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Abstract 

Mitochondrial disorder speaks about anomalies in the metabolic pathways which are controlled by 

two genomic systems, mitochondrial and nuclear genome which combine to form a respiratory 

chain. The nuclear genome inscribes the mostly of the respiratory complex protein components 

and a wide variety of the mitochondrial DNA (Mitochondria DNA) interpretation systems and 

replication systems. On the other hand, the mitochondrial genome is encoding about 13 subunits 

of the respiratory complex and RNA components of the mitochondrial translational machinery. 

This review demonstrates hereditary diseases of humans caused by mutations in mitochondrial 

DNA and their prevention. 

Keywords: Oxidative phosphorylation, Mitochondrial DNA, Kearns-Sayre Syndrome, transfer 
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1. Introduction 

Mitochondria are cell organelles that are mostly present in eukaryotic cells. They have double 

membranes and are found in the cytosol of the eukaryotic cell. They are alone responsible for ATP 

synthesis, the cell's universal energy "currency." “Mitochondrial disorders” is a term widely used 

to describe the clinical syndromes related to the peculiarity of oxidative phosphorylation 

(OXPHOS) because of this significant increase in the understanding of human illnesses associated 

with mitochondrial energy pathways on a molecular level (Zeviani & Di Donato, 2004; Sharma et 

al., 2022).  Among the network of independently budding and fusing organelles, our cells contain 

thousands of autonomously proliferating mitochondria, and a single one of them houses two to ten 

copies of mitochondrial DNA. Mitochondrial disorders are caused due to the disruption of 

oxidative phosphorylation (OXPHOS) activity or other essential mitochondrial processes. The 

relevant mutations can be found both in circular form at16,569 base pair mitochondrial DNA and 

one in the nuclear DNA. A total of 37 genes, which include 2 ribosomal RNAs and 22 transfer 

RNAs, were encoded by mitochondrial-DNA. This helps in encoding mitochondrial-DNA-specific 

translation of the 13 subunits of the respiratory chain. Over 1,000 proteins of the mitochondria are 

encoded in the DNA localized in the nucleus. The complex protein import machinery transports 

translated proteins from the cytoplasm to the mitochondria. 
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The mitochondrial DNA of mammals is acquired from the cytosol of the egg; sperm does not 

contribute to the mitochondrial complement of the zygote. As an outcome, diseases occuring due 

to mitochondrial DNA mutations are usually passed down through the lineage. Most cells have 

several hundred mitochondria, each one contains between 2 and 10 Mitochondrial DNAs. Human 

Mitochondrial DNA has a wide range of sequence variability. Randomly chosen individuals' 

mitochondrial DNAs differ by an estimated 0.32 %. Roughly 50 base alterations resulted in 

replacement changes in protein-coding genes, with around 10 of them resulting in replacement 

modifications (Davidson & King, 1997).  

Mitochondrial diseases 

The genetics of mitochondrial DNA is made more complex because each cell has multiple copies 

of mitochondrial DNA. Homoplasmic mutations impact almost all mitochondrial DNA, while 

heteroplasmic mutations affect amutant and wild type mixtureof mitochondrial DNA. Because 

mutations in mitochondrial DNA are functionally recessive, a phenotype which is biochemical in 

nature is only recognized when the quantity of altered mitochondrial DNA meets a threshold, even 

in the presence of mutated mitochondrial DNA. There are extensive numbers of point mutations 

and deletion mutations in mitochondrial DNA (Russell, Gorman, Lightowlers & Turnbull, 2020). 

The principal source of formation of ATP in cells is Oxidative phosphorylation (OXPHOS), and 

the process in confined to the inner mitochomdrial membrane. Three complexes out of the five 

complexes engage directly in OXPHOS. These complexes pump protons in the intermembrane 

space (complexes I, III, and IV), whereas an electrical gradient is utilized by complex V in order 

to generate ATP from Pi and ADP. However, because OXPHOS relies on various pathways to 

work properly, it can be hampered by a variety of gene related abnormalities. 

