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a b s t r a c t
Haloarcula sp. CBA1115, isolated from non-puriﬁed solar salts from South Korea, is a halophilic archaeon belonging to the family Halobacteriaceae. Here, we present the complete genome sequence of the strain Haloarcula sp.
CBA1115 (4,225,046 bp, with a G + C content of 61.98%), which is distributed over one chromosome and ﬁve
plasmids. A comparison of the genome sequence of Haloarcula sp. CBA1115 with those of members of its closely
related taxa showed that the closest neighbor is Haloarcula hispanica Y27, a popular model organism for archaeal
studies. The strain was found to possess a number of genes predicted to be involved in osmo-regulatory strategies
and metal regulation, suggesting that it might be useful for bioremediation in extreme environments.
© 2015 Elsevier B.V. All rights reserved.

1. Introduction
The Haloarcula genus is part of the Halobacteriaceae family within
the order Halobacteriales. Strains belonging to the genus Haloarcula
have been recovered from various saline ecological niches including
marine saltern, saline soils, sea water, salt lakes, and ﬁsh sources
(Becker et al., 2014; Lynch et al., 2012; Namwong et al., 2011). At
present, there are ten validly named Haloarcula species (Namwong
et al., 2011) and ten sequenced genomes of species in this genus (nine
published and one unpublished), namely, those of Haloarcula hispanica
Y27 (Liu et al., 2011), Har. hispanica N601 (Ding et al., 2014), Har.
vallismortis J.F.54, Har. sinaiiensis ATCC33800, Har. californiae
ATCC33799 (Lynch et al., 2012), Har. marismortui ATCC43049 (Baliga
et al., 2004), Har. japonica TR-1, Har. argentinensis arg-1, Har. amylolytica
BD-3 (Becker et al., 2014), and Har. salaria H5-DGR. As model organisms, Haloarcula have enormous potential for studying various
archaebacterial mechanisms, including archaea–virus interactions
(CRISPR–Cas system) (Li et al., 2014), metabolism (bioplastic production, carotenoids, and enzymes) (Camacho et al., 2009; Han et al.,
2007; Yatsunami et al., 2014), and genetics (gene characterization and
RNA structure) (Mallika and Kundua, 2015; Onodera et al., 2013).
Also, as members of the Haloarcula genus have the ability to thrive in
extreme high salt environments, most studies of Haloarcula have
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focused on their dynamic osmo-adaptive strategies (Becker et al.,
2014; Miyashita et al., 2015). Despite its importance, the genomes of
only three among ten Haloarcula strains, including Har. hispanica Y27,
Har. hispanica N601, and Har. marismortui ATCC43049, have been
completely sequenced. Thus, genomic analysis of another Haloarcula
strain would broaden our understanding of the molecular mechanisms
used by organisms in hypersaline niches and could facilitate the
development of biotechnological applications to improve hypersaline
or heavy metal-contaminated ﬁeld sites.
2. Data description
As part of a study to investigate the archaeal diversity of solar salts,
strain CBA1115 was isolated from non-puriﬁed solar salt from solar
saltern (E126°06′16″, N34°35′22″) in South Korea on August 2013.
Serially diluted solar salt was spread onto 20% NaCl-contained DSM medium no. 372 at pH 7.0 and at 37 °C. A. representative genomic 16S rRNA
sequence of strain CBA1115 was compared with those of other members of the genus Haloarcula using NCBI BLAST. The species with the
maximum score was Har. hispanica Y27 (CP002921), which shared an
identity of 99.4% with strain CBA1115. The strain CBA1115 was deposited in the Japan Collection of Microorganisms (=JCM30477).
The complete genome sequence of Haloarcula sp. CBA1115 was determined using the PacBio RSII System on a fragment library generated
using Covaris® g-TUBEs. A total of 150,292 polymerase reads,
amounting to 93,903,265 bases were generated and 132,163 polymerase reads with low quality were ﬁltered. The remaining 18,129 sequences were assembled using PacBio de novo assembler software,

20

J.-H. Yun et al. / Marine Genomics 23 (2015) 19–21

Table 1
Summary of the characteristics of various Haloarcula isolates. The information of reference genomes was obtained from NCBI database.
Organism

Isolation source

Haloarcula sp. CBA1115
Haloarcula amylolytica BD-3
Haloarcula argentinensis arg-1
Haloarcula californiae ATCC33799
Haloarcula hispanica Y27
Haloarcula hispanica N601
Haloarcula japonica TR-1
Haloarcula marismortui ATCC43049
Haloarcula sinaiiensis ATCC33800
Haloarcula vallismortis J.F.54

Solar salt, Korea
Aibi salt lake, China
Salinas Chica, Valdez Peninsula Argentina
Salt brine, Baja, Mexico
Solar saltern, Spain
Laboratory-derived mutant of strain Y27
Saltern soil, Japan
Dead Sea, Israel
Salt brine, Red Sea, Israel
Salt pools, Death Valley, California

Genome
G+C
Protein encoding tRNA rRNA
ANI
Conﬁrmed CRISPRs no.
size, Mb contents, %
sequence
value, % (questionable CRISPRs no.)
4.23
4.23
4.15
4.42
3.89
3.90
4.28
4.27
4.41
3.92

