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of the monogenic disorders, these have been classified on the basis of
their patterns of inheritance i.e. Autosomal or X-Linked. Likewise,
Dominant or Recessive. Several common monogenic disorders have
been discussed comprehensively with their etiology, features, effects,
diagnosis and cure. Osteogenesis Imperfecta (OGI), Retinoblastoma
(RB), Cystic Fibrosis, Thalassemia, Fragile X Syndrome (FXS),
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category of MDs and are discussed in detail. Most of the monogenic
disorders are rare to happen even their causes are still unknown while
some are quite common with known causes. Various diagnostic
techniques and the treatment methods have been developed for them
which have not been proved enough to treat the disorders by
conventional approaches. Therefore, some recent and updated
approaches are also being implemented in the field of treatment of
these disorders that includes the Gene Therapy, Stem Cell
Transplantation and Bone Marrow Transplant.
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Introduction:-

Gene is basically a specific length or segment of DNA containing some crucial information for the assembly of
amino acids in an order to form a protein. The entire DNA compliment of cell or an organism is known as
“Genome” (Alberts, B. et al., 2002; Dongen, J. 2015). It turns on within a cell for a specific time interval only in the
case of need. It consists of various alternative forms known as “Alleles” ( Terao, C. et al., 2016), from whom only a
single form can be expressed or inherited depending upon its potential of ruling over its partner form in a
chromosome (Perry, S. et al., 2014). These alleles or gene may act in an abnormal way and said to be “Mutated” and
leads to a “Genetic Disorder” (Bagheri, M. et al., 2015). These genetic disorders can be either Monogenic or
Polygenic. Single-Gene or Monogenic Disorders can take place in an organism due to mutation or change in the
single gene within a genome (Thornhill, A. et al., 2015). The gene either stops working or perform any unwanted or
improper role. While the Polygenic disorders happen due to change or mutation in the multiple genes (Tao, J. et al.,
2015).
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Monogenic is actually the combination of two Greek words; Mono means “Single” and Genic means “Gene”. These
are the disorders caused by the inheritance of the single mutated gene from parent to offspring known as
“Monogenic disorders or Single-gene Diseases” [MDs] (Tuomi, T. et al., 2014). These disorders are categorized as
“Autosomal” or “Sex-Linked” based upon their origin whether the mutation is in an autosome or in a sex
chromosome. Further these disorders may exist because of the expression of an allele of a gene over the over i.e.
“Dominant” or “Recessive” on the basis of the inheritance of the copy of the single mutated gene either from single
parent or both (Kashyap, M. et al., 2015). Whereas, the Monogenic Disorders can also be further categorized as “X-
Linked”, “Y-Linked” and “Mitochondrial” on the inheritance basis of any mutated gene because of mother
(Antonarakis & Beckmann, 2006; Bamshad, M. et al., 2011). These disorders take place due to sex chromosomes.
Though there are not much genes in the Y chromosome as it is too small, it does not show any monogenic disorder.
Y-Linked disorders are often and polygenic. Most of the monogenic disorders are spontaneous and naturally
occurring whereas, some are non-spontaneous and due to environmental changes (Yazdi, F. et al., 2015). There isa
large figure of the monogenic disorders i.e. More than 5000 which includes most of the rare disorders along with
some of the common ones. Most probably these disorders vary from cell to cell, though the entire genome of the
organism is same among all the body cells (Fiorentino, F. et al., 2005; Harper & Sen Gupta, 2012). The global
prevalence of this disease is 10/1000 at the birth and an estimate of 360 Million people are victims of monogenic
disorders (Aslamkhan, M. 2015; Irfan-Magsood, M. 2015).

Monogenic disorders [MDs] have always remained a common issue in the developing countries due to poor
environmental factors and unnecessary mutations i.e. Pakistan, India, Afghanistan, Bangladesh and Sri Lanka from
Asia. Our main focus is on the health issues regarding to the genetic disorders in Asian sub-continent (Kumar, D.
2012; Yamada, Y. 2006). The percentage of the monogenic disorders is too high in this particular area that includes
Thalassemia, Osteogenesis Imperfecta, Hemophilia and Ichthyosis (Pemberton, T. et al., 2012; Ropers, H. 2007). A
survey has been conducted recently in 2012, according to which the population of Pakistan is around 190 Million
from which more than 65% of the population belongs to the rural or scattered areas and consanguinity has been
observed in almost 80% of the cases which is one of the most common cause of the inheritance of genetic disorders
from generation to generation (Halim, N. et al., 2013; Hussain, R. et al., 2001; Obeidat, B. et al., 2010). As the
consanguineous individuals have at least one common ancestor somehow from any of their previous generations.
Hence, there are more chances of the occurrence of any genetic disorder whose genes were present among
consanguineous parents (Harlap, S. et al., 2008; Sheridan, E. et al., 2013) but were not expressed but now with the
inbreeding, risk of disease in the descendant is 99% sure and can be proved lethal whether the parents are carrier of
any dominant defective trait or of recessive, it leads to the congenital disorders and genetic disorders. These
disorders affects in both way, genotypic and phenotypic (Bittles, A. 2012; Sandridge, A. et al., 2010; Warsy, A. et
al., 2014).

The cause of several monogenic disorders is still unknown; various techniques have been introduced in order to
diagnose these disorders at the genetic level over last 3 decades for the better understanding and consideration. As
long as the new technologies like Next Generation DNA Sequencing [NGS] and DNA microarrays are being
launched (McPherson, E. 2006; Yoo, H. 2010) and getting advanced day by day for the entire Genome [Gene or
DNA] Analysis while the prenatal diagnosis has been proved as the conventional one, In contrast to that a number of
a number of more monogenic disorders are being identifying (Cavalli, P. 2009; Pagon, R. 2002). Human Genome
Project [HGP], a scientific research project, was presented in 2003 that gives the entire information about all the
genes present in the human body regarding to their sequence and the functions. Hence, it has been proved very
useful for the determination of the causes of disorders that are monogenic as well as polygenic (Antonarakis, S.
2001). In former studies, Mapping techniques have been used so far for the analysis of monogenic disorders. But
due to some limitations, Massively Parallel Sequencing [MPS] Technology can also be used for studying the
advances relevant to the genome analysis for the determination of monogenic disorders (Duncan, E. et al., 2014).

