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Pathogenic variants of mitochondrial tRNA genes remain poorly understood in the context of the study of the etiology of hearing loss, despite the
fact that they are one of the important causes of syndromic and non-syndromic hearing impairment as well as aminoglycoside-induced hearing loss.
In this work, we searched for pathogenic variants of the mtDNA MT-TS1 gene in patients with hearing impairments in Buryatia. One rare variant
m.7445A>C was found in the MT-TS1 gene out of five investigated variants in one patient (1/165; 0.6%). This variant is localized in the coding
region of two genes the MT-CO1 (H-chain) and MT-TS1 (L-chain), but on different mtDNA chains. However, a pathogenetic role for the m.7445A>C
substitution has been shown for the MT-TS1 gene, but not for the MT-CO1 gene. In databases, the m.7445A>C variant is associated with non-
syndromic hearing loss, including those caused by aminoglycoside antibiotics. A comparative genotype-phenotypic analysis of our case and four
cases with m.7445A>C of the MT-TS1 gene described earlier in the literature showed that hearing loss in all cases is not congenital, but at the same
time varies in severity with low penetrance. The results obtained indicate the involvement of other modulating factors in the clinical manifestation
of hearing impairment associated with this variant. Thus, further study of rare variants of MT-TS1 gene will contribute to our understanding of the
pathogenetic mechanisms of mitochondrial forms of hearing loss.
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Introduction. Hearing impairment is
one of the most common sensory pa-
thologies. The worldwide prevalence of
congenital hearing loss and deafness is
estimated as 1 per 1000 newborns [6].
It is known that up to 50% of congeni-
tal deafness has an inherited etiology
[18; 4]. Currently, more than 120 genes
are known to be associated with hearing
impairment [18; 4; 7]. About 75% of all
cases of non-syndromic hearing loss are
autosomal recessive forms, 10-15% -
autosomal dominant and 1-2% — X-linked
recessive and mitochondrial forms [18;
4; 15]. Despite the low contribution of
pathogenic variants of the mitochondrial
genome, they have wide clinical variabil-
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ity and are associated with various forms
of hearing loss [2; 15], including hearing
loss induced by aminoglycoside antibiot-
ics [5; 16; 14; 22; 15].

The MT-TS1 gene encodes the mi-
tochondrial serine tRNA (UCN), which
is involved in mitochondrial protein
biosynthesis processes [11]. Current-
ly, according to ClinVar database, 34
variants have been described in the
MT-TS1 gene, 12 of which are annotat-
ed as pathogenic and likely pathogenic
https://www.ncbi.nlm.nih.gov/clinvar/?ter-
m=MT-TS1 [gene]). Among them, four
variants are associated with non-syn-
dromic deafness (OMIM:500008), MERF
syndrome (OMIM:545000) and MELAS
(OMIM:540000), mitochondrial  cyto-
chrome c oxidase deficiency with neu-
rologic features (OMIM:590080.0003),
palmoplantar keratoderma and deafness
(OMIM:590080.0002), as well as exer-
cise intolerance with muscle pain and
lactic acidemia (OMIM:590080.0008).
Most of the pathogenic variants
of the MT-TS1 gene (7 out of 12)
are associated with hearing loss:
m.7443A>G (rs397507452), m.7445A>T
(rs199474818), m.7445A>C (rs199474818),
m.7445A>G  (rs199474818), m.7471dup
(rs111033319), m.7510T>C (rs199474820)
and m.7512T>C (rs199474817).

In the DNA diagnosis of hereditary
hearing loss, pathogenic mitochondrial
DNA variants are included in the research
protocols in a limited number and in most
cases search for only one mitochondri-

al variant m.1555A>G of the MT-RNR1
gene. In Russia, analysis of the clinically
relevant nuclear genes (GJB2, SLC26A4,
and STRC), followed by a whole exome
sequencing, is most commonly per-
formed for DNA diagnosis of hereditary
hearing loss [20]. Previously, mitochon-
drial variants of the MT-RNR1 and MT-
TS1 genes were studied only in one re-
search with a multi-ethnic sample of pa-
tients (n=410) with non-syndromic senso-
rineural hearing loss (Russians, Tatars,
Bashkirs, Yakuts, Altaians, and Kazakhs)
[1]. However, the pathogenetic role of
the variants found in the MT-RNR1 and
MT-TS1 genes, except for m.1555A>G of
the MT-RNR1 gene, remained undefined.
In this regard, the aim of this study was
to investigate pathogenic variants of the
MT-TS1 gene in patients with hearing im-
pairment in the Republic of Buryatia.

