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Complete Genome Sequence of Salinisphaera sp. Strain LB1, a
Moderately Halo-Acidophilic Bacterium Isolated from Lake
Brown, Western Australia

Kaela B. O’Dell,a E. Anne Hatmaker,a Adam M. Guss,a Melanie R. Mormileb

aBiosciences Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, USA
bDepartment of Biological Sciences, Missouri University of Science and Technology, Rolla, Missouri, USA

ABSTRACT Salinisphaera sp. strain LB1 was isolated from Lake Brown, Western Aus-
tralia, surface water enriched at pH 4.0 and with 5% (wt/vol) NaCl. The complete ge-
nome sequence is presented in this report.

Halo-acidophilic bacteria are gaining attention as a source of enzymes for use in
industrial processes that require efficient enzymatic activity within operating

conditions at low pH and high concentrations of salt (1). Members of the family
Salinisphaeraceae are Gram-negative Gammaproteobacteria that are cocci or short rod
shaped and halotolerant (2). Salinisphaera sp. strain LB1 was isolated from surface water
from Lake Brown, Western Australia, through enrichment cultures in modified growth
medium (3, 4) at pH 4.0 and with 5% (wt/vol) NaCl and plated onto phytagel-solidified
medium incubated at 37°C. A pure colony was subcultured in liquid medium for
genome sequencing.

Genomic DNA was isolated from Salinisphaera sp. strain LB1 using the Qiagen
Genomic-tip 100/G extraction kit and bacterial protocol (Qiagen, Valencia, CA, USA).
The genome was generated by the DOE Joint Genome Institute (JGI) using the PacBio
sequencing technology (Menlo Park, CA, USA). A PacBio SMRTbell library of �10 kb was
constructed and sequenced on the PacBio RS II platform (5), which generated 92,798
filtered subreads for a total of 597,839,667 bases. The reads were then assembled using
Hierarchical Genome Assembly Process 3 (HGAP3; v2.3.0.p5) (6). The final assembly had
an input read coverage of 92.8�. The genome includes a single, contiguous, circular
chromosome 4,141,708 bp long, with an average G�C content of 64%. The genome
was annotated using Rapid Annotations using Subsystem Technology (RAST) v2.0 (7)
and is predicted to include 3,784 protein-coding sequences, 48 tRNAs, and 6 rRNAs in
2 operons. DNA modification detection and motif analysis were performed by JGI using
the PacBio single-molecule real-time (SMRT) analysis platform (pbsmrtpipe.pipelines.ds
modification motif analysis 0.1.0). Briefly, raw reads were filtered using SFilter to remove
short reads and reads derived from sequencing adapters. Filtered reads were aligned to
the reference genome for Salinisphaera sp. strain LB1 using BLASR (v5.3) (8). Modified
sites were then identified through kinetic analysis of the aligned DNA sequence data (9)
and grouped into motifs using MotifFinder. These motifs represent the recognition
sequences of methyltransferase genes active in the genome (10). One methylated motif
was identified, gAgnnnnnnnnTgcc, which showed 99.2% modification from a count of
830 sites in the genome. All software used the default settings.

Based on the 16S rRNA gene, Salinisphaera hydrothermalis was 96.13% similar over
the entire 1,542-bp gene to Salinisphaera sp. strain LB1 when matched using the
EzBioCloud 16S database (11). According to JSpeciesWS (12), the ANIb value (calculated
by BLAST) of Salinisphaera sp. strain LB1 compared with that of Salinisphaera hydro-
thermalis C41B8 is 81.15%, and the ANIm (calculated by MUMmer) value is 85.42%,
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suggesting that strain LB1 and S. hydrothermalis are different species. The complete
genome sequence of Salinisphaera sp. strain LB1 will be a critical tool enabling
experiments and analyses to uncover mechanisms of adaptation to polyextreme con-
ditions and potential novel enzymes from these environments.

Data availability. This complete genome sequence has been deposited at DDBJ/

EMBL/GenBank under the accession no. CP029488. PacBio reads were deposited at the
NCBI Sequence Read Archive (SRA) under accession no. SRP156246.

ACKNOWLEDGMENTS

This work was supported by the BioEnergy Science Center (BESC) and the Center for
Bioenergy Innovation (CBI), U.S. Department of Energy Bioenergy Research Centers,
supported by the Office of Biological and Environmental Research in the DOE Office of
Science. Oak Ridge National Laboratory is managed by UT-Battelle, LLC, for the U.S. DOE
under contract DE-AC05-00OR22725. The DNA sequencing work was conducted by the
U.S. Department of Energy Joint Genome Institute, a DOE Office of Science User Facility,
which is supported by the Office of Science of the U.S. Department of Energy under
contract DE-AC02-05CH11231. The original isolation of Salinisphaera sp. strain LB1 was
funded by NSF Biogeosciences Program grants EAR-0433040 and EAR-0433044. The
funders had no role in study design, data collection and analysis, decision to publish,
or preparation of the manuscript.

We thank Jennifer Parks for technical assistance with this project.

REFERENCES
1. Gumulya Y, Boxall NJ, Khaleque HN, Santala V, Carlson RP, Kaksonen

AH. 2018. In a quest for engineering acidophiles for biomining
applications: challenges and opportunities. Genes 9:116. https://doi
.org/10.3390/genes9020116.

