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Abstract

Background: Mitochondrial mutations may exert unfavorable effect on neuron synapses which may lead to the loss of
motor functions causing seizures. Mitochondrial displacement loop (D-loop) is the hotspot for mtDNA alterations which
influence the generation of cellular reactive oxygen species (ROS). Lack of cellular energy (ATP) due to defective oxidative
phosphorylation (OXPHOS) and ROS can cause somatic mutations in mtDNA. The concern of the present study is to un-
derstand the mitochondrial basis of the disease in our population by identifying the Novel mitochondrial mutations which
in turn may facilitate the diagnosis of a section of Juvenile myoclonic epilepsy (JME) patient’s thereby better management
of the condition.

Most neurodegenerative diseases is abnormal folding and these changes in normal protein metabolism often lead to neu-
ronal cell death and failure of the affected regions of the central nervous system. Abnormal protein accumulation may be
attributed to dysfunctional mitochondtria and damage by reactive oxygen species. No treatments have yet been found suc-
cessful to rid a person of neurodegeneration completely.

Methods: The two hypervariable segments (HV1 and HV2) of mtDNA D-Loop region were sequenced in 35 unrelated
JME patient’s blood samples. The mtDNA samples were amplified by polymerase Chain Reaction (PCR), and then SNPs
were detected by direct sequencing and comparing the sequencing results with the mtDNA Cambridge Reference Sequence.
Result: We detected multiple mutations in D-loop region including Pyrimidine transitions 27%, 56%; Purine transitions
23%, 39% and Transversion 50%, 5% in HV1 and HV2 segments respectively. Overall we observed 64 mutations in dif-
ferent nucleotide positions in HV1 and HV2 segments of D-loop region and 18 mutations in HV2 segments in the JME
patients.

Conclusion: The study deal with the sequencing of HV1 and HV2 regions of mtDNA D- loop region in JME patients of
Asian Indians. We found several novel mutations, suggesting these mutations may be involved in the pathogenesis of JME
as many neurological disorders are associated with mitochondrial mutations and mitochondrial dysfunction. Further studies
including normal healthy individuals from same ethnicity may help in identifying the role of these genetic variations in the
pathogenesis of JME.

Keywords: mtDNA; Hypervatiable Region, D-Loop; Juvenile Myoclonic Epilepsy; ROS.

Introduction MEMSA  syndrome (myoclonic epilepsy, myopathy, sensory
ataxia) and in ataxia neuropathy spectrum. Pathogenic mtDNA
mutations are often heteroplasmic so that both the mutant variant
and the wild type variant are present in the mitochondria. The
proportion of the mutant variant must exceed a certain threshold

Epilepsy is a frequent manifestation of mitochondrial disorders,
as the central nervous system (CNS) is often severely affected in

these diseases. Seizures are commonly seen in Alpers-Huttenlocher

syndrome, Leigh syndrome, MELAS syndrome (mitochondrial before symptoms of mitochondrial disease become manifest.

encephalo myopathy, lactic acidosis and stroke-like episodes), Furthermore, mitochondrial oxidative stress may play a role in
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epileptogenesis by virtue of affecting neuronal excitability.

The human mitochondrial DNA or genome (mtDNA) is a
circular 16.6 kb double-stranded molecule, has been completely
sequenced and all the mitochondrial encoded genes have been
identified and characterized. The human mtDNA is a 16569 bp,
which encodes 13 proteins (from 37 genes) involved in respiratory
chain, 2rRNAs, and a set of 22 tRNAs that are essential for
protein synthesis in the mitochondria [1, 2|. The outside strand of
double helical circular DNA is called as heavy strand (H-strand)
and the inside one is light strand (L-strand). The H-strand and
the L-strand contain 28 and 9 genes, respectively. Virtually, all
normal cells consist of high copy numbers of mitochondtia (10°-
10* copies per cell) and the vast majority of copies are identical
at birth.

