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ABSTRACT 
Mitochondrial DNA (mtDNA) mutations cause maternally inherited diseases; the symptoms appear in late childhood or adulthood. The 

pathogenicity of the mtDNA differs among individuals within the same family due to the difference between mitochondrial phenotype 

and genotype modulated by heteroplasmy, which refers to the presence of both mutated and normal mtDNA within the cell. 

Monoploidy and the lack of compensation alleles lead to a higher risk of mtDNA mutations than nuclear DNA. Point mutation and 

large-scale deletion disrupt mitochondrial function, such as oxidative phosphorylation, leading to syndromes like MELAS, Leigh 

syndrome, and Kearns-Sayre syndrome. They also underlined that heteroplasmy influences the severity of symptoms in offspring, often 

leaving mothers asymptomatic. 

This study aims to determine the pathogenic role of mtDNA mutations, their contributions to maternally inherited syndromes, and their 

implications for genetic counselling and premarital testing. For this purpose, mtDNA mutations associated with maternally inherited 

syndromes are underlined, focusing on their impact on mitochondrial function and the phenotypic expression influenced by 

heteroplasmy. We collected data from existing research and databases, including MITOMAP. 

Due to mitochondria's heteroplasmic nature, even if the mother is asymptomatic, premarital carrier testing and genetic counselling for 

mtDNA mutations should be considered necessary to ascertain the mother's genotype and identify thirteen disorders the offspring may 

inherit. However, the heterogeneity resulting from heteroplasmy and non-Mendelian inheritance patterns makes it challenging to predict 

the manifestation of a disease. More studies are required to enhance mtDNA disease diagnostic and therapeutic strategies. 

https://creativecommons.org/licenses/by-nc/4.0/ 
Keywords: Autophagy, DNA methylation, Heteroplasmy, Kearns-Sayre syndrome, Leigh syndrome, Mitochondrial DNA.

1 Introduction  

Mitochondrial DNA, called mitogenomes, is a circular double-

stranded DNA molecule nearly 5 µm long and consists of 16.5 kb 

with a molecular mass of 10^7 Dalton. Each mitochondrion 

contains 2-10 copies of mtDNA, and each cell almost consists of 

thousands of mtDNA [1, 2].  

All human single cells, except red blood cells, contain 

approximately 1000 to 10,000 mtDNA molecules. The number of 

mitochondria varies depending on the type of cell and its energy 

requirements. For instance, liver cells contain more mitochondria 

than other cell types [3]. The primary function of mtDNA is 

converting the food molecules to energy through adenosine 

triphosphate (ATP) by oxidative phosphorylation [4]. 

1.1 Structure of mitochondria  

The mtDNA double strands consist of heavy (guanine-rich) and 

light (cytosine-rich) strands. Unlike nDNA, the coding region of 

the mitochondrial genome lacks intron sequences, and there is 

only one noncoding region in the mitochondrial genome called 

the displacement loop (D loop) with 1.1 kb. The D loop consists 

of an origin of replication and two promoters, a light strand 

promoter (LSP) and a heavy strand promoter (HSP) [5, 6].  

The mtDNA encodes for 37 genes; among these genes, two 

encode for 12S and 16S ribosomal RNA (rRNA), twenty-two 

genes encode for transfer RNA (tRNA), and thirteen genes 

encode for proteins involved in the respiratory chain for ATP 

production through oxidative phosphorylation. Among thirteen 

protein-coding genes, the IV complex is encoded by three genes, 
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the V complex is encoded by two genes and the III complex is 

encoded by one gene [7]. The names and functions of all 37 genes 

are listed in Table 1.

Table 1: Mitochondria genes and function. 

No Gene  Location Function Type 

1 
MT-

ND1 

Oxidative 

phosphorylation 

enzymes, 

Complex I 

electron transport chain. 

NADH 

dehydrogenase 

subunit 1 

2 
MT-

ND2 
Electron transport chain. 

NADH 

dehydrogenase 

subunit 2 

3 
MT-

ND3 
Electron transport chain. 

NADH 

dehydrogenase 

subunit 3 

4 
MT-

ND4 
Electron transport chain. 

NADH 

dehydrogenase 

subunit 4 

5 
MT-

ND4L 
Electron transport chain. 

NADH 

dehydrogenase 

subunit 4L 

6 
MT-

ND5 
Electron transport chain. 

NADH 

dehydrogenase 

subunit 5 

7 
MT-

ND6 
Electron transport chain. 

NADH 

dehydrogenase 

subunit 6 

8 
MT-

CYB 

Oxidative 

phosphorylation 

enzymes, 

Complex III 

Encodes cytochrome b, a part of complex III in the electron transport chain Cytochrome b 

9 
MT-

CO1 

Cytochrome c 

oxidase 

Encodes cytochrome c oxidase I, a subunit of complex IV of the 

mitochondria 

Cytochrome c 

oxidase I 

10 
MT-

CO2 

Encodes cytochrome c oxidase II, a subunit of complex IV, is also involved 

in electron transport and oxidative phosphorylation. 

