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Highlights

e FHF(CI1 mutations are observed in 33.3% of JME patients of Turkish origin.
e The most common mutation in JME patients was R182H, which was
associated with higher risk of disease.

e The 3’'UTR mutation was found to have lower risk against JME.
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ABSTRACT

Objectives: Juvenile myoclonic epilepsy (JME) is a common form of generalized epilepsy with

an important genetic component. This cohort study aimed to examine the frequency of EFHC1
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gene variants in Turkish JME patients and a healthy control group and evaluate the association

between these mutations and disease risk.

Methods: We screened 72 JME patients with a mean age of 31.8 + 9.9 (20-65) years and 35

controls with a mean age of 29.1 + 7.6 (17-50) years from southern Turkey using direct

sequencing analyses.

Results: EFCHI single nucleotide variants were detected in 24 of 72 JME patients and 3 of 35

controls. The most common mutations were R182H in JME patients (p=0.010) and 3'UTR in the
control group (p<0.001). The R182H mutation is a common variant in JME (95% CI: 1.232-
76.580, p=0.031) and the 3'UTR mutation may be associated with lower risk of JME in the

Turkish population (95% CI: 13.89-166.67, p<0.001).

Significance: Our results indicate that EFHCI gene variants carry a risk for JME and the 3'UTR

variant may have a protective role against JME in the Turkish population. Screening for other

genes is needed to further clarify the genetic inheritance of JME in Turkish patients.

Key words: Juvenil Myoclonic Epilepsy, EFHC1, genetic mutation



Journal Pre-proof

Introduction
Juvenile myoclonic epilepsy (JME) is one of the most common epilepsy syndromes among

the genetic generalized epilepsies (GGEs). Although it has been described using different names for
many years, it was most recently defined in 1989 by the International League Against Epilepsy (ILAE)
as an epilepsy syndrome usually seen in adolescents that is characterized by seizures with bilateral,
single or repetitive, arrhythmic, irregular myoclonic jerks (predominantly in the upper limbs) without
loss of consciousness during jerks. Symptoms are described as myoclonic seizures (MY) with sudden
loss of tonus and falls, which are later accompanied by generalized tonic-clonic seizures (GTC), and
less commonly absence seizures (AS). Seizures typically occur immediately upon waking in the
morning and are aggravated by sleep deprivation. Typical electroencephalographic (EEG) findings are
generalized irregular spike-wave (GSW) and polyspike-wave (GPSW) discharges that are often

photosensitive [1, 2].

The prevalence of JME is 5-10% of all epilepsy cases and 15-20% of idiopathic generalized
epilepsy (IGE); its estimated incidence is 1 in 100,000 [3, 4]. Numerous twin studies starting with
those of William G. Lennox in the 1940s demonstrated over 90% concordance of IGEs in identical

twins, and genetic penetrance was predicted in IGEs [5].

Electroclinical syndromes include childhood absence epilepsy (CAE), juvenile absence
epilepsy (JAE), and JME. Epidemiological studies have shown that genetic factors are more likely to
be present in the siblings of patients with these syndromes than in other epilepsies [4, 6, 7]. Genetic
studies of GGEs have supported evidence implicating channelopathy disorders, ion channel disorders,
gene mutations indicating recurrent microdeletions, and most recently, genes identified by next
generation seguencing [5, 8, 9]. The JME gene was initially localized to the 6p12—p11 chromosomal
region [10]. Suzuki et al. first examined the EJM1 gene in JME patients, but later detected five disease-
associated missense mutations of the EF hand-containing calcium-binding (EFHC1) gene at the same
location in 6 Mexican JME families that were not present in 382 control individuals, and proposed
EFHC1 as the gene responsible for JIME [11]. EFHC1 gene mutations were later identified in different
ethnic groups, including Austrian, Italian, Mexican, Indian, and Dutch populations [12-16]. To date,
only one JME case linked to the EFHC1 gene location has been reported in the Turkish population

[17].
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There are no previous genetic studies conducted in JME patients in Turkey. This study aimed
to determine the frequency of EFHC1 gene variants and the risk of disease development associated

with these gene variants in Turkish JME patients.

Patients and Methods

This prospective cross-sectional study was conducted in the neurology department of
Cukurova University Faculty of Medicine. Patients who were followed up in the epilepsy outpatient
clinic and met the study criteria were included. Informed consent was obtained from each participant
and the study protocol was approved by the Cukurova University Faculty of Medicine Ethics
Committee (decision: April 1, 2016/52).

