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ABSTRACT Bacteriophages can be used as a biocontrol for the foodborne patho-
gen Listeria monocytogenes. Propagation of phages is a necessary step for their use
in experimental studies and biocontrol applications. Here, we present the complete
genomes of three Listeria monocytogenes strains commonly used as propagation
hosts for Listeria phages.

isteria phages are suitable for use as biocontrols in food safety applications (1-6),

can be used for the detection and subtyping of Listeria (7-9), and are studied for
their role in the ecology and evolution of the foodborne pathogen Listeria monocyto-
genes (10-13). To work with Listeria phages, they must be propagated to sufficiently
high titers, preferably using a bacterial propagation host that lacks prophages (14) to
limit contamination of the stock with unwanted temperate phages or prophage-
derived particles (15). Here, we present the complete genome sequences of three
widely used L. monocytogenes phage propagation host strains, Mack (FSL F6-0367) (13,
16-24), FSL J1-0175 (11, 13, 17, 25-27), and FSL J1-0208 (11, 17, 23, 26, 28-36), which
represent serotypes 1/2a, 1/2b, and 4a, respectively. These strains were obtained from
Martin Weidman (Cornell University). The genomes of FSL J1-0175 and FSL J1-0208
have previously been published (GenBank assembly numbers GCA_000168415.1,
GCA_000168435.1, and GCA_000250715.1) (28) but were not complete.

All strains were cultivated in brain heart infusion broth overnight at 37°C with shak-
ing. Genomic DNA was extracted using a Qiagen DNA Easy minikit (Hilden, Germany)
per the manufacturer’s instructions. lllumina libraries were prepared using a Nextera
XT kit, and sequencing was performed using a NextSeq 550 instrument (150-bp paired-
end reads). Nanopore libraries were prepared using the Oxford Nanopore rapid bar-
coding kit (SQK-RBK0004), and sequencing was performed using a MinlON FLO-
MIN106 flow cell; Guppy v3.2.10 (fast model) was used for base calling, and EPI2ME

v2019.11.11 was used to demultiplex and trim the barcodes. lllumina reads were Citation Hudson LK, Peters TL, Bryan DW, Song

trimmed using Trimmomatic v0.35 (37) (with the parameters ILLUMINACLIP:NexteraPE- Y, den Bakker HC, Denes TG. 2021. Complete
PE.fa:2:30:10 LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36). Hybrid genome GEeIE SEeUEEEs Of_three Listeria _
assemblies were created with Unicycler v0.4.8-beta (38) (with pilon polishing), which g;?:;y@gfggo?;ZZ?ST:S;?T?gi?;'?ggi
automatically resolves overlaps and circularizes and reorients the assembly to begin at 20. https://doi.org/10.1128/MRA.01159-20.
the dnaA gene. Assemblies were annotated using the NCBI Prokaryotic Genome Editor John J. Dennehy, Queens College
Annotation Pipeline (PGAP) v4.13 and were queried for acquired antibiotic resistance Copyright © 2021 Hudson etal. This is an

open-access article distributed under the terms

genes using ResFinder v4.0 (39). Default parameters were used except where otherwise of the Creative Commons Attribution 4.0

noted. International license.
The sequencing read and genome assembly statistics are presented in Table 1. All Address correspondence to Thomas G. Denes,
tdenes@utk.edu.

genomes were assembled into single-contig complete chromosomes of 2.78 to 2.96

L. . . . . . Received 7 October 2020
Mb; FSL J1-0208 had an additional contig representing a plasmid, which was previously Accepted 3 December 2020
described (28). The Mack genome was very similar (=99.97% ANIm [average nucleotide Published 7 January 2021
identity calculated using MUMmer] over =99.96% of the genome as calculated with
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JSpeciesWS [40], and =16 single nucleotide polymorphism [SNP] differences as inferred
by kSNP3 [41]) to four other published genomes (NCTC7973 [GenBank assembly number

GCF_900637785.1] [42],

WSLC1001 [GCF_000568475.1] [43], EGD [GCF_000582845.1]