Cytochrome c 

oxidase II 

11 
MT-

CO3 

Encodes cytochrome c oxidase III, a subunit of complex IV, involved in 

oxidative phosphorylation and ATP synthesis. 

Cytochrome c 

oxidase III 

12 
MT-

ATP6 
ATP Synthase 

Encodes a subunit of ATP synthase 
ATP Synthase 

subunit 6 

13 
MT-

ATP8 
Encodes subunit of ATP synthase 

ATP Synthase 

subunit 8 

14 
MT-

TA 

tRNAs 

Transfers alanine amino acid to ribosomes during mitochondrial protein 

synthesis 
 

15 
MT-

TC 
Transfers cysteine amino acid  

16 
MT-

TD 
Transfers aspartic acid amino acid  

17 
MT-

TE 
Transfers glutamic acid amino acid  

18 
MT-

TF 
Transfers phenylalanine amino acid  

19 
MT-

TG 
Transfers glycine amino  

20 
MT-

TH 
Transfers histidine amino acid  
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No Gene  Location Function Type 

21 
MT-

TI 
Transfer RNA (tRNA) called tRNA-Ile (isoleucine) within the mitochondria.  

22 
MT-

TK 
Encodes the mitochondrial tRNA for lysine 

Mitochondrial 

tRNA Lys 

23 
MT-

TL1 
Encodes the mitochondrial tRNA for leucine (UUR) 

Mitochondrial 

tRNA 

Leu(UUR) 

24 
MT-

TL2 
Encodes the mitochondrial tRNA for leucine (CUN) 

Mitochondrial 

tRNA 

Leu(CUN) 

25 
MT-

TM 

Transfers methionine amino acid to ribosomes during mitochondrial protein 

synthesis 
 

26 
MT-

TN 
Transfers asparagine amino acid  

27 
MT-

TP 
Transfers proline amino acid  

28 
MT-

TQ 
Transfers glutamine amino acid  

29 
MT-

TR 
Transfers arginine amino acid 

Mitochondrial 

tRNAs for 

various amino 

acids 

30 
MT-

TS1 
Transfers serine amino acid tRNA-Ser(UCN) 

31 
MT-

TS2 
Transfers serine amino acid tRNA-Ser(AGY) 

32 
MT-

TT 
Transfers threonine amino acid  

33 
MT-

TV 
Transfers valine amino acid  

34 
MT-

TW 
Transfers tryptophan amino acid  

35 
MT-

TY 
Transfers tyrosine amino acid  

36 
MT-

RNR1 
Ribosomes 

Encodes the mitochondrial 12S rRNA, which is involved in mitochondrial 

protein synthesis. 

Mitochondrial 

12S rRNA 

37 
MT-

RNR2 

Encodes the mitochondrial 16S rRNA, which is involved in mitochondrial 

protein synthesis. 

Mitochondrial 

16S rRNA 

1.2 Replication of mtDNA  

Mitochondria and their genome are semi-autonomous, making 

them divide and replicate independently of the nuclear division 

cycle. De novo mitochondrial mutations can occur during 

replication, leading to heteroplasmy [8].  

During periods of high energy demand, the mitochondria grow 

and replicate. In contrast, when less energy is required, 

mitophagy destroys mitochondria or becomes inactive [9]. 

During cell division, mitochondria are randomly separated 

between the two daughter cells, each receiving half of the total 

mitochondria. After cell division, the new cells produced more 

copies of mitochondria through binary fission [10]. 

Mitochondrial DNA replication occurs in two ways, starting in 

the D-loop region. At first, replication of the heavy strand begins 

and forms a substantial part of the circular DNA. Then the light 

strand begins to replicate [11, 12], as shown in Figures 1[13]. 

1.3 Mitochondrial fusion  

Mitochondrial fusion facilitates the mixing of the mitochondrial 

components in a cell. This fusion eliminates the mutant gene in 

heteroplasmic cells. As a consequence of this process, mutant 
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mtDNA inhibits reaching a crucial threshold level in the cell and 

protects the integrity of the mtDNA [14]. 

 

 

Figures 1:  Replication site (D-loop), sites of genes, heavy and light 
stand of the mitochondria. 

Some disorders occur due to defective proteins responsible for 

mitochondrial fusion, such as the dynamin-1-like (Drp1) protein, 

which is a GTPase that results in the loss of mtDNA wild-type. 

Also, defective mitochondrial proteins responsible for mtDNA 

segregation during mitotic division are a causative agent for de 

novo oocyst mutations. De novo mutation in germ cells causes a 

maternally inherited disorder that is asymptomatic in the mother; 

these de novo mutations increase with the mother's age [15].  

Figure 2: Autophagy eliminates the mutant mtDNA that makes mutation 

under the threshold level, and the disorder becomes asymptomatic. 

