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The current work discusses the identification of a novel pathogenic mitochondrial DNA variant, m.4344T>C,
in tRNAGIn and its implications for patients with developmental delay. The variant was identified in an 18-months-
old boy with developmental delay, and it was found to be heteroplasmic in the patient’s blood and oral epithelial
cells. Functional studies demonstrated that the m.4344T>C variant impaired mitochondrial complexes I, 111, and
IV contents, resulting in defective mitochondrial respiration, elevated mitochondrial ROS production, reduced
mitochondrial membrane potential, and decreased mitochondrial ATP levels compared to wild-type cybrids. This
study expanded the genetic variant spectrum of mitochondrial diseases and provided a better understanding of
the phenotypes associated with mitochondrial tRNAGIn gene mutations, contributing to the clinical diagnosis of
developmental delay in patients with mitochondrial DNA variants.

B nacrosmeii pabote o0cyxkmaercst naeHTH(GHUKAIMSI HOBOTO TATOTeHHOTO BapraHTa MUTOXOHApranbHoi JTHK,
m.4344T>C, B tRNAGIn u ero 3Ha4eHue IS MALMCHTOB C 3aICPXKKOI pa3BuTHs. BapuaHTt ObLT HIeHTHOUIPOBAH
y 18-MecsiuHOTO ManBaMKa C 3aJep KKOH Pa3BUTHUS U OKa3aJICsl TeTePOIIa3MaTHUEeCKUM B KPOBH MAIMEHTa U 3IINTe-
JIMANTbHBIX KJIETKaX MoiocTh pra. OyHKIIMOHAIBHBIE UCCIIeI0BAHUSA ITOKa3alH, yTo BapuanT m.4344T>C napyuiaet
cofiep:kaHUue MUTOXOHApHaIbHbIX KoMmIraekcos I, I u IV, yTo mpuBOAUT K HAPYIIEHUIO MUTOXOHIPUAIIBHOTO JbIXa-
HUS, TOBBIIIEHHUIO IPOAYKITUH MUTOXOHApHATIBHBIX ADK, CHIDKEHHIO MOTEHIMAaIa MUTOXOHAPHAIIBHON MEMOpaHbI
1 CHIYKEHHIO YPOBHS MHUTOXOHApHaIbHOTO AT® 110 cCpaBHEHHIO ¢ TMOPHUIAMH IUKOTO THIIA. DTO HCCIIEIOBAaHNE Pac-
LIMPUIIO CIIEKTP TeHETHYECKUX BAPHAHTOB MUTOXOH/IPUAIIBHBIX 3a00JIEBAHUI M TO3BOJIMIIO JTy4lIe MTOHATH (DeHOTH-
ITBI, CBA3AaHHBIE ¢ MyTarusaMu reHa MutoxoHapruansHoi TPHKGIn, uTo crmocodcTBOBaNO KIMHUYECKOM AUAarHOCTHKE
3aJIep KK Pa3BUTHs Y ALIMEHTOB ¢ BapHaHTaMu MUTOXoHApHansHoi JTHK.

Keywords: myrauun mutoxonnpuansHoit TPHK, koMIuiekes! apixareabHON 1enu, GyHKIUs MUTOXOHAPHHA, MUTO-
XOHJIpHATbHBIC 3a00JIeBaHNS, THOPHTHBIC KIICTKH, CKOPOCTH MOTPEOICHHUS KACIOPOA.

Kniouesvie cnosa: mitochondrial mRNA mutations, respiratory chain complexes, mitochondrial function,
mitochondrial diseases, hybrid cells, oxygen consumption rate.
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The prevalence of mitochondrial diseases in the general population is estimated to be approximately 1 in 5,000
individuals [1]. Mitochondrial diseases are a group of genetic disorders caused by mutations in mitochondrial DNA and
nuclear DNA. These mutations can lead to defects in the mitochondrial oxidative phosphorylation (OXPHOS) system,
impacting various cellular functions and energy production processes [2]. Despite advancements in genetic testing and
sequencing technologies, many patients with mitochondrial diseases remain genetically undiagnosed, indicating that there
are likely undiscovered genetic mutations contributing to the disease.

