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Mutations in mitochondrial DNA (mtDNA) have been associated with many pathological conditions 
including cardiovascular diseases. In the present study we have evaluated the mutations in the mitochondrial 
tRNA genes for leucine, threonine and proline in the patients with coronary artery disease (CAD). It 
included a large family with 11 cases and 29 healthy individuals. Mitochondrial tRNA genes were PCR 
amplified and analyzed for nucleotide sequences. Mutations were identified and the variants of genes 
were evaluated for structural variations by in silico analysis. Pathogenicity of individual tRNA variants 
was determined by molecular docking analysis and application of scoring systems such as MSeqDR, 
MitoTIP, HMTVar and PON-mt-tRNA. Four tRNA gene mutations including tRNALeu (m.12285T>C, 
m.12308A>G), tRNAThr (m.15928G>A), and tRNAPro (m.15968T>C) were identified, m.12285 T>C and 
m.15968T>C being novel with respect to CAD. Score based pathogeniety analysis of tRNA variants with 
MSeqDR, MitoTIP, HMTVar and PON-mt-tRNA have suggested that the variants were either likely or 
possibly polymorphic. Molecular docking studies of variants have shown significant difference in their 
structure, binding position and binding affinities with corresponding amino acyl tRNA synthetase. In 
silico results with structural abnormalities and molecular docking studies reflecting a failure of tRNA 
variants to bind the corresponding enzymes designate the potential role of identified variants in CAD 
pathogenicity. We have identified CAD specific variants in tRNA genes. These studies provide tRNA 
variants that can be applied for the early detection and screening of young populations for CAD. 

INTRODUCTION

Defects in mitochondria lead to disorders such as 
learning disabilities, dementia, respiratory disorders, 
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growth reduction, muscle failing, neurological issues, visual 
problems, loss of muscle coordination, heart diseases and 
hearing impairments (Nunnari and Suomalainen, 2012). 
Among the cellular organelles mitochondria are unique 
for their ability to produce energy in the form of ATP 
and perform many other cellular functions (Margineantu 
and Hockenbery, 2016).  Mitochondrion is only organelle 
which is regulated synchronously by nuclear and its own 
genome (Couvillion et al., 2016). Human mitochondrial 
genome is compact and no introns are present in the 
protein coding genes. The human mitochondrial genome 
is circular, double-stranded similar to that of a typical 
bacterium and consists of 16569 bp (D’Souza and 
Minczuk, 2018).  Overall, there are 37 genes, 22 genes 
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coded for tRNAs, 2 genes for rRNAs and 13 encoded for 
proteins. Approximately, 1500 mitochondrial proteins are 
encoded by the nuclear genome which contribute as the 
part of mitochondrial proteome (Heidari et al., 2022).  The 
small mitochondrial genome is present as multiple copies 
in the cells which is maternally inherited (Palmer et al., 
2021).

Having no histones (protective proteins), with limited 
repair capabilities, and being placed in close vicinity with 
the membrane associated with electron transport chain 
-the main source of reactive oxygen species (ROS), the 
mitochondrial genome is 10 to 20% more susceptible to 
mutations as compared to the nuclear genome (Lee et al., 
2023). Human mitochondrial genome mutations lead a 
broad range of disorders and defects in oxidative energy 
metabolism (Frazier et al., 2019). Some disorders are 
linked with the somatic mutations such as ageing, cancer 
and neurodegenerative diseases (Young and Copeland, 
2016).  Pathogenic mitochondrial DNA mutations cause 
from 15% to 25% diseases with abnormal oxidative 
phosphorylation (Kanungo et al., 2018). It has been 
investigated that protein synthesis by tRNA molecules 
and mutations make it possible to play a fundamental 
role in mitochondrial pathologies (DiMauro, 2019). There 
are reports describing the association of tRNA genes 
for proline, leucine and isoleucine with mitochondrial 
dysfunction and pathologies (Wang et al., 2016; Kraja et 
al., 2019).  The mutations in tRNA genes cause a broad 
range of abnormalities for example gastrointestinal 
dysmotility, encephalopathy, cardiomyopathy and hearing 
loss (Suzuki, 2021).

