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The Evolutionary Roles of Extrachromosomal DNA

All organisms store DNA in chromosomes, but DNA can also exist outside them. This extrachromosomal DNA
(ecDNA) can facilitate evolution—from antimicrobial resistance in bacteria to tumour progression in human
cancer—but its diverse roles have not been considered together. During my fellowship at the Wissenschaftskolleg
zu Berlin, I will explore how evolutionary theory can bring this diversity within a common framework.

The focus of my usual research is bacterial plasmids: self-copying genetic elements in bacteria that can replicate
independently. Plasmids are key vectors for important functions, including antimicrobial resistance, and are the best-
studied example of ecDNA, even though we do not understand many features of their spread and evolution.
Recently, the use of whole-genome sequencing to study human cancers has revealed that many tumour cells also
contain ecDNA. In cancer, ecDNAs are associated with oncogenes and drug resistance. The uncontrolled growth of
cancer cells in a multicellular organism has been described as an atavistic return to a more “single-celled” existence.
Though ecDNA in cancer has many differences from plasmids, the similarities are further evidence in support of this
concept and suggest that drawing on evolutionary theory for plasmids could be beneficial in this very different area.

Beyond humans, ecDNA has also been studied in model systems such as yeast, where it can confer environmental
adaptations, and in plants, where it can confer herbicide resistance. These striking findings across different fields
confirm that ecDNA plays important roles across biology, often linked to scenarios of rapid adaptation. However, at
the moment, this research is scattered in different disciplines, often with different terminology and frameworks. By
performing a synthesis of our current knowledge of the forms and functions of ecDNA, I hope to identify
commonalities in research questions and approaches that could point the way for future areas of study and clinical
applications.
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COLLOQUIUM, 12.11.2025

Strange Loops: extrachromosomal DNA across biology

All living cells contain large molecules of DNA called chromosomes, but DNA can also exist in extrachromosomal
forms. Decades of research across different organisms has uncovered more of these “strange loops” than expected
– if we look carefully enough, we tend to find them. This empirical fact poses explanatory challenges. In my field,
one example is the so-called plasmid paradox: plasmids are a common form of extrachromosomal DNA in bacteria,
but simple evolutionary models predict that they shouldn’t exist. In this talk, I’ll present provisional work thinking
about the evolutionary roles of extrachromosomal DNA, drawing on my own research as well as recent research on
cancer. My premise is that cancer provides an independent case study of unicellular life, which we can use as a
fruitful testing ground for debates in bacterial evolution. I’ll use this approach to outline what I think is a novel
argument against the plasmid paradox. I’ll end with some reflections on the technological and intellectual biases in
our understanding of variation in biology, and the implications for our accounts of evolution.
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