
 

Complete Genome Sequences of Mycobacterium smegmatis Phages Dove
and Issimir
Victoria Frost1§*, Israel Bellinger1*, Riley Burn1*, Chastity Chisholm1*, Fisher Cobb1*, Hannah Duncan1*, Kalli Green1*,
Madelynn Harding1*, Amari Johnson1*, Rachel Leek1*, Breanna Menard1*, Ciaran Murphy1*, Destiny Thompson1*,
Gwendolyn Tomlin1*, Kristi Westover1*

1Department of Biology, Winthrop University, Rock Hill, South Carolina, United States
§To whom correspondence should be addressed: frostv@winthrop.edu
*These authors contributed equally.

Abstract
We announce the discovery of two mycobacteriophages isolated from soil in Rock Hill, South Carolina. Phage Dove has a
genome sequence length of 108,976bp, a siphovirus morphology, and a predicted temperate lifecycle. Phage Issimir has a
genome sequence length of 155,564bp, a myovirus morphology, and a predicted lytic lifecycle.

Figure 1. Particle and plaque morphologies for Dove and Issimir:

Transmission electron micrographs of Mycobacterium phages Dove (A) and Issimir (B). Phage lysates were negatively stained
with 1% uranyl acetate, and images taken with JEOL JEM-1230 TEM at 100kV acceleration voltage. Dove (C) forms plaques
with a clear center surrounded by a turbid edge. Issimir (D) forms clear plaques.

Description
Continued isolation and characterization of bacteriophages is important to help mitigate the increasing global burden of
antibiotic resistant bacterial infections (Antimicrobial Resistance Collaborators 2022; Chinemerem Nwobodo et al., 2022).
Therapeutic phage use has demonstrated positive outcomes in a number of recent clinical trials including patients with
gastrointestinal (Stellfox et al., 2024) and pulmonary infections (Nick et al., 2022). Here, phages Dove and Issimir were
discovered in moist soil collected under bushes on Winthrop University’s campus, Rock Hill, SC (see Table 1 for GPS
coordinates). Microbes were loosened from particulate matter by shaking (2hr) in 7H9 broth containing 1 mM CaCl2, using
standard procedures (Zorawik et al., 2024), and following centrifugation (2,000 x g, 10 min) the supernatant was filtered (0.22
µm pore size). A fraction of each filtrate was inoculated with Mycobacterium smegmatis mc2155 and shaken at 250 rpm
(37°C) for 2 to 4 days to enrich for mycobacteriophages. Standard plaque assays were performed to assess each sample for the
presence of mycobacteriophage. Briefly, samples were mixed with molten 7H9 soft agar and M. smegmatis mc2155, then
plated on 7H9 agar plates. Plates were incubated at 37°C. Dove was isolated from unenriched filtrate and produced small (1-
2mm diameter) clear plaques with a turbid edge. Issimir was isolated from an enriched filtrate and produced very small (0.5–
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1mm diameter) clear plaques. Transmission electron microscopy of phage lysates showed Dove has a long, non-contractile tail
(a siphovirus morphology), while Issimir has a short contractile tail (a myovirus morphology).

Phage DNA was extracted from lysates using the Wizard DNA clean-up kit (Promega). Sequencing libraries were constructed
using the NEBNext Ultra II FS DNA library prep kit and genomes were sequenced (Illumina MiSeq v3 platform). Sequence
reads (150-bp single-end raw reads) were assembled using Newbler v2.9. Consed v29 was used to check for accuracy and
coverage and to determine genomic termini (Miller et al., 1020; Gordon and Green, 2013). Sequencing results and phage
genome characteristics are presented in Table 1, which includes the predicted number of genes, and phage cluster designation
based on gene content similarity (GCS) of at least 35% to phages within the Actinobacteriophage database
(https://phagesdb.org/) (Russell and Hatfull 2017; Pope et al., 2017).