1.4 Autophagy process  

Autophagy is the intracellular repair mechanism for renewing 

cells through isolating, degrading, and delivering defective 

organelles and damaged or energy-deficient mitochondria to the 

lysosomal compartment. Alteration in the autophagy process 

causes abnormal mitochondria accumulation in cells, leading to 

mitochondrial-mediated cell death[16]. Figure 2 illustrates the 

effects of autophagy on eliminating cytopathies. 

In the study by [17], when the number of mitochondria was 

measured by using mitochondrial marker enzymes, the result of 

the study showed that the fibroblast cells from MELAS 

(mitochondrial myopathy, encephalopathy, lactic acidosis, and 

stroke-like episodes) patients with A:G 3243 mutation in the 

tRNA and MERRF (myoclonic epilepsy and ragged-red fibres) 

patients with an A:G point mutation at nucleotide 8344 in the 

tRNA, the mutated cells were depleted compared to the control 

cells. This result indicated that the autophagy process or fusion 

occurred in the mutated cell to remove defective mitochondria 

and regulate the degradation of mitochondria, as shown in Figure 

3 [18]. 

 

Figure 3: The mechanism of autophagy for elimination of mutant 
mitochondria. 

1.5 Paternal mtDNA 

Human mitochondrial DNA is predominantly maternally 

inherited. Sperm contains 50-75 mitochondria forming a sheath 

around the flagellar axoneme, providing adenosine triphosphate 

(ATP) for the axonemal movement. During fertilization, the 

sperm lose mitochondria, making offspring homozygous for 

maternal mtDNA. In contrast, the oocyte contains 100,000 copies 

of mtDNA, ensuring that the mitochondrial genome in the 

offspring is predominantly inherited from the mother [19, 20]. 

Nevertheless, a study has detected heterologous mtDNA from 

paternal and maternal sources in the muscle tissue, possibly due 

to the recombination of the paternal and maternal mitochondrial 

genomes [21]. 

1.6 DNA profiling  

During DNA profiling, sometimes it is impossible to get a 

complete profile of the 20 regions of the short tandem repeats 

(STRs) of nDNA using DNA Index System CODIS software due 

to degraded samples. For this purpose, hypervariable segment 1 

(HV1) and hypervariable segment 2 (HV2) regions of the mtDNA 

are used by forensic scientists due to the enormous copies of 

mtDNA in a cell. Since mtDNA is maternally inherited, mtDNA 

determines identities by comparing maternal mtDNA [22]. 

1.7 Mutations  

Heteroplasmy 

Cytopathies  

Autophagy 
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According to the human mitochondrial genome 

database MITOMAP, about 260 mutations have been 

characterized [23]. These mutations include point mutations, 

duplications, insertions, and DNA rearrangements that cause 

large-scale deletions that remove one or more essential genes that 

can affect respiratory chain protein-coding genes and tRNA- or 

rRNA-coding genes [24]. 

Mutation can be a pathogenic mutation that causes various 

disorders or polymorphic variants that contribute to genetic 

diversity within the population; these mutations are typically 

maternally inherited or de novo mutations [25].  

The mtDNA has a mutation rate 10–17 times higher than that of 

the nDNA [6] because the mtDNA replicates frequently; 

insufficient proofreading and the limited capacity of the repair 

mechanism make mtDNA more prone to damage, and there is 

increased oxidative damage produced by reactive oxygen species 
[26]. According to the MitoCarta 3.0 database, 1,136 human 

nDNA and mtDNA genes are responsible for mitochondrial 

function [27].  

1.8 Maternally inherited mtDNA methylation  

Epigenetics plays an important role in maternally inherited 

disorders; unlike nDNA, mtDNA lacks histone protein, so histone 

modification is absent, while mtDNA methylation is obvious. 

Cytosine methylation in mtDNA occurs through the mtDNA 

methyl transferase enzyme 1 (mtDNMT1) activity. The 

expression of the gene MtDNMT1 is controlled by oxidative 

stress. Alteration of mtDNMT1 expression directly affects the 

transcription of the tRNA gene, 12S rRNA gene, and D-loop 

gene[28, 29]. 

1.9 Mitochondrial cytopathies 

Both inherited and sporadic mtDNA mutations cause various 

disorders known as mitochondrial cytopathies in high-energy-

demand cells, such as those in the nervous and muscular systems 
[19].  

The decline in mitochondrial function affects the nervous system, 

which causes developmental and mental disorders, migraines, 

stroke-like episodes, dementia, cramps, disturbance of 

thermoregulation, hearing disorders, and vision loss. In addition 

to muscles, the decline in mitochondrial function may also affect 

the nerves, resulting in muscle weakness and aches. In addition, 

defective mitochondria affect other organs, causing 

Cardiomyopathy, cardiac arrhythmias, liver failure, 

hypoglycemia, and atrophy of the kidney's proximal tubule, as 

well as endocrine problems like diabetes and exocrine issues due 

to pancreatic insufficiency[30, 31].  

