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Draft Genome Sequence of Psychrotolerant Clostridium sp.
Strain M14, Isolated from Spoiled Uncooked Venison
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ABSTRACT Clostridium sp. strain M14 was isolated from vacuum-packaged refriger-
ated spoiled venison, and this report describes the generation and annotation of its
3.9-Mb draft genome sequence.

he psychrotolerant Clostridium sp. strain M14 is a Gram-positive, rod-shaped,

spore-forming, and slow-growing obligate anaerobe that is able to grow at tem-
peratures below 4°C. Numerous bacterial species belonging to the genus Clostridium
have been recognized as causative agents of blown-pack spoilage (BPS) in vacuum-
packed meat products (1, 2). Previous studies identified a number of isolates with some
similarity to that of nonproteolytic C. botulinum type B using classical biochemical
differentiation, 16S rRNA gene restriction fragment length polymorphism (RFLP) pat-
tern analyses, 16S rRNA gene sequencing, and PCR amplification of the internal
transcribed spacer (ITS) regions (1, 3). However, none of these isolates were deemed
toxigenic, and M14 clustered within meat-associated psychrotolerant Clostridium am-
plified 16S ribosomal DNA restriction analysis (ARDRA) group 7 (4).

Strain M14 was originally isolated from a fully blown pack of vacuum-packaged
refrigerated spoiled venison nearly 20 years ago (4), freeze-dried, and cultured anaer-
obically at 10°C in prereduced peptone-yeast extract-glucose-starch (PYGS) broth.
Genomic DNA was extracted using a modified phenol-chloroform procedure as previ-
ously described (5). A DNA library was prepared using the lllumina TruSeq Nano
method and sequenced on the lllumina MiSeq platform with the 2 X 250-bp paired-
end (PE) reagent kit v2, producing a total of 3,125,724 PE raw reads. The raw reads were
trimmed and assembled using the A5-miseq pipeline v20169825 (6). The de novo
assembly of M14 produced 36 scaffolds with 184X coverage and an Ny, value of
757,921 bp, with the largest scaffold being 1,669,648 bp long. The draft genome
sequence is composed of 3,986,879 bp, with a G+C content of 27.1%. A total of 3,717
putative genes were predicted, along with 81 tRNAs, 19 rRNAs, and 170 noncoding
RNAs (ncRNAs), using GAMOLA2 (7). Final gene ontology terms and annotations were
assigned to each protein using Diamond v0.9.21.122 (8) and InterProScan v5.36-75.0 (9)
to search the NCBI nr database, with the resulting protein set imported into Blast2GO
implemented in the OmicsBox software package v1.1.164 (10). All bioinformatics
analyses were performed using default settings.

Carbohydrate-active enZYme (11) profiling was analyzed using dbCAN2 (12). The
M14 genome was predicted to encode 44 glycoside hydrolases (GHs), 27 glycosyl
transferases (GTs), 10 carbohydrate esterases (CEs), and 19 carbohydrate-binding pro-
tein module (CBM) families but no polysaccharide lyases (PLs). Overall, approximately
2.7% of the M14 genome (100 CDSs) was predicted to encode either secreted or
intracellular proteins dedicated to carbohydrate degradation. The nontoxigenic status
of M14 was confirmed, as none of the genes encoding the known deadly neurotoxins
of group Il C. botulinum (BoNTs) were identified with a search of the whole-genome
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sequence (WGS) database at NCBI (visited March 2020). A whole-genome alignment to
the group Il C. botulinum genomes revealed a low sequence homology of <20%
similarity to M14. The Clostridium sp. strain M14 genome is a valuable resource for
future studies investigating the bacterial genetic mechanisms associated with BPS.

Data availability. The genome sequence data for Clostridium sp. strain M14

were deposited under GenBank accession number JAAMNF000000000, BioProject
accession number PRINA574489, and Sequence Read Archive (SRA) accession number
SRR11113219.

REFERENCES

1.

Volume 9

Broda DM, Boerema JA, Bell RG. 1998. A PCR survey of psychrotrophic
Clostridium botulinum-like isolates for the presence of BONT genes. Lett
Appl Microbiol 27:219-223. https://doi.org/10.1046/j.1472-765x.1998
.00420.x.

. Mills J, Donnison A, Brightwell G. 2014. Factors affecting microbial

spoilage and shelf-life of chilled vacuum-packed lamb transported to
distant markets: a review. Meat Sci 98:71-80. https://doi.org/10.1016/j
.meatsci.2014.05.002.

