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ABSTRACT The Enterobacteriales order is composed of Gram-negative bacteria that
range from harmless symbionts to well-studied pathogens. We announce complete
genome sequences of five related SO-1-like Enterobacteriales bacteriophages (also
known as the Dhillonvirus genus) isolated from wastewater that infect Escherichia coli
(Opt-212, Over9000, Pubbukkers, and Teewinot) or Shigella boydii (StarDew).

The Enterobacteriaceae family of bacteria includes well-known model organism spe-
cies and clinical pathogens such as the closely related species Escherichia coli and

Shigella boydii. These bacteria are known to cause hospital-acquired infections and to
acquire antibiotic resistance, making phage therapy a possible alternative treatment.
Here, the isolation, complete genome sequences, and annotation of five SO-1-like
siphophages that infect E. coli and S. boydii are presented.

All five bacteriophages were isolated from wastewater treatment plants in the western
United States by propagation in enrichment culture on E. coli BW25113 (1) or S. boydii
Ewing NCTC 12985 (ATCC 8700) in LB medium at 37°C. Enrichment cultures were centri-
fuged to pellet bacteria, and the supernatant was incubated with bacteria overnight and
plated in LB top agar. Bacteriophages were then isolated through a minimum of three suc-
cessive single-plaque purifications by picking a plaque, incubating it with a fresh bacterial
overnight culture, and replating it in LB top agar. Lysates (.108 PFU/mL) were prepared by
incubating a plaque with diluted bacterial overnight culture in LB medium for 48 h. Phage
genomic DNA was purified from the high-titer lysates using a phage DNA isolation kit
(Norgen Biotek, Canada). Genomic DNA was prepared for paired-end sequencing with
unique barcodes using either the Illumina TruSeq Nano DNA library preparation kit (Opt-
212 and StarDew, which underwent 250-bp paired-end Illumina HiSeq 2500 sequencing) or
the NEBNext Ultra II DNA library preparation kit (the other three phages, which underwent
150-bp paired-end sequencing with the Illumina iSeq100 system). All contigs were trimmed
and assembled using the preset de novo assembly function of Geneious v.R11 for HiSeq
data and v.8.0.5 for iSeq data (2) and subsequently were annotated using DNA Master (3)
and GeneMarkS (4). All software was used with default settings. All five bacteriophages
circularized during de novo assembly and share .90% nucleotide sequence identity with
bacteriophage SO-1 (GenBank accession number GQ502199) by BLASTN (5). The phage
sequencing data assembled into circles, suggesting terminally redundant virion chromosomes,
and analysis of raw reads from phage Opt-212 using PhageTerm predicted headful packaging
(6); therefore, all phages were oriented with the small terminase as the first gene.

Bacteriophage SO-1, which infects Sodalis glossinidius, was chosen as the protype
for a virulent phage cluster (7) and has also been assigned to the Dhillonvirus genus
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defined by the International Committee on Taxonomy of Viruses (ICTV). GenBank cur-
rently contains genome sequences of over 45 bacteriophages that belong to this clus-
ter and are reported to infect Sodalis, Escherichia, Shigella, or Edwardsiella; however,
this virus group is generally understudied, with relatively few reports of phage charac-
terization (8, 9). Further study of these phages will advance the understanding of this
diverse and abundant phage cluster, whose members are capable of infecting a range
of bacterial hosts.

Data availability. The accession numbers for all five bacteriophages are found in
Table 1.
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TABLE 1 Sequencing summary and basic properties of five SO-1-like Siphoviridae bacteriophages belonging to the Dhillonvirus genus

Phage name
GenBank
accession no.

SRA accession
no.

Total no.
of reads

Sequencing coverage
(range [mean]) (×)

Genome
length (bp) GC content (%)

Sewage sampling
location coordinates

vB_EcoS_Opt-212 OL770278 SRR17231354 18,605 781–3,240 (1,298.5) 44488 54.4 37.6879N, 112.4702W
vB_EcoS_Over9000 OK499985 SRR17231364 191,821 264–1,020 (650.1) 44583 54.6 40.3462N, 111.7786W
vB_EcoS_Pubbukkers OK499988 SRR17231389 244,496 571–1,351 (829.1) 44476 54.6 40.1643N, 111.4414W
vB_EcoS_Teewinot OK499993 SRR17231365 145,536 154–845 (526.1) 41800 54.5 40.0608N, 111.7320W
vB_SboS_StarDew OL615010 SRR17231375 23,057 20–87 (49.1) 44715 54.7 37.3382N, 121.8863W
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