
et al., 2012). Single-nucleotide polymorphism (SNPs) has been
detected in ABO genes and over 100 alleles have been described
previously (Fokkema et al., 2011). Amundadottir et al. (2009) have
been reported pancreatic cancer cohort variations associated with
cancer development and were mapped to the ABO locus. Schunkert
et al. (2011) studied the genetic variant of rs579459 in ABO alleles
was mainly liked with serious risk of coronary artery diseases.
Blood group antigens were determined in body fluids such as sal-
iva, sweat, seminal fluid, urine, amniotic fluid, and gastric secre-
tions (Ewald and Sumner, 2016). However, most of the antigens
are the end product of a single gene, and alterations at the genetic
level such as, SNPs, alternative splicing, insertions, inversion and
deletions leading to variation in antigens and can develop new
antigen and may be loss of expression (Denomme, 2011). ABO
blood groups have been associated with various infections and
involved in non-infectious diseases (Mäkivuokko et al., 2012).
3. Endoplasmic reticulum and functions

Structurally, ER is composed of various different structural
domains, and each of which is linked with a specific function.
Moreover the roles of various structural domains have not been
completely reported. ER is a major site for protein synthesis for
integral or secreted membrane proteins as well as biosynthesis of
cytosolic proteins (Jan et al., 2014). Protein biosynthesis required
identification of ribosomes to the cytosolic region of the ER and
canonical pathway that involved co-translational docking of ribo-
some complex and the mRNA on the membrane of ER. After protein
synthesis and translocation of protein into the ER lumen, the
secreted proteins undergo various modifications, and folding with
the use of various enzymes and chaperones. These modifications
include the formation of disulfide bond, N-linked glycosylation
and oligomerization process (Braakman and Hebert, 2013). ER is
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the major site for the biosynthesis of Ca2+ and the concentration of
Ca2+ in cytosole was � 100 nM, whereas the Ca2+ concentration
was ranged between 100 and 800 lM in the lumen of the endo-
plasmic reticulum, moreover the extracellular concentration of
Ca2+ was � 2 mM (Samtleben et al., 2013). The ER has various cal-
cium channels, 1,4,5-trisphosphate (IP3) receptors, and ryanodine
receptors involve in the release of Ca2+ from the ER into the cytosol
and maintains intracellular calcium level. ER is also involved in the
biosynthesis of lipid.
4. Nucleus structure and nuceloorganization changes in
diseased condition

Nucleus was first invented by Brown in 1831 and the cellular
nucleus is one of the important organelles and was least under-
stood. The structure and functional properties of nucleus was not
completely elucidated. The nucleus is largely disordered, mem-
brane bound DNA and various other molecules and the structures
are dispersed as a result of replication, transcription, and RNA pro-
cessing activities in different regions of DNA. Analysis of organiza-
tion principles of the nucleus, including the arrangement of
chromosomal DNA, synthesis, assembly, and transport of various
synthesized macromolecules in a coordinated manner
(Lekkerkerker and Tuinier, 2011). About 500 KD protein would dif-
fuse one side of the nucleus to the other side. The nucleolous is
formed around the rDNA repeats which formed cluster at chromo-
Fig. 1. Normal mitotic cell division and aneuploidy in the development of
tumorigenesis.
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somal loci termed nucleolar organizers and this region is the fac-
tory in which 5.8S, 18S and 28S rRNAs are processed, transcribed
and assembled into subunits of ribosomes. The formation of nucle-
olus is cell cycle and transcription dependent. These nucleolus
breaks down and during cell cycle. Chromosomes occupy
about � 10% of the whole nuclear volume and the total volume
of macromolecules ranged between � 20% and � 40%. Nuclei have
different functions and the components of nucleus have no specific
external membrane except chromosomes. The chromosomes are
dynamic, mobile or can fuse and divide. The structural components
are essential for RNAs and the mechanism of components forma-
tion has been unclear (Wang et al., 2004). DNA is associated with
nucleosomes as a polyelectrolyte polymer and involved in a regular
helical conformation and the diameter was approximately �
30 nm. The irregular structure has also been reported previously
(Sinclair et al., 2010).
5. Oncogenes and chromosomal instability