Females produce various oocysts with homoplasmic and 

heteroplasmic mtDNA (wild-type and mutant mtDNA). Mutant 

mtDNA is transmitted to offspring in different levels, ranging 

from low-level, intermediate-level, and high-level mtDNA 

mutations. During meiosis, the separation of mitochondria occurs 

randomly. That leads to a genetic bottleneck when females with 

heteroplasmic mtDNA mutations pass on High-level mtDNA 

mutation to the next generation, which may cause a rapid shift of 

mutant level in a single generation [32]. 

The offspring become more symptomatic of the disease, which 

becomes more clinically apparent once the number of affected 

mtDNA reaches a threshold of expression. Direct molecular 

diagnosis of genotype-phenotype is limited due to three mtDNA 

thresholds, including phenotypic, biochemical, and translational 

thresholds [5]. This phenomenon is called de novo mutations 

(DNMs), an important source of genetic variation in human 

evolution [33]. 

Defective mtDNA sometimes causes life-threatening diseases 

and increases the frequency of age-related disorders because 

mitochondria control several cell functions, such as oxidative 

phosphorylation, supply energy, intracellular signalling, 

centrosome homeostasis, apoptosis, cell development, 

differentiation, and proliferation [34]. 

1.10 Gene therapy 

Gene therapy involves transferring nDNA from a mother with 

mutant mtDNA to a healthy mitochondrial cell from a different 

female to eliminate a maternally inherited mutation. However, 

ethical restrictions forbid this method regarding biological 

motherhood since the child receives genes from two women. The 

use of genetic engineering to produce offspring with free mtDNA 

syndrome is controversial and requires ethical approval [35]. 

Transgenic tRNAs were used in a study by [36] to improve 

mitochondrial translation and raise mitochondrial protein levels 

in people with mitochondrial myopathy, encephalopathy, lactic 

acidosis, and stroke-like episodes (MELAS). Several techniques 

involve compensating the mutant genes, as shown in Table 2. 

1.11 Diagnosis  

Clinical signs of cytopathies may be rare due to mitophagy, 

mtDNA polyploidy, and heteroplasmy, which makes 

understanding the pathogenesis of mitochondrial disease more 

complicated than the nDNA [24]. The disorder's severity and risk 

depend on the tissue distribution and the number of inherited 

abnormal mtDNA [41]. 

In Leigh syndrome and neuropathy, ataxia, and retinitis 

pigmentosa syndrome (NARP), the mother is usually 

asymptomatic, while all offspring are at risk of inheriting the 

pathogenic variant. 

Diagnosing mitochondrial syndrome is complicated because of 

the similarity of several syndromes of mitochondrial cytopathies, 

such as KSS, CPEO/PEO, and ophthalmoplegia-plus syndrome 

disorder. When symptoms appear at the age of 20, the symptom 

is diagnosed as Kearns–Sayre syndrome KSS, while in elderly 

persons, the same symptoms are diagnosed as an 

ophthalmoplegia-plus syndrome[42, 43]
. The most common  
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disorder  caused by mutant mtDNA is shown in Table 3 [6, 44, 45]. 

Table 2: Gene therapy methods used for treating mtDNA mutation and nDNA mutations that involve mitochondrial function. 

Gene Therapy 

Approach 

Description Target Method  Source 

Mitochondrial gene 

therapy 

Directly targets and modifies 

mtDNA within mitochondria. 

Mutations in 

mtDNA 

targeting mitochondrial 

zinc finger nucleases 

(mtZFNs) and 

transcription activator-like 

effector nucleases 

(TALENs) for editing 

mtDNA 

[37] 

 

Protein 

replacement 

therapy 

Delivers functional 

mitochondrial proteins into cells 

to compensate for defective or 

missing proteins. 

Defective 

mitochondrial 

proteins 

Delivering viral vectors to 

express proteins in cells 

[38] 

 

Nuclear gene 

therapy 
Targets and modifies nuclear 

DNA to correct gene defects that 

encode mitochondrial proteins. 

Mutations in nDNA 

genes affecting 

mitochondrial 

function 

Using CRISPR-Cas9 to 

edit nuclear genes and 

inserting corrected copies 

of nuclear genes into cells 

[39] 

 

RNA interference 

(RNAi) It uses small interfering RNAs 

(siRNAs) to silence the 

expression of mutant genes or 

genes contributing to 

mitochondrial dysfunction. 

Mutant genes or 

genes involved in 

mitochondrial 

dysfunction 

Silencing mutant mtDNA, 

including oxidative stress 

genes 

[40] 

 

2. Materials and Methods 

This study used review articles using Google Scholar, PubMed, 

and other academic search engines to determine mtDNA 

mutations associated with maternally inherited syndromes. For 

this purpose, several keywords were used in the search, such as 

mitochondrial DNA mutations, cytopathies, genetic counselling, 

maternally inherited syndromes, heteroplasmy, MELAS, Leigh 

syndrome, Kearns-Sayre syndrome, MERRF, and NARP. 