Mitochondrial ailments are a clinically broad range of abnormalities that are caused as a result of 

respiratory chain dysfunction in the mitochondria. Gene mutations encoded by nuclear DNA or 

mitochondrial DNA can cause them (mitochondrial DNA). While certain mitochondrial disorders 

affect just one organ (for example, Leber hereditary optic neuropathy [LHON]), many others 

impact several organ systems and are often accompanied by significant neurologic and myopathic 

symptoms. Mitochondrial illnesses vary from modest ocular myopathies to most severe multi-

system disorders in severity. The most of them have reduced cardiovascular function, which might 

be due to distinct cardiomyopathies or a multisystem illness. Pathogenic mitochondrial DNA 

mutations are classified as (a) structural RNA point mutations (Transfer RNAs and Ribosomal 

RNAs), (b) codon alterations in the genes responsible for coding protein and (c) mitochondrial 

DNA rearrangements, which might include extensive duplication and deletion. Illnesses produced 

by mitochondrial DNA deletions are typically rare, whereas diseases caused by point mutations 

are typically seen in maternally inherited pedigrees. Patients contain heteroplasmic tissue for the 

pathogenic mutation because they have a mutant and wild type mixture of mitochondrial DNA. 

Individuals from the same family or even one single cell within an individual body can have 
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different portions of wild-type and mutant mixture of mitochondrial DNA. Furthermore, the 

quantity of mutation that occurs throughout time, as well as the amount of mutation that is 

partitioned to daughter cells during cell division, might be variable.  

Figure 1: Human mitochondrial DNA composition 

  

2. Mutation in Mitochondrial DNA 

2.1 Point Mutation 

Point mutations in mitochondrial DNA are generally passed down from the mother into the next 

generation. They can be found in genes for proteins, transfer RNA, or ribosomal RNA. When point 

mutations are caused in the genes that code for proteins in the mitochondria, then mutations in 

mitochondrial-transfer RNAs may decrease mitochondrial translation usually by limiting the 

presence of functional mitochondrial-transfer RNAs, whilst they alter the functioning of the RC 

complex with which a relevant protein belongs phenotypically. 

Point mutations are typically heteroplasmic, with lots of clinical heterogeneity, and they're passed 

as a recessive trait. However, a growing number of deleterious homoplasmic mutations are being 

discovered, the majority of which damage only one tissue and have incomplete penetrance. To 

make matters all the more complex, a dominant Mitochondrial-Transfer RNA mutation, 
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m.5545CNT in the MITOCHONDRIAL-TW gene, was reported currently in clinically impaired 

tissues with mutation levels of less than 25 %.  Moreover, it has long been recognized that non-

pathogenic nucleotide changes can modulate the impact of harmful mitochondrial DNA mutations.  

2.2 Transfer RNA Mutations 

Pathogenic mutations in mitochondrial transfer RNA genes are associated with numerous varieties 

of clinical symptoms. Multisystem diseases, such as ragged-red fibers (MERRF) with myoclonic 

epilepsy and encephalopathy, mitochondrial myopathy, stroke-like events (MELAS) syndromes, 

and lactic acidosis, are the most common outcomes. A mutation in a mitochondrial transfer RNA 

gene might prevent any or all of the 13 polypeptides encoded by mitochondrial DNA from being 

translated. Translational inhibition can be caused by a variety of methods. Mitochondrial transfer 

RNA function in the process of translation may be affected directly by mutation. It can be achieved 

by changing the identification of the transfer RNA by- 

A) Post-transcriptional modification of enzymes is crucial for the efficiency and accuracy of the 

translation process. 

B) Cognate aminoacyl Transfer RNA synthetase or other Transfer RNA synthetases may result in 

the Transfer RNA not being charged; 

C) Translational initiation and elongation are determined by factors such as translation factors and 

the ribosome. 

These alterations are believed to begin an extensive translational error, which decreases levels of 

all mitochondrial DNA-encoded polypeptides.  