The study population consisted of 72 patients with JME and a control group of 35 individuals
who presented to the Department of Neurology of Cukurova University Faculty of Medicine Hospital
between January 2017 and January 2019. The control subjects were recruited from hospital staff of
similar age and gender who had no personal or family history of epilepsy. A detailed history of the type
and frequency of seizures was obtained from patients and parents at the time of examination and by
reviewing the patients’ medical records.

Sample Selection Criteria
Inclusion criteria were as follows:
1. Having a diagnosis of JME based on the criteria of the Commission on Classification and
Terminology of the International League Against Epilepsy [2]

2. Being literate and able to sign the informed consent form

3. Having no lesional abnormality that may cause of seizure on cerebral imaging (non-

specific findings or variations did not excluded)

4. Having no symptoms of systemic, metabolic, or degenerative disease.

DNA Preparation and EFHC1 Gene Sequence Analysis
Sample Preparation

Venous blood samples (10 cc) were collected into EDTA tubes from all patients and controls
included in the study and were transferred with a preservative to the Faculty of Medicine Department
of Medical Biochemistry, where molecular analyses were performed.

DNA Extraction and PCR
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DNA was extracted from peripheral blood anticoagulated with EDTA using High Pure
Template Kits (Roche Diagnostics) according to the manufacturer's instructions. The 11 exons of the
EFHC1 gene were amplified by polymerase chain reaction (PCR) using intronic primers [18]
Sequencing Analysis

Direct sequencing was used to analyze the 11 exons of the EFHC1 gene. After amplification,
the samples were purified using Sephadex G-50 in a gel filtration cartridge. Cycle sequencing was
performed on the purified samples using the Applied Biosystems Big Dye Terminator v3.1 Cycle
Sequencing Kit according to the manufacturer’s protocol. The sequencing products were analyzed in an
ABI PRISM 3100 Genetic Analyzer (Applied Biosystems). The 35 healthy subjects of the same ethnic
background who comprised the control group were also screened by variant analysis of the EFHC1
gene to test for the occurrence of the sequence variants identified in the JME screening sample.
Statistical Analysis

Categorical variables were expressed as numbers and percentages, whereas continuous
variables were summarized as mean and standard deviation or median and minimum-maximum as
appropriate. The chi-square test was used to compare categorical variables between the groups. Chi-
square test was used for between-group comparisons of the genotype frequencies of single nucleotide
polymorphisms (SNPs) detected in the EFHC1 gene. Crude odds ratios and 95% confidence intervals
(CI) were calculated to determine the risk of JME associated with the SNPs.

All analyses were performed using IBM SPSS Statistics Version 20.0 statistical software

package. The statistical level of significance was accepted as 0.05 for all tests.

Results

The study included 72 JME patients (48 female, 24 male) with a mean age of 31.8 + 9.9 years
(range: 20-65) and 35 healthy controls (16 female, 19 male) with a mean age of 29.1 + 7.6 years
(range: 17-50).

The mean age at seizure onset in the JME group was 14.1+ 3.7 years (range: 5-24). The first
recognized seizure was MY in 55.6% (n = 40), GTC in 34.7% (n = 25), and AS in 9.7% (n = 7) of the
patients. At the time of blood sampling for genetic screening, other seizure patterns observed during
follow-up after the first seizure included GTC and MY in 59.7% (n = 43); GTC, MY, and AS in 25%
(n = 18); MY and AS in 8.3% (n = 6); and MY seizures only in 6.9% (n = 5) of patients. Of the

patients, 27.8% (n = 20) had parental consanguinity, 33.3% (n = 24) had a family history of epilepsy,
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16.7% (n = 12) had febrile convulsion(s), and 27.8% (n = 20) had a history of head trauma (loss of
consciousness was described in only 1 case, but head traumas occurred after the onset of seizures).
EEG examination performed at first admission to the clinic revealed normal findings in 16.7%
(n =12), GSW and GPSW in 54.2% (n = 39), generalized slow activity discharges in 26.4% (n = 19),
and non-specified slow background activity in 2.8% (n = 2) of the patients. Radiological examinations
were normal in 80.6% (n = 58) of patients and revealed non-specified gliotic foci in 4.2% (n = 3),
cerebral cortical atrophy in 11.1% (n = 8), mega-cistern magna variation in 2.8% (n = 2), and cavum

septum pellucidum in 1.4% (n = 1) of the patients.