. Broda DM, Boerema JA, Bell RG. 2003. PCR detection of psychrophilic

Clostridium spp. causing “blown pack” spoilage of vacuum-packed
chilled meats. J Appl Microbiol 94:515-522. https://doi.org/10.1046/j
.1365-2672.2003.01859.x.

. Brightwell G, Horvath KM. 2018. Molecular discrimination of New Zea-

land sourced meat spoilage associated psychrotolerant Clostridium spe-
cies by ARDRA and its comparison with 16S RNA gene sequencing. Meat
Sci 138:23-27. https://doi.org/10.1016/j.meatsci.2017.12.007.

. Palevich N, Palevich FP, Maclean PH, Jauregui R, Altermann E, Mills J,

Brightwell G. 2019. Draft genome sequence of Clostridium estertheticum
subsp. laramiense DSM 148647, isolated from spoiled uncooked beef.
Microbiol Resour Announc 8:€01275-19. https://doi.org/10.1128/MRA
.01275-19.

. Coil D, Jospin G, Darling AE. 2015. A5-miseq: an updated pipeline to

assemble microbial genomes from lllumina MiSeq data. Bioinformatics
31:587-589. https://doi.org/10.1093/bioinformatics/btu661.

Issue 16 e00314-20

. Altermann E, Lu J, McCulloch A. 2017. GAMOLA2, a comprehensive

software package for the annotation and curation of draft and complete
microbial genomes. Front Microbiol 8:346. https://doi.org/10.3389/fmicb
.2017.00346.

. Buchfink B, Xie C, Huson DH. 2015. Fast and sensitive protein alignment

using DIAMOND. Nat Methods 12:59-60. https://doi.org/10.1038/nmeth
.3176.

. Jones P, Binns D, Chang H-Y, Fraser M, Li W, McAnulla C, McWilliam H,

Maslen J, Mitchell A, Nuka G, Pesseat S, Quinn AF, Sangrador-Vegas A,
Scheremetjew M, Yong S-Y, Lopez R, Hunter S. 2014. InterProScan 5:
genome-scale protein function classification. Bioinformatics 30:1236-1240.
https://doi.org/10.1093/bioinformatics/btu031.

. Conesa A, Gotz S, Garcia-Gomez JM, Terol J, Talon M, Robles M. 2005.

Blast2GO: a universal tool for annotation, visualization and analysis in
functional genomics research. Bioinformatics 21:3674-3676. https://doi
.0rg/10.1093/bioinformatics/bti610.

. Cantarel BL, Coutinho PM, Rancurel C, Bernard T, Lombard V, Henrissat

B. 2009. The Carbohydrate-Active EnZymes database (CAZy): an expert
resource for glycogenomics. Nucleic Acids Res 37:D233-D238. https://
doi.org/10.1093/nar/gkn663.

. Zhang H, Yohe T, Huang L, Entwistle S, Wu P, Yang Z, Busk PK, Xu Y, Yin

Y. 2018. dbCAN2: a meta server for automated carbohydrate-active
enzyme annotation. Nucleic Acids Res 46:W95-W101. https://doi.org/10
.1093/nar/gky418.

mra.asm.org 2


https://www.ncbi.nlm.nih.gov/nuccore/JAAMNF000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA574489
https://www.ncbi.nlm.nih.gov/sra/?term=SRR11113219
https://doi.org/10.1046/j.1472-765x.1998.00420.x
https://doi.org/10.1046/j.1472-765x.1998.00420.x
https://doi.org/10.1016/j.meatsci.2014.05.002
https://doi.org/10.1016/j.meatsci.2014.05.002
https://doi.org/10.1046/j.1365-2672.2003.01859.x
https://doi.org/10.1046/j.1365-2672.2003.01859.x
https://doi.org/10.1016/j.meatsci.2017.12.007
https://doi.org/10.1128/MRA.01275-19
https://doi.org/10.1128/MRA.01275-19
https://doi.org/10.1093/bioinformatics/btu661
https://doi.org/10.3389/fmicb.2017.00346
https://doi.org/10.3389/fmicb.2017.00346
https://doi.org/10.1038/nmeth.3176
https://doi.org/10.1038/nmeth.3176
https://doi.org/10.1093/bioinformatics/btu031
https://doi.org/10.1093/bioinformatics/bti610
https://doi.org/10.1093/bioinformatics/bti610
https://doi.org/10.1093/nar/gkn663
https://doi.org/10.1093/nar/gkn663
https://doi.org/10.1093/nar/gky418
https://doi.org/10.1093/nar/gky418
https://mra.asm.org

	Data availability. 
	REFERENCES

