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ABSTRACT Members of the cyanobacterial genus Synechococcus are abundant in
marine environments. To better understand the genomic diversity of marine Syn-
echococcus spp., we determined the complete genome sequence of a coastal cyano-
bacterium, Synechococcus sp. NIES-970. The genome had a size of 3.1 Mb, consisting
of one chromosome and four plasmids.

Synechococcus is a morphologically defined genus composed of unicellular,
spherical- to rod-shaped cyanobacteria (1) that have a polyphyletic origin (2).

Marine Synechococcus spp. are distributed over a range of environments, from coastal
to pelagic, and Synechococcus spp., which belong to the same clade as Prochlorococcus
spp., are known to be the most common and dominant species in pelagic oceans (3).
However, the genetic and biological diversities of coastal Synechococcus spp. consisting
of polyphyletic groups are still not understood. Here, we present the genome sequence
of Synechococcus sp. NIES-970, a coastal cyanobacterium strain isolated from a tidal
mud flat at Rikuhama Beach, Tokunoshima Island, Kagoshima, Japan in 1998, and
maintained in the Microbial Culture Collection at the National Institute for Environ-
mental Studies (http://mcc.nies.go.jp).

A paired-end library and a mate-pair library of 8-kb inserts were prepared using a
Nextera XT DNA library preparation kit (Illumina, San Diego, CA, USA) and a Nextera
mate-pair sample preparation kit (Illumina), respectively. These libraries were se-
quenced on a MiSeq sequencer (Illumina) with the MiSeq Reagent kit version 3 (600
cycles; Illumina). The output reads were filtered based on a 17-mer frequency using
ShortReadManager (4) and then de novo assembled using Newbler version 2.9 (Roche
Applied Science, Penzberg, Germany), which yielded 16 large contigs (�500 bp) and
seven scaffolds. The average depth of sequence coverage was calculated to be 185-
fold. The gap sequences were determined in silico using GenoFinisher and AceFi-
leViewer (4), and the genome was found to consist of five circular structures, probably
one chromosome and four plasmids. The total genome size was 3,123,859 bp, and the
G�C content was 49.4%. Prediction of protein-coding genes, rRNA genes, and tRNA
genes using Prokka (5) estimated 2,943, six, and 44 genes, respectively. Annotations of
the predicted protein-coding genes were then conducted using original computer
scripts that refer to the manually curated annotations in CyanoBase (6).

Synechococcus sp. NIES-970 was closely related to Synechococcus sp. NKBG15041c
(7), with a 16S rDNA sequence of NIES-970 that was completely identical to that of
NKBG15041c. We conducted reciprocal protein BLASTs between deduced protein
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sequences of Synechococcus sp. NIES-970 and NKBG15041c using BLAST� version 2.3.0
(8), and the bidirectional BLAST best-hit pairs with query coverage �90% and percent-
age of identical matches �50 were considered as orthologous. The number of or-
thologs was 2,628, accounting for 89.3% of deduced proteins in Synechococcus sp.
NIES-970. Furthermore, the results of the reciprocal protein BLASTs revealed that
Synechococcus sp. NIES-970 has a putative copper-resistance, gene-regulating, two-
component sensor histidine kinase CopS (locus_tag; NIES-970_28860) and a response
regulator CopR (locus_tag; NIES-970_28880), which were located on a plasmid; how-
ever, NKBG15041c does not have these orthologs. The BLAST identity scores of the
putative CopS and CopR to those of Synechocystis sp. PCC 6803 (9) were only 47% and
63%, respectively; however, putative copper-resistance protein-coding genes (lo-
cus_tag; NIES-970_28920 and NIES-970_28930), which were also not found on the
NKBG15041c genome, were located near the copS and copR genes. Based on the
genetic differences, NIES-970 may have higher copper-resistance ability than
NKBG15041c.

Accession number(s). The genome sequence of Synechococcus sp. NIES-970 has
been deposited in DDBJ/EMBL/GenBank under the accession numbers AP017959 to
AP017963.

ACKNOWLEDGMENTS
This study is part of the National BioResource Project for Algae (http://www.nbrp.jp),

which is supported and funded by the Japan Agency for Medical Research and
Development and the Ministry of Education, Culture, Sports, Science, and Technology
of Japan. Computations were partially performed on the NIG supercomputer at the
ROIS National Institute of Genetics.