In addition, the database MITOMAP (mitomap.org) is used to 

collect data, and it is a catalogue of human mtDNA variations and 

clinical syndromes. Besides the MitoCarta 3.0 database, for 

gathering information on nuclear and mitochondrial genes 

involved in mitochondrial function. 

2.1. Inclusion Criteria 

We considered clinical reports and case studies that detected the 

phenotypic effects on mitochondrial function, focusing on their 

roles in heteroplasmy and phenotypic variability. 

2.2. Data Extraction and Analysis 

Relevant information from the articles and databases, including 

types of mtDNA mutations, their functions, and clinical 

symptoms, was extracted. The role of heteroplasmy in phenotypic 

expression is also discussed. The impact of mtDNA on gene-

encoding components of oxidative phosphorylation, tRNA, and 

rRNA was analyzed. 

2.3. Focus Areas 

The study focused on the impact of mtDNA mutations on 

mitochondrial function and the role of heteroplasmy in the 

phenotypic expression of mtDNA-related disorders. The 

importance of mtDNA mutations for genetic counselling and 

premarital testing, besides several general information like 

mtDNA replication, mitochondrial fusion, autophagy, paternal 

mtDNA inheritance, mtDNA profiling, and mtDNA methylation. 

2.4 Epidemiological Data 

Prevalence rates of mitochondrial disorders were listed from 

published epidemiological studies across different geographic 

regions to provide context for mutation frequency and syndrome 

occurrence. 
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Table 3: Materially inherited syndromes with the mutant gene and defective amino acid. 

NO Syndrome/Disease Symptoms Gene/complex Mutation Position of mutant nucleotide/amino acid 

1.  

MELAS 

Mitochondrial myopathy, 

encephalopathy, lactic 

acidosis and stroke-like 

episodes 

 

Neurodegenerative disease causes 

Cardiomyopathy during childhood. The 

gradual death of neurons causes hearing loss, 

ptosis, epilepsy, and muscle fatigue [46]. 

MT-TL1, tRNA 

m.3243A.G 
DHU loop at Nucleotide 14, localized in the mitochondrial 

transcription termination factor mTERF binding site 

m.3256C.T 
Nucleotide 25, localized in the region of transcription 

termination of the stem of DHU loop [47] 

m.3271T.C 
Nucleotide 40, localized in the stem of the anticodon loop, 

wobbles. 

MT-ND3, complex 1 m.10197G.A 
Amino acid (codon) 47 protein impact Alanine (A) → 

Threonine (T) 

MT-ND5, complex 1 m.13042A.T a substitution of Alanine (A)-Threonine (T) at 236: 

2.  

CPEO 

chronic progressive 

external ophthalmoplegia 

syndrome 

The disease appears in childhood and causes 

visual muscle myopathy and ptosis, 

pigmentary degeneration of the retina 

(retinitis pigmentosa), dementia, and cerebral 

ataxia [42]. 

MT-TV m.1658T.C Nucleotide 61, localized in the stem of T-loop 

MT-TL2 m.12315G.A Nucleotide 52, localized in the stem of T-loop 

3.  
KSS 

Kearns–Sayre syndrome 

cardiac arrhythmia, proximal muscle 

weakness, retinopathy, and ataxia [48, 49]. 

A large deletion of the mitochondrial genome at positions from 8,469 to 13,447 

 

4.  
MIDD 

Maternally inherited 

diabetes and deafness. 

Cause hearing loss and diabetes type 1 and 2 

during adulthood, Cardiomyopathy, pigments, 

ptosis, myopathy, retinitis, and 

psychoneurological symptoms. [50, 51] 

A large deletion of the mitochondrial genome at positions from 4,398 to 14,822 

MT-TL1 tRNA m.3243A.G Nucleotide 14, localized in the mTERF binding site 

MT-ND1, complex 1 m.3421A.G Amino acid 39: a substitution of V.I* 

5.  

MERRF 

myoclonic epilepsy is 

associated with ragged red 

fibres 

 

Symptoms include Myoclonus, seizures, 

cerebellar ataxia, dementia, Cardiomyopathy, 

cardiac arrhythmia, neuropathies, optic 

atrophy, and hearing loss [52]. 

MT-TK 

 

m.8344A.G Nucleotide 55, localized in the T-loop [53] 

m.8356T.C Nucleotide 65, localized in the stem of T-loop. 

m.8363G.A Nucleotide 72, localized in the stem of the acceptor. 

MT-ND5, complex 1 m.13042A.T 

Amino acid 236: a substitution of A.T* 

CoQ reductase and cytochrome C-oxidase (COX) in the 

mitochondrial genome 

6.  