Monogenic disorders are also known as “Mendelian Disorders” as the concept of inheritance of the genetic
characters along with the gene copies was introduced by the Father of Genetics, Gregor Mendel (Kosztolanyi, G.
2011; Pembrey, M. 2010; Williams, S. et al., 2014). In order to study about the monogenic disorders inheritance
patterns as described by the Mendel’s Law, we need to go either through the pedigrees of the characters being
mutated within a species or by the help of various molecular techniques such as PCR and Sequencing (Pommerenke,
C. et al., 2016) and after the detection of the disorder, the presence of the disorder has been confirmed. Now the
struggle towards the remedy of these disorders should be made appropriately (O'Connor & Crystal, 2006; Wong &
Chiu, 2010). Through the applied and advanced researches we came to know that almost all the monogenic disorders
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are part of the coding regions “Exons” present within the human genome which encodes and controls almost all the
body characters as well as functions (Valencia, C. et al., 2015). Hence, our main focus turned towards the exome of
the body and the technologies used for the exome analysis are genotypic arrays and the exome sequencing. Just by
analyzing the exome rather than the whole genome of an organism (Pommerenke, C. et al., 2016), we may perform
experiments and get better results in less time than other sequencing techniques of the entire genome of an organism
(Shigemizu, D. et al., 2015). Exome sequencing is basically the selective re-sequencing of a selective segment of the
DNA which is doubtful as mutated (Nash, B. et al., 2015). With the help of exome sequencing, while studying a
monogenic disorder which have been still unknown by cause and is newly discovered by the sequencing analysis, its
certain perspectives get clear with its discovery due to the advancement in the field of genetics and technology
(Lacey, S. et al., 2014). But still there is a large figure of the monogenic disorders whose causes are still unknown.
It’s actually all about the complexity of the disorder which is either at a single site or sequence within a gene at a
copy or at the certain sites or sequences within both the copies of gene [Dominant or recessive] (Lalonde, E. et al.,
2010; Valencia, C. et al., 2015).

There was no possible cure of monogenic disorders up till now but these days, the advanced remedies are being used
and processed further with the passage of time as they are not time consuming at all but these remedies require the
experience and are expensive as well as at risk i.e. Stem cell treatment and transformation (Lida, Y. et al., 2014; Xie
& Tang, 2016). These are at risk as the treatment is either on a possibility of being occurring in case transformation
for any therapeutic cure or the failure if the vector does not hits the target properly. Whereas, the success rate of
stem cell therapy is a bit higher as it is quite efficient that transformation technique and is comprised of the
modifications being made in the body cell of patient itself or another healthy donor (O'Connor & Crystal, 2006).

Modes of Inheritance of Monogenic Disorders:-

In the Monogenic Disorders, the copy of a mutated gene or multiple copies are inherited and causes a characteristic
phenotype of that gene by following the Mendelian Segregation patterns (Ahmed, N. et al., 2006; Chen, N. et al.,
2014; Fountain, E. et al., 2016). The patterns of inheritance can be predicted in both cases of autosomes as well as
sex chromosomes. They also describe whether the single copy of a gene is inherited and responsible for the cause or
the both copies of respective gene are mutated i.e. Dominant and recessive (Lalonde, E. et al., 2010; Valencia, C. et
al., 2015). Pedigrees can be drawn to study the family or ancestry record for distinguishing among the affected and
wild type generations and individuals in a family line and their pattern of inheritance. [Fig. 1] shows the signs used
in the pedigree for distinguish among males and females, affected and wild type (Chen, N. et al., 2014; Fountain, E.
et al., 2016).

HO B O

Wild Type Male Wild Type Female Affected Male Affected Female

Fig. 1: Signs for Pedigree.

Some crucial modes of inheritance that help in the demonstration of monogenic disorders are as follows [Fig. 2];
Autosomal Dominant Inheritance

Autosomal Recessive Inheritance

X-Linked Dominant Inheritance

X-Linked Recessive Inheritance

Y-Linked Inheritance
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Modes of Inheritance
Sex Chromosoma

Dominant Dominant

Recessive | Recessive

Fig. 2: Modes of Inheritance in Monogenic Disorders.

Autosomal Dominant Inheritance:-

The monogenic autosomal dominant inheritance takes place due to a single mutated autosomal gene present in any
of the parents [Usually Heterozygotes] (Oleinikov, A. 2008; Pan& Weissman, 2002). As the mutation is on an
autosome, hence both the males and females can be equally affected and the probability of the inheritance of the
disorder is 50% due to the presence of a wild type and a mutated allele or gene copy in the child from each of the
parents (Regalado, E. et al., 2011). Punnett square helps us in predicting the possible outcomes of the offspring from
the single or both affected parents [Table. 1]. A copy of the gene is enough either to produce a wild type or a
mutated offspring as the genes are Dominant Autosomal genes are represented as “A” while recessive ones are
represented as “a”.

Table 1: Possible outcomes of Autosomal Dominant Inheritance

Parents Affected Parent
Normal Parent A a
a Aa aa
a Aa aa
Offspring 50% Affected 50% Normal
A: If One Parent is affected
Parents Affected Parent
Affected Parent A a
A AA Aa
a Aa aa
Offspring 75% Affected 25% Normal

B: If Both Parents are affected

Single dominant in their pattern and one of the parents is surely affected as well. They transmit from generation-to-
generation randomly and can remain silent or unexpressed at any generation and again expressed at the other one
(Cutting, G. 2010). Pedigree for the autosomal dominant inheritance patterns of the monogenic disorders is shown in
[Fig. 3].

o

e ==Ru

O 0 m—oO

Fig. 3:- Pedigree for the Autosomal Dominant Inheritance.
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Autosomal Recessive Inheritance:-

In Monogenic autosomal recessive inheritance, the single mutated autosomal gene copy from the both parents is
inherited in the offspring [Homozygote] and the repressed or recessive characteristic of a trait is again expressed due
to the similar gene copy of both the alleles (Gialluisi, A. et al., 2012; Jonker, M. et al., 2015).

In case of the recessive autosomal inheritance, both the genes present should be mutated. If any of them is wild type
than they may be asymptomatic [Doesn’t show any of the abnormal features or symptoms] and the individual would
be the healthy one phenotypically but are still the carrier of that disease and are capable of passing the disease into
the upcoming descendant generations if remain in consanguinity (Harlap, S. et al., 2008; Sheridan, E. et al., 2013).
Such disorders can be observed in only single generation as they can be repressed by avoiding the consanguineous
relations. The risk of inheritance of these disorders is high in the consanguineous parents. As if both are the carriers
of the disorder then there is 25% possibility of the disorder in the child (Ahmed, N. et al., 2006; Gao, Z. et al., 2015;
Henn, B. et al., 2016). Punnett Square helps us in showing the predicting outcomes of the offspring from the normal,
affected or carrier parents [Table. 2].

