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ABSTRACT

According a recent report by Heidari et al., a mutational screening for candidate pathogenic mitochon-
drial tRNA (mt-tRNA) mutations were performed in 45 Iranian patients with non-dystrophic myotonia
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(NDM) and 70 control subjects. Through PCR amplification and direct sequence analysis, nine mt-tRNA

mutations were identified: tRNAM®' T4454C, tRNAT™ A5568G, tRNA® T5794C, tRNA*® A10438T and
T10462C, tRNAYCUN) A12308G, tRNA™" A15907G, A15924G and G15928A. However, through the data-
base searches and phylogenetic conservation analysis, we noticed that the tRNA™™ A15924G, G15928A
and tRNAMYCYN A12308G mutations should be classified ‘pathogenic’. Thus, the roles of mt-tRNA
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mutations in clinical expression of NDM needed to be further experimentally addressed.

Introduction

Myotonia was a genetically and heterogeneous disease due
to the electrical hyper-excitability of muscle fibers (Morales
and Pusch 2019). Non-dystrophic myotonia (NDM), a com-
mon type of myotonia, had been estimated to be approxi-
mately 1 in 100,000 according to a recent report (Snyder
et al. 2015). To date, the etiology of NDM was still poorly
understood. It was well established that high-energy consum-
ing tissues such as muscular and nervous systems were
exclusively dependent on the ATP generation by mitochon-
dria; therefore, mitochondrial dysfunction may play an
important role in NDM. In fact, mitochondrial proteome con-
sisted of at least 1500 proteins of which 13 were encoded by
the mitochondrial DNA (mtDNA) genes (Taylor et al. 2003),
furthermore, mtDNA encoded 22 tRNAs and two rRNAs.
Although the mitochondrial tRNA (mt-tRNA) genes comprised
only a small fraction of the mitochondrial genome, however,
contributed disproportionately to the etiology of mitochon-
drial diseases (Chinnery and Hudson 2013). To date, over 200
different pathogenic mutations had been mapped to mt-
tRNA genes (http://www.mitomap.org/MITOMAP) (Ruiz-Pesini
et al. 2007), emphasizing the importance of mt-tRNAs for
mitochondrial function.

The clinical and molecular diagnosis of mitochondrial dis-
eases may be achieved by mtDNA sequence analysis for
known pathogenic mt-tRNA mutations. Nevertheless, a poor
genotype to phenotype correlation was very common, as in
the case of tRNAMS' T4454C (Wang et al. 2014) or
tRNAeUN) 77501C mutation (Ding and Huang 2016).

Most recently, Heidari et al. (2020) and colleagues investi-
gated the relationship between mt-tRNA mutations and non-

dystrophic myotonia (NDM) in a cohort of 45 Iranian patients
and 70 controls. Through genetic amplification of 22 mt-tRNA
genes and Sanger sequence analysis, they identified nine mt-
tRNA mutations: tRNAY'®" T4454C, tRNA™™ A5568G, tRNA®*
T5794C, tRNA*Y  A10438T and T10462C, tRNA"CUN
A12308G, tRNA™ A15907G, A15924G and G15928A, and
regarded the tRNA*"9 A10438T as a potential pathogenic
mutation for NDM simply because this mutation was statistic-
ally significance between NDM and control groups (p < 0.05).
However, the pathogenicity of these mt-tRNA mutations
remained mysterious. In this study, we examined the genetic
susceptibility of these mt-tRNA mutations and further dis-
cussed the relationship between these mutations and clin-
ical phenotype.

Materials and methods
Database searches

We carried out the literatures searches for the presence of
these nine mt-tRNA mutations via Pubmed Central (https://
pubmed.ncbi.nim.nih.gov) and other public resources
(Mitomap database: www.mitomap.org) (Lott et al. 2013) with
the following keywords: ‘mitochondrial tRNAMS' T4454C
mutation’; ‘mitochondrial tRNA™  A5568G  mutation’;
‘mitochondrial tRNA®® T5794C mutation’; ‘mitochondrial
tRNA"™ A10438T mutation’; ‘mitochondrial tRNA*® T10462C
mutation’; ‘mitochondrial tRNAMYCUN)  A12308G mutation’;
‘mitochondrial tRNA™ A15907G mutation’; ‘mitochondrial
tRNA™™  A15924G mutation; or ‘mitochondrial tRNA™"
G15928A mutation’ to identify the case-control studies
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Figure 1. The secondary structure of nine mt-tRNA mutations, arrow indicated the mutation positions.

published to date on the association between these nine
mutations and various clinical diseases.