Genome sequences were annotated using PECAAN (v20240320) (Rinehart et al., 2016) embedded with Glimmer v3.02
(Delcher et al., 2007), GeneMark v4.28 (Besemer and Borodovsky 2005), Starterator v558
(http://phages.wustl.edu/starterator/), Phamerator v3 (Cresawn et al., 2011), HHPred v3 (Söding et al., 2005), TMHMM
v1.0.24 (Hallgren et al., 2022), and BLASTp v2.13.0 (Altschul et al., 1990). The non-redundant and actinobacteriophage
databases v581 were used for homology searches with BLASTp v2.13.0 (Altschul et al., 1990). Databases PDBmmCIF70,
Pfam-A v37, SCOPe v2.08, and NCBI Conserved Domain were used for homology searches with HHPred v3 (Söding et al.,
2005). Transfer RNAs were identified using Aragorn v1.1 integrated into DNA Master (Pope and Jacobs-Sera 2018), Aragorn
v1.2.38 (Laslett and Canback 2004), and tRNAscan-SE v2.0.6 (Lowe and Eddy 1997). Putative transmembrane domains were
assessed using TMHMM v2 (Hallgren et al., 2022), SOSUI v1.11 (Hirokawa et al., 1998), and TOPCONS v2 (Bernsel et al.,
2009). Default parameters were used for all bioinformatic analyses unless otherwise stated.

Following annotation, approximately 26% of the predicted genes in both genomes could be assigned possible functions (63
genes in Dove, and 58 genes in Issimir). These include protein-coding genes for the tail, capsid, lysin A, lysin B, holin and
glycosyltransferases. Genes encoding an immunity repressor and tyrosine integrase were identified in Dove, suggesting Dove
is a temperate phage consistent with experimental evidence of lysogen formation for other cluster J phages (Pope et al., 2013).
Dove lacks identifiable introns previously observed in a small subset of cluster J phages (Pope et al., 2013). As is typical of C1
phages, Issimir’s genome encodes a ThyX-like thymidylate synthase, many tRNAs (37), and no identifiable immunity
repressor or integrase functions. Specifically lacking is the immunity repressor of cluster A mycobacteriophages that is found
in a small subset of C1 phages and thought to be maintained for superinfection immunity (Jain and Hatfull 2000; Pope et al.,
2011).

Data availability

The complete genome sequences of phages Dove and Issimir are available in GenBank (accession no. PQ184790 and
PQ184821, respectively). The raw sequencing reads are available in the NCBI SRA under accession no. SRX25999121 and
SRX25999122 respectively. The Actinobacteriophage sequencing BioProject accession number is PRJNA488469.

TABLE 1 Phage sample locations and genome assembly results

Phage Name Dove Issimir

Sample Location (GPS) 34.937476N, 
 81.03085 W

34.937476N, 
 81.03085 W

Sequencing Reads 154K 1M

Sequencing coverage (X) 212 991

Genome size (bp) 108,976 155,564

Genome ends 3’ single stranded overhang (5’- ATCC -3’) Circularly permuted

GC content (%) 60.7 64.8

No. of genes 230 231

 

1/16/2025 - Open Access

https://phagesdb.org/
http://phages.wustl.edu/starterator/


 

Cluster J C1

Acknowledgements: We thank the Howard Hughes Medical Institute SEA-PHAGES program for their continued support
(especially Dan Russell and Rebecca Garlena at the University of Pittsburg).

Both phages described here were collected and annotated by undergraduate students in the 2023-24 SEA-PHAGES program at
Winthrop University, Rock Hill, SC. We also thank Julian Smith, the director of microscopy at Winthrop, for help in obtaining
transmission electron microscopy (TEM) micrographs.

References
Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ. 1990. Basic local alignment search tool. Journal of Molecular Biology
215: 403-410. DOI: 10.1016/S0022-2836(05)80360-2

Bernsel A, Viklund H, Hennerdal A, Elofsson A. 2009. TOPCONS: consensus prediction of membrane protein topology.
Nucleic Acids Research 37: W465-W468. DOI: 10.1093/nar/gkp363

Besemer J, Borodovsky M. 2005. GeneMark: web software for gene finding in prokaryotes, eukaryotes and viruses. Nucleic
Acids Research 33: W451-W454. DOI: 10.1093/nar/gki487

Chinemerem Nwobodo D, Ugwu MC, Oliseloke Anie C, Al‐Ouqaili MTS, Chinedu Ikem J, Victor Chigozie U, Saki M. 2022.
Antibiotic resistance: The challenges and some emerging strategies for tackling a global menace. Journal of Clinical
Laboratory Analysis 36: 10.1002/jcla.24655. DOI: 10.1002/jcla.24655