The relationship between genetic variants and developmental delay, particularly in the context of mitochondrial
diseases, is crucial for understanding the underlying mechanisms of this condition. Genetic mutations in mitochondrial
DNA and nuclear DNA can lead to mitochondrial dysfunction, affecting various cellular processes and energy production
(fig. 1) [3-5]. In the case of the m.4344T>C variant identified in mitochondrial tRNAGIn from a patient with developmental
delay, this mutation impairs mitochondrial function by decreasing the contents of complexes I, III, and I'V. This impairment
results in defective mitochondrial respiration, elevated ROS production, reduced mitochondrial membrane potential, and
decreased ATP levels compared to wild-type cybrids. The genetic spectrum of mitochondrial diseases is diverse, with
mutations in genes encoding proteins involved in the oxidative phosphorylation (OXPHOS) system being commonly
associated with developmental delay.

The OXPHOS system plays a critical role in cellular energy production, and disruptions in this system due to genetic
variants can lead to developmental delays and other clinical manifestations of mitochondrial diseases.Overall, genetic
variants like the m.4344T>C mutation can directly impact mitochondrial function, leading to developmental delay through
mechanisms such as impaired energy production, oxidative stress, and compromised cellular processes. Understanding
the relationship between specific genetic variants and developmental delay is essential for advancing diagnostic methods
and potential therapeutic interventions for individuals affected by mitochondrial diseases.

The m.4344T>C variant is located in the anticodon stem of the tRNAGIn gene, leading to a disruption in the structure
and function of the tRNA molecule. This alteration can affect the efficiency of mitochondrial translation, leading to
impaired protein synthesis in the mitochondria. The reduced levels of functional mitochondrial proteins can disrupt
cellular energy production and overall mitochondrial function, contributing to developmental delays.

Individuals harboring the m.4344T>C variant often present with a spectrum of clinical symptoms, with developmental
delay being a prominent feature. Other common manifestations may include neurological deficits, muscle weakness, and
metabolic abnormalities. The severity and onset of symptoms can vary among affected individuals, highlighting the
heterogeneity of mitochondrial disorders associated with this variant.

Diagnosing developmental delays associated with the m.4344T>C variant can be challenging due to the variability
in clinical presentation and the overlap of symptoms with other mitochondrial disorders. Genetic testing, including
sequencing of the mitochondrial genome, is crucial for identifying the specific mtDNA variant. Additionally, functional
studies to assess the impact of the variant on tRNAGIn function can provide valuable insights into the pathogenicity of
the mutation.
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Figure 1 — Graphical overview of global working hypothesis for risk factors
and cellular/molecular processes that contribute to neurodegeneration

Currently, treatment options for developmental delays caused by the m.4344T>C variant are limited. Management
primarily focuses on supportive care to address the symptoms and optimize the overall well-being of affected individuals.
Research efforts are ongoing to explore potential therapeutic interventions targeting mitochondrial function and translation
efficiency to alleviate the clinical manifestations associated with this pathogenic variant.

The methods used in the study to determine the impact of the m.4344T>C variant on mitochondrial function included
the following:

1. Whole exome sequencing (WES) and mitochondrial genomic sequencing using Illumina HiSeq 2000 sequencer
to identify the pathogenic variants.

2. Collection of serum samples from the proband and his parents for next generation sequencing to identify the
pathogenic variants.

3. Generation of cybrid cells to perform functional assays.

4. Measurement of mitochondrial ATP levels to assess the impact of the mutation on ATP production.

5. Evaluation of mitochondrial membrane potential to determine the effect of the variant on membrane potential.

6. Assessment of mitochondrial ROS production to understand the impact of the variant on reactive oxygen
species levels.

7. Analysis of mitochondrial respiratory function, including oxygen respiration, OXPHOS complexes contents, and
basal respiration to evaluate the overall impact on mitochondrial function.

These methods collectively provided a comprehensive assessment of the impact of the m.4344T>C variant on
mitochondrial function (fig.2).

Figure 2 — Schematic diagram of monoclonal selection. Different 230 colors indicate different mutations in the mtDNA
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The study found that the m.4344T>C variant impaired mitochondrial function in several ways:

1. The mutant variant decreased the contents of mitochondrial complexes I, III, and IV, leading to defective
mitochondrial respiration.

2. It resulted in elevated mitochondrial ROS production, indicating increased oxidative stress levels.

3. The variant led to a reduction in mitochondrial membrane potential.

4. Mitochondrial ATP levels were significantly decreased in cells with the mutant variant compared to wild-type
cells, suggesting a decrease in cellular ATP levels.

5. The impaired mitochondrial respiratory function caused an increase in electron leakage, further contributing to
elevated oxidative stress levels.