Materials and methods. Study sam-
ples. Atotal of 165 hearing-impaired peo-
ple were included in the study, with an av-
erage age 48.73 years old in the Repub-
lic of Buryatia. Nationality of the studied
were represented in approximately equal
proportions by Buryats (47.9%) and Rus-
sians (46%), the remaining 6.1% were
Mongols, Nanai, Evenks, Chuvashes,
Uzbeks and Germans.

Clinical and audiological analysis.
Hearing impairment was determined by
threshold tone audiometry using a MAI-
CO ST 20 audiometer (Germany) by air
conduction at frequencies 0.25, 0.5, 1.0,
2.0, 4.0, 8.0 kHz and by bone conduc-
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Fig. 1. Identification of the m.7445A>C variant in the MT-TS1 gene in a patient with non-syndromic hearing loss.

Note. A - electrophoregram of RFLP analysis: M - molecular weight marker, 1 - sample with substitution in positions m.7443 A and m.7445A,
2-7 - samples without replacement, 8 - control sample not treated with Xbal enzyme; B - chromatogram section of MT-TS1 gene sequence with
m.7445A>C variant.; C - audiogram of proband; D - fragment of pedigree of patient with m.7445A>C in MT-TS1 gene, proband marked by arrow.

tion and at frequencies 0.25, 0.5, 1.0, 4.0
kHz in 5.0 dB steps. Severity of hearing
loss was defined by the average hearing
threshold at 0.5;1.0;2.0;4.0 kHz, accord-
ing to the WHO classification: mild - 26-
40 dB, moderate — 41-70, severe — 71-
90, profound - >90 dB.

Molecular genetic analysis. Ge-
nomic DNA samples were isolated
from venous blood, using the phe-
nol-chloroform method. The search for
m.7443A>G (rs397507452), m.7445A>G
(rs199474818), m.7445A>C (rs199474818)
and m.7445A>T (rs199474818) variants
was performed by PCR-RFLP using Xbal
restriction endonuclease [10] (Fig. 1, A).
Based on the results of PCR-RFLP anal-
ysis, Sanger sequencing was performed
for samples lacking the Xbal restriction
site at positions m.7443 and m.7445 (Fig.
1, B). Restriction endonuclease Hinfl was
used to identify the m.7510T>C variant
(rs199474820) by PCR-RFLP [19].

Ethical control. Surveys for this re-
search were performed after informed
written consent of the participants. This
study was approved by the Local Com-
mittee on Biomedical Ethics at YSC CMP
in 2019 (Yakutsk, Minutes no. 7 of 27 Au-
gust 2019).

Results and discussion. In this
study, among 165 patients with hearing
loss in the Republic of Buryatia 5 of 7
known pathogenic variants of MT-TS1
gene associated with non-syndromic
hearing loss, including those induced by

aminoglycoside antibiotics, were studied:
m.7443A>G, m.7445A>C, m.7445A>G,
m.7445A>T and m.7510T>C. The oth-
er two variants of the MT-TS1 gene are
not included in this study because the
m.7512T>C variant is associated with
MERF (OMIM:545000) and MELAS
(OMIM:540000) syndromes, and the
m.7471dup variant is associated with cy-
tochrome ¢ oxidase deficiency and neu-
rologic features (OMIM:590080.0003).
Only the m.7445A>C variant was found
in one patient in the study sample, with
an incidence of 0.6% (1/165). In the
world, m.7445A>C occurs with a rather
low frequency — in China from 0.04%
(1/2651) [13] to 0.11% (1/887) [12], in
Mongolia 0.42% (2/480) [8], in Russia
0.19% (1/520) [1].

