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Genome sequences from the prolific Roseobacter clade in the Alphaproteobacteria are beginning to reveal the
genetic basis for the diverse lifestyles of these organisms. Here we present the genome sequences of Oceanicola
granulosus HTCC2516T and Oceanicola batsensis HTCC2597T, two marine Roseobacter species isolated from the
Sargasso Sea using dilution-to-extinction culturing, whose genomes encode for significant differences in
metabolic potential.

Members of the Roseobacter clade are ecologically and phys-
iologically diverse, occupying a wide variety of lifestyles (1, 2,
7). Oceanicola granulosus HTCC2516T and Oceanicola batsen-
sis HTCC2597T were isolated by dilution-to-extinction cultur-
ing in low-nutrient heterotrophic media (LNHM) (4) from
water collected at the Bermuda Atlantic Time-Series Study
(BATS) station in the Sargasso Sea (3, 5). The genomes were
shotgun sequenced by the J. Craig Venter Institute as part of
the Moore Foundation Microbial Genome Sequencing Project
(http://www.moore.org/microgenome). Draft genomes of O.
granulosus and O. batsensis containing 85 and 23 contigs, re-
spectively, were annotated analyzed through the Joint Genome
Institute IMG/M website (http://img.jgi.doe.gov/cgi-bin/pub
/main.cgi) (6). The draft genomes of O. granulosus and O.
batsensis comprised 4,039,111 and 4,437,668 bases, 3,855 and
4,261 predicted open reading frames (ORFs), and 70.41% and
66.10% G�C contents, respectively. The O. granulosus ge-
nome is predicted to contain 55 tRNA genes, two 5S rRNA
genes, four 16S rRNA genes, and two 23S rRNA genes; that of
O. batsensis is predicted to contain 45 tRNA genes, one each of
the 5S and 16S rRNA genes, and two 23S rRNA genes.

The sequencing of these and other Roseobacter genomes has
directly affected the Oceanicola phylogeny. Recent phyloge-
netic studies of the Alphaproteobacteria and the Roseobacter
clade specifically have established that the Oceanicola genus is
not monophyletic (1, 7, 11). Not surprisingly, the two genomes
reveal different potential capabilities for these two organisms.
O. granulosus is predicted to possess several genes necessary
for the Calvin cycle, including the large (but not the small)
RuBisCo (ribulose-1,5-bisphosphate carboxylase) subunit.
Both strains tested negative for fructose utilization (3) but
contain putative genes necessary for this metabolism. Consis-
tent with physiological tests showing glucose utilization, O.
granulosus is predicted to have complete glycolysis, pentose-
phosphate, and Entner-Doudoroff (ED) pathways. O. batsensis

has only a putative ED pathway, but did not utilize glucose (3).
Both strains were characterized as nonmotile (3), and O. bat-
sensis has no che gene homologs, but O. granulosas is predicted
to have most flagellar and che gene homologs. O. granulosus
has putative genes for an aa3-type cytochrome c oxidase, and
O. batsensis is predicted to have both aa3- and cbb3-type cyto-
chrome c oxidases, the latter potentially conferring an adaptive
advantage over a greater range of oxygen concentrations (8, 9).

Both organisms are predicted to have most Sec pathway
genes. O. batsensis contains several putative type IV secretion
genes and 6 putative TonB receptors. Each has many predicted
ABC transporter genes: 239 in O. granulosus and 193 in O.
batsenesis. Both organisms were observed to form polyhydroxy-
butyrate (PHB) in culture (3), and both organisms contain
putative genes necessary for PHB synthesis (see reference 10
and references therein), including predicted copies of PHB or
polyhydroxyalkanoate (PHA) polymerases and several acetyl
coenzyme A (acetyl-CoA) acetyltransferases, and O. batsensis
has a predicted acetoacetyl-CoA reductase.

Nucleotide sequence accession numbers. The draft genome
sequences of Oceanicola granulosus HTCC2516T and Ocea-
nicola batsensis HTCC2597T are available in GenBank un-
der accession no. AAOT00000000 and AAMO00000000,
respectively. Data annotated independently by GenDB are
accessible in the Marine Microbial Genomics database at
Oregon State University (http://bioinfo.cgrb.oregonstate
.edu/microbes/).