[44], and SLCC5850 [GCF_000307045.1]), which strongly suggests that they descended
from the same isolate(s) originally isolated by E. G. D. Murray (45). All three genomes
contained 1 to 3 prophage regions, which were most similar to parts of temperate
phages LP-101 (23), A118 (46), and PSA (47), and lytic phages LP-064 and LP-125 (23, 48)
(Table 1). Although the prophage regions detected were designated questionable or
incomplete, their presence should be considered, as prophage elements may excise
from the genome during phage amplification. The fosX gene (92.56 to 97.26% identity),
which is related to fosfomycin resistance (49, 50), was detected in all three genomes.
Thus, precaution should be taken in commercial use of these strains as phage propaga-
tion hosts.
Data availability. The sequencing data and assemblies for these bacterial strains
are located under BioProject PRINA664209 (the BioSample, SRA, and GenBank acces-
sion numbers are in Table 1).

ACKNOWLEDGMENT
This work was supported by startup funds provided by The University of Tennessee
Institute of Agriculture to T.G.D.

REFERENCES

1.

January 2021

Strydom A, Witthuhn CR. 2015. Listeria monocytogenes: a target for bacte-
riophage biocontrol. ComprRev Food Sci Food Saf 14:694-704. https://doi
.org/10.1111/1541-4337.12153.

. Gray JA, Chandry PS, Kaur M, Kocharunchitt C, Bowman JP, Fox EM. 2018.

Novel biocontrol methods for Listeria monocytogenes biofilms in food
production facilities. Front Microbiol 9:605. https://doi.org/10.3389/fmicb
.2018.00605.

. Guenther S, Huwyler D, Richard S, Loessner MJ. 2009. Virulent bacteriophage

for efficient biocontrol of Listeria monocytogenes in ready-to-eat foods. Appl
Environ Microbiol 75:93-100. https://doi.org/10.1128/AEM.01711-08.

. Hudson JA, McIntyre L, Billington C. 2010. Application of bacteriophages

to control pathogenic and spoilage bacteria in food processing and distri-
bution, p 119-135. In Sabour PM, Griffiths MW (ed), Bacteriophages in the
control of food-and waterborne pathogens. ASM Press, Washington, DC.

. Mahony J, McAuliffe O, Ross RP, van Sinderen D. 2011. Bacteriophages as

biocontrol agents of food pathogens. Curr Opin Biotechnol 22:157-163.
https://doi.org/10.1016/j.copbio.2010.10.008.

. Sulakvelidze A. 2013. Using lytic bacteriophages to eliminate or signifi-

cantly reduce contamination of food by foodborne bacterial pathogens. J
Sci Food Agric 93:3137-3146. https://doi.org/10.1002/jsfa.6222.

. Loessner MJ, Busse M. 1990. Bacteriophage typing of Listeria species.

Appl Environ Microbiol 56:1912-1918. https://doi.org/10.1128/AEM.56.6
.1912-1918.1990.

. Sumrall ET, Rohrig C, Hupfeld M, Selvakumar L, Du J, Dunne M,

Schmelcher M, Shen Y, Loessner MJ. 2020. Glycotyping and specific sepa-
ration of Listeria monocytogenes with a novel bacteriophage protein tool
kit. Appl Environ Microbiol 86:00612-20. https://doi.org/10.1128/AEM
.00612-20.

. Soni DK, Ahmad R, Dubey SK. 2018. Biosensor for the detection of Listeria

monocytogenes: emerging trends. Crit Rev Microbiol 44:590-608. https://
doi.org/10.1080/1040841X.2018.1473331.

. Denes T, den Bakker HC, Tokman JI, Guldimann C, Wiedmann M. 2015.

Selection and characterization of phage-resistant mutant strains of Liste-
ria monocytogenes reveal host genes linked to phage adsorption. Appl
Environ Microbiol 81:4295-4305. https://doi.org/10.1128/AEM.00087-15.

. Tokman JI, Kent DJ, Wiedmann M, Denes T. 2016. Temperature signifi-

cantly affects the plaquing and adsorption efficiencies of Listeria phages.
Front Microbiol 7:631. https://doi.org/10.3389/fmicb.2016.00631.