The solid tumours are generally characterized by aneuploidy
(abnormal chromosome numbers) and karyotypic analysis
revealed that the most of these solid tumours are chromosomally
unstable and heterogenous. Chromosomal instability (CIN) is ter-
med as misleading segregation of chromosomes and is the problem
during mitosis process. Karyotypic analyses reveal that tumours
show both inter- and intra-tumour heterogeneity revealing that
most tumours are chromosomally unstable and aneuploid in nat-
ure. Chromosomal instability is the process of loss and gain of
chromosomes than normal state (Thompson et al., 2010). CIN is
one of the important markers of genome instability linked with
solid cancer. CIN is caused by defects in chromosome segregation
during mitotic division and most of the cancer cells show aberrant
chromosome segregation. The scheme of chromosomal abnormal-
ity in mitosis is described in Fig. 1. These aberrant chromosomes
could arise through either by imbalances in protein levels, or muta-
tion of genes encoding several mitotic proteins or reduced mitotic
fidelity and has been extensively analyzed (Nicholson and Cimini,
2013). The important outcome of CIN is to make variation in the
karyotype. Moreover, CIN and aneuploidy were different and has
been reported previously by Thompson et al. (2010). Aneuploidy
is associated with abnormal chromosome number and, some
tumours also have abnormal chromosome nature and tumour cells
also have defective karyotype. CIN is an increased rate of chromo-
some mis-separation that improves karyotypic diversity in mam-
malian cells within the specific tumour, a common feature
associated to aggressive behaviour of tumour (Brown and Geiger,
2018). CIN and aneuploidy have been associated with metastasis,
poor patient prognosis, and resistance to various chemotherapeu-
tic agents. Schvartzman et al. (2010) reported that CIN and aneu-
ploidy play an aggressive role in relapse and tumorigenesis.
Hence, analysis of underlining mechanisms that involve in CIN
improved the efficacy of cancer treatment.
6. Molecular mechanism of Werner syndrome

Werner syndrome (WS) is one of the rare autosomal recessive
disorder and this disease is characterized by instability of genomic
DNA and by onset of age-related diseases, including cancers. This
disease has been first described by Otto Werner in 1904 and the
principle characters of WS has been studied in late 1940 s
(Epstein et al., 1985). The phenotype variability has been reported
among the patients, and this syndrome is characterized by age-
related diseases such as diabetes mellitus, osteoporosis, ocular cat-
aracts, atherosclerosis, early graying of the hair and various types
of neoplasm. WS was also includes characters not associated with
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age related diseases such as, short stature, subcutaneous atrophy,
hyperkeratosis, telangiectasia, trophic ulcers of the legs, increased
hyaluronic acid in the urine, calcification of the blood vessels,
reduced fertility and hypogonadism. In some cases, rare type of
cancers has been reported (Goto et al., 1996). WS is rare among
world population (1/1,000,000) and this incidence is somewhat
common amongst Japanese population because of consanguineous
marriages (Miki et al., 1997). About 25 various mutations among
WS patients have been reported in 32 exons of the WRN gene.
These mutations include stop codons, deletions, insertions and
exon deletion (Shen and Loeb, 2000). DNA damage is common phe-
nomena and most of the chemicals involved in DNA damage. There
are various mechanisms in mammalian cells to repair the damaged
DNA molecule and these include, one step reactions, multistep
reactions and single- and multistep base excision mechanisms.
There are several proteins (helicases or exonucleases) involved in
these repairing mechanisms. Bur failure in these repairing mecha-
nism leads to the development of DNA lesions and mutations in
genes involved in cell cycle regulation and cellular metabolism.
DNA damage can leads to DNA breaks and chromosomal abnormal-
ity. WRN is the gene encodes a RecQ-type DNA helicase and is
responsible for the disease and this enzyme involved in chromo-
some repair, recombination and maintenance of chromosome
integrity during DNA replication process (Rossi et al., 2010).
7. Molecular mechanism of cystic fibrosis

