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Abstract

Genome annotation of Mycobacterium smegmatis phages Dorothea and LappelDuVide revealed genomic
features/organization common to cluster A mycobacteriophages; they are assigned to subclusters A6 and A4, respectively.
Both genomes encode a putative immunity repressor, but the mode of prophage inheritance likely differs; Dorothea
encodes a ParA/B partitioning system while LappelDuVide encodes a serine integrase. Dorothea encodes 3 tRNAs while
none were identified for LappelDuVide.

Dorothea LappelDuVide
RNA - Lysin A Lysin A Lv;in B
L ] | E T - |
] 11 | :

B I | |7 | ] ) 1 L 1 |' 1 |' I
DLLOL ponbvany wen el upey droubpnnd vunnlany wprudnren punntvenn oanpivpnt i

ParA-/ ParB-like dsDNA partitioning protein

G e =] @
||1||2|3||||[||5H|||||||F|||| Ll [(' |I M 1 i I| |29] mwslIlJIlJIIJlﬁIIIIJIUHJIEIIlifW
mE - I NGl E

Serine Integrase

Immunity Repressor Immunity Repressor

Emi BE B EEW MW B8 i EE (8 m BEI

Figure 1. Dorothea and LappelDuVide: Phage Morphologies and Partial Genome Comparisons:

Dorothea, top left; LappelDuVide, top right. Plaque images: scale bar is 5mm. Plaques with clear centers and turbid halos
are visible. TEM images: scale bar is 50nm. TEM images show siphoviral morphologies. Phamerator maps: Dorothea,
bottom left; LappelDuVide, bottom right. Three distinct regions of each genome are shown: genome coordinates are 3000-
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10,500 bp (Region 1); 22,500-29,500 bp (Region 2); and 37,500-45,500 bp (Region 3), respectively. Region 1 shows
tRNAs (3 gray boxes) and lysins. Region 2 includes the gene encoding the serine integrase (on the reverse strand) in
LappelDuVide and genes encoding ParA (purple box with arrow)/ParB (blue box with arrow) dsDNA partitioning proteins
on the forward strand in Dorothea. The gene (34) encircled in black on the forward strand in LappelDuVide disrupts the
typical transcriptional direction on the right arm. Region 3 shows the gene encoding the immunity repressor, found distal
to machinery involved in lysogeny establishment in both phages. Protein coding genes are depicted with colored boxes.

Description

Given the contributions of bacteriophage research to unravelling fundamentals of molecular biology and developing novel
strategies to combat bacterial antibiotic resistance, continued discovery of new bacteriophages and analysis of their unique
features is critical to sustain advances in these areas (Haq et al., 2012). Cluster A mycobacteriophages are the most
abundant phage group catalogued in the Actinobacteriophage Database (Russell and Hatfull, 2017), sharing many
common genetic features and genomic architecture, yet presenting with a high degree of genetic diversity between
subclusters (Hatfull, 2012).

Mycobacteriophage LappelDuVide was isolated from direct extraction of soil (Hatfield, PA, USA). Mycobacteriophage
Dorothea was isolated from an enriched soil sample (Bethlehem, PA, USA). Briefly for direct isolation, soil samples were
suspended in phage buffer with shaking for 1 hour, filtered (0.2 micron pore size), and the filtrate plated in top agar with

Mpycobacterium smegmatis mc?155. Plates were incubated at 37 °C for 2 days. For enriched isolation, the soil and M.
smegmatis were suspended in 7H9 liquid medium and incubated with shaking for 3 days at 37 “C before the resulting
culture was filtered and the filtrate plated (Zorawik et al.,_2024). LappelDuVide was purified after 4 rounds of plaque
assays; Dorothea was purified after 6 rounds. Plaque morphology characteristics are shown (Table 1, Fig.1). High titer
lysates, used in negative-stain transmission electron microscopy (TEM) preparations, revealed siphovirus morphologies
for both phages (Table 1, Fig.1).

