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Numerous intricate and untreatable ailments are brought on by genetic diseases. Each 

person's unique DNA sequence is encoded, and the mitochondrial, nuclear, and microbial 

metagenomes all contain a wealth of disease-causing genes. The use of next-generation DNA 

sequencing has brought these disorders' diagnoses together. Nonetheless, one of the key 

objectives is still to convert particular genetic diagnosis into tailored genetic treatments. 

Genetic therapies can be divided into three main categories thus far: replacing the damaged 

genetic compartments in large quantities with a new exogenous genome; adding extra genetic 

material to compensate for genetic errors without targeting it; and, most recently, using gene 

editing to directly correct the alterations that are causing the problems. The development of 

new generations of curative genetic medicines will be accelerated by the use of generalized 

techniques for diagnosis, treatment, and reagent administration into each genetic 

compartment. 
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Introduction 

Genetic disorders occur when a mutation (a harmful 

change to a gene, also known as a pathogenic variant) 

affects your genes or when you have the wrong amount of 

genetic material. Genes are made of DNA 

(deoxyribonucleic acid), which contains instructions for 

cell functioning and the characteristics that make you 

unique. 

Subtle changes to the genetic code can result in 

profoundly debilitating and diverse pathologies. The 

hereditary nature of human traits has been described 

since classical times. In the history of modern medicine, 

the first known genetic disorder, alkaptonuria, was 

described at the turn of the twentieth century, giving rise to 

the recognition of inborn errors of metabolism 

(1).The first heritable alteration in a protein linked to 

disease was identified in sickle cell anemia in the late 

1940s, with the discovery of altered shifts during 

electrophoresis, a change that corresponded with disease 

status among tested patients (5, 6). Subsequently, once the  

 

DNA code for amino acids was deciphered, scientists 

recognized the potential for alterations in DNA to cause 

alterations in enzymes and thus disease. Before the advent 

of DNA sequencing, the cause of Down syndrome, 

identified in 1959 as the chromosomal abnormality 

trisomy 21, was the first human genetic alteration found 

to be associated with disease (7).  

The ethical issues around genetic testing have been 

discussed extensively and are out of the scope of this 

review. In short, a family history of disease reveals much 

about a patient's risk of disease, but the detailed nature of 

sequencing tests and the uncertainty of the interpretation 

raise concerns. As our understanding of genetic diseases 

improves and genetic testing becomes routine, it may well 

be possible to address those concerns so that patients can 

benefit from this remarkable technology(8).  

Epidemiology: 

One of the early proponents of genetic epidemiology, 

American geneticist Newton Morton, defined the field as 

one that addresses the etiology, distribution, and control of 

disease in groups of related individuals and the inherited 

causes of diseases in populations. That definition later was 

broadened to include the role of the environment, owing 

to the realization that genetic factors frequently interact 

with environmental factors to influence disease in human 

populations(9). In 2003, scientists Muin J. Khoury, Julian 
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Little, and Wylie Burke coined the term human genome 

epidemiology to encompass a system of study that uses 

the methods of epidemiology to understand the influence 

of genomic variation in both health and disease, thereby 

going beyond the influence of individual genes, which 

remained the primary focus of genetic epidemiology. 

Categories of disease: 

Rare and Mendelian disease: 

Karangnesses that may have a genetic component and 

impact fewer than 2000 individuals in the United States In 

current combat practice genetic testing is confirmatory 

and takes place after anal syndrome has been identified 

rough discussion with the patient's parents in a typical 

case the suspected gene will be amplified and sequenced 

through Sanger The Online Mendelian Inheritance in Man 

(MIM database contains a complete rating of these genes 

and genetic disorders) (13). 

Complex disease: 

The vast majority of genetic diseases fall into this 

category. Some examples include Alzheimer's disease, 

scleroderma, asthma, Parkinson's disease, multiple 

sclerosis, osteoporosis, connective tissue diseases, kidney 

diseases, autoimmune diseases, and many more (14,15). 

NGS offers a comprehensive set of tools to study these 

complex diseases. Whole genome and exome Complex 

Disease sequencing can be combined with transcriptome 

sequencing (RNA-Seq) to assess expression levels and the 

expression of mutated transcripts and splice variants. 