Mitochondrial oxidative phosphorylation is the principle source
of ATP in neurons and adequate levels of ATP are essential
to maintain the neuronal plasma membrane potential via the
sodium—potassium ATPase, which consumes about 40% of the
energy. ROS are produced as by-products of respiration and the
oxidative phosphorylation process. Mitochondrial abnormalities
have been recognized as important contributors to an array of
neuromuscular diseases including Juvenile myoclonic epilepsy
(JME) (3, 8]. Maniyar Roshan Z et al,, (2017) analyzed 75 J]ME
patients ranging in age from 7 to 41 years (mean 20 years) revealed
that seizures usually occur shortly after awakening and precipitated
by sleep deprivation [4]. Damaged mtDNA molecules can result
in malfunctioning proteins and altered mtDNA teplication and/
or transcription efficiency. The D-loop region is a hot spot for
mtDNA changes, and posses’ non-coding region which consist
of two hyper vatiable regions i.e HVR1 at nucleotides 16024-
16383 and HVR2 at nucleotides 42-498 positions |5, 6]. High
mutation rates of mtDNA are caused by lack of protective
histones, inefficient DNA repair systems and continuous
exposure to mutagenic effects of oxygen radicals generated by
oxidative phosphorylation [7]. MtDNA exhibit high mutation
rate, haplogroup, no recombination and is maternally inherited
through eggs cytoplasm.

Two nonsense mutations may leads to protein is incomplete
and observed in BRD2 gene. These types of mutations change
a triplet codon that encodes a stop codon. The nuclear DNA
(nDNA) sequence shortened the protein products of BRD2 gene
due to stop codons [9].

Huoponen et al, (2001) studied regarding the mitochondrial
DNA variation in Australian population. Direct sequencing of
the control region (HVSI) of the mtDNA revealed 34 distinct
sequences. The hypervariable regions I, IT and I1I of the Malaysian
population showed that these regions of mtDNA could be used in
forensic investigations complement anthropology and population
studies in Asia.

The analysis of the genetic structure of the Kazakh population
as estimated from mitochondrial DNA polymorphism showed
that Western Europe (55%) and Eastern Europe (41%) mtDNA
lineages exist in the Kazakhs population and high genetic diversity
was observed in the Kazakhs population. However, there are
no studies in relation to JME and mtDNA mutations though
mitochondrial function is associated with neurological disorders
such as epilepsy. The purpose of present study is to evaluate the
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mutation frequencies in the two hypervatiable segments (HV1 and
HV2) of the mtDNA D-loop region using PCR and sequencing
techniques in JME patients from south India.

Prevalence

The prevalence rate of pathogenic mtDNA mutations was
detected to be mote than 1 in 200 live births [10]. The minimum
prevalence rate for mtDNA mutations was 1 in 5,000 (20 per
100,000). The exact prevalence of mtDNA diseases is notoriously
difficult to ascertain due to clinical heterogeneity of mitochondtial
diseases and causative mutations. Data on a single-point mutation
in Finland population indicated that approximately 1 in 6,000
individuals are affected. British population estimates that about
1 in 3,500 people either have mtDNA disease or are at risk of
developing it [11, 12].

Material and Method
Study Design

The present study was carried out from 2003-2015 in the
Department of Anatomy, Krishna Institute of Medical Sciences
University, Karad (M.H) and research work conducted in
collaboration with Bioserve Biotechnologies (India) private Ltd.
Mallapur, Hyderabad (I.S) and Sandor proteomics Private Ltd,
Banjara Hills, Hyderabad (T.S).

All the participants were evaluated under the supervision of
Neurologist who was specialized in epilepsy.

Ethical Approval

A human studies protocol was approved by the Research Ethical
committee, Krishna Institute of Medical Science Deemed
University, Karad, M.H, and India.

All aspects of the study were explained, and written informed
consent was obtained before the study was initiated and in case
of minor participants consent from parents or guardians was
obtained.

Methods of Technique
Sample Collection

We drawn 5 ml of blood from 35 (20 males and 15 females) samples
wete obtained from Telangana, Andhra Pradesh and Karnataka
(Hyderabad-Karnataka region) of three states of South India.
The blood samples collected based on the diagnostic evidence
confirmation by the Neurologist. The blood was transferred into
EDTA tubes and sends to Sandor proteomics Private Ltd, Banjara
Hills, Hyderabad (T.S) and stored at 4°C till further use and
core mtDNA sequence in D-loop region completed at Bioserve
Biotechnologies (India) private Ltd. Mallapur, Hyderabad.

