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Comparative genomics of phages isolated on new host species reveals novel genome features
Kaitlyn L Fields, Ahmed Abdullah, Joe Alexander, Chanel K Cuneo, David  C Ennest, Danielle Ertsgaard, Sarah B Fields, Kaylee J Fritz, Helena Humphreys, Brady T Johnson, Jacob E Kinneman, Shawna M Larson, Merit N Lemunyete, Moya B Murray, Noah D Nelson, Ezekiel K Olakunle, Delany E Osmond, Kelly A Patras, Sunny Ransibrahmanakul, Amy C Reimer, Cally C Robertson, Grace V Ross, Katie A Simpson, Bricarah S Thull, Sam Wetzel, J A Bonilla, Karen K Klyczek
UWRF phage hunters explored the relationships between phages isolated in different host species. We used Microbacterium foliorum NRRL B-24224 SEA and Microbacterium paraoxydans NRRL B-14843, and also Arthrobacter globiformis B-2979. Each soil sample was tested on all three hosts. From 53 samples, we isolated 49 phages – 13 on M. foliorum, 23 on M. paraoxydans, and 13 on A. globiformis. The genomes of 5 phages were sequenced: WaterT, LeeroyJenkins, and Tyrumbra from M. paraoxydans, and Vibaki and Qui from A. globiformis. We identified an additional three phages genomes so far in a DOGEMS sample, including Hubbs (M. foliorum), RubyRalph (M. paraoxydans), and Shoya (A. globiformis). We observed a variety of relationships between these phages and others isolated on various species of Microbacterium and Arthrobacter. Tyrumbra, Hubbs, and RubyRalph have sufficient nucleotide similarity with other phages to be assigned to clusters. Tyrumbra is in cluster EC, Hubbs is in cluster ED1, and RubyRalph is in cluster EG. These three clusters include phages isolated on both M. foliorum and M. paraoxydans. WaterT and LeeroyJenkins had no nucleotide similarity to other phages, but together they formed new cluster GB. They share 96% nucleotide identify over 78% of their genomes, and 62.5% gene content similarity. These phage genomes are 61,090-62,439 bp long, with 1545-1807 direct terminal repeats. Their overall genome structure is similar to the cluster ED1 phages, but they share only 2 phams. The A. globiformis phages are all Singletons, but are related to phages in existing clusters. Shoya shares 25.5% gene content similarity with cluster FB phages and 27.5% similarity with Maja, another Singleton. Shoya is the only temperate phage that we found, and we are isolating lysogens to conduct immunity testing with other Arthrobacter phages. Vibaki shares 24-26% gene content similarity with the cluster AO phages, and has a similar Myoviral morphology. Qui shares about 20% gene content similarity with cluster AM and AU phages. It has a prolate head, like the AM phages, but its head is much longer, 150 nm long and 50 nm wide. Its genome is 113,655 bp, compared to 58,000-59,000 for the AM and AU phages. Qui also shares 12-20% gene content similarity with a large group of phages from different hosts, including clusters AW, BI, CC, DJ, and EL. These phages all have low G+C% content, several genes encoding membrane proteins, and many intergenic repeat sequences. There are several pairs of tandemly repeated genes in Qui’s genome, not found in the other phages. In addition, many Qui genes have blastp hits to other genes in the Qui genome, with e values of <10-4, suggesting a history of gene duplication and divergence. These observations suggest gene duplication as one possible mechanism for the expansion of the Qui genome relative to related phages. 
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