2.3 Mutations in the genes responsible for protein-encoding  

These types of mutations may cause changes in the level of activity in the respiratory-chain 

complex containing the mutant subunits, kinetics and functions. Activity changes could be the 

result of an altered subunit's changed function or a reduction in the holoenzyme's assembly or 

stability. 

2.4 Rearrangements of Mitochondrial DNA 

Duplication and deletion of mitochondrial DNA on a huge scale are usually linked to PEO 

(progressive external ophthalmoplegia), which can be a simple ocular myopathy or a multisystem 

disorder like Kearns-Sayre syndrome (KSS). Several families of PEO, with autosomal dominant 

or autosomal recessive inheritance patterns have reported instances of deletion in the 

mitochondrial DNA multiple times. In humans, aging and deletion are associated with each other. 

Every individual has only one type of rearrangement within them in most cases of sporadic disease, 

It's most likely a Clonal amplification of an oogenesis or early development event. Multiple 

protein-coding genes and only one transfer RNA gene have been deleted. Within cells, 

rearrangement-prone Mitochondrial DNA co - exist along with wild-type Mitochondrial DNA. 

Trans mitochondrial cells with erased genomes of approximately below 60% to 80% exhibit 
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normal amounts of respiratory chain function and mitochondrial protein synthesis, according to 

studies. 

3. Diseases associated with mitochondrial DNA mutation 

The rate of mutation in the mitochondrial genome is ten to seventeen times greater as compared to 

the mutation rate in nuclear DNA. Despite the presence of mitochondrial DNA repair mechanisms, 

they are insufficient to protect the mitochondrial genome from oxidative damage. In 1988, the first 

harmful mitochondrial DNA mutations were identified. Since then, approximately 250 harmful 

mitochondrial DNA mutations have been detected, which include rearrangements and point 

mutations. All of them are interlinked with a broad range of illness with diverse symptoms and 

onset ages. 

The start of symptoms, physical changes, and changing penetrance of mitochondrial illnesses are 

all influenced by the threshold effect, clonal development, mitotic segregation, and a genetic 

bottleneck effect. 

3.1 Threshold effect 

With the existence of heteroplasmy, quantitative relation of the wild-type to the mutant 

mitochondrial DNA influences the emergence of clinical signs. A certain fraction of altered 

mitochondrial DNA is required prior to evidence of biochemical abnormalities and tissue 

malfunction. This limit changes by alteration in tissue, with lower values in tissues that rely 

primarily on OXPHOS metabolism and greater values in tissues that depend on anaerobic 

glycolysis. In most cases, the threshold level for mutant to the wild-type mitochondrial DNA is in 

the 60–90% range.  

3.2 Mitotic segregation 

Mitochondrial DNA is randomly segregated while the process of mitosis occurs, hence the 

frequency of altered mitochondrial DNA in the reproduced cells can vary in heteroplasmic cells. 

If the mutation burden approaches the harmful threshold for that tissue, clinical manifestation of 

the disorder might develop. Mutant Mitochondrial DNA, on the other hand, might get lost, 

especially during when the tissues are dividing so fast (Rahman, Poulton, Marchington & 

Suomalainen, 2001).  

3.3 Clonal expansion 

Clonal expansion is defined as the high-level amplification of Mitochondrial DNA alterations in 

post-mitotic tissues. Random genetic drift, which depends on mitochondrial genome replication 

during a relaxed state, is assumed to be the cause of this growth. 

3.4 Mitochondrial DNA Bottleneck 

The possibility of a Mitochondrial DNA bottleneck during development has been suggested by the 

accelerated segregation of mammalian heteroplasmic Mitochondrial DNA genotypes across 

generations, with some descendants returning to homoplasmy. The bottleneck takes place during 
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the time of development of the embryo, and is triggered by a substantial decrease in the number 

of Mitochondrial DNA copies in the germ line. Based on the changes in Mitochondrial DNA 

heteroplasmy and duplicate the number observed in single germ cells throughout oogenesis, it 

appears that the bottleneck occurs during postnatal folliculogenesis, instead of oogeneisis of the 

embryo, as a outcome of duplication of a fraction of mitochondrial genomes.  

