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I. Introduction: The Endosymbiotic Legacy and Its Modern Consequences 

A. Evolutionary Context of Genome Coordination 

B. Fundamental Differences Between Mitochondrial and Nuclear Genetic Systems 

C. Why Retain the Mitochondrial Genome? 

II. Fundamental Principles of Mitochondrial DNA Maintenance and Expression 

A. mtDNA maintenance: Replication and Repair  

C. Gene Expression Cross-talk for Stochiometric OXPHOS biogenesis 
 
III. Heteroplasmy: The Challenge of Genetic Mosaicism 

A. Origins and Propagation of Heteroplasmy 

B. Genetic Buffering and Threshold Effects 

C. Selfish Mitochondrial Elements  
 
IV. Pathological Consequences of Coordination Breakdown 

A. Classical Mitochondrial Diseases 

B. Aging and Neurodegeneration: When Coordination Fails 

C. Mitochondrial Mutations in Cancer 
 
V. Pathways of Mitochondrial-Nuclear Communication 

A. Integrated stress response  

B. Immune System Cross-talk 

C. Horizontal Mitochondrial Transfer 



 
VII. Conclusions: Lessons Learned and the Path Forward 

BOX 1. New Tools for Studying Genome Coordination 

• Functional genomics strategies to study mtDNA molecular biology 
• Single-cell approaches to mitochondrial-nuclear analysis 
• CRISPR-based tools for mitochondrial genome editing 

BOX 2. Therapeutic Implications and Interventions 

• Mitochondrial replacement therapies 
• Targeting nuclear-mitochondrial communication pathways (hypoxia, ISR) 
• Precision medicine approaches based on mitochondrial genetics (base 
editing, morpholino) 
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