Cystic fibrosis is an autosomal recessive, leathal disorder among
Caucasians. In general population the frequency was about 1:2,500
at birth and the carrier frequency was 1:25. Moreover, the fre-
quency of this disease varied based on ethic, and geographical loca-
tions. This disease is characterized by pancreatic dysfunction,
progressive lung disease, male infertility and elevated sweet elec-
trolytes. In later 1980 s, CF gene was cloned and cystic fibrosis
transmembrane conductance regulator (CFTR) was determined
(Kerem et al., 1989). The general CFTR mutation was characterized
by 3 bp deletion and this leads to the removal of amino acid resi-
due (phenylalanine) at 508 region. This mutation was determined
in more than 70% of the chromosome of CF patients, however its
frequency varied based on population groups. The frequency of
the D508 mutation was 90% in Denmark and it decreased as 30%
in Turkey. The frequency increased over 70% in the population
groups such as, France, England and Netherlands (Shoshani et al.,
1992). In recent times, haplotype analysis was performed to study
the evolution of the DF508 mutation among population in Europe.
The findings revealed that the DF508 mutation started before
52,000 years and the genomic organization was different from
the present European group. The CFTR gene consists of 250 kb
and 27 exons in chromosome 7q31. CFTR gene involved in the reg-
ulation of other proteins. About 500 various CFTR mutations were
determined and most of the mutations were rare. A total of 10
mutations were determined in over 100 patients (Gabriel et al.,
1993).
8. Molecular mechanism of Zellweger syndrome

Zellweger syndrome is one of the peroxisome biogenesis disor-
ders and this disease was caused by defects in 13 genes and called
PEX genes. These PEX genes are required for the functions of per-
oxisomes. The disorders are classified into Rhizomelic Chondrodys-
plasia Punctua spectrum and Zellweger spectrum disorders.
Peroxisomes are required for the development of normal brain
development and the defects in PEX genes affected brain fuction.
These defects affect the biosynthesis of oils and fatty acids neces-
sary for the cell function. Peroxisomes are required for the devel-
4

opment of myelin. These are essential for the typical function of
bone, kidney, eye and liver functions (Brosius and Gärtner, 2002).
Symptoms of these disorders include large forehead, enlarged liver,
underdeveloped eyebrow ridges, seizures and mental retardation.
Infants unable to suck or swallow or unable to move and in some
case, gastrointestinal bleeding, jaundice, impaired hearing, retinal
degeneration and glaucoma were reported. It is an autosomal dis-
order caused by mutations in genes that encode peroxins and lack
of this protein impaired normal structural assembly of peroxi-
somes. ZS patients have mutations in various PEX genes and these
genes affect the activity of enzyme (Lucaccioni et al., 2020).
9. Molecular mechanism of motor neuron disease

Amyotrophic lateral sclerosis (ALS) or Motor neuron disease
(MND) is a fetal neurodegenerative disease that causes muscle
weakness because of weakness in the motor neurons. However,
non-motor pathways also contributed this symptom in more than
50% of the diagnosed patients. MND or ALS can be classified as
familial (fALS) or sporadic (sALS). Biomarkers are widely used to
determine this disease, improved diagnosis and to develop new
therapeutic agents. In recent years an attempt has been made to
validate the markers, however only few biomarkers have been
reported. Blood biomarkers are widely used to determine periph-
eral and central damage in ALS. The patients associated with
MND disease showed increased methylation of various compo-
nents and has been reported in some clinical specimens. The fail-
ure of motor neurons leads to paralysis, which leads to
respiratory failure and leads to death. This disease is not curable
and factors such as, oxidative stress, mitochondrial dysfunction,
oxidative stress and various genetic alterations were determined.
ALS related genes have been determined from the patients and
some genetic markers are useful for future gene therapeutics.
One of the most causes of ALS is the gene mutation encoded with
superoxide dismutase 1 (Velde et al., 2008). The mutated SOD1 has
poor stability and causes aggregation in the motor neurons in the
central nervous system. Mitochondrial dysfunction and glutamate
excitotoxicity played significant role in the degeneration of motor
neuron (Forsberg et al., 2011).
10. Molecular mechanism of lysosomal storage diseases

