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ABSTRACT Bacteriophage EasyJones is a myovirus infecting Mycobacterium smegmatis
mc2155, with a genome length and gene content similar to those of phages grouped in
subcluster C1. Interestingly, EasyJones contains a gene found in a subset of C1 genomes
that is similar to the well-characterized immunity repressor of subcluster A1 mycobacter-
iophage Bxb1.

Bacteriophages are increasingly being considered as therapeutic agents for multidrug-
resistant bacterial infections. Recently, several bacteriophages isolated on nonpatho-

genic Mycobacterium smegmatis cells were used to treat a patient with a disseminated
Mycobacterium abscessus infection (1). Here, we report on EasyJones, a mycobacteriophage
that was isolated, using standard methods, from soil collected from a flower bed at the
University of Maryland Baltimore County (Baltimore, MD) (2). Briefly, EasyJones was extracted
by washing the soil with 7H9 liquid medium, enriched in a filtered (0.2-mm pore size) wash,
and purified with multiple rounds of plating onM. smegmatismc2155 cells at 37°C. Top agar
overlay of EasyJones results in clear plaques with a diameter of;0.5 mm after 24 h at 37°C.
Negative-stain transmission electron microscopy revealed EasyJones to be a myovirus with
a contracted tail and an isometric capsid measuring ;88 nm in both length and diameter
(Fig. 1A).

Double-stranded DNA was isolated from EasyJones using the Promega Wizard DNA
cleanup kit, prepared for sequencing using the NEBNext Ultra II FS kit, and sequenced
using an Illumina MiSeq sequencer to yield ;238,000 single-end 150-bp reads, which
constituted ;231-fold coverage of the genome. Untrimmed reads were assembled and
then checked for completeness using Newbler v2.9 and Consed v29, respectively, as
described previously (3), resulting in a circularly permuted genome 154,315 bp in length,
with a G1C content (64.7%) like that of the host bacterium (67.4%). EasyJones was assigned
to phage subcluster C1 based on nucleotide similarity to members of this subcluster, using
the PhagesDB database (4) and previously described criteria (5). The genome was annotated
using DNA Master v5.23.6 (http://cobamide2.bio.pitt.edu), Glimmer v3.02 (6), GeneMark v3.25
(7), BLAST (8), HHpred (9), ARAGON (10), and tRNAscan-SE (11), all using default parameters.
The resulting annotation process revealed a total of 267 protein-coding genes, 34 tRNAs, and
1 transfer-messenger RNA. Fifty of the protein-coding genes could be assigned functions,
including the lysin A, lysin B, and holin genes.

Although a gene content similarity (GCS) comparison, performed using the PhagesDB
GCS tool (4), revealed that EasyJones exhibits.83% GCS to members of subcluster C1, it
adds to a small but growing list of C1 phages (15/152 phages) that possess a genomic
segment encoding several additional gene products (EasyJones gp48 to gp51), including
a homologue (gp49) of the well-characterized immunity repressor of subcluster A1

Editor Kenneth M. Stedman, Portland State
University

Copyright © 2021 Amaya et al. This is an
open-access article distributed under the terms
of the Creative Commons Attribution 4.0
International license.

Address correspondence to Viknesh
Sivanathan, sivanathanv@hhmi.org.

Received 6 October 2021
Accepted 29 October 2021
Published 24 November 2021

Volume 10 Issue 47 e00997-21 mra.asm.org 1

GENOME SEQUENCES

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/m

ra
 o

n 
04

 J
an

ua
ry

 2
02

2 
by

 6
9.

14
3.

46
.2

13
.

https://orcid.org/0000-0001-7838-3257
https://orcid.org/0000-0001-7163-4543
http://cobamide2.bio.pitt.edu
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://mra.asm.org
https://crossmark.crossref.org/dialog/?doi=10.1128/MRA.00997-21&domain=pdf&date_stamp=2021-11-24


mycobacteriophage Bxb1 (12–14). Previous reports indicated that this genomic segment was
likely acquired horizontally and that the repressor homologue does not function as a canonical
immunity repressor in C1 phages (12, 14). This is consistent with the clear plaque morphology
of EasyJones and the absence of any recognizable integration or partitioning systems needed
to support lysogeny. Instead, this acquired repressor is thought to be maintained because
it defends infected host cells from superinfection by cluster A and related phages (12, 14).
A phylogenetic analysis of all 815 homologues from across clusters A, BD, C, CA, F, J, and K
reveals EasyJones gp49 to be most closely related to homologues from cluster F phages,
some of which also encode homologues of EasyJones gp50 and gp51 (Fig. 1B).

Data availability. The sequencing data for EasyJones is available in Sequence Read
Archive (SRA) with accession no. SRX12475160. The genome sequence of EasyJones is
available in GenBank with accession no. MZ856343.

