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Abstract 
The human genome is not confined to chromosomes. Extrachromosomal circular DNA—eccDNA and its 
megabase-scale counterpart ecDNA—is a persistent, transcriptionally active, and mutationally 
accelerated compartment present in normal and neoplastic cells. Yet every stage of genomic analysis, 
from DNA extraction to variant annotation, is engineered for linear, diploid templates. This review argues 
that circular DNA mutations are not rare events; they are systematically erased by methodologies that 
mistake the map for the territory. We synthesize evidence that circular DNA exhibits a mutational 
spectrum fundamentally distinct from chromosomal DNA: microhomology-driven indels, complex 
structural rearrangements within single molecules, and interchromosomal chimeric fusions that generate 
novel oncogenic reading frames. Its mutation rate is accelerated by rolling-circle replication, suppressed 
homologous recombination, and torsional stress—quantified as μ_eff = μ_bp × CN × f_rep, exceeding 
chromosomal rates by two orders of magnitude. Experimental isolation and detection methods each carry 
specific biases that distort mutational discovery. Computational reconstruction requires graph-based 
assembly and copy-number-normalized burden metrics. Validation by inverse PCR, mutation-specific 
FISH, and single-cell sequencing reveals that ecDNA mutations exhibit non-Mendelian inheritance yet 
drive transient transcriptional dominance. Major barriers include the absence of a circular reference 
genome, indistinguishable replication errors, and zero clinical standardization. Nevertheless, ecDNA 
amplifications occur in 14% of cancers, confer prognosis independent of chromosomal status, and serve 
as privileged sites for resistance mutations. eccDNA burden tracks cellular age and genotoxic stress. 
Emerging therapies targeting ecDNA segregation or transcription are plausible but lack specificity. The 
central conclusion is not that circular DNA matters—it is that the genome is not what we thought it was.​
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The Chromosome-Centric Fallacy 
Genomics operates on an unexamined premise: that the genome and the chromosome 
complement are synonymous. This premise, inherited from classical genetics and enshrined in 
reference assemblies, has rendered an entire genetic universe invisible. 

Extrachromosomal circular DNA is not an occasional aberration. It is a constitutive feature of 
eukaryotic genomes, present in healthy somatic tissue, emerging during cellular aging, and 
explosively amplified in malignancy (Møller et al., 2018; Paulsen et al., 2019). Unlike linear 
chromosomes, circular DNA lacks telomeres, replicates via rolling-circle mechanisms 
unconstrained by once-per-cycle licensing, and segregates randomly at mitosis. These are not 
minor topological variations. They are fundamental differences in genetic behavior that demand 
corresponding differences in how we detect, quantify, and interpret mutations. 

Current practice does the opposite. Standard workflows are each optimized against circular 
DNA. The result is not merely underdetection but systematic erasure. 

A Distinct Mutational Regime 
Circular DNA does not mutate faster simply because it replicates more often. It mutates 
differently. 

Single Nucleotide Variants. SNVs arise preferentially at microhomology tracts flanking 
double-strand breaks repaired by microhomology-mediated end joining, enriching C>A and T>C 
transitions (Carvalho & Lupski, 2016). Because ecDNA replicates under a random-copy-number 
model—multiple initiation events per cell cycle—a single polymerase error can generate 
hundreds of mutant copies within one division. 

Insertions And Deletions. Indels are disproportionately frequent. Circular replication origins are 
singular; stalled forks cannot be rescued by adjacent origins. Template switching, the dominant 
rescue mechanism, skips intervening sequence, producing deletions of ±1 to ±50 bp at rates 
exceeding chromosomal DNA by several-fold (Shoshani et al., 2021). Serial switching can also 
generate insertions and tandem duplications. Aged fibroblasts accumulate eccDNA indels 
linearly with replicative age (Møller et al., 2018). 

Structural Rearrangements. Rolling-circle replication drives intra-molecular recombination, 
producing head-to-tail concatemers that triplicate oncogenic segments within single circles 
(Purshouse et al., 2022). Inversions occur via intra-molecular polymerase direction switches. 
Secondary deletions within circles can remove co-extruded tumor suppressors (Koche et al., 
2020). 

Chimeric Sequences. Single eccDNA molecules frequently fuse fragments from two to four 
chromosomes via non-homologous end joining—localized chromoplexy condensed into 
extrachromosomal particles (Wu et al., 2019). These chimeras create neo-antigens and 
oncogenic fusions invisible to standard structural variant callers. 
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Epimutations. Large ecDNA (>1 Mb) is densely chromatinized. Circles exhibit loss of 
maintenance methylation and ectopic enhancer adoption, creating heritable expression changes 
without sequence alteration (Hung et al., 2021). 

Quantitative Acceleration. The effective mutation rate for an ecDNA-encoded oncogene is: 

μ_eff = μ_bp × CN_avg × f_rep 

where f_rep ≈ 3–5. At CN_avg = 50, μ_eff exceeds chromosomal rates by two orders of 
magnitude (Luebeck et al., 2023). 

Methodological Blind Spots 
Enzymatic Selection. Exonuclease V and T digestion enriches circular DNA 10³–10⁴-fold but 
introduces survivor bias: nicked circles—those actively repairing or mutation-prone—are 
linearized and degraded (Shibata et al., 2012; Kumar et al., 2017). 

Rolling Circle Amplification. Phi29 polymerase provides 10,000-fold selectivity but lacks 
proofreading. Error rate: 1 × 10⁻⁵–10⁻⁶ per base per pass. A 1,000-fold amplification yields ~1 
error/kb, indistinguishable from authentic mutations (Dean et al., 2001; Lou et al., 2013). Small 
circles amplify preferentially. 

Density Separation. CsCl-ethidium bromide gradients preserve native distribution but require 
microgram inputs and fragment large ecDNA (Radloff et al., 1967; Johnson & Grossman, 1977). 

Circle-Seq. Junction-spanning reads identify circular breakpoints but lose physical linkage 
between distal SNVs on the same molecule. Rare circles (<1 copy/100 cells) fall below 
detection (Møller et al., 2016; Zhao et al., 2022). 

Long-Read Sequencing. PacBio HiFi and Nanopore ultra-long reads resolve entire ecDNA 
molecules, including complex structural variants and methylation patterns. Raw error rates 
remain prohibitive for SNV calling without circular consensus or hybrid correction (Huddleston et 
al., 2017; Wenger et al., 2019; Simpson et al., 2017). 

CRISPR Capture. dCas9 affinity pull-down achieves >1,000-fold enrichment of known circular 
loci, detecting variants below 0.1% frequency. Requires a priori sequence knowledge (Sipos et 
al., 2019; Zhang et al., 2021). 

