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Abstract

	A phage of the subfamily Gokushovirinae (Family Microviridae) was isolated from a prophage of Escherichia marmotae. These phages represent the first known lysogenic members of the Gokushovirinae. The type strain, EC6098, averages approximately 50% nucleotide sequence identity with other prophage sequences found in the genera Escherichia, Citrobacter, Kosakonia, Enterobacter and Salmonella. The genomes of these (pro)phages are 4.5–4.6 kilobases in length and encode six protein coding genes, including the hallmark gene Rep and a major capsid protein characteristic of gokushoviruses. The phage genomes encode a single 28-bp dif-motif required for integration into the bacterial genome. The genomic cohesion of this group, phylogenetic differentiation from other gokushoviruses, and the ability to lysogenize enterobacteria necessitates the creation of a new genus Enterogokushovirus 


Text of proposal
	
	Genus demarcation criteria:

The isolate of the proposed genus as well as all detected prophage sequences are roughly 4,500-4,600 bases in length, encode six genes in conserved order, and process a characteristic 28-base dif-motif enabling integration downstream of the homologous dif-motif of bacterial genomes (Figure 1) [1]. Known hosts include the members of the bacterial genera Escherichia, Citrobacter, Salmonella, Enterobacter and Kosakonia (Fam. Enterobacteriaceae). (Pro)phages of this genus share at least 50% average nucleotide identity (Table 1). All members form a phylogenetically distinct lineage based on their conserved Rep (VP4) and major capsid protein (VP1) sequences (Figure 2). The name Enterogokushovirus is derived from their host family, the Enterobacteriaceae, and the type species name Enterogokushovirus EC6098 is based on the first isolate Escherichia phage EC6098, initially found lysogenizing Escherichia marmotae MOD1-EC6098.


Species demarcation criteria:

The representative Escherichia phage EC6098 should be placed into the proposed species Enterogokushovirus EC6098. As only one isolate of this genus is available, we do not suggest species demarcation criteria at this point. 
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Figure 1: Gene order of Enterogokushovirus and sequence logo of characteristic integration sites into enterobacterial genomes. Arrows indicate conserved open reading frames, red bar indicates the 28-base dif-motif encoded on phage genome, blue bar the homologous dif-motif of bacteria directly upstream of conserved phage integration site (absent in the closed circular phage genome). Sequence logos for both dif-motifs are shown. Figure adapted from [1]

Table 1: Average nucleotide identity of Enterogokushovirus strains found in different bacterial hosts. 
	 
	A
	B
	C
	D
	E

	A Enterogokushovirus EC6098
	 
	78
	73
	53
	52

	B Citrobacter prophage
	78
	 
	70
	54
	52

	C Salmonella prophage
	73
	70
	 
	54
	53

	D Enterobacter prophage
	53
	54
	54
	 
	63

	E Kosakonia prophage
	52
	52
	53
	63
	 


Average nucleotide identity was calculated in Geneious Prime (Biomatters Ltd.) from whole genome alignments of phage and prophages (minus bacterial dif-motif) constructed using Clustal Omega (standard settings) [2]. Accession numbers for genomes are indicated in Figure 2.
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Figure 2: Phylogeny of Microviridae. Members of the proposed genus Enterogokushovirus are labeled blue, with the type strain indicated in bold. Maximum likelihood phylogeny was constructed using the PROTGAMMAWAG algorithm implemented in RAxML 8 [3], based on a 1270 aa concatenated alignment of the conserved major capsid and Rep proteins created in Clustal Omega (standard settings) [2]. Bootstrap support was assessed using 100 fast bootstrap replicates. Scalebar indicates amino acid substitutions/site. 
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