ACKNOWLEDGMENTS
We thank Daniel Russell and Rebecca Garlena for sequencing and assembling the

genome, Graham Hatfull for feedback on the manuscript, and the SEA-PHAGES program
for support. Duyen Bui and Ember Mushrush were each supported with NIH grant
T34GM136497. Ariel Egbunine was supported with NIH grant 5TL4GM118989.

REFERENCES
1. Dedrick RM, Guerrero-Bustamante CA, Garlena RA, Russell DA, Ford K,

Harris K, Gilmour KC, Soothill J, Jacobs-Sera D, Schooley RT, Hatfull GF,
Spencer H. 2019. Engineered bacteriophages for treatment of a patient
with a disseminated drug-resistantMycobacterium abscessus. Nat Med 25:
730–733. https://doi.org/10.1038/s41591-019-0437-z.

2. Poxleitner M, Pope W, Jacobs-Sera D, Sivanathan V, Hatfull GF. 2018.
HHMI SEA-PHAGES phage discovery guide. Howard Hughes Medical
Institute, Chevy Chase, MD. https://seaphagesphagediscoveryguide
.helpdocsonline.com/home.

3. Russell DA, Hatfull GF. 2018. Sequencing, assembling, and finishing com-
plete bacteriophage genomes. Methods Mol Biol 1681:109–125. https://
doi.org/10.1007/978-1-4939-7343-9_9.

4. Russell DA, Hatfull GF. 2017. PhagesDB: the Actinobacteriophage Database.
Bioinformatics 33:784–786. https://doi.org/10.1093/bioinformatics/btw711.

5. Pope WH, Mavrich TN, Garlena RA, Guerrero-Bustamante CA, Jacobs-Sera D,
Montgomery MT, Russell DA, Warner MH, Science Education Alliance-Phage
Hunters Advancing Genomics and Evolutionary Science (SEA-PHAGES), Hatfull
GF. 2017. Bacteriophages of Gordonia spp. display a spectrum of diversity and
genetic relationships. mBio 8:e01069-17. https://doi.org/10.1128/mBio.01069-17.

6. Delcher AL, Harmon D, Kasif S, White O, Salzberg SL. 1999. Improvedmicrobial
gene identification with GLIMMER. Nucleic Acids Res 27:4636–4641. https://
doi.org/10.1093/nar/27.23.4636.

7. Borodovsky M, McIninch J. 1993. Recognition of genes in DNA sequence
with ambiguities. Biosystems 30:161–171. https://doi.org/10.1016/0303
-2647(93)90068-N.

8. Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ. 1990. Basic local
alignment search tool. J Mol Biol 215:403–410. https://doi.org/10.1016/S0022
-2836(05)80360-2.

FIG 1 (A) Negative-stain transmission electron micrograph of EasyJones. (B) Phylogeny of EasyJones
gp49 homologues. Protein sequences for 815 EasyJones gp49 homologues were aligned with Clustal
Omega, and a SplitsTree network phylogeny was generated. Clades are shaded according to cluster.
The position of EasyJones gp49 (blue circle) within a clade consisting of homologues from clusters C and F
is indicated.

Amaya et al.

Volume 10 Issue 47 e00997-21 mra.asm.org 2

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/m

ra
 o

n 
04

 J
an

ua
ry

 2
02

2 
by

 6
9.

14
3.

46
.2

13
.

https://www.ncbi.nlm.nih.gov/sra/SRX12475160
https://www.ncbi.nlm.nih.gov/nuccore/MZ856343
https://doi.org/10.1038/s41591-019-0437-z
https://seaphagesphagediscoveryguide.helpdocsonline.com/home
https://seaphagesphagediscoveryguide.helpdocsonline.com/home
https://doi.org/10.1007/978-1-4939-7343-9_9
https://doi.org/10.1007/978-1-4939-7343-9_9
https://doi.org/10.1093/bioinformatics/btw711
https://doi.org/10.1128/mBio.01069-17
https://doi.org/10.1093/nar/27.23.4636
https://doi.org/10.1093/nar/27.23.4636
https://doi.org/10.1016/0303-2647(93)90068-N
https://doi.org/10.1016/0303-2647(93)90068-N
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1016/S0022-2836(05)80360-2
https://mra.asm.org


9. Söding J, Biegert A, Lupas AN. 2005. The HHpred interactive server for
protein homology detection and structure prediction. Nucleic Acids Res
33:W244–W248. https://doi.org/10.1093/nar/gki408.

10. Laslett D, Canback B. 2004. ARAGORN, a program to detect tRNA genes
and tmRNA genes in nucleotide sequences. Nucleic Acids Res 32:11–16. https://
doi.org/10.1093/nar/gkh152.

11. Lowe TM, Chan PP. 2016. tRNAscan-SE on-line: integrating search and
contextual analysis of transfer RNA genes. Nucleic Acids Res 44:
W54–W57. https://doi.org/10.1093/nar/gkw413.

