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Abstract
Purpose  Although recessive mutations in GJB2 are the common genetic etiology of sensorineural hearing impairment 
(SNHI), variants in LRTOMT gene were also identified, mostly in Middle East and North African populations.
Methods  Using Sanger sequencing we screened the exon 7 of LRTOMT in a cohort of 128 unrelated Mauritanian children 
with congenital deafness.
Results  Only one biallelic missense mutation, predicted as pathogenic (c.179 T > C;p.Leu60Pro) was found at homozygous 
state in four families. This variant, not reported before, showed a deleterious effect by SIFT (score: 0.01) and a disease-
causing effect by Mutation Taster (prob: 1). Exploration of the encoded protein 3D structure revealed a disruption from an 
organized α helix (in the normal protein structure) into a random conformation. Early fitting of a cochlear implant seemed 
to improve the audition ability of the mutation carrier.
Conclusion  Further screening using a panel of deafness genes may expose other variants underlying hearing impairment 
in our population.

Keywords  SNHI · Deafness · LRTOMT · Mutation · Mauritania

Introduction

Deafness is the most common sensorineural disability in 
developed countries as it affects approximately 5% of the 
population [1, 2]. In children, 1 to 6 per 1000 newborns are 
suffering from a form of hearing impairment [3]. Despite the 

lack of reliable epidemiological data on the affected popula-
tions in developing countries, the proportion of hearing loss 
was estimated to be greater than in states with higher income 
[4, 5]. In a random WHO survey, the prevalence of deaf-
ness was indeed found to be closely affected by widespread 
issues such as deprived life environment, lack of proper care 
services but also genetic background including the effect of 
consanguinity [6, 7]. SNHI was related to about 124 iden-
tified causal genes with most cases passed down through 
variations in GJB2 gene with autosomal recessive inher-
itance (Hereditary Hearing loss Home page: Last update 
August 2021). Several variations of LRTOMT gene, mostly 
in exon 7, have also been associated with deafness in differ-
ent populations including cohorts from North African popu-
lations making this gene the second most frequent deafness 
causal gene in congenital severe to profound hearing impair-
ment after GJB2 [8–13]. In a previous work using Sanger 
sequencing of GJB2 gene, we detected two pathogenic vari-
ants c.35delG (p.Gly12Valfs*2) and c.94C > T (p.Arg32Cys) 
in only 5 out of the 53 families investigated with sporadic or 
hereditary deafness [8]. This finding left thus about 95% of 
the families with other putative genetic cause to be assigned. 
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The aim of this study was to identify the molecular etiology 
of non-syndromic hearing loss not linked to GJB2 mutations 
in a large cohort of Mauritanian patients using a targeted 
mutation screening of exon 7 in LRTOMT gene.

Materials and methods

Patients

The cohort was composed of 128 unrelated Mauritanian 
children (1 child per family) respectively from 83 families 
with multiple affected siblings and 45 families with no his-
tory of deafness (sporadic cases), recruited from two deaf 
schools in Nouakchott, Mauritania. Forty-one children of the 
cohort were identified as negative for GJB2 pathogenic vari-
ants in a previous study we carried out on non-syndromic 
hearing impairment associated GJB2 variants in Mauritania 
[8] and 87 children were newly recruited. All patients were 
diagnosed with severe-to-profound non-syndromic congeni-
tal hearing impairment following medical examination. This 
study was approved by the ethics committee of the Univer-
sity of Nouakchott, in Mauritania as stated by the ethics 
clearance letter No002/2020/CE/UNA. Written informed 
consent was obtained from all parents or legal guardians 
of the children. A questionnaire was used to collect demo-
graphic data and medical history of the subjects.