Table 1. DNA variants of EFHCL1 coding regions in JME patients and normal controls

SNP | Location | NCBI Nucleotide | Amino Function | Frequency Frequency
No dbSNP Change** | acid among JME | among
ID* changes patients controls
(n=72) (n=35)
1 Exon 3 rs3804506 c.475C>T | R159W | Missense | 4 2
2 Exon 3 rs3804505 €.545 G>A | R182H Missense | 16 1
3 3'UTR rs7757370 c.+121 - - 4 26
C>A
4 Exon11 | rs17851770 | c.1855 1619L Missense | O 1
A>C

**Homo sapiens EF-hand domain containing 1 (EFHCL1), transcript variant A (EFHC1), mRNA from
NCBI dbSNP browser Search database [ref NM_018100.4] (https://www.ncbi.nlm.nih.gov)

*"\ariations ~ already ~ searched in the dbSNP  database, SNPdatabase  reference
(http://www.ncbi.nlm.nih.gov/SNP)

At least one SNP in exon 3 and 3 prime UTR (3'UTR) was detected in 24 of the 72 patients
diagnosed with JME. Of these SNPs, the most common (66.6%) was ¢.545 G>A in exon 3, followed
by ¢.475 C>T in exon 3 and ¢.+121 C>A in 3'UTR. The SNPs detected in JME patients are shown in
Figure A. At least one SNP was also detected in a total of 27 control subjects (77.1%). The majority of
these subjects (26/35, 74.3%) carried the c¢.+121 C>A (rs7757370) polymorphism in 3'UTR of the
gene, while 1 control subject carried the rs17851770 (1619L) polymorphism (Tables 1 and 3). Three

cases in the control group had two SNPs together (3'UTR and R182H polymorphism in 1 and 3'UTR
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and R159W polymorphism in 2 control subjects). Electropherograms of the variants are shown in

Figure B.

Table 2. Comparison of the genotype frequencies of four EFHC1 SNPs between JME patients and

normal controls

SNP SNPs n Genotype, n (%) P value
No
1 ¢.475 C>T (rs3804506) ci/C CIT
JME 4 68 (0.94) 4 (0.05) 0.973
Controls 2 33(0.94) 2 (0.06)
2 ¢.545 G>A (rs3804505) GIG GIA
JME 16 56 (0.78) 16 (0.22) 0.010
Controls 1 34.(0.97) 1(0.28)
3 €.+121 C>A (rs7757370) c/Cc C/A
JME 4 68 (0.94) 4(0.11) <0.001
Controls 26 9(0.12) 26 (0.74)
4 €.1855 A>C (rs17851770) A/IA AIC
JME 0 72 0 0.324
Controls 1 34 1

SNP: Single nucleotide polymorphism, JME: Juvenile myoclonic epilepsy

Genotypically, the rs3804505 SNP was more common in JME patients and rs7757370 was
more common in the control group (p = 0.010 and p < 0.001, respectively, Table 2). Of the SNPs, we
determined that the presence of rs3804505 was associated with 9.7-fold higher odds of JME (95% ClI:
1.232-76.580, p = 0.031, Table 3), while the presence of rs7757370 was associated with a 50-fold
lower odds of JME development (95% ClI: 13.89-166.67, p < 0.001, Table 3).

Of the 16 patients with an SNP (R182H), 9 (56.3%) had GTC + MY seizures, 4 (25%) had

GTC + MY + AS seizures, 2 (12.5%) had MY + AS seizures, and 1 (6.3%) had only MY seizures.
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Table 3. Association of EFHC1 SNPs with IME

SNPs p OR 95% CI for OR
.475 C>T (rs3804506) 0.973 0.971 0.169-5.572
€.545 G>A (rs3804505) 0.031 9.714 * 1.232-76.580
€.+121 C>A (rs7757370) <0.001 50 ** 13.89-166.67
€.1855 A>C (rs17851770) 0.999 0 0-0