12. Pope WH, Jacobs-Sera D, Russell DA, Peebles CL, Al-Atrache Z, Alcoser TA,
Alexander LM, Alfano MB, Alford ST, Amy NE, Anderson MD, Anderson
AG, Ang AA, Ares M, Jr, Barber AJ, Barker LP, Barrett JM, Barshop WD,
Bauerle CM, Bayles IM, Belfield KL, Best AA, Borjon A, Jr, Bowman CA,
Boyer CA, Bradley KW, Bradley VA, Broadway LN, Budwal K, Busby KN,
Campbell IW, Campbell AM, Carey A, Caruso SM, Chew RD, Cockburn CL,
Cohen LB, Corajod JM, Cresawn SG, Davis KR, Deng L, Denver DR, Dixon
BR, Ekram S, Elgin SC, Engelsen AE, English BE, Erb ML, Estrada C, Filliger
LZ, Findley AM, Forbes L, Forsyth MH, Fox TM, Fritz MJ, Garcia R, George
ZD, Georges AE, Gissendanner CR, Goff S, Goldstein R, Gordon KC, Green
RD, Guerra SL, Guiney-Olsen KR, Guiza BG, Haghighat L, Hagopian GV,
Harmon CJ, Harmson JS, Hartzog GA, Harvey SE, He S, He KJ, Healy KE,
Higinbotham ER, Hildebrandt EN, Ho JH, Hogan GM, Hohenstein VG, Holz
NA, Huang VJ, Hufford EL, Hynes PM, Jackson AS, Jansen EC, Jarvik J,
Jasinto PG, Jordan TC, Kasza T, Katelyn MA, Kelsey JS, Kerrigan LA, Khaw

D, Kim J, Knutter JZ, Ko CC, Larkin GV, Laroche JR, Latif A, Leuba KD,
Leuba SI, Lewis LO, Loesser-Casey KE, Long CA, Lopez AJ, Lowery N, Lu
TQ, Mac V, Masters IR, McCloud JJ, McDonough MJ, Medenbach AJ, Menon
A, Miller R, Morgan BK, Ng PC, Nguyen E, Nguyen KT, Nguyen ET, Nicholson
KM, Parnell LA, Peirce CE, Perz AM, Peterson LJ, Pferdehirt RE, Philip SV,
Pogliano K, Pogliano J, Polley T, Puopolo EJ, Rabinowitz HS, Resiss MJ, Rhyan
CN, Robinson YM, Rodriguez LL, Rose AC, Rubin JD, Ruby JA, Saha MS,
Sandoz JW, Savitskaya J, Schipper DJ, Schnitzler CE, Schott AR, Segal JB,
Shaffer CD, Sheldon KE, Shepard EM, Shepardson JW, Shroff MK, Simmons
JM, Simms EF, Simpson BM, Sinclair KM, Sjoholm RL, Slette IJ, Spaulding BC,
Straub CL, Stukey J, Sughrue T, Tang TY, Tatyana LM, Taylor SB, Taylor BJ,
Temple LM, Thompson JV, Tokarz MP, Trapani SE, Troum AP, Tsay J, Tubbs
AT, Walton JM, Wang DH, Wang H, Warner JR, Weisser EG, Wendler SC,
Weston-Hafer KA, Whelan HM, Williamson KE, Willis AN, Wirtshafter HS,
Wong TW, Wu P, Yang Yj, Yee BC, Zaidins DA, Zhang B, Zúniga MY, Hendrix
RW, Hatfull GF. 2011. Expanding the diversity of mycobacteriophages: insights
into genome architecture and evolution. PLoS One 6:e16329. https://doi.org/
10.1371/journal.pone.0016329.

13. Jain S, Hatfull GF. 2000. Transcriptional regulation and immunity in myco-
bacteriophages Bxb1. Mol Microbiol 38:971–985. https://doi.org/10.1046/
j.1365-2958.2000.02184.x.

14. Hatfull GF. 2018. Mycobacteriophages. Microbiol Spectr 6:GPP3-0026-2018.
https://doi.org/10.1128/microbiolspec.GPP3-0026-2018.

Microbiology Resource Announcement

Volume 10 Issue 47 e00997-21 mra.asm.org 3

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/m

ra
 o

n 
04

 J
an

ua
ry

 2
02

2 
by

 6
9.

14
3.

46
.2

13
.

https://doi.org/10.1093/nar/gki408
https://doi.org/10.1093/nar/gkh152
https://doi.org/10.1093/nar/gkh152
https://doi.org/10.1093/nar/gkw413
https://doi.org/10.1371/journal.pone.0016329
https://doi.org/10.1371/journal.pone.0016329
https://doi.org/10.1046/j.1365-2958.2000.02184.x
https://doi.org/10.1046/j.1365-2958.2000.02184.x
https://doi.org/10.1128/microbiolspec.GPP3-0026-2018
https://mra.asm.org

	Outline placeholder
	Data availability.

	ACKNOWLEDGMENTS
	REFERENCES