The patient with the identified variant
m.7445A>C was diagnosed with bilateral
severe sensorineural hearing loss (Fig-
ure 1, C). The patient was 51 years old
at the time of the study. From the anam-
nesis, it is known that the age of onset of
hearing loss was 3 years after antibiotic
treatment. Patient studied at a school for
the deaf and hard of hearing (Ulan-Ude),
does not wear hearing aids in daily life,
and use speech and sign language in
communication. Genealogical analysis
of the patient with variant m.7445A>C
showed the absence of other affected
family members, which can be interpret-
ed as a low penetrance of this variant
(Fig. 1, D).

The pathogenic variant m.7445A>C
in the MT-TS1 gene is associated
with non-syndromic mild hearing loss
(OMIM:500008), including that caused
by aminoglycosides (OMIM:580000) [14;
8; 17; 22]. Other substitutions at position
m.7445, adenine (A) for guanine (G) and
thymine (T), have also been described as
pathogenic variants [3; 21; 9; 14; 17; 22].
Position m.7445A (Figure 2, A) is local-
ized in the coding region of two genes: at
the 3'-end of the MT-TS1 gene (L-chain
mtDNA) encoding the serine tRNA pre-
cursor (UCN) and at the 3'-end of the MT-
CO1 gene (H-chain mtDNA) encoding
cytochrome ¢ oxidase subunit 1 [21]. On
the L-chain, position m.7445 is part of the
3'-endonuclease (3-RNase Z) process-
ing site, so replacing adenine with cyto-
sine (A>C) leads to a failure in the serine
tRNA precursor (UCN) processing (Fig-
ure 2, B) [21; 14; 17]. The exact patho-
genic mechanism has been described
for the m.7445A>G variant [21 and 9].
However, a similar failure of serine tRNA
precursor (UCN) processing can occur
with other nucleotide substitutions at the
m.7445A position [14]. On the H-chain,
in the MT-CO1 gene, an adenine to cy-
tosine substitution (A>C) results in the
loss of the stop codon with the addition
of three amino acids to the C-terminal of
the polypeptide (Fig. 2, B), which is not
thought to result in a functionally signif-
icant change in the protein [21; 14; 22].

The phenotypic effect of mitochon-
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Fig. 2. Effects of adenine (A) to cytosine (C) substitution at position m.7445 for MT-TS1 gene (L-chain) and MT-CO1 gene (H-chain).

Note. A - Position of MT-CO1 (H-chain) and MT-TS1 (L-chain) genes in normal, B - serine pre-tRNASer(UCN) processing and serine pre-tRNA
structure in normal; C - Loss of stop codon in MT-CO1(H) gene at m.7445 substitution A>C and disruption of serine pre-tRNA processing; D - Struc-
ture of serine pre-tRNA when m.7445A>C is replaced. Figure adapted from [Guan et al., 1998 and Levinger et al., 2004].

Phenotypes of patients with the pathogenic variant m.7445A>C in the M7-TS1 gene
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drial variants on auditory function is
highly heterogeneous and depends on
the proportion of mutant and normal
mtDNA copies in certain tissues, on the
energy dependence of tissues, as well
as on the role of modulators, in particu-
lar aminoglycosides [16]. Therefore, we
performed a comparative analysis of the
phenotypes of our case and four cases
with m.7445A>C previously described in
the literature (Table 1). In total, clinical
data from five patients were included in
the analysis [8; 14; 17; 1]. In most stud-
ies, the pathogenic variant m.7445A>C
is found in the homoplasmy. The level of
hearing impairment of patients ranged
from mild to profound hearing loss with
an age of manifestation ranging from 1
to 10 years. Only one patient in the pres-
ent study had a history of antibiotic use.
Hearing impairment due to the disease,
however, has also been reported in pa-
tients from Mongolia, while no information
about the disease or the use of medica-
tion has been described in other papers
(Table 1). In general, for most families
with m.7445A>C, the authors observed
a low penetrance. According to some re-
searchers, the biochemical defects asso-
ciated with the m.7445A>C variant alone
probably do not cause hearing impair-
ment, which may be reflected in low pen-
etrance. In this case, modifiers, in par-
ticular — antibiotics with ototoxic effects
[14], associated with damage of hair cells
as well as non-sensory cells modulating
their function, leading to nerve damage
and affecting auditory perception may
play a significant role.

