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Genome Sequences and Characteristics of Six Cluster B1
Mycobacteriophages Discovered at Saint Joseph’s University
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ABSTRACT We report on six new siphoviruses infecting Mycobacterium smegmatis
that were isolated from soil samples collected on the campus of Saint Joseph's
University, on the western edge of Philadelphia, Pennsylvania. All phages have circu-
larly permuted genomes that are 68,721 to 68,929 bp long, with an average G+C
content of 66.4%.

he clinical significance of bacteriophages and the need to discover additional

phages are highlighted in recent reports describing the treatment of multidrug-
resistant Mycobacterium abscessus infections using a mycobacteriophage cocktail (1-
3). From soil samples collected by Saint Joseph’s University students (Table 1), we iso-
lated six bacteriophages that infect Mycobacterium smegmatis mc2155, using standard
methods (3). Briefly, soil samples were resuspended in 7H9 liquid medium and filtered
(0.2-um pore size). Filtrates from two soil samples were plated in top agar with M.
smegmatis, yielding phages Inchworm and Magic8. The remaining four filtrates were
inoculated with M. smegmatis, incubated with shaking for 2 days at 37°C, filtered, and
plated in top agar with M. smegmatis, which yielded phages Bluephacebaby, Burr,
Cher, and Mcshane. All phages were purified with at least three rounds of plating; all
formed clear plaques (3 to 4 mm in diameter) after 24 to 48 h at 37°C. Negatively
stained transmission electron micrographs revealed all phages to be similarly sized
siphoviruses, with icosahedral capsids (66.9 = 6.8 nm [N = 27]) and long noncontractile
tails (309.8 = 14.9 nm [N = 27]) (Fig. 1).

Phage DNA was isolated with the Promega Wizard DNA cleanup kit (3) or phenol-
chloroform extraction (https://phagesdb.org/protocols/88), prepared for sequencing
with the NEBNext Ultra Il DNA library preparation kit, and sequenced on an lllumina
MiSeq system (v3 reagents), which yielded 455.2 thousand to 1.1 million single-end
150-base reads. Sequences were assembled and checked for completeness using
Newbler (v2.9) and Consed (v29) (4), respectively, generating single major contigs with
935- to 2,173-fold coverage. Multiple DNA sequence alignment (Geneious v10.2.2)
showed these six phage genomes to be highly similar to one another, sharing over
95% nucleotide identity. All phages were assigned to cluster B1 based on clustering
parameters of at least 35% shared protein homologs (phams) with other cluster B1
phages in the Actinobacteriophage Database (5). All of the genomes are circularly per-
muted, with G+C contents of 66.3 to 66.5% (Table 1).

Phage genomes were annotated using PECAAN (v2019-20) (6) or DNA Master
(v5.23.2) (7), Phamerator (v477) (8), Starterator (v1.0.1 and v1.2) (http://phages.wustl
.edu/starterator), ARAGORN (v2) and tRNAscan-SE (v1.2.38) (9, 10), and HHPred (v3.2,
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Bluephacebaby Burr Cher Inchworm

FIG 1 Six phages in the B1 cluster show Siphoviridae morphology. Phage lysates were stained with 1% uranyl acetate.
Scale bar, 50 nm.

with PDB_mmCIF70, SCOPe70, Pfam-A, and NCBI conserved domain [CD] databases)
and BLASTP (v2.9, with Actinobacteriophage Database protein and NCBI nonredundant
protein sequence databases) (11, 12). All bioinformatic tools were used with default pa-
rameters. An average of 102 genes were identified in each genome, with no tRNA/
transfer-messenger RNA genes.

The six genomes share similar functional organizations, with structure and assembly
gene homologs, including terminase, portal protein, capsid maturation protease and
MuF-like fusion protein, major capsid protein, head-to-tail adaptor, tail assembly chap-
erone, tape measure protein, and minor tail proteins, being encoded on the left half of
the genome. Each genome also encodes HNH endonucleases, which are often associ-
ated with terminase for DNA packaging (10). Scaffolding proteins typically associated
with capsid maturation proteases were not identified (13). All six phages also contain a
gene encoding DpdA-like tRNA-guanine transglycosylase, but no other genes in the
preQ, pathway, required to modify specific guanine residues for protection from host
restriction enzymes, could be identified (14). These six new B1 members bring the total
number of phages in this cluster to 239.

Data availability. See Table 1 for the accession numbers for all six phages.
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