Cresawn SG, Bogel M, Day N, Jacobs-Sera D, Hendrix RW, Hatfull GF. 2011. Phamerator: a bioinformatic tool for
comparative bacteriophage genomics. BMC Bioinformatics 12: 10.1186/1471-2105-12-395. DOI: 10.1186/1471-2105-12-395

Delcher AL, Bratke KA, Powers EC, Salzberg SL. 2007. Identifying bacterial genes and endosymbiont DNA with Glimmer.
Bioinformatics 23: 673-679. DOI: 10.1093/bioinformatics/btm009

Gordon D, Green P. 2013. Consed: a graphical editor for next-generation sequencing. Bioinformatics 29: 2936-2937. DOI:
10.1093/bioinformatics/btt515

Hallgren J, Tsirigos KD, Pedersen MD, Almagro Armenteros JJ, Marcatili P, Nielsen H, Krogh A, Winther O. 2022.
DeepTMHMM predicts alpha and beta transmembrane proteins using deep neural networks. : 10.1101/2022.04.08.487609.
DOI: 10.1101/2022.04.08.487609

Hirokawa T, Boon-Chieng S, Mitaku S. 1998. SOSUI: classification and secondary structure prediction system for membrane
proteins.. Bioinformatics 14: 378-379. DOI: 10.1093/bioinformatics/14.4.378

Jain S, Hatfull GF. 2000. Transcriptional regulation and immunity in mycobacteriophage Bxb1. Molecular Microbiology 38:
971-985. DOI: 10.1046/j.1365-2958.2000.02184.x

Laslett D. 2004. ARAGORN, a program to detect tRNA genes and tmRNA genes in nucleotide sequences. Nucleic Acids
Research 32: 11-16. DOI: 10.1093/nar/gkh152

Lowe TM, Eddy SR. 1997. tRNAscan-SE: A Program for Improved Detection of Transfer RNA Genes in Genomic Sequence.
Nucleic Acids Research 25: 955-964. DOI: 10.1093/nar/25.5.955

Miller JR, Koren S, Sutton G. 2010. Assembly algorithms for next-generation sequencing data. Genomics 95: 315-327. DOI:
10.1016/j.ygeno.2010.03.001

Murray CJL, Ikuta KS, Sharara F, Swetschinski L, Robles Aguilar G, Gray A, et al., Naghavi. 2022. Global burden of bacterial
antimicrobial resistance in 2019: a systematic analysis. The Lancet 399: 629-655. DOI: 10.1016/S0140-6736(21)02724-0

Nick JA, Dedrick RM, Gray AL, Vladar EK, Smith BE, Freeman KG, et al., Davidson. 2022. Host and pathogen response to
bacteriophage engineered against Mycobacterium abscessus lung infection. Cell 185: 1860-1874.e12. DOI:
10.1016/j.cell.2022.04.024

Pope WH, Jacobs-Sera D. 2017. Annotation of Bacteriophage Genome Sequences Using DNA Master: An Overview. Methods
in Molecular Biology,Bacteriophages : 217-229. DOI: DOI: 10.1007/978-1-4939-7343-9_16

Pope WH, Jacobs-Sera D, Best AA, Broussard GW, Connerly PL, Dedrick RM, et al., Hatfull. 2013. Cluster J
Mycobacteriophages: Intron Splicing in Capsid and Tail Genes. PLoS ONE 8: e69273. DOI: 10.1371/journal.pone.0069273

 

1/16/2025 - Open Access

https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1093/nar/gkp363
https://doi.org/10.1093/nar/gki487
https://doi.org/10.1002/jcla.24655
https://doi.org/10.1186/1471-2105-12-395
https://doi.org/10.1093/bioinformatics/btm009
https://doi.org/10.1093/bioinformatics/btt515
https://doi.org/10.1101/2022.04.08.487609
https://doi.org/10.1093/bioinformatics/14.4.378
https://doi.org/10.1046/j.1365-2958.2000.02184.x
https://doi.org/10.1093/nar/gkh152
https://doi.org/10.1093/nar/25.5.955
https://doi.org/10.1016/j.ygeno.2010.03.001
https://doi.org/10.1016/S0140-6736(21)02724-0
https://doi.org/10.1016/j.cell.2022.04.024
https://doi.org/DOI:%2010.1007/978-1-4939-7343-9_16
https://doi.org/10.1371/journal.pone.0069273