Lysosomal storage diseases (LSDs) are genetic diseases and
errors of metabolism that critically affect the normal function of
the lysosome. LSDs consist of about 70 monogenic disorders and
most of these were inherited with X-chromosomes. These disor-
ders are due to mutations in genes coded for lysosomal proteins,
such as, protease, lysosomal glycosidases, transporters, enzyme
activators, enzyme modifiers and integral membrane proteins.
Impaired function of lysosomal genes due to mutation, affect the
function of lysosomes and accumulate various substrate in the
lysosome, which leads to cell death and in some cases cell dysfunc-
tion. About � 1,300 genes involved in the regulation of lysosomal
function and various monogenic disorders were described previ-
ously, these were classified based on storage substance. LDSs are
clinically and genetically heterogenous disorders. The classification
of this disease was mainly based on the molecular basis. This type
of classification helps to evaluate the mechanisms based on lysoso-
mal storage and based on malfunction. Recently, Filocamo and
Morrone (2011), reported classification of LSDs based on labora-
tory observations. Anderson Fabry disease or Fabry disease among
one which was first identified in 1898 and this disease was linked
with –X caused by the deficiency of galactosidase (Politei et al.,
2009). The deficiency of galactosidase induced the accumulation
of glycosphingolipids in lysosomes. In Fabry disease, about 600
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mutations has been reported, including small insertions, deletions,
missense, splicing, and nonsense mutations (Politei et al., 2009).

11. Angiogenesis, prognosis and treatment

Metastasis and tumour growth were mainly based on lymphan-
giogenesis and angiogenesis triggered by various signals from
tumour cells during growth phase. The behaviour and growth of
cancer cells varied based on region in the same organ. Cancer cells
grow up to 1–2 mm3 and stopped, however the growth was
beyond 2 mm3 in some places where angiogenesis is possible.
Tumours may become apoptotic or necrotic in the absence of vas-
cular support (Hirai et al., 2001). Hence, angiogenesis is one of the
important factors in the development of cancer. Angiogenesis pro-
cess is initiated when tumour tissues require oxygen and nutrient.
This process is tightly regulated by angiogenesis inhibitor and reg-
ulator molecules. More than 12 proteins have been determined as
angiogenic activators, including, basic fibroblast growth factor,
vascular endothelial growth factor, transforming growth factor,
angiogenin, platelet-derived endothelial growth factor, tumour
necrosis factor (TNF)-a, placental growth factor, granulocyte
colony-stimulating factor, and platelet-derived endothelial growth
factor. The naturally occurring proteins such as, interferon, endo-
statin, angiostatin, thorombospondin, platelet factor 4, tissue inhi-
bitor of metalloproteinase-1, �2, and prolactin 16 kd fragment.
Angiogentic activators played a key role in the spread of tumours.
Immunohistochemical analysis revealed that, the VEGF family and
their receptors have expressed in 50% of human cancers. These fac-
tors critically affect the prognosis of adenocarcinomas that devel-
oped in the endometrium, uterine cervix (Hashimoto et al.,
2001), stomach, and ovary and colorectal cancer (André et al.,
2000). Also, significant correlation has been detected between
the expression of VEGF and prognosis in colorectal cancerm lung
cancer, Kaposi sarcoma, neck and head squamous cell carcinoma
(O-Charoenrat et al., 2001). The aggressiveness of tumour growth
and spread varied based on the levels of angiogenic factors in tis-
sues. Cancer cells require locating blood vessels for routine metas-
tasis and growth. Anginogenic inhibitors have lot of potential to
treat cancer disease. These anti-angiogenic molecules target the
VEGF pathways, including, decoy receptor or VEGF trap, small-
molecule tyrosine kinase inhibitors—TKIs, and VEGFR2 inhibitors.
These drug types have several advantages than tumour cell target-
Fig. 2. Molecular makers used for the determination of cancers.
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ing drugs. Bevacizumab, is one of the monoclonal antibodies,
involved in anti-angiogenesis process. It binds with circulating
VEGF and leads to affect the blood and oxygen supply to the
tumour cells (Kazazi-Hyseni et al., 2010).
12. Molecular basis of tumour makers