NIDDM 

noninsulin-dependent 

diabetes mellitus 

 

 

 

A metabolic disorder characterized by insulin 

resistance and progressive beta-cell 

dysfunction. 

MT-RNR2 m.3200T.C Nucleotide 1529 

MT-TL1 

m.3242G.A 

Nucleotide 13, localized in the region of transcription 

termination of DHU loop (dihydrouridine arm of transfer 

RNA) 

m.3252A.G 
Nucleotide 23 is localized in the region of transcription 

termination of the DHU loop. 

m.3264T.C Nucleotide 33, localized in the anticodon loop. 

MT-ND1, complex 1 
m.3316G.A Amino acid 4: a substitution of A.T* 

m.3394T.C Amino acid 30: a substitution of Y.H* 

MT-ND6, complex 1 m.14577T.C Reverse direction of synthesis: a substitution of I.V* 

MT-ND2, complex 1 m.4833A.G Amino acid 122: a substitution of A.T* 

7.  LHON 
Causes a sudden, painless, complete loss of 

central vision due to optic nerve atrophy from 

MT-ND1, complex 1 m.3460G.A Amino acid 52: a substitution of A.T* 

MT-CO3, complex 4 m.9804G.A Amino acid 200: a substitution of A.T* 
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Leber hereditary optic 

neuropathy 

age 15 to 35 years due to increased oxidative 

stress in the nerve endings of cells [54] 

MT-ND4, complex 1 m.11778G.A Amino acid 340: a substitution of R.H* 

MT-ND6, complex 1 

m.14459G.A 
Reverse direction of synthesis. Amino acid 72: a 

substitution of A.V* 

m.14484A.G 
Reverse direction of synthesis. Amino acid 64: a 

substitution of M.V* 

MT-CYTB, complex 3 m.15257G.A Amino acid 171: a substitution of D.N* 

8.  
MILS 

Maternally inherited 

Leigh syndrome. 

Neuroradiological evidence in the child 

causes movement disorders and peripheral 

neuropathy, hypotonia, spasticity, and 

cerebellar ataxia [41, 55]. 

MT-ATP6, complex 5 m.8993T.C Amino acid 156: a substitution of L.P* [56, 57]. 

MT-ATP6 m. 9176T.G  

MT-ATP6, complex 5 m.8993T.G Amino acid 156: a substitution of L.R* 

MT-ND3, complex 1 m.10197G.A Amino acid 47: a substitution of A.T* 

MT-ND5, complex 1 m.13513G.A Amino acid 393: a substitution of D.N* 

9.  
Maternally inherited 

aminoglycoside-induced 

deafness 

Hearing Loss, Vestibular Dysfunction. In 

some cases, Hearing impairment and deafness 

increase with age [58]. 

MT-RNR1 

m.1095T.C Nucleotide 448 

m.1494C.T Nucleotide 847 

m.1555A.G Nucleotide 908 in the 12S rRNA 

m.961ins/del C Nucleotide 314, duplication/deletion C 

10.  

NARP 

Neuropathy, Ataxia, and 

Retinitis Pigmentosa 

 

Muscle weakness, sensory neuropathy, ataxia, 

Cardiomyopathy, developmental delay, 

learning problems, and retina degeneration. 
[59]. 

MT-ATP6, complex 5 m.8993T.G Amino acid 156: a substitution of L.R* [44] 

MT-ATP6, complex 5 m.8993T.C Amino acid 156: a substitution of L.P* [59] 

MT-RNR1 m.1541G.A Nucleotide 894 

11.  
Maternally inherited 

Cardiomyopathy and 

encephalomyopathy. 

Cause defect in coenzyme Q10 biosynthesis, 

Encephalopathy-hypertrophic 

cardiomyopathy-renal tubular disease 

syndrome causes neonatal lactic acidosis, 

tonus disorder, seizures and global 

developmental delay. 

 

MT-TV m.1634C.T Nucleotide 35, localized in the anticodon 

MT-TL1 
m.3243A.G DHU nucleotide 14, localized in the mTERF binding site 

m.3260A.G Nucleotide 29, localized in the stem of the anticodon loop. 

MT-TI m.4269A.G Nucleotide 7, localized in the stem of the acceptor 

MT-CO2, complex 4 m.7587T.C Amino acid 1: a substitution of M.T* 

MT-TK 

m.8296A.G Nucleotide 2, localized in the stem of the acceptor 

m.8348A.G Nucleotide 59, localized in the stem of T-loop 

m.8363G.A Nucleotide 72, localized in the stem of the acceptor. 