Computational Reconstruction 
Graph-Based Assembly. Circular molecules form closed cycles in De Bruijn graphs—strongly 
connected components without free ends. Dedicated assemblers (Circle_finder, CIDER-seq) 
identify these cycles (Bankevich et al., 2012; Ghareghani et al., 2022). 

Junction-Aware Calling. Standard callers misclassify junction-spanning mismatches as SNVs. 
Circle-Map and eccDNA_VariantCaller perform local realignment around junctions, suppressing 
false positives (Prada-Luengo et al., 2019). 
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Copy-Number-Normalized Burden. Conventional TMB assumes diploidy. For ecDNA, we 
propose: 

CNMB = (Σ VAF_i × CN_ecDNA) / L_ecDNA 

This reports mutations per individual circular molecule. CN_ecDNA is inferred by 
AmpliconArchitect or ecSeg from junction-spanning read density (Deshpande et al., 2019; 
Luebeck et al., 2020). 

Experimental Validation 
Inverse PCR. Outward-facing primers amplify only circularized templates. Sanger sequencing 
across the junction validates breakpoints and adjacent SNVs at single-base resolution. 
Low-throughput; requires known junctions (Shibata et al., 2012; Møller et al., 2018). 

Mutation-Specific FISH. LNA or PNA probes discriminate single-nucleotide mismatches under 
stringent hybridization. Reveals ecDNA hub clustering and spatial segregation of mutant alleles. 
Limited to large ecDNA (>500 kb) (Turner et al., 2017; Hung et al., 2021). 

Single-Cell Sequencing. scCircle-seq achieves eccDNA detection in >70% of cancer cells. 
EcDNA copy number follows Pareto distribution; minority 'ecDNA reservoirs' harbor hundreds of 
copies. Enables haplotype-resolved mutation phasing (Andor et al., 2020; Chamorro González 
et al., 2023; Luebeck et al., 2023). 

Biological Consequences 
Transient Mutational Dominance. ecDNA mutations segregate randomly at mitosis. A 
resistance-conferring mutation arising on a single ecDNA copy can amplify to population 
dominance within few generations—then contract upon drug withdrawal, leaving no trace in the 
chromosomal archive (Nathanson et al., 2014; deCarvalho et al., 2018). 

Dual-Speed Genome. Chromosomes provide long-term evolutionary memory; circular DNA 
provides short-term adaptive plasticity. The two systems operate under different mutation rates, 
repair biases, and inheritance rules (Verhaak et al., 2019; Wu et al., 2019). 

Barriers to Translation 
No Reference Genome. Each eccDNA is a unique somatic fusion absent from GRCh38. 
Investigators choose between alignment to linear coordinates (misses internal mutations) or de 
novo assembly (introduces errors) (Dutta & Sengupta, 2022; Prada-Luengo et al., 2020; Zhao et 
al., 2021). 

Artifact Discrimination. Amplification artifacts (phi29 errors), replication errors (in vivo 
rolling-circle mistakes), and junction misalignment are currently indistinguishable from authentic 
mutations. 
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No Clinical Standards. Protocols vary wildly across laboratories. No reference cell line with 
characterized ecDNA copy number, junctions, and mutation status exists. Clinical interpretation 
of ecDNA variants is absent (Haber & Schimke, 2021; Verhaak et al., 2019). 

Future Directions 
Diagnostic Integration. ecDNA-aware algorithms applied to existing tumor sequencing data can 
identify ecDNA amplifications, which occur in 14% of cancers and predict poor outcomes. 
Adaptation to CLIA standards is urgently needed (Kim et al., 2020; Luebeck et al., 2020). 

Biomarker Development. eccDNA burden correlates with donor age and genotoxic stress. 
Pre-neoplastic eccDNA junctions are detectable years before malignant transformation in 
Barrett's esophagus and cirrhotic liver (Kumar et al., 2017; Luebeck et al., 2023). 

Therapeutic Targeting. Four strategies are under investigation: ecDNA elimination 
(bromodomain inhibitors, DNA intercalators), segregation disruption, replication inhibition, and 
transcriptional interference (ecDNA hub disruption). Specificity remains the central unsolved 
problem (Wu et al., 2019; Hung et al., 2021). 

Conclusion: The Mutation That Was Always There 
A tumor biopsy is sequenced. The pipeline reports no actionable mutations. The patient 
progresses. Retrospective ecDNA-aware analysis identifies an EGFR C797S mutation on a 
highly amplified ecDNA molecule—present at diagnosis, invisible to linear genomics. 

This is not hypothetical. It has happened, and continues to happen (deCarvalho et al., 2018). 
The mutation was not absent. It was not rare. It was not below the limit of detection. It was 
simply incompatible with the linear reference model. 

Circles that mutate are not exceptions to genomic stability. They are the rule—the manifestation 
of a genome that is dynamic, adaptive, and not coextensive with its chromosomes. For 
decades, genomics has mapped the stars while the planets remained dark. It is time to turn the 
telescope toward the circular darkness. The mutations are not rare. They are waiting to be seen. 

References 
Andor, N., Reinhardt, H. C., & Zhan, Y. (2020). Single-cell genomics of extrachromosomal DNA. Cancer Discovery, 
10(10), 1462–1465. 

Aphkhazava, D., Sulashvili, N., & Tkemaladze, J. (2025). Stem Cell Systems and Regeneration. Georgian Scientists, 
7(1), 271–319. DOI :  https://doi.org/10.52340/gs.2025.07.01.26  

Aphkhazava, D., Sulashvili, N., Maglakelidze, G., & Tkemaladze, J. (2025). Ageless Creatures: Molecular Insights 
into Organisms That Defy Aging. Georgian Scientists, 7(3), 346–396. DOI :  
https://doi.org/10.52340/gs.2025.07.03.24  

Bankevich, A., et al. (2012). SPAdes: a new genome assembly algorithm. Journal of Computational Biology, 19(5), 
455–477. 

5 



 

Carvalho, C. M. B., & Lupski, J. R. (2016). Mechanisms underlying structural variant formation. Nature Reviews 
Genetics, 17(4), 224–238. 

Chamorro González, R., et al. (2023). Parallel sequencing of eccDNA and transcriptomes in single cancer cells. 
Nature Genetics, 55(5), 825–834. 

Chichinadze, K. N., & Tkemaladze, D. V. (2008). Centrosomal hypothesis of cellular aging and differentiation. 
Advances in Gerontology= Uspekhi Gerontologii, 21(3), 367-371. 

Chichinadze, K., Lazarashvili, A., & Tkemaladze, J. (2013). RNA in centrosomes: structure and possible functions. 
Protoplasma, 250(1), 397-405. 

Chichinadze, K., Tkemaladze, D., & Lazarashvili, A. (2012). New class of RNA and centrosomal hypothesis of cell 
aging. Advances in Gerontology= Uspekhi Gerontologii, 25(1), 23-28. 