Figure 2: The diagram depicts the relation between the phenotype and the genotype  

in Mitochondrial DNA 

 

4.     MERRF (Myoclonic epilepsy and ragged red fibers) 

MERRF is defined as a degenerative neurological disorder secondary to point mutation at 

MITOCHONDRIAL-TK gene, m.8344ANG. After a period of normal development. It is a serious 

neurodegenerative disorder that commonly presents at the age of early adulthood or childhood. 

It is characterized by progressive cerebellar dysfunction, myoclonus, epilepsy,availability of 

ragged-red fibers within muscle biopsy, and muscular weakness. Dementia, cardiomyopathy, 

hearing loss, numerous lipomas, and ophthalmoplegia are just a few of the less prevalent 

symptoms. Mitochondrial translation products are abnormal due to mutation. In cell lines with the 

A8344G mutation, the amount of lysine codons in various mRNAs was linked to a reduction in 

certain protein translation rates. 

A mutation in the A8344G gene leads to a reduction of 40% in transfer RNAlys during the steady 

state levels. It also causes a 40% decrease in amino acylated transfer RNA levels in 

transmitochondrial cells. Unless the mitochondrial DNA of the cell is mutated by more than 90%, 
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respiratory-chain activity is unaffected. This high threshold for respiratory-chain deficit expression 

proposes that the levels of transfer RNA activity that are found to be less than equal to 10% of 

normal, which is sufficient to maintain normal translation rates. As a result, the correspondingly 

slight decrease in the levels of the steady-state and transfer RNAs is unexpected to be the sole 

cause of the decrease in the rates of translation.  

5.   LHON (Leber’s hereditary optic neuropathy) 

LHON mitochondrial DNA mutations are mainly of three types, which are found in almost 95% 

of the cases of LHON. The ganglion cells of retina are damaged when a person suffers from 

LHON. It is mostly an organ-specific disease. Clinically, this appears as a painless, acute central 

or subacute loss of sight, which is unilateral, with the opposite eye being afflicted within two 

months. This type of sight loss is quite frequent in males with an average age ranging between 20 

and 40. 

There are currently two types of mitochondrial DNA mutations associated with this disease: 

primary and secondary mutations. Around 90% of LHON cases are induced by the primary 

mutation G11778A. The ND1 gene mutation through G3460A causes significant reductions in 

NADH dehydrogenase specific activity in the tissue of the patient or lymphoblast cell lines. The 

G11778A mutation decreases the activity of NADH dehydrogenase.  

LHON is caused by a homoplasmic Mitochondrial DNA mutation, which will be passed down to 

all maternal children; although only 10% of women will have loss of sight, while on the other 

hand, around 50% of men will be affected (Riordan-Eva, 1995). 

6.   NARP (Neuropathy, ataxia, and retinitis pigmentosa) 

NARP are linked to a mutation at T8993G in the mitochondrial DNA's ATP6 gene: The blame is 

often given to the MITOCHONDRIAL-ATP6 m.8993TNG mutation. (Point mutations (TNG and 

TNC) impacting the ATPase 6 component of the F1F0-ATPase (ATP synthase) at Mitochondrial 

DNA nucleotide 8993 have been linked to both diseases and are invariably detected as 

heteroplasmic mutations.) 

Despite the fact that peripheral neuropathy is an obvious aspect of this phenotype, other 

neurological consequences include dementia, seizures, and developmental delay. 

7.   Maternally inherited Leigh syndrome (MILS) 

Severe oxidative metabolism failure causes Leigh syndrome, which can be mediated by a number 

of genetic abnormalities which might affect either the nuclear genome or mitochondrial genome 

(e.g., SURF1 gene). 