Molecular analysis

Blood samples were collected in EDTA tubes and used to 
extract genomic DNA by Qiagen DNA Blood Minikit pro-
cedure (QIAGEN Genomic DNA Handbook.2015). PCR 
reactions (20 µl) contained 1 µl (20–30 ng) of genomic 
DNA, 1 µl (10 µM) of each specific primer (5′-AGG​ATA​
ATA​ATT​GCT​ACT​GGC​AAA​A-3′ and5′-ATC​CCA​AAT​
ATT​CCT​TCA​CTG​TCT​T-3′),10 µl of AmpliTaqGold 360 
Master Mix (Life Technologies) and 7 µl of distilled water. 
The PCR program presented a DNA denaturation step at 
95  °C for 10 min followed by 35 amplification cycles 
(denaturation at 94 °C for 30 s, annealing at 53 °C for 
35 s and extension at 72 °C for 40 s) tailed by a 5 min 
final extension at 72 °C. PCR products were sequenced 
on capillary ABI3730 Genetic Analyzer (Applied Bio-
systems, California, USA). Data obtained were then 
matched with reference sequences of the LRTOMT gene 
(NM_001145309.4) using Seqscape3.0 software program 
package (Gene Codes, MI, and USA). Amino acid change 
was considered as potentially deleterious if predicted by 
(PolyPhen2, http://​genet​ics.​bwh.​harva​rd.​edu/​pph2), Sort-
ing Intolerant from Tolerant (SIFT, http://​sift.​jcvi.​org/) 
and Mutation Taster (http://​www.​mutat​ionta​ster.​org/). 
In families with multiple cases of deafness, DNA of one 

proband was sequenced. Sanger sequencing was then 
extended to available parents and all affected siblings car-
rying the mutation in homozygous state.

LRTOMT protein 3‑D structure modeling

The predicted tertiary structure of LRTOMT protein (AF-
Q8WZ04-F1) was obtained using AlphaFold protein struc-
ture database (https://​alpha​fold.​ebi.​ac.​uk/). Similarity 
between wild-type and mutated 3D structures of LRTOMT 
protein was explored by using UCSF Chimera version 1.15.

Results

Screening of exon7 in LRTOMT

Analysis of sequencing data from exon 7 of LRTOMT gene 
of the 128 selected patients showed only one biallelic mis-
sense variant (c.179 T > C;p.(Leu60Pro) in four (3.1%) 
unrelated patients. The genomic coordinates of the newly 
identified variant were Chr11(GRCh37):g.71817077 T > C; 
NM_001145309.4:c.179  T > C. Sequence alignment 
revealed that this variant was not reported before. Notably, 
the arginine residue was highly conserved through evolution 
among multiple-species (from Human to opossum consid-
ering 6 species) (Fig. 1). The variant was predicted to have 
deleterious effect on gene function by SIFT (score: 0.01) 
and a disease-causing effect by Mutation Taster (prob: 1). 
Exploration of effect of p.Leu60Pro on the predicted three-
dimensional (3D) structure of the encoded protein showed 
a disruption from an organized α helix in the wild protein, 
to a random conformation in the mutant form (Fig. 1). The 
healthy parents of the four patients in families (F7-DFN, 
F28-DFN, F31-DFN, F81-DFN) carried the mutation in het-
erozygous state and all affected children were homozygous 
for the variant. Three of the four patients had other affected 
relatives one presented no family history of HI. The four 
affected families originated from the Trarza region in south-
ern Mauritania (Figs. 2 and 3).

Cochlear implant outcome

Based on clinical assessment and audiological data, the 
proband of family F28-DFN, a 7-year-old boy, diagnosed 
with profound bilateral congenital deafness, received a coch-
lear implant fitted in the right ear. Now, aged 9 years, signs 
of auditory recovery are largely perceptible (Fig. 3) on the 
basis of his score on APCEI scale used to assess his com-
munication skill progress.

http://genetics.bwh.harvard.edu/pph2
http://sift.jcvi.org/
http://www.mutationtaster.org/
https://alphafold.ebi.ac.uk/
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Discussion

