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Bacteriophages, viruses that infect bacteria, play a huge, and not fully understood, role in the biosphere
and host genome evolution and are thought to have been instrumental in the emergence of the cellular life
we see today[l’z]. Therefore, understanding the virosphere, and the evolutionary relationships between
viruses, will provide important insights into the formation of the biosphere. It has been proposed that the
best way to understand these viral evolutionary relationships is to focus on the capsid structure and the
viral proteins that make it 7] This is based on the fact that most viruses utilize a protein capsid as

part of their life-cycle and that these viruses use only a few conserved structural capsid protein folds[I4°1,
Currently, the actively curated VIPERdDb databasel!%™ of viral capsid structures contains 752 different
viruses. Although impressive, and the result of many years of hard work, this is not even a drop in the

ocean of the estimated billions of unique viruses>%31. one problem with our current structural collection
of viral capsid proteins is that the viruses infect a widely diverse range of hosts. Trying to find evolutionary
links between viruses that infect very different hosts — that may be separated by billions of years of
evolution with no fossil records — is very challenging. The problem is that we lack sufficient data to map
viral evolution with any great certainty. My proposed solution is to focus on viruses that infect a phylum

of bacteria, the Actinobacteria, where the viruses are far more closely related!*4].

However, the huge number of different bacteriophage makes this kind of study challenging. Therefore the
need for higher throughput cryo-EM data collection is sorely needed for viral capsid studies. We have
shown that multiple different bacteriophage capsids can be “multiplexed”, mixed together before
vitrification, to obtain multiple structures from one session of data collection. We have used this method
to start screening the large actinobacteriophage family and using the structures to understand the diversity
and evolution of these bacteriophages.
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