*Increased the odds of JME by 9.7 fold, **Decreased the odds of JIME by 50 fold. SNP: Single

nucleotide polymorphism, JME: Juvenile myoclonic epilepsy, OR: Odds ratio
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Figure A. Genomic organization of detected variants in exon 3 (E3) and exon 11 (E11) of the EFHC1

gene in our study population.
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Figure B. Electropherograms of the variants wild type and heterozygote genotypes

A. R182H (c.545 G>A), B. R159W (c.475C>T), C. 3'UTR (c.+121 C>A)
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Discussion

In our EFHCL1 variant screening study in a cohort of JME patients, one-third of the patients
(24/72) had at least one SNP. Two-thirds of the SNPs detected were in exon 3 and fewer were detected
in exon 11 of the EFHC1 gene. Thus, we identified two different variants, R182H (c.545 G>A) and
R159W (c.475 C>T), that alter the amino acid sequence, (often ¢.545 G>A, less often ¢.475 C>T) in
JME patients (Table 1 and Figure A and B). These two variants were detected together with a 3'UTR
variant (c. +121 A>C) in 3 control subjects.

The two variants in exon 3 that we detected in JME patients in our study were previously
identified by Suzuki et al. [11]. However, we also detected the R182H variant in one healthy control
subject (p = 0.010). This SNP was reported in the gene segregation database
(http://gnomad.broadinstitute.org) in different populations, 'especially Finnish and non-Finnish
European populations [10, 11, 18]. The less frequently detected c.475 C>T variant is not in the
Genome Aggregation Database. In the control group, the c.+121 C>A variant was statistically more
frequent (p < 0.001). The SNPs identified in the patient group were also detected in combination with
3'UTR variant in several control subjects (R159W + 3'UTR in 2 and R182H + 3"UTR variant in 1
person). It was noteworthy that all three of these individuals were healthy and asymptomatic with no
family history of epilepsy. More importantly, we determined that the presence of the ¢.545 G>A
variant was associated with higher risk of developing JME (95% CI: 1.232-76.580, p = 0.031), while
the presence of the rs7757370 SNP was associated with lower risk of developing JME (95% ClI: 13.89-
166.67, p < 0.001).

We detected the 3'UTR variant in only 4 JME patients (0.05%), while Stogman reported it in
only 1 JME patient in their study [12]. All 4 of these patients exhibited only the coexistence of GTC +
MY seizures, and EEG findings of GSW/GPSW were observed in 3 patients and generalized slow
activity discharges in 1 patient. One of the other EFHC1 gene variants identified in our study was not
detected in these patients, but not all JME-associated variants reported in the literature to date were
examined. Most protein-coding genes in humans contain polyadenylation [p(A)] sites in their 3’UTRs,
which serve as a common regulatory layer [19]. Alternative polyadenylation (APA) leads to the
creation of 3’"UTR isoforms of varying lengths that potentially affect mRNA stability, translation

efficiency, nuclear export, and cellular localization. Polyadenylation in the 3"UTR of some genes and

10
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variants in adjacent RNA-cis regulatory elements have been shown to cause some Mendelian diseases
[20-22]. Therefore, we do not know which APA is present in the 3"UTR isoforms identified in our
patient group or which silent gene this APA caused to be expressed to reveal the phenotype, because
several common SNPs that regulate APA have been implicated as the cause of complex diseases to
date [21]. There are many different networks in the central nervous system. The causes of mutant gene
expression are not known, and it is not clear why some of those expressed are clinically silent or
dominant in a certain age range. Evaluating the APAs in the 3"UTR identified in the patient group in
our study may shed light on this.

The EFHCL1 gene was first identified in Mexican families with JME [11], then in populations
of different ethnic backgrounds [12-16]. There has been controversy regarding the pathological
properties of identified EFHC1 gene variants according to ethnicity [23]. It has been emphasized that
JME shows autosomal dominant [6], autosomal recessive [24], digenic [24], or multifactorial [12-16]
inheritance. Our study included only patients diagnosed with JME; relatives of the patients were not
examined. For this reason, we could not determine how the EFHC1 gene variants is transferred in the
Turkish ethnic population. However, in this study we detected no polymorphisms other than 475C>T
and 545G>A, unlike in other studies [13, 14, 16]. Annesi et al.[14] identified the 475C>T variant in
20% and the 545G>A variant in 5.8% of 82 affected patients in 27 families. Suzuki et al.[11] detected
3 coding SNPs (475C>T, 545G>A, and 1855A>C, resulting in amino acid substitutions R159W,
R182H and 1619L, respectively), as well as the variants 685T>C, 628G>A, and 757G>T (resulting in
the amino acid substitutions F229L, D210N, and D253Y, respectively) in JME patients, and a few
other less common heterozygous polymorphisms in both the patient and control group. In our study,
the frequency of variants in JME patients was found to be approximately the same (22.2% for 475C>T
and 5.6% for 545G>A), but with less diversity.