Gene level changes in a tumour cell affects gene expression pat-
tern directly or indirectly in the tumour cells and the surrounding
tissues. These gene level variations reflected genetic defects and
forming various tumour markers (Johnson, 2001). Generally
tumour markers can be identified either in body fluids or tissue.
The identification of solid tumour maker is based on the determi-
nation of tumour cells in tissues. In recent years, attempts have
been made to use tumour maker along with other tools for the
determination of cancer, these include carbohydrate antigen for
the detection of ovarian malignancy. Moreover, these methods
have not approved by various clinical organization (Harris et al.,
2007). Tumour markers are useful for the monitoring the success
or the failure of the disease. Many molecular markers are used
for the determination of types of cancers and described in Fig. 2.
The available quantity of the tumour marker reflects the level of
tumour in patients and is used to determine the prognosis. More-
over, the level of tumour markers may vary based on the labora-
tory conditions which alter the diagnostic results (Garg et al.,
2015). The tumour makers have several advantages; however
determination of cancer in early stage is not possible in most of
the cases. Tumour markers also used to diagnose the origin of can-
cer. Tumour markers are widely used to monitor the conditions of
the patients being treated for cancer. The decreased level cancer
markers indicated effective treatment, whereas increasing level
of marker suggesting alternate treatment. Immunomarkers also
used to detect cancers that recur after primary treatment (Nagpal
et al., 2016).
13. Molecular and technical prospects of human genome

In human, the genetic information is stored in two different
organelles, namely nucleus and mitochondria. The human chromo-
somes are unequal sizes; the largest chromosome 1 is 249 mln bp,
while the smallest chromosome 21, is 54 mln bp size. Genomic
sequences can be classified into various ways. From the functional
perspective point of view, it is classified as genes, non-coding DNA
and pseudogenes. About 3% of human genomes codes for various
proteins transposable elements and with time some genes have
mutated gradually beyond recognition. In human genome, about
0.5% genome consists of intergenic DNA and introns. The human
genome consists of DNA and estimates that about 60% of the
DNA is either low number of copies or singly copy and 30% of
the estimated DNA is moderately repetitive. And, about 10% of
the DNA was considered as highly repetitive characters. Many
staining methods have been used to determine the functional
properties of these DNA types and determined alternative banding
patterns of mitotic chromosomes, karyograms. These three major
classes of DNA are scattered throughout the analysed chromosome
and these reflected the levels of compartmentalization of the ana-
lyzed DNA. C-banding (or chromosome banding) techniques
revealed very dark strained region (C-bands) in the chromosome
and is called as heterochromatin. The heterochromatin region is
highly coiled, and is mainly found at the region of telomeres, cen-
tromeres and on the Y chromosome. Moreover the DNA composed
of arrays of tandem repeats and hence different nucleotide compo-
sition that varies widely from the genome and estimated about 40–
42% GC in the DNA. These tandem differences can be useful for the
separation of genome based on density gradient centrifugation.
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Gradient density centrifugation revealed the presence of three
minor band and a major band and the minor bands are called as
satellite bands or satellite DNA (Makałowski and Boguski, 1998).