Genome-wide association studies [GWAS]: 

Disease or trait 

% Variance explained by all 

GAWAS SNPs 

Combined 

Type 1 diabetes 
60 [includes per-GAWS loci with 

large effects 

Type 2 diabetes 5-10 

obesity [BMI] 1-2 

Crohn's disease 10 

Ulcerative colitis 5 

Multiple sclerosis 10 

Ankylosing 

Spondylitis 
20 

Schizophrenia 1 

Bipolar disorder 2 

Breast cancer 8 

Von willebrand 

Factor 
13 

Height 10 

Bone mineral 

density 
5 

QT interval 7 

HDL 

cholesterol 
10 

Platelet count 5-10 

 

Mitochondrial disease: 

Mitochondrial diseases are caused by abnormal 

functioning of mitochondria. To date, more than 200 

different molecular defects have been described in 

patients with mitochondrial diseases.(23) These 

abnormalities may be the result of spontaneous or 

inherited mutations in the mitochondrial genome (Medan) 

or in nuclear genes that code for mitochondrial 

components. The Medan encodes only 13 proteins of the 

respiratory chain, while most of the estimated 1,500 

mitochondrial proteins are nuclear-encoded.  

Histone Modifications: 

The development of Chip-Seq with NGS enabled the first 

genome-wide mapping of histone modifications. This 

allowed the identification of activation marks such as 

mono- methylations of H3K27 H3K9, H4K20, H3K79, and 

H2BK." The epigenetic control of expression for both Poll 

and Polli has been mapped these are examples of the 

information that can be obtained using this approach DNA 

methylation 

Undiagnosed genetic disease 

It is estimated that up to half of the patients tested 

currently receive no molecular diagnosis, 33 The 

remarkable success of the National Institute of Health 

(NIH) Undiagnosed Diseases Program, which has led to 

the diagnosis of (13) rare diseases and the identification of 

two new diseases, has demonstrated the utility of whole-

genome and whole-exome sequencing in the clinic.  

Types of genetic disorders: 

1. Single gene inheritance: 

Single-gene inheritance is also called Mendelian or 

monogenetic inheritance. Changes or mutations that occur 

in the DNA sequence of a distinct gene affect this type of 

inheritance. There are thousands of known single-gene 

disorders. These disorders are known as monogenetic 

disorders (disorders of a single gene). Single-gene 

disorders have diverse patterns of genetic inheritance, 

including x autosomal dominant inheritance, in which only 

a single copy of a defective gene (from either parent) is 

crucial to basis the condition; x autosomal recessive 

inheritance, in which two copies of a defective gene (one 

from each parent) are necessary to effect the condition; 

and X-linked inheritance, in which the defective gene is 

present on the female, or X chromosome(9).  

Multifactorial Genetic inheritance: 

Multifactorial inheritance is also called intricate or 

polygenic inheritance. Multifactorial inheritance disorders 

are caused by a permutation of environmental factors and 

mutations in multiple genes. For example, unusual genes 

that control breast cancer susceptibility have been found 

on chromosomes 6, 11, 13, 14, 15, 17, and 22. 

Multifactorial disorders also known as complex genetic 

disorders caused by genomic variations in one or more 

genes.  
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DNA and gene content of human chromosomes: 

Chromoso

mes 

Approxi

mate 

length 

(bp) 

Protein Coding Genes Non-Protein Coding Genes 
Pseudog

enes 

1 
248956

422 
2047 1964 1233 

2 
242193

529 
1303 1605 1033 

3 
198295

559 
1075 1160 768 

4 
190214

555 
753 984 732 

5 
181538

259 
881 1200 710 

6 
170805

979 
1041 989 803 

7 
159345

973 
989 977 893 

8 
145138

636 
670 1041 629 

9 
138394

717 
778 786 678 

10 
133797

422 
728 880 568 

11 
135086

622 
1312 1053 815 

12 
133275

309 
1036 1197 627 

13 
114364

328 
321 586 378 

14 
107043

718 
820 857 519 

15 
101991

189 
613 986 513 

16 
903383

45 
867 1033 467 

17 
832574

41 
1185 1198 531 

18 
803732

85 
269 608 246 

19 
586176

16 
1474 895 514 

20 
644441

67 
543 594 250 

21 
467099

83 
231 403 183 

22 
508184

68 
492 513 332 

X 
156040

895 
843 604 872 

Y 
572274

15 
63 108 392 

Mitochond

rial 
16569 13 24  

 

Although there could be several members of the family 

affected, the inheritance does not follow the Mendelian 

inheritance pattern. The disease may occur in one 

particular trait but it is not a sex-limited trait.  

Mitochondrial Genetic inheritance: 

This type of genetic disorder is caused by mutations in the 

non-nuclear DNA of mitochondria. Mitochondria are small 

round or rod-like organelles that are involved in cellular 

respiration and found in the cytoplasm of plant and 

animal cells. Each mitochondrion may contain 5 to 10 

circular pieces of DNA. Since egg cells, but not sperm cells, 

keep their mitochondria during fertilization, 

mitochondrial DNA is always inherited from the female 

parent. 

