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ABSTRACT Bacillus mycoides GM5LP is a Gram-positive endophytic bacterium iso-
lated from aerial plant tissues of Lolium perenne L. The 6.0-Mb draft genome harbors
6,132 protein-coding sequences, some of which might be involved in the biosynthe-
sis of antimicrobial substances.

Species of the Bacillus genus are common members of the plant microbiome (1, 2).
Several bacilli are important plant growth-promoting bacteria, as they produce a

wide range of antimicrobial and antifungal substances and thus can act as biological
control agents of various phytopathogens (3–5). The genome of the endophytic Bacillus
mycoides strain GM5LP was sequenced to explore its genomic features and its potential
as a biocontrol agent.

We isolated B. mycoides GM5LP from surface-sterilized aerial tissues of healthy
Lolium perenne plants. Genomic DNA was extracted using the MasterPure complete
DNA purification kit (Epicentre, Madison, WI, USA). The obtained DNA was used to
generate Illumina shotgun paired-end sequencing libraries. Sequencing was performed
employing a MiSeq system and the MiSeq reagent kit version 3 (600 cycles), as
recommended by the manufacturer (Illumina, San Diego, CA, USA). Quality filtering was
performed using Trimmomatic version 0.32 (6) and resulted in 2,866,928 paired-end
reads. De novo genome assembly was performed with the SPAdes genome assembler
version 3.8.0 (7). The assembly resulted in 101 contigs (�500 bp), with an average
coverage of 93�. The assembly was validated and the read coverage determined with
Qualimap version 2.1 (8).

The draft genome of B. mycoides GM5LP consisted of 6,016,834 bp, with an overall
GC content of 35.08%. Gene prediction and annotation were performed using Prokka
(Rapid Prokaryotic Genome Annotation) version 1.11 (9). The draft genome harbored 15
rRNA genes, 96 tRNA genes, 2,355 protein-coding genes with functional predictions,
and 3,777 genes coding for hypothetical proteins. Multilocus sequence typing (MLST)
based on seven housekeeping genes (glp, gmk, ilvD, pta, pur, pyc, and tpi) was
performed according to Priest et al. (10). The analysis revealed that strain GM5LP
clusters with Bacillus weihenstephanensis within the Bacillus cereus sensu lato group.
Bacillus weihenstephanensis was recently reclassified as a heterotypic synonym of
Bacillus mycoides (11).

Secondary metabolite gene prediction using antiSMASH 3.0.5 (12) resulted in 47
predicted gene clusters, including bacteriocin, terpene, lantipeptide, lassopeptide, and
siderophore gene clusters. Three novel nonribosomal polyketide synthetase (NRPS)
clusters were identified. Genes involved in bacteriocin production might be beneficial
for plant growth (13) and the control of other bacteria (14). A siderophore gene cluster
similar to a catecholate petrobactin cluster known to be involved in virulence of Bacillus
anthracis was identified (15). A lassopeptide gene cluster with 100% of genes exhibiting
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similarity to a paeninodin (16, 17) biosynthetic gene cluster known from Paenibacillus
dendritiformis was detected. Paeninodin belongs to the ribosomally synthesized and
posttranslationally modified peptides (RiPPs) that harbor pharmacologically relevant
compounds, as they exhibit a wide range of antimicrobial or antiviral activities (18). A
complete biosynthesis gene cluster was identified for polyhydroxyalkanoate (PHA), a
compound often used in medicine or agriculture (19). Several plant growth-promoting
bacteria produce PHAs, which hold advantageous characteristics of enhanced root
colonization or plant growth promotion (20). The genome sequence of B. mycoides
strain GM5LP will facilitate further studies on the potential of this bacterium as a
producer of antimicrobial substances.

Accession number(s). The whole-genome shotgun project has been deposited at
DDBJ/ENA/GenBank under the accession number MKZP00000000. The version de-
scribed here is version MKZP01000000.

ACKNOWLEDGMENTS
We thank the Ministry of Science and Culture of Lower Saxony and the Niedersäch-

sisches Vorab for funding and Melanie Heinemann for technical support.
The funder had no role in the study design, data collection, and interpretation, or

the decision to submit the work for publication.

REFERENCES
1. Wemheuer F, Kaiser K, Karlovsky P, Daniel R, Vidal S, Wemheuer B. 2017.

Bacterial endophyte communities of three agricultural important grass
species differ in their response towards management regimes. Sci Rep
7:40914. https://doi.org/10.1038/srep40914.

2. Robinson RJ, Fraaije BA, Clark IM, Jackson RW, Hirsch PR, Mauchline TH.
2016. Endophytic bacterial community composition in wheat (Triticum
aestivum) is determined by plant tissue type, developmental stage and
soil nutrient availability. Plant Soil 405:381–396. https://doi.org/10.1007/
s11104-015-2495-4.

3. Hollensteiner J, Wemheuer F, Harting R, Kolarzyk AM, Diaz Valerio SM,
Poehlein A, Brzuszkiewicz EB, Nesemann K, Braus-Stromeyer SA, Braus
GH, Daniel R, Liesegang H. 2016. Bacillus thuringiensis and Bacillus
weihenstephanensis inhibit the growth of phytopathogenic Verticil-
lium species. Front Microbiol 7:2171. https://doi.org/10.3389/fmicb
.2016.02171.