DNA Extraction

Genomic DNA was extracted from peripheral blood leukocytes
by using the standard phenol-chloroform method. All single
nucleotide polymorphisms (SNPs) were analyzed by PCR followed
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by Sanger sequencing. The PCRs were performed with 40 ng of
genomic DNA; the PCR products were checked on 2% agatrose
gels and were directly sequenced using Big Dye Terminator Cycle
Sequencing Ready Reaction Kit and the ABI PRISM 3730 DNA
analyzer.

Isolation of Genomic DNA

The present study included control amplification in each
step to assess any possible contamination. Negative control
amplification, to check the purity of the PCR reagents with no
DNA added. Blank control amplification is used to check the
purity of the extraction reagents. Positive control amplification
used to monitor the success of thermocycler reactions. Forward
and reverse primers were designed and conditions optimized to
amplify and sequence the template mtDNA by Big Dye terminator
cycle sequencing. The results were compared with the Cambridge
reference sequence. The sequence and position of the forward
(F) and reverse (R) primers for PCR and primer pairs were used
for amplification of HVR1 and HVR2 sequencing ate as follows:

Genotype by PCR

PCR was performed in a total volume of 25 (mu) L, and the hot-
start technique was applied to the reactions of both segments. The
PCR was performed in a 50 ul reaction volume mix containing
40 ng of template DNA, 6.25 pmol of each primer, 200 IM of
dNTPs, 1.5 mM MgCl,, 1¢ reaction buffer and 0.3 U of Taq pol
enzyme (Bangalore Genei, India). The following conditions were
used for 30 cycles: denaturation at 94°C for 1 min, followed by
annealing at 56°C for 1 min for HVR-1 and 58°C for 1 min for
HVR-II, and extension at 72°C for 1 min, repeated for 30 cycles
followed by a final extension step at 72°C for 5 min.

Agarose Gel Electrophoresis (AGE)

Agarose gel electrophoresis was used to examine the quality and
quantity of extracted DNA. The amplified PCR products were
checked by electrophoresis using 2% agarose gel with ultraviolet
illumination run at 110V for 15 minutes after ethidium bromide
staining. The PCR product of gel plate placed in alpha imager
through UV rays and the image was visualized on monitor for
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analysis of the quality of the primers.
Statistical Analysis

Participant  characteristics, mitochondrial D-loop variants
and copy number were described as mean + SD by Microsoft
statistical software for windows. Chi-square tests were used to
compare frequency of mitochondrial D-loop vatiants in JME
patients, and D-loop variants numbers. P<0.05 was considered

statistically significant.
mtDNA D-loop Polymorphism

The mtDNA HVR1 and HVR2 sequences of each individual
wete compared with the revisited Cambridge Reference Sequence
(tCSR) by using the Applied Biosystems Seq Scape ver. 2.5
Software. Sequence analysis was performed using an ABI PRISM
377 genetic analyzer sequences instrument. Mutations were
confirmed by repeated analyses from both H and L strands.

Results

To best of our knowledge, this is the first report to examine the
involvement of mitochondrial mutations in Juvenile Myoclonic
Epilepsy. PCR products from successful amplifications were
subjected to mtDNA sequencing in D-loop region of HV1 and
HV2 segments (Figure 1). The sequence electro-pherogram of
mtDNA showed polymorphisms in different nucleotide position
in HVR-1 and HVR-2 segments (Table:2). The samples were not
showing any heteroplasmy which confirms that our mtDNA is
not contaminated.

Mitochondtrial D-loop mutations from HV-1 and HV-2 segments
observed 121 in different genotypes in 25 unrelated juvenile
myoclonic epilepsy donors (Table: 2).

