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Abstract
Autosomal recessive non-syndromic hearing loss (ARNSHL) is the most com-
mon inherited sensory impairment. It is particularly frequent in North African 
populations who have a high rate of consanguineous marriage. The c.242G>A 
homozygous variant in LRTOMT gene was previously established as pathogenic 
and is associated with NSHL in both humans and mice. The aim of this study is 
to determine the carrier frequency for the LRTOMT c.242G>A variant and also 
to estimate its age in addition to evaluating its diagnostic potential as a deafness 
biomarker among various populations and ethnicities in Northern African coun-
tries. A total of 179  Tunisian and 34 Libyan unrelated deafness patients were 
screened for this variant. The homozygous c.242G>A variant was found in 5.02% 
and 2.94% in Tunisian and Libyan families, respectively. Subsequent screen-
ing for this variant in 263 healthy controls of various ethnicities (136 Tunisian 
Berbers, 32 Andalusian and 95 Tunisian from undefined ethnic origin) revealed 
higher frequency for the heterozygous state among Tunisians of Berber origin 
only (19.11%). Genotyping 7 microsatellite markers nearby the variant location 
in ARNSHL patients who had the homozygous variant revealed the same haplo-
type suggesting a common founder origin for this variant. The age of this variant 
was estimated to be between 2025 and 3425 years (this corresponds to 3400 years 
when the variant rate was set at 10−3 or 2600 years when the variant rate is set at 
10−2), spreading along with the Berber population who migrated to North Africa. 
In conclusion, the LRTOMT c.242G>A homozygous variant could be used as a 
useful deafness biomarker for North African ARNSHL patients meanwhile the 
heterozygous variant could be utilized in genealogical studies for tracing those of 
the Berber ethnic group.
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1   |   INTRODUCTION

Hearing loss (HL) is the most common sensory disorder 
which affects nearly 1.8–2.7 out of every 1000 children 
globally (Morton & Nance, 2006). Genetic factors account 
for more than 50% of HL cases meanwhile the remaining 
percentage is due to environmental or age-related deaf-
ness (Bouzid, Smeti, Chakroun, et al., 2018; Bouzid, Smeti, 
Dhouib, et al., 2018; Gates & Mills, 2015; Marazita et al., 
1993). Almost 80% of genetic HL cases have impaired 
hearing without additional phenotypic disorders and are 
designated as non-syndromic (NS). The latter is mainly 
inherited through autosomal recessive patterns with ho-
mogeneous and non-progressive clinical manifestations 
(Morton & Nance, 2006). Up till now, 75 genes encoding 
key proteins for inner ear function and morphology were 
identified to be responsible for ARNSHL development 
(Camp & Smith, 2017).

Consanguineous marriage is very common in the 
Tunisian population, as part of their custom, and this in-
creases the frequency and transmission of ARHL disor-
der among this population. Approximately 13 genes have 
been identified, so far, to cause ARNSHL in the Tunisian 
population. The LRTOMT [OMIM 612414] (Leucine-Rich 
Transmembrane and O-Methyl-Transferase) gene variants 
which cause severe to profound pre-lingual ARNSHL have 
been identified in few populations such as the Turkish, 
Pakistani and Tunisian population in 2008 (Ahmed et al., 
2008). Recently, it was also confirmed in the Moroccan 
and Egyptian populations (Gibriel et al., 2019; Majida 
Charif et al., 2012). This gene includes a total of 10 exons 
comprising five different alternatively spliced transcripts 
that are widely expressed. Exons 5, 7 and 8 are included 
in transcripts encoding two different proteins: LRTOMT1 
and LRTOMT2. These exons are predicted to be translated 
into two alternative reading frames and encode either the 
C terminus of LRTOMT1 or the N terminus of LRTOMT2 
(Ahmed et al., 2008). When translation starts in exon 3, 
the LRTOMT1 protein presents two Leucine-rich repeats. 
Beginning translation in exon 5  leads to the LRTOMT2 
protein which has a catechol-o-methyltransferase (COMT) 
domain and hence it is named COMT2. Both proteins con-
tain a predicted transmembrane domain located in the re-
gions encoded by exon 5 for LRTOMT1 and by exon 8 of 
LRTOMT2 (Ahmed et al., 2008). The COMT protein catal-
yses the transfer of a methyl group donated by S-adenosyl 
methionine to catecholamines and is involved in the 

