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We report the complete and annotated genome sequence of Rickettsia helvetica strain C9P9, which was first isolated in 1979
from Ixodes ricinus ticks in Switzerland and is considered a human pathogen.

Rickettsia helvetica was first isolated from Ixodes ricinus ticks in
Switzerland in 1979. It was subsequently detected in many

European countries, Russia, Japan, and Thailand. R. helvetica has
been suggested to play a role in various human diseases, but its
exact pathogenesis remains uncertain.

Genomic DNA extracted from R. helvetica strain C9P9 grown
in Vero cells was pyrosequenced using the 454 GS FLX Titanium
platform (Roche, Meylan, France) (8) and assembled using the
Newbler software (Roche). Potential coding sequences (CDSs)
were predicted using AMIGene (5), and split genes or nonpre-
dicted genes were detected using Artemis (http://www.sanger.ac
.uk/software/Artemis/) and BLASTN (1). Assignment of protein
functions was performed by searching against the RickBase, Gen-
Bank, and Pfam databases using BLASTP (1, 4, 9), while rRNAs,
tRNAs, and other RNAs were identified using BLASTN or
tRNAscan-SE (7). Gene orthologs were identified using Or-
thoMCL (6) with a BLASTP E value cutoff of 1 � 10�5 and a
Markov Clustering inflation parameter default of 1.5.

Thirty-two contigs were assembled into two scaffolds. The gaps
were closed using Phusion DNA polymerase and specific primers.
The R. helvetica genome consists of a 1,369,827-bp chromosome
with a G�C content of 32.2%, in the range of other rickettsial
genomes, and a 47,188-bp plasmid (pRhel) with a G�C content of
32.6%. The predicted total complement of 1,135 genes (1,515
open reading frames) includes 858 complete genes, 168 split
genes, and 178 genes present only as fragments. Of these, 881 were
assigned putative functions and 254 encode hypothetical proteins
and proteins of unknown function. R. helvetica also contains 33
tRNAs, a single rRNA operon with noncontiguous 16S and 23S
rRNAs, and 3 other RNAs. In addition, the pRhel plasmid encodes
49 genes (59 CDSs) but no tRNA.

The R. helvetica chromosome exhibits a high level of synteny
with its closest phylogenetic neighbor, R. massiliae (3), with the
exception of three inversions of 36,436 bp, 48,196 bp, and 17,375
bp, respectively. R. helvetica has 121 genes that are absent from R.
massiliae, and the latter has 161 genes missing from R. helvetica.
Most of these differentially present genes encode ankyrin repeat-,
leucine-rich repeat-, or tetratricopeptide repeat-containing pro-
teins, transposases, proteins of unknown function, and Tra family
proteins. The R. helvetica genome appears more degraded than
that of R. massiliae (168 versus 99 split genes and 178 versus 85
fragment genes, respectively). In comparison with the R. prowa-
zekii genome (2), R. helvetica lacks only 36 genes, including the
genes for 16 proteins of unknown function, three transposases,

two ankyrin repeats, four transferases, two cell surface antigens,
and one each for the integration host factor � subunit, a large
extracellular �-helical protein, a monovalent cation/proton anti-
porter, peptide chain release factor RF-2, a prolyl endopeptidase
precursor, pyrroloquinoline quinine biosynthesis protein C, sig-
nal peptide peptidase SppA, and a DNA invertase Pin-like protein.
Thus, none of these genes is likely to be linked to rickettsial viru-
lence. In contrast, many genes involved in the biosynthesis and
regulation of biosynthesis of amino acids and nucleotides present
in R. helvetica were absent from R. prowazekii. Further studies will
be conducted to investigate the pathogenesis of R. helvetica.

Nucleotide sequence accession number. The R. helvetica
strain C9P9 genome sequence and the pRhel plasmid sequence
have been deposited in the DDBJ/EMBL/GenBank databases un-
der accession no. AICO00000000.
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