Cardiovascular diseases (CVDs) represent a group 
of cardiac pathogenic conditions with defects in the 
blood circulatory system. Coronary artery disease (CAD), 
atherosclerosis and hypertension are rapidly growing 
pathologies (Mi et al., 2023). CAD is one of the most 
abundant CVDs affecting more than 100,000 people in 
China and 502,000 in the USA annually (Pencina et al., 
2019; Abd El-Wahab, 2021). There are complicated 
associations of environmental factors, lifestyle and gene 
mutations to promote the disease pathology (Sliwa et al., 
2024). Genome-wide study in central Asia and European 
countries identified numerous genetic loci which are 
associated with CAD (Wang et al., 2016; Heidari et al., 
2022). CAD is one of maternally inherited common 
diseases having a link with mutations in mtDNA encoded 
tRNA genes. A specific mutation 15928G>A has been 
reported in up to 80% subjects with CAD (Hippen et al., 
2021; Ding et al., 2023). We have a systematic mutation 
screening project for the mtDNA of subjects from 
Northern Pakistani families suffering from epilepsy and 
heart diseases (Nadeem et al., 2019). The present study 

describes the study of a combined family of patients with 
CAD. The subjects with maternally transmitted CAD were 
selected from the Cardiac Clinic of DHQ Hospitals, Khyber 
Pakhtunhwa, Pakistan. This study was designed at the 
screening of mt tRNA genes for leucine 2, threonine, and 
proline (MT-TL2, MT-TT and MT-TP). Through in silico 
analysis, the impact of mutations were determined on the 
tRNA structures and their association with pathogenicity 
were evaluated.

MATERIALS AND METHODS 

Enrollment of patients and families
It was analytical and cross sectional study and family 

having CAD patients were diagnosed through X-ray and 
ECG by professional doctors. The selected family members 
were notified about the aims and objectives of study. The 
consent form and questionnaire were filled by head of 
family to approve their contribution in an investigation and 
publication of data. For detailed information about cousin 
marriages and decease members, a pedigree of family was 
constructed (Fig. 1). The details for each member of family 
about diseases and treatment were also recorded (Table I).

Fig. 1. A family pedigree with CAD. Affected individuals 
are indicated by filled symbols. An arrowhead denotes 
mutants.

Sampling and PCR amplification of target DNA
Blood samples were collected from the patients and 

other family members. DNA was extracted using Proteinase 
K and phenol chloroform based method. Nanodrop and gel 
electrophoresis procedures were performed to determine 
the quality and quantity of DNA. Finally, labelled samples 
were stored at -20ºC (Table II). The following set of 
primers were used for the PCR amplification of tRNA 
genes under optimized PCR conditions modified from 
the method provided with the PCR kit (Thermo Fisher 
catalogue No. 10572014). 
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Table I. Clinical and biochemical data for pedigrees of 
complete family.

Sub-
jects

Gen-
der

Age 
(Years)