Optic atrophy, retinal degeneration, ataxia, psychomotor retardation, lactic acidosis, and 

characteristic lesions on neuro-imaging are all symptoms of Leigh's syndrome, which is a 

multisystem and neurodegenerative disorder that affects children and infants. In the brain stem, 

thalamus, and basal ganglia. The pathological conditions include vascular growth, demyelination, 
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bilateral cell necrosis, and symmetry. Leigh's syndrome and other metabolic disorders are also 

interrelated, such as NADH dehydrogenase, COX, and pyruvate dehydrogenase deficiencies, 

which are often linked to Mendelian inheritance.  

8.   KSS (Kearns–Sayre syndrome) 

A large-scale duplication and deletion of mitochondrial DNA are usually linked to KSS, which is 

a disorder of the multi-system. 

The retinal pigmentary degeneration before the age of 20, as well as symptoms that include high 

cerebrospinal fluid protein content, cerebellar syndrome, or cardiac conduction block, characterize 

the onset of KSS. 

Deafness, cognitive impairment, and cerebellar ataxia are prevalent neurological complications, 

as are dysphagia, endocrinopathies, short stature, deafness, total heart block and non-neurological 

symptoms of cardiomyopathy.  

9.   Pearson syndrome 

Pearson's syndromes are also associated with large-scale deletion of Mitochondrial DNA. This is 

a unique childhood disease described by sideroblastic anemia, pancytopenia & pancreatic 

insufficiency. These children's clinical courses might be severe, resulting in early death.  

10.  Chronic progressive external Ophthalmoplegia (CPEO) 

Although Mitochondrial DNA mutations have been detected in some cases, Chronic progressive 

external ophthalmoplegia is caused due to random large-scale individual elimination or multiple 

Mitochondrial DNA removal. A gradual paralysis of the eye muscles develops CPEO, which ends 

in impaired eye movement and ptosis. Multiple deductions of Mitochondrial DNA have been 

detected in some family cases of PEO, with autosomal dominant or autosomal recessive 

inheritance patterns.  

11.  MELAS (Mitochondrial encephalopathy, lactic acidosis, and stroke-like episodes) 

Periodical vomiting, lactic acidosis, migraine-like headaches, seizures, reiterative cerebral trauma 

imitating strokes, and short stature resulting in cortical blindness,hemianopia, or hemiparesis, are 

all symptoms of MELAS. 

The m.3243 ANG mutation is seen in over 80% of MELAS patients. (The m.3243 ANG mutation 

is one of the most prominent points for mutations in the genome or Mitochondrial DNA). The gene 

mutation at MITOCHONDRIAL-TL1 has been connected to a range of clinical syndromes, 

including MELAS symptoms. MELAS also can be secondary to mutation in this mitochondrial-

tRNA gene, other mitochondrial-tRNA genes & protein-encoding genes as well as mutations at 

MITOCHONDRIAL-ND1. 

This disease occurs when A3243G alteration is placed in a governmental region that is needed for 

particular transcription termination at the terminal end of Ribosomal RNA genes. 
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MitochondrialERF (Mitochondrial transcription termination factor 1) is a protein which enhances 

the transcription completion at the terminal end of 16S r-RNA gene and binds to its targeted 

sequence is altered by the mutation, which affects transcription termination in vitro. 

12.  Mitochondrial DNA depletion syndromes (MDS) 

It is an autosomal recessive disorder described by a decrease in the no. of copies of mitochondrial 

DNA in clinically affected organs. Since mitochondrial DNA comprises proteins required for 

oxidative respiration, a decrease in mitochondrial DNA helps in production of energy for organs 

and tissues to suffer. Abnormalities in nuclear DNA, which incorporates different proteins 

involved in mitochondrial DNA maintenance, replication, and synthesis, are the root cause of 

many diseases.  