Phylogenetic analysis

To determine the evolutionary conservation of the candidate
pathogenic mutations, a phylogenetic approach was per-
formed. Briefly, a total of 15 organisms’ mtDNA sequences
were used for this analysis. Moreover, the conservation index
(Cl) was compared the human mtDNA variations with other
14 species. Notably, the CI > 75% was believed to have func-
tional potential (Levin et al. 2013).

Structure analysis

The tRNAM' T4454C, tRNAT™ A5568G, tRNA®® T5794C,
tRNA*Y  A10438T and T10462C, tRNA"UUN A12308G,
tRNA™ A15907G, A15924G and G15928A mutations were
individually analyzed using the published secondary struc-
tures for the mt-tRNAs with the stem and loop structure
(Suzuki et al. 2011).

Determining the pathogenicity

We further utilized the updated pathogenicity scoring system
to assess these mt-tRNA mutations based on the criteria that

generated by Yarham et al. (2011). Notably, if the total scores
of the mutation <6, it was classified as ‘neutral polymorph-
ism’, if the scores of the mutation were 7-10, it belonged to
‘possibly pathogenic’, 11-13 points (not including evidence
from single fiber, steady-state level, or trans-mitochondrial
cybrid studies), it belonged to ‘probably pathogenic’; >11
points (including evidence from single fiber, steady-state
level or trans-mitochondrial cybrid studies) it was classified as
‘definitely pathogenic'.

Results
Molecular features of nine mt-tRNA mutations

Heidari et al. (2020) identified nine sequence variants in mt-
tRNA genes by using PCR and direct sequence. As shown in
Figure 1, these mutations include the T4454C in the T-loop
of tRNAMe (position 58), A5568G in the T-stem of tRNA'™
(position 62), T5794C in the anticodon stem of tRNA®® (pos-
ition 33), T10462C (position 66) in the acceptor arm and
A10438G (position 37) in the anticodon stem of tRNA”™,
A12308G in the variable region of tRNA*UCN (position 44),
A15907G (position 22) in the D-stem; A15924G (position 39)
and G15928A (position 43) in the anticodon stem of tRNAT™
(Florentz et al. 2003). Of these, the T10462C mutation dis-
rupted the 7 A-66T base-pairing, the A12308G mutation cre-
ated a new base-pairing (25 A-37T), while the A15924G and
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Acc-stem D-stem D-loop D-stem

Organism

15

Homo sapiens

ACTTTTA  AA  GGAT  AACAGCT ATCC A
Mus musculus ACTTTTA TA GGAT  AATAGTA ATCC A
Rattus norvegicus ACTITTA TA GGAT  AGAAGTA ATCC A
Cebus albifrons GCTTTTA  AA  GGAT  AGTAGTT ATCC A
Pongo pygmaeus ACTTTTA AA  GGAT  AACAGCT ATCC C
Bos taurus ACTTTTA AA  GGAT  AGTAGTTT ATCC G
Sus scrofa ACTTTTA  AA  GGAT  AACAGCT ATCC G
Phoca vitulina ACTTTTA  AA GGAT  AGAAGTA ATCC A
Kogia breviceps ACTITTA  AA GGAT  GGTAGTT ATCC G
Gorilla gorilla ACTTTTA  AA GGAT  AACAGCT ATCC A
Orycteropus afer ACTTTTA TA GGAT  AGTAGTA ATCC G
Zaglossus bruyjni ACTTTTA  AA  GGAT  AAAAGTC TICC A
Ornithorhynchus anatinus ACTTTTA AA  GGAT  AAAAGTC TTCC A
Dromiciops gliroides ACTTTTA  AA GGAT  AATAGTA ATCC A
Microtus kikuchii ACTITCA  TA GGAT  AGGAGTA ATCC G