. Trudelle DM, Bryan DW, Hudson LK, Denes TG. 2019. Cross-resistance to

phage infection in Listeria monocytogenes serotype 1/2a mutants. Food
Microbiol 84:103239. https://doi.org/10.1016/j.fm.2019.06.003.

. Peters TL, Song Y, Bryan DW, Hudson LK, Denes TG. 2020. Mutant and

recombinant phages selected from in vitro coevolution conditions

Volume 10 Issue 1 e01159-20

20.

21.

22.

overcome phage-resistant Listeria monocytogenes. Appl Environ Microbiol
86:02138-20. https://doi.org/10.1128/AEM.02138-20.

. Pirnay JP, Blasdel BG, Bretaudeau L, Buckling A, Chanishvili N, Clark JR,

Corte-Real S, Debarbieux L, Dublanchet A, De Vos D, Gabard J, Garcia M,
Goderdzishvili M, Gorski A, Hardcastle J, Huys |, Kutter E, Lavigne R,
Merabishvili M, Olchawa E, Parikka KJ, Patey O, Pouilot F, Resch G, Rohde
C, Scheres J, Skurnik M, Vaneechoutte M, Van Parys L, Verbeken G, Zizi M,
Van den Eede G. 2015. Quality and safety requirements for sustainable
phage therapy products. Pharm Res 32:2173-2179. https://doi.org/10
.1007/511095-014-1617-7.

. Rohde C, Resch G, Pirnay J-P, Blasdel B, Debarbieux L, Gelman D, Gérski A,

Hazan R, Huys |, Kakabadze E, tobocka M, Maestri A, Aimeida G, Makalatia
K, Malik D, Maslariova I, Merabishvili M, Pantucek R, Rose T, Stverakova D,
Van Raemdonck H, Verbeken G, Chanishvili N. 2018. Expert opinion on
three phage therapy related topics: bacterial phage resistance, phage
training and prophages in bacterial production strains. Viruses 10:178.
https://doi.org/10.3390/v10040178.

. Ivy RA, Wiedmann M, Boor KJ. 2012. Listeria monocytogenes grown at 7°C

shows reduced acid survival and an altered transcriptional response to
acid shock compared to L. monocytogenes grown at 37°C. Appl Environ
Microbiol 78:3824-3836. https://doi.org/10.1128/AEM.00051-12.

. Vongkamijan K, Switt AM, den Bakker HC, Fortes ED, Wiedmann M. 2012.

Silage collected from dairy farms harbors an abundance of listeriaphages
with considerable host range and genome size diversity. Appl Environ
Microbiol 78:8666-8675. https://doi.org/10.1128/AEM.01859-12.

. Bielmann R, Habann M, Eugster MR, Lurz R, Calendar R, Klumpp J,

Loessner MJ. 2015. Receptor binding proteins of Listeria monocytogenes
bacteriophages A118 and P35 recognize serovar-specific teichoic acids.
Virology 477:110-118. https://doi.org/10.1016/j.virol.2014.12.035.

. Promadej N, Fiedler F, Cossart P, Dramsi S, Kathariou S. 1999. Cell wall tei-

choic acid glycosylation in Listeria monocytogenes serotype 4b requires
gtcA, a novel, serogroup-specific gene. J Bacteriol 181:418-425. https://
doi.org/10.1128/JB.181.2.418-425.1999.

Hodgson DA. 2000. Generalized transduction of serotype 1/2 and sero-
type 4b strains of Listeria monocytogenes. Mol Microbiol 35:312-323.
https://doi.org/10.1046/j.1365-2958.2000.01643 X.

Vongkamjan K, Roof S, Stasiewicz MJ, Wiedmann M. 2013. Persistent Liste-
ria monocytogenes subtypes isolated from a smoked fish processing facil-
ity included both phage susceptible and resistant isolates. Food Microbiol
35:38-48. https://doi.org/10.1016/j.fm.2013.02.012.

