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Draft genome sequences of Alicyclobacillus strains isolated from 
the Chinoike-Jigoku hot spring, Oita, Japan
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ABSTRACT The genus Alicyclobacillus is a thermoacidophilic bacterial genus found in 
diverse environments. Here, we report the draft genome sequence of Alicyclobacillus 
sp. strains CIJ1 and CIJ2 isolated from the Chinoike-Jigoku hot spring in Oita, Japan. 
Phylogenomic analyses suggest that these strains represent a candidate novel species 
within the genus.
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M embers of the genus Alicyclobacillus are spore-forming Gram-positive rods that are 
typically acidophilic to moderately acidophilic and often exhibit thermophilic or 

thermotolerant growth (1). Alicyclobacillus species were historically classified within the 
genus Bacillus before being reclassified based on phylogenetic and chemotaxonomic 
features, including ω-alicyclic fatty acids (e.g., ω-cyclohexane fatty acids) in the cell 
membrane (2). Alicyclobacillus spp. have been isolated from diverse environments, such 
as soils (3–5), acidic fruit juices, and other beverages (6–12), human clinical specimens 
(13, 14), and hot springs (13, 15–17).

Several Alicyclobacillus species are important in food microbiology because their 
heat-resistant spores can survive pasteurization and spoil acidic beverages, sometimes 
producing off-flavor compounds, such as guaiacol (10, 18). On the other hand, other 
members of the genus are adapted to geothermal environments, such as hot springs. 
In these habitats, low pH and elevated temperatures provide ecological conditions 
consistent with their physiological traits. These environments likely represent natural 
reservoirs and sources of unexplored diversity within the genus.

Here, we report the draft genome sequences of two Alicyclobacillus strains, CIJ1 and 
CIJ2, isolated from a hot spring water sample collected at the Chinoike-Jigoku hot spring 
(Beppu, Oita Prefecture, Japan; 33.32°N, 131.47°E) in January 2023. One milliliter of hot 
spring water was spread on DSMZ medium 88 (pH 2.0) and incubated aerobically at 55°C 
for 1 week. Single colonies were purified by repeated streaking and cultured in DSMZ 
medium 88 at 55°C.

Genomic DNA was extracted using the Wizard Genomic DNA Purification Kit 
(Promega, Madison, WI, USA). Short-read sequencing libraries were prepared using the 
MGIEasy FS DNA Library Prep Set (MGI Tech Co., Shenzhen, China). The DNA libraries 
were sequenced on the DNBSEQ-G400RS platform (MGI Tech Co.) to generate paired-
end sequences (150 bp × 2). A total of 4,795,509 and 3,214,148 paired-end reads 
were obtained for CIJ1 and CIJ2, respectively. Reads were trimmed and quality filtered 
using Platanus_trim v1.0.7 and assembled using Platanus_b v1.3.2 (19). Assemblies were 
annotated using the DDBJ Fast Annotation and Submission Tool (DFAST) v1.3.1 (20). 
Genome completeness and contamination were estimated using CheckM v1.2.2 (21) 
in DFAST. CheckM automatically selected a lineage-specific marker set corresponding 
to the Alicyclobacillus acidocaldarius clade (six reference genomes). Average nucleotide 
identity (ANI) values were calculated using pyANI version 0.3.0-alpha (22). The digital 
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DNA-DNA hybridization (dDDH) values were estimated using the Genome-to-Genome 
Distance Calculator (GGDC) (23). Default parameters were used for all software unless 
otherwise specified.

The details of draft genomes for Alicyclobacillus sp. strains CIJ1 and CIJ2 are summar­
ized in Table 1. Phylogenetic analysis was performed based on the concatenation of 
81 core genes from each genome using UBCG2 (24). The two strains formed a distinct 
clade within the genus Alicyclobacillus (Fig. 1). The ANI and dDDH values between the 
genomes of strains CIJ1 and CIJ2 were 99.9% and 100%, respectively, indicating that CIJ1 
and CIJ2 belong to the same species. The closest species were A. mali and A. acidocaldar­
ius. ANI values with A. mali and A. acidocaldarius were 90.0% and 90.9%, respectively. 
In addition, the dDDH values with A. mali and A. acidocaldarius were 36.9% and 43.6%, 

FIG 1 Maximum-likelihood tree based on 81 core genes among strains of Alicyclobacillus species. Labels 

for nodes with less than 80% bootstrap support were removed. The isolates in this study are highlighted 

with filled circles. The scale bar represents nucleotide substitutions per site. Bacillus subtilis subsp. subtilis 

strain 168T was used as the outgroup. Scale bar, 0.1 substitutions per site.

TABLE 1 Information on genome sequences of strains in this study

Strain CIJ1 CIJ2

Assembly length (bp) 3,015,628 3,017,064
No. of contigs 147 160
G + C (%) 61.8 61.8
Contigs N50 (bp) 187,884 172,877
CDS 2,973 2,984
rRNA 3 3
tRNA 64 64
CRISPR 4 4
Coding ratio (%) 87.6 87.7
CheckM completeness (%) 95.31 94.99
CheckM contamination (%) 4.46 4.46
SRA accession no. DRX879802 DRX879803
GenBank accession no. BAAJPH000000000.1 BAAJPI000000000.1
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respectively. These values are clearly below the accepted species delineation thresholds 
of 95%–96% ANI and 70% dDDH (23, 25), indicating that strains CIJ1 and CIJ2 represent a 
candidate for a novel species within the genus Alicyclobacillus.
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