Table 1: Phage Characterization

Dorothea (A6) LappelDuVide (A4)
Plaque Morphology Clear center, turbid halo Clear center, turbid halo
Plaque size @ 24hrs (mm) 5 (n=10) 3-5 (n=10)
Phage morphology Siphovirus Siphovirus
Capsid width (nm) 50 +/-1 (n=5) 50 +/-1 (n=5)
Tail length (nm) 100 +/-1 (n=5) 125 +/-1 (n=5)
Capsid width : Tail length ratio 1:2 1:2.5
Genome Size (bp) 52,637 51,371
# Raw (150 bp single-end) reads; [shotgun coverage] 319,931 [868] 80,883 [208]
Genome terminus (3' sticky overhang) 5' CGGTCGGTTA 3' 5'CGGCCGGTAA 3'
GC content (%) 61.6 63.9

LappelDuVide DNA was isolated from lysate by column purification using a Promega Wizard DNA Clean-up Kit.
Dorothea DNA was isolated from lysate using a standard phenol/chloroform extraction method (Miilhardt and Beese,
2007). Genomes were prepared for sequencing with an NEB Ultra II FS Library Kit and sequenced on an Illumina MiSeq
1000 (v3 reagents). The resulting 150 base reads were assembled without any trimming or QC. Raw reads were assembled
using Newbler version 2.9 (Miller et al., 2010) and Consed version 29 (Gordon and Green, 2013) into a single contig
(Table 1). Genomic termini were determined as previously described (Russell, 2018).
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Genomes were annotated using DNA Master v5.23.6 (Lawrence, 2007), GeneMark v2.5 (Bessmer and Borodovsky,
2005), Glimmer v3.02 (Delcher et al., 2007), and Starterator v.546 (Pacey, 2016). PECAAN (Rinehart et al., 2016)) was
also used for LappelDuVide annotation. BLAST, using the Actinobacteriophage (Russell and Hatfull, 2017) and NCBI
non-redundant databases (Altschul et al., 1990) and HHPRED, using the PDB_mmCIF70, Pfam- v.36, NCBI Conserved
Domains databases v57v87 (Zimmermann et al., 2018) were used for functional annotation. Phamerator, using
Actino_draft database v578 (Cresawn et al., 2011), assessed synteny. tRNAs were identified using tRNAscan v2.0.6
(Lowe and Eddy, 1997) and ARAGORN v.1.2.38 (Laslett and Canback, 2004). TMHMM v1.0.24 (Moller et al., 2001)
predicted transmembrane domains. Default settings were used for all software.

The Dorothea genome includes 99 predicted protein-encoding genes and three tRNAs: tRNA-Asn, tRNA-Trp, and tRNA-
Gln (Fig. 1, Region 1). The LappelDuVide genome has 88 predicted protein-encoding genes and no tRNAs. In general for
both phages, a contiguous segment of the genome on the left arm includes the majority of the structural and assembly
genes transcribed in one direction from left to right on the forward strand. The remaining genes on the right arm in
Dorothea are transcribed in the opposite direction, on the reverse strand. This is also generally true for LappelDuVide,
except for one gene (34) positioned just upstream of the serine integrase (located on the reverse strand) (Fig. 1, Region 2).
Both genomes encode an immunity repressor in the same pham (identified as a group of proteins with a high degree of
amino acid similarity to one another), located in the same relative syntenic position on the reverse strand on the right arm
(Cresawn et al., 2011) (Fig. 1, Region 3). Notable differences between the genomes include the presence of lysins A and B
in LappelDuVide, but only lysin A in Dorothea. By genome analysis, both phages should be capable of lysogen
establishment, but lysogeny would likely occur by different mechanisms. Dorothea has a ParA/ParB partitioning system
(Dedrick et al., 2016) on the forward strand and LappelDuVide has a serine integrase (Smith, 2015) (Fig. 1, Region 2).

Nucleotide sequence accession numbers: Dorothea is available at GenBank with Accession No. PQ184798 and
Sequence Read Archive (SRA) No. SRX26413417. LappelDuVide is available at GenBank with Accession No. PP978813
and SRA No. SRX26413423.
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