The EFHCL1 gene is 72 kb long and has 11 exons and 3 DM10 domains [23]. It is known to
encode the 640-amino acid protein myocloninl [25] and include the ¢.545 G>A (R182H) protein
sequence. R182H is found in the DM10 of the EFHCL span and was previous shown to be a partially
benign, likely pathogenic variant identified in Mexican and Italian families [13, 14, 23]. In contrast to
ethnic Turks, Bai et al.[18] reported four different new genetic variants in the EFHCL1 region of JME
patients of Spanish origin instead of the ¢.545 G>A and c.475 C>T SNPs. In our study, we detected no

different DNA variants in the EFHC1 region.

11
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According to the NHGRI and ACMG guidelines for assigning disease causality, EFHC1
variants are classified as benign [23, 26]. Suzuki et al. demonstrated that EFHC1 induces programmed
cell death by increasing Ca®* influx through voltage-gated channels and that mutations may prevent the
elimination of unwanted neurons during central nervous system development, leading to precarious
calcium hemostasis and the formation of hyperexcitable neural circuits [11]. It has been shown that in
the postnatal mouse brain, EFHCL1 is mainly expressed in the cilia of the ependymal cell lining the
cerebral ventricles [25]. Heterozygosity for the Phe229Leu mutation in EFHC1 is also known to be
associated with JME, which is a relatively benign form of epilepsy, whereas homozygosity for the
same mutation is associated with lethal epilepsy of infancy [27]. Epileptic discharges on EEG are an
important indicator of hyperexcitability. Unlike the study by Annesi et al.[14] but similar to the
findings reported by Suzuki et al.[11], we observed the abnormal EEG findings typical of JME more
frequently in patients carrying the rs3804505 SNP. Of 16 patients with the EFHC1 (R182H) variant,
initial EEG revealed GSW and GPSW in 8 patients and generalized slow activity discharges in 6
patients. Another interesting finding was that cerebral cortical atrophy (n = 7) and non-specific gliotic
foci (n = 1) were more common in patients with the rs3804505 variant. Microstructural white matter
abnormalities in the GGEs have been demonstrated with diffusion tensor imaging (DTI) [28] and
nonspecific abnormal imaging findings were shown to be more common in drug-resistant JME patients
in our previous study [29].

The most common SNP, rs3804505, was consistent with the seizure phenomenology of the
syndrome described by the patients. All of these patients were under anti-seizure therapy. The initiation
and regular use of appropriate treatment after the first observed seizure may have prevented the
emergence of other seizure types seen in the syndrome. We also observed no relationship between the
frequency of SNPs in JME patients and parental consanguinity (variants were detected in only 7 of 20
patients who reported consanguineous marriage and 14 of 52 patients without consanguineous marriage
in the family; p=0.78) or parental history of epilepsy (variants were detected in 6 of 24 JME patients
with parental history of epilepsy). In this respect, there was inconsistency between demographic

characteristics and variants.

CONCLUSIONS AND FUTURE DIRECTIONS

12
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Genetic predisposition was determined in JME patients of Turkish origin, with at least one
third of the patients having an EFHC1 single nucleotide variant. We think that the investigation of
other genetic variants in JME patients of Turkish origin and the role of 3'UTRs in these genetic
variants will be important. Furthermore, determining the differentiation of APAs in the 3'UTR of SNPs

in JME patients and the normal population will be informative regarding genetic variants in JME.

STRENGTHS AND LIMITATIONS

An important limitation of this study is that we did not include the other relatives of JIME
patients with family history. Another limitation is that different genes were not screened. Low patients
and control case number is another limitation for having a conclusion about these genes. However, our
analysis of potential variants in the control group is a strength of the study. The other limitation of the

study was small size of the control group.

Ethics approval and consent to participate: This study was approved by the Ethics Committee for

Medical Research (April 1, 2016/52) of Cukurova University Faculty of Medicine.
Consent to publish: The authors have given permission to publish.

