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ABSTRACT Clostridium estertheticum subsp. laramiense type strain DSM 14864
(ATCC 51254) was isolated from vacuum-packaged refrigerated spoiled beef. This re-
port describes the generation and annotation of the 5.0-Mb draft genome sequence
of C. estertheticum subsp. laramiense DSM 14864T.

Clostridium estertheticum subsp. laramiense DSM 14864T (ATCC 51254T) is a Gram-
positive, spore-forming, slow-growing psychotrophic anaerobe that was originally

isolated from vacuum-packaged refrigerated spoiled beef at the University of Wyoming
(Laramie, WY) (1). Numerous bacterial species belonging to the genus Clostridium have
been recognized as causative agents of blown pack spoilage (BPS) in vacuum-packed
meat products, and DSM 14864T was selected for genome sequencing to examine its
role in BPS. Phylogenetic analysis based on 16S rRNA gene sequence data placed DSM
14864T within the Clostridium estertheticum species, being 99% similar to the C.
estertheticum type strain DSM 8809 (ATCC 51377) (2). On the basis of genetic and
phenotypic properties, C. laramiense and C. estertheticum were united and reclassified
as C. estertheticum subsp. laramiense subsp. nov., represented by strain DSM 14864T

(ATCC 51254T) (3).
Strain DSM 14864T was acquired from the Leibniz Institute DSMZ-German Collection

of Microorganisms and Cell Cultures and cultured anaerobically at 10°C in prereduced
peptone-yeast extract-glucose-starch (PYGS) broth (4). Genomic DNA was extracted
using a modified phenol-chloroform procedure (5) and mechanically sheared using a
Nebulizer instrument (Invitrogen) to select fragments of approximately 550 bp. A DNA
library was prepared using the Illumina TruSeq Nano method and sequenced on the
Illumina MiSeq platform with the 2 � 250-bp paired-end (PE) reagent kit v2, pro-
ducing a total of 4,394,200 PE raw reads. The quality of the raw reads was checked
in FastQC v0.11.5 (https://www.bioinformatics.babraham.ac.uk/projects/fastqc/), and
the reads were trimmed with Trimmomatic v0.39 (http://www.usadellab.org/cms/?page
�trimmomatic) and assembled using the A5-miseq pipeline v20169825, with standard
parameters (6). The de novo assembly of DSM 14864T produced 85 scaffolds with 202�

coverage and an N50 value of 226,678 bp, with the largest scaffold length being
633,186 bp in size. The draft genome sequence is composed of 5,000,223 bp, with a
G�C content of 30.5%. A total of 4,743 putative protein-coding genes (PCGs) were
predicted, along with 89 tRNA, 26 rRNA, and 243 noncoding RNA (ncRNA) elements
using GAMOLA2 (7). In addition, DIAMOND v0.9.21.122 (8) and InterProScan v5.36-75.0
(9) were used to search the NCBI nr database. The resulting protein set was imported
into Blast2GO, as implemented in the OmicsBox software package v1.1.164 (10), with
which gene ontology terms and final annotations were assigned to each protein. All
bioinformatics analyses were performed using default settings and parameters.

Carbohydrate-Active enZyme (CAZy) (11) profiling was analyzed using dbCAN2 (12)
and revealed that the DSM 14864T genome is predicted to encode 61 glycoside
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hydrolase (GH), 34 glycosyltransferase (GT), 6 polysaccharide lyase (PL), 11 carbohydrate
esterase (CE), and 20 carbohydrate-binding protein module (CBM) families. Overall,
approximately 3% of the DSM 14864T genome (132 coding sequences [CDSs]) is
predicted to encode either secreted or intracellular proteins dedicated to carbohydrate
and polysaccharide degradation. Interestingly, the enzymatic profiles of DSM 14864T

and the well-characterized strain C. estertheticum DSM 8809T (ATCC 51377T) (2) are
almost identical, as both are equipped to utilize many oligosaccharides and monosac-
charides as substrates for growth and encode a large repertoire of enzymes predicted to
metabolize complex insoluble polysaccharides such as xylan and pectin.

The genome sequence of Clostridium estertheticum subsp. laramiense strain DSM
14864T (ATCC 51254T) reported here is a valuable resource for future studies investi-
gating the bacterial genetic mechanisms associated with BPS. In order to improve the
phylogenetic resolution of the genus Clostridium and improve our limited knowledge
of meat spoilage caused by C. estertheticum, future efforts should focus on the
generation of complete genomes across a wider range of Clostridium species.

Data availability. The genome sequence and associated data for Clostridium

estertheticum subsp. laramiense type strain DSM 14864 (ATCC 51254) were deposited
under GenBank accession number WBOE00000000, BioProject number PRJNA574489,
and Sequence Read Archive (SRA) accession number SRR10193440.
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