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[Abstract] Congenital birth defects are a major global public health problem leading to infant death and long-term disability,
with extremely complex etiology resulting from the interaction of genetic, environmental factors. As a unique organelle in cells,
mitochondria have long transcended the traditional concept of the "powerhouse”. Modern cell biology research has confirmed that
mitochondria are the central hub of cellular life activities, precisely regulating multiple core processes such as energy metabolism,
redox signaling, apoptosis, calcium ion homeostasis, biosynthesis and epigenetics. During embryonic development, a highly dynamic
and sophisticated life stage, any disturbance to the basic cellular functions may lead to catastrophic consequences. Therefore, the
integrity of mitochondrial function is crucial for ensuring normal organogenesis and tissue differentiation. A large and growing body of
basic and clinical research evidence indicates that mitochondrial dysfunction during embryonic development is a key downstream
convergence point mediating the teratogenic effects of genetic and environmental factors, and constitutes an important pathogenic
mechanism of various congenital birth defects. This review aims to systematically and in-depth summarize the close association

between mitochondrial dysfunction and congenital birth defects.
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Fig.1 Genetic patterns of mtDNA mutations and ROS-mediated pathogenic mechanisms in embryonic development

mtDNA. ZERi A DNA; ROS. IGTES ; SOD2. MY (b ; GPx4. 23k H kit S L 4



LRLR DNA(mtDNA) Z4E (I BUR LT 5 B AL R B4
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Tab.2 Mechanisms of mitochondrial dysfunction in congenital birth defects across different organ system
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