Ob-
serva-
tion

Diagnosis Systolic/ 
diastolic 
mm/Hg

LVD RVD

II-1 M 90 N N 130/85 45 20
II-2 F 80 CAD ECG, X-ray 140/90 55 30
II-3 M 85 N N 135/80 40 18
II-4 F 72 CAD ECG, X-ray 140/90 52 26
II-5 M 75 CAD ECG, X-ray 130/85 50 29
II-6 F 82 CAD ECG, X-ray 140/90 53 28
II-7 M 70 N N 145/95 40 12
II-8 F 78 N N 130/90 38 15
III-1 M 62 N N 125/83 39 13
III-2 F 59 N N 122/81 37 16
III-3 M 63 N N 140/90 42 15
III-4 F 58 CAD ECG, X-ray 110/70 50 30
III-5 M 60 CAD ECG, X-ray 125/82 55 29
III-6 F 56 N N 120/90 50 20
III-7 M 50 CAD ECG, X-ray 150/90 49 20
III-8 F 51 N N 135/95 46 18
III-9 M 48 N N 140/85 43 20
III-10 F 45 N N 130/90 38 25
III-11 M 35 CAD ECG, X-ray 140/90 52 25
III-12 F 30 N N 135/85 47 18
III-13 M 30 N N 130/90 41 17
III-14 F 27 CAD ECG, X-ray 130/70 49 30
III-15 M 40 N N 130/85 45 12
III-16 F 38 CAD ECG, X-ray 150/95 50 26
IV-1 M 19 N N 120/80 35 18
IV-2 M 25 N N 120/85 37 20
IV-3 M 26 N N 120/90 45 13
IV-4 M 24 N N 120/80 39 12
IV-5 F 21 N N 130/85 41 15
IV-6 F 19 N N 120/90 47 14
IV-7 M 25 N N 130/80 46 10
IV-8 F 20 N N 120/85 40 18
IV-9 F 16 N N 120/80 39 20
IV-10 M 22 N N 125/80 37 25
IV-11 F 20 N N 120/80 47 24
IV-12 M 15 CAD ECG, X-ray 130/90 48 25
IV-13 M 13 N N 120/80 39 16
IV-14 F 23 N N 125/80 40 12
IV-15 F 20 N N 120/85 43 9
IV-16 M 18 N N 120/80 42 13

Table II. Primers for PCR amplification of the mt-
tRNA genes. The primers were selected partly from 
D-Loop region to encompass tRNA gene with number of 
nucleotides sufficient for nucleotide sequence analysis.

Target 
gene 

Primer 
ID

Primer sequence (5'-3') Prod-
uct size

tR-
NALou

MT-13F TTTACCACAACACAATGGG 525bp
           R GCTCAGTGTCAGTTCGAGATA

tRNAT MT-21F ATCGGAGGACAACCAGTAAGC 320bp
           R TGATGGGTGAGTCAATACTTGG

tRNA 
Pio

MT-22F ATCGGAGGACAACCAGTAAGC 320bp
           R TGATGGGTGAGTCAATACTTGG

Detection of mutations by sequence analysis
The PCR products were analyzed by 1% agarose gel 

electrophoresis. Purified PCR products were commercially 
analyzed for nucleotide sequences from biological 
technology department of TSINGKE Chengdu (China). 
Further alignment studies were carried out through online 
DNA analysis tools like NCBI Blast and Ugene. The 
nucleotide sequences obtained were compared with rCRS 
(Revised Cambridge Reference Sequence).

Cross-validation of deleterious effect of mutations by com-
putational tools

PON-mt-tRNA, a multi-factorial probability-based 
prediction tool, was used for classification of newly 
observed human mt-tRNA mutations. It integrates machine 
learning prediction together with evidence of biochemistry, 
histochemistry, and segregation, to compute the posterior 
probability of pathogenicity. This method displayed high 
performance with Accuracy and Matthews Correlation 
Coefficient (MCC) of 1.00 and 0.99, respectively. It 
accepts input as the comma separated single query with 
mitochondrial genome location, reference nucleotide, and 
new nucleotide; output score ranges from 0 to 1, following 
increasingly deleterious pattern. Variations are classified 
into five classes that is, variants of uncertain significance, 
neutral, likely neutral, likely pathogenic, and pathogenic. 
Mitochondrial tRNA Informatics Predictor (MitoTIP, 
Philadelphia, PA, http://journals.plos.org/ploscompbiol/ 
article? id=10.1371/ journal.pc bi.1005867), is another tool 
for predicting pathogenicity of novel mitochondrial tRNA 
variants, which was effectively employed in our analysis 
to have combinatorial optimization of in silico predictions. 
MitoTIP is based on multiple sources of information for 
prediction of the likelihood that novel single nucleotide 
variants in tRNA encoding sequences would cause disease 
(Nadeem et al., 2019; Sonney et al., 2017). Upon query, 
the predictive algorithm incorporates an estimation of the 
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importance of a position across all known mitochondrial 
tRNAs using data from publically available databases (like 
MITOMAP and GenBank); the output ranges from 5.9 to 
21.8 (Supplementary data). 

