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holarctica Strain from Germany Causing Lethal Infection in Common
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Here, we describe the genome sequence of the Francisella tularensis subsp. holarctica strain F92, belonging to the Franco-Iberian
subgroup. This strain represents the first-time isolate of this subgroup in Germany and was obtained from naturally infected

marmosets.
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ularemia is a rare Holarctic zoonosis caused by the Gram-

negative, pleomorphic, and facultative intracellular pathogen
Francisella tularensis. F. tularensis isa CDC category A select agent,
which may cause several clinical symptoms from localized cuta-
neous ulcerations at the site of infection and swelling of local
lymph nodes to fatal pneumonia or septicemia (1).

Here, we describe the genomic features of the F. tularensis
subsp. holarctica strain F92, which caused fatal tularemia in six
naturally infected marmosets (Callithrix jacchus) held semifree in
a research unit near Gottingen right in the geographical center of
Germany (2).

Francisella tularensis subsp. holarctica F92 was isolated from
liver and grown in heart-cystine broth at 37°C and 5% CO, for
48 h. Antibiotic resistances were determined and the phylogeny of
the strain was elucidated using actual typing techniques for Fran-
cisella species, such as single nucleotide polymorphism (SNP)
and/or multiple-locus variable-number tandem repeat analysis
(MLVA) typing.

For genome sequencing, DNA was extracted, quality was con-
trolled, and reads were generated from 454 GS-FLX sequencing
(3). Assembly was done using the GS de novo assembler (“New-
bler”) version 2.5.3 (Roche Diagnostics). Additionally, three
paired-end libraries (0.8 kb, 2 kb, and 30 kb) were generated and
sequenced by classical Sanger sequencing. Data of both ap-
proaches were used for genome assembly and led to a 44.6-fold
overall coverage on average. The resulting contigs were mapped to
Francisella tularensis subsp. holarctica FTA (NC_009749) (4) as a
reference genome, resulting in scaffolds with 19 gaps. These gaps
were closed by Sanger sequencing of PCR amplicons across the
gaps, resulting in a single closed circular chromosome of
1,886,888 bp.

This genome was uploaded to the Rapid Annotation using
Subsystem Technology (RAST) website (http://rastnmpdr.org
/rast.cgi) (5). The G+C content was 32.17% (calculated by an
in-house python script). A total of 2,190 coding sequences were
found, of which 60.1% could be assigned to clusters of ortholo-
gous groups (COGs) (6). The NCBI Prokaryotic Genomes Auto-
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matic Annotation Pipeline (PGAAP) was employed for gene an-
notation in preparation for submission to GenBank (http://www
.ncbi.nlm.nih.gov/genomes/static/Pipeline).

The genome contains three ribosomal RNAs, four 5S rRNAs,
and 38 tRNA loci. Further preliminary analysis of strain F92
showed very similar characteristics (e.g., length, GC content, open
reading frames [ORFs], pseudogenes) to all F. tularensis subsp.
holarctica strains recently described (e.g., F. tularensis subsp. hol-
arctica FTA or OSU18). Most strikingly, we revealed that strain
F92 harbored a 1.59-kb deletion (RD23) believed to be specific to
F. tularensis subsp. holarctica strains from France and the Hispanic
peninsula (7). Genomic comparison showed that the closest
neighbor of strain F92 is strain FTA, differing in only one missing
3,847-nt-long hypothetical gene.

As more strains from this subgroup are investigated, new in-
sights into the microevolution of this pathogenic agent will be
gained. This knowledge may help us to understand the epidemi-
ology of this new subgroup of Francisella tularensis invading and
expanding its geographical distribution from the Hispanic penin-
sula into Central Europe.

Nucleotide sequence accession numbers. This project has
been deposited at DDBJ/EMBL/GenBank under the accession no.
CP003932. The version described in this paper is the first version,
CP003932.1.

ACKNOWLEDGMENTS

We thank C. Kleinemeier for excellent technical assistance.
This project was funded by the Federal Republic of Germany, Depart-
ment of Defense (E/UR3G/6G159/7A800).