Habann M, Leiman PG, Vandersteegen K, Van den Bossche A, Lavigne R,
Shneider MM, Bielmann R, Eugster MR, Loessner MJ, Klumpp J. 2014. Liste-
ria phage a511, a model for the contractile tail machineries of spo1-

mra.asm.org 3


https://www.ncbi.nlm.nih.gov/assembly/GCF_900637785.1/
https://www.ncbi.nlm.nih.gov/assembly/GCF_000568475.1/
https://www.ncbi.nlm.nih.gov/assembly/GCF_000582845.1
https://www.ncbi.nlm.nih.gov/assembly/GCF_000307045.1/
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA664209
https://doi.org/10.1111/1541-4337.12153
https://doi.org/10.1111/1541-4337.12153
https://doi.org/10.3389/fmicb.2018.00605
https://doi.org/10.3389/fmicb.2018.00605
https://doi.org/10.1128/AEM.01711-08
https://doi.org/10.1016/j.copbio.2010.10.008
https://doi.org/10.1002/jsfa.6222
https://doi.org/10.1128/AEM.56.6.1912-1918.1990
https://doi.org/10.1128/AEM.56.6.1912-1918.1990
https://doi.org/10.1128/AEM.00612-20
https://doi.org/10.1128/AEM.00612-20
https://doi.org/10.1080/1040841X.2018.1473331
https://doi.org/10.1080/1040841X.2018.1473331
https://doi.org/10.1128/AEM.00087-15
https://doi.org/10.3389/fmicb.2016.00631
https://doi.org/10.1016/j.fm.2019.06.003
https://doi.org/10.1128/AEM.02138-20
https://doi.org/10.1007/s11095-014-1617-7
https://doi.org/10.1007/s11095-014-1617-7
https://doi.org/10.3390/v10040178
https://doi.org/10.1128/AEM.00051-12
https://doi.org/10.1128/AEM.01859-12
https://doi.org/10.1016/j.virol.2014.12.035
https://doi.org/10.1128/JB.181.2.418-425.1999
https://doi.org/10.1128/JB.181.2.418-425.1999
https://doi.org/10.1046/j.1365-2958.2000.01643.x
https://doi.org/10.1016/j.fm.2013.02.012
https://mra.asm.org

Hudson et al.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

January 2021

related bacteriophages. Mol Microbiol 92:84-99. https://doi.org/10.1111/
mmi.12539.

Denes T, Vongkamjan K, Ackermann H-W, Moreno Switt Al, Wiedmann M,
den Bakker HC. 2014. Comparative genomic and morphological analyses
of Listeria phages isolated from farm environments. Appl Environ Micro-
biol 80:4616-4625. https://doi.org/10.1128/AEM.00720-14.

Vongkamjan K, Benjakul S, Vu HTK, Vuddhakul V. 2017. Longitudinal mon-
itoring of Listeria monocytogenes and Listeria phages in seafood process-
ing environments in Thailand. Food Microbiol 66:11-19. https://doi.org/
10.1016/j.fm.2017.03.014.

Milillo SR, Badamo JM, Wiedmann M. 2009. Contributions to selected phe-
notypic characteristics of large species- and lineage-specific genomic
regions in Listeria monocytogenes. Food Microbiol 26:212-223. https://doi
.org/10.1016/j.fm.2008.08.010.

Bergholz TM, den Bakker HC, Fortes ED, Boor KJ, Wiedmann M. 2010. Salt
stress phenotypes in Listeria monocytogenes vary by genetic lineage and
temperature. Foodborne Pathog Dis 7:1537-1549. https://doi.org/10.1089/
fpd.2010.0624.

Stasiewicz MJ, Wiedmann M, Bergholz TM. 2010. The combination of lac-
tate and diacetate synergistically reduces cold growth in brain heart infu-
sion broth across Listeria monocytogenes lineages. J Food Prot 73:631-640.
https://doi.org/10.4315/0362-028X-73.4.631.

den Bakker HC, Bowen BM, Rodriguez-Rivera LD, Wiedmann M. 2012. Fsl
j1-208, a virulent uncommon phylogenetic lineage iv Listeria monocyto-
genes strain with a small chromosome size and a putative virulence plas-
mid carrying internalin-like genes. Appl Environ Microbiol 78:1876-1889.
https://doi.org/10.1128/AEM.06969-11.

den Bakker HC, Desjardins CA, Griggs AD, Peters JE, Zeng Q, Young SK,
Kodira CD, Yandava C, Hepburn TA, Haas BJ, Birren BW, Wiedmann M.
2013. Evolutionary dynamics of the accessory genome of Listeria monocyto-
genes. PLoS One 8:e67511. https://doi.org/10.1371/journal.pone.0067511.
Oliver HF, Orsi RH, Wiedmann M, Boor KJ. 2010. Listeria monocytogenes
ob has a small core regulon and a conserved role in virulence but makes
differential contributions to stress tolerance across a diverse collection of
strains. Appl Environ Microbiol 76:4216-4232. https://doi.org/10.1128/
AEM.00031-10.