Table 2: Possible Outcomes of Autosomal Recessive.

Parents Normal Homozygote
Normal Heterozygote A A
A AA AA
a Aa Aa
All Normal Offspring 50% Homozygous Normal 50% Heterozygous Carriers
A: If One Parent is Carrier and other is Normal
Parents Normal Heterozygous
Normal Heterozygous A a
A AA Aa
a Aa aa
Offspring 75% Normal Carriers 25% Affected Homozygous
B: If Both Parents are Carriers
Parents Affected Homozygous
Normal Homozygous a a
A Aa Aa
A Aa Aa
Offspring 100% Heterozygous Carriers
C: If one Parent is Affected and Other is Normal
Parents Affected Homozygous
Normal Heterozygous a a
A Aa Aa
a aa aa
Offspring 50% Heterozygous Carriers 50% Affected Homozygous

D: If One Parent is Affected and Other is Carrier

Pedigree for autosomal recessive inheritance patterns of the monogenic disorders is shown in [Fig. 4].
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Fig. 4: Pedigree for the Autosomal Recessive Inheritance
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X-Linked Dominant Inheritance:-

The Mutation in the X-chromosomal gene of the sex chromosomes leads to numerous disorders which are said to be
X-Linked Disorders. As the males contain only one X while the females contains 2 X-Chromosomes (Dobyns, W.
2006). Hence, the pattern of inheritance of the X-Linked dominant disorders is straight forward it will either produce
the affected offspring or the normal ones at the possibility of 50% and the disorder transmits continually over the
generations because the mutated gene is Dominant and it has to be expressed at each condition (Dobyns, W. et al.,
2004; Rappaport, H. 2003).

The sons of affected father will not be affected further nor inherit the disorder whereas, the daughters would surely
be the carriers or the affected ones and keep on inherit the disorder (Amberger, J. et al., 2015; Chong, J. et al., 2015).

Punnett Square helps us in showing the predicting outcomes of the offspring from the Normal and Affected parents
[Table. 3]. Normal Chromosome is represented as “X” while the affected one is represented as “X°”.

Table 3: Possible Outcomes for X-Linked Dominant Inheritance

Parents Affected Female
Normal Male X’ X
X X°X XX
Y XY XY
Offspring 50% Affected 50% Normal
A: If Mother is Affected and Father is Normal
Parents Normal Female
Affected Male X X
X’ X°X X°X
Y XY XY
Offspring 50% Affected Females 50% Normal Males

B: If Mother is Normal and Father is Affected

Pedigree for the inheritance patterns of X-Linked Dominant monogenic disorders is shown in [Fig. 5].
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Fig. 5: Pedigree for X-Linked Dominant Inheritance.

X-Linked Recessive Inheritance:-

The X-Chromosomal genes are mutated in the X-Linked recessive monogenic disorders which are not expressed as
a characteristic trait under certain conditions of the heterozygote but can only be expressed in case of the
homozygote or hemizygote [Gene with one allele at a loci instead of two] (Bamshad, M. et al., 2011). In X-linked
recessive disorder, the hemizygotes are mostly the male ones as they consists of two different genes at different loci
and are commonly affected as comparative to the female ones (Rappaport, H. 2003).

Though the females have an affected chromosome but there is an unaffected chromosome present as well and due to

Lyonization process (Boulard, M. et al., 2016), only one chromosome is functional or active at a time. Hence, the
female would be carrier of disease and is unaffected itself but have the ability to pass the disorder over the
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generations in the offspring (Amberger, J. et al., 2015; Chong, J. et al., 2015). Punnett Square helps in showing the

possible outcomes of the offspring from Affected, Normal and Carrier Parents [Table. 4].

Table 4: Possible Outcomes for X-Linked Recessive Inheritance.

Parents Normal Female
Affected Male X X
X’ XX X°X
Y XY XY
Offspring 50% Carrier Females 50% Normal Males
A: If Mother is Normal and Father is Affected
Parents Carrier Female
Normal Male X X’
X XX X°X
Y XY XY
Offspring 25% Carrier Females 25% Normal Males
25% Normal Females 25% Affected Males

B: If Mother is Carrier

and Father is Normal

Parents Carrier Female
Affected Male X X’
X’ X°X XX’
Y XY XY
Offspring 25% Affected Females 25% Affected Males

25% Carrier Females 25% Normal Males

C: If Mother is Carrier and Father is Affected

Pedigree for the X-Linked Recessive Inheritance Patterns of the Monogenic Disorders is shown in [Fig. 6].
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Fig. 6: Pedigree for X-Linked Recessive Inheritance

Y-Linked Inheritance:-

The gene on the Y- Chromosome is mutated which leads to the Y-Linked Genetic disorders. As the Y-Chromosome
is much smaller in size and comprised of a few genes. Hence, there are very limited Y-Linked genetic disorders
which are too rare as well (Amberger, J. et al., 2015), which mainly cause the fertility problems and are not usually
inherited to the offspring but in some of the cases may be inherited but just affects the sons whereas, the daughters
are entirely healthy as they does not carry any Y-Chromosome. Hence, it can be easily distinguished (Hadi, S.
2015). Pedigree for the Y-Linked Inheritance Patterns of the Monogenic Disorders is shown in [Fig. 7].
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Fig. 7: Pedigree for Y-Linked Inheritance

Frequency of Occurrence:-

As Mentioned above, the differences among the modes of inheritance of the monogenic disorders are described in
detail but their possibility of occurrence over their patterns of inheritance within the offspring of the normal,
affected or the carrier parents (Ahmed, N. et al., 2006; Chen, N. et al., 2014; Fountain, E. D. et al., 2016) is
described as below in [Table. 5]. The major frequencies of occurrence of the monogenic disorders distinguishing
among autosomes and sex chromosomes are as follows;

Table 5: Frequency of Occurrence

Autosomal Dominant Autosomal Recessive X-Linked
No. of Mutations in Patients 1 2 1
Sex of Patients Both Both Usually Boys
Risk of Affected Offspring lon2 Small Small
Risk of Affected Grandchild lon4 Small lon8
Risk of an Affected Sibling Small, if parents are lon4 Small, If mother isn“t
Normal Carrier
lon?2, Ifany 1 on 4, if Mother is
Parent is Affected Carrier

Classification of Monogenic Disorders:-

The monogenic disorders [MDs] are very much in number therefore, they are classified into several categories on
the cellular, organ and system basis whose origin is either case is actually a mutated gene. Some of the most
common monogenic disorders (Antonarakis & Beckmann, 2006; Bamshad, M. et al., 2011) are mentioned in the
[Table. 6] and all the perspectives of these disorders are discussed in detail, in this review article.