inactivation of catecholamine neurotransmitters like do-
pamine, epinephrine and norepinephrine (Bonifácio et al., 
2002; Tunbridge et al., 2006). Several studies have shown 
the involvement of the LRTOMT gene in the auditory func-
tion and many variants such as p.Arg81Gln (c.242G>A) 
and p.Glu110Lys (c.328G>A) in this gene led to loss of 
hearing function. So far, about 20 pathogenic mutations 
have been reported in the LRTOMT gene, 16 among them 
have been assigned to the COMT2 domain (Ahmed et al., 
2008; Mojgan Babanejad et al., 2012; Sarmadi et al., 2020), 
whose the variant c.242G>A has been the most identified 
in several families with ARNSHL.

The purpose of this study is to screen for the c.242G>A 
variant in LRTOMT gene in 179 Tunisian and 34 Libyan 
families affected with ARNSHL in addition to 263 healthy 
controls of various ethnicities (136 Tunisian Berbers, 32 
Andalusian and 95  Tunisian from undefined ethnic or-
igin). We also genotyped seven microsatellite markers 
nearby this variant in order to determine haplotype fre-
quency in our groups and also to see if there was a com-
mon founder origin for this variant. Moreover, the age of 
this variant among our Berber population was empirically 
estimated for genealogical purposes as well.

2   |   MATERIALS AND METHODS

2.1  |  Subject

This study was approved by the ethics committee of the 
University Hospital of Sfax (Tunisia).

We screened 179  Tunisian and 34 Libyan unrelated 
families with ARNSHL. These families had at least two 
affected members with an autosomal recessive pattern 
of inheritance. Informed consent was obtained from all 
study participants and from parents of subjects younger 
than 18 years of age. Clinical history interviews and physi-
cal examinations for families and their members ruled out 
involvement of environmental factors and other associ-
ated syndromes in hearing loss. In order to determine car-
rier frequency of the p.Arg81Gln variant among healthy 
controls with normal hearing capabilities and also to in-
vestigate the presence of common ancestors, we further 
recruited 263 individuals. This included 95  Tunisian in-
dividuals of unknown ethnicity, 32 Tunisian Andalusian, 
136  Tunisian Berbers (51 Chennini-Douiret subjects, 
53 Sned and 32  Jradou Berbers). The sampling in the 
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‘Andalusian’ community was based on a patronymic crite-
rion, whereas Berbers were Berber Chelha speakers born 
in one of the three villages mentioned above.

2.2  |  Methods

2.2.1  |  DNA extraction and PCR 
amplification

DNA was extracted from peripheral white blood cells 
using standard phenol–chloroform method. Quality and 
quantity of extracted DNA samples were determined 
by measuring the A260/A280 (Gibriel et al., 2013). The 
regions flanking the c.242G>A variant in LRTOMT 
(NG_021423.1 RefSeqGene hg19/GRCh37) were PCR 
amplified for all samples using PCR thermal cycler in a 
30  µl reaction each using 20  ng DNA sample with 1 U 
TaqDNA polymerase (Biotools), 5  mM Taq Reaction 
Buffer and1  µM of each primer (Arg81Gln forward: 
5′-TGGTGGTAACATTGCTGGTG-3′ and Arg81Gln re-
verse: 5′-GCAACAGATCCCAAATATTCC-3′). The fol-
lowing PCR conditions were implemented incubation at 
95°C for 5 min, 38 cycles at 94°C for 30 s, 60°C for 30 s 
and 72°C for 1 min followed by final extension at 72°C for 
10 min.

2.2.2  |  PCR-RFLP analysis for the c.242G>A 
(p.Arg81Gln) variant

The generated PCR product (296  bp) was then digested 
with BsrB1 enzyme through overnight incubation at 37°C. 
RFLP reaction was conducted in 25  µl reaction volume 
using 0.5 µl (10 U/µl) BsrBI enzyme, 10 µl PCR amplicon 
and 2.5  µl stock buffer. The digested product was then 
visualized under UV after migration on a 3% agarose gel. 
BsrB1enzyme recognizes a restriction site in the normal 
wild-type sequence and cut it into two fragments of 107 
and 189 bp. The presence of LRTOMT c.242G>A variant 
abolishes such restriction site leading to no cut (296 bp) by 
the BsrB1enzyme.