Availability of data and materials: The data used to support the findings of this study are available

from the corresponding author upon request.

Competing interests: None of the authors have any conflict of interest to disclose as it regards to this

manuscript:

Funding: To research this study, funding source was provided from Scientific Research Project
Coordination Unit of Cukurova University Faculty of Medicine and Association of Cukurova

Neurologic Science.

Acknowledgements: We are thankful to the Scientific Research Project Coordination Unit of
Cukurova University and also to the Association of Cukurova Neurologic Science which provided
financial support. We are grateful to Assoc. Prof. Dr. ilker Unal from the Department of Biostatistics of

Cukurova University.

13



Journal Pre-proof

REFERENCES

[1] P. Genton, P. Gelisse, The history of juvenile myoclonic epilepsy, Epilepsy Behav 28 Suppl 1
(2013) s2-7.

[2] Proposal for revised classification of epilepsies and epileptic syndromes. Commission on
Classification and Terminology of the International League Against Epilepsy, Epilepsia 30(4) (1989)
389-99.

[3] P. Jallon, P. Latour, Epidemiology of idiopathic generalized epilepsies, Epilepsia 46 Suppl 9 (2005)
10-4.

[4] C.S. Camfield, P. Striano, P.R. Camfield, Epidemiology of juvenile myoclonic epilepsy, Epilepsy
Behav 28 Suppl 1 (2013) S15-7.

[5] I. Helbig, Genetic Causes of Generalized Epilepsies, Semin Neurol 35(3) (2015) 288-92.

[6] A.V. Delgado-Escueta, D. Greenberg, K. Weissbecker, A. Liu, L. Treiman, R. Sparkes, M.S. Park,
A. Barbetti, P.l. Terasaki, Gene mapping in the idiopathic generalized epilepsies: juvenile myoclonic
epilepsy, childhood absence epilepsy, epilepsy with grand mal seizures, and early childhood myoclonic
epilepsy, Epilepsia 31 Suppl 3 (1990) S19-29.

[7]1 N. Lucarini, A. Verrotti, V. Napolioni, G. Bosco, P. Curatolo, Genetic polymorphisms and
idiopathic generalized epilepsies, Pediatr Neurol 37(3) (2007) 157-64.

[8] M.S. Dibbens LM, Helbig I, Mefford HC, Bayly MA, Bellows S, Leu C, Trucks H, Obermeier T,
Wittig M, Franke A, Caglayan H, Yapici Z; EPICURE Consortium, Sander T, Eichler EE, Scheffer IE,
Mulley JC, Berkovic SF., Familial and sporadic 15913.3 microdeletions in idiopathic generalized
epilepsy: precedent for disorders with complex inheritance, Human Molecular Genetics 18 (2009)
3626-3631.

[9] E. Consortium, E.M. Consortium, M. Steffens, C. Leu, A.K. Ruppert, F. Zara, P. Striano, A.
Robbiano, G. Capovilla, P. Tinuper, A. Gambardella, A. Bianchi, A. La Neve, G. Crichiutti, C.G. de
Kovel, D. Kasteleijn-Nolst Trenite, G.J. de Haan, D. Lindhout, V. Gaus, B. Schmitz, D. Janz, Y.G.
Weber, F. Becker, H. Lerche, B.J. Steinhoff, A.A. Kleefuss-Lie, W.S. Kunz, R. Surges, C.E. Elger, H.
Muhle, S. von Spiczak, P. Ostertag, |. Helbig, U. Stephani, R.S. Moller, H. Hjalgrim, L.M. Dibbens, S.
Bellows, K. Oliver, S. Mullen, I.E. Scheffer, S.F. Berkovic, K.V. Everett, M.R. Gardiner, C. Marini, R.
Guerrini, A.E. Lehesjoki, A. Siren, M. Guipponi, A. Malafosse, P. Thomas, R. Nabbout, S. Baulac, E.
Leguern, R. Guerrero, J.M. Serratosa, P.S. Reif, F. Rosenow, M. Morzinger, M. Feucht, F. Zimprich,
C. Kapser, C.J. Schankin, A. Suls, K. Smets, P. De Jonghe, A. Jordanova, H. Caglayan, Z. Yapici, D.A.
Yalcin, B. Baykan, N. Bebek, U. Ozbek, C. Gieger, H.E. Wichmann, T. Balschun, D. Ellinghaus, A.
Franke, C. Meesters, T. Becker, T.F. Wienker, A. Hempelmann, H. Schulz, F. Ruschendorf, M. Leber,
S.M. Pauck, H. Trucks, M.R. Toliat, P. Nurnberg, G. Avanzini, B.P. Koeleman, T. Sander, Genome-
wide association analysis of genetic generalized epilepsies implicates susceptibility loci at 1943,
2p16.1, 2g22.3 and 17921.32, Hum Mol Genet 21(24) (2012) 5359-72.

