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ABSTRACT We isolated four Thermus thermophilus strains from Arima Hot Spring in
Japan. Complete genome sequencing revealed that they showed average nucleotide
identities of $99.21% to each other and to strains previously isolated from the same
spot, but of #97.86% to strains from geographically different spots in Japan, reflect-
ing habitat-specific genomic conservation.

T hermus thermophilus, which grows optimally at around 70 to 75°C, was first iso-
lated from Mine Hot Spring in Japan in 1968 (1, 2). So far, complete genome

sequences have been reported for 13 strains (https://www.ncbi.nlm.nih.gov/genome/
browse#!/prokaryotes/461/), of which six were isolated from Mine Hot Spring.
Comparative genomic analyses (3) of these six strains (4–7) revealed high ($98.53%)
average nucleotide identities (ANIs) to each other, supporting habitat-specific genomic
conservation. In this study, to gain insight into the habitat-dependent evolutionary
patterns of T. thermophilus, we investigated the genomes of four T. thermophilus strains
that were newly isolated from Arima Hot Spring in Japan (34.7974 N, 135.2494 E).
Arima Hot Spring lies in a mountain setting; however, the hot spring water, known as
Arima-type brine (8), is unique in its high salinity and high solute concentrations. For
bacterial isolation, a hot water sample (pH 6.6, 88°C, ca. 42,000 ppm Cl) was spread
over marine agar (Sigma) plates. After incubation at 65°C for 24 h, four well-separated
colonies were isolated; repetitive colony isolation by streaking ensured axenicity.
These strains, designated AA1-1, AA2-2, AA3-7, and AK1, were subjected to genome
analyses.

To prepare the genomic DNA, cells were grown in 5 ml of marine broth (Sigma) at
70°C for 24 h with vigorous shaking (200 rpm). The genomic DNA was purified using a
blood and cell culture DNA Midi kit (Qiagen). For long-read sequencing, unsheared
genomic DNA (1 mg) was treated with a short-read eliminator kit (Circulomics) to
remove fragments of ,10 kbp, and a library was constructed using a ligation sequenc-
ing kit (Oxford Nanopore Technologies [ONT]). Sequencing was performed using a
GridION X5 system on a FLO-MIN106 R9.41 rev D flow cell (ONT). Base calling was con-
ducted using Guppy v.4.0.11. The raw sequencing data (Table 1) were filtered (Q , 10;
length, ,1,000 bases) using NanoFilt v.2.7.1 (9). For short-read sequencing, a library
was constructed using an MGIEasy FS PCR-free DNA library prep set (MGI) with a ;400
to 500-bp insert. Paired-end sequencing (2 � 150 bases) was then performed on a
DNBSEQ-400 instrument (MGI). The raw sequencing data (Table 1) were filtered
(Q , 30; length, ,10 bases) using fastp v.0.20.1 (10). For all software, default parame-
ters were used.

A hybrid assembly of the trimmed long- and short-read data was conducted using
Unicycler v.0.4.8 (11), and the assembly was polished using Pilon v.1.23 (12). Each strain
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contained a single circular chromosome and two or three circular plasmids; circularity
was confirmed using Unicycler. Automatic annotation was conducted using DFAST
v.1.4.0 (13); the genomic features are summarized in Table 1. A JSpecies analysis (14)
revealed that the genome sequences of bacterial strains from Arima Hot Spring (four
strains presented in this study and two previously documented strains, AA2-20 [15]
and AA2-29 [15]) showed ANIs of $99.21% to each other but of #97.86% to six strains
originating from Mine Hot Spring (HB8, HB27 [4], HC11 [5], HB5002 [7], HB5008 [7], and
HB5018 [6]).

Data availability. All four T. thermophilus strains reported in this paper are associ-
ated with BioProject accession number PRJDB7414. The genome sequences and raw
sequencing data are available under the accession numbers listed in Table 1.
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