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Introduction/Scope
Mitochondrial DNA (mtDNA) is a 16,569 bp double-stranded circular molecule encoding 37 genes, including 13 respiratory chain subunits, 2 rRNAs and 22 tRNAs (Figure 1). Mutations in these genes

are implicated in disorders, defined as Mitochondriopathies (MCPs), which affect multiple organ systems 1, 2. In the past, Sanger sequencing- based approach has been applied to study the genetic defect

of individual genes, with only the 11% rate of success in identifying mitochondrial disorders. The advent of Next Generation Sequencing (NGS) technologies enable a comprehensive analysis of the

mitogenome and the identification of disease-causing variants on a single platform 3 (Figure 2). This study aimed to characterize mtDNA variations in patients with suspected mitochondrial diseases from

South Italy.
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Material and Methods
Whole mtDNA was sequenced in 100 patients clinically affected by MPCs using an amplicon-based enrichment strategy followed by deep sequencing on the Ion Torrent platform (Thermo Fisher

Scientific, Waltham, MA, USA). Bioinformatics pipelines and filtering criteria were applied to detect rare nonsynonymous variants (MAF <1%). Structural analyses were performed for selected variants

(Figure 3, 4).

Results and Discussion
Analysis identified 26 rare nonsynonymous variants that could be associated with hereditary optic neuropathies in many patients where no alterations in the common genes associated with diverse

pathological phenotypes have been found, thereby expanding the mutational spectrum of mitochondrial diseases (Table 1) (Figure 5). Among the variants, we detected the m.9124A>G; T200A on the

MT-ATP6 gene in patient affected by MELAS. This novel mutation was further investigated by 3D structural modeling, supporting a potential functional impact. Indeed, this new mutation could induce a

chain distortion in the alpha- helical H6 motif, highlighting the contribution of this novel variant to disease pathogenesis in the studied cohort (Figure 6).

Figure 1. Mitochondrial Genome. Key structural features and genes of mitochondrial genome. Figure 2. Mitochondrial DNA Sequencing. Current strategies for the amplification and sequencing of the entire mitochondrial genome.

Figure 3. Next Generation Sequencing Workflow. Whole mitochondrial DNA sequencing and bioinformatic pipeline for the detection and annotation of

mitochondrial variants

Conclusions
This work provides new insights into mtDNA variability in South Italian patients with mitochondrial disorders. Deep sequencing proved to be a reliable and cost-effective strategy compared to traditional

methods, enabling comprehensive detection of mitogenome variants and paving the way for the creation of a genomic landscape of mitochondrial DNA alterations in human diseases.
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Figure 5. Variants discovered across the whole mtDNA.

Representation of the found variations spanning the entire mtDNA

associated with the clinical phenotypes reported by clinicians.
Table 1. Non- synonymous variants discovered in this study. List of some new non- synonymous variants

detected, including the new MT-ATP6 T200A. Abbreviations P: Pathogenic; LP: Likely Pathogenic; B:

Benign; LB: Likely benign; VUS: Variant of Uncertain Significance.

Figure 6. The ATP synthase 3D structure subunit. Panel A shows the position of the new

mutated amino acidic residue and the wild type protein (red). Arrows indicate alpha-helix portion

carrying the residue of interest. The yellow dashed lines indicate the hydrogen-bonds. The blue

alpha helix indicate the d H6 motif.

Figure 4. In silico investigation

of protein structures. Artificial

Intelligence (AI) System Alpha 

Fold used to accurately predict a 

protein’s 3D structures. 