[10] AW. Liu, A.V. Delgado-Escueta, J.M. Serratosa, M.E. Alonso, M.T. Medina, M.N. Gee, S.
Cordova, H.Z. Zhao, J.M. Spellman, J.R. Peek, et al., Juvenile myoclonic epilepsy locus in
chromosome 6p21.2-p11: linkage to convulsions and electroencephalography trait, Am J Hum Genet
57(2) (1995) 368-81.

[11] T. Suzuki, A.V. Delgado-Escueta, K. Aguan, M.E. Alonso, J. Shi, Y. Hara, M. Nishida, T.
Numata, M.T. Medina, T. Takeuchi, R. Morita, D. Bai, S. Ganesh, Y. Sugimoto, J. Inazawa, J.N.
Bailey, A. Ochoa, A. Jara-Prado, A. Rasmussen, J. Ramos-Peek, S. Cordova, F. Rubio-Donnadieu, Y.
Inoue, M. Osawa, S. Kaneko, H. Oguni, Y. Mori, K. Yamakawa, Mutations in EFHC1 cause juvenile
myoclonic epilepsy, Nat Genet 36(8) (2004) 842-9.

[12] E. Stogmann, P. Lichtner, C. Baumgartner, S. Bonelli, E. Assem-Hilger, F. Leutmezer, M.
Schmied, C. Hotzy, T.M. Strom, T. Meitinger, F. Zimprich, A. Zimprich, Idiopathic generalized
epilepsy phenotypes associated with different EFHC1 mutations, Neurology 67(11) (2006) 2029-31.
[13] A. Jara-Prado, I.E. Martinez-Juarez, A. Ochoa, V.M. Gonzalez, C. Fernandez-Gonzalez-Aragon
Mdel, M. Lopez-Ruiz, M.T. Medina, J.N. Bailey, A.V. Delgado-Escueta, M.E. Alonso, Novel
Myocloninl/EFHC1 mutations in Mexican patients with juvenile myoclonic epilepsy, Seizure 21(7)
(2012) 550-4.

[14] F. Annesi, A. Gambardella, R. Michelucci, A. Bianchi, C. Marini, M.P. Canevini, G. Capovilla,
M. Elia, D. Buti, R. Chifari, P. Striano, F.E. Rocca, B. Castellotti, F. Cali, A. Labate, E. LePiane, D.
Besana, V. Sofia, G. Tabiadon, G. Tortorella, P. Vigliano, A. Vignoli, F. Beccaria, G. Annesi, S.
Striano, U. Aguglia, R. Guerrini, A. Quattrone, Mutational analysis of EFHC1 gene in Italian families
with juvenile myoclonic epilepsy, Epilepsia 48(9) (2007) 1686-1690.

14



Journal Pre-proof

[15] R. Thounaojam, L. Langbang, K. Itisham, R. Sobhani, S. Srivastava, B. Ramanujam, R. Verma,
M. Tripathi, K. Aguan, EFHC1 mutation in Indian juvenile myoclonic epilepsy patient, Epilepsia Open
2(1) (2017) 84-89.

[16] D. Pinto, S. Louwaars, B. Westland, L. Volkers, G.J. de Haan, D.G. Trenite, D. Lindhout, B.P.
Koeleman, Heterogeneity at the JME 6p11-12 locus: absence of mutations in the EFHC1 gene in linked
Dutch families, Epilepsia 47(10) (2006) 1743-6.

[17] P. Bekdik Sirinocak, B. Salman, F.Y. Kesim, N. Bebek, B. Baykan, S.A. Ugur Iseri, Susceptibility
to Juvenile Myoclonic Epilepsy Associated with the EFHC1 Gene: First Case Report in Turkey,
Turkish Journal Of Neurology 25(4) (2019) 233-236.