The G-banding method shows a pattern of alternate dark and
light bands revealing differences in base composition, chromatin
conformation, time of replication, repetitive sequences and the
density of genes. Hence, the karyograms define analysis of chromo-
somal organization and allow for characterization of the human
chromosomes. The G-bands are darker and are highly dense bands,
rich AT, and less gene rich regions. The human genome consists of
more than 300 kb size fragment of DNA that is referred to as iso-
chores and is homogenous in nature based on previous studies
(Bernardi, 2000). GC-less isochore families are classified as L1
and L2 (light) and representing about 62% of total human genome.
The GC-rich region isochore was classified as H1, H2 and H3
(heavy). The correlation between chromosomal bands and isochors
was determined. In human chromosomes, the chromosomes 13,
14, 15, 21, and 22 were varied at their terminus region by a very
thin bridge with rounded ends and referred as chromosomal satel-
lites. These satellite regions contain coded regions for ribosomal
proteins and rRNA that involved in the formation of nucleolus.
In, human, the number of human genes is not clearly reported ear-
lier. It was estimated between 28,000 and 80,000 genes in human
haploid. In most of the human genes, the non-coding sequences
interrupt the coding sequence and the non-coding regions are
spliced out while mRNA maturation. The human genes are mosaic
nature, consisting introns and exons. Introns carry potential infor-
mation and also coded for various other complete genes. The avail-
ability of introns was determined in almost all domain of mRNA
molecule. A total of 4731 human exons have been determined by
Cold Spring Harbor Laboratory (Zhang, 1998). The size of the
human exons varied widely. The longest exon was 6609 bp length
and the short exon was 167 bp long. About 2000 human mRNA
sequences have been determined earlier (Makałowski and
Boguski, 1998; Han et al., 2020).
14. Gene clusters and families

In human genome, many genes clustered in groups of different
molecular sizes based on sequence similarity. Gene families devel-
oped during the evolutionary period by duplicated genes over the
periods of times and reflected in sequence similarity. The more
similar genes generally shared a common ancestor, and the other
one shares with a weak similarity. Gene duplication process
involved various mechanisms, and these include retroposition
and recombination. Some of the duplicated genes were inactive
and are called pseudogenes (Cheetham et al., 2020). The histone
gene family is a typical example of similar genes. The histone fam-
ily consists of five typical genes, linked, although in varying arrays
of different copy numbers dispersed in the human genome. The
genes in the histone family (H2 genes) encode particularly identi-
cal H4 protein. Individual human genomic clones analysis revealed
the presence of H4, clusters of more or two histone genes, or clus-
ters of histone genes such as, H3-H4-H1-H3-H2A-H2B (Hentschel
and Birnstiel, 1981). The histone genes form a cluster on chromo-
some 6 of humans and forms small cluster at chromosome 1. His-
tone genes lack introns and this is one of the rare features for most
of the eukaryotic genes. The ribiosomal rRNA (rRNA) is coded with
about 0.4% of the DNA in the whole genome of humans. The 5.8S,
28S and 18S rRNA genes are clustered and approximately 60 copies
showing more than 2 million bp of DNA. These gene clusters are
available on the short arms region of five acrocentric chromosomes
of humans and form the nucleolar organizing regions and about
300 copies were determined. In human genome, the highly con-
6

served amino-acid domains were determined in some genes and
these showed weak similarity (Strunz et al., 2021).

Pseudogenes were formed by the results of retroposition. These
pseudogens lack the flanking DNA sequences of the various func-
tional loci and lack of introns and therefore are not products of
duplication of gene. The development of these types of pseudoge-
nes is mainly based on the activity of reverse transcriptase. In
human genome repetitive sequences have been reported. These
repetitive sequences may be dispersed throughout the genome or
they may be in a tandem orientation. These repetitive sequences
were classified based on the functions, sequence relatedness and
dispersed pattern. The repetitive sequences are otherwise called
as satellite DNA, with unknown function and are the products of
transposable element integration, including retropseudogenes of
a functional gene and retrogenes. Microsatellites are very small
arrays of tandem repeats, and very small base pairs (4 bp or less).
Microsatellites are dispersed throughout the genome of humans,
moreover TG/CA repeats are highly common, and estimated about
0.5% in the whole genome. Generally, microsatellite have no speci-
fic gene functions, however, TG/CA dinucleotide pairs can form Z-
DNA, which involved in various functions. In human genes,
repeated trinucleotide within genes was associated with various
genetic disorders such as, fragile-X syndrome. Telomeric DNA
sequences are one of the microsatellites and the lengths ranged
between 1 kbp and 15 kbp (Dabir et al., 2020).
15. DNA sequence changes and alterations in the gene
expression and epigenetic markers