Table 6: Classification of Some Monogenic Disorders in Different Organs

Autosomal Dominant

Osteogenesis Imperfecta | Retinoblastoma
Autosomal Recessive
Cystic Fibrosis | Thalassemia
X-Linked Dominant
Fragile X Syndrome | Hypophosphatemia
X-Linked Recessive
Hemophilia | Ichthyosis

Autosomal Dominant Monogenic Disorders:-
Skeleton: Osteogenesis Imperfecta:-

Osteogenesis Imperfecta [OGI] is a congenital and heritable genetic disorder of abnormal bone or skeletal tissues
formation which is either low in mass or weak enough to be fracture. The ratio of the disease at global incidence is
about 1 per 10,000 of the individuals (Primorac, D. et al., 2001; Wekre, L. et al., 2011). Some ancient names were
given to this disease (Chevrel, G. 2004; Madu & Olamijulo, 2013) are as follows;
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Brittle Bone Disease

Glass Bone Disease
Lobstein’s Disease

Porak & Durante’s Disease

YVVYV

Etiology:-

OGiI takes place due to the mutation in any of the collagen type-I encoding genes which is most of the whole body
protein content among the connective tissues i.e. COL1AL and COL1A2 genes (Byers, P. et al., 2006; Christian, C.
et al., 2015). Serum albumin or Vitamin D deficiency is not related to OGl, this helps in distinguishing OGI from
Osteomalacia (Chagas, C. et al., 2012). As in most of the skeletal disorders, these are the major causes but OGlI is a
congenital disorder which occurs due to autosomal dominant transmission (Shapiro, J. et al., 2013). The cytogenetic
location of the Osteogenesis Imperfecta causing COL1A1 or COL1A2 gene is 79g21.3 (Marini, J. et al., 2014).

Classification of OGI:-

The classification of OGI was presented by Sillence in 1976 on the severity of the disease basis that is categorized
into four major types whereas; the latter ones are the sub-types of Type-IV OGI, as they are correlated. Some
clinical features of all the types of OGI are represented in [Table. 7] which helps in distinguishing among them
while the examination of disease (Marini, J. et al., 2014; Roughley, P. et al., 2003).

Table 7: Classification of Osteogenesis Imperfecta & its Clinical Features

Clinical Features of OGI

Types | Characteristic Deformity Symptoms Phenotype References
| Bone Fragility No Blue Sclera Normal
1 Lethal Perinatal | Severe Undeveloped lungs & | Variable
Period fractured ribs (P. J. Roughley et al.,
11 Dentinogenesis Severe White Sclera & short | Very Short 2003)
Imperfecta stature
v Fractures at birth Moderate Skeletal deformity & | Variable
short stature
\ Mesh-like  Lamella | Moderate Hypeplastic callus & Variable (F. H. Glorieux et al.,
appearance Interosseous membrane 2000)
VI Fish-Scale like Moderate to Osteoid Variable (F. H. Glorieux et al.,
Lamella appearance | Severe Accumulation & 2002)
abnormal lamellation
VIl Due to autosomal | Moderate to Short humerus/femur Variable (L. M. Ward et al.,
recessive pattern Severe 2002)
Diagnosis:-

OGI cannot be diagnosed at birth but at the age of walking or adulthood. The genetic analysis of the collagen type-I
encoding genes has to be made at the first by keeping the clinical features of the disorder in sight (Marini, J. et al.,
2014). Among all the clinical features, Scoliosis is the most common one which leads directly to the death due to the
respiratory disorders (Dogba, M. et al., 2016; Dogba, M. et al., 2014).

Differential diagnosis of the disorder should also be made for avoiding the confusion of the similar symptoms of
different diseases like, OGI is due to genetic mutation while other disorders might be due to vitamin D or calcium
deficiency (Chagas, C. et al., 2012). Some skeletal disorders which resemble OGI may take place while performing
the differential diagnosis i.e. Hypophosphatasia, Bruck Syndrome and Cole-Carpenter Syndrome (Henderson, B. et
al., 2016). Bone biopsy in some cases may also show some abnormalities that help in the diagnosis (Cheung, M. et
al., 2007; Glorieux, F. et al., 2000; Rauch, F. et al., 2013; Zeitlin, L. et al., 2006).
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R -
=
Typel Type |l Type IV Type IV Type 1li Type Ill
Female Femnale Male Female Female Male
Age, 38 yr Age, 63 yr Age, 40 yr Age, 35 yr Age, 27 yr Age, 40 yt

Height, 171 cm  Height, 137 cm  Height, 90cm  Height, 124 cm  Height, 94 cm Height, 84 cm

Fig. 8: Classification of Osteogenesis Imperfecta

Treatment:-

OGiI can be treated by the help of medications or orthopedics in order to reduce the fracture rates and prevention
from deformities. Medications involve Bisphosphonates, Neridronate and Estrogen (Alharbi, S. 2016) whereas;
some therapeutic treatments of the disease are also available.

Pamidronate Therapy:-

It is a medical technique that is used to get relief from pain and provides enhancement in Bone Mineral Density
[BMD] and vertebrae size. In contrast to this, it also favors the decrease in fracture incidence (Plotkin, H. et al.,
2000; Van Dijk & Sillence, 2014).

Gene Therapy:-

It is another approach for the OGI treatment by which the mesenchymal stem cells of the OGI patients can be taken,
modified or transformed in vitro and reinjected into the patient. This technique prevents the expression of mutant
genes (Lindahl, K. et al., 2014; O’Sullivan, E. et al., 2014).

Stem Cell Transplantation:-
Bone marrow or its cells can be transplanted into the patient by taking up from a healthy donor in order to overcome
the disease. This method provides best results even in the low concentrations and is the most recent one (Li, F. et al.,
2010; Pauley, P. et al., 2014).

Sight: Retinoblastoma:-

Retinoblastoma is also a congenital disorder that is one of the most common intraocular tumors of the eye retina
(Lakhoo & Sowerbutts, 2010; Shields & Shields, 2004). It is actually a rare disease. Its global incidence is about 1 in
17000 to 24000. 60% of the cases are observed to be occurred by the age of four years while remaining 40% of the
cases occur at the early developmental stage in infants [Infancy] (Bakhshi & Bakhshi, 2007; Meel, R. et al., 2012).

