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We report the genome sequence of Thermococcus superprofundus strain CDGST, a new piezophilic and hyperthermophilic mem-
ber of the order Thermococcales isolated from the world’s deepest hydrothermal vents, at the Mid-Cayman Rise. The genome is
consistent with a heterotrophic, anaerobic, and piezophilic lifestyle.
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Thermococcus piezophilus strain CDGST was isolated from the
deep-sea hydrothermal vent field Beebe, in the Cayman

Trough (1–3), at 4964-m water depth (18°32.7881= N,
81°43.11844=W) (4). It can grow at temperatures ranging from 60
to 90°C (optimum: 75°C) and optimally under 50 MPa. This
strain holds the current record of pressure range for growth, grow-
ing effectively from atmospheric pressure to at least 120 MPa, and
with difficulty up to 130 MPa (4).

Whole-genome shotgun sequencing was carried out using a
combination of IonTorrent (318 Chip, HiQ chemistry; IGFL,
ENS, Lyon, France) and PacBio (1 large insert library � 2 smart-
cells; Duke University, Durham, USA) technologies. De novo as-
sembly of the PacBio reads was obtained using the HGAP assem-
bler included in a local installation of the PacBio SMRT portal
(v2.3.0). The complete genome sequence was then corrected by
mapping assembly of the IonTorrent reads on the PacBio contig
using MIRA 4 and the Newbler 2.8 suite of programs, and then
manually curated. The hybrid data assembly consists of one single
chromosome of 1,928,919 bp, with an average G�C content of
51.11%, and does not possess any extrachromosomal elements.
A total of 2,418 coding DNA sequences (CDSs) were identified
with the MaGe platform (5–7), as well as one copy of the 16S-
23S operon, two copies of 5S rRNA, 45 tRNA genes, and 15
miscellaneous RNA. Additionally, the genome contains one
integrase, one transposase and clustered regularly interspaced
short palindromic repeat (CRISPR) loci associated with cas
genes (cas1, cas2, cas3, cas4, cas5, cas6, csm2), suggesting that
this strain has a certain genomic plasticity and suffered rear-
rangements.

This strain is most closely related to Thermococcus onnurineus
NA1 (8), as indicated by in silico DNA-DNA hybridization of their
genomes (predicted value � 50.50% using the genome-to-
genome distance calculator GGDC2.0 [9–11]). However, despite

the highly conserved synteny between these two genomes, a few
genomic inversions were observed, as well as differences in gene
content and gene nature. The core genome is composed of only
1,297 CDS. Both strains possess the metabolic pathways for or-
ganotrophic growth on peptides, amino acids, or sugars. Notably,
T. piezophilus possesses the full glycolysis V pathway, the D-
mannose degradation pathway, the glycerol degradation pathway,
and the degradation pathways for several amino acids (asparagine,
aspartate, citrulline, homocystéine, glycine). It possesses also the
polysulfide respiration pathway. In contrast to T. onnurineus, its
genome does not encode all the proteins (from the transporters to
the cleavage enzymes) necessary to grow by carboxydotrophy or
by formate oxidation.

Consistent with its piezophilic lifestyle, T. piezophilus possesses
several complete pathways for the synthesis of compatible solutes
(glutamine, glutamate, glycine, myo-inositol, and N-acetylglu-
cosamine). Additionally, it harbors several hydrogenase gene
clusters, including hydrogenases and sulfhydrogenases, known
to be regulated by pressure in other piezophilic Thermococcus
species (12).

Nucleotide sequence accession number. The genome se-
quence has been deposited in GenBank under the accession num-
ber CP015520.

ACKNOWLEDGMENTS

The research leading to these results has received funding from the Euro-
pean Union Seventh Framework Programme (FP7/2007-2013), project
MaCuMBA under grant agreement 311975. This work was also supported
by the PICS-InEE Phypress, the PHC Cai Yuanpei Provirvent (34634we),
the “Laboratoire d’Excellence” LabexMER (ANR-10-LABX-19), and co-
funded by a grant from the French government under the program “In-
vestissements d’avenir.”

crossmark

Genome AnnouncementsJuly/August 2016 Volume 4 Issue 4 e00610-16 genomea.asm.org 1

http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.00610-16&domain=pdf&date_stamp=2016-7-14
http://genomea.asm.org


FUNDING INFORMATION
This work, including the efforts of Karine Alain, was funded by
CNRS InEE, PICS Phypress. This work, including the efforts of
Karine Alain, was funded by PHC Cai Yuanpei Provirvent
(34634WE). This work, including the efforts of Karine Alain, was
funded by Laboratoire d’Excellence LabexMER (ANR-10-LABX-19).
This work, including the efforts of Karine Alain, was funded by
European Union Seventh Framework Programme (FP7), Project
MaCuMBA (311975).

