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Abstract: Single-stranded RNA viral genomes (gRNA) are dynamic molecules that permit 
packaging into virions and their subsequent extrusion during infection. For viruses with such 
genomes, we discovered a previously unsuspected mechanism that regulates their assembly. This 
regulation is the result of multiple cognate coat protein (CP)–gRNA contacts distributed across the 
RNA. Collectively, these interactions make the assembly highly efficient and specific. The regions 
of the gRNA packaging signals (PSs) driving this assembly are potential drug targets, whilst the 
manipulation of PS–CP contacts with nonviral RNA cargos is a route towards bespoke virus-like 
particles. Infectivity depends on the virions being able to transfer their gRNAs into host cells. The 
starting point for this transfer appears to be an encapsidated RNA with a defined three-dimensional 
structure, especially around the PSs. A combination of asymmetric cryo-electron microscopy 
structure determination and X-ray synchrotron footprinting were used to define these contacts and 
structures in a number of viral examples, including hepatitis B virus and enteroviruses. These tools 
allow us to look beyond the outer CP layer of the virion shell and to see the functional, asymmetric 
components that regulate viral infectivity. This revealed yet more unexpected aspects of critical 
infection mechanisms, such as the RNA conformational changes required for encapsidation, the 
details of PS–CP contacts regulating the assembly, and the conformational “memory” imposed by 
encapsidation. 
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