Chichinadze, K., Tkemaladze, J., & Lazarashvili, A. (2012). A new class of RNAs and the centrosomal hypothesis of 
cell aging. Advances in Gerontology, 2(4), 287-291. 

Chichinadze, K., Tkemaladze, J., & Lazarashvili, A. (2012). Discovery of centrosomal RNA and centrosomal 
hypothesis of cellular ageing and differentiation. Nucleosides, Nucleotides and Nucleic Acids, 31(3), 172-183. 

Dean, F. B., et al. (2001). Rapid amplification using phi29 DNA polymerase. Genome Research, 11(6), 1095–1099. 

deCarvalho, A. C., et al. (2018). Discordant inheritance of chromosomal and extrachromosomal DNA. Nature 
Genetics, 50(5), 708–717. 

Deshpande, V., et al. (2019). Exploring focal amplifications using AmpliconArchitect. Nature Communications, 10(1), 
392. 

Dutta, A., & Sengupta, D. (2022). Extrachromosomal circular DNA in cancer. Annual Review of Cancer Biology, 6, 
197–214. 

Elfettahi, A. E., & Tkemaladze, J.(2025). The Neuro-Hepatic-Affective Model (NHAM): A Systems Framework for 
Liver–Brain Modulation of Emotion in Precision Psychiatry. Preprints. DOI : https://doi. org/10.20944/preprints202508, 
1312, v1.  

Ghareghani, M., et al. (2022). Long-read sequencing reveals chromothripsis in eccDNA formation. Genome 
Research, 32(7), 1347–1357. 

Haber, D. A., & Schimke, R. T. (2021). Extrachromosomal DNA in cancer—twenty years later. New England Journal 
of Medicine, 384(23), 2242–2244. 

Huddleston, J., et al. (2017). Structural variation from long-read sequence data. Genome Research, 27(5), 677–685. 

Hung, K. L., et al. (2021). ecDNA hubs drive cooperative oncogene expression. Nature, 600(7890), 731–736. 

Jaba, T. (2022). Dasatinib and quercetin: short-term simultaneous administration yields senolytic effect in humans. 
Issues and Developments in Medicine and Medical Research Vol. 2, 22-31. 

Johnson, P. H., & Grossman, L. I. (1977). Electrophoresis of DNA in agarose gels. Biochemistry, 16(19), 4217–4225. 

Kim, H., et al. (2020). Extrachromosomal DNA is associated with poor outcome across cancers. Nature Genetics, 
52(9), 891–897. 

Kipshidze, M., & Tkemaladze, J. (2023). Comparative Analysis of drugs that improve the Quality of Life and Life 
Expectancy. Junior Researchers, 1(1), 184–193. DOI : https://doi.org/10.52340/2023.01.01.19  

6 



 

Kipshidze, M., & Tkemaladze, J. (2023). The planaria Schmidtea mediterranea as a model system for the study of 
stem cell biology. Junior Researchers, 1(1), 194–218. DOI : https://doi.org/10.52340/2023.01.01.20  

Kipshidze, M., & Tkemaladze, J. (2024). Abastumani Resort: Balneological Heritage and Modern Potential. Junior 
Researchers, 2(2), 126–134. DOI : https://doi.org/10.52340/jr.2024.02.02.12  

Kipshidze, M., & Tkemaladze, J. (2024). Balneology in Georgia: traditions and modern situation. Junior Researchers, 
2(2), 78–97. DOI : https://doi.org/10.52340/jr.2024.02.02.09  

Kipshidze, M., & Tkemaladze, J. (2024). Microelementoses-history and current status. Junior Researchers, 2(2), 
108–125. DOI : https://doi.org/10.52340/jr.2024.02.02.11  

Koche, R. P., et al. (2020). Extrachromosomal circular DNA drives oncogenic remodeling in neuroblastoma. Nature 
Genetics, 52(1), 29–34. 

Kumar, P., et al. (2017). Normal and cancerous tissues release eccDNA into circulation. Molecular Cancer Research, 
15(9), 1197–1205. 

Lezhava, T., Monaselidze, J., Jokhadze, T., Kakauridze, N., Khodeli, N., Rogava, M., Tkemaladze, J., ... & 
Gaiozishvili, M. (2011). Gerontology research in Georgia. Biogerontology, 12, 87-91. DOI : 
10.1007/s10522-010-9283-6. Epub 2010 May 18. PMID: 20480236; PMCID: PMC3063552 

Lou, D. I., et al. (2013). High-frequency DNA recombination of an ultra-high-throughput polymerase. Nucleic Acids 
Research, 41(22), e204. 

Luebeck, J., et al. (2020). AmpliconReconstructor resolves focal amplification structures. Nature Communications, 
11(1), 4374. 

Luebeck, J., et al. (2023). Extrachromosomal DNA in Barrett's oesophagus transformation. Nature, 616(7958), 
798–805. 

Matsaberidze, M., Prangishvili, A., Gasitashvili, Z., Chichinadze, K., & Tkemaladze, J. (2017). TO TOPOLOGY OF 
ANTI-TERRORIST AND ANTI-CRIMINAL TECHNOLOGY FOR EDUCATIONAL PROGRAMS. International Journal 
of Terrorism & Political Hot Spots, 12. 

Møller, H. D., et al. (2016). Extrachromosomal circular DNA is common in yeast. PNAS, 112(24), E3114–E3122. 

Møller, H. D., et al. (2018). Circular DNA elements are common in healthy human somatic tissue. Nature 
Communications, 9(1), 1069. 

Nathanson, D. A., et al. (2014). Targeted therapy resistance mediated by dynamic regulation of extrachromosomal 
mutant EGFR DNA. Science, 343(6166), 72–76. 

Paulsen, T., et al. (2019). Discoveries of extrachromosomal circles in normal and tumor cells. Trends in Genetics, 
35(4), 270–278. 

Prada-Luengo, I., et al. (2019). Sensitive detection of circular DNAs at single-nucleotide resolution. BMC 
Bioinformatics, 20(1), 663. 

Prada-Luengo, I., et al. (2020). Replicative aging is associated with loss of circular DNA. Aging Cell, 19(11), e13231. 

Prangishvili, A., Gasitashvili, Z., Matsaberidze, M., Chkhartishvili, L., Chichinadze, K., Tkemaladze, J., ... & 
Azmaiparashvili, Z. (2019). SYSTEM COMPONENTS OF HEALTH AND INNOVATION FOR THE ORGANIZATION 
OF NANO-BIOMEDIC ECOSYSTEM TECHNOLOGICAL PLATFORM. Current Politics and Economics of Russia, 
Eastern and Central Europe, 34(2/3), 299-305. 

Purshouse, K., et al. (2022). Extrachromosomal DNA in cancer. Nature Reviews Cancer, 22(6), 331–346. 