Etiology:-

Retinoblastoma may be hereditary and sometimes non-hereditary as it happens due to the mutation in RB1 gene.
The loss of any of RB1 alleles leads to the retinal cancer while, the loss of other allele would cause the development
of the tumor within an individual (Barello,S. et al., 2016; Dimaras, H. et al., 2012; Luo & Deng, 2013; Selistre, S. et
al., 2016). RB1 gene is a cell cycle negative regulator gene that has ability to repress the transcription and it is the
first gene that have been cloned as tumor suppressor (Hanahan & Weinberg, 2011). The mode of disease
transmission is autosomal dominant if inherited; one of the parents must also be affected to the presence of that
dominant trait (Bakhshi & Bakhshi, 2007). The cytogenetic location of the Retinoblastoma causing gene is 13q14.2.

Classification:-
Retinoblastoma has been generally classified into 3 different categories;
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1. Familial or sporadic
2. Bilateral or unilateral and
3. Heritable or non-heritable (Ghassemi, F. et al., 2014).

Former two categories are usually used for the clinical diagnosis. Therefore, the cases could be in the format of the
combination of both the former categories i.e. unilateral sporadic, bilateral sporadic, unilateral familial or bilateral
familial (Abramson, D. et al., 2003; Bartuma, K. et al., 2014). Approximately 2/3 of these cases are unilateral
while the 1/3 of them are bilateral. The study of Retinoblastoma gets much easier with the latter one classified
category i.e. Heritable or Non-Heritable (MacCarthy, A. et al., 2013; Mendoza & Grossniklaus, 2015). All of these
categories are correlated. Bilateral and familial retinoblastoma has been found to be caused via germ-line mutation;
therefore, it is a heritable cancer or tumor (Mohd Khalid, M. et al., 2015). In contrast to this, unilateral and sporadic
retinoblastomas aren’t heritable at all. Whereas, scarcely 10-15% of the cases has been detected having unilateral
sporadic retinoblastoma via germ-line mutation. DNA testing of the suspected child helps in the identification of the
cause whether it is heritable or not (Lakhoo & Sowerbutts, 2010; Shields & Shields, 2004).

Bilateral Familial
Fig. 9: Classification of Retinoblastoma

Genetic Advancement of Retinoblastoma:-

As the major cause of the disease is the absence of the RB1 gene which turns the retinal cells into malignant and
leads to ‘Retinoma’ that is the precursor of Retinoblastoma. Retinoma has been found occasionally in 5% of the
individuals (Dimaras, H. et al., 2008; Rushlow, D. et al., 2013). On the other hand, it has also been detected in 16%
of the enucleated cause. Non-dividable retinoma represents the RB1 gene loss along with the low genetic instability
i.e. an additional allele on 1q chromosome contains a motor protein KIF14 and an apoptotic regulator MDMA4.
Dividable retinoma represents high genetic instability (Bowles, E. et al., 2007; Thériault, B. et al., 2014) having
extra oncogene copies KIF14, DEK, E2F3 and MYCN with the loss of CDH11, a tumor suppressor gene
(Marchong, M. et al., 2010).

As, all the tumors are linked with the body cell changes and requires the entire genome sequencing for the
identification of the changes or mutations which are responsible for the cause of malignancy. These oncogenes have
the tendency to enhance tumor growth, aggressiveness, resistance to therapy and metastasis (Hudson, T. et al., 2010)

Table 8: Risk of occurrence of Retinoblastoma in siblings & offspring of affected individuals

Subjects Probability of Disease %
RB1 gene mutation carriers 90

Offspring of Affected individual 45

Sibling of Affected individual (if either parent is affected) 45

Sibling of Affected individual with bilateral disease 2

Sibling of Affected individual with unilateral disease 1
Diagnosis:-

Entire history, physical examination, external ocular inspection, slit lamp bio-microscopy and indirect
ophthalmoscopy with scleral indentation are usually required for the precise diagnosis of a suspected child having
retinoblastoma. The site of all the tumors and their number would be determined while going specifically towards
the retinal tumors (Shields, C. et al., 2015). Biopsy is rarely required in such cases. Some additional diagnostic
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studies have been proved quite beneficial for the confirmation of the retinoblastoma. Fluorescein angiography,
Ultrasonography and computed tomography help in the demonstration of intraocular tumors along and also detect
the calcium content in the mass (Lakhoo & Sowerbutts, 2010; Shields & Shields, 2004).

About 5-10% retinoblastomas don’t represent any intrinsic calcification. There are numerous diseases that resemble
the retinoblastoma in infants (Shields, C. et al., 2013). In about 50% of the cases patients shows the symptoms of
retinoblastoma at initial stage but latter it doesn’t seems to be retinoblastoma due to its simulating conditions.
Pseudo-retinoblastomas are actually the most common that involves persistent hyperplastic primary vitreous, ocular
toxocariasis and coats disease (Shields & Shields, 2004). Such confusions can be overcome by the differential
diagnosis. Hence, the confirmation of the tumor located is necessary to be diagnosed prior to the treatment. Genomic
analyses and microarray expression studies are the convenient techniques for the detection of the disease (Thériault,
B. etal., 2014; Villegas, V. et al., 2014).

Treatment:-

The major purpose of curing the retinoblastoma is the salvation of the vision and to reduce the long-lasting adverse
effects of the therapy. The advancement in the therapy has increased the success rate for the survival from almost
30-95% within last 60 years against the non-metastatic retinoblastoma while the uncured retinoblastoma can be
lethal (Bakhshi & Bakhshi, 2007; Meel, R. et al., 2012). Enucleation, chemotherapy and external beam radiation
therapy (EBRT) are the major therapies for the treatment of substantial diseases (Bakhshi & Bakhshi, 2007).

Enucleationis used often for the treatment of localized retinoblastoma but is risky as the cost is the loss of eyesight
in some cases (Shields & Shields, 2004). Besides its adverse psychological and physiological effects, it is also
associated with some long-lasting native effects i.e. contraction of socket, discharge from orbit and extrusion of
implant. Therefore, some relatively noninvasive focal ophthalmological therapies are needed (Bakhshi & Bakhshi,
2007). Approximately 65-75% unilateral sporadic retinoblastoma can be cured with Enucleation (Epstein, J. et al.,
2003).

EBRT- External beam radiation therapy is a mode of treatment of retinoblastoma by delivering whole eye
irradiation. As retinoblastoma is a radiosensitive tumor. It may affect the mid-face growth in 90% patients.
Radiation can harm the retina, lens and optic nerve that is difficult to manage (Shields, C. et al., 2013). EBRT
usually cause 35% risk of the secondary tumors in the patients with germ-line RB1 gene mutation. It often leads to
the loss of eyesight as well (Epstein, J. et al., 2003).