Sequencing, assembly, and annotation and data analysis were sup-
ported by the Gordon and Betty Moore Foundation Marine Microbi-
ology Initiative, as part of its Marine Microbial Sequencing Project
(http://www.moore.org/marinemicro), and by an individual investigator
award to S.J.G.

REFERENCES

1. Brinkhoff, T., H. Giebel, and M. Simon. 2008. Diversity, ecology, and genom-
ics of the Roseobacter clade: a short overview. Arch. Microbiol. 189:531–539.

2. Buchan, A., J. M. Gonzalez, and M. A. Moran. 2005. Overview of the marine
Roseobacter lineage. Appl. Environ. Microbiol. 71:5665–5677.

3. Cho, J.-C., and S. J. Giovannoni. 2004. Oceanicola granulosus gen. nov., sp.
nov. and Oceanicola batsensis sp. nov., poly-�-hydroxybutyrate-producing
marine bacteria in the order Rhodobacterales. Int. J. Syst. Evol. Microbiol.
54:1129–1136.

4. Cho, J.-C., and S. J. Giovannoni. 2003. Parvularcula bermudensis gen. nov.,
sp. nov., a marine bacterium that forms a deep branch in the �-Proteobac-
teria. Int. J. Syst. Evol. Microbiol. 53:1031–1036.

* Corresponding author. Mailing address: Department of Microbi-
ology, Oregon State University, Corvallis, OR 97331. Phone: (541)
737-1835. Fax: (541) 737-0496. E-mail: steve.giovannoni@oregonstate
.edu.

† J. C. Thrash and J.-C. Cho contributed equally to this work.
� Published ahead of print on 23 April 2010.

3549



5. Connon, S. A., and S. J. Giovannoni. 2002. High-throughput methods for
culturing microorganisms in very-low-nutrient media yield diverse new ma-
rine isolates. Appl. Environ. Microbiol. 68:3878–3885.

6. Markowitz, V. M., N. N. Ivanova, E. Szeto, K. Palaniappan, K. Chu, D.
Dalevi, I.-M. A. Chen, Y. Grechkin, I. Dubchak, I. Anderson, A. Lykidis, K.
Mavromatis, P. Hugenholtz, and N. C. Kyrpides. 2008. IMG/M: a data
management and analysis system for metagenomes. Nucleic Acids Res. 36:
D534–D538.

7. Newton, R. J., L. E. Griffin, K. M. Bowles, C. Meile, S. Gifford, C. E. Givens,
E. C. Howard, E. King, C. A. Oakley, C. R. Reisch, J. M. Rinta-Kanto, S.
Sharma, S. Sun, V. Varaljay, M. Vila-Costa, J. R. Westrich, and M. A.
Moran. 14 January 2010, posting date. Genome characteristics of a gen-

eralist marine bacterial lineage. ISME J. [Epub ahead of print.] doi:
10.1038/ismej.2009.150.

8. Peters, A., C. Kulajta, G. Pawlik, F. Daldal, and H.-G. Koch. 2008. Stability
of the cbb3-type cytochrome oxidase requires specific CcoQ-CcoP interac-
tions. J. Bacteriol. 190:5576–5586.

9. Pitcher, R. S., T. Brittain, and N. J. Watmough. 2002. Cytochrome cbb3
oxidase and bacteria microaerobic metabolism. Biochem. Soc. Trans. 30:
653–658.

10. Reddy, C. S. K., R. Ghai, and R. V. C. Kalia. 2003. Polyhydroxyalkanoates:
an overview. Bioresour. Technol. 87:137–146.

11. Williams, K. P., B. W. Sobral, and A. W. Dickerman. 2007. A robust species
tree for the Alphaproteobacteria. J. Bacteriol. 189:4578–4586.

3550 GENOME ANNOUNCEMENTS J. BACTERIOL.