7 



 

Radloff, R., et al. (1967). A dye-buoyant-density method for closed circular duplex DNA. PNAS, 57(5), 1514–1521. 

Shibata, Y., et al. (2012). Extrachromosomal microDNAs and chromosomal microdeletions. Science, 336(6077), 
82–86. 

Shoshani, O., et al. (2021). Chromothripsis drives gene amplification in cancer. Nature, 591(7848), 137–141. 

Simpson, J. T., et al. (2017). Detecting DNA cytosine methylation using nanopore sequencing. Nature Methods, 
14(4), 407–410. 

Sipos, B., et al. (2019). Sequencing of repetitive regions and structural variations using CRISPR/Cas9. Nucleic Acids 
Research, 47(9), e50. 

Tkemaladze,  J. (2025). Bayesian Principles in Ze Systems. Preprints. DOI :  
https://doi.org/10.20944/preprints202510.1287.v1 

Tkemaladze,  J. (2025). Concept of Death Awareness as an Existential Alarm Clock in the Context of Hypothetical 
Biological Immortality. Preprints. DOI : https://doi.org/10.20944/preprints202510.1067.v1  

Tkemaladze,  J. (2025). Lakes as Strategic Food Reserves. Preprints. DOI : 
https://doi.org/10.20944/preprints202510.2035.v1  

Tkemaladze,  J. (2025). Rejuvenation Biotechnology as a Civilizational Safeguard. Preprints. DOI : 
https://doi.org/10.20944/preprints202511.1795.v1  

Tkemaladze,  J. (2025). The Heroic Self-Myth Hypothesis: A Neuro-Phenomenological Framework for Pathological 
Self-Narrativization in the Modernist Epoch. Preprints. DOI :  https://doi.org/10.20944/preprints202511.1774.v1 

Tkemaladze,  J. (2025). The Tkemaladze Method: Mapping Cell Lineage with Mutant Mitochondrial Transfer. 
Preprints. DOI : https://doi.org/10.20944/preprints202509.2586.v1 

Tkemaladze,  J. (2025). The Weak Gilgamesh and the Strong Enkidu. Preprints. DOI : 
https://doi.org/10.20944/preprints202512.1216.v1  

Tkemaladze,  J. (2025). Uznadze’s Theory of Set: Experimental Diagnostics and Neurocognitive Implications. 
Preprints. DOI : https://doi.org/10.20944/preprints202511.1006.v1  

Tkemaladze,  J. (2025). Ze-HB Hierarchical Bayesian Extension of the Ze. Preprints. DOI : 
https://doi.org/10.20944/preprints202512.0103.v1  

Tkemaladze,  J. (2026). A Dual-Model Architecture for Cognition. Preprints. DOI : 
https://doi.org/10.20944/preprints202601.0842.v1  

Tkemaladze,  J. (2026). A Preliminary Theoretical Framework for the Ze System. Preprints. DOI: 
https://doi.org/10.20944/preprints202601.0753.v1  

Tkemaladze,  J. (2026). Consciousness as a Quantum Interference Pattern. Preprints. DOI : 
https://doi.org/10.20944/preprints202601.0912.v1  

Tkemaladze,  J. (2026). Knowledge as Co-Created Reality Through Engineered Conflict. Preprints. DOI : 
https://doi.org/10.20944/preprints202601.1537.v1  

Tkemaladze,  J. (2026). Planetary Ze-Formation: Co-Evolutionary Provocation of Latent Potential. Preprints. DOI : 
https://doi.org/10.20944/preprints202601.1491.v1  

Tkemaladze,  J. (2026). Predictive Inference and the Origin of Quantum Phenomena. Preprints. DOI : 
https://doi.org/10.20944/preprints202601.1255.v1  

8 



 

Tkemaladze,  J. (2026). The Centrosomal Ledger—a Unified Model of Structural Memory in Cellular Aging and Fate 
Determination. Preprints. DOI : https://doi.org/10.20944/preprints202601.1235.v1  

Tkemaladze, J. (2023). Cross-senolytic effects of dasatinib and quercetin in humans. Georgian Scientists, 5(3), 
138–152. DOI : https://doi.org/10.52340/2023.05.03.15  

Tkemaladze, J. (2023). Is the selective accumulation of oldest centrioles in stem cells the main cause of organism 
ageing?. Georgian Scientists, 5(3), 216–235. DOI : https://doi.org/10.52340/2023.05.03.22  

Tkemaladze, J. (2023). Long-Term Differences between Regenerations of Head and Tail Fragments in Schmidtea 
Mediterranea Ciw4. Available at SSRN 4257823. 

Tkemaladze, J. (2023). Reduction, proliferation, and differentiation defects of stem cells over time: a consequence of 
selective accumulation of old centrioles in the stem cells?. Molecular Biology Reports, 50(3), 2751-2761. DOI : 
https://pubmed.ncbi.nlm.nih.gov/36583780/  

Tkemaladze, J. (2023). Structure and possible functions of centriolar RNA with reference to the centriolar hypothesis 
of differentiation and replicative senescence. Junior Researchers, 1(1), 156–170. DOI : 
https://doi.org/10.52340/2023.01.01.17   

Tkemaladze, J. (2023). The centriolar hypothesis of differentiation and replicative senescence. Junior Researchers, 
1(1), 123–141. DOI : https://doi.org/10.52340/2023.01.01.15  

Tkemaladze, J. (2024). Absence of centrioles and regenerative potential of planaria. Georgian Scientists, 6(4), 
59–75. DOI : https://doi.org/10.52340/gs.2024.06.04.08  

Tkemaladze, J. (2024). Cell center and the problem of accumulation of oldest centrioles in stem cells. Georgian 
Scientists, 6(2), 304–322. DOI : https://doi.org/10.52340/gs.2024.06.02.32  

Tkemaladze, J. (2024). Editorial: Molecular mechanism of ageing and therapeutic advances through targeting 
glycative and oxidative stress. Front Pharmacol. 2024 Mar 6;14:1324446. DOI : 10.3389/fphar.2023.1324446. PMID: 
38510429; PMCID: PMC10953819. 