6. Mutant cybrid cells exhibited elevated mitochondrial ROS levels, reduced mitochondrial membrane potential,
and decreased cellular ATP levels compared to wild-type cybrid cells, indicating severe impairment of mitochondrial
OXPHOS function.

The m.4344T>C variant identified in mitochondrial tRNAGIn from a patient with developmental delay was found
to significantly impact mitochondrial function by decreasing the contents of complexes I, I1I, and IV. This impairment
led to defective mitochondrial respiration, elevated ROS production, reduced membrane potential, and decreased ATP
levels compared to wild-type cybrids. The study expands the genetic variant spectrum of mitochondrial diseases and
enhances the understanding of phenotypes associated with mutations in the mitochondrial tRNAGIn gene. These findings
contribute to the clinical diagnosis and management of mitochondrial diseases by providing insights into the genetic basis
of developmental delays linked to mitochondrial dysfunction.

The m.4344T>C variant identified in mitochondrial tRNAGIn from a patient with developmental delay holds
significant importance in the context of mitochondrial diseases. This variant was found to impair mitochondrial function
by decreasing the contents of complexes I, III, and IV, leading to defective mitochondrial respiration, elevated ROS
production, reduced membrane potential, and decreased ATP levels compared to wild-type cybrids. The mutant loads
of m.4344T>C were notably high in the patient’s blood and oral epithelial cells. Furthermore, multialignment analysis
revealed the high evolutionary conservation of this nucleotide. The significance of the m.4344T>C variant lies in its
contribution to expanding the genetic variant spectrum of mitochondrial diseases. By elucidating the impact of this
variant on mitochondrial function and cellular processes, the study enhances the understanding of phenotypes associated
with mutations in the mitochondrial tRNAGIn gene. This knowledge is crucial for improving the clinical diagnosis and
management of mitochondrial diseases linked to mitochondrial dysfunction. Overall, the identification and characterization
of the m.4344T>C variant provide valuable insights into the genetic mechanisms underlying developmental delays
associated with mitochondrial tRNAGIn gene mutations, thereby advancing our understanding of mitochondrial diseases.

Functional studies demonstrated that the m.4344T>C variant affects the stability of the tertiary structure of
tRNAGIn, leading to inefficient protein translation. This impairment in protein synthesis within the mitochondria
results in compromised mitochondrial function, affecting energy production and cellular processes. Additionally, the
high evolutionary conservation of this nucleotide suggests its critical role in maintaining normal mitochondrial function.
Overall, the m.4344T>C variant disrupts mitochondrial complexes and impairs essential cellular processes, ultimately
contributing to developmental delay in affected individuals. By elucidating these mechanisms, this research enhances our
understanding of how specific genetic variants can lead to mitochondrial dysfunction and associated clinical manifestations.

The relationship between mitochondrial membrane potential and developmental delay is significant in the context of
mitochondrial diseases. The m.4344T>C variant identified in mitochondrial tRNAGIn from a patient with developmental
delay was found to decrease mitochondrial membrane potential compared to wild-type cybrids. This reduction in
membrane potential is a crucial aspect of mitochondrial dysfunction associated with this variant. Mitochondrial membrane
potential plays a vital role in cellular energy production and overall mitochondrial function. A decrease in membrane
potential, as observed in individuals with the m.4344T>C variant, can lead to impaired ATP production, disrupted cellular
processes, and increased oxidative stress due to elevated ROS production. These effects contribute to the pathogenesis
of developmental delay seen in patients with mitochondrial diseases linked to this specific genetic variant. Therefore, the
relationship between mitochondrial membrane potential and developmental delay lies in the impact of reduced membrane
potential on cellular energy metabolism, oxidative stress levels, and overall mitochondrial function. Understanding and
addressing these disruptions are crucial for elucidating the mechanisms underlying developmental delays associated with
mitochondrial dysfunction caused by genetic variants like m.4344T>C.

Further research is warranted to elucidate the intricate molecular mechanisms underlying the pathogenicity of the
m.4344T>C variant in tRNAGIn and its specific role in developmental delays. Investigating potential therapeutic targets
and personalized treatment approaches tailored to mitochondrial disorders associated with this variant holds promise for
improving clinical outcomes and quality of life for affected individuals.

In conclusion, the pathogenic mitochondrial DNA variant m.4344T>C in tRNAGIn is a significant contributor to
developmental delays, emphasizing the importance of comprehensive genetic and functional analyses in the diagnosis and
management of mitochondrial disorders. Continued research efforts are essential for advancing our understanding of this
variant and developing targeted interventions to address the complex clinical manifestations associated with it.
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