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ABSTRACT Screening for lysogenic lactobacilli in rat fecal samples has identified
Lactobacillus murinus EF-1. Whole-genome sequencing revealed a 2.30-Mb draft ge-
nome with 39.6% G�C content and 2,196 open reading frames. PHAST analysis
identified three intact prophages of 26.1 kb, 25.4 kb, and 49.6 kb in size.

Lysogens, bacterial hosts with an embedded bacteriophage genome within their
bacterial genome, account for approximately 40% of the total bacterial population

across several microbial communities (1, 2). Identifying and characterizing lysogens
with their intact viral genetic component enables further research to explore the roles
that viruses play in aiding bacterial hosts in establishing and developing niches within
gastrointestinal tract (GIT) environments (3). Lactobacillus murinus EF1 was isolated
from a rat fecal sample and confirmed to be a lysogen by mitomycin C induction.
L. murinus strains have previously been isolated and identified from rat, mice, porcine,
canine, and humans (4, 5). Also, various L. murinus strains have been further charac-
terized as probiotics in food formulations (4, 6, 7). With increased public interest in
probiotics (7), the impacts of lysogenic bacteriophage on probiotic functions within the
host GIT are beginning to unravel (2).

To identify punitive prophages found within L. murinus EF-1, genomic DNA was
extracted. Mate-pair and paired-end libraries were then generated for Illumina MiSeq
sequencing, resulting in 13,345,922 mate-pair and 9,992,616 paired-end sequencing
reads. CLC Genomics Workbench de novo assembly version 8.5 (CLC Bio, Aarhus,
Denmark) produced 18 scaffolds with a total length of 2,308,018 bp, a G�C content of
39.6%, and an N50 length of 309,081 bp; 99.46% of the sequenced mapped reads were
assembled with 250� average coverage. RecA and HSP60 genes were used to confirm
L. murinus identity (8, 9). Contigs were further analyzed and characterized using
Prodigal (10) and RNAmmer rRNA (11) to confirm L. murinus open reading frames (ORFs)
and rRNAs, respectively, and PHAST prophage (12) and CRISPRfinder (13) repeat
identifier software to locate potential prophage genes and genomes. The initial anno-
tation of L. murinus revealed 2,196 ORFs and eight subunits of rRNA. Three intact
prophages were identified through PHAST, two on scaffold 6 and one on scaffold 7,
along with four incomplete prophages on scaffolds 1 (6.9 kb), 2 (8.5 kb), 3 (19.7 kb), and
5 (9.8 kb). Also, one questionable CRISPR spacer was identified in scaffold 3. The
identification of three intact prophages, four incomplete prophages, and a question-
able CRISPR array may demonstrate a prophage preference of this strain, suggesting an
environmental prophage advantage in the rat GIT for this strain. Future studies will
characterize the lysogenic phages within L. murinus EF-1.

Accession number(s). This whole-genome shotgun project was deposited in

GenBank under the accession number MPSN00000000. The version described in this
paper is the first version, MPSN01000000.

Received 23 January 2017 Accepted 25
January 2017 Published 23 March 2017

Citation Fritz E, Miller MJ. 2017. Draft genome
sequence of the murine bacterial isolate
Lactobacillus murinus EF-1. Genome Announc
5:e00077-17. https://doi.org/10.1128/
genomeA.00077-17.

Copyright © 2017 Fritz and Miller. This is an
open-access article distributed under the terms
of the Creative Commons Attribution 4.0
International license.

Address correspondence to Michael J. Miller,
mille216@illinois.edu.

PROKARYOTES

crossm

Volume 5 Issue 12 e00077-17 genomea.asm.org 1

http://orcid.org/0000-0001-8579-1080
https://www.ncbi.nlm.nih.gov/nuccore/MPSN00000000
https://doi.org/10.1128/genomeA.00077-17
https://doi.org/10.1128/genomeA.00077-17
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:mille216@illinois.edu
http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.00077-17&domain=pdf&date_stamp=2017-3-23
http://genomea.asm.org


ACKNOWLEDGMENTS
The Roy J. Carver Center for Biotechnology at the University of Illinois at Urbana-

Champaign performed the mate-pair and paired-end library prep and Illumina MiSeq
sequencing.

Eric Fritz was supported through a UIUC College of ACES Jonathan Baldwin Turner
Academic Fellowship.

REFERENCES
1. Knowles B, Silveira CB, Bailey BA, Barott K, Cantu VA, Cobián-Güemes AG,

Coutinho FH, Dinsdale EA, Felts B, Furby KA, George EE, Green KT,
Gregoracci GB, Haas AF, Haggerty JM, Hester ER, Hisakawa N, Kelly LW,
Lim YW, Little M, Luque A, McDole-Somera T, McNair K, de Oliveira LS,
Quistad SD, Robinett NL, Sala E, Salamon P, Sanchez SE, Sandin S, Silva
GGZ, Smith J, Sullivan C, Thompson C, Vermeij MJA, Youle M, Young C,
Zgliczynski B, Brainard R, Edwards RA, Nulton J, Thompson F, Rohwer F.
2016. Lytic to temperate switching of viral communities. Nature 531:
466 – 470. https://doi.org/10.1038/nature17193.