Hydroxyl radicals also delaminate nucleotides, leading to Point
mutations notably base pair changes C>T, G>C and G>T
observed. The base substitution C>T and T>C are termed as
a transition, because C and T are both pyrimidine nucleotides
(Table: 2). The A>C, C>A, A>T, C>G, G>C and G>T changes
are termed as transversions, because a purine nucleotide (G) is

Table 1. Oligonucleotide sequences of primers for D-loop coding region used in the PCRs for amplification and sequence

analysis.
D-loop | Primer . Annealing | Region [ Fragment
region | set Primer sequence (°C) | amplified | Size (bp)
5-ACA GTC AAA TCC CTT CTC-3'(16367) H 16367
HVR-1 1F 56 397
5-CCA TTT ACC GTA CAT AGC-3' (16341) L 16341
IR 5-AAG TCT TTA ACT CCA CCA-3' (15970) 1. 15970
5“AGT GCT AAG ATT CTA ATT-3' (16000) H 16000
5'-CTC CGG GCC ATA ACA CTT GGT-3 (28) 1.28
HVR-1I 2F 58 470
5-AAC ACT TGG GGG TAG CTA-3 (60) H 60
R 5-AGC ACT TAA ACA CAT CTC-3 (500) H 500
5'-CAG CCG CTT TCC ACA CAG-3 (420) L.426

Amplification of HV1 and HV2 regions was carried out using two sets of primers encompassing the two hypervariable regions, re-

spectively (Tables 1). PCR products were gel eluted and purified for sequencing.
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Figure 1. PCR Amplification and sequence analysis of mtDNA D-loop regions (HVR-1 and HVR-2). Molecular weight of
the PCR product is about 487 bp for HVR-I and 372 bp for HVR-II, respectively.
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Table 2. Patient characteristics of 25 cases of JME from Telangana, Andhra Pradesh and Karnataka (Hyd-Karnataka re-
gion) states.

Attribute JME significance
Gender: Male 15
Female 10

Mean age * SD (year)
At presentation
Onset of absences
Onset of myoclonic jerks
Onset of GTCS

14.05 £ 4.15 years
24.5 £ 7.3 years
6.1 + 8.2 years
13.5 £ 4.5 years
15.4 + 4.8 years

Seizures type: Absences
Myoclonic seizures

G.T.CS

5
12
8

2017): Absence
Myoclonic
Generalized tony clonic

Ictal EEG (Maniyar RZ, Doshi MA et al.; IJIRMS, June

3Hz frequency
Slow wave 4-6Hz frequency
Generalized spike-wave 4-6 frequency

Prognosis Life long treatment of AEDs, but some
spontaneous remission
Inheritance Autosomal dominant
Imaging modility Structural MRI
Findings Child with JME have executive dysfunction

associated with reduction in thalamic volume.

Sleep deprivation
Awakening
Psychological stress
Menstruation (Women)

Precipitation factors (Maniyar RZ et al., IJIRMS, June 2017)

10
8
4
3

AEDs (Antiepileptic drugs)

Sodium valproate, Limotrigene

Levitracetam for girls

converted into a pyrimidine (C or T).
Mutation Analysis of HV1 and HV2 Segments

In the present study, we carried out mtDNA sequencing in two of
the hypervariable segments (HVR1 and HVR2) of mitochondrial
genome among 35 JME patients. Alignments were made with the

Cambridge Reference Sequence (CRS) for human mitochondrial
DNA (mtDNA).

Mutations, often multiple, including pyrimidine transitions (27%),
purine transitions (23%) and Transversion (50%) in HV1 segment,
while HV2 segment consist pyrimidine transitions (56%), purine
transitions (39%) and one polymorpmism of Transversion (5%)
(Figure 3). Large number of variations observed particularly
transversion between HV1 and HV2 segments (Figure 3).

