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Abstract

Lethe, a predicted lytic bacteriophage with myovirus morphology, was isolated using Mycobacterium smegmatis mc2155
in North Georgia. Lethe has a genome of 155,828 base pairs with 230 predicted ORFs, 34 tRNAs, 1 tmRNA, and 64.70%
GC content. Based on gene content, Lethe is assigned to actinobacteriophage cluster C1, sharing up to 99.5% nucleotide
identity with members of this cluster.
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Figure 1. Structure of phage particles, plaques, and protein:
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A. Transmission electron micrograph (TEM) of Lethe. The TEM was obtained using a J JEOL 2100PLUS (JOEL, Inc.,
Tokyo, Japan) at the University of Georgia Electron Microscope laboratory. B. Representative plaques produced by Lethe
are turbid and 1-5 mm in size. C. Structure prediction of ORF 125 using I-TASSER includes multiple alpha helices (in
magenta) and beta sheets (in orange).

Description

The study of bacteriophage, viruses that prey on bacterial hosts, is increasingly important due to their use as an alternative
to antibiotics. Complementing these efforts is the SEA-PHAGES program that mobilizes thousands of undergraduate
students in isolating and characterizing novel bacteriophages (Heller et al, 2024).

Lethe was isolated from an environmental sample collected at Lake Zwerner, which is in northeast downtown Dahlonega,
GA (34.55437°N, 83.96678°W). The sample was fine, silt like, watery, light brown soil from the bottom of the lake. After
collection, the sample was filtered then suspended in Middlebrook 7H9 liquid medium and the suspension was inoculated

with Mycobacterium smegmatis mc? 155 and incubated with shaking overnight at 37°C. The resulting culture was filtered
with a 0.22pm filter and the filtrate plated on 7H10 agar with M. smegmatis in a standard plaque assay (Zorawik et al.,
2024). Plates were incubated at 37°C for 48 hours. After four rounds of picking plaques and plating, a clonal population of
Lethe was found to form plaques that are 1-5 mm in diameter, turbid, and rounded with defined edges (Fig 1B). A high
titer lysate of Lethe was prepared and used for electron microscopy and genomic DNA extraction. Phosphotungstic acid
(1 %) and a parafilm drop method was used to stain and mount the phage sample for negative stain transmission electron
microscopy, which revealed Lethe to possess a myovirus morphology with a capsid measuring 69.12 nm in diameter as
well as a tail measuring 80.96 nm in length as measured using eleif.net/photomeasure (n=1; Figure 1A).

Phage genomic DNA was isolated from Lethe's lysate using a Wizard DNA extraction kit (Promega) per standard Science
Education Alliance (SEA) protocol instructions. DNA was prepared for sequencing using the NEB Ultra II Library Kit 9
and sequenced using an Illumina NextSeq 1000 with XLEAP-P1 reagents. The Illumina shotgun sequencing method with
an Illumina NextSeq 1000 (XLEAP-P1 kit) was used yielding 2.5 million 100 base reads that resulted in 1529 coverage of
an assembled genome. The genome is 155828 bps long with 64.7% GC content and has circularly permuted ends. Lethe is
a member of the C1 cluster of Actinobacteriophage due to gene content similarity of at least 35% to phages in the
Actinobacteriophage database, phagesdb.org (Russell & Hatfull, 2017; Pope et al, 2017).

Lethe's genome was automatically annotated using Glimmer v3.02 (Delcher et al., 2007) and GeneMark v2.5p (Besemer
& Borodovsky, 2005) through PECAAN v20240320 (Rinehart CA, Gaffney BL, et al. 2016). and DNA Master V5.23.6
(Pope & Jacobs-Sera, 2018). The annotation was then manually refined using Starterator v557, Phamerator v557
(Cresawn et al., 2011) using the Actino_draft database, NCBI BLASTp v2.15.0 (Altschul et al., 1990) searches against the
Actinobacteriophage and NCBI non-redundant databases, HHPred v2.08 (Zimmermann et al., 2018) searches against the
PDB_mmCIF70, Pfam-v.36, NCBI Conserved Domains databases, tRNAscanSE v2.0 (Chan, et al 2021), Aragorn (Laslett
and Canback 2004) TMHMM v.1.0.24 (Chen et al., 2003), TOPCONS v2.0, and I-TASSER (Zhang, 2008). All software
was run on the default parameters. Where applicable, hits with E values of 10e-10 or less were considered acceptable.
Lethe has 230 predicted open reading frames. Putative functions were predicted for 51 of these, including a predicted tail
sheath protein (gp125). Using I-TASSER (Figure 1C), the multiple alpha helices and beta sheets that are key to the
structure and functioning of the contractile myoviurs tail can be observed (Akysukk et al., 2009). Lethe also encodes 34
tRNAs and one tmRNA. All but five genes are transcribed unidirectionally. These features are consistent with phages in
the C1 cluster, of which there are over 200, to-date. Like other phages in this cluster, Lethe is predicted to be lytic
(Hatfull, 2012) and does not encode the immunity repressor of cluster A phages. This has been observed for a small but
growing subset of C1 phages and is predicted to provide superinfection immunity to cluster A during lytic infection (Pope
et al., 2011). A blastn search of the Lethe genomic sequence against the Actinobacteriophage database reveals C1 phage
Iota (Genbank accession no. MK359330.1) as the most genetically similar phage, with 99% percent nucleotide identity
across a majority of the genome.

Nucleotide sequence accession numbers
Lethe is available at GenBank with Accession No. PV876977 and Sequence Read Archive (SRA) No. SRX29990114.
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