REFERENCES
1. Castenholz R, Wilmotte A, Herdman M, Rippka R, Waterbury J, Iteman I,

Hoffmann L. 2001. Phylum BX. Cyanobacteria, p 473–599. In Boone DR,
Castenholz RW, Garrity GM (ed), Bergey’s manual of systematic bacteri-
ology, 2nd ed, vol 1. Springer, New York, NY.

2. Shih PM, Wu DY, Latifi A, Axen SD, Fewer DP, Talla E, Calteau A, Cai F,
Tandeau de Marsac NT, Rippka R, Herdman M, Sivonen K, Coursin T, Laurent
T, Goodwin L, Nolan M, Davenport KW, Han CS, Rubin EM, Eisen JA, Woyke
T, Gugger M, Kerfeld CA. 2013. Improving the coverage of the cyanobacterial
phylum using diversity-driven genome sequencing. Proc Natl Acad Sci U S A
110:1053–1058. https://doi.org/10.1073/pnas.1217107110.

3. Sohm JA, Ahlgren NA, Thomson ZJ, Williams C, Moffett JW, Saito MA,
Webb EA, Rocap G. 2016. Co-occurring Synechococcus ecotypes occupy
four major oceanic regimes defined by temperature, macronutrients and
iron. ISME J 10:333–345. https://doi.org/10.1038/ismej.2015.115.

4. Ohtsubo Y, Maruyama F, Mitsui H, Nagata Y, Tsuda M. 2012. Complete
genome sequence of Acidovorax sp. strain KKS102, a polychlorinated-
biphenyl degrader. J Bacteriol 194:6970 – 6971. https://doi.org/10.1128/JB
.01848-12.

5. Seemann T. 2014. Prokka: rapid prokaryotic genome annotation. Bioin-
formatics 30:2068 –2069. https://doi.org/10.1093/bioinformatics/btu153.

6. Fujisawa T, Okamoto S, Katayama T, Nakao M, Yoshimura H, Kajiya-
Kanegae H, Yamamoto S, Yano C, Yanaka Y, Maita H, Kaneko T, Tabata S,
Nakamura Y. 2014. CyanoBase and RhizoBase: databases of manually
curated annotations for cyanobacterial and rhizobial genomes. Nucleic
Acids Res 42:D666 –D670. https://doi.org/10.1093/nar/gkt1145.

7. Yoshino T, Honda T, Tanaka M, Tanaka T. 2013. Draft genome sequence
of marine cyanobacterium Synechococcus sp. strain NKBG15041c. Ge-
nome Announc 1(6):e00954-13. https://doi.org/10.1128/genomeA
.00954-13.

8. Camacho C, Coulouris G, Avagyan V, Ma N, Papadopoulos J, Bealer K,
Madden TL. 2009. BLAST�: architecture and applications. BMC Bioinfor-
matics 10:421. https://doi.org/10.1186/1471-2105-10-421.

9. Giner-Lamia J, López-Maury L, Reyes JC, Florencio FJ. 2012. The CopRS
two-component system is responsible for resistance to copper in the
cyanobacterium Synechocystis sp. PCC 6803. Plant Physiol 159:1806 –1818.
https://doi.org/10.1104/pp.112.200659.

Shimura et al.

Volume 5 Issue 14 e00139-17 genomea.asm.org 2

http://www.ncbi.nlm.nih.gov/nuccore/AP017959
http://www.ncbi.nlm.nih.gov/nuccore/AP017963
http://www.nbrp.jp
https://doi.org/10.1073/pnas.1217107110
https://doi.org/10.1038/ismej.2015.115
https://doi.org/10.1128/JB.01848-12
https://doi.org/10.1128/JB.01848-12
https://doi.org/10.1093/bioinformatics/btu153
https://doi.org/10.1093/nar/gkt1145
https://doi.org/10.1128/genomeA.00954-13
https://doi.org/10.1128/genomeA.00954-13
https://doi.org/10.1186/1471-2105-10-421
https://doi.org/10.1104/pp.112.200659
http://genomea.asm.org

	Accession number(s). 
	ACKNOWLEDGMENTS
	REFERENCES