Epigenetics is termed as the alterations in the gene expression
profile of a cell that are not mainly caused by DNA sequence
changes (Peschansky and Wahlestedt, 2014). Hence, epigenetic
inheritance refers to the transformation of some markers to off-
spring. These transformations may due to their inheritability, envi-
ronmental sensitivity and stability over time. Intergenerational
epigenetic inheritance reveals the transmission of epigenetic
markers from one generation to the next generation from grand-
parents to grandchild (Pang et al., 2017). Epigenetics can be classi-
fied into direct epigenetics and indirect epigenetics. The direct
epigenetics occur during an individual’s lifespan. This phenomenon
implies short-term regulation of gene expression, and is mediated
by the action of transcription factors such as c-jun, c-fos, CREB and
ZENK. These genes are also called immediate-early genes, because
it’s adaptive events on other genes (Johnson, 2010). These factors
significantly regulate the expression of various genes that encode
for many functional proteins, as well as non-coding RNAs
(ncRNAs), that can play a significant role in the mediation of epige-
netic processes. In recent years, the role of ncRNAs has been
described and these ncRNAs involved in direct or indirect regula-
tion of various epigenetic processes in the development of individ-
ual (Bohacek and Mansuy, 2015). Transcription factors are the
examples of the epigenetic mechanism or direct epigenetics. In
indirect epigenetics, the direct effect is transmitted to the offspring
and some effects become an environmental trigger for the develop-
ment of ontogenetic effect of the offspring. The phylogenetic adap-
tion (environmental changes) can be classified into within indirect
epigenetics and across indirect epigenetics (van Otterdijk and
Michels, 2016). In the case of within indirect epigenetics, all
changes related to epigentics act synchronously on the individual.
The changes even taken place in the zygote and various environ-
mental factors affect the development of individual (from zygote
to gestation). In the case of indirect epigenetics asynchronous
mode of development has been reported in the germ cells. It has
been reported that the developed epigenetic changes transmitted



Table 1
Whole genome sequence analysis and determination of genes involved in various diseases.

Year Milestones References

1986 Four-colour fluorescence-based sequence detection Smith et al., 1986
1995 Identification of the breast cancer susceptibility gene Wooster et al., 1995
1997 Human whole-genome shotgun sequencing Weber and Myers, 1997
1998 Shotgun sequencing of the human genome Venter et al., 1998
1995 Breast cancer susceptibility gene BRCA2 Wooster et al., 1995
1997 Positional cloning of the APECED gene Nagamine et al., 1997
1997 Mutations in PEX1 Reuber et al., 1997
1997 Human PEX1 gene Portsteffen et al., 1997
1997 Pendred syndrome Everett et al., 1997
1998 X-linked lymphoproliferative disease Coffey et al., 1998
1998 Nonsyndromic hearing impairment Van Laer et al., 1998
1999 Darier disease Sakuntabhai et al., 1999
1999 X-linked spondyloepiphyseal dysplasia tarda Gedeon et al., 1999
1999 Mutations in the CCN gene family member WISP3 Hurvitz et al., 1999
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one generation to the other generations as epimutations, than
other genetic mutations (Johnson, 2010).

16. Genetics and biology of indirect epigenetics

The experimental evidences on epigenetic changes have been
described previously. Epigenetic modifications can be generally
triggered by various non-genetic factors such as, smoking, pollu-
tion, diet (Mathers et al., 2010) and these are termed as ‘‘stressors”.
These epigenetic changes involved in the development of various
disease, including, cancer, cardiovascular disease, metabolic dis-
ease, autoimmune disease and neurodegenerative disease and
most of them related to aging. Many research groups have been
reported the functions of epigenetic mechanisms in mediating
the risk and development of psychopathologies, mainly depression
and anxiety (Maccari et al., 2017). Adverse early experiences such
as abuse or low maternal care can affect the expression of psy-
chopathologies glucocorticoid receptor gene, which played critical
role in depression and anxiety (Smart et al., 2015).