Secondary structure prediction of mutated genes
RNA structure webserver is a tool to predict RNA 

secondary structures with lowest free energy and base 
pair probabilities. The server to predict RNA secondary 
structure combines four separate prediction and analyzed 
algorithms which is, finds structures with most predictable 
accuracy, expects a lowest free energy structures, 
calculates the function separately and pseudoknot (if any) 
prediction. RNA sequence takes by server and generates 
an extremely possible, annotated cluster of secondary 
structures, opening with the minimum free energy 
structure and including different probabilities of accuracy. 
Four mutant sequences (m.12285T>C, m.12308A>G, 
m.15928G>A and m.15968T>C) were submitted to the 
server for comparative structure analysis.

Prediction of RNA secondary and 3D structures 
For the prediction of mitochondrial tRNA secondary 

structure, the RNAfold webserver (Lorenz et al., 2011), 
was used. The generated 2D structures were used in dot-
bracket format for the generation of normal and mutant 
tRNA 3D structures using the automated RNA structure 
3D Modeling server (RNA composer) was used for the 
prediction of mitochondrial tRNA 3D  (Antczak et al., 
2016; Rovcanin et al., 2020). 

Protein 3D structures determination
The crystal structures of human tRNA synthetase 

were obtained from RCSB PDB, including the crystal 
structure of human prolyl-tRNA synthetase (PDB ID: 
4HVC), the crystal structure of human threonyl-tRNA 
synthetase (PDB ID: 4HWT), and the crystal structure of 
human leucyl-tRNA synthetase (PDB ID: 6KIE). The 3D 
structures of tRNA synthetase were prepared for docking 
by the addition of hydrogen atoms, other hetero atoms 
were deleted. Ionization states were generated at pH 7.0 
± 2.0 using EPIK in Maestro. Eventually, water molecules 
were removed, and protein-energy was minimized using 
the OPLS3e force field (Roos et al., 2019).

Sequence and 3D structure alignment 
The generated 3D of normal and mutant tRNA were 

aligned using Prime 2.0 interface in Maestro according to 
Schrodinger, LLC, New York, NY, USA) (Schrödinger, 
2020), the superposition was used for structures alignment 
to all residues was used for alignment and root mean 
square deviation (RMSD) calculation. 

Protein-RNA docking 
The standard mode of protein and nucleic acid 

docking in Maestro was used for docking of mutant and 
normal tRNA with their corresponding tRNA synthetase 
with a maximum number of poses 30, the best poses were 
further analyzed for residues interaction using the fully 
automated Protein-Ligand Interaction Profiler (PLIP) 
(Salentin et al., 2015). 

RESULTS

Subjects
In present study 40 individuals were enrolled from 

an interrelated family. All the investigated patients had 
symptoms of CAD and hypertension in their family history.

Genes and mutations
Analysis of the mt-tRNA genes in patients with 

CAD led us to identify 4 mutations: The nucleotide 
sequence analyses have indicated four point mutations 
including m.12285T>C, m.12308A>G, m.15928G>A and 
m.15968T>C (Fig. 2). The mutations m.12285T>C and 
m.15968T>C are new to literature, while the other two have 
been reported representing the heteroplasmic condition.

 A B C D 

    

Fig. 2. The comparative analysis of affected with 
revised Cambridge Reference Sequence (rCRS) of 
human mitochondrial tRNA genes indicating mutations 
12285T>C, 12308A>G, 15928G>A and 15968T>C.