Chemotherapy has always been a significant mode of all the possible curing methods that does not cause any
adverse effects (Shields, C. et al., 2004; Shields, C. et al., 2004). Many drugs like Cisplatin, Adriamycin,
Carboplatin, Idarubicin, Etoposide and Cyclophosphamide are being used for the treatment of retinoblastoma. This
approach can be used in the treatment by 3 means i.e. Micrometastatic Retinoblastoma, Intraocular Retinoblastoma
or Overt Dissemination (Bakhshi & Bakhshi, 2007).

Autosomal Recessive Monogenic Disorders

Metabolism: Cystic Fibrosis

The most common autosomal inherited recessive monogenic disorder of the glandular epithelial cells present within
the human body is cystic fibrosis. Approximately 2000 variations in that gene have been recognized by now
(Cleveland, R. et al., 2009). Nearly 70,000 cases have been reported every year on the basis of multi-systemic
metabolic disorder (Scott, A. 2013).

Etiology:-

Cystic fibrosis occurs due to the mutation or change in the CFTR gene i.e. cystic fibrosis trans-membrane
conductance regulator, which regulates the mucous and sweat production from the exocrine secretary glands. The
mutation of the CFTR leads to various defects in the functioning of CFTR glycoprotein (Hoffman & Ramsey, 2013;
Jones & Helm, 2009). The cytogenetic location of the cystic fibrosis causing CFTR gene in the human genome is
7q31.2.

Classification:-

Cystic fibrosis has been classified into different categorizes on the mutation severity basis in the CFTR gene
(Messick, J. 2010).

1409



ISSN: 2320-5407 Int. J. Adv. Res. 5(2), 1398-1424

Table 9: Classification of Mutations in CFTR

Class Mutations
I Defective Production of CFTR Protein
I Changes in CFTR Protein Maturation
11 Defective Regulation of CFTR Protein
v Decreased Chloride Conductance
\Y Decreased No. of Functional CFTR Proteins
Vi Instability of CFTR Proteins

Class I, Il & 11l are related to the insufficiency of the pancreas along with the CFTR improper expression and
functioning as they are much severe while class 1V, V and VI are related to the sufficiency of the pancreas and are
relatively less severe (Cleveland, R. et al., 2009). In contrast to these classifications, cystic fibrosis can also cause
the respiratory as well as the non-respiratory.

Diagnosis:-

Cystic fibrosis can be easily diagnosed with the help of some biochemical testing and genotyping techniques and
biopsy of the patient can also be examined. As the disease shows the various effects upon the different body organs
hence, it may cause the confusion in the detection and confirmation of the disease so in that case the differential
diagnosis of the suspected diseases can be examined altogether over a single test and the results would confirm the
presence of the disorder (Nelms & Sucher, 2015; Scott, A. 2013).

Manifestations of

Cystic Fibrosis

General

-Growth failure (malabsorption)

-Vitamin deficiency states
(vitamins A, D, E, K)

Nose and sinuses

-Nasal polyps
-Sinusttis

Liver

-Hepatic steatosis
-Portal hypertension

Galbladder

-Biliary cirhosis

-Neonatal cbstructive jaundice
-Choleltthiasis

Bone
-Hypertrophic osteoarthropathy
-Clubbing

-Arthritis _

-Osteoporosis

Intestines

-Meconium ileus

-Meconium peritonitis

-Rectal prolapse

-Intussusception

-Volvulus

-Fibrosing colonopathy (stnctures)
-Appendicitis

-Intestinal atresia

-Distal intestinal obstruction syndrome
-Inguinal hemia

Lungs

-Bronchiectasis

-Bronchitis

-Bronchiolits

-Pneumonia

-Atelectasis

-Hemoptysis

-Pneumothorax

-Reactive airway disease

-Cor pulmonale

-Respiratory failure

-Mucoid impaction of the bronch
-Allergic bronchopulmonary aspergillosis

Heart
-Right ventncular hypertrophy
Pumonary artery dilaton

¥Spleen
-Hypersplenism
Qlamach
P a.‘.rm\

Ins ulin Jefc ency
Symptematic hyperglycemia
Diabetes

Reproductive
-Infertility
(aspermia, Absence of vas deferens,
-Amenorrhea
-Delayed puberty

Fig. 10: Organs at risk of Cystic Fibrosis
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Treatment:-

Cystic fibrosis can be commonly cured by the help of the antibiotic therapy as it play a vital role in the reduction of
the inflammatory response that occurs in the result of some chronic bacterial infection (Cohen-Cymberknoh, M. et
al., 2013; Elizur, A. et al., 2008). The antibiotics like ibuprofen, glycerin, azithromycin and amphotericin B act as
the anti-inflammatory agents (Wiehe & Arndt, 2010).Chest imaging i.e. High resolution computerized tomography
[CT] Scan and the standard chest radiography are also being used for a purpose that is the evaluation of the lung
status in the inflammatory stage of the body as it is an organ that is at the high risk of getting disease (Ashlock &
Olson, 2011; Zemanick, E. et al., 2010). Hence, the anti-inflammatory therapy has been introduced in order to treat
the lung disease that comes up as the resultant of the cystic fibrosis (Elizur, A. et al., 2008). The treatment of that
disease is a huge challenge as it is a cost effective scenario as well as the treatment burden is also unbearable
(Hoffman & Ramsey, 2013; Jones & Helm, 2009).

Blood Cells: Thalassemia:-

The most common of the autosomal inherited recessive congenital monogenic disorders is Thalassemia these days.
It is an analog of inherited anemia. WHO has reported that approximately 60,000 births take place suffering from
the major thalassemia disease on the yearly basis (Aydinok, Y. 2012). Thalassemia is one of the major global public
health issues of the socio-economic importance in many countries of the Asia (Fucharoen & Winichagoon, 2002).

It has been assumed that in the upcoming decade, figure of the Thalassemic births would come around a Million.
Out of which 95% of the cases would be from Asian regions (Cunningham, M. 2008; Vichinsky, E. 2005;
Weatherall, D. et al., 2006; Weatherall & Clegg, 2001).

