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of the cases. The m.11778G>A pathologic varia-
tion is the most common pathogenic mutation ac-
counting for ~70% of all LHON cases worldwide 
(7, 8). These variations are defined primary muta-
tions. Additionally there are secondary mutations 
have been found in LHON such as m.14482C>G, 
m.14482C>A, m.14568C>T, m.13708G>A, 
m.15257G>A, m.14831G>A and m.4216T>C (9, 10). 

In this study, we screened the whole mitochondrial 
genome in 5 unrelated patients with LHON and 
475 patients with suspected mitochondrial disor-
ders other than LHON. 

MATERIALS and METHODS 

Subjects 

Our study cohort consists of 5 probands with LHON 
and 475 probands with mitochondrial disorders 

INTRODUCTION 

Leber’s hereditary optic neuropathy (LHON) (MIM 

535000) first described by Theodore Leber in 1871 

(1, 2). LHON is the most frequent mitochondrial 

disorder and maternally inherited (3). 

LHON is clinically characterized by mostly bilat-

eral (sequential) subacute or acute painless loss 

of central vision associated with impaired color vi-

sion, and atrophy of the optic nerve, often resulting 

in a rapid and devastating loss of vision. LHON 

predominantly affects young adult males (male:fe-

male ratio of 5:1) (4). The median inter-eye delay 

is 6-8 weeks and the second eye is almost always 

affected within one year of disease onset (5, 6). 

Homoplasmic m.11778G>A in the MT-ND4, 

m.3460G>A in the MT-ND1, or m.14484T>C in the 

MT-ND6 mutations are the most common causes 

of the LHON (7, 8). These variants explain 80-90% 
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found m.4917A>G variant in the MT-ND2 in pa-
tient M1, m.13708G>A variant in the MT-ND5 in 
patient M2 and m.13708G>A and m.4216T>C vari-
ants in MT-ND5 and MT-ND1 in patient M3. We 
did not find any homoplasmic mtDNA variations 
in patient M4 and M5. 

without LHON from Turkey. The patients with a 
preliminary diagnosis of LHON were all referred to 
our center by different ophthalmologists after com-
ing across diagnostic signs with slit-lamp examina-
tion. The other group consisting of 475 patients were 
suspected to have a mitochondrial disorder with 
clinical examination and biochemical tests but did 
not have eye involvement. DNA was extracted from 
peripheral leukocytes of each patient by by IprepTM 
PureLink® gDNA Blood Kit (Invitrogen, Carlsbad, 
CA) according to the manufacturer’s protocol. 

DNA Sequencing 

The mitochondrial genome was amplified in two 
large fragments by using Long PCR Enzyme Mix 
(Thermo-Fischer). We used Ion XpressTM Plus 
Fragment Library Kit (Life Technologies, Guilford, 
CT, South San Francisco, CA), a ready-to-go analy-
sis kit to be analyzed with the Ion PGMTM or Ion S5 
platform (Life Technologies, Guilford, CT, South 
San Francisco, CA). Analysis was done by using 
an Ion Torrent 314 or 316 chip (Life Technologies, 
Guilford, CT, South San Francisco, CA). The anal-
ysis was successful with 100 % reads on target, 
100× coverage of 99.99 % and 20× coverage of 99.99 
%. The results were investigated with Integrative 
Genomics Viewer (11). The Revised Cambridge 
Reference Sequence was used as the reference. MI-
TOMAP database were used to evaluate variants 
and their population frequency (MITOMAP). 

RESULTS 

In this study we found three different homoplas-
mic variants in mtDNA in our three patients that 
diagnosed with LHON (Table 1, Figure 1). We 

Table 1  mtDNA variants in LHON patients.