HGAP3, which generated six circular contigs with 130,184 reads
counting up to 377,158,638 bases (89.27-fold coverage). The total
length of strain CBA1115 genome was 4,225,046 bp, with a G + C content of 61.98%. The genome consists of a single circular chromosome
(3,423,144 bp, with a G + C content of 63.0%) and ﬁve plasmids
(405,316 bp, 59.9%; 133,853 bp, 55.4%; 116,496 bp, 54.2%; 104,322 bp,
53.7%; 41,915 bp, 61.8%). The genome sequence of Haloarcula sp.
CBA1115 (BioProject PRJNA271840) has been deposited at the NCBI
GenBank database under accession numbers CP010529–CP010534.
Previous studies showed that Haloarcula spp. has two chromosomes
(Baliga et al., 2004; Ding et al., 2014; Liu et al., 2011), but strain CBA1115
has only one chromosome, whose size is the largest among the
published complete genomes of Haloarcula. We searched for genome
sequence similarities using the average nucleotide identity (ANI)
value, which is used to estimate genomic relatedness genomic relatedness between two genome sequences on an available web program
(http://www.ezbiocloud.net/ezgenome/ani). The ANI value of Har.
hispanica Y27 showed that it is the closest known relative of strain
CBA1115 (Table 1). Taxa that showed high similarity (N90% ANI
value) were further subjected to whole genome alignments using

61.98
62.10
61.10
60.82
62.46
62.47
61.20
61.12
60.77
61.77

4252
4156
4105
4373
3859
3918
4235
4243
4344
3961

50
67
67
56
48
47
45
50
46
67

10
7
8
6
11
10
8
10
4
4

–
94.60
89.47
89.69
98.04
98.02
89.68
89.73
89.67
87.91

2 (3)
2 (6)
2 (4)
5 (5)
1 (3)
1 (3)
0 (4)
5 (5)
3 (9)
0 (4)

MAUVE alignment 2.3.1 (progressive Mauve alignment with default
settings). Regardless of the ANI analysis, Mauve results indicated higher
conservation of gene orientation in the alignment between strain
CBA1115 and Har. hispanica N601 than between strain CBA1115 and
Har. hispanica Y27 (Fig. 1).
Putative coding sequence prediction and functional annotation of the
assembled genome were performed with Rapid Annotation using Subsystem Technology server databases and gene-caller GLIMMER 3.02.
RNAmer 1.2 (Lagesen et al., 2007) and ARAGON (Laslett and Canback,
2004) were used to identify rRNA genes and tRNA genes, respectively.
The genome encodes a total of 4309 coding DNA sequences (CDS),
including 50 tRNAs and 10 rRNA genes. Among the 4252 protein domains
analyzed in the CBA1115, 2829 domains (~66.53%) had matches to entries in public databases, as judged by the SEED (Overbeek et al., 2005).
The chromosome is predicted to contain 3507 coding sequences, including 50 tRNA genes, three 5S rRNA genes, three 16S rRNA genes, and three
23S rRNA genes. The largest plasmid contains 368 coding sequences, with
one 5S rRNA gene, while the other four plasmids contain 108, 132, 133,
and 61 coding sequences, respectively. Additionally, we analyzed clustered regularly interspaced short palindromic repeat (CRISPR) arrays

Fig. 1. Whole-genome multiple alignments of the Haloarcula sp. CBA1115 genome and its closest relatives (N90% ANI value of genome), Har. hispanica and Har. amylolytica BD-3. The
MAUVE algorithm was used to align the three completely sequenced genomes and one draft genome. The locally collinear block (LCB) indicates a highly homologous region and is connected by the same color bar. The white areas in the LCB indicate similarity gaps in the sequence, and about nine large Indels were identiﬁed in Haloarcula sp. CBA1115. The genomes were
drawn to scale based on the reference Har. hispanica Y27 genome.
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using the CRISPR ﬁnder program (http://crispr.u-psud.fr/Server/). The
CBA1115 strain has two CRISPRs with spacers of 26 and 36 direct repeats,
respectively, and three putative CRISPRs (Table 1).
Further genomic analysis revealed the presence of numerous metal
resistance related genes, including ArsR family transcriptional regulator,
ABC transporters and P-type ATPase, in strain CBA1115. As high concentration of metal ions in hypersaline niches such solar salts compared to
sea water, microorganisms in hypersaline niches are easily exposed to
metal ions. Although metal ions such as calcium, nickel, sodium,
potassium and copper are micronutrients, the extreme levels of metal
concentration lead to the activation of metal detoxiﬁcation mechanism
in microbes. The numerous transporter systems encoded in the genome
of strain CBA1115 may indicate that this strain is able to handle metal
accumulation and resist metal stress, and can survive in a heavy metal
environment. In addition, strain CBA1115 genome possesses a substantial number of CDS for magnesium transport and solute accumulation
(potassium, glutamate, alanine, glutamine, proline, choline, and betaine). In previous reports, haloarchaea species accumulates compatible
solutes under osmotic stress (Goh et al., 2011; Kokoeva et al., 2002;
Youssef et al., 2014), and magnesium ions were shown to bind to the
large ribosomal subunit and contribute to the nucleation and tertiary
packing of RNA helices, resulting in enhancement stabilization of RNA
structures under stress environments (Klein et al., 2004). Potentially,
these genes are a key feature of Haloarcula that allows it to adapt to
and grow in extreme environments. The genome sequence of
Haloarcula sp. CBA1115 will enable deeper insights into the molecular
mechanisms that underlie survival in extreme environments and may
facilitate the development of biotechnological applications to improve
the quality of hypersaline or heavy metal-contaminated ﬁeld sites.
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