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Salmonella enterica subsp. enterica serovar Mishmarhaemek is a Gram-negative, non-spore-forming, rod-shaped bacterium
implicated in human clinical disease. Here, we report a 4.8-Mbp draft genome sequence of a nalidixic acid-resistant isolate of S.
serovar Mishmarhaemek.
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Salmonella enterica subsp. enterica serovar Mishmarhaemek
was first isolated from an infected patient who developed

symptoms of acute enteritis following consumption of cream
pastries in Mishmar-Haemek, Israel (1). This bacterium be-
longs to antigenic group O:13 (formerly G1-G2), along with S.
serovar Cubana and S. serovar Poona, and contains somatic O
antigens 1,13,23, and flagellar H antigens d (phase 1) and 1,5
(phase 2) (1,13,23:d: 1,5) (2). There are very few reports of S.
serovar Mishmarhaemek in the literature. A study conducted
in 2003 of Salmonella isolated from slaughtered cattle in Ethi-
opia found 48% of positive sample isolates to be S. serovar
Mishmarhaemek (3). One of these isolates, obtained by the
Canadian Food Inspection Agency (designated OLC-1602) has
the distinguishing feature of being naturally resistant to nali-
dixic acid.

Genomic DNA was extracted from overnight cultures grown
on brain heart infusion (BHI) agar using the Promega, Maxwell
16 Cell DNA purification kit (Promega, Madison, WI). Sequenc-
ing libraries were constructed using the Nextera XT DNA sam-
ple preparation kit and paired-end sequencing was performed
on the Illumina MiSeq platform (Illumina, Inc., San Diego,
CA), using a 500-cycle MiSeq reagent kit (version 2). A total of
1,439,739 paired-end reads were generated. Sequencing errors
in reads were corrected using Quake version 0.3 with a k-mer
size of 15 (4) and assembled de novo using SPAdes v. 3.1.1 (5).
Assembly resulted in 43 contigs greater than 1,000 bp, with an
average 44-fold genome coverage. The combined length of the
contigs is 4.8 Mbp with a G�C content of 52%. Gene annota-
tions were performed with the National Center for Biotechnol-
ogy Information (NCBI) Prokaryotic Genome Annotation
Pipeline (PGAP) (6), which predicted 4,515 coding sequences
(CDS) and 116 RNA genes.

To our knowledge, no other genomic data for S. serovar Mish-
marhaemek exists in the literature. Analysis of the gyrA gene, as-
sociated with nalidixic acid resistance (NalR), found a single point
mutation located in the codon at amino acid 87-Asp. This muta-
tion resulted in an 87-GAC (Asp) ¡ GCC (Ala) mutation. Point

mutations often associated with NalR in Salmonella are Asp-87
substitutions to Asn, Gly, or Tyr (7, 8). Further analysis of the S.
serovar Mishmarhaemek gyrA coding region resulted in a single
match to a ciprofloxacin-resistant S. serovar Typhi isolated in Ku-
wait which contained the same uncommon amino acid substitu-
tion (8).

Nucleotide sequence accession numbers. This whole-genome
shotgun project has been deposited at DDBJ/EMBL/GenBank un-
der the accession number JZUU00000000. The version described
in this paper is the first version, JZUU01000000.

ACKNOWLEDGMENTS

This work was funded by the CFIA food pathogen genomics research
program under the direction of Burton Blais.

We thank the Department of Pathology & Microbiology at the Uni-
versity of Prince Edward Island and the Department of Microbiology,
Infectious Diseases and Veterinary Public Health at Addis Ababa Univer-
sity (Debre Zeit, Ethiopia) for providing the strains and Paul Manninger
for technical assistance.

REFERENCES
1. Silberstein W, Gerichter CB, Reitler R. 1954. A new salmonella type (S.

mishmar haemek). Acta Med Orient 13:40.
2. Grimont P, Weill F 2007. Antigenic formulae of the Salmonella sero-

vars. 9th ed. WHO Collaborating Centre for Reference and Research on Sal-
monella. Paris, France. https://www.pasteur.fr/sites/www.pasteur.fr/files
/wklm_en.pdf.

3. Alemayehu D, Molla B, Muckle A. 2003. Prevalence and antimicrobial
resistance pattern of Salmonella Isolates from apparently healthy slaugh-
tered cattle in Ethiopia. Trop Anim Health Prod 35:309 –319. http://
dx.doi.org/10.1023/A:1025189204496.

4. Kelley DR, Schatz MC, Salzberg SL. 2010. Quake: quality-aware detection
and correction of sequencing errors. Genome Biol 11:R116. http://
dx.doi.org/10.1186/gb-2010-11-11-r116.

5. Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov
AS, Lesin VM, Nikolenko SI, Pham S, Prjibelski AD, Pyshkin AV,
Sirotkin AV, Vyahhi N, Tesler G, Alekseyev MA, Pevzner PA. 2012.
SPAdes: a new genome assembly algorithm and its applications to
single-cell sequencing. J Comput Biol 19:455– 477. http://dx.doi.org/
10.1089/cmb.2012.0021.

crossmark

Genome AnnouncementsSeptember/October 2015 Volume 3 Issue 5 e01210-15 genomea.asm.org 1

http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.01210-15&domain=pdf&date_stamp=2015-10-15
http://genomea.asm.org


6. Tatusova T, DiCuccio M, Badretdin A, Chetvernin V, Ciufo S, Li W.
2013. Prokaryotic genome annotation pipeline. In The NCBI handbook,
2nd ed. National Center for Biotechnology Information, Bethesda, MD.
http://www.ncbi.nlm.nih.gov/books/NBK174280/.

7. Bae DH, Baek HJ, Jeong SJ, Lee YJ. 2013. Amino acid substitutions in
gyrA and parC associated with quinolone resistance in nalidixic acid-

resistant Salmonella isolates. Ir Vet J 66:23. http://dx.doi.org/10.1186/2046
-0481-66-23.

8. Dimitrov T, Dashti AA, Albaksami O, Udo EE, Jadaon MM, Albert MJ.
2009. Ciprofloxacin-resistant Salmonella enterica serovar Typhi from Ku-
wait with novel mutations in gyrA and parC genes. J Clin Microbiol 47:
208 –211. http://dx.doi.org/10.1128/JCM.01161-08.

Cooper et al.

Genome Announcements2 genomea.asm.org September/October 2015 Volume 3 Issue 5 e01210-15

http://genomea.asm.org

	Draft Genome Sequence of Salmonella enterica subsp. enterica Serovar Mishmarhaemek Isolated from Bovine Feces
	Nucleotide sequence accession numbers. 
	ACKNOWLEDGMENTS

	REFERENCES