Tkemaladze, J. (2024). Elimination of centrioles. Georgian Scientists, 6(4), 291–307. DOI : 
https://doi.org/10.52340/gs.2024.06.04.25  

Tkemaladze, J. (2024). Main causes of intelligence decrease and prospects for treatment. Georgian Scientists, 6(2), 
425–432. DOI : https://doi.org/10.52340/gs.2024.06.02.44  

Tkemaladze, J. (2024). The rate of stem cell division decreases with age. Georgian Scientists, 6(4), 228–242. DOI : 
https://doi.org/10.52340/gs.2024.06.04.21  

Tkemaladze, J. (2025).  A Universal Approach to Curing All Diseases: From Theoretical Foundations to the Prospects 
of Applying Modern Biotechnologies in Future Medicine. DOI :  http://dx.doi.org/10.13140/RG.2.2.24481.11366  

Tkemaladze, J. (2025).  Adaptive Systems and World Models. DOI : http://dx.doi.org/10.13140/RG.2.2.13617.90720  

Tkemaladze, J. (2025).  Allotransplantation Between Adult Drosophila of Different Ages and Sexes. DOI : 
http://dx.doi.org/10.13140/RG.2.2.27711.62884  

Tkemaladze, J. (2025).  Anti-Blastomic Substances in the Blood Plasma of Schizophrenia Patients. DOI : 
http://dx.doi.org/10.13140/RG.2.2.12721.08807  

Tkemaladze, J. (2025).  Centriole Elimination as a Mechanism for Restoring Cellular Order. DOI : 
http://dx.doi.org/10.13140/RG.2.2.12890.66248/1  

9 



 

Tkemaladze, J. (2025).  Hypotheses on the Role of Centrioles in Aging Processes. DOI : 
http://dx.doi.org/10.13140/RG.2.2.15014.02887/1  

Tkemaladze, J. (2025).  Limits of Cellular Division: The Hayflick Phenomenon. DOI : 
http://dx.doi.org/10.13140/RG.2.2.25803.30249  

Tkemaladze, J. (2025).  Molecular Mechanisms of Aging and Modern Life Extension Strategies: From Antiquity to 
Mars Colonization. DOI : http://dx.doi.org/10.13140/RG.2.2.13208.51204  

Tkemaladze, J. (2025).  Pathways of Somatic Cell Specialization in Multicellular Organisms. DOI : 
http://dx.doi.org/10.13140/RG.2.2.23348.97929/1  

Tkemaladze, J. (2025).  Strategic Importance of the Caucasian Bridge and Global Power Rivalries. DOI :  
http://dx.doi.org/10.13140/RG.2.2.19153.03680  

Tkemaladze, J. (2025).  The Epistemological Reconfiguration and Transubstantial Reinterpretation of Eucharistic 
Practices Established by the Divine Figure of Jesus Christ in Relation to Theological Paradigms. DOI : 
https://doi.org/10.13140/RG.2.2.28347.73769/1 

Tkemaladze, J. (2025).  Transforming the psyche with phoneme frequencies "Habere aliam linguam est possidere 
secundam animam". DOI :  http://dx.doi.org/10.13140/RG.2.2.16105.61286  

Tkemaladze, J. (2025).  Uneven Centrosome Inheritance and Its Impact on Cell Fate. DOI : 
http://dx.doi.org/10.13140/RG.2.2.34917.31206  

Tkemaladze, J. (2025).  Ze World Model with Predicate Actualization and Filtering. DOI : 
http://dx.doi.org/10.13140/RG.2.2.15218.62407  

Tkemaladze, J. (2025).  Ze метод создания пластичного счетчика хронотропных частот чисел бесконечного 
потока информации. DOI : http://dx.doi.org/10.13140/RG.2.2.29162.43207  

Tkemaladze, J. (2025). A Novel Integrated Bioprocessing Strategy for the Manufacturing of Shelf-Stable, Nutritionally 
Upgraded Activated Wheat: Development of a Comprehensive Protocol, In-Depth Nutritional Characterization, and 
Evaluation of Biofunctional Properties. Longevity Horizon, 1(3). DOI : https://doi.org/10.5281/zenodo.16950787  

Tkemaladze, J. (2025). Achieving Perpetual Vitality Through Innovation. DOI : 
http://dx.doi.org/10.13140/RG.2.2.31113.35685  

Tkemaladze, J. (2025). Activated Wheat: The Power of Super Grains. Preprints. DOI : 
https://doi.org/10.20944/preprints202508.1724.v1  

Tkemaladze, J. (2025). Adaptive Cognitive System Ze. Longevity Horizon, 1(3). DOI : 
https://doi.org/10.5281/zenodo.15309162  

Tkemaladze, J. (2025). Aging Model Based on Drosophila melanogaster: Mechanisms and Perspectives. Longevity 
Horizon, 1(3). DOI : https://doi.org/10.5281/zenodo.14955643  

Tkemaladze, J. (2025). Aging Model-Drosophila Melanogaster. DOI : http://dx.doi.org/10.13140/RG.2.2.16706.49607  

Tkemaladze, J. (2025). An Interdisciplinary Study on the Causes of Antediluvian Longevity, the Postdiluvian Decline 
in Lifespan, and the Phenomenon of Job’s Life Extension. Preprints. DOI : 
https://doi.org/10.20944/preprints202509.1476.v1  

Tkemaladze, J. (2025). Anatomy, Biogenesis, and Role in Cell Biology of Centrioles. Longevity Horizon, 1(2). DOI : 
https://doi.org/10.5281/zenodo.15051749 

10 



 

Tkemaladze, J. (2025). Anti-Blastomic Substances in the Plasma of Schizophrenia Patients: A Dual Role of 
Complement C4 in Synaptic Pruning and Tumor Suppression. Longevity Horizon, 1(3). DOI : 
https://doi.org/10.5281/zenodo.15042448  

Tkemaladze, J. (2025). Asymmetry in the Inheritance of Centrosomes/Centrioles and Its Consequences. Longevity 
Horizon, 1(2). DOI :  https://doi.org/10.5281/zenodo.15053349  

Tkemaladze, J. (2025). Bayesian Order in Ze. Longevity Horizon, 1(4). DOI : 
https://doi.org/10.5281/zenodo.17359987 

Tkemaladze, J. (2025). Bayesian Priors Prediction in Ze. Longevity Horizon, 1(4). DOI : 
https://doi.org/10.5281/zenodo.17769150 

Tkemaladze, J. (2025). Centriole Elimination: A Mechanism for Resetting Entropy in the Cell. Longevity Horizon, 1(2). 
DOI : https://doi.org/10.5281/zenodo.15053431 

Tkemaladze, J. (2025). Concept of Death Awareness as an Existential Regulator in the Age of Biological Immortality. 
Longevity Horizon, 1(4). DOI : https://doi.org/10.5281/zenodo.17340207 

Tkemaladze, J. (2025). Concept to The Alive Language. Longevity Horizon, 1(1). DOI : 
https://doi.org/10.5281/zenodo.14688792  

Tkemaladze, J. (2025). Concept to The Caucasian Bridge. Longevity Horizon, 1(1). DOI : 
https://doi.org/10.5281/zenodo.17643013  

Tkemaladze, J. (2025). Concept to The Curing All Diseases. Longevity Horizon, 1(1). DOI : 
https://doi.org/10.5281/zenodo.15048639  