2.2.3  |  Sanger sequencing

Following PCR-RFLP gel electrophoresis, patients’ sam-
ples exhibiting anomalous run, compared to normal wild 
type, were Sanger sequenced in both directions to verify 
the presence of LRTOMT c.242G>A (p.Arg81Gln) vari-
ant. Briefly, PCR products were gel purified using the 
GeneJet gel extraction kit (Thermo Scientific) and then 
sequenced on the ABI 3500 Genetic Analyzer (Applied 

Biosystems) using either reverse or forward primer and 
4 µl of BigDye terminator 3.1 ready reaction mix (Applied 
Biosystems). Sequencing chromatograms were analysed 
using Chromas software V2.6.4 followed by comparison 
to NCBI database.

2.2.4  |  Microsatellite genotyping

In order to get more evidences for the common origin and 
frequency of this variant in Tunisian population as well as 
in neighbouring area, patients confirmed to be carriers for 
the LRTOMT c.242G>A (p.Arg81Gln) variant were then 
genotyped for seven informative fluorescently labelled 
microsatellite markers. Those seven short tandem micro-
satellite repeat markers are located nearby the c.242G>A 
variant and three of them were recently generated. 
The seven microsatellite markers included D11S4139, 
D11S4162, D11S1314, D11S916, AP003783, AP002490 and 
AP000593. The True Allele PCR Premix was used for PCR 
reactions. Fluorescently labelled alleles were also ana-
lysed on ABI Prism 3100-Avant DNA Analyser (Applied 
Biosystems).

2.2.5  |  Age of the c.242G>A 
LRTOMT variant

Calculation of the p.Arg81Gln variant age was performed 
using the C program developed by Genin et al. (2004). 
Compared with other methods using haplotype informa-
tion, this approach was efficient with a very small number 
of affected individuals. Results are presented as the mean 
number of generations (with empirical 95% confidence in-
terval) estimated over 5000 replicates.

2.2.6  |  Statistical analysis

Genotype and allele frequencies were determined using 
Hardy–Weinberg equation and were then compared with 
reported frequencies in other populations.

3   |   RESULTS

PCR-RFLP digestion with the BsrB1enzyme revealed the 
presence of the p.Arg81Gln variant in homozygous state in 
9 Tunisian families out of the 179 participating Tunisian 
families (5.02%). One of those nine carrier families was 
known to have a Berber origin. On the other hand, only 
one family out of the 34 unrelated Libyan families (2.94%) 
had the homozygous variant (Figure 1 and Table  1). 
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Sanger sequencing confirmed the presence of this ho-
mozygous variant in those 10 cases (Figure 1). In a sub-
sequent study, we screened for this variant in 263 healthy 
Tunisian individuals with normal hearing capability and 
of different ethnic origin to estimate the carrier frequency 
in those control subjects. This included 95  Tunisian in-
dividuals of unknown ethnicity, 32 Tunisian Andalusian, 
136  Tunisian Berbers (51 Chennini-Douiret subjects, 53 
Sned and 32 Jradou Berbers). Interestingly, the frequency 
of heterozygous state for this variant in Berber controls 
was higher than that of the HL patients (19.11% vs. 5.02%). 
On the contrary, we did not find any heterozygous vari-
ants in neither the 32 Tunisian healthy Andalusians nor 
in the 95 Tunisians of unknown ethnic origin (Table 2). 
Moreover, genotyping analysis for the seven microsatel-
lite markers in all the 10 positive HL patients revealed 

the same haplotype suggesting a common founder origin 
(Figure 2). We estimated the age of the p.Arg814Gln vari-
ant in the first haplotype to be about 136 generations (95% 
confidence interval, 81–239) when the variant rate was 
set at 10−3. Assuming that one generation is 25 years, this 
corresponds to 3400 years. When the variant rate is set at 
10−2, the estimated age would be 104 generations corre-
sponding to nearly 2600  years (95% confidence interval, 
62–182).

