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INTRODUCTION

Large deletions in the mitochondrial genome are a significant contributor to mitochondrial
diseases. The proportion of mitochondrial DNA (mtDNA) carrying these large deletions is a
critical factor in determining phenotype and clinical outcomes. In this retrospective study, we
aim to explore low-level large deletions In young patients that may contribute to
mitochondrial diseases.
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METHODS

A long-term study of mitochondrial genome wide variants was performed using a Next
Generation Sequencing (NGS) based platform; long-range PCR was used to specifically
amplify and enrich mitochondrial DNA, followed by NGS. NGS data was processed using 100 150 200 25&293;%%8) 350 400 450 500
bioinformatic pipelines to call single nucleotide variants (SNV) and large deletions

throughout the mitochondrial genome. SNVs and small indel variants can be confidently
called at heteroplasmic levels as low as 1.5%. Copy number variations (CNVs) can be identified
simultaneously using NGS read depth analysis. MLPA was used to confirm the large deletion
and estimate the fraction of deficient mtDNA.
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Low-level Large Deletions in Young Patients
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RESULTS

We conducted mitochondrial whole-genome testing on over 10,000 clinical samples. Among
them, 6.5% cases exhibited large deletions in mitochondrial genomic regions, with 4.6% of
these cases also testing positive for pathogenic or likely pathogenic SNVs. Out of the cases
solely positive for large deletions, 82% displayed phenotypes at least partially consistent with
mitochondrial diseases. Among these, ~50% of samples had low-level deletions detected by
NGS sequencing and confirmed by MLPA. 39% of patient cases with low-level deletions were
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Example of Large Deletion younger than 30 years old.
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) o . It has been reported that a biochemical deficiency may not be observed unless the large
T T SO S T S N deletion fraction exceeds 60%, and low-level deletions of muscle mtDNA are known to occur

with age in healthy individuals. However, within our study cohort, a significant proportion of
young patients exhibit low-level heteroplasmic large deletions. This phenomenon could result
from the clonal effect causing biological impact being significantly diluted in the tested sample
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"l_I[.'".'" T l!l i Lo {ere e B e T IR AR .ﬁl or may be attributed to tissue specificity. A single large low-level mitochondrial DNA deletion
P e T S e e e T R T i e R e e in young patients may indicate an early phase of disease progression; to ensure accurate
diagnosis, affected tissues such as muscle instead of blood are recommended for testing.
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L . bl ) - I e -; Considering that mitochondrial disorders may be caused by molecular defects in nuclear
| | " _—- HTH m m_ | genes, sequence analysis of specific nuclear genes may also be indicated. Employing a
combination test Involving mitochondria-related gene testing with mitochondrial
genome-wide testing or utilizing WGS that sequences the entire human nuclear genome and
Example of Single Nucleotide Variant mitochondrial genomes simultaneously could provide opportunities to reveal the etiologies of
dual genomes in patients.

@

File Genomes View Tracks Regions Tools Help

Human (hg38) v | chrM v | | chrM:7,769-7,877 o B <« » Od = 2 | Eorerrrrrnh R @ f erences
= 1.Poulton J, Mitochondrial DNA and genetic disease, Bioessays. 1992 Nov; 14(11): 763-8
i 1mehp < 2.Wong LJ, Comprehensive molecular diagnosis of mitochondrial disorders: qualitative and quantitative approach, Ann NY Acad Sci.
| i ks | - i | o | 2004 Apr; 1011: 246-58
R :g: 3.Wong LJ, Molecular genetics of mitochondrial disorders, Dev Disabil Res Rev. 2010; 16(2): 154-62
@ 2360486C.. — O X ici
see— | _ cl 4.Wang J, et. al., An Intrgrated approach for classifying mitochondrial DNA variants: one clinical diagnostic laboratory’s experience,
c Total count: 52219 AACAEE%ACATAAGCATCCTT AAA Genet Med. 2012 Jun: 14(6): 620-6
A : 77 (0%, 59+, 18-) iCi
T ¢ 2100 ¢4, 1059+, 1050-) & b.Tang S, et. al,, Transition to next generation analysis of the whole mitochondrial genome: a summary of molecular defects,

G : 95 (0%, 25+, 70-)
T : 49038 (96%, 25662+, 24276-)
N:0

Hum Mutat. 2013 Jun: 34(6):882-93

6.McCormick EM et. al., Specifications of the ACMG/AMP standards and guidelines for mitochondrial DNA variant interpretation,
Hum Mutat. 2020 December ; 41(12): 2028-2057.

7.Katatana M, et. al., Deleted mitochondrial DNA in the skeletal muscle of aged individuals, Biochem Int., 1991 Sep;25(1):47-56.
8.Hsieh RH, et. al., Biochem Mol Biol Int. 1994 Apr;32(6):1009-22.

o
3

Presented at the UMDF Mitochondrial Medicine Conference, June 26-29, 2024, Cleveland, Ohio, USA




