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Complete Genome Sequence and Methylome of Salmonella enterica
subsp. enterica Cerro, a Frequent Dairy Cow Serovar
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Salmonella enterica subsp. enterica serovar Cerro is an infrequent pathogen of humans and other mammals but is frequently
isolated from the hindgut of asymptomatic cattle in the United States. To further understand the genomic determinants of
S. Cerro specificity for the bovine hindgut, the genome of isolate CFSAN001588 was fully sequenced and deposited in the Gen-

Bank database.
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almonella enterica subsp. enterica is a frequent cause of mor-

bidity and mortality in humans and animals. Although all
strains of this subspecies are considered potential pathogens of
humans, and many are pathogens of other animals, some serovars
have consistently been isolated from their hosts in the absence of
clinical signs of an infection (1, 2). Salmonella enterica subsp. en-
terica serovar Cerro is frequently isolated from asymptomatic
dairy cows in the United States (3, 4). This serovar has also been
shown to persist among members of a dairy herd for several years
(5). The frequent isolation of this organism in the absence of ob-
servable signs of infections and its persistence in dairy herds sug-
gest that strains of this serovar are adapted as commensal mem-
bers of the bovine intestine. However, the mechanisms
influencing specificity for the bovine intestine are not yet eluci-
dated.

To further evaluate the genomic features that may play a
role in the apparently reduced virulence of S. Cerro in cows and
humans, as well as its adaptation to the bovine hindgut, the
genome of Salmonella enterica subsp. enterica serovar Cerro
strain CFSAN001588, isolated from the feces of a dairy cow in
south-central Pennsylvania on 13 September 2004, was fully se-
quenced. The isolate was grown overnight in Luria-Bertani broth,
and DNA was extracted using a Qiagen DNEasy kit (Qiagen Ltd.,
Crawley, United Kingdom). The genome was sequenced using the
Pacific Biosciences (PacBio) RS II sequencing platform (Pacific
Biosciences, Menlo Park, CA, USA). Briefly, a single 10-kb library
was prepared following the Pacific Biosciences library preparation
protocol and sequenced using the C2 chemistry on single-
molecule real-time (SMRT) cells with a 90-min collection proto-
col. The data were assembled de novo using the HGAP software
package and finished with Quiver (6). The methylation of adenine
and cytosine residues was determined based on kinetic varia-
tions in nucleotide incorporation rates as previously described
(7). This analysis was implemented via the RS_Modification_and-
_Motif_Analysis protocol of SMRT Analysis version 1.1. The as-
sembly resulted in three contigs of sizes 4,651,400 bp (chromo-
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some), 53,952 bp (plasmid pCFSAN001588_001), and 62,884 bp
(plasmid pCFSAN001588_002), with coverage estimated at 126 X.
Sequence data were annotated using the NCBI Prokaryotic Ge-
nome Annotation Pipeline.

Four methylated N°-methyladenine (m6A) motifs were ob-
served across the genome and plasmids. These included
ATGC™CAT, CAG™®AG, G™°ATC, and VG m°AACK (V = not T,
K = Gor T). ATGC™AT, CAG™°AG, and G™°ATC have been
observed previously in Salmonella and other bacterial genera (8).
The VG m°AACK motif should be investigated further to deter-
mine whether the ambiguous assignments of V and K are correct
or artifacts of the analysis.

Nucleotide sequence accession numbers. This whole-genome
sequence project has been deposited in DDBJ/ENA/GenBank un-
der the accession numbers CP012833, CP012834, and CP012835.
The versions described in this paper are the first versions,
CP012833.1, CP012834.1, and CP012835.1.

ACKNOWLEDGMENTS

This project was supported by internal FDA/CFSAN and USDA/ARS re-
search funding.

The mention of a trade name, proprietary product, or specific equip-
ment does not constitute a guarantee or warranty by the USDA and does
not imply approval to the exclusion of other products that might be suit-
able.

FUNDING INFORMATION

This project was supported by internal FDA/CFSAN and USDA/ARS re-
search funding.

REFERENCES

1. Edrington TS, Hume ME, Looper ML, Schultz CL, Fitzgerald AC, Cal-
laway TR, Genovese KJ, Bischoff KM, McReynolds JL, Anderson RC,
Nisbet DJ. 2004. Variation in the faecal shedding of Salmonella and E. coli
0157:H7 in lactating dairy cattle and examination of Salmonella genotypes
using pulsed-field gel electrophoresis. Lett Appl Microbiol 38:366—-372.
http://dx.doi.org/10.1111/.1472-765X.2004.01495 x.

genomea.asm.org 1


http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.01350-15&domain=pdf&date_stamp=2016-1-28
http://genomea.asm.org

2 genomea.asm.org

Haley et al.

. Wells SJ, Fedorka-Cray PJ, Dargatz DA, Ferris K, Green A. 2001. Fecal
shedding of Salmonella spp. by dairy cows on farm and at cull cow markets.
J Food Protect 64:3—11.

. Van Kessel JS, Karns JS, Wolfgang DR, Hovingh E, Schukken YH. 2007.
Longitudinal study of a clonal, subclinical outbreak of Salmonella enterica
subsp. enterica serovar Cerro in a U.S. dairy herd. Foodborne Pathog Dis
4:449—-461. http://dx.doi.org/10.1089/fpd.2007.0033.

. Van Kessel JAS, Karns JS, Wolfgang DR, Hovingh E. 2013. Regional
distribution of two dairy-associated Salmonella enterica serotypes. Food-
borne Pathog Dis 10:448—452. http://dx.doi.org/10.1089/fpd.2012.1380.

. Van Kessel JAS, Karns JS, Wolfgang DR, Hovingh E, Schukken YH. 2012.
Dynamics of Salmonella serotype shifts in an endemically infected dairy
herd. Foodborne Pathog Dis 9:319-324. http://dx.doi.org/10.1089/
fpd.2011.1054.

Genome Announcements

6. Chin C, Alexander DH, Marks P, Klammer AA, Drake J, Heiner C, Clum

A, Copeland A, Huddleston J, Eichler EE, Turner SW, Korlach J. 2013.
Nonhybrid, finished microbial genome assemblies from long-read SMRT
sequencing data. Nat Methods 10:563-569. http://dx.doi.org/10.1038/
nmeth.2474.

. Flusberg BA, Webster DR, Lee JH, Travers KJ, Olivares EC, Clark TA,

Korlach J, Turner SW. 2010. Direct detection of DNA methylation during
single-molecule, real-time sequencing. Nat Methods 7:461-465. http://
dx.doi.org/10.1038/nmeth.1459.

. Pirone-Davies C, Hoffmann M, Roberts RJ, Muruvanda T, Timme RE,

Strain E, Luo Y, Payne J, Luong K, Song Y, Tsai Y, Boitano M, Clark TA,
Korlach J, Evans PS, Allard MW. 2015. Genome-wide methylation pat-
terns in Salmonella enterica subsp. enterica serovars. PLoS One 10:
€0123639. http://dx.doi.org/10.1371/journal.pone.0123639.

January/February 2016 Volume 4 Issue 1 e01350-15


http://genomea.asm.org

	Complete Genome Sequence and Methylome of Salmonella enterica subsp. enterica Cerro, a Frequent Dairy Cow Serovar
	Nucleotide sequence accession numbers. 
	ACKNOWLEDGMENTS

	REFERENCES