12308
::::‘ Ac-stem rcgi-on T-stem T-loop T-stem Acc-stem
58 61
TIGGT CTTAGGC CCCAA AAAT  TTTGG  TGCAACT CCAAA  TAAAAGT A
TIGGT CTTAGGA ACCAA AAAC CTTGG  TGCAAAT CCAAA  TAAAAGT A
TIGGT CTTAGGA ACCAA AAAC CTTGG  TGCAACT CCAAA  TAAAAGT A
TIGGT CTTAGGA GCCAA AAAT  ATTGG  TGCAACT CCAAA  TAAAAGC A
TIGGT CTTAGGA CCCAA AAAT TTTGG TGCAACT CCAAA  TAAAAGT A
TIGGT CTTAGGA ACCAA AAA ATTGG TGCAACT CCAAA  TAAAAGT A
TIGGT CTTAGGA ACCAA AAA ATTGG TGCAACT CCAAA  TAAAAGT A
TIGGT CTTAGGA ACCAA AAA ATTGG  TGCAACT CCAAA  TAAAAGT A
TIGGC CTTAGGA GCCAA AAA ATTGG  TGCAACT CCAAA  TAAAAGT A
TIGGT CTTAGGA (CCCAA AAAT  TTTGG  TGCAACT CCAAA  TAAAAGT A
TTGGT CTTAGGA ACCAA AAA ATTGG TGCAACT CCAAA  TAAAAGT A
TTGAC CTTAGGA GTCAA AAAC TTTGG  TGCAATT CCAAA  TAAAAGT A
TTGAC CTTAGGA GTCAA AAGC TTTGG TGCAATT CCAAA  TAAAAGT A
TIGGT CTTAGGA ACCAA AAAC TTTGG TGCAACT CCAAA  TAAAAGT A
TIGGT CTTAGGA ACCAA AAA CTTGG TGCAACT CCAAA  TGAAAGT A

Figure 2. Sequence alignment of mt-tRNA"*“““N) gene from 15 different species, arrow indicated the position 44, corresponding to the A12308G mutation.

associated with CPEO, stroke and breast cancer risk (Pulkes
et al. 2000; van den Ouweland et al. 1992; Covarrubias et al.
2008). While the tRNA™ A15924G mutation had been
regarded as a risk factor for lethal infantile mitochondrial
myopathy (LIMM) and fatal infantile respiratory enzyme defi-
ciency (Brown et al. 1992; Yoon et al. 1991). Furthermore, the
heteroplasmic tRNA™ G15928A mutation was believed to
play an important role in multiple sclerosis (MS) and
Parkinson’s Disease (PD) (Mayr-Wohlfart et al. 1996; 1997;
Simon et al. 2000). Thus, we supposed that the A12308G,
A15924G and G15928A mutations may lead to a failure in
mt-tRNAs metabolism, and consequently result the impair-
ment in mitochondrial protein synthesis (Fox 2012). In fact,
the pathogenicity scoring system indicated that besides the
A12308G, A15924G and G15928A mutations, others should
be regarded as ‘neutral polymorphisms’ (Yarham et al. 2011).
According to these observations, we believed that the
possible molecular mechanism underlying the A12308G,
A15924G and G15928A mutations in clinical expression of
NDM may be as follows, first of all, these mutations altered
the secondary structure and affected the steady-state levels
of corresponding tRNAs, subsequently, these mutations may
lead to the failure in tRNA metabolism such as CCA addition,
aminoacylation, or defects in tRNA modifications. As a result,
mitochondrial protein synthesis may be affected by these
events and the respiratory chain functions impaired, thus, the
ATP declined and ROS increased, which led to mitochondrial
dysfunction that was involved in the pathogenesis of NDM.
Most recently, several studies had been reported on the
associations between mt-tRNA mutations and mitochondrial
disorders, as in the cases of T4454C variant and hypertension
(Wang et al. 2014), the C15891T variant and Leber's

Hereditary Optic Neuropathy (LHON) (Jiang et al. 2016), the
tRNAP"® C628T variant and hearing loss (Zhu et al. 2015).
Although we believed that mt-tRNA mutations played
important roles in NDM, a call for more carefully reassess-
ment of the dataset seemed necessary. The main limitation
of the current study was the lack of functional analysis for
these pathogenic mutations; further studies were needed to
verify this conclusion.
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