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Abstract:    The great majority of genetic disorders are caused by defects in the nuclear genome. However, some significant 
diseases are the result of mitochondrial mutations. Because of the unique features of the mitochondria, these diseases display 
characteristic modes of inheritance and a large degree of phenotypic variability. Recent studies have suggested that mitochondrial 
dysfunction plays a central role in a wide range of age-related disorders and various forms of cancer. 
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Life is the interplay between structure, energy, 

and information, yet the role of energy deficiency in 
human disease has been poorly explored by modern 
medicine (Wallace, 2005). The mitochondria are 
involved in energy production through the oxidative 
phosphorylation (OXPHOS) metabolic pathways, and 
are thus critically important for cell survival (Chan, 
2006; Wallace, 2007). 

An average eukaryotic cell contains 103~104 
copies of mitochondria. A mitochondrion is a semi-
autonomous, self-reproducing organelle in the cyto-
plasm of eukaryotic cells and has multiple copies of 
circular double-stranded mitochondrial DNA (mtDNA) 
of 16569 base pairs (bp) in man—actually 16568 bp, 
and 3107del is maintained in the sequence as a gap, 
“X” (Andrews et al., 1999; Http://www.mitomap.org/ 
mitomap_rCRS.gb.txt). The human mitochondrial 
genome consists of approximately 1 500 genes, 37 
encoded by the maternally inherited mtDNA and the 
remainder encoded in the nuclear DNA (nDNA) 
(Ryan and Hoogenraad, 2007). The mtDNA genome 
is very compact, containing little repetitive DNA. The 

37 encoded genes include 2 ribosomal RNA (rRNA), 
22 transfer RNA (tRNA) and 13 peptides involved in 
OXPHOS. The nuclear genome encodes up to 200 
factors required for the maintenance and expression 
of mtDNA or for the assembly of OXPHOS protein 
complexes. Mutations in many of these nuclear genes 
can also lead to disorders with the phenotypic char-
acteristics of mtDNA diseases (Liang and Wong, 
1998; Luoma et al., 2004; Zeviani and Carelli, 2007). 

The transcription of mtDNA takes place in the 
mitochondrion, independent of the nucleus. The mi-
tochondrial genome mutates at a rate about 10-fold 
greater than nDNA does (Hudson et al., 2005). The 
diseases that result from mutations in mtDNA show 
distinctive patterns of inheritance due to three fea-
tures of mitochondrial chromosomes: replicative 
segregation, homoplasmy and heteroplasmy, and 
maternal inheritance. When a mutation arises in a 
cellular mtDNA, it creates a mixed intracellular 
population of mutant and normal molecules known as 
heteroplasmy. As a cell divides, it is a matter of 
chance whether the mutant mtDNA are partitioned 
into one daughter cell or another. Thus, over time the 
percentage of mutant mtDNA in different cell line-
ages can drift toward either pure mutant or normal 

 

Journal of Zhejiang University SCIENCE B 
ISSN 1673-1581 (Print); ISSN 1862-1783 (Online) 
www.zju.edu.cn/jzus; www.springerlink.com 
E-mail: jzus@zju.edu.cn 

 
 
* Project supported by the Natural Science Foundation of Zhejiang 
Province (No. 2007C33049), China 

Short Review: 



Zhang et al. / J Zhejiang Univ Sci B   2008 9(2):90-92 91

(homoplasmy), a process called as replicative segre-
gation. The phenotype associated with an mtDNA 
mutation will depend on the relative proportion of 
normal and mutant mtDNA in the cells of a particular 
tissue. As a result, mitochondrial disorders are gen-
erally characterized by reduced penetrance, variable 
expression, and pleiotropy. Hereditary mitochondrial 
diseases are transmitted only through the maternal 
line, since spermatozoa contain hardly any mito-
chondria. Paternal inheritance of mtDNA disorder has 
been well documented in only one instance (Schwartz 
and Vissing, 2002). 

Each tissue type requires a certain amount of 
mitochondrially produced ATP for normal function. 
Organ system with large ATP requirements and high 
thresholds, for example, the brain, heart, skeletal 
muscle, eye, ear, liver, pancreas and kidney, tend to 
be the ones most seriously affected by mitochondrial 
diseases. The first inherited pathogenic mtDNA mu-
tations were discovered in 1988, when Wallace et al. 
(1988) reported the mtDNA mutation that causes 
Leber hereditary optic neuropathy (LHON, OMIM 
535000), a form of middle life blindness, and subse-
quently the mutation that causes myoclonic epilepsy 
and ragged red fiber disease (MERRF, OMIM 
545000), a progressive epilepsy with muscle weak-
ness. Since then, a large number of mtDNA mutations 
have been linked to familial symptoms, including 
forms of blindness, deafness, dementia, stroke-like 
episodes, migraines, movement disorders, cardio-
myopathy, renal dysfunction, diabetes, various forms 
of cancer, etc. (Wallace, 2005; Zeviani and Carelli, 
2007). Three types of mutations have been identified 
in mtDNA: (1) Missense mutations in protein-coding 
mtDNA genes that alter the activity of an OXPHOS 
protein. mtDNA missense mutations can be associ-
ated with two common ophthalmologic manifesta-
tions, optic atrophy and retinitis pigmentosa; (2) Sin-
gle-base mutations in tRNA or rRNA genes that 
impair mitochondrial protein synthesis. The example 
diseases are MERRF and MELAS (mitochondrial 
encephalomyopathy, lactic acidosis and strokelike 
episodes, OMIM 540000); (3) Rearrangements that 
consist of duplications and deletions of the mtDNA 
molecule. These can produce Kearns-Sayre disease 
(muscle weakness, cerebellar damage, and heart 
failure, OMIM 530000), Pearson syndrome (infantile 
pancreatic insufficiency, pancytopenia, and lactic 

acidosis, OMIM 557000), and chronic progressive 
external ophthalmoplegia (CPEO). The dis-
ease-causing mutations seen in mtDNA include more 
than 50 point mutations and more than 100 deletions 
or duplications. 

Since the mitochondria use OXPHOS to convert 
dietary calories into usable energy, generating reac-
tive oxygen species (ROS) as a toxic by-product, 
mitochondrial dysfunction plays a central role in a 
wide range of age-related disorders and various forms 
of cancer (Wallace, 2007; Xia et al., 2007; Zeviani 
and Carelli, 2007). Increased amount of rearrange-
ments (deletions/small duplications) and point muta-
tions of mtDNA have been reported during aging in 
several mammalian species. Studies of different tis-
sues have shown that the somatic mtDNA mutations 
are not always evenly distributed but can accumulate 
clonally in single cells and cause a severe respiratory 
chain deficiency in these cells. It is probable that 
clonal expansion of pathogenic mtDNA mutations in 
individual cells will lead to their loss with age, but it 
is unclear how this phenomenon will affect organis-
mal survival (Trifunovic et al., 2004). 

The tissue-specific manifestations of these dis-
eases may result from the varying energetic roles and 
needs of the different tissues. The variation in the 
individual and regional predisposition to degenerative 
diseases and cancer may result from the interaction of 
modern dietary caloric intake and ancient mitochon-
drial genetic polymorphisms (Pospisilik et al., 2007). 
Therefore the mitochondria provide a direct link be-
tween our environment and our genes, and the 
mtDNA variants that permit our forbears to ener-
getically adapt to their ancestral homes are influenc-
ing our health today (Calvo et al., 2006; Wallace, 
2007). 
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