[18] D. Bai, J.N. Bailey, R.M. Duron, M.E. Alonso, M.T. Medina, |.E. Martinez-Juarez, T. Suzuki, J.
Machado-Salas, R. Ramos-Ramirez, M. Tanaka, R.H. Ortega, M. Lopez-Ruiz, A. Rasmussen, A.
Ochoa, A. Jara-Prado, K. Yamakawa, A.V. Delgado-Escueta, DNA variants in coding region of
EFHCL1: SNPs do not associate with juvenile myoclonic epilepsy, Epilepsia 50(5) (2009) 1184-90.

[19] E.D. Shulman, R. Elkon, Systematic identification of functional SNPs interrupting 3'UTR
polyadenylation signals, PLoS Genet 16(8) (2020) e1008977.

[20] S. Danckwardt, M.W. Hentze, A.E. Kulozik, 3' end mRNA processing: molecular mechanisms
and implications for health and disease, EMBO J 27(3) (2008) 482-98.

[21] M.K. Prasad, K. Bhalla, Z.H. Pan, J.R. O'Connell, A.B. Weder, A. Chakravarti, B. Tian, Y.P.
Chang, A polymorphic 3'UTR element in ATP1B1 regulates alternative polyadenylation and is
associated with blood pressure, PLoS One 8(10) (2013) e76290.

[22] 1. Pereira-Castro, A. Moreira, On the function and relevance of alternative 3'-UTRs in gene
expression regulation, Wiley Interdiscip Rev RNA 12(5) (2021) e1653.

[23] J.N. Bailey, C. Patterson, L. de Nijs, R.M. Duron, V.H. Nguyen, M. Tanaka, M.T. Medina, A.
Jara-Prado, I.E. Martinez-Juarez, A. Ochoa, Y. Molina, T. Suzuki, M.E. Alonso, J.E. Wight, Y.C. Lin,
L. Guilhoto, E.M. Targas Yacubian, J. Machado-Salas, A. Daga, K. Yamakawa, T.M. Grisar, B.
Lakaye, A.V. Delgado-Escueta, EFHC1 variants in juvenile myoclonic epilepsy: reanalysis according
to NHGRI and ACMG guidelines for assigning disease causality, Genet Med 19(2) (2017) 144-156.
[24] D.A. Greenberg, M. Durner, A.V. Delgado-Escueta, D. Janz, Is juvenile myoclonic epilepsy an
autosomal recessive disease?, Ann Neurol 28(1) (1990) 110-1.

[25] T. Suzuki, I. Inoue, T. Yamagata, N. Morita, T. Furuichi, K. Yamakawa, Sequential expression of
Efhc1l/myocloninl in choroid plexus and ependymal cell cilia, Biochem Biophys Res Commun 367(1)
(2008) 226-33.

[26] S. Richards, N. Aziz, S. Bale, D. Bick, S. Das, J. Gastier-Foster, W.W. Grody, M. Hegde, E.
Lyon, E. Spector, K. Voelkerding, H.L. Rehm, A.L.Q.A. Committee, Standards and guidelines for the
interpretation of sequence variants: a joint consensus recommendation of the American College of
Medical Genetics and Genomics and the Association for Molecular Pathology, Genet Med 17(5)
(2015) 405-24.

[27] 1. Berger, T. Dor, J. Halvardson, S. Edvardson, A. Shaag, L. Feuk, O. Elpeleg, Intractable epilepsy
of infancy due to homozygous mutation in the EFHC1 gene, Epilepsia 53(8) (2012) 1436-40.

[28] J.P. Szaflarski, S. Lee, J.B. Allendorfer, T.E. Gaston, R.C. Knowlton, S. Pati, L.W. Ver Hoef, G.
Deutsch, White Matter Abnormalities in Patients with Treatment-Resistant Genetic Generalized
Epilepsies, Med Sci Monit 22 (2016) 1966-75.

[29] K. Aslan, H. Bozdemir, Z. Yapar, R. Burgut, The effect of electrophysiological and neuroimaging
findings on the prognosis of juvenile myoclonic epilepsy proband, Neurol Res 32(6) (2010) 620-4.

Competing interests: None of the authors have any conflict of interest to disclose

as it regards to this manuscript.

15