Score based evaluation of tRNA variants for pathogenicity, 
validation by in silico predictive tools

Pathogenicity of mitochondrial tRNA variants was 
determined by MitoTIP and PON-mt-tRNA. For the 
evaluation of benign and pathogenic nature of tRNA 
variants MitoTIP (Mitochondrial tRNA Informatics 
Predictor) was applied (Sonney et al., 2017). The identified 
mt-tRNA variations were also classified by using the PON-
mt-tRNA (a multifactorial probability-based prediction 
method) (Yarham et al., 2011; Niroula and Vihinen, 2016). 
All the four variants were reported to be deleterious by 
MitoTIP and PON-mt-tRNA. The difference in the degree 
of predicted deleteriousness is due to the fact that both 
tools work on different algorithms/principles and consider 
diverse factors. However, the computational predictive 
tools strongly support that the mutations show different 
types of variation (Table III). The scores from both of the 
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Table III. List of mutations identified in CAD patients and their pathogenicity predictions by MSeqDR, MitoTIP, 
HMTVar and PON-mt-tRNA.

tRNA 
variants

MSeqDR Mito TIP PON-mt-tRNA HMTVar
Score Prediction Score Prediction Score Prediction Score Prediction

T12285C 0.200 Polymorphic 1.39 Likely benign 0.12 Neutral 0,30 Likely polymorphic
A12308G 0.00 Possibly pathogenic 11.85 Possibly benign 0.19 Likely Neutral 0.40 Likely pathogenic
G15928A 0.00 Possibly benign 2.46 Likely benign 0.41 Neutral 0.2 Polymorphic
T15968C 0.300 Polymorphic 7.54 Likely benign 0.13 Neutral 0.28 Likely polymorphic

above procedures were compared to determine the level 
of pathogenicity of variants identified in the present study 
(Table IV).

Table IV. Root Mean Square Deviation (RMSD) of 
normal and mutant tRNA aligned structures.

Variant RMSD
tRNA Pro variant U13C 7.16 Å
tRNA Leu variant U20C 22.7 Å
tRNA Leu2 variant A43G 2.5 Å
tRNA Thr variant G40A 3.75 Å

Predicted secondary structures of mt tRNA genes 
The harmful impact of the variants nucleotide could 

be understood by particular secondary structure of mutant 
models. Two or three structures generated by RNA structure 
webserver, in which one with minimum free energy was 
selected. Four mutant models that are, m.12285T>C, 
m.12308A>G, m.15928G>A and m.15968T>C were 
observed (Fig. 2), with disruptive confirmation that could 
possibly change the role of mt.tRNA genes which lead to 
pathogenic phenotype (Figs. 3, 4).

Fig. 3. Secondary and tertiary structures of tRNA variants 
indicating the mutations and 3D structure. 

In silico evaluation of mutated tRNA genes
The generated 3D structures of normal and mutant 

tRNA were aligned by the Prime tool, as shown in (Fig. 4). 
The tRNALeu2 variant U20C showed a big deviation from 
the normal structure with RMSD 22.7 Å, tRNA Pro variant 

U13C showed a high RMSD (7.16Å) when compared to the 
normal structure.  The tRNALeu2 variant A43G and Thr variant 
G40A showed the least deviation from normal structures 
with RMSD 2.5 and 3.75 Å, respectively (Table IV).

 

A 

B 

C 

D 

 

 

 

 

Fig. 4. Superimposition of normal (Green) and mutant 
(White) mtRNA (A). tRNAPro variant U13C (B). tRNALeu2 

variant U20C (C). tRNALeu2 variant A43G (D). tRNAThr 

variant G40A.

123
Highlight
were generated 

123
Strikeout



6                                                                                        

Unco
rre

cte
d Proof

F. Khan et al.

 

A B 

  

Fig. 5. 3D structure of the interaction of Leucyl- tRNA 
synthetase with tRNALeu2 (A). The normal with tRNA Leu2 

with a close-up view of the normal residue (U20) (B). The 
mutant with tRNALeu2 with a close-up view of the mutant 
residue (C20).