REFERENCES
1. Bennett SA, Dover CV, Breier JA, Coleman M. 2015. Effect of depth and

vent fluid composition on the carbon sources at two neighboring deep-sea
hydrothermal vent fields (Mid-Cayman Rise). Deep Sea Res Part I Ocean-
ogr Res Pap 104:122–133. http://dx.doi.org/10.1016/j.dsr.2015.06.005.

2. German CR, Bowen A, Coleman ML, Honig DL, Huber JA, Jakuba MV,
Kinsey JC, Kurz MD, Leroy S, McDermott JM, Mercier de Lépinay S,
Nakamura K, Seewald JS, Smith JL, Sylva SP, Van Dover CL, Whitcomb
LL, Yoerge DR. 2010. Diverse styles of submarine venting on the ultraslow
spreading Mid-Cayman Rise. Proc Natl Acad Sci USA 107:14020 –14025.
http://dx.doi.org/10.1073/pnas.1009205107.

3. Reveillaud J, Reddington E, McDermott J, Algar C, Meyer JL, Sylva S,
Seewald J, German CR, Huber JA. 10 December 2016. Subseafloor mi-
crobial communities in hydrogen-rich vent fluids from hydrothermal sys-
tems along the Mid-Cayman Rise. Environ Microbiol. http://dx.doi.org/
10.1111/1462-2920.13173.

4. Dalmasso C, Oger P, Selva G, Courtine D, L’Haridon S, Garlaschelli A,
Roussel E, Miyazaki J, Takai K, Maignien L, Alain K. Thermococcus
superprofundus sp. nov., an hyperthermophilic archaeon with a broad
pressure range for growth, isolated from the Mid-Cayman Rise. Syst Appl
Microbiol, in press.

5. Vallenet D, Labarre L, Rouy Z, Barbe V, Bocs S, Cruveiller S, Lajus A,
Pascal G, Scarpelli C, Médigue C. 2006. MaGe: a microbial genome

annotation system supported by synteny results. Nucleic Acids Res 34:
53– 65. http://dx.doi.org/10.1093/nar/gkj406.

6. Vallenet D, Belda E, Calteau A, Cruveiller S, Engelen S, Lajus A, Le
Fèvre F, Longin C, Mornico D, Roche D, Rouy Z, Salvignol G, Scarpelli
C, Thil Smith AA, Weiman M, Médigue C. 2013. MicroScope—an
integrated microbial resource for the curation and comparative analysis of
genomic and metabolic data. Nucleic Acids Res 41:D636 –D647. http://
dx.doi.org/10.1093/nar/gks1194.

7. Vallenet D, Engelen S, Mornico D, Cruveiller S, Fleury L, Lajus A, Rouy
Z, Roche D, Salvignol G, Scarpelli C, Médigue C. 2009. MicroScope: a
platform for microbial genome annotation and comparative genomics.
Database 2009:bap-021. http://dx.doi.org/10.1093/database/bap021.

8. Lee HS, Kang SG, Bae SS, Lim JK, Cho Y, Kim YJ, Jeon JH, Cha S-S,
Kwon KK, Kim H-T, Park C-J, Lee H-W, Kim SI, Chun J, Colwell RR,
Kim S-J, Lee J-H. 2008. The Complete genome sequence of Thermo-
coccus onnurineus NA1 reveals a mixed heterotrophic and carboxydo-
trophic metabolism. J Bacteriol 190:7491–7499. http://dx.doi.org/
10.1128/JB.00746-08.

9. Auch AF, von Jan M, Klenk H-P, Göker M. 2010. Digital DNA-DNA
hybridization for microbial species delineation by means of genome-to-
genome sequence comparison. Stand Genomic Sci 2:117–134. http://
dx.doi.org/10.4056/sigs.531120.

10. Auch AF, Klenk H-P, Göker M. 2010. Standard operating procedure for
calculating genome-to-genome distances based on high-scoring segment
pairs. Stand Genomic Sci 2:142–148. http://dx.doi.org/10.4056/
sigs.541628.

11. Meier-Kolthoff JP, Klenk H-P, Göker M. 2014. Taxonomic use of DNA
G�C content and DNA-DNA hybridization in the genomic age. Int J Syst
Evol Microbiol 64:352–356. http://dx.doi.org/10.1099/ijs.0.056994-0.

12. Vannier P, Michoud G, Oger P, Marteinsson VÞ, Jebbar M. 2015.
Genome expression of Thermococcus barophilus and Thermococcus koda-
karensis in response to different hydrostatic pressure conditions. Res Mi-
crobiol 166:717–725. http://dx.doi.org/10.1016/j.resmic.2015.07.006.

Dalmasso et al.

Genome Announcements2 genomea.asm.org July/August 2016 Volume 4 Issue 4 e00610-16

http://genomea.asm.org

	Complete Genome Sequence of the Hyperthermophilic and Piezophilic Archeon Thermococcus piezophilus CDGST, Able To Grow under Extreme Hydrostatic Pressures
	Nucleotide sequence accession number. 
	ACKNOWLEDGMENTS

	REFERENCES