Probands mtDNA Variants Gene

M1 m.4917A>G MT-ND2

M2 m.13708G>A MT-ND5

M3 m.13708G>A and m.4216T>C MT-ND5 and MT-ND1

Figure 1  Detection of mutations in LHON patients. The 
sequence alignments were viewed using the Integrative Geno-
mics Viewer (IGV). (A) m.4216T>C mutation, (B) m.4917A>G 
mutation, (C) m.13708G>A mutation in mtDNA.
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and m.4216T>C secondary variants are associated 
with insulin resistance, Parkinson disease, the di-
abetes insipidus, diabetes mellitus, optic atrophy 
and deafness (DIDMOAD) syndrome (14-16). 

The most prevalent LHON mutation in Northern 
Europe, Austria and the Far East is m.11778G>A 
(17-20). The m.3460G>A and m.14484T>C are also 
common primary mutations in East Asian and 
European patients. Interestingly, we did not find 
the most common mutations, which cause approx-
imately 90% of the LHON, in our LHON patients. 
Gurkan et al. screened six LHON patients and they 
found homoplasmic m.11778G>A mutation in one 
patient (21). The absence of the most common vari-
ations in our patients shows that these secondary 
three variants are more important for the Turkish 
population and Turkish ethnical population is un-
like from the other ethnic populations. 

We consider four different statements for this sta-
tus that our patients have only secondary LHON 
variations; (1) in our study we only indicate ho-
moplasmic variations however there are hetero-
plasmic variations that can affect the patients in 
maternally inherited disorders, (2) we performed 
all experiments in the blood samples and it is re-
quired to perform in different tissues, (3) genetic 
modifiers and mutations in nuclear DNA (nDNA) 
also may cause mitochondrial disorders (4) incom-
plete penetrance still poorly understood in mtDNA 
mutations in LHON. 

In conclusion, we need to screen more patients 
with LHON to understand mechanism of mito-
chondrial disorders such as LHON. Furthermore, 
NGS studies, cell and animal models have signifi-
cant insights because these new techniques obtain 
new solutions for finding mutations in mitochon-
drial disorders easily and correctly. These varia-
tions (m.4917A>G, m.13708G>A and m.4216T>C) 
seem to have considerable high sensitivity but also 
seem to have low specificity. 

WEB Resources 
https://www.mitomap.org/

We also screened our mitochondrial disorder cohort 
that were not diagnosed with LHON for homoplas-
mic m.4917A>G, m.13708G>A and m.4216T>C 
secondary LHON variants and we found these 
variants in 56 different Turkish patients (11.8%) 
All mutations were homoplasmic (Table 2). 

DISCUSSION 

All three variants (m.4917A>G, m.13708G>A and 
m.4216T>C) found in our patients are reported to 
cause LHON (Table 1). Previously m.4216T>C vari-
ant in two patients, m.4917A>G and m.4216T>C 
in one patient and m.13708G>A variant in two pa-
tients were reported in Turkish LHON patients (10). 

Yu et al. have identified that m.13708G>A variant 
susceptibility allele for multiple sclerosis (MS) (12). 
Zonouzi et al. has showed association between MS 
and mtDNA encoded complex1 subunit genes (13). 
We found m.13708G>A variation in one LHON pa-
tient and 22 other patients that have other mito-
chondrial disorders. This variation varies in differ-
ent populations (12). 

The m.4917A>G and m.4216T>C secondary vari-
ants are commonly constransmitted. We found 
co-existance of m.4917A>G and m.4216T>C vari-
ants in 25 patients, only m.4216T>C variant 
in 8 patients where as only one patient had all 
m.4917A>G, m.13708G>A and m.4216T>C variants 
in our mitochondrial disorder cohort without LHON 
(Table 2). We only found one LHON patient that 
have m.4917A>G (patient M1). The m.4917A>G 

Table 2  The number of m.4917A>G, m.13708G>A and 

m.4216T>C variants in mitochondrial disorder patients.

mtDNA Variants  # of patients

m.4216T>C and m.4917A>G 25

m.4216T>C and m.13708G>A 19

m.4216T>C  8

m.13708G>A 3

m.4917A>G, m.13708G>A and m.4216T>C 1

Total # of Patients  56
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