4   |   DISCUSSION

Several genetic variants were linked to various heterog-
enous diseases as in HL (Ahmed et al., 2008; Chakchouk 
et al., 2015). Various genotyping assays such as RFLP, 
single stranded conformational polymorphism, DNA mi-
croarrays and/or ligase chain reaction have been imple-
mented to screen for genetic variants (Al-Achkar et al., 
2011; Chakchouk et al., 2015; Gibriel, 2012; Gibriel & 
Adel, 2017; Gibriel et al., 2013). The LRTOMT gene is 
located on chromosome 11 and contains 10 exons com-
prising five different alternatively spliced transcripts 
translated into LRTOMT1 and LRTOMT2 proteins 
(Ahmed et al., 2008). It is essential for auditory and ves-
tibular function and is expressed in sensory hair cells 
of the inner ear of mice (Ahmed et al., 2008). Nearly 20 
different variants affecting the LRTOMT gene have been 
identified as causing ARNSHL in different populations 

F I G U R E  1   Sequencing chromatograms for the c.242 G>A variant in LRTOMT gene (NG_021423.1 RefSeqGene hg19/GRCh37) (a) 
wild-type control with homozygous G base (Arg), (b) affected individual with homozygous A base (Gln), (c) PCR-RFLP (BsrBI digestion) 
fragmentation pattern on the agarose gel stained with ethidium bromide for determination of the c.242G>A variant. DNA ladder (50 bp) is 
loaded into well 1 (p1), PCR product (296 bp) is loaded into well 2 (p2, PCR-RFLP product for a patient with wild-type c.242 G>A variant is 
loaded into well 3 (p3) with two digested fragments 189 and 107 bp, PCR-RFLP product for a patient with homozygous c.242 G>A variant is 
loaded into well 4 (p4) with only one product 296 bp

T A B L E  1   Homozygous and heterozygous frequencies for the 
c.242 G>A variant (NG_021423.1 RefSeqGene hg19/GRCh37) in 
Tunisian and Libyan families

Tunisian 
families (179)

Libyan 
families (34)

Homozygous variant 
(c.242G>A)

9 (5.02%) 1 2.94%

Heterozygous variant 
(c.242G>A)

0 0% 0 0%

Non-carrier of c.242G>A 
variant

170 (94.98%) 33 97.05%
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such as Iranian, Moroccan, Tunisian, Pakistan, Turkish 
and Japanese (Ichinose et al., 2015; Sarmadi et al., 2020). 
The substitution of guanine by adenine at position 242 
on cDNA leads to missense variant with replacement of 

arginine by glutamine on position 81 of the amino acid 
sequence of the COMT domain of LRTOMT protein. The 
mutated residue p.Arg81Gln is in helix 1 and contributes 
to the formation of salt bridge between this helix and the 

T A B L E  2   Heterozygous and homozygous frequencies for the c.242 G>A variant (NG_021423.1 RefSeqGene hg19/GRCh37) in Tunisian 
Berber, Andalus and those of unknown ethnic groups

Tunisian Berber ethnic Other ethnic

Chennini-Douiret (51) Sned (53) Jradou (32) Andalus (32) Unknown (95)

Homozygous variant
c.242G>A

0 0 0 0 0

Heterozygous variant
c.242G>A

8 6 12 0 0

Heterozygous variant
c.242G>A%

15.68% 11.32% 37.5% 0 0

19.11%

F I G U R E  2   Pedigrees of six unpublished Tunisian families FT1–FT6 and Libyan family FL1 showing segregation of deafness consistent 
with linkage to genetic markers for the DFNB63 locus (RefSeqGene hg19/GRCh37). Haplotypes in family FT3 illustrate that D11S4162 is 
the centromeric flanking marker of the locus and Haplotypes in families FT3 and five illustrate that the telomeric marker for DFNB63 is 
AP000593. All families shared the same haplotype indicating a common ancestor. The stars represent tested patients
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loop following helix 2. The mutated Q81 residue could not 
form this bridge as it is not positively charged. In addi-
tion, the formation of hydrogen bonds is impaired because 
of the smaller size of glutamine compared to arginine 
(Ahmed et al., 2008). This particular variant was identi-
fied previously in Pakistani and Turkish populations in 
addition to 7 Tunisian families only (Ahmed et al., 2008). 
In this study, the p.Arg81Gln variant was found in 2.94% 
of unrelated Libyan families and 5.02% of Tunisian HL 
patients of whom 1 patient was of Berber origin. Given 
the frequency obtained for this variant in our population 
and its presence in the patient of Berber origin, we sub-
sequently attempted to screen for this variant in 263 un-
related Tunisian families with ARNSHL after exclusion 
of the main recurrent variants such as the GJB2 [OMIM 
121011] c.35delG (p.Gly12Valfs*2). Surprisingly this vari-
ant was not observed at all, even as a heterozygous state, 
neither in the 32  Tunisian healthy andalusians nor in 
the 95 Tunisians of unknown ethnic origin. It was rather 
observed with high frequency in a heterozygous state 
in 19.11% of Berber controls from Sned in South-West, 
Jradou in the North and Chenini-Douiret in the South of 
Tunisia. Interestingly, all the 10 ARNSHL Tunisian and 
Libyan ARNSHL families shared the same haplotype for 
the 7 investigated microsatellite markers present nearby 
this variant.