Ribeiro VB, Mujahid S, Orsi RH, Bergholz TM, Wiedmann M, Boor KJ, Destro
MT. 2014. Contributions of ob and prfa to Listeria monocytogenes salt stress
under food relevant conditions. Int J Food Microbiol 177:98-108. https://
doi.org/10.1016/j.ijffoodmicro.2014.02.018.

Nightingale K, Bovell L, Grajczyk A, Wiedmann M. 2007. Combined sigB
allelic typing and multiplex PCR provide improved discriminatory power
and reliability for Listeria monocytogenes molecular serotyping. J Micro-
biol Methods 68:52-59. https://doi.org/10.1016/j.mimet.2006.06.005.
Roberts A, Nightingale K, Jeffers G, Fortes E, Kongo JM, Wiedmann M.
2006. Genetic and phenotypic characterization of Listeria monocytogenes
lineage iii. Microbiology (Reading) 152:685-693. https://doi.org/10.1099/
mic.0.28503-0.

Wiedmann M, Mobini S, Cole JR, Jr, Watson CK, Jeffers GT, Boor KJ. 1999. Mo-
lecular investigation of a listeriosis outbreak in goats caused by an unusual
strain of Listeria monocytogenes. J Am Vet Med Assoc 215:369-371, 340.
Mujahid S, Orsi RH, Vangay P, Boor KJ, Wiedmann M. 2013. Refinement of
the Listeria monocytogenes ob regulon through quantitative proteomic
analysis. Microbiology (Reading) 159:1109-1119. https://doi.org/10.1099/
mic.0.066001-0.

Oliver HF, Orsi RH, Wiedmann M, Boor KJ. 2013. ob plays a limited role in
the ability of Listeria monocytogenes strain f2365 to survive oxidative and
acid stress and in its virulence characteristics. J Food Prot 76:2079-2086.
https://doi.org/10.4315/0362-028X.JFP-12-542.

Bolger AM, Lohse M, Usadel B. 2014. Trimmomatic: a flexible trimmer for
lllumina sequence data. Bioinformatics 30:2114-2120. https://doi.org/10
.1093/bioinformatics/btu170.

Wick RR, Judd LM, Gorrie CL, Holt KE. 2017. Unicycler: resolving bacterial
genome assemblies from short and long sequencing reads. PLoS Comput
Biol 13:1005595. https://doi.org/10.1371/journal.pcbi.1005595.

Bortolaia V, Kaas RS, Ruppe E, Roberts MC, Schwarz S, Cattoir V, Philippon
A, Allesoe RL, Rebelo AR, Florensa AF, Fagelhauer L, Chakraborty T,
Neumann B, Werner G, Bender JK, Stingl K, Nguyen M, Coppens J, Xavier
BB, Malhotra-Kumar S, Westh H, Pinholt M, Anjum MF, Duggett NA,
Kempf I, Nykasenoja S, Olkkola S, Wieczorek K, Amaro A, Clemente L,

Volume 10 Issue 1 e01159-20

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

Mossong J, Losch S, Ragimbeau C, Lund O, Aarestrup FM. 2020. Resfinder
4.0 for predictions of phenotypes from genotypes. J Antimicrob Chemo-
ther 75:3491-3500. https://doi.org/10.1093/jac/dkaa345.

Richter M, Rossello-Mora R, Oliver Glockner F, Peplies J. 2016. JSpeciesWS:
a web server for prokaryotic species circumscription based on pairwise
genome comparison. Bioinformatics 32:929-931. https://doi.org/10.1093/
bioinformatics/btv681.