In this study, we identified a novel biallelic missense patho-
genic variant in exon 7 of LRTOMT gene in three Mauritanian 
children with family history of congenital deafness and one 
child with no other relative being affected. The variant was 
found in both girls and boys and only carriers at homozygous 
state showed the phenotype which supported an autosomal 
recessive segregation of the variant. Because of their higher 
number of inter-residue contacts, helices are known to toler-
ate sequence amino-acid changes without affecting their sec-
ondary structure [14]. As a result of this relative robustness, 

compared to strands and coils conformations, any variation in 
the helix organization was implied to be enough significant to 
cause alteration of the protein structure and therefore likely to 
affect its function. For instance, the wild residue Arg81 formed 
a salt bridge and hydrogen bonds between the helix and follow-
ing loop, central for the protein stability. Its substitution with 
glutamine c.242G > A in exon 7: (p.Arg81Gln) was found to 
disrupt the alpha helix resulting in local destabilization of the 
protein tertiary structure [12]. Although involving a radical 
structurally distinct, our variant (p.Leu60Pro), located in the 
same exon 7, appeared to be inducing a comparable disorgan-
izing effect on the protein alpha helix which likely resulted in 

Fig. 1   Sequencing data, alignment and prediction structural change 
in the p.Leu60pro of variant LRTOMT. A Electropherogram plots 
showing the reference sequence and the mutation in heterozygous and 
homozygous states. B Sequence alignment presenting conservation 
of the region of LRTOMT protein containing (Leu60) among various 
species. C LRTOMT protein tertiary structure modeling performed 

with Chimera, based on the AlphaFold prediction of the transmem-
brane O-methyltransferase (AF-Q8WZ0F1). (D) Localized structural 
change in the wild type alpha helix (Phe57, Leu59, Leu60, Val61, 
Thr63, Val61, Val64 and Leu65) (left) showing the breaking of the 
alpha helix induced by substitution of Leu60 by Prolin (right)
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the hearing impairment observed in the four patients of our 
cohort and also predicted for the (p.Arg81Gln) mutation [11]. 
Since the first reported case of direct involvement of proline in 
human diseases [15], mutant proteins for this amino acid have 
been implicated in the etiology of number of genetic disorders 
including non-syndromic recessive hearing impairment [16]. 

For instance, different studies showed that p.Ser50Pro and 
p.Thr56Pro variants, both consisting of replacement of wild 
amino acid by proline residue in connexin 50 (Cx50, GJA8), 
affected the protein contribution to the lens normal survival 
through angular restriction of α helix or β sheet secondary 
structure [17, 18]. Proline is indeed a distinctive amino acid 

Fig. 2   Pedigrees of affected children with family history. Segregation of the mutation pattern was compatible with autosomal recessive inherit-
ance. All cases originated from southern Mauritania (map top right)

Fig. 3   Pure-tone audiogram of 
a patient from family F28-DFN 
who received cochlear implant. 
Proband, indicated by an arrow, 
had profound hearing loss in 
both ears
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with a nitrogen atom covalently locked within a ring induc-
ing a unique constrained φ angle of approximately − 65° [19]. 
This irregular geometry disrupts protein secondary structure 
by steric hindrance i.e. in inhibiting the backbone to conform 
into a normal alpha-helix turn conformation. In addition, the 
lack of hydrogen on proline's nitrogen (proline cannot donate 
protons) prevents it from participating in hydrogen bonding 
essential for the helix structure. The apparent deleterious con-
sequence we observed (SIFT score (0.01) and disease-causing 
effect (prob: 1) by Mutation Taster) for this novel mutation 
was therefore likely due to a change of the protein second-
ary structure induced by the substitution to proline residue 
consisting in an alpha helix breaking. The wild type leucine 
residue was also located in an evolutionary highly conserved 
region [12] suggesting an important functional position of the 
residue (Fig. 1B). Modeling, using WHATIF server (http://​
swift.​cmbi.​ru.​nl) on rat COMT crystal structure as template for 
catechol-O-methyltransferase domain of the human LRTOMT2 
(NM_001145309.4) showed that common LRTOMT variants 
associated with non-syndromic recessive hearing impair-
ment led to hair cell degeneration process [9, 11, 20]. Close 
to p.Leu60Pro variant, various changes in the same exon 7 
were also associated with cases of moderate to profound con-
genital deafness making of this segment a mutation hot spot 
in the LRTOMT gene [10]. Besides the above homozygous 
c.242G > A (p.Arg81Gln) variant found in Tunisian, Libyan 
and Egyptian families [9, 20] we may also cite missense 
variants c.122G > A (p.Arg41Gln), c.193 T > C (p.Trp65Arg) 

