Genomic testing of mitochondrial diseases by
whole exome sequencing (WES)
Recent advances in the understanding of the
underlying molecular basis of mitochondrial
diseases helped significantly to classifying these
disorders. However, the genetic approach of
classification has also some disadvantages,
since it is still not possible to determine the
genetic defect in a significant number of
patients, especially in children. For many years,
targeted genetic screening of multiple nuclear
and mitochondrial genes was impracticable and
for this reason a relatively small percentage
of patients had a successful genetic diagnosis.
For example, in a study involving 152 patients
aged 6 weeks to 81 years, with clinical
symptoms indicating the possible presence of a
mitochondrial disease, the genetic etiology and
diagnosis of a specific mitochondrial disease was
possible in only 16.4% of cases.
Therefore, important diagnostic challenges still
remain, mainly due to the practical difficulty of
analyzing all nuclear and mitochondrial genes.
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The above demonstrate the importance of
genomic analysis through whole exome
sequencing, which offers the simultaneous
detection of mutations of all nuclear and
mitochondrial genes, currently known to be
associated with various types of mitochondrial
diseases.

How genomic testing is performed for
mitochondrial diseases and how long does it
take to be completed
The test is based on the method of next
generation sequencing (NGS) and utilizes a
special Genome Analyzer instrument together
with complex and highly specialized software
tools. The test is generally completed within 3-4
months. For more information please consult the
relevant information leaflet for genomic testing of
all human genes.

MOLECULAR GENETIC TESTING OF
MITOCHONDRIAL DISORDERS

What are the limitations of the test
Due to the fact that we still do not understand
the precise function of many human genes, as
well as their interactions, it is possible to fail to
reach a definitive diagnosis, especially in cases
with ill-defined clinical symptoms.
The test is highly sensitive and complex and its
application is warranted in highly selected cases.
Also, the analysis and the clinical evaluation of
the results should be performed by a highly skilled
group of specialists, such as pediatricians, clinical
and molecular geneticists, ensuring the maximum
diagnostic validity and proper management of
each case.

Genetic counseling
Proper clinical genetic assessment of each
case and genetic counseling, both before and
following the test, is essential in order to
determine the appropriate strategy for laboratory
testing and to interpret correctly the concepts of
pathological and normal.

P genetic testing of all known mitochondrial
diseases, due to mutations of the
mitochondrial DNA
P genetic testing was selective and
incomplete, testing only selected genes and
often without a conclusive diagnosis
P comprehensive genomic testing of all known
human genes, leads in a single step to a
considerable increase in diagnostic yield for
mitochondrial disorders

A few words about mitochondrial disorders
The term "mitochondrial disorders" refers to
a large and heterogeneous group of genetic
diseases, which all lead to abnormalities
of the mitochondrial respiratory chain. A
mitochondrial disease may be the result of
mutations in the nuclear DNA (genes located
on human chromosomes) or gene mutation of
the mitochondrial DNA (mtDNA which is located
inside the mitochondria).
Their heterogeneity is due partly to the
biochemical complexity of the mechanism
of mitochondrial respiration and in that two
genomes, the mitochondrial and the nuclear,
encode protein subunits of respiratory complexes.
Generally, organs and tissues with the highest
energy requirement, such as the brain and muscle,
are more likely to be affected, and therefore these
diseases are often referred to as "mitochondrial
encephalomyopathies".
The group of disorders related to oxidative
phosphorylation (Oxidative phosphorylation OXPHOS) are the most frequent, with typical
clinical characteristics but with considerable
genetic heterogeneity.

Mitochondrial diseases are generally the
commonest cause of neurometabolic disorders
during childhood, with an incidence of 1/10,000
births, and their clinical course is usually
progressive.
The variable distribution of mitochondrial DNA
(heteroplasmy) and the tissue-specific expression
of many nuclear genes are the main reasons for
the wide variety of phenotypic characteristics
observed in most patients.
In the majority of cases diagnosis is difficult,
although some diseases (e.g., hereditary optic
neuropathy, Leber) are diagnosed more easily.
Furthermore, the phenotype of mitochondrial
diseases varies, since many affect functions of
different organs (e.g. hearing, heart, etc.) or a
single organ (e.g. the eyes). Generally, diagnosis
is based on a detailed medical and family history
and in genetic testing for specific mutations of
the mitochondrial DNA, which will confirm the
presence of a specific disease.

The genetics of mitochondrial disorders
The mode of inheritance of mitochondrial
disorders may vary, but a disease caused by
mutations in mitochondrial DNA is always
inherited from the mother (maternal inheritance)
and thus male children do not transmit the
disease to their offspring.
The father of the patient is not at risk of
harboring the pathological mutation in the
mtDNA, but the mother (usually) has the
mitochondrial mutation and may exhibit
symptoms of the disease or not. Deletions of
the mitochondrial DNA are generally de novo
and therefore there is no increased risk for other
family members. Similarly, point mutations of
the mitochondrial DNA and duplications can

be transmitted from the maternal line, while a
woman carrying a mutation in heteroplasmy may
transmit a variable amount of mutant mtDNA to
the offspring, with results in a significant clinical
heterogeneity between patients within the same
family.
Identification of the particular genetic lesion in
a mitochondrial disease is often difficult. Many
people do not fall into a specific disease category,
while the situation is even more complicated by
the unclear relationship between genotype and
phenotype. For example, patients with external
ophthalmoplegia may have the same clinical
symptoms, but some may have a deletion of
mtDNA, others may harbor a point mutation
of the mtDNA (e.g., m.3243A> G), and others
may have an autosomal dominant mutation
in a nuclear gene, associated with secondary
abnormalities of the mtDNA (e.g. mutations
in ANT1). Furthermore, the same mutation
may cause a number of very different clinical
syndromes (e.g. the point mutation m.3243A> G
can cause CPEO, diabetes and deafness, or a
severe encephalopathy with stroke and epilepsy).

For which mitochondrial diseases do we offer
testing
The laboratories of InterGenetics offer the
detection of the following mitochondrial
disorders and the corresponding mutations of the
mitochondrial DNA:
1. Cardiomyopathy - m.3243 A>G, m.4269 A>G
2. Chronic progressive external ophthalmoplegia m.3243 A>G, m.4274 T>C, deletions
3. Diabetes and deafness m.3243 A>G, m.12258 C>A
4. Encephalomyopathy m.1606 G>A, m.10010 T>C
5. Kearns-Sayre syndrome - deletions
6. Leber hereditary optic neuropathy (LHON) m.11778 G>A, m.14484 T>C, m.3460 G>A
7. NARP/Leigh syndrome m.8993 T>G, m.8993 T>C
8. MELAS - m.3243 A>G, m.3271 T>C, m.3251 A>G
9. MERRF - m.8344 A>G, m.8356 T>C
10. Myopathy - m.14709 T>C, m.12320 A>G
11. Non-syndromic deafness - m.7445 A>G

How is genetic testing of mitochondrial
diseases performed
In our laboratory we perform sequence analysis
of the entire mitochondrial DNA (automated
bi-directional fluorescent DNA sequencing) or
targeted specific mutation detection as well as
analysis of duplications or deletions in order to
detect the majority of pathological mutations for
the above diseases.
NOTE: For sensitive detection of mutations of
mitochondrial DNA, the analysis is recommended
by DNA extraction from a skeletal muscle biopsy
specimen, as the presence of the mutation may
not be detected from a peripheral blood sample.