REFERENCES

1. Dennis DT, Inglesby TV, Henderson DA, Bartlett JG, Ascher MS, Eitzen
E, Fine AD, Friedlander AM, Hauer J, Layton M, Lillibridge SR, McDade
JE, Osterholm MT, O’Toole T, Parker G, Perl TM, Russell PK, Tonat
KWorking Group on Civilian Biodefense. 2001. Tularemia as a biological
weapon: medical and public health management. JAMA 285:2763-2773.

2. Splettstoesser WD, Miitz-Rensing K, Seibold E, Tomaso H, Al Dahouk S,
Grunow R, Essbauer S, Buckendahl A, Finke EJ, Neubauer H. 2007. Re-

genomea.asm.org 1


http://creativecommons.org/licenses/by/3.0/
http://rast.nmpdr.org/rast.cgi
http://rast.nmpdr.org/rast.cgi
http://www.ncbi.nlm.nih.gov/genomes/static/Pipeline
http://www.ncbi.nlm.nih.gov/genomes/static/Pipeline
http://www.ncbi.nlm.nih.gov/nuccore?term=CP003932
http://genomea.asm.org

2 genomea.asm.org

Antwerpen et al.

emergence of tularaemia in Germany: fatal tularaemia in a colony of semi-free-
living marmosets (Callithrix jacchus). Epidemiol. Infect. 135:1256—1265.

. Margulies M, Egholm M, Altman WE, Attiya S, Bader JS, Bemben LA, Berka
J, Braverman MS, Chen YJ, Chen Z, Dewell SB, Du L, Fierro JM, Gomes
XV, Godwin BC, He W, Helgesen S, Ho CH, Irzyk GP, Jando SC, Alenquer
ML, Jarvie TP, Jirage KB, Kim JB, Knight JR, Lanza JR, Leamon JH,
Letkowitz SM, Lei M, Li J, Lohman KL, Lu H, Makhijani VB, McDade KE,
McKenna MP, Myers EW, Nickerson E, Nobile JR, Plant R, Puc BP, Ronan
MT, Roth GT, Sarkis GJ, Simons JF, Simpson JW, Srinivasan M, Tartaro
KR, Tomasz A, Vogt KA, Volkmer GA, Wang SH, Wang Y, Weiner MP, Yu
P, Begley RF, Rothberg JM. 2005. Genome sequencing in microfabricated
high-density picolitre reactors. Nature 437:376—380.

. Barabote RD, Xie G, Brettin TS, Hinrichs SH, Fey PD, Jay JJ, Engle JL,
Godbole SD, Noronha JM, Scheuermann RH, Zhou LW, Lion C, Demp-
sey MP. 2009. Complete genome sequence of Francisella tularensis subspe-
cies holarctica FTNF002-00. PLoS One 4:e7041.

Genome Announcements

5. Aziz RK, Bartels D, Best AA, DeJongh M, Disz T, Edwards RA, Formsma

K, Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson R, Osterman
AL, Overbeek RA, McNeil LK, Paarmann D, Paczian T, Parrello B, Pusch
GD, Reich C, Stevens R, Vassieva O, Vonstein V, Wilke A, Zagnitko O.
2008. The RAST server: rapid annotations using subsystems technology.
BMC Genomics 9:75.

. Tatusov RL, Galperin MY, Natale DA, Koonin EV. 2000. The COG

database: a tool for genome-scale analysis of protein functions and evolu-
tion. Nucleic Acids Res. 28:33-36.

. Dempsey MP, Dobson M, Zhang C, Zhang M, Lion C, Gutiérrez-

Martin CB, Iwen PC, Fey PD, Olson ME, Niemeyer D, Francesconi S,
Crawford R, Stanley M, Rhodes J, Wagner DM, Vogler AJ, Birdsell D,
Keim P, Johansson A, Hinrichs SH, Benson AK. 2007. Genomic
deletion marking an emerging subclone of Francisella tularensis subsp.
holarctica in France and the Iberian Peninsula. Appl. Environ. Micro-
biol. 73:7465-7470.

January/February 2013 Volume 1 Issue 1 e00135-12


http://genomea.asm.org

	Nucleotide sequence accession numbers. 
	ACKNOWLEDGMENTS
	REFERENCES