2. Antunes A, Simões Marta F, Crespo�Medina M, Vetriani C, Shimane Y.
2015. Salinisphaera. In Whitman WB, Rainey F, Kämpfer R, Trujillo M,
DeVos P, Hedlund B, Dedysh S (ed), Bergey’s manual of systematics of
Archaea and Bacteria. John Wiley & Sons, Inc., Hoboken, NJ.

3. Rodriguez-Valera F, Juez G, Kushner DJ. 1983. Halobacterium mediterranei
spec, nov., a new carbohydrate-utilizing extreme halophile. Syst Appl Mi-
crobiol 4:369–381. https://doi.org/10.1016/S0723-2020(83)80021-6.

4. Rodriguez-Valera F, Ruiz-Berraquero F, Ramos-Cormenzana A. 1980. Iso-
lation of extremely halophilic bacteria able to grow in defined inorganic
media with single carbon sources. Microbiology 119:535–538. https://
doi.org/10.1099/00221287-119-2-535.

5. Eid J, Fehr A, Gray J, Luong K, Lyle J, Otto G, Peluso P, Rank D, Baybayan
P, Bettman B, Bibillo A, Bjornson K, Chaudhuri B, Christians F, Cicero R,
Clark S, Dalal R, Dewinter A, Dixon J, Foquet M, Gaertner A, Hardenbol P,
Heiner C, Hester K, Holden D, Kearns G, Kong X, Kuse R, Lacroix Y, Lin S,
Lundquist P, Ma C, Marks P, Maxham M, Murphy D, Park I, Pham T,
Phillips M, Roy J, Sebra R, Shen G, Sorenson J, Tomaney A, Travers K,
Trulson M, Vieceli J, Wegener J, Wu D, Yang A, Zaccarin D, Zhao P, Zhong
F, Korlach J, Turner S. 2009. Real-time DNA sequencing from single
polymerase molecules. Science 323:133. https://doi.org/10.1126/science
.1162986.

6. Chin C-S, Alexander DH, Marks P, Klammer AA, Drake J, Heiner C, Clum
A, Copeland A, Huddleston J, Eichler EE, Turner SW, Korlach J. 2013.
Nonhybrid, finished microbial genome assemblies from long-read SMRT

sequencing data. Nat Methods 10:563. https://doi.org/10.1038/nmeth
.2474.

7. 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. https://doi.org/10.1186/1471-2164-9-75.

8. Chaisson MJ, Tesler G. 2012. Mapping single molecule sequencing reads
using basic local alignment with successive refinement (BLASR): appli-
cation and theory. BMC Bioinformatics 13:238. https://doi.org/10.1186/
1471-2105-13-238.

9. Flusberg BA, Webster DR, Lee JH, Travers KJ, Olivares EC, Clark TA,
Korlach J, Turner SW. 2010. Direct detection of DNA methylation during
single-molecule, real-time sequencing. Nat Methods 7:461. https://doi
.org/10.1038/nmeth.1459.

10. Clark TA, Murray IA, Morgan RD, Kislyuk AO, Spittle KE, Boitano M,
Fomenkov A, Roberts RJ, Korlach J. 2012. Characterization of DNA meth-
yltransferase specificities using single-molecule, real-time DNA sequenc-
ing. Nucleic Acids Res 40:e29. https://doi.org/10.1093/nar/gkr1146.

11. Yoon S-H, Ha S-M, Kwon S, Lim J, Kim Y, Seo H, Chun J. 2017. Introducing
EzBioCloud: a taxonomically united database of 16S rRNA gene se-
quences and whole-genome assemblies. Int J Syst Evol Microbiol 67:
1613–1617. https://doi.org/10.1099/ijsem.0.001755.

12. Richter M, Rosselló-Móra R, Oliver Glöckner F, Peplies J. 2016.
JSpeciesWS: a web server for prokaryotic species circumscription based
on pairwise genome comparison. Bioinformatics 32:929 –931. https://doi
.org/10.1093/bioinformatics/btv681.

O’Dell et al.

Volume 7 Issue 13 e01047-18 mra.asm.org 2

 on M
arch 26, 2019 by guest

http://m
ra.asm

.org/
D

ow
nloaded from

 

https://www.ncbi.nlm.nih.gov/nuccore/CP029488
https://www.ncbi.nlm.nih.gov/sra/SRP156246
https://doi.org/10.3390/genes9020116
https://doi.org/10.3390/genes9020116
https://doi.org/10.1016/S0723-2020(83)80021-6
https://doi.org/10.1099/00221287-119-2-535
https://doi.org/10.1099/00221287-119-2-535
https://doi.org/10.1126/science.1162986
https://doi.org/10.1126/science.1162986
https://doi.org/10.1038/nmeth.2474
https://doi.org/10.1038/nmeth.2474
https://doi.org/10.1186/1471-2164-9-75
https://doi.org/10.1186/1471-2105-13-238
https://doi.org/10.1186/1471-2105-13-238
https://doi.org/10.1038/nmeth.1459
https://doi.org/10.1038/nmeth.1459
https://doi.org/10.1093/nar/gkr1146
https://doi.org/10.1099/ijsem.0.001755
https://doi.org/10.1093/bioinformatics/btv681
https://doi.org/10.1093/bioinformatics/btv681
https://mra.asm.org
http://mra.asm.org/

	Complete Genome Sequence of Salinisphaera sp. Strain LB1, a Moderately Halo-Acidophilic Bacterium Isolated from Lake Brown, Western Australia
	Recommended Citation

	Data availability. 
	ACKNOWLEDGMENTS
	REFERENCES

