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Abstract
Bacteriophages RazzB and SwissCheezer were isolated from soil in southwestern Pennsylvania. RazzB is a cluster AP
siphovirus infecting Arthrobacter globiformis B-2979 and contains a 69,522 bp genome with 65.8% GC content, 127
predicted protein-coding genes and no tRNAs. SwissCheezer is a cluster EK phage with a podovirus morphology infecting
Microbacterium foliorum NRRL B-24224 and contains a 53,956 bp genome with 60.0% GC content and 54 predicted
protein-coding genes.

Figure 1. Transmission electron micrographs of RazzB (A) and SwissCheezer (B) reveal two distinct morphologies:

Scale bar is 200 nm.

Description
Soil is a rich source for isolating diverse and novel bacteriophages, the characterization of which contributes towards
advancing our understanding of phage genetic diversity and application of phages in medicine and biotechnology (Hatfull,
2022; Pope et al., 2015). Here, we present the genome sequences of newly discovered actinobacteriophages RazzB and
SwissCheezer. Bacteriophages RazzB and SwissCheezer were discovered in regions of southwestern Pennsylvania. RazzB
was discovered via enriched isolation on Arthrobacter globiformis B-2979 from soil located near a raspberry bush in a
family garden in Mifflintown, PA, USA (GPS: 40.53858 N, 77.69635 W), while SwissCheezer was discovered by direct
isolation on Microbacterium foliorum NRRL B-24224 from soil at a residential home in Greensburg, PA, USA (GPS:
40.30196 N, 79.53702 W). The sample containing RazzB was suspended in 35 mL of peptone yeast calcium (PYCa)
medium at 30°C for 45 minutes, centrifuged at 2,000 x g for 10 minutes, and filtered using a 0.22 µm syringe. After
inoculation of the filtrate with Arthrobacter globiformis B-2979 and incubation at 30°C for 48 hours, the resulting culture
was filtered and the filtrate spotted on a bacterial lawn of A. globiformis (Poxleitner et. al, 2024). For SwissCheezer, the
filtrate prepared after resuspending the soil sample was plated directly onto PYCa top agar with Microbacterium foliorum
NRRL B-24224 and incubated for 24 hours at 30°C. Both phages were purified through a total of three rounds of picking
individual plaques and plating. RazzB formed small, clear plaques between 1.3 -1.5 mm in diameter (n=5) whereas
SwissCheezer formed clear plaques that consistently ranged in size, from 1 – 4 mm in diameter (n = 5). Lysates for both
phages were prepared and used for negative-staining transmission electron microscopy with 1% uranyl acetate, revealing a
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siphovirus morphology for RazzB, with a tail length mean of 236nm (+/-8 nm) and a head diameter mean of 68 nm (+/- 4
nm) (n=3) and a podovirus morphology for SwissCheezer, with a mean head diameter of 66nm (+/- 8 nm) (n=3) (Figure
1).

DNA was extracted from phage lysates using Promega Wizard DNA Clean-Up Kit. Sequencing for these genomes was
completed by the Pittsburgh Bacteriophage Institute using an Illumina NextSeq 1000 using the XLEAP P1 kit (Russell
and Hatfull, 2017) generating 3.1 million 100 base reads. Raw reads were trimmed with cutadapt 4.7 (using the option: –
nextseq-trim 30) and filtered with skewer 0.2.2 (using the options: -q 20 -Q 30 -n -l 50) prior to assembly (Gordon et al.,
1998; Jiang et al., 2014; Martin, 2011; Wick et al., 2017). A summary of the DNA sequencing and genome characteristics
of RazzB and SwissCheezer is found in Table 1. RazzB was assigned to cluster AP and SwissCheezer to cluster EK based
on gene content similarity of at least 35% to phages in the Actinobacteriophage database, phagesdb (https://phageDB.org)
(Pope et al., 2017; Russell and Hatfull, 2017).

The genomes of RazzB and SwissCheezer were auto-annotated using GLIMMER v3.02 (Delcher et al., 1999) and
GeneMark v2.5 (Besemer & Borodovsky, 2005) and then manually refined with Phamerator using the Actino_draft
database v580 (Cresawn et al., 2011), DNA Master v5.23.6 (Pope and Jacobs-Sera, 2018), Starterator v587
(github.com/SEA-PHAGES/starterator), and PECAAN (discover.kbrinsgd.org). Functions were assigned to predicted
genes in RazzB and SwissCheezer genomes by using BLASTp v 2.2.26 (using the Actinobacteriophage and NCBI
nonredundant databases; Altschul et al., 1990) and HHpred (using PDB_mmCIF70, Pfam-v.36, and NCBI Conserved
Domain databases; Söding et al., 2005) as well as determining transmembrane regions using Deep TMHMM v1.0.42
(Hallgren et al., 2022) program. No tRNA genes were identified by Aragorn v 1.2.38 (Laslett & Canback, 2004) or
tRNAscan-SE v2.0 (Lowe & Chan, 2016) in either phage. All programs were run using default settings except for DNA
Master, which was set as outlined in the SEA-PHAGES bioinformatics guide (Pope et al., 2017).

Of the 127 predicted protein-coding genes in RazzB's genome, genes 1-45 are transcribed in the forward direction and
genes 46-127 in the reverse direction. Structural and assembly genes are located in the first third of the genome and
include those encoding the terminase, portal protein, capsid maturation protease, major capsid hexamer protein, tail tube,
head-to-tail adapter, tail-assembly chaperone, tape measure protein, distal tip complex (dit), baseplate hub, and minor tail
proteins. Genes involved in replication and recombination, such as a RusA-like resolvase and a DNA primase/helicase,
were also identified. The endolysin gene is positioned upstream of the tape measure gene, consistent with other subcluster
AP2 phages. RazzB encodes a Cas4 exonuclease, dUTPase, and a protein containing a ParB-like nuclease domain that are
conserved among AP2 cluster phages.

SwissCheezer contains 54 predicted protein-coding genes, with genes 1-30 transcribed in the reverse direction and genes
31-54 in the forward direction, a layout typical for subcluster EK1 phages. Genes involved in replication and
recombination like DNA primase/polymerase, DNA primase, DNA helicase, DNA polymerase I, and a RuvC-like
resolvase are encoded in the first part of the genome. Structural genes such as portal protein, major capsid protein, and
minor tail proteins are encoded in the last third of the genome along with an endolysin on the forward strand. Functions
fully conserved across all 57 EK1 phages include minor tail proteins, endolysin, a WhiB family transcription factor and a
Cas4 exonuclease. A notable variation amongst EK1 phages is within the rightmost fifth of the genome, where phages
either encode purple acid phosphatase, as does SwissCheezer, a phosphoesterase, or are missing this coding region.

GenBank with Accession and Sequence Read Archive (SRA) numbers are provided in Table 1.

Table 1. Genome and sequencing characteristics of phages RazzB and SwissCheezer.

Genome Characteristic RazzB SwissCheezer

Genome length (bp) 69,522 53,956

Sequencing coverage (X) 4,392 77

Character of genome ends Direct terminal repeats (587 bp) Circularly permuted

Number of predicted protein-coding genes 127 54

GC content (%) 65.8% 60.0%

Subcluster AP2 EK1

GenBank Accession Number PV876951 PV876939
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SRA Accession Number SRX31241828 SRX31241830
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