Tkemaladze, J. (2025). Concept to The Eternal Youth. Longevity Horizon, 1(1). DOI :  
https://doi.org/10.5281/zenodo.15048562 

Tkemaladze, J. (2025). Concept to The Food Security. Longevity Horizon, 1(1). DOI :  
https://doi.org/10.5281/zenodo.15048716 

Tkemaladze, J. (2025). Concept to the Living Space. Longevity Horizon, 1(1). DOI : 
https://doi.org/10.5281/zenodo.17874944  

Tkemaladze, J. (2025). Concept to The Restoring Dogmas. Longevity Horizon, 1(1).  DOI : 
https://doi.org/10.5281/zenodo.17175865 

Tkemaladze, J. (2025). Differentiation of Somatic Cells in Multicellular Organisms. Longevity Horizon, 1(2). DOI : 
https://doi.org/10.5281/zenodo.15052436 

Tkemaladze, J. (2025). Direct Reprogramming of Somatic Cells to Functional Gametes in Planarians via a Novel In 
Vitro Gametogenesis Protocol. Preprints. DOI : https://doi.org/10.20944/preprints202509.1071.v1  

Tkemaladze, J. (2025). Heroic Self-Myth Hypothesis. Longevity Horizon, 1(4).  DOI : 
https://doi.org/10.5281/zenodo.17711334  

Tkemaladze, J. (2025). Induction of germline-like cells (PGCLCs). Longevity Horizon, 1(3). DOI : 
https://doi.org/10.5281/zenodo.16414775  

Tkemaladze, J. (2025). Lake Aquaculture for Catastrophic Food Security. Longevity Horizon, 1(4). DOI : 
https://doi.org/10.5281/zenodo.17454164 

Tkemaladze, J. (2025). Long-Lived Non-Renewable Structures in the Human Body. DOI : 
http://dx.doi.org/10.13140/RG.2.2.14826.43206  

11 



 

Tkemaladze, J. (2025). Mechanisms of Learning Through the Actualization of Discrepancies. Longevity Horizon, 1(3). 
DOI : https://doi.org/10.5281/zenodo.15200612  

Tkemaladze, J. (2025). Memorizing an Infinite Stream of Information in a Limited Memory Space: The Ze Method of a 
Plastic Counter of Chronotropic Number Frequencies. Longevity Horizon, 1(3). DOI : 
https://doi.org/10.5281/zenodo.15170931 

Tkemaladze, J. (2025). Molecular Insights and Radical Longevity from Ancient Elixirs to Mars Colonies. Longevity 
Horizon, 1(2). DOI : https://doi.org/10.5281/zenodo.15053947 

Tkemaladze, J. (2025). Ontogenetic Permanence of Non-Renewable Biomechanical Configurations in Homo Sapiens 
Anatomy. Longevity Horizon, 1(3). DOI : https://doi.org/10.5281/zenodo.15086387  

Tkemaladze, J. (2025). Protocol for Transplantation of Healthy Cells Between Adult Drosophila of Different Ages and 
Sexes. Longevity Horizon, 1(2). DOI : https://doi.org/10.5281/zenodo.15053943 

Tkemaladze, J. (2025). Replicative Hayflick Limit. Longevity Horizon, 1(2). DOI : 
https://doi.org/10.5281/zenodo.15052029 

Tkemaladze, J. (2025). Solutions to the Living Space Problem to Overcome the Fear of Resurrection from the Dead. 
DOI : http://dx.doi.org/10.13140/RG.2.2.34655.57768  

Tkemaladze, J. (2025). The Centriolar Theory of Differentiation Explains the Biological Meaning of the Centriolar 
Theory of Organismal Aging. Longevity Horizon, 1(3). DOI : https://doi.org/10.5281/zenodo.15057288 

Tkemaladze, J. (2025). The Centriolar Theory of Differentiation Explains the Biological Meaning of the. 

Tkemaladze, J. (2025). The Concept of Data-Driven Automated Governance. Georgian Scientists, 6(4), 399–410. 
DOI : https://doi.org/10.52340/gs.2024.06.04.38  

Tkemaladze, J. (2025). The Stage of Differentiation Into Mature Gametes During Gametogenesis in Vitro. Longevity 
Horizon, 1(3). DOI : https://doi.org/10.5281/zenodo.16808827  

Tkemaladze, J. (2025). The Tkemaladze Method Maps Cell Lineage with Mutant Mitochondrial Transfer. Longevity 
Horizon, 1(4). DOI : https://doi.org/10.5281/zenodo.17236869 

Tkemaladze, J. (2025). The Tkemaladze Method: A Modernized Caucasian Technology for the Production of 
Shelf-Stable Activated Wheat with Enhanced Nutritional Properties. Longevity Horizon, 1(3). DOI : 
https://doi.org/10.5281/zenodo.16905079 

Tkemaladze, J. (2025). Theory of Lifespan Decline. Longevity Horizon, 1(3). DOI : 
https://doi.org/10.5281/zenodo.17142909  

Tkemaladze, J. (2025). Through In Vitro Gametogenesis — Young Stem Cells. Longevity Horizon, 1(3). DOI : 
https://doi.org/10.5281/zenodo.15873113 

Tkemaladze, J. (2025). Tkemaladze,  J. (2025). The Centriole Paradox in Planarian Biology: Why Acentriolar Stem 
Cells Divide and Centriolar Somatic Cells Do Not. Preprints. DOI : https://doi.org/10.20944/preprints202509.0382.v1  

Tkemaladze, J. (2025). Unlocking the Voynich Cipher via the New Algorithmic Coding Hypothesis. Longevity Horizon, 
1(3). DOI : https://doi.org/10.5281/zenodo.17054312  

Tkemaladze, J. (2025). Uznadze Set Revisited. Longevity Horizon, 1(4).  DOI : 
https://doi.org/10.5281/zenodo.17609772 

Tkemaladze, J. (2025). Voynich Manuscript Decryption: A Novel Compression-Based Hypothesis and Computational 
Framework. Preprints. https://doi.org/10.20944/preprints202509.0403.v1 

12 



 

Tkemaladze, J. (2025). Why do planarian cells without centrioles divide and cells with centrioles do not divide?. 
Longevity Horizon, 1(3). DOI : https://doi.org/10.5281/zenodo.17054142  

Tkemaladze, J. (2025). Гаметогенез In Vitro: современное состояние, технологии и перспективы применения. 
Research Gate. DOI : http://dx.doi.org/10.13140/RG.2.2.28647.36000  

Tkemaladze, J. (2026). A Vectorial Axiomatization of Space – Time Unity. Longevity Horizon, 2(4). DOI : 
https://doi.org/10.65649/t6yawf32 

Tkemaladze, J. (2026). Basics of animation. Longevity Horizon, 2(2). DOI : https://doi.org/10.65649/y2kpw351 