Conclusions. The m.7445A>C patho-
genic variant in the MT-TS71 gene was
detected at a frequency of 0.6% in deaf
patients from the Republic of Buryatia,
which generally corresponds to the rel-
atively low frequency of this variant in
previously studied Asian regions (0.04%
to 0.42%). Analysis of phenotypes of
patients with this variant from different
regions showed that hearing loss is not
congenital in all identified cases, but var-
ies in severity. For the majority of cases
associated with m.7445A>C of the MT-
TS1 gene, low penetrance was shown,
indicating the likely involvement of other
modulating factors in the clinical manifes-
tation of hearing loss. Thus, further study

of rare MT-TS1 gene variants will contrib-
ute to our understanding of the pathogen-
ic mechanisms of mitochondrial forms of
hearing loss.

This work was carried out within the
framework of the State Assignment of the
Ministry of Science and Higher Education
of the Russian Federation (FSRG-2023-
0003).

Reference

1. Dzhemileva L.U., Posukh O.L., Tazetdi-
nov A.M. [et al.] Analiz genov 12S rRNA i tR-
NASer(UCN) mtDNK u bol'nyh nesindromal'noj
sensonevral'noj tugouhost'yu/gluhotoj iz ra-
zlichnyh regionov Rossii [Analysis of 12S rRNA
and tRNASer(UCN) mtDNA genes in patients
with nonsyndromic sensorineural hearing loss/
deafness from various regions of Russia]. Gene-
tika [Genetics. 2009; 45(7): 982-991 (In Russ.).]

2. Xue L, Chen Y, Tang X [et al.] A deaf-
ness-associated mitochondrial DNA mutation
altered the tRNASer(UCN) metabolism and mi-
tochondrial function. Mitochondrion. 2019; 46:
370-379. doi: 10.1016/j.mito.2018.10.001.

3. Reid F.M., Vernham G.A., Jacobs H.T.
A novel mitochondrial point mutation in a ma-
ternal pedigree with sensorineural deafness.
Hum Mutat. 1994; 3(3): 243-7. doi: 10.1002/
humu.1380030311.

4. Del Castillo F.J., del Castillo I. DFNB1
Non-Syndromic Hearing Impairment: Diversity
of Mutations and Associated Phenotypes. Front.
Mol. Neurosci. 2017; 10: 428.

5. Estivill X, Govea N, Barcelo E [et al.] Fa-
milial progressive sensorineural deafness is
mainly due to the mtDNA A1555G mutation
and is enhanced by treatment of aminoglyco-
sides. Am J Hum Genet. 1998; 62(1): 27-35. doi:
10.1086/301676.

6. Marazita M. L., Ploughman L.M., Rawlings
B. [et al.] Genetic epidemiological studies of ear-
ly-onset deafness in the U.S. school-age popu-
lation. Am.J.Med.Genet. 1993; 46: 486—491.

7. Del Castillo I, Morin M, Dominguez-Ruiz
M, Moreno-Pelayo M.A. Genetic etiology of
non-syndromic hearing loss in Europe. Hum
Genet. 2022; 141(3-4): 683-696. doi: 10.1007/
s00439-021-02425-6.

8. Pandya A, Xia X.J., Erdenetungalag R [et
al.] Heterogenous point mutations in the mito-
chondrial tRNA Ser(UCN) precursor coexisting
with the A1555G mutation in deaf students from
Mongolia. Am J Hum Genet. 1999; 65(6): 1803-
6. doi: 10.1086/302658.

9. L. Levinger, O. Jacobs, M. James. In vi-
tro 3'-end endonucleolytic processing defect
in a human mitochondrial tRNA(Ser(UCN))
precursor with the U7445C substitution, which
causes non-syndromic deafness. Nucleic Ac-
ids Res. 2001; 1;29(21): 4334-40. doi: 10.1093/
nar/29.21.4334.