Gardner SN, Slezak T, Hall BG. 2015. kSNP3.0: SNP detection and phyloge-
netic analysis of genomes without genome alignment or reference genome.
Bioinformatics 31:2877-2878. https://doi.org/10.1093/bioinformatics/btv271.
Public Health England. Bacteria collection: Listeria monocytogenes (NCTC
7973). https://www.phe-culturecollections.org.uk/products/bacteria/detail
Jjsp?refld=NCTC+7973&collection=nctc. Accessed 25 November 2020.
Klumpp J, Staubli T, Schmitter S, Hupfeld M, Fouts DE, Loessner MJ. 2014,
Genome sequences of three frequently used Listeria monocytogenes and
Listeria ivanovii strains. Genome Announc 2:¢00404-14. https://doi.org/10
.1128/genomeA.00404-14.

Bécavin C, Bouchier C, Lechat P, Archambaud C, Creno S, Gouin E, Wu Z,
Kiihbacher A, Brisse S, Pucciarelli MG, Garcia-del Portillo F, Hain T, Portnoy
DA, Chakraborty T, Lecuit M, Pizarro-Cerdd J, Moszer |, Bierne H, Cossart P.
2014. Comparison of widely used Listeria monocytogenes strains EGD,
10403S, and EGD-e highlights genomic differences underlying varia-
tions in pathogenicity. mBio 5:e00969-14. https://doi.org/10.1128/mBio
.00969-14.

McLauchlin J, Rees CED. 2015. Listeria, p 1-29. In Trujillo ME, Dedysh S,
DeVos P, Hedlund B, Kémpfer P, Rainey FA, Whitman WB (ed), Bergey's man-
ual of systematics of archaea and bacteria. John Wiley & Sons, Hoboken, NJ.
https://doi.org/10.1002/9781118960608.gbm00547.

Loessner MJ, Inman RB, Lauer P, Calendar R. 2000. Complete nucleotide
sequence, molecular analysis and genome structure of bacteriophage
A118 of Listeria monocytogenes: implications for phage evolution. Mol
Microbiol 35:324-340. https://doi.org/10.1046/j.1365-2958.2000.01720.x.
Zimmer M, Sattelberger E, Inman RB, Calendar R, Loessner MJ. 2003. Ge-
nome and proteome of Listeria monocytogenes phage PSA: an unusual
case for programmed + 1 translational frameshifting in structural protein
synthesis. Mol Microbiol 50:303-317. https://doi.org/10.1046/j.1365-2958
.2003.03684.x.

Dorscht J, Klumpp J, Bielmann R, Schmelcher M, Born Y, Zimmer M, Calendar
R, Loessner MJ. 2009. Comparative genome analysis of Listeria bacterio-
phages reveals extensive mosaicism, programmed translational frameshift-
ing, and a novel prophage insertion site. J Bacteriol 191:7206-7215. https://
doi.org/10.1128/JB.01041-09.

Fillgrove KL, Pakhomova S, Schaab MR, Newcomer ME, Armstrong RN.
2007. Structure and mechanism of the genomically encoded fosfomycin
resistance protein, fosx, from Listeria monocytogenes. Biochemistry
46:8110-8120. https://doi.org/10.1021/bi700625p.

Scortti M, Lacharme-Lora L, Wagner M, Chico-Calero |, Losito P, Vazquez-
Boland JA. 2006. Coexpression of virulence and fosfomycin susceptibility
in Listeria: molecular basis of an antimicrobial in vitro-in vivo paradox. Nat
Med 12:515-517. https://doi.org/10.1038/nm1396.

. Larsen MV, Cosentino S, Rasmussen S, Friis C, Hasman H, Marvig RL,

Jelsbak L, Sicheritz-Ponten T, Ussery DW, Aarestrup FM, Lund O. 2012.
Multilocus sequence typing of total-genome-sequenced bacteria. J Clin
Microbiol 50:1355-1361. https://doi.org/10.1128/JCM.06094-11.