Tkemaladze, J. (2026). Beyond Relativity. Longevity Horizon, 2(4). DOI : https://doi.org/10.65649/7g8vzm52 

Tkemaladze, J. (2026). Centriole Biogenesis Constrains Whole Body Regeneration in Planarians. Longevity Horizon, 
2(3). DOI : https://doi.org/10.65649/jx8mqx13 

Tkemaladze, J. (2026). Centriole Biogenesis Disruption Impairs Regenerative Patterning in Planarians. Longevity 
Horizon, 2(3). DOI : https://doi.org/10.65649/z8wbn376 

Tkemaladze, J. (2026). Centrioles and Cellular Differentiation. Longevity Horizon, 2(2). DOI : 
https://doi.org/10.65649/94vphz32 

Tkemaladze, J. (2026). Centrioles as Determinants of Asymmetric Stem Cell Division. Longevity Horizon, 2(3). DOI : 
https://doi.org/10.65649/r2vg5144 

Tkemaladze, J. (2026). Centrioles as Intracellular Timers of the Cell Cycle and Cell Fate. Longevity Horizon, 2(3). 
DOI : https://doi.org/10.65649/mxhcj531 

Tkemaladze, J. (2026). Centrosomal Memory. Longevity Horizon, 2(4). DOI : https://doi.org/10.65649/t7cfjv29 

Tkemaladze, J. (2026). Centrosome Transplantation. Longevity Horizon, 2(2). DOI : 
https://doi.org/10.65649/rz3mb206 

Tkemaladze, J. (2026). De novo centriole formation and the assembly of differentiation inducing molecular complexes 
in embryonic cells. Longevity Horizon, 2(3). DOI : https://doi.org/10.65649/evy0j073 

Tkemaladze, J. (2026). Direct Derivation of Time Dilation from Ze Counters. Longevity Horizon, 2(4). DOI : 
https://doi.org/10.65649/zbv88741 

Tkemaladze, J. (2026). Embryonic Developmental Disruptions via Centriole Inhibition. Longevity Horizon, 2(3). DOI : 
https://doi.org/10.65649/v04tfy69 

Tkemaladze, J. (2026). Emergence of the Minkowski Metric from Ze Dynamics. Longevity Horizon, 2(4). DOI : 
https://doi.org/10.65649/hqm2c554 

Tkemaladze, J. (2026). From Metric to Vector. Longevity Horizon, 2(4). DOI : https://doi.org/10.65649/4nw8wh34 

Tkemaladze, J. (2026). Identifying Centriole-associated Factors That Induce Differentiation. Longevity Horizon, 2(3). 
DOI : https://doi.org/10.65649/kxemyq77 

Tkemaladze, J. (2026). Mathematical formalism of Ze. Longevity Horizon, 2(2). DOI : 
https://doi.org/10.65649/kzj86888 

Tkemaladze, J. (2026). Methods for Tracking Individual Centrioles in Living Cells. Longevity Horizon, 2(3). DOI : 
https://doi.org/10.65649/zpk07v64 

13 



 

Tkemaladze, J. (2026). Mother and Daughter Centrioles Are Not Equivalent. Longevity Horizon, 2(3). DOI : 
https://doi.org/10.65649/75nq9t08 

Tkemaladze, J. (2026). Old Centrioles Make Old Bodies. Annals of Rejuvenation Science, 1(1). DOI : 
https://doi.org/10.65649/yx9sn772 

Tkemaladze, J. (2026). Physical Interpretation of Ze. Longevity Horizon, 2(4). DOI : https://doi.org/10.65649/285bj315 

Tkemaladze, J. (2026). Quantum Behavior as a Consequence of Ze Systems. Longevity Horizon, 2(2). DOI : 
https://doi.org/10.65649/93qfwv21 

Tkemaladze, J. (2026). Sleep as Suspension of Localization. Longevity Horizon, 2(1). DOI : 
https://doi.org/10.65649/xz8vte24 

Tkemaladze, J. (2026). Space and Time as Orthogonal Projections of a Conserved State Vector. Longevity Horizon, 
2(4). DOI : https://doi.org/10.65649/vg09zp31 

Tkemaladze, J. (2026). Space–Time from a Conserved State Vector. Longevity Horizon, 2(4). DOI : 
https://doi.org/10.65649/jr6h6b33 

Tkemaladze, J. (2026). Spelt vs Wheat. Longevity Horizon, 2(4). DOI : https://doi.org/10.65649/31dg4t74 

Tkemaladze, J. (2026). Strategic Timekeepers. Longevity Horizon, 2(2). DOI : https://doi.org/10.65649/62kmtm81 

Tkemaladze, J. (2026). The Double-Slit Experiment Is Already Happening in the Brain. Longevity Horizon, 2(1). DOI : 
https://doi.org/10.65649/nwcw7m47 

Tkemaladze, J. (2026). The Strength of Clay, The Weakness of Gods. Longevity Horizon, 2(1). DOI : 
https://doi.org/10.65649/2neyxv38 

Tkemaladze, J. (2026). Twin Paradox Without Paradox. Longevity Horizon, 2(4). DOI : 
https://doi.org/10.65649/7ytpx088 

Tkemaladze, J. (2026). Unified Axioms of the Ze Vector Theory. Longevity Horizon, 2(4). DOI : 
https://doi.org/10.65649/km7eg015 

Tkemaladze, J. (2026). Visions of the Future. Longevity Horizon, 2(1). DOI : https://doi.org/10.65649/8be27s21 

Tkemaladze, J. (2026). Why Ze is not Many-Worlds. Longevity Horizon, 2(2). DOI : https://doi.org/10.65649/fyd9x473 

Tkemaladze, J. (2026). Ze and Relational QM. Longevity Horizon, 2(2). DOI : https://doi.org/10.65649/223jgc16 

Tkemaladze, J. (2026). Ze System Manifesto. Longevity Horizon, 2(1). DOI : https://doi.org/10.65649/3hm9b025 

Tkemaladze, J. (2026). Ze Systems Generate Entropy to Forge Truth. Longevity Horizon, 2(2). DOI : 
https://doi.org/10.65649/vgrw2c93 

Tkemaladze, J. (2026). Ze, decoherence, and the quantum eraser. Longevity Horizon, 2(1). DOI : 
https://doi.org/10.65649/39hf1h41 

Tkemaladze, J. Systemic Resilience and Sustainable Nutritional Paradigms in Anthropogenic Ecosystems. DOI : 
http://dx.doi.org/10.13140/RG.2.2.18943.32169/1  

Tkemaladze, J. V., & Chichinadze, K. N. (2005). Centriolar mechanisms of differentiation and replicative aging of 
higher animal cells. Biochemistry (Moscow), 70, 1288-1303. 