 

Pope WH, Jacobs-Sera D, Russell DA, Peebles CL, Al-Atrache Z, Alcoser TA, et al., Hatfull. 2011. Expanding the Diversity
of Mycobacteriophages: Insights into Genome Architecture and Evolution. PLoS ONE 6: e16329. DOI:
10.1371/journal.pone.0016329

Pope WH, Mavrich TN, Garlena RA, Guerrero-Bustamante CA, Jacobs-Sera D, Montgomery MT, et al., Hatfull. 2017.
Bacteriophages of Gordonia spp. Display a Spectrum of Diversity and Genetic Relationships. mBio 8: 10.1128/mbio.01069-
17. DOI: 10.1128/mBio.01069-17

Rinehart CA, Gaffney B, Wood JD, Smith S. 2016. PECAAN, a Phage Evidence Collection And Annotation Network.
https://discover.kbrinsgd.org/login

Russell DA, Hatfull GF. 2016. PhagesDB: the actinobacteriophage database. Bioinformatics 33: 784-786. DOI:
10.1093/bioinformatics/btw711

Soding J, Biegert A, Lupas AN. 2005. The HHpred interactive server for protein homology detection and structure prediction.
Nucleic Acids Research 33: W244-W248. DOI: 10.1093/nar/gki408

Stellfox ME, Fernandes C, Shields RK, Haidar G, Hughes Kramer K, Dembinski E, et al., Van Tyne. 2024. Bacteriophage and
antibiotic combination therapy for recurrent Enterococcus faecium bacteremia. mBio 15: 10.1128/mbio.03396-23. DOI:
10.1128/mbio.03396-23

Zorawik M, Jacobs-Sera D, Freise AC, SEA-PHAGES, Reddi K. 2024. Isolation of Bacteriophages on Actinobacteria Hosts.
Methods in Molecular Biology,Phage Engineering and Analysis : 273-298. DOI: 10.1007/978-1-0716-3798-2_17

Funding: V.F. acknowledges support by grant 5P20GM103499-20 (SC INBRE) from the National Institute of General
Medical Sciences.

Author Contributions: Victoria Frost: supervision, investigation, validation, writing - original draft, writing - review editing.
Israel Bellinger: investigation, writing - original draft, writing - review editing. Riley Burn: investigation, writing - original
draft, writing - review editing. Chastity Chisholm: investigation, writing - original draft, writing - review editing. Fisher Cobb:
investigation, writing - original draft, writing - review editing. Hannah Duncan: investigation, writing - original draft, writing -
review editing. Kalli Green: investigation, writing - original draft, writing - review editing. Madelynn Harding: investigation,
writing - original draft, writing - review editing. Amari Johnson: investigation, writing - original draft, writing - review
editing. Rachel Leek: investigation, writing - original draft, writing - review editing. Breanna Menard: investigation, writing -
original draft, writing - review editing. Ciaran Murphy: investigation, writing - original draft, writing - review editing. Destiny
Thompson: investigation, writing - original draft, writing - review editing. Gwendolyn Tomlin: investigation, writing - original
draft, writing - review editing. Kristi Westover: supervision, investigation, validation, writing - original draft, writing - review
editing.

Reviewed By: Ruth Plymale, Anonymous

History: Received November 26, 2024 Revision Received January 8, 2025 Accepted January 15, 2025 Published Online
January 16, 2025 Indexed January 30, 2025

Copyright: © 2025 by the authors. This is an open-access article distributed under the terms of the Creative Commons
Attribution 4.0 International (CC BY 4.0) License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Citation: Frost, V; Bellinger, I; Burn, R; Chisholm, C; Cobb, F; Duncan, H; et al.; Westover, K (2025). Complete Genome
Sequences of Mycobacterium smegmatis Phages Dove and Issimir. microPublication Biology.
10.17912/micropub.biology.001432

 

1/16/2025 - Open Access

https://doi.org/10.1371/journal.pone.0016329
https://doi.org/10.1128/mBio.01069-17
https://doi.org/10.1093/bioinformatics/btw711
https://doi.org/10.1093/nar/gki408
https://doi.org/10.1128/mbio.03396-23
https://doi.org/10.1007/978-1-0716-3798-2_17
https://doi.org/10.17912/micropub.biology.001432