In recent years, the expression levels of microRNAs have been
analyzed in relation with psycho- and neuropathologies such as,
Huntington’s disease, Parkinson’s disease, Alzheimer’s disease,
schizophrenia, multiple sclerosis, autism, addiction, depression,
anxiety, and bipolar disorder. Stress is one of the factors studied
extensively trigger alterations to miRNAs, mainly in the brain
region (Hollins and Cairns, 2016). In recent years, the advances
on indirect epigenetics have been described. During pregnancy,
various factors affecting offspring epigenetically and this process
is termed as fetal programming (Maccari et al., 2017). Swanson
et al. (2009) reported the role of maternal and intrauterine envi-
ronment that shape the developing offspring functionally and
structurally. These processes can affect, brain development, lead-
ing to various neuropsychiatric disorders, such as, Alzheimer’s dis-
ease, Parkinson’s disease, schizophrenia, attention-deficit
hyperactivity disorder, anxiety and depressive disorder (Faa
et al., 2016). Maternal epigenetic factors are highly active at the
time of gestation and interfere with the development of neurons
have been classified into two groups, maternal and fetal. Maternal
hormones, nutrient, odours, nutrients and immune factors can also
influence during gestation was also considered as maternal factors
(Todrank et al., 2011).

17. Whole genome sequencing and determination of genetic
diseases

WGS is useful for the analysis of genetic diseases (Gibbs, 2020).
Whole genome sequencing as well as whole exome sequencing is
used for the determination of genetic diseases. WGS enables to
7

determine single-base variation in the genome of interest. In
recent years, whole genomes and exomes for both diseased and
health individuals have been deposited and this information is
used for personalized health monitoring and development of pre-
ventative medicine (Snyder et al., 2010). Whole genome of ovarian
cancer, breast cancer, melanoma, hepatocellular carcinoma, small-
cell lung cancer, pediatric glioblastoma (Schwartzentruber et al.,
2012), etc were characterized. The WGS of the cancer genomes
are useful for the development of personalized cancer treatment.
WGS also used detect spontaneous mutations in the normal gen-
ome of patients that may lead to cancer disease. WGS also applied
to analyze the normal genes for other diseases and variations at the
personalized level (Baranzini et al., 2010) (Table 1).

18. Personalized disease risk assessment and health monitoring
with integrative approach

Genome sequences are useful to provide valuable information
on the status of the genetic diseases and drug response efficacy.
The whole genome of a patient with a family history of vascular
disease and very early death but no critical clinical record, and
determined elevated post-test probability risks of coronary artery
disease and myocardial infarction (Pushkarev et al., 2009). How-
ever, whole genome sequence may not always be sufficient to
determine the health of the patients, because other environmental
factors also trigger diseases (Su et al., 2012). In a study Roberts
et al. (2012) determined the risk of about 24 diseases after whole
genome sequencing in the monozygotic twins. In addition to the
whole genome sequencing approach transcriptome, epigenome,
metabolome and proteome of the human body and omics approach
such as microRNA and gut microbiome and various immune recep-
tor may also be significant factor for the monitoring of health and
personalized medicine, either in combination with other iPOP
omics or alone. MicroRNA is one of the important markers for
the development of personalized medicine and it controls various
tumour initiation drivers (Sumazin et al., 2011). Omics approach
also used to predict highly complex diseases such as, asthma,
immune response and inflammation (Peretz et al., 2012). The
WES was used to determine complex disorder, Mendelian pheno-
types and Miller Syndrome and this method is useful for various
clinical applications because this area covers only functional gen-
ome to analyze the variations in the exon region and to determine
the disease-causing mutations (Weigelt et al., 2018).

19. Conclusions and future perspectives

In this review article, I analyzed the biological basis of ABO
blood group, biology of important organs including endoplasmic
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reticulum, and nucleus and associated diseases. Whole genome
sequencing data has several advantages and variation of expressed
genes have biomedical and therapeutic potential. Recent findings
revealed reversible changes of chromosome structure and
unprecedented changes taken place in the interphase-mitotic cell
division. In human genome more than 50% of a genome was
arranged in repetitive manner, 2% of genome was coded and the
remaining 48% were unique, originated through mobile elements.
However, whole genome sequence may not always be sufficient
to determine the health of the patients, because other environmen-
tal factors also trigger diseases. In humans, alternations in gene
expression were determined without any changes in DNA
sequences.
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