in Morocco and Tunisia [11, 12] and a nonsense mutation 
c.208C > T (p.Arg70*), in Tunisia [11–13] (Table 1). In this 
ethnic context, we noticed that all four affected families carry-
ing the LRTOMT mutation (c.179 T > C;p.(Leu60Pro) identi-
fied in this report belonged to the Moors (Maures), a predomi-
nant racial group of the Mauritanian population. This group, 
of Berber-Arab origin, ethnically and culturally self identifies 
with the neighboring North Africa populations [21].

In a previous study, we detected GJB2 (MIM 121 011) 
variants in only 5 out of the 53 (9.4%) investigated families 
with congenital hearing impairment [8]. The present work 
showed that LRTOMT was also involved in hearing impair-
ment in our population (3.1%; 4/128). However, a limita-
tion of this study was that we have only screened exon 7 of 
LRTOMT. This screening only in exon 7 was mostly guided 
by very scarce findings of deafness associated variants in 
other exons reported by various studies in the region [9–13]. 
Indeed, a total of 14 pathogenic variants in exon 7 out of 18 
causal variants have presently been reported. Search in these 
sequences along multi-gene hear panel is underway to locate 
other deafness related variants in our families.

Conclusions

This study identified a novel biallelic predicted pathogenic 
variant (c.179 T > C;p.(Leu60Pro) in exon 7 of LRTOMT 
gene likely causing a localized alpha helix breaking in the 

Table 1   Overview of known 
pathogenic variants in the 
LRTOMT Gene and associated 
phenotypes

Report from Deafness variation Database (https://​deafn​essva​riati​ondat​abase.​org/​gene/​LRTOMT)
* is the stop codon
NA, not applicable; HL, Hearing loss

Exon number Variants Aminoacid change Phenotype Population Reference

7 c.96_109del p.Thr33Hisfs*57 Non syndromic-HL USA [22]
7 c.102G > A p.Met34Ile Non syndromic-HL Iran [23]
7 c.107del p.Pro36Leufs*12 Sensorineural-HL Iran [24]
7 c.122G > A p.Arg41Gln HL-severe Tunisia [12]
7 c.154C > T p.Arg52Trp Sensorineural-HL Pakistani [25]
7 c.161G > A p.Arg54Gln HL- moderate, Progressive Japan [10]
7 c.193 T > C p.Trp65Arg NA Tunisia [12]
7 c.208C > T p.Arg70* Non syndromic-HL Tunisia [13]
7 c.240G > T p.Glu80Asp Non syndromic-HL Iran [23]
7 c.241C > T p.Arg81Trp Non syndromic-HL Iran [23]
7 c.242G > A p.Arg81Gln Non syndromic-HL Matoco [23]
7 c.249C > G p.Phe83Leu Non syndromic-HL Czech [26]
7 c.333C > G p.Tyr111* Non syndromic-HL China [27]
7 C.179 T > C p.leu60Pro Non syndromic-HL Mauritania This study
8 c.473G > A p.Arg158His Non syndromic-HL China [27]
8 c.509_524del p.Ala170Alafs*20 Non syndromic-HL Iran [28]
9 c.566del p.Ile189Thrfs*8 HL- moderate, Progressive Japan [10]
9 c.655C > T p.Arg219* HL- severe to Profound China [29]

http://swift.cmbi.ru.nl
http://swift.cmbi.ru.nl
https://deafnessvariationdatabase.org/gene/LRTOMT
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LRTOMT protein. Being the single exon 7 variant identi-
fied in our patients underlined the significance of a genetic 
screening for this variant in the context of an accurate 
molecular diagnosis of hearing impairment or in assess-
ing the transmission of the disease in our population and, 
broadly, among Northern African populations.

Further hearing tests are still required to clearly estab-
lish the effect of early cochlear implant fitting on audition 
rehabilitation in patients carrying mutations in the LRTOMT 
gene. Screening for other parts of this gene or using multi-
gene panel in a larger population study is also recommended.
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