 
A B 

  

Fig. 6. 3D structure of the interaction of prolyl- tRNA 
synthetase with tRNAPro (Red) (A). The normal tRNA Pro 
with close-up view of the normal residue (U13) (B). The 
mutant tRNAPro (Red) with close-up view of the mutant 
residue (C13).

Molecular docking of tRNAs with aminoacyl-tRNA 
synthetase

Sequence alignment of normal and tRNA variants 
have shown four mutations resulting in tRNA Leu variant 
U20C, tRNAPro variant U13C, tRNALeu variant A43G, and 
tRNAThr variant G40A (Table III; Supplementary Fig. S1). 
Molecular docking of normal and mutant tRNA showed a 
lot of differences in interaction and positioning of amino 
acyl synthetase and tRNAs. The molecular docking of 
normal (U20) and variant (C20) of tRNALeu have shown 
significantly different pattern of interaction with Leucyl- 
tRNA synthetase (Fig. 5), (Supplementary Tables SI, 
SII and SIII). The normal tRNAPro, U13C, has shown 22 
H-bonds with prolyl-tRNA, while the corresponding 
variant tRNA 13C has only 19 bonds. However, the binding 
pattern with enzyme was entirely different for both types of 
tRNA molecules (Fig. 6). The docking analysis of normal 
(A43) tRNALeu2 exhibited one hydrogen and two alkyl 

bonds with Lys965 of tRNA binding enzyme, with a small 
distance of 2.66Å, 2.20 Å, and 3.0 Å, respectively (Fig. 
6). Simultaneously, the variant (G43) lacks the interaction 
with Leucyl- tRNA synthetase (Fig. 7). The threonyl-tRNA 
synthetase showed different interaction and positioning 
with its corresponding normal and mutant tRNAThr.  Five 
H-bonds were unique with the normal tRNAThr, includes 
Lys358 and C30, Leu691 and U13, Arg722 and A12, 
Val728 and A9, and Gln751 with C65. While the mutant 
tRNAThr exhibited three unique H-bonds:  Glu731 with 
A60, Arg740 with G62, and with Lys750 A66 (Fig. 8).

 

A 

B 

  

Fig. 7. 3D structure of the interaction of Leucyl- tRNA 
synthetase with tRNALeu2 (A) The normal with tRNALeu2 

with a close-up view of the normal residue (A43) (B). The 
mutant with tRNALeu2 with a close-up view of the mutant 
residue (G43).

Fig. 8. 3D structure of the interaction of threonyl- tRNA 
synthetase with tRNAThr (red) (A). The normal with 
tRNAThr with a close-up view of the normal residue (G40) 
(B). The mutant with tRNA tRNA Thr with close-up view of 
the mutant residue (A40).