2. Ogilvie LA, Jones BV. 2015. The human gut virome: a multifaceted
majority. Front Microbiol 6:918. https://doi.org/10.3389/fmicb.2015
.00918.

3. Guigas C, Faulhaber K, Duerbeck D, Neve H, Heller KJ. 2016. Prophage-
mediated modulation of interaction of Steptococcus thermophilus J34
with human intestinal epithelial cells and its competition against human
pathogens. Benef Microbes 7:289 –297. https://doi.org/10.3920/
BM2015.0108.

4. Perelmuter K, Fraga M, Zunino P. 2008. In vitro activity of potential
probiotic Lactobacillus murinus isolated from the dog. J Appl Microbiol
104:1718 –1725. https://doi.org/10.1111/j.1365-2672.2007.03702.x.

5. Rossi M, Martínez-Martínez D, Amaretti A, Ulrici A, Raimondi S, Moya A.
2016. Mining metagenomic whole genome sequences revealed sub-
dominant but constant Lactobacillus population in the human gut mi-
crobiota. Environ Microbiol Rep 8:399 – 406. https://doi.org/10.1111/
1758-2229.12405.

6. Huang C-H, Shen CC, Liang Y-C, Jan T. 2016. The probiotic activity of
Lactobacillus murinus against food allergy. J Funct Foods 25:231–241.
https://doi.org/10.1016/j.jff.2016.06.006.

7. Gardiner GE, Casey PG, Casey G, Lynch PB, Lawlor PG, Hill C, Fitzgerald

GF, Stanton C, Ross RP. 2004. Relative ability of orally administered
Lactobacillus murinus to predominate and persist in the porcine gastro-
intestinal tract. Appl Environ Microbiol 70:1895–1906. https://doi.org/
10.1128/AEM.70.4.1895-1906.2004.

8. Sarmiento-Rubiano LA, Berger B, Moine D, Zúñiga M, Pérez-Martínez G,
Yebra MJ. 2010. Characterization of a novel Lactobacillus species closely
related to Lactobacillus johnsonii using a combination of molecular and
comparative genomics methods. BMC Genomics 11:504. https://doi.org/
10.1186/1471-2164-11-504.

9. Blaiotta G, Fusco V, Ercolini D, Aponte M, Pepe O, Villani F. 2008.
Lactobacillus strain diversity based on partial hsp60 gene sequences and
design of PCR-restriction fragment length polymorphism assays for
species identification and differentiation. Appl Environ Microbiol 74:
208 –215. https://doi.org/10.1128/AEM.01711-07.

10. Hyatt D, Chen GL, LoCascio PF, Land ML, Larimer FW, Hauser LJ. 2010.
Prodigal: prokaryotic gene recognition and translation initiation site
identification. BMC Bioinformatics 11:119. https://doi.org/10.1186/1471
-2105-11-119.

11. Lagesen K, Hallin P, Rødland EA, Staerfeldt H-H, Rognes T, Ussery DW.
2007. RNAmmer: consistent and rapid annotation of ribosomal RNA
genes. Nucleic Acids Res 35:3100 –3108. https://doi.org/10.1093/nar/
gkm160.

12. Zhou Y, Liang Y, Lynch KH, Dennis JJ, Wishart DS. 2011. PHAST: a fast
phage search tool. Nucleic Acids Res 39:W347–W352. https://doi.org/
10.1093/nar/gkr485.

13. Grissa I, Vergnaud G, Pourcel C. 2007. CRISPRFinder: a web tool to
identify clustered regularly interspaced short palindromic repeats. Nu-
cleic Acids Res 35:W52–W57. https://doi.org/10.1093/nar/gkm360.

Fritz and Miller

Volume 5 Issue 12 e00077-17 genomea.asm.org 2

https://doi.org/10.1038/nature17193
https://doi.org/10.3389/fmicb.2015.00918
https://doi.org/10.3389/fmicb.2015.00918
https://doi.org/10.3920/BM2015.0108
https://doi.org/10.3920/BM2015.0108
https://doi.org/10.1111/j.1365-2672.2007.03702.x
https://doi.org/10.1111/1758-2229.12405
https://doi.org/10.1111/1758-2229.12405
https://doi.org/10.1016/j.jff.2016.06.006
https://doi.org/10.1128/AEM.70.4.1895-1906.2004
https://doi.org/10.1128/AEM.70.4.1895-1906.2004
https://doi.org/10.1186/1471-2164-11-504
https://doi.org/10.1186/1471-2164-11-504
https://doi.org/10.1128/AEM.01711-07
https://doi.org/10.1186/1471-2105-11-119
https://doi.org/10.1186/1471-2105-11-119
https://doi.org/10.1093/nar/gkm160
https://doi.org/10.1093/nar/gkm160
https://doi.org/10.1093/nar/gkr485
https://doi.org/10.1093/nar/gkr485
https://doi.org/10.1093/nar/gkm360
http://genomea.asm.org

	Accession number(s). 
	ACKNOWLEDGMENTS
	REFERENCES