13.  Management of Mitochondrial DNA disease 

Despite all of the advances and understanding of mitochondrial genetics, currently, there are no 

efficacious treatment plans for people with mitochondrial dysfunction, with an exception of 

surgery or transplantation in rare cases. Use of various pharmacological and biological agents to 

repair or bypass the underlying deficiency, such as vitamins, metabolites, cofactors, and electron 

acceptors, has had mixed outcomes. The most recent focus is on the development of disease-

specific mutation and treatment to cure symptoms and avoid consequences. Exercise and gene 

therapy are the two primary approaches that are being actively researched. Measures to reduce 

Mitochondrial DNA disease transmission are also being explored. 

13.1.        Exercise therapy  

The aim of exercise training for Mitochondrial DNA disorder management is to enhance strength 

and standard of patients' life by significantly high degree of heteroplasmic mutations in 

Mitochondrial DNA in muscles. It has been discovered that endurance exercises for more than 14 

weeks can enhance OXPHOS function, muscle, and to induce a loss of physiological adaptations 

when training is terminated. Muscle conditioning increased ATP levels, delayed the development 

of illness, and extended life expectancy. Induction of regeneration in muscles in the aftermath of 

fiber disruption is the basis of this approach. Satellite cells are undivided myogenic cells that 

multiply in retaliation to any injury secondary toshortening and lengthening of muscles. Patients 

having high degree of sporadically mutated Mitochondrial DNA in developed muscle fibers but 

significantly less or unidentifiable levels in satellite cells, proliferation of these stem cells followed 

by addition of wild-type of satellite Mitochondrial DNA into mature muscle could alter 

heteroplasmy levels adequately to restore muscle functions. 

13.2.        Gene Therapy 

A variety of approaches have been tried to sway heteroplasmy levels in order to transfer the mutant 

mixtures to wild-type of genomes, which is essential for determining the manifestation of 

biochemical deficiency. Antigenomic therapy that requires employing sequence-specific NA 
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derivatives to aim and block the duplication of mutant Mitochondrial DNA while enabling wild-

type of genomes to flourish, has shown encouraging effects in vitro with PNAs. Mitochondrial 

targeted restriction endonucleases, which can distinguish between mutant mitochondrial DNA and 

wild-type of genomes, are another possibility for manipulating Mitochondrial DNA heteroplasmy 

levels.  

A targeted zinc finger DNA methylase in chimeric form, which have the ability to bind and alter 

genomes in cells carrying the NARP mutation in a sequence-specific way, has also been 

successfully used to target mutated Mitochondrial DNA. While this approach is highly promising, 

it is limited in its therapeutic use due to the necessity of transfection and effective expression in 

faulty substances. 

13.3.        Prevention of disease transmission Mitochondrial DNA 

Due to the obvious inherited bottleneck that causes significant alterations in the percentage of the 

mutant Mitochondrial DNA in different descendants, the outcome of specific pregnancies remains 

unknown. This makes proper genetic screening for Mitochondrial DNA mutation-affected families 

extremely difficult. Nonetheless, several approaches are being explored for reducing the 

transmission of high mutation loads of Mitochondrial DNA. Pre-implantation genetic diagnostics 

(PGD) is another approach that can be performed using Mitochondrial DNA retrieved from either 

the polar body of unfertilized eggs or from 1-2 individual cells isolated from embryos before 

implantation.   

14. Conclusion 

In recent times the understanding of the mechanism responsible for these genetic disorders caused 

by alterations in the mitochondrial DNA is explained here. Studies of the cellular structure which 

are affected reveal the mechanism to these disorders. These studies had made a significant effect 

in understanding the disease which can lead to development of mitochondrial disease. This 

progress in the field of genomics further will bring more understanding of mitochondrial disease 

and a better treatment will be possible. 

The present state of knowledge and progress in the field of molecular genetics has provided a clear 

description of its etiology of mitochondrial ailments. In Spite of this the treatment of mitochondrial 

disease is highly symptomatic and thus does not change the development of the disease at large. 

Certain clinical trials have led to design of drugs that aim at enhancing mitochondrial function or 

reversal of mitochondrial dysfunction which are currently used in the clinical treatment of 

mitochondrial disease. 
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