MT-CO3, complex 4 m.9957T.C Amino acid 1: a substitution of F.L* 

MT-TG m.9997T.C Nucleotide 7, localized in the stem of the acceptor 

MT-TH m.12192G.A Nucleotide 59, localized in the stem of T-loop 

MT-TL2 m.12297C.T Nucleotide 33, localized in the anticodon loop 

MT-ND6, complex 1 m.14484A.G 
Reverse direction of synthesis. Amino acid 64: a 

substitution of M.V* 

MT-CYTB, complex 3 m.15059G.A Amino acid 105: a substitution of G.R* 

12.  Pearson syndrome PS 

sideroblastic anaemia, pancreatic 

insufficiency impairs the heart, kidneys, liver, 

eyes, and nervous system. Often fatal in 

infancy [45]. 

  large-scale deletions in mitochondrial DNA 

13.  
MIEH 

Maternally inherited 

essential hypertension 

Hypertension, hearing loss, diabetes, and 

Renal Dysfunction [60] 
MT-TM gene m.4467C.A It affects the tRNA for methionine 
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2.5. Ethical Considerations 

Ethical implications surrounding genetic testing and counselling 

for mtDNA disorders were reviewed, highlighting the challenges 

in predictive diagnostics due to non-Mendelian inheritance 

patterns. 

2.6. Limitations 

This study is based on a review of articles and databases. It does 

not involve primary data collection or experimental research. 

Heteroplasmy makes predicting the exact mutation that causes 

the disorder challenging, and there is a conflict between articles. 

Further research is important to reveal the exact role of mutation. 

3 Results  

This study identified several mitochondrial DNA (mtDNA) 

mutations, including point mutations, large-scale deletions, and 

duplications that cause thirteen maternally inherited syndromes, 

such as MELAS (Mitochondrial Encephalomyopathy, Lactic 

Acidosis, and Stroke-like episodes), Leigh Syndrome, Kearns-

Sayre Syndrome (KSS), and Myoclonic Epilepsy with Ragged 

Red Fibers (MERRF). 

These mutations are often asymptomatic in mothers, while 

offspring have severe clinical symptoms due to the random 

segregation of mutated mtDNA. 

Our review found that mutations such as m.3243A>G in MELAS 

and m.8344A>G in MERRF display varying phenotypic 

disorders. 

Epidemiological data showed differences in prevalence across 

geographic regions. For example, MELAS prevalence ranged 

from 0.001% in Japan to 0.00236% in Australia. Global estimates 

put the incidence of KSS at 1-3 per 100,000. However, maternally 

inherited diabetes and deafness (MIDD) prevalence was up to 1% 

globally, as shown in Table 4. 

Mutations in genes encoding oxidative phosphorylation, such as 

MT-ND1 and MT-ATP6, impair energy production, leading to 

multisystemic disorders. Syndromes like Leigh syndrome were 

linked to mutations like m.8993T>G in the MT-ATP6 gene that 

affect ATP synthesis. Clinical symptoms appeared only after a 

critical threshold of mutated mtDNA was reached in tissues. 

A review of multiple studies indicated regional differences in 

syndrome occurrence, possibly influenced by population genetics 

and environmental factors. 

 

Table 4: Estimated prevalence of the mitochondria inherited syndrome in different countries. 

Syndrome  Country/Region Estimated Prevalence Source 

MELAS Mitochondrial myopathy, encephalopathy, 

lactic acidosis, and stroke-like episodes 

North East 

England 
0.001.41% [61] 

Sweden 0.002% [61] 

Finland 0.0018.4% [61] 

Australia 0.00236% [61] 

Canada 0.002.51% [62] 

Japan 0.000.18% [63] 

CPEO chronic progressive external ophthalmoplegia 

syndrome 

United Kingdom 0.00339% [64] 

Hong Kong 0.00102% [65] 

United Kingdom 
Estimated 1 in 30,000 

(0.0033%) 
[64] 

Worldwide 

Incidence estimated at 1-2 

per 100,000 (0.001-

0.002%) 

[66] 

KSS Kearns–Sayre syndrome 

General Estimate 0.001–0.003%  

Worldwide 
Estimated 1-3 per 

100,000 (0.001-0.003%) 
[67] 

Europe 
Estimated 1-3 per 

100,000 (0.001-0.003%) 
[68] 

Maternally inherited diabetes and deafness 

Europe 0.5%–2.8% [69] 

Cyprus 
Approximately 0.5%–

2.8% 
[70] 

Global Estimate Up to 1% [71] 
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myoclonic epilepsy associated with ragged red fibers 

Northern Europe 
Approximately 1 in 

400,000 
[72] 

Northern Finland 0–1.5 [73] 

Northern 

England 
0.39 [73] 

Western Sweden 0–0.25 [73] 

Northeast 

England 
0.7 [73] 

Hong Kong 1.02 [65] 

Global Estimate Less than 1 in 100,000 [73] 

noninsulin-dependent diabetes mellitus 

Global 8.5% (adults aged 18+) 

International Diabetes 

Federation. IDF 

Diabetes Atlas 

China 12.8% (adults) [74] 

India 8.9% (adults) [75] 

United States 11.3% (adults) [76] 

Europe 
Varies by country, 

generally between 6-10% 
[77] 

Leber hereditary optic neuropathy 

Europe 1 in 30,000 to 1 in 54,000 [78] 

Finland 1 in 50,000 [79] 

Denmark 1 in 54,000 [78] 

Australia 1 in 68,000 [78] 

Japan 1 in 50,649 [78] 

United States 
Approximately 1 in 

50,000 
[80] 

Global Estimate 
Approximately 1 in 

50,000 
[78] 

Maternally inherited Leigh syndrome. 

