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MITOCHONDRIAL DNA HETEROPLASMY IN DISEASE:
DIAGNOSTIC CHALLENGES AND EMERGING THERAPEUTIC
STRATEGIES
M. Rustamova
Tashkent state medical university

Mitochondrial DNA differs fundamentally from nuclear DNA in that pathogenic
mutations frequently exist in a heteroplasmic state, meaning that wild-type and
mutated mitochondrial genomes coexist within the same cell, tissue, and
individual, with the proportion of mutated to wild-type molecules varying
considerably between different organs of a single patient and even between
family members carrying the identical mutation. Clinical disease manifestation
typically follows a threshold effect, in which biochemical and clinical symptoms
emerge only once the proportion of mutated mitochondrial DNA within an
affected tissue exceeds a critical level, a property that produces the strikingly
variable clinical phenotypes observed even among carriers of the same
underlying mutation [1]. This variability is well illustrated by cases in which a
mother and daughter carrying the identical MT-TL1 gene mutation associated
with mitochondrial myopathy presented with markedly different heteroplasmy
levels in peripheral blood, forty-five percent and fifteen percent respectively,
corresponding to correspondingly different degrees of clinical severity within the
same family [2]. Diagnostically, next-generation sequencing has increasingly
displaced Sanger sequencing as the preferred method for mitochondrial DNA
heteroplasmy quantification, offering substantially improved reproducibility and
sensitivity for detecting low-level heteroplasmy that conventional Sanger-based
approaches frequently miss [3]. On the therapeutic front, because no curative
treatment currently exists for established mitochondrial disease, research has
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increasingly focused on mitochondrially targeted engineered nucleases, including
mitoTALENs and related platforms, designed to selectively degrade mutant
mitochondrial DNA molecules and thereby shift the cellular heteroplasmy
balance toward the wild-type genome, an approach that has shown proof-of-
concept efficacy in patient-derived cell models and, more recently, in animal
models of pathogenic mitochondrial DNA mutations [4]. Translating these

heteroplasmy-shifting nuclease-based strategies from preclinical models into
safe, tissue-targeted human therapy, together with continued refinement of
noninvasive methods for tracking heteroplasmy in clinically accessible tissues,
represents the most active current frontier in mitochondrial disease research.
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