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Abstract: All viruses, but especially RNA viruses, generate tremendous diversity in genome 
composition, including point mutations, duplications, deletions, and insertions. We used in vitro 
and in vivo models to perform natural and directed experimental evolution. We then combined the 
resulting data with mathematical modelling to determine how virus populations occupy sequence 
space—a multidimensional hypercube that describes all combinations of nucleotide, codon, or 
amino acid sequences. In this study, we demonstrate how these experimental and computational 
approaches can help monitor, predict, alter, and even target virus evolution and population 
dynamics, creating new ways to study virus–host interactions and to innovate antiviral approaches. 
Using arboviruses, enteroviruses, and influenza, we recreate and predict host jumps and emergence 
events in the lab, redirect evolution towards the ‘bad’ neighbourhoods of sequence space that 
represent attenuation, and poison the viral population by disturbing the balance between good and 
bad genomes. 
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