The p.Arg81Gln variant appeared 3400 years ago and 
this aligns well with the timing of the Berber descen-
dent. Indeed it is described that the Berber culture was 
present in North Africa since Protohistoric times around 
4700  years ago. The ancient and complex history of 
Berbers was marked by numerous events like conquests, 
invasions or migrations from different origins. Therefore 
several Berber communities were forced to settle in iso-
lated areas which had resulted in geographic location 
of Berber populations mainly in heights. Moreover in 
previous studies it was shown via mitochondrial DNA 
analysis that pre-historical events led to several contri-
butions to the Berber gene pool corresponding especially 
to Western Eurasian, sub-Saharian and North African 
haplogroups (Ben Arab et al., 2004; Coudray et al., 
2009). The high consanguinity and endogamy rates that 
seem to characterize North African populations since 
ancient times could have led to counter selection of re-
cessive variants which are lethal at homozygous state. 
This is not the case for HL patients who had the cor-
responding variant since ancient times. Other variants 
involved in hearing loss with founder effect have also 
been described.

Two old founder variants namely the c.35delG (p.Gly-
12Valfs*2) and the c.100C>T (p.R34*) variants in GJB2 
[OMIM 121011] and TMC1 [OMIM 606706] genes, 

respectively, have been identified in Tunisian popula-
tion. The high frequency of those variants was explained 
by the presence of a very old founder variant. Zied 
et al. showed that the c.35delG accounts for 85.4% of all 
GJB2 mutant alleles (Riahi et al., 2013); this result is in 
agreement with other data reported in different coun-
tries such as Portugal (64%; Nogueira et al., 2011), Italy 
(68%; Primignani et al., 2009) and Algeria (76%; Ammar-
Khodja et al., 2009) (Belguith et al., 2005; Rothrock 
et al., 2003). Lucotte tried to determine the origin of the 
c.35delG variant and to trace the path of its migration. 
They showed that variant originated from Greece where 
the rate of heterozygous carriers was 1/28 (Lucotte, 
2001). Its spread would be made through the ancient 
Greek colonies. The age of the c.35delG variant was es-
timated at ~216  generations among the Lebanese pop-
ulation compared with 111 generations in the Tunisian 
and Moroccan populations. So the c.35delG variant 
has appeared 5500 years ago among the Lebanese com-
pared with 2775 years among Tunisians and Moroccans 
(Belguith et al., 2005). On the other hand, the c.100C>T 
of the TMC1  gene represents more than 30% among 
of the 44  mutant alleles of this gene. This variant has 
been reported in hearing-impaired persons originating 
from Iran, Iraq, Lebanon, Pakistan, Tunisia and Turkey 
(Ben Said et al., 2010; Hilgert et al., 2008; Kitajiri et al., 
2007; Kurima et al., 2002; Sirmaci et al., 2009; Tlili et al., 
2008). The highest frequency of this variant was re-
ported in Tunisia and Pakistan (Kitajiri et al., 2007; Tlili 
et al., 2008). Analyses of the 21  markers flanking the 
TMC1  gene in 11 deaf (four Tunisians, two Algerians, 
one Iranian, one Iraqi, one Pakistani, one Lebanese and 
one Turkish) showed the presence of a common haplo-
type for all carriers, which is in favour of the presence of 
a common founder. The age of this variant was estimated 
between 1075 and 1900 years (Ben Said et al., 2010).

5   |   CONCLUSION

A homozygous state for the LRTOMT c.242G>A variant 
could be used as a useful deafness biomarker for North 
African ARNSHL patients. The heterozygous variant can 
also be used in genealogical studies for tracing individu-
als descendent from the Berber ethnic origin. This study 
indicates the importance of the LRTOMT c.242G>A vari-
ant not only in ARNSHL development but also in and 
also its role as an old founding variant for Berber popula-
tion. So we believe that it would be interesting to add the 
p.Arg81Gln variant today with the 35delG variant in the 
routine diagnosis for deafness in the North Africa region 
notably to the Berber community.
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