Andrews S. 2018. FastQC: a quality control tool for high throughput
sequence data. https://www.bioinformatics.babraham.ac.uk/projects/fastqc/.
Gurevich A, Saveliev V, Vyahhi N, Tesler G. 2013. QUAST: quality assess-
ment tool for genome assemblies. Bioinformatics 29:1072-1075. https://
doi.org/10.1093/bioinformatics/btt086.

Bushnell B. 2018. Bbtools: a suite of fast, multithreaded bioinformatics
tools designed for analysis of DNA and RNA sequence data. https://jgi
.doe.gov/data-and-tools/bbtools/.

Li H, Handsaker B, Wysoker A, Fennell T, Ruan J, Homer N, Marth G,
Abecasis G, Durbin R, 1000 Genome Project Data Processing Subgroup.
2009. The sequence alignment/map format and SAMtools. Bioinformatics
25:2078-2079. https://doi.org/10.1093/bioinformatics/btp352.

Arndt D, Marcu A, Liang Y, Wishart DS. 2019. PHAST, PHASTER and phast-
est: tools for finding prophage in bacterial genomes. Brief Bioinform
20:1560-1567. https://doi.org/10.1093/bib/bbx121.

mra.asm.org 4


https://doi.org/10.1111/mmi.12539
https://doi.org/10.1111/mmi.12539
https://doi.org/10.1128/AEM.00720-14
https://doi.org/10.1016/j.fm.2017.03.014
https://doi.org/10.1016/j.fm.2017.03.014
https://doi.org/10.1016/j.fm.2008.08.010
https://doi.org/10.1016/j.fm.2008.08.010
https://doi.org/10.1089/fpd.2010.0624
https://doi.org/10.1089/fpd.2010.0624
https://doi.org/10.4315/0362-028X-73.4.631
https://doi.org/10.1128/AEM.06969-11
https://doi.org/10.1371/journal.pone.0067511
https://doi.org/10.1128/AEM.00031-10
https://doi.org/10.1128/AEM.00031-10
https://doi.org/10.1016/j.ijfoodmicro.2014.02.018
https://doi.org/10.1016/j.ijfoodmicro.2014.02.018
https://doi.org/10.1016/j.mimet.2006.06.005
https://doi.org/10.1099/mic.0.28503-0
https://doi.org/10.1099/mic.0.28503-0
https://doi.org/10.1099/mic.0.066001-0
https://doi.org/10.1099/mic.0.066001-0
https://doi.org/10.4315/0362-028X.JFP-12-542
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1371/journal.pcbi.1005595
https://doi.org/10.1093/jac/dkaa345
https://doi.org/10.1093/bioinformatics/btv681
https://doi.org/10.1093/bioinformatics/btv681
https://doi.org/10.1093/bioinformatics/btv271
https://www.phe-culturecollections.org.uk/products/bacteria/detail.jsp?refId=NCTC&hx002B;7973&collection=nctc
https://www.phe-culturecollections.org.uk/products/bacteria/detail.jsp?refId=NCTC&hx002B;7973&collection=nctc
https://doi.org/10.1128/genomeA.00404-14
https://doi.org/10.1128/genomeA.00404-14
https://doi.org/10.1128/mBio.00969-14
https://doi.org/10.1128/mBio.00969-14
https://doi.org/10.1002/9781118960608.gbm00547
https://doi.org/10.1046/j.1365-2958.2000.01720.x
https://doi.org/10.1046/j.1365-2958.2003.03684.x
https://doi.org/10.1046/j.1365-2958.2003.03684.x
https://doi.org/10.1128/JB.01041-09
https://doi.org/10.1128/JB.01041-09
https://doi.org/10.1021/bi700625p
https://doi.org/10.1038/nm1396
https://doi.org/10.1128/JCM.06094-11
https://www.bioinformatics.babraham.ac.uk/projects/fastqc/
https://doi.org/10.1093/bioinformatics/btt086
https://doi.org/10.1093/bioinformatics/btt086
https://jgi.doe.gov/data-and-tools/bbtools/
https://jgi.doe.gov/data-and-tools/bbtools/
https://doi.org/10.1093/bioinformatics/btp352
https://doi.org/10.1093/bib/bbx121
https://mra.asm.org

	Outline placeholder
	Data availability.

	ACKNOWLEDGMENT
	REFERENCES