Portugal 
Approximately 1 in 

25,000 live births 
[81] 

China 
Approximately 1 in 

100,000 children 
[82] 

Maternally inherited aminoglycoside-induced deafness 

China 

0.5 - 1.5%, much higher 

in some specific ethnic 

groups 

 

Europe 

Lower prevalence 

compared to Asian 

populations (generally 

<0.1%) 

[83] 

Maternally inherited Cardiomyopathy and 

encephalomyopathy 

Worldwide 

Estimated 1 in 40,000 to 1 

in 100,000 (0.0025% to 

0.001%) 

[84] 

Europe 
Similar prevalence to 

global estimates 
[85] 

North America 
likely similar to global 

estimates 
[86] 

Pearson syndrome PS 

Worldwide 
Estimated 1 in 1,000,000 

(0.0001%) 
 

Italy 1 case/million newborns [87] 

Generally Less than 200 cases have 

been reported worldwide 
[88] 
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4 Discussion  

This study identifies mtDNA mutations contributing to thirteen 

maternally inherited syndromes, including MELAS, Leigh 

syndrome, and Kearns-Sayre syndrome. mtDNA is heteroplasmic 

and characterized by the random distribution of mutated and 

wild-type DNA among cells, impacting the phenotypic 

expression of these disorders. Due to this variability, 

asymptomatic mothers transmit severe symptoms to offspring. 

These phenomena make diagnosing and predicting these 

conditions challenging.  

mtDNA mutation in m.3243A>G that causes MELAS and 

m.8344A>G that contribute with MERRF mutations indicates the 

heteroplasmy effect on clinical entity.  

Oxidative phosphorylation defects such as in (MT-ND1 and MT-

ATP6) lead to the inability to produce energy correlated with 

multisystem dysfunctions. The research also implicated the 

heterogeneous prevalence of syndromes within regions that 

environmental factors may trigger. Variations in incidence, for 

example, MELAS, range from 0.001% in Japan to 0.00236% in 

Australia, indicating the need for population-specific studies. 

The findings indicate the importance of genetic counselling and 

premarital testing for decreasing the risk of mtDNA-associated 

syndromes that can help identify carriers. However, the non-

Mendelian inheritance patterns and the influence of heteroplasmy 

complicate predictive diagnostics. Current limitations in 

understanding genotype-phenotype correlations need further 

research to develop reliable diagnostic tools and therapeutic 

strategies. 

Several techniques, such as gene therapy and protein replacement 

therapies, are new treatments for compensating for the mtDNA 

mutations. However, ethical issues and technical challenges must 

be considered.  

Future studies need to explore the mechanisms of heteroplasmy, 

enhance diagnostic methods, and investigate therapeutic 

approaches to improve the quality of life for affected individuals. 

The continued integration of epidemiological data, advanced 

molecular techniques, and patient-centred approaches will be 

pivotal in managing mtDNA disorders' clinical and genetic 

effects. 

Conclusion 

MtDNA mutations are critical in inherited syndromes, the 

phenotype affected by heteroplasmy. The variability makes 

diagnosis and prediction of the syndrome challenging. 

The mitochondrial genome exhibits more evidence of mutation 

than nDNA due to impaired DNA repair mechanisms, and the 

presence of monoallelic mutations in addition to tissue-specific 

phenotypes makes prediction difficult. 

Genetic counselling is crucial in families with a history; however, 

prediction is challenging due to the random segregation of 

mtDNA during mitosis, non-Mendelian inheritance patterns, and 

the threshold for symptoms to appear.  

Future efforts should prioritize improving diagnostic techniques, 

conducting population-specific research, and optimizing 

therapeutic strategies like gene editing and protein replacement 

therapies. Gaining deeper insights into the monoallelic 

expression of mtDNA mutations and its role in disease 

progression will enhance our capacity to tackle these challenges. 

By combining ethical considerations with innovative 

methodologies, researchers can advance the diagnosis, 

prevention, and treatment of mtDNA-related disorders, 

ultimately improving outcomes for individuals and their families. 

Table of Symbols 

Symbol  Definition 

A Alanine 

D Aspartic Acid 

F Phenylalanine 

G Glycine 

H Histidine 

I Isoleucine 

L Leucine 

M Methionine 

N Asparagine 

P Proline 

R Arginine 

T Threonine 

V Valine 

Y Tyrosine 
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