Polymorphism in Hypervariable Segment-1 (HVS1)

Analysis of mitochondrial nucleotide positions (5,990-16450) in
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Table 3. Single nucleotide polymorphism of mtDNA in HVR1 and HVR-2 of D-loop in juvenile myoclonic epilepsy.

mtDNA HVR-I mtDNA HVR-II
Nucleiotid 5,990-16,450 30-500
Type of Polymorphisms Sulll)(;;:zzorel (JME n=25) (JME n=25)
No. of lineages No. of lineages
with Substitution | with Substitution
o . T>C 8 03
Pyrimidine transitions C>T 9 07
Purine transiti A>G 8 05
urine transitions GSA - 02
C>G 00
. A>C 6
Transversion A ST - 01
C>A 19
Total polymorphic positions: 64 18

Figure 2. Novel Mutation Analysis in (HV-1 & HV-2) Segments of mtDNA D-loop Region.

A. Polymorphism in HVR-1

Transversion 5%

A. Polymorphism in HVR-2

Figure 3. Novel mutational sites of HVR1 and HVR2. The rCRS is shown in the lines along with numbers indicating the
total number of polymorphisms observed.

Novel Mutation in mtDNA D-loop region HV1 (A) and HV2 (B) segments in Juvenile myoclonic epilespy patients

HVRI and HVR II (nucleotide positions: 30-500) showed the
presence of a large number of nucleotide base variations. The
HVR1 sequences among the 35 JME donors revealed a total of
64 polymorphic sites found in HV1 segment. Some of the novel
mutations are not reported previously. The majority of the novel
mutations observed in are Transversions (32/25) C>A, A>T, and
A> C (Figure 4). The nucleiotide substitution A>T (transversion)
was previously published.

The pyrimidine transition changes observed are T>C, and C>T
(Table: 2). Soodyall et al., 1996, and Piercy et al., 1993, identified
A>G purine transition (Figure 4). These novel mutations could
perhaps provide important insights into the impact of mtDNA
changes during seizures.

Polymorphism in Hypervariable Segment-2 (HVS2)

Polymorphic analysis of mtDNA D-loop region in HV2 segment
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Figure 4. Scheme to show the mitochondrial dysfunctions to develop the seizures in Juvenile myoclonic epilepsy (JME)
patients.
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revealed 18 polymorphic sites found in JME cases (Figure 4)
including pyrimidine, purine and transversion mutations. The
segment of HV2 sequences revealed 8 new polymorphic sites
are not reported previously. The sequence polymorphism of
pyrimidine transitions changes detected are C—T, and T—C
and purine transitions changes A—G, and G—A (Figure 4). We
detected only one transversion novel mutation A>T identified
in this region (Table 2). Vigilant et al., 1991; Piercy et al., 1993;
Bertranpetit et al., 1995; Sajantila et al., 1995 reported that the
observed sequences differed from those of the Cambridge
Reference Sequence (CRS) at a number of positions.

Discussion

As of now there are no reports to estimate the frequency of
polymorphisms found in mitochondrial DNA associated with
juvenile myoclonic epilepsy. To the best of our knowledge, this
is the first report to examine the involvement of mitochondrial
mutations in JME patients. A search of literature failed to turn
up any relevant genetic based studies. The study of mtDNA is
important for medical specialties and biologists because it does
not undergo recombination and exhibits matrilineal inheritance.
The hyper variability (HV) define high mutation rate (7210 times
faster) compared with genomic (nuclear) DNA. Researchers from
the Gladstone Institutes have showed impaired mitochondria
can lower cellular energy levels and lead to neuronal dysfunction.
D-loop is a non-coding region of mitochondrial DNA which
constitutes about 7% of the mitochondrial genome and associated
with regulatory sequences.

Investigations dealing with KCN mouse model support a
the link between ROS formation due to increased brain lipid
peroxidation and the pathogenesis of seizures [13]. MtDNA
mutations were found to accumulate in high levels in dividing
cells and presumably stem cells 95%. mtDNA mutations of all
inherited human D-loop polymorphisms are transitions [14]. Our
data showed a high frequency polymorphism of mitochondrial
D-Loop mutations in HV1 segment. Based on our results it is
presumed that mtDNA mutations within the two hypervariable