Normal Thalassemia
Red
Blood Cell White Malformed

Blood Cell Red Blood Cell

.'£ / N
© ¢

' Platelet y) @

® g e’,®

Fig. 11: Effect of Thalassemia on RBCs

Etiology:-

Thalassemia is actually a class of disorders that happen due to the improper synthesis or the lack of the globin chains
of hemoglobin i.e. a, B, y and & present within the RBCs and performs various body functions (Fucharoen &
Winichagoon, 2002). These changes occur due to the mutation of the Hemoglobin alpha [HBA] or Hemoglobin Beta
[HBB] gene that regulates the synthesis of hemoglobin and the mutation in a-gene leads to the a-Thalassemia while
the mutation in the B-gene leads to the B-Thalassemia (Cunningham, M. 2010; Hong, C. et al., 2013). The
cytogenetic locations of these genes within the human genome are 16p13.3 and 11p15.4.

Classification:-

The classification of the Thalassemia has been made on the basis of the clinical significances which are mentioned
as follows;

1. Severe Thalassemia [Thalassemia Major]

2. Thalassemia Intermedia

3. Asymptotic Thalassemia [Thalassemia Minor] (Fucharoen & Winichagoon, 2002)
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Table 10: Clinical Features of Thalassemic Patients

Syndromes Severity Hb Level [g/dl] Mortality Rate
Thalassemia Major Severe anemia <6 High
Thalassemia Intermedia Mild anemia 7 Moderate
Thalassemia Minor Asymptotic anemia >9 Low

Diagnosis:-

Thalassemia shows some signs and symptoms that are alike the condition of the Iron deficiency. Therefore, in order
to get rid of the confusion of these disorders diagnosis, some tests like Red Blood Cell Distribution width [RDW],
Mean Corpuscular Volume [MCV] (Muncie & Campbell, 2009), Peripheral smear, bone marrow aspirate,
hemoglobin electrophoresis, serum ferritin & lead level, family history and differential diagnosis can be examined.
All the results of these tests would be relatively lower than that of the iron deficiency condition (Cook, J. 2005;
Goddard, A. et al., 2011).

Treatment:-
The major common remedies against the thalassemia that has been proves successful to some extent are as follows;

Blood Transfusion - The patients suffering from the high severity of this syndrome i.e. thalassemia major tend to
need the blood transfusions on the proper schedule throughout the life in order to maintain the blood Hb-level that
declines due to the improper globin synthesis and to promote the normal growth (Klein, H. et al., 2007; Olivieri &
Brittenham, 2013; Rund & Rachmilewitz, 2005; Sornjai, W. et al., 2016).

Endocrinopathy - Growth hormone therapy has been recommended as a variable successful treatment for the -
thalassemia but it is an often used approach (De Sanctis, V. 2002; Delvecchio & Cavallo, 2010).

Bone Marrow Transplant - It is the most successful approach of the cure for the thalassemia major, as the precursor
of the RBCs i.e. hematopoietic stem cells can be replaced with some healthy ones and ultimately the production of
the healthy erythrocytes takes place (Rund & Rachmilewitz, 2005; Sornjai, W. et al., 2016).

X-Linked Dominant Chromosomal Monogenic Disorders:-
Mental Retardation: Fragile X Syndrome:-

Fragile X Syndrome [FXS] is one of the most rarely occurring congenital X-Linked dominant chromosomal
monogenic disorders. This disorder is the cause of learning disability and mental retardation that could be of any
stage from mild to moderate and then to the severe in people throughout globe (Garber, K. et al., 2008). Its global
prevalence is nearly 1/4000 in males and 1/8000 in the females (Klusek, J. et al., 2014; Sabaratnam, M. 2006;
Sabaratnam, M. et al., 2003).

Etiology:-

FXS usually occurs due to the unexpressed FMR1 gene which encodes the fragile X mental retardation protein
[FMRP]. The inexpression results because of the addition of GGG repeats within the 5°-UTR of the gene (Santoro,
M. et al., 2012). The cytogenetic location of the FMR1 gene within the human genome is Xq27.3. FMRL is one of
the genes to be cloned for the first time that are related to the human intelligence (Garber, K. et al., 2008).

Diagnosis:-

FXS can be easily diagnosed by the help of fairly expressed phenotype of the infant. Besides this, the occurrence of
the FXS can be confirmed by various genotyping technologies, Southern blot, PCR, microarray and differential
diagnosis. The step towards the cure of the disorder can be taken when the cause is known (Hill, M. et al., 2010;
Sabaratnam, M. 2006).
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Normal X chromosome Fragile-X chromosome

Fig. 12: Fragile X Syndrome

Fig. 13: Autism & Mental Retardation by FXS

Treatment:-

The possible cure for the Fragile X syndrome is based upon the medications that favors the mental relaxation by
causing the impulsions, hyperactivity and distractions in the mind (Berry_Kravis & Potanos, 2004).Selective
Serotonin reuptake inhibitors [SSRIs], Ampakine and some other relevant drugs can be proved useful as they are
effective against the conditions like anxiety and aggression etc. (Berry-Kravis, E. et al., 2006; Berry_Kravis &

Potanos, 2004; Garber, K. et al., 2008).

Bone: Hypophosphatemia:-

Hypophosphatemia is an X-linked dominant chromosomal genetic disorder. It refers to the disorder that leads to the
depletion in the phosphate level in the blood serum. It is usually uncommon in the population (Brunelli & Goldfarb,
2007; Felsenfeld & Levine, 2012). As phosphate is an essential component for many body pathways that includes
the plasma pH maintenance, cellular signaling, skeletal development, bone mineralization, structure of nucleotide
and membrane composition (Bacchetta & Salusky, 2012).

Etiology:-

The major cause of the hypophosphatemia is the mutation in phosphate regulating endopeptidase gene [PHEX] that
regulates the phosphate level in the serum (Bacchetta & Salusky, 2012). Its cytogenetic location within the human
genome is Xp22.11.
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Classification:-

Hypophosphatemia has been classified on the basis on its affecting duration period as well as the severity. It is
mentioned as below;

1. Acute Hypophosphatemia

2. Chronic Hypophosphatemia

Acute Hypophosphatemia is actually due to nosocomial infections and can be significantly morbid as well as mortal
and chronic hypophosphatemia is an inborn genetic disorder that promotes the skeletal disorders in the children
[rickets] as well as in adults [Osteomalacia] (Felsenfeld & Levine, 2012). While on the severity basis, the
hypophosphatemia can be categorized as;

Table 11: Phosphate Levels in different Hypophosphatemia Stages

Hypophosphatemia Severity Phosphate Level
Mild 2-2.5 mg/dL
Moderate 1-1.9 mg/dL
Severe 1 mg/dL

Diagnosis:-

The hypophosphatemia can be easily diagnosed by the help of its unique signs and symptoms that includes the poor
oral intake, increased renal loss and intracellular phosphate redistribution (Boateng, A. et al., 2010; Marinella, M.
2005; Ornstein, R. et al., 2003).

