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Whole genome sequence of the denitrifying thermophile 
Geobacillus thermodenitrificans subsp. calidus DSM 22629T
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ABSTRACT We present a full genome sequence for the thermophilic denitrifier 
Geobacillus thermodenitrificans subsp. calidus DSM 22629T (3,408,575 bp, 48.94% GC). 
This genome includes 3,615 predicted genes, including those needed to reduce nitrate 
to nitrogen gas. This organism and genome sequence provide valuable resources for 
future phylogenetic, genomic, and biotechnological research.
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G eobacillus thermodenitrificans subsp. calidus DSM 22629T is a rod-shaped, thermo
philic bacterium with potential traits for biotechnical use. It was isolated by Coleri et 

al. (1) from high-temperature (98°C) well pipeline sediment in Ankara, Turkey, demon
strating thermophily. This isolate produces thermostable alpha-glucosidase (1), which 
can be used in food and biofuel production. It has also demonstrated the ability to 
reduce nitrate (2), an important process in nutrient pollution remediation. These abilities 
make this strain a candidate for further study of denitrification and heat tolerance.

This type strain was cultured at the Leibniz Institute in nutrient broth (3) at 60°C 
for 1 day, and genomic DNA was isolated using the MasterPure Gram-positive DNA 
Extraction Kit (Epicentre). An Illumina DNA library was prepared with the PerkinElmer 
Sciclone system using a Roche KAPA Biosystems library preparation kit. DNA (200 ng) 
was sheared to 300 bp using a Covaris LE220, doubly SPRI size-selected, end-repaired, 
A-tailed, and ligated with sequencing adaptors containing unique barcodes. The library 
was quantified using KAPA Biosystems’ qPCR Kit and run on a Roche LightCycler 480 
real-time PCR instrument. The library was multiplexed with other libraries and sequenced 
on an Illumina NovaSeq 6000 using NovaSeq XP v1 reagent kits (Illumina), S4 flow cell, 
following a 2 × 150 indexed run protocol. This generated 2,152,122,366 bp of sequence 
in 14,087,198 150-bp paired-end reads, which were filtered for quality using BBTools 
version 38.86 per JGI standard operating practice protocol 1061 (4) and subsampled to 
10,000,000 reads. These 10,000,000 reads were assembled using SPAdes version 3.13.0 
(5) careful mode, with a PHRED quality offset of 33 and an automatically detected 
conservative coverage cutoff value. This resulted in a draft assembly of 20 contigs in 
16 scaffolds, an estimated genome size of 3,408,575 bp, 100% completeness, and 1.1% 
contamination (assessed using CheckM version 2) (6). The genome was annotated by the 
IMG/M annotation pipeline (default parameters [7]), using GeneMark.hmm-2 version 1.05 
(8) and Prodigal version 2.6.3 (9) to identify coding sequences, tRNAscan-SE version 2.0.3 
(10) to predict tRNA genes, and INFERNAL 1.1.2 (11) to identify regulatory mRNAs (Table 
1).

Annotations predicted seven genes involved in the KEGG (Kyoto Encyclopedia of 
Genes and Genomes [12]) nitrate reductase pathway. These included one nitrous 
oxide-producing nitrate reductase gene (IMG gene ID 2829863217), two nitrate 
reductase alpha subunit genes (2829860959 and 2829863220), two nitrate reductase 
gamma subunit genes (2829860962 and 2829863223), one gene encoding nitrous 
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oxide reductase (2829860982), and one encoding nitric oxide reductase subunit B 
(2829863208). These genes encompass all necessary steps for nitrate reduction (Fig. 1a) 
and could be involved in DSM 22629T’s observed ability to do so (2). Annotation also 
predicted the presence of a gene coding for alpha-glucosidase (gene ID 2829863078). 
Taxonomic analysis using default parameters on the Type Strain Genome Server (13) 
showed high support (92.9%) for placement within the clade of other G. thermodenitrifi
cans strains (Fig. 1b). Taxonomic placement and the presence of relevant genes provide 

FIG 1 (a) KEGG metabolic pathway for nitrate reduction. Key enzymes are highlighted in pink, and protein domains present in G. thermodenitrificans subsp. 

calidus DSM 22629 are shown in red text. (b) Cladogram showing the phylogeny of G. thermodenitrificans subsp. calidus DSM 22629, created using whole genome 

comparisons with other type strains in the Type Strain Genome Server. The closest related non-identical taxon is G. thermodenitrificans DSM 465, and the closest 

related taxon of a different species is Geobacillus subterraneus. Numbers indicate support for each branch (%).

TABLE 1 Genome assembly and annotation statistics for G. thermodenitrificans subsp. calidus DSM 22629

Statistic Value

Total scaffold length 3,408,575 bp
Total number of scaffolds 16
Scaffold N50 1,984,393 bp
Average fold coverage 631×
GC content 48.94%
Number of genes 3,615
Number of protein-coding genes 3,466
Number of rRNA genes 13
Number of tRNA genes 80
Other RNA genes 8
Regulatory and miscellaneous features 48
Coding density 86.07%
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support for its previous assessments as a denitrifier (2) and its value as a type strain for 
future study.
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