1. Single nucleotide variants: 

The most frequent variants in our genome are substitutions 

that affect only one base pair (bp), referred to as single 

nucleotide variants (SNV) or as single nucleotide 

polymorphisms (SNP) depending upon the MAF. It has 

been estimated that there are at least 11 million SNPs in 

the human genome (averaging approximately 1 per 300 

bp). It also seems likely that if we sequenced the genomes 

of everyone on the planet, for most positions in our 

genome we would discover at least one individual with an 

SNV, wherever such variation is compatible with life. 

2. Structural variants: 

Structural variants are defined as variants affecting 

segments of DNA greater than 1000 bp (1 kb)(22). They 

include translocations, inversions, large deletions, and 

copy number variants (CNV). CNVs are segments of our 

genome that range in size from 1000 to millions of bp, and 

which, in healthy individuals, may vary in copy number 

from zero to several copies  

  Repeat variations: 

Human genomes contain large numbers of repetitive 

sequences. These include ‘interspersed repeats’ which 

constitute approximately 45% of our genome, and 

represent remnants of mobile DNA elements 

(transposons). There are also several classes of ‘tandem 

repeats’, in which the repeated units are side-by-side in a 

head-to-tail fashion forming arrays of repeats of the same 

(or very similar) sequence (13).  

Manipulating other genomes: 

A subset of somatic cells contains a unique addition to the 

nuclear genome, the T and B cells of the adaptive immune 

system, which generate new antigen receptor gene 

products after conception through somatic recombination. 

The immune receptor repertoire of a young adult contains, 

conservatively, on the order of 1011 unique antigenic 

receptors, generating almost six orders of magnitude 

more individual protein products than the nuclear genome 

(10–11), although repertoire diversity declines with age (8)  

Diagnosis: 

Single Gene Disorders 

Worldwide frequencies of all monogenic disorders at birth 

are about 10/1000 (WHO, 2013). The “monogenic” 

diseases provide unique opportunities to dissect 
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components as they each have a single etiology and 

comparatively uniform treatments, and the role of the 

disease-causing gene is known to some extent 

(Antinatalism and Beckmann, 2006) Single gene disorders 

are passed on to successive generations in several ways. 

In autosomal dominant disorders, one copy of the mutated 

gene is involved.  

Diagnosis and Prevention of Genetic Disorders 

Genetic:  

For fetus or embryo information the use of all designed 

techniques during parental diagnosis. Before and after 

prenatal diagnosis some genetic counseling must be 

offered (Wrecker et al., 2010). Newborn screening 

identifies conditions that can affect a child's long-term 

health or survival. Early detection, diagnosis, and 

intervention can prevent death or disability and enable 

children to reach their full potential (CDCP, 2013). 

Treatment: 

Many genetic disorders result from gene changes that are 

present in essentially every cell in the body. As a result, 

these disorders often affect many body systems, and most 

cannot be cured(9). However, approaches may be 

available to treat or manage some of the associated signs 

and symptoms Gene therapy, along with many other 

treatment and management approaches for genetic 

conditions, are under study in clinical trials.                                 

Figure no: 1 Gene therapies are based on 

nontargeted genetic addition or targeted gene 

editing. 

 (a) Direct delivery of genetic material to the 

mitochondrial genome poses a greater challenge. (b) 

Adding or editing genetic material in the nuclear genome 

of the human germline poses significant ethical concerns. 

(c) Nontargeted addition or targeted editing in somatic 

cells, such as cells cultured ex vivo(9) (e.g., hematopoietic 

stem cells and T cells). (d) Nontargeted addition or 

targeted editing in somatic cells in vivo, as in retinal cells, 

hepatocytes, or myocytes, critically depends on delivery 

platforms to carry DNA, RNA, and/or protein cargo to the 

cell type of interest.  

 

 

 

Figure number: 2 

Conclusion 

The size, complexity, diversity, and inheritance of the 

major human genetic compartments vary. Although the 

large expanse of the nuclear genome assures that the 

thousands of documented monogenic diseases occur in 

varied circumstances, developmental abnormalities are 

frequently caused by germline mutations in the 

mitochondrial and nuclear genomes (29). The availability 

of 16S and unbiased microbiological sequencing, clinical 

exome and whole-genome sequencing, and mitochondrial 

sequencing has increased due to advancements in next-

generation DNA sequencing. These sequencing 

technologies have identified genetic abnormalities that 

gene treatments can fix. 
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