Rickets

Fig. 14: Rickets due to Hypophosphatemia

Fig. 15: X-Ray view of the Rickets
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Treatment:-

The treatment of the hypophosphatemia involves the approaches by which the phosphate depletion can be fulfilled
or restored. Direct phosphate oral supplementation, vitamin D intake and the medications like Cinacalcet,
Dypyrimadole and Calcitonin helps in treating this disorder. The salts of phosphates can also be used as the
supplements for electrolyte balancing (Geerse, D. et al., 2010; Imel & Econs, 2012; Marinella, M. 2005).

X-Linked Recessive Sex Chromosomal Monogenic Disorders:-
Bleeding: Hemophilia:-

Hemophilia is also a common congenital X-Linked recessive sex chromosomal monogenic bleeding disorder
(Caviglia, H. et al., 2015). It has been classified as hemophilia A and hemophilia B due to same outcomes but
different causes of the disorder (Jayandharan, G. et al., 2012; Kaufman & Powell, 2013; Rodriguez & Hoots, 2010).
As the disorders are X-Linked, it affects the males at the most and females can also be the carriers despite of being
affected (Plug, I. et al., 2006).The global prevalence of the hemophilia A is 1/5000 in males and of the hemophilia B
is 1/30000 in males (Stonebraker, J. et al., 2010; Stonebraker, J. et al., 2012).

Etiology:-

Hemophilia usually occur due to the lack of factor VIII [F8], in case of hemophilia A or factor IX [F9], in case of
hemophilia B (Carcao, M. 2012; Peyvandi, F. et al., 2016). The cytogenetic location of these genes within the
human genome is Xq28 and Xg27.1 (Bowen, D. 2002). Both of these genes play a role in the coagulation of blood
normally.

Diagnosis:-

Hemophilia can be diagnosed by the genotyping technologies and via simple blood test for the factors on unit
calculation. The prevalence of hemophilia generally gets disturbed by avoiding the mild cases from the count. As it
do not usually diagnosed because of its less fatality rate as compared to the moderate and the severe types. This
disorder reduces the life span of the patients as well as the prevalence (Bhat & Cabey, 2014; Carcao, M. 2012;
Peyvandi, F. et al., 2016).

Treatment:-

Various adjunctive therapies have been discovered for the possible cure of the hemophilia including anti-fibrinolytic
agents. Prophylaxis is another most successful approach for the cure of hemophilia and is the most ancient one that
is being used since last 50 years (Feldman, B. et al., 2006; Gringeri, A. et al., 2011). Gene therapy and the stem cell
transplantation are the most recent one approach in the field of the treatment of this very severe, inherited,
monogenic and congenital disorder (Chuah, M. et al., 2013).

Normal Blood

Vessel Haemorrhage Clotting
O — Healthy
Normal Blood Haemorrhage Inability to Clot
Vessel
v‘."-.;
O — — Haemophilia

Fig. 16: Effect of Hemophilia on body cells

Skin: Ichthyosis:-

Ichthyosis is basically a group of skin related disorders that are X-linked recessive sex chromosomal inherited in
pattern (Vahlquist, A. et al., 2008).It is most frequent in affecting the males completely whereas the females can also
be the carriers of the disorder. It generally leads to the scaling and dryness of the skin with some prominent spotting.
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The global prevalence of the ichthyosis is approximately 1/6000 in males (Fernandes, N. et al., 2010; Oji & Traupe,
2009).

Etiology:-

The major cause of the ichthyosis is the mutation in the steroid sulphatase [STS] enzyme. 1,2. Deletion mutations
within the gene usually leads to the ichthyosis while almost complete deletion of the gene has been observed in the
90% of the affected individuals (Fernandes, N. et al., 2010).The cytogenetic location of the STS gene within the
human genome is Xp22.31 (Vahlquist, A. et al., 2008).

/ \
Fig. 17: Effects of Ichthyosis on body

Diagnosis:-

The genetic and biochemical testing are the most concise diagnostic ways of the ichthyosis (Fernandes, N. et al.,
2010).There is a great confusion in the identification of the disorder due to its similar related classified disorders i.e.
ichthyosis vulgaris, lamellar ichthyosis and bullous ichthyosis but their causes varies as they are autosomal
dependent dominant as well as recessive (DiGiovanna & Robinson-Bostom, 2003). Hence, the differential diagnosis
and the prenatal diagnosis are the most reliable approaches for the detection and confirmation of the disorder in
order to take the step towards the appropriate treatment including southern blot (Reed, M. et al., 2005), in-situ
hybridization (Chen, H. 2006; Lebo, R. et al., 2013) and PCR (Sugawara, T. et al., 2000), the most commonly used
techniques of the molecular biology (Vahlquist, A. et al., 2008).

Treatment:-

The ichthyosis can be proved lethal while going from mild to the severe stage. The possible cures for getting rid of
these disorders include topical therapy, by hydration and lubrication, use of keratolytic agent for enhancement of the
skin hydration and the systemic treatment for proper skin functioning i.e. sweat production (DiGiovanna &
Robinson-Bostom, 2003).

Future Prospects:-

As the monogenic disorders are the most common issues of the society that are usually resulting from the
consanguinity can be overcome by applying the precautionary measures to the social acts i.e. marriages. The genetic
analysis of the individuals can be performed before performing such acts for avoiding such complications in future.
Various detection methods and the possible treatments have been established against these monogenic disorders
furthermore, some high throughput technologies are being implemented in this field of health for the fulfillment of
the need of treatment. Prenatal diagnosis has also been proved a reliable technique of the diagnosis till now but also
causes confusions while the diagnosis with some other resembling diseases. Therefore, the advancements are also
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being made in the field for solving that problem. In the upcoming decade there is a possibility of gradual decrease in
the monogenic disorders if preventive measures are done properly. Besides this, if the situation persists then there is
equal possibility of the continuous increase in these disorders.

Several biomedical heath related organizations are working on the genetic disorders, monogenic as well as
polygenic, for the welfare of mankind. Along with the comprehensive study of these disorders, the public awareness
is also being delivered so that the people must know about the complications while developing any decision. The
fate of their offspring can be diagnosed whether it is normal or mutated. Recombinant DNA Technology and the
techniques of Genetic Engineering are supposed to be beneficial for the most efficient cure of these abnormalities.
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