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Salmonella enterica serovar Enteritidis is a food-borne pathogen that causes salmonellosis in the United States. Bacteriophages
are emerging as viable biocontrol agents against this pathogen. Here, we present the complete annotated genome sequence of
Salmonella Enteritidis T4-like myophage Marshall, which has potential as a phage therapy agent.
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almonella enterica serovar Enteritidis infections have been

growing in number worldwide since the 1970s and have be-
come the leading cause of salmonellosis illness in humans (1). The
S. Enteritidis pandemic is largely attributed to the pathogen’s
unique adaptation for egg contamination (2). The increase in in-
fections makes it necessary to develop a biocontrol method that
can be implemented in hen houses. Bacteriophages are ideally
suited for this as they can be used in place of antibiotics, which
may have unintended downstream effects such as resistance.

Here, we report the sequencing and annotation of S. Enteritidis
phage Marshall, which was isolated from a sewage sample col-
lected in College Station, TX. Phage DNA was sequenced using
454 pyrosequencing at the Emory GRA Genome Center (Emory
University, Atlanta, GA). Trimmed FLX Titanium reads were as-
sembled to a single contig at 41.35-fold coverage using the New-
bler assembler, version 2.5.3 (454 Life Sciences), at default set-
tings. Contigs were confirmed to be complete by PCR. Genes were
predicted using GeneMarkS (3), and gene predictions were cor-
rected using software tools available on the Center for Phage
Technology (CPT) portal (https://cpt.tamu.edu/cpt-software
/portal/). Transmission electron microscopy was performed at the
Microscopy and Imaging Center at Texas A&M University.

Marshall is a myophage with a genome size of 156,338 bp. It has
a GC content of 45.6%, 205 predicted genes, 4 predicted tRNA
genes, and a coding density of 92.7%. Genes of all major func-
tional units (DNA replication/recombination/packaging/biosyn-
thesis, morphogenesis, assembly, and lysis) were identified. Mar-
shall is a T4-like phage in the Vi0Ol family, which includes
Salmonella phages ®SH19 and Vi01 and Shigella phage SboM-
AG3 (4). It is predicted to use a headful DNA packaging strategy
based on TerL homology to other large terminases of known pack-
aging strategies. As a T4-like phage, Marshall has a circularly per-
muted genome that was opened to the rIIA gene, by precedent (5).
Genome analysis showed that Marshall contains many features
similar to those of T4, like rIIA/B genes, but has many unique
features that make it stand out from other T4-like phages.

A unique feature of Marshall is that it encodes two tail proteins
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with beta helix/pectin lyase domains as found in phage P22 tail
spikes. Multiple tail spike proteins might be an indication of a
broad host range similar to that of phage ®SH19 (4). The pectin
lyase domains are hypothesized to be important for biofilm deg-
radation (6). Marshall also contains a putative phosphate
starvation-induced, PhoH-like protein which is rarely found in
nonmarine phages (7). PhoH has been shown to have ATP bind-
ing activity and is predicted to be an ATPase (8). Unlike that of T4,
the large terminase subunit of Marshall is interrupted by an intein,
as determined by the presence of a Hedgehog/intein (hint) do-
main (InterPro database entry IPR003587) and an intein splice
site (IPR006141) (9).

Six putative homing endonucleases were found. Three of the
homing endonucleases contain an HNH domain, and three are
from the GIY-YIG family.

Nucleotide sequence accession number. The genome se-
quence of phage Marshall was contributed to GenBank under ac-
cession number KF669653.

ACKNOWLEDGMENTS

This work was supported primarily by funding from award number EF-
0949351, “Whole Phage Genomics: a Student-Based Approach,” from the
National Science Foundation. Additional support came from the Center
for Phage Technology at Texas A&M University, Texas A&M University
Agrilife, and the Department of Biochemistry and Biophysics.

We are grateful for the advice and support of the CPT staff. This
announcement was prepared in partial fulfillment of the requirements for
BICH464 Phage Genomics, an undergraduate course at Texas A&M Uni-
versity.

REFERENCES

1. Ben Aissa R, Al-Gallas N, Troudi H, Belhadj N, Belhadj A. 2007. Trends
in Salmonella enterica serotypes isolated from human, food, animal, and
environment in Tunisia, 1994 -2004. J. Infect. 55:324-339.

2. Braden CR. 2006. Salmonella enterica serotype Enteritidis and eggs: a na-
tional epidemic in the United States. Clin. Infect. Dis. 43:512-517.

3. Besemer J, Lomsadze A, Borodovsky M. 2001. GeneMarkS: a self-training
method for prediction of gene starts in microbial genomes. Implications for

genomea.asm.org 1


http://creativecommons.org/licenses/by/3.0/
https://cpt.tamu.edu/cpt-software/portal/
https://cpt.tamu.edu/cpt-software/portal/
http://www.ncbi.nlm.nih.gov/nuccore?term=KF669653
http://genomea.asm.org

2 genomea.asm.org

Luna et al.

finding sequence motifs in regulatory regions. Nucleic Acids Res. 29:
2607-2618.

. Hooton SP, Timms AR, Rowsell J, Wilson R, Connerton IF. 2011.
Salmonella Typhimurium-specific bacteriophage PhiSH19 and the origins
of species specificity in the Vi01-like phage family. Virol. J. 8:498.

. Miller ES, Kutter E, Mosig G, Arisaka F, Kunisawa T, Riiger W. 2003.
Bacteriophage T4 genome. Microbiol. Mol. Biol. Rev. 67:86—-156.

. Gutiérrez D, Martinez B, Rodriguez A, Garcia P. 2012. Genomic char-
acterization of two Staphylococcus epidermidis bacteriophages with anti-
biofilm potential. BMC Genomics 13:228. doi:10.1186/1471-2164-13-228.

Genome Announcements

7. Goldsmith DB, Crosti G, Dwivedi B, McDaniel LD, Varsani A, Suttle CA,

Weinbauer MG, Sandaa RA, Breitbart M. 2011. Development of phoH as
a novel signature gene for assessing marine phage diversity. Appl. Environ.
Microbiol. 77:7730-7739.

. Kim SK, Makino K, Amemura M, Shinagawa H, Nakata A. 1993. Mo-

lecular analysis of the phoH gene, belonging to the phosphate regulon in
Escherichia coli. ]. Bacteriol. 175:1316—1324.

. Elleuche S, Poggeler S. 2010. Inteins, valuable genetic elements in

molecular biology and biotechnology. Appl. Microbiol. Biotechnol. 87:
479—-489.

November/December 2013 Volume 1 Issue 6 e00867-13


http://dx.doi.org/10.1186/1471-2164-13-228
http://genomea.asm.org

	Complete Genome of Salmonella enterica Serovar Enteritidis Myophage Marshall
	Nucleotide sequence accession number. 
	ACKNOWLEDGMENTS
	REFERENCES