10. Fischel-Ghodsian N, Prezant T.R.,
Fournier P. [et al.] Mitochondrial mutation asso-
ciated with nonsyndromic deafness. Am J Oto-

laryngol. 1995; 16(6): 403-8. doi: 10.1016/0196-
0709(95)90078-0.

11. Levinger L, Mérl M, Florentz C. Mito-
chondrial tRNA 3' end metabolism and human
disease. Nucleic Acids Res. 2004; 11;32(18):
5430-41. doi: 10.1093/nar/gkh884.

12. Zheng J, Bai X, Xiao Y [et al.] Mitochon-
drial tRNA mutations in 887 Chinese subjects
with hearing loss. Mitochondrion. 2020; 52: 163-
172. doi: 10.1016/j.mit0.2020.03.005.

13. Tang X, Zheng J, Ying Z. [et al.] Mito-
chondrial tRNA(Ser(UCN)) variants in 2651
Han Chinese subjects with hearing loss. Mi-
tochondrion. 2015; 23: 17-24. doi: 10.1016/j.
mito.2015.05.001.

14.Jin L, Yang A, Zhu Y [et al.] Mitochondrial
tRNASer(UCN) gene is the hot spot for muta-
tions associated with aminoglycoside-induced
and non-syndromic hearing loss / // Biochem
Biophys Res Commun. 2007; 14;361(1): 133-9.
doi: 10.1016/j.bbrc.2007.06.171.

15. Lott M.T., Leipzig J.N., Derbeneva O. [et
al.] mtDNA variation and analysis using MITO-
MAP and MITOMASTER. Current Protocols in
Bioinformatics. 2013; 44(123): 1.23.1-26. PMID:
25489354 URL: http://www.mitomap.org

16. Guan M.X., Yan Q, Li X [et al.] Mutation in
TRMU related to transfer RNA modification mod-
ulates the phenotypic expression of the deaf-
ness-associated mitochondrial 12S ribosomal
RNA mutations. Am J Hum Genet. 2006; 79(2):
291-302. doi: 10.1086/506389.

17. Chen J, Yuan H, Lu J [et al.]Mutations at
position 7445 in the precursor of mitochondrial
tRNASer(UCN) gene in three maternal Chinese
pedigrees with sensorineural hearing loss. Mi-
tochondrion. 2008; 8(4): 285-92. doi: 10.1016/].
mito.2008.05.002.

18. Morton P.C., Nance W.E. Newborn
Hearing Screening - A Silent Revolution. New
England Journal of Medicine. 2006; 20(354):
2151-2164. doi: 10.1056/NEJMra050700.

19. Hutchin T.P., Thompson K.R., Parker M.
[et al.] Prevalence of mitochondrial DNA muta-
tions in childhood/congenital onset non-syn-
dromal sensorineural hearing impairment. J
Med Genet. 2001; 38(4): 229-31. doi: 10.1136/
jmg.38.4.229.

20. Shatokhina O., Galeeva N., Stepanova A.
[et al.] Spectrum of Genes for Non-GJB2-Relat-
ed Non-Syndromic Hearing Loss in the Russian
Population Revealed by a Targeted Deafness
Gene Panel. Int. J. Mol. Sci. 2022; 23: 15748.
https://doi.org/10.3390/ijms232415748.

21. Guan M.X., Enriquez J.A., Fischel-Ghod-
sian N. [et al.]. The deafness-associated mito-
chondrial DNA mutation at position 7445, which
affects tRNASer(UCN) precursor processing,
has long-range effects on NADH dehydro-
genase subunit ND6 gene expression. Mol
Cell Biol. 1998; 18(10): 5868-79. doi: 10.1128/
MCB.18.10.5868.

22. Usami S.I., Nishio S.Y. Nonsyndrom-
ic Hearing Loss and Deafness, Mitochondrial.
2004 Oct 22 [updated 2018 Jun 14]. GeneR-
eviews® [Internet]. Seattle (WA): University
of Washington, Seattle. 1993-2023. PMID:
20301595. Available from: https://www.ncbi.nlm.
nih.gov/books/NBK1422/