DISCUSSION

CVDs are the leading cause of human death 
worldwide (Benjamin et al., 2019). CAD is a serious 
threat to human health causing 1 out of 7 deaths in the 
USA (Thomas et al., 2021; Blumenthal et al., 2021). 
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This is the type of heart diseases affecting about 25% 
individuals globally and the leading death cause in the 
western hemisphere (Sundaram et al., 2020). It leads to 
myocardial infarction, heart failure and sudden death that 
is recorded 50% in men and 64% in women. CAD has 
been associated with a combined or quantitative impact 
of multifactorial environmental conditions, psychological 
status and hereditary factors. Several risk factors 
associated with CAD include serum lipids, diabetes, blood 
ceramides, lifestyle and hypertension (Roth et al., 2019; 
American College of Cardiology, 2020). Studies have 
established an association of family history and genetics 
with CAD, both factors may increase 40 to 60% chances 
of disease incidence. The genetic factors contribute as the 
quantitative polygenic effect in the development of CAD 
(Nikpay and Mohammadzadeh, 2020). Mitochondrial 
DNA mtDNA4977 deletion, 16189T>C, 15928G>A and 
T16519C have been associated with CAD (Heidari et al., 
2020). Similarly several tRNA gene mutations have been 
confirmed for associated pathogenicity in CAD patients 
(Kessler et al., 2021). We have evaluated a family with 
history of CAD for mt tRNA gene mutations (Fig. 1). Total 
40 individuals were recruited in the study after signing the 
consent forms, 11 of these subjects were diagnosed for CAD 
based on different diagnostic parameters and family history 
was recorded (Table I). Three genes tRNALeu, tRNAPro 
and tRNAThr were PCR amplified and fragment size was 
confirm for each by agarose gel electrophoresis. Purified 
PCR products were commercially analyzed for nucleotide 
sequences and mutations in the above gene sequences 
were detected by peak correction. We identified tRNALeu 
(m.12285T>C, m.12308A>G), tRNAThr (m.15928G>A), 
and tRNAPro (m.15968T>C) variants (Fig. 2). The variants 
m.12285 T>C and m.15968T>C are novel with respect 
to CAD and other two m.12308A>G and m.15968T>C 
have already been reported among the CAD patients 
(Heidari et al., 2020; Shemiakova et al., 2020). None of 
these mutations was detected in the healthy subjects from 
this family. The scores from MitoTIP and PON-mt-tRNA 
analysis were compared to determine the pathogenicity 
levels of variants identified in the present study (Table III). 
All the four variants were found to be deleterious up to 
different levels (Din et al., 2021; Fu et al., 2021). RMSD 
(root mean square deviation) based comparison of normal 
and mutant tRNA genes by structural alignment analysis 
has shown significant structural differences between the 
normal and variant tRNA genes (Figs. 3, 4, and Table 
IV). The comparison between normal and mutant tRNA 
Leu2 variant A43G and tRNAThr variant G40A showed the 
least RMSD as compared to the variants tRNAPro variant 
U13C and tRNALeu2 variant U20C, the last having major 
difference (Figs. 3, 4, Table IV). Usually RMSD zero, 

indicate identical structures, and when this value increases, 
indicate structures become more different (Meng et al., 
2021). Clear differences in the position of interaction 
between tRNA variants with the active site of amino acyl 
synthetase. Normal tRNALeu (U20) and its identified variant 
(C20) have shown significant difference of interaction 
with Leucyl-tRNA synthetase (Fig. 5, Supplementary 
Tables SI, SII, SIII). Similarly, normal tRNAPro (U13) 

and its corresponding identified variant tRNAPro (13C) 
have shown different binding pattern with prolyl-tRNA 
(Fig. 6). Normal tRNALeu (A43) has shown hydrogen and 
alkyl bonds with Lys965 of tRNA binding enzyme, with a 
distance of 2.66Å, 2.20 Å, and 3.0 Å, respectively (Fig. 
7A). Simultaneously, the interaction of tRNA variant 
(43G) with Leucyl-tRNA synthetase is entirely different 
(Fig. 7B). Normal tRNAThr (G40) has shown five H-bonds 
with the active site of corresponding enzyme. However, 
the variant tRNAThr (40A) exhibited three unique H-bonds 
(Fig. 8). Hindrance in the proper binding of tRNA variants 
with their corresponding enzymes in the cellular systems 
has been associated with pathology of various conditions 
(Srinivas et al., 2021), including cardiovascular diseases 
(Ni et al., 2021).

CONCLUSION

The effect of known mutations on tRNA structure was 
estimated by online biological software and detailed in 
silico studies. The software based prediction studies have 
shown variable results, mostly indicating non-pathogenic 
effects of variants identified in the present study. However, 
the disruptive secondary and 3D structures of variants 
suggest mitochondrial dysfunction or pathogenic effect. 
Further studies for the in vivo confirmation of pathogenic 
role of these four tRNA gene variants are required.
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