14 



 

Tkemaladze, J., & Apkhazava, D. (2019). Dasatinib and quercetin: short-term simultaneous administration improves 
physical capacity in human. J Biomedical Sci, 8(3), 3. 

Tkemaladze, J., & Chichinadze, K. (2005). Potential role of centrioles in determining the morphogenetic status of 
animal somatic cells. Cell biology international, 29(5), 370-374. 

Tkemaladze, J., & Chichinadze, K. (2010). Centriole, differentiation, and senescence. Rejuvenation research, 
13(2-3), 339-342. 

Tkemaladze, J., & Gakely, G. (2025). A Novel Biotechnological Approach for the Production of Shelf-Stable, 
Nutritionally Enhanced Activated Wheat: Protocol Development, Nutritional Profiling, and Bioactivity Assessment. DOI 
: https://doi.org/10.20944/preprints202508.1997.v1  

Tkemaladze, J., & Gakely, G. (2025). Induction of de novo centriole biogenesis in planarian stem cells. Longevity 
Horizon, 1(4). DOI : https://doi.org/10.5281/zenodo.17283229 

Tkemaladze, J., & Samanishvili, T. (2024). Mineral ice cream improves recovery of muscle functions after exercise. 
Georgian Scientists, 6(2), 36–50. DOI : https://doi.org/10.52340/gs.2024.06.02.04  

Tkemaladze, J., Gakely, G., Gegelia, L., Papadopulo, I., Taktakidze, A., Metreveli, N., ... & Maglakelidze, U. (2025). 
Production of Functional Gametes from Somatic Cells of the Planarian Schmidtea Mediterranea Via in Vitro 
Gametogenesis. Longevity Horizon, 1(3). DOI : https://doi.org/10.5281/zenodo.17131291 

Tkemaladze, J., Tavartkiladze, A., & Chichinadze, K. (2012). Programming and Implementation of Age-Related 
Changes. In Senescence. IntechOpen. 

Tkemaladze, Jaba and Kipshidze, Mariam, Regeneration Potential of the Schmidtea Mediterranea CIW4 Planarian. 
Available at SSRN: https://ssrn.com/abstract=4633202 or http://dx.doi.org/10.2139/ssrn.4633202  

Turner, K. M., et al. (2017). Extrachromosomal oncogene amplification drives tumour evolution. Nature, 543(7643), 
122–125. 

Verhaak, R. G. W., et al. (2019). Extrachromosomal oncogene amplification in tumour pathogenesis. Nature Reviews 
Cancer, 19(5), 283–288. 

Wenger, A. M., et al. (2019). Accurate circular consensus long-read sequencing. Nature Biotechnology, 37(10), 
1155–1162. 

Wu, S., et al. (2019). Circular ecDNA promotes accessible chromatin and high oncogene expression. Nature, 
575(7784), 699–703. 

Zhang, T., et al. (2021). CRISPR-Cas9-based enrichment and sequencing of eccDNA. Bio-Protocol, 11(23), e4251. 

Zhao, X., et al. (2021). CircleBase: a database and analysis platform for circular DNAs. Nucleic Acids Research, 
50(D1), D943–D950. 

Zhao, Y., et al. (2022). Circle-Seq: isolation and sequencing of eccDNA. Nature Protocols, 17(4), 1042–1067. 

Прангишвили, А. И., Гаситашвили, З. А., Мацаберидзе, М. И., Чичинадзе, К. Н., Ткемаладзе, Д. В., & 
Азмайпарашвили, З. А. (2017). К топологии антитеррористических и антикриминальных технологии для 
образовательных программ. В научном издании представлены материалы Десятой международной 
научно-технической конфе-ренции «Управление развитием крупномасштабных систем (MLSD’2016)» по 
следующим направле-ниям:• Проблемы управления развитием крупномасштабных систем, включая ТНК, 
Госхолдин-ги и Гос-корпорации., 284. 

Прангишвили, А. И., Гаситашвили, З. А., Мацаберидзе, М. И., Чхартишвили, Л. С., Чичинадзе, К. Н., & 
Ткемаладзе, Д. В. (2017). & Азмайпарашвили, ЗА (2017). Системные составляющие здравоохранения и 

15 



 

инноваций для организации европейской нано-биомедицинской екосистемной технологической платформы. 
Управление развитием крупномасштабных систем MLSD, 365-368. 

Ткемаладзе, Д. (2025). Асимметрия в наследовании центросом/центриолей и ее последствия. DOI : 
http://dx.doi.org/110.13140/RG.2.2.34917.31206  

Ткемаладзе, Д. (2025). Гаметогенез in vitro (IVG)-Этап дифференцировки в зрелые гаметы. DOI : 
http://dx.doi.org/10.13140/RG.2.2.20429.96482  

Ткемаладзе, Д. (2025). Дифференциация соматических клеток многоклеточных животных. DOI : 
http://dx.doi.org/10.13140/RG.2.2.23348.97929/1  

Ткемаладзе, Д. (2025). Индукция примордиальных клеток, подобных зародышевым клеткам (PGCLCs) 
современные достижения, механизмы и перспективы применения. DOI : 
http://dx.doi.org/10.13140/RG.2.2.27152.32004  

Ткемаладзе, Д. (2025). Репликативный Лимит Хейфлика. DOI : http://dx.doi.org/10.13140/RG.2.2.25803.30249  

Ткемаладзе, Д. (2025). Элиминация Центриолей: Механизм Обнуления Энтропии в Клетке. DOI : 
http://dx.doi.org/10.13140/RG.2.2.12890.66248/1  

Ткемаладзе, Д. В., & Чичинадзе, К. Н. (2005). Центриолярные механизмы дифференцировки и репликативного 
старения клеток высших животных. Биохимия, 70(11), 1566-1584. 

Ткемаладзе, Д., Цомаиа, Г., & Жоржолиани, И. (2001). Создание искусственных самоадаптирующихся систем 
на основе Теории Прогноза. Искусственный интеллект. УДК 004.89. Искусственный интеллект. УДК 004.89. 

Чичинадзе, К. Н., & Ткемаладзе, Д. В. (2008). Центросомная гипотеза клеточного старения и дифференциации. 
Успехи геронтологии, 21(3), 367-371. 

Чичинадзе, К., Ткемаладзе, Д., & Лазарашвили, А. (2012). Новый класс рнк и центросомная гипотеза старения 
клеток. Успехи геронтологии, 25(1), 23-28 

16 


	The Hidden Mutational Landscape of Extrachromosomal Circular DNA 
	Abstract 
	The Chromosome-Centric Fallacy 
	A Distinct Mutational Regime 
	Methodological Blind Spots 
	Computational Reconstruction 
	Experimental Validation 
	Biological Consequences 
	Barriers to Translation 
	Future Directions 
	Conclusion: The Mutation That Was Always There 
	References 