(HV1 and HV2) D-Loop control regions may contribute to the
events in JME patients. Zsurka and Kunz from Bonn University,
Germany, recently published in the journal Lancet Neurology
that there is a relationship between mitochondrial dysfunction
and epilepsy. Suggesting, mitochondrial dysfunction as an
important contributor to neuromuscular and neurodegenerative
diseases. In the brain, the mitochondria are responsible for
providing ATP for neurotransmission, reactive oxygen species
(ROS) signaling at synapses, and regulating presynaptic and
postsynaptic calcium concentrations [19]. Mitochondria help
the cells to maintain proper concentration of calcium ions and
play important role in the process of apoptosis or programmed
cell death. The mitochondrial genome codes for 13 proteins, all
essential for the normal function of mitochondria. Abnormal
protein accumulation may be attributed to dysfunctional
mitochondria and damage by reactive oxygen species. ROS
could change the shape of proteins completely, which would
an effect on protein functions and neurons in central nervous
system (CNS). A high concentration of reactive oxygen species
in mitochondria can induce DNA damage . The brain is essential
for high energy demands and mitochondria play a central role
in calcium homeostasis by sequestering calcium, which is an
important signaling molecule participating in several cellular
pathways under physiological conditions [15]. The mitochondria
in a cell are keeping calcium levels stable, and dysfunction of
the mitochondria may cause spikes in calcium levels. The excess
of calcium can lead to cell death. When calcium levels fluctuate
in the cell, apoptosis is usually initiated because more calcium
creates increased sensitivity to “apoptotic stimuli”. However
that impaired calcium handling resulting from mitochondrial
dysfunction can increase neuronal excitability, leading to seizures
[16, 17]. Sequence polymorphism of mtDNA in HVR I and HVR
IT can be used as a genetic marker for genetic analysis. Aberrant
calcium signaling in astrocytes and neurons is likely to be a factor
in epileptogenesis, probably by causing excessive synchronization
of neurons [18]. Roshan Z et al., (2017) analyzed 75 JME patients
ranging in age from 7 to 41 years (mean 20 years) revealed that
seizures usually occur shortly after awakening and precipitated by
sleep deprivation [4]. Epileptogenesis is characterized by neuronal
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hyper excitability that may be triggered by multiple molecular and
physiological changes [20]. Indeed, in a recent study in human cells,
a strong cortelation was found between mitochondrial respiration
and mitochondrial mutagenesis. Seizures could be due to changes
in calcium levels that might affect neuronal excitability, synaptic
transmission and neurotransmitters. The mtDNA is known for
“large scale deletions or point mutations” that cause adverse
effects to the mitochondria function by negatively affecting
energy production processes. Penta et al., (2000) reported that
alterations in expression of mitochondrial DNA (mtDNA)
encoded polypeptides required for oxidative phosphorylation and
cellular ATP generation may be a general characteristic of cancer
cells. Howell et al., (2000) analyzed the transmission of the human
mitochondrial genome and the transmission of heteroplasmic
mtDNA sequence changes from one generation to the next often
involves rapid shifts in allele frequency.

One attractive hypothesis is that damage to the mitochondrial
genes could increase production of reactive oxygen species, not
only leading to further mutations within the mtDNA but also
increasing the instability of nuclear DNA or mtDNA mutation
[21].

Conclusion

To the best of our knowledge this is the first study dealing with
the sequencing of HV1 and HV2 regions of mt DNA D loop
region in JME patients of Asian Indians. We found several
novel mutations, suggesting these mutations may be involved
in the pathogenesis of JME as many neurological disorders are
associated with mitochondrial mutations and mitochondrial
dysfunction.

The limitations of our study are firstly, we do not have the data
of normal individuals of our population to compare with that of
JME patients, hence, difficult to differentiate between the disease
causing mutations from that of the common polymorphisms
present in our population. However, we observed high mutations
frequency as well as novel mutations that are not reported
previously when compared with Cambridge Reference Sequence.
In view of these facts, further studies including normal healthy
individuals may help in identifying the role of these genetic
variations in the pathogenesis of JME. In addition using
bioinformatics tools to investigate the interaction of the variant
sites with the replication machinery and the regulatory molecules
will help in speculating the influence of these mutations in JME.
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