4. Cherif A, Ouzari H, Daffonchio D, Cherif H, Ben Slama K, Hassen A, Jaoua
S, Boudabous A. 2001. Thuricin 7: a novel bacteriocin produced by
Bacillus thuringiensis BMG1.7, a new strain isolated from soil. Lett Appl
Microbiol 32:243–247. https://doi.org/10.1046/j.1472-765X.2001.00898.x.

5. Abriouel H, Franz CMAP, Omar NB, Gálvez A. 2011. Diversity and appli-
cations of Bacillus bacteriocins. FEMS Microbiol Rev 35:201–232. https://
doi.org/10.1111/j.1574-6976.2010.00244.x.

6. Bolger AM, Lohse M, Usadel B. 2014. Trimmomatic: a flexible trimmer for
Illumina sequence data. Bioinformatics 30:2114 –2120. https://doi.org/10
.1093/bioinformatics/btu170.

7. Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS,
Lesin VM, Nikolenko SI, Pham S, Prjibelski AD, Pyshkin AV, Sirotkin AV,
Vyahhi N, Tesler G, Alekseyev MA, Pevzner PA. 2012. SPAdes: a new
genome assembly algorithm and its applications to single-cell sequenc-
ing. J Comput Biol 19:455– 477. https://doi.org/10.1089/cmb.2012.0021.

8. García-Alcalde F, Okonechnikov K, Carbonell J, Cruz LM, Götz S, Tarazona
S, Dopazo J, Meyer TF, Conesa A. 2012. Qualimap: evaluating next-
generation sequencing alignment data. Bioinformatics 28:2678 –2679.
https://doi.org/10.1093/bioinformatics/bts503.

9. Seemann T. 2014. Prokka: rapid prokaryotic genome annotation. Bioin-
formatics 30:2068 –2069. https://doi.org/10.1093/bioinformatics/btu153.

10. Priest FG, Barker M, Baillie LWJ, Holmes EC, Maiden MCJ. 2004. Popula-
tion structure and evolution of the Bacillus cereus group. J Bacteriol
186:7959 –7970. https://doi.org/10.1128/JB.186.23.7959-7970.2004.

11. Liu Y, Lai Q, Shao Z. 2017. Genome analysis-based reclassification of
Bacillus weihenstephanensis as a later heterotypic synonym of Bacillus
mycoides. Int J Syst Evol Microbiol. https://doi.org/10.1099/ijsem.0
.002466.

12. Weber T, Blin K, Duddela S, Krug D, Kim HU, Bruccoleri R, Lee SY,
Fischbach MA, Müller R, Wohlleben W, Breitling R, Takano E, Medema
MH. 2015. antiSMASH 3.0 –a comprehensive resource for the genome
mining of biosynthetic gene clusters. Nucleic Acids Res 43:W237–W243.
https://doi.org/10.1093/nar/gkv437.

13. Lee KD, Gray EJ, Mabood F, Jung WJ, Charles T, Clark SRD, Ly A,
Souleimanov A, Zhou X, Smith DL. 2009. The class IId bacteriocin
thuricin-17 increases plant growth. Planta 229:747–755. https://doi.org/
10.1007/s00425-008-0870-6.

14. Scholz R, Vater J, Budiharjo A, Wang Z, He Y, Dietel K, Schwecke T,
Herfort S, Lasch P, Borriss R. 2014. Amylocyclicin, a novel circular bac-
teriocin produced by Bacillus amyloliquefaciens FZB42. J Bacteriol 196:
1842–1852. https://doi.org/10.1128/JB.01474-14.

15. Lee JY, Janes BK, Passalacqua KD, Pfleger BF, Bergman NH, Liu H,
Håkansson K, Somu RV, Aldrich CC, Cendrowski S, Hanna PC, Sherman
DH. 2007. Biosynthetic analysis of the petrobactin siderophore pathway
from Bacillus anthracis. J Bacteriol 189:1698 –1710. https://doi.org/10
.1128/JB.01526-06.

16. Zhu S, Hegemann JD, Fage CD, Zimmermann M, Xie X, Linne U, Marahiel
MA. 2016. Insights into the unique phosphorylation of the lasso peptide
paeninodin. J Biol Chem 291:13662–13678. https://doi.org/10.1074/jbc
.M116.722108.

17. Hegemann JD, Zimmermann M, Xie X, Marahiel MA. 2015. Lasso
peptides: an intriguing class of bacterial natural products. Acc Chem Res
48:1909 –1919. https://doi.org/10.1021/acs.accounts.5b00156.

18. Maksimov MO, Pan SJ, James Link A. 2012. Lasso peptides: structure,
function, biosynthesis, and engineering. Nat Prod Rep 29:996 –1006.
https://doi.org/10.1039/c2np20070h.

19. Valappil SP, Boccaccini AR, Bucke C, Roy I. 2007. Polyhydroxyalkanoates
in Gram-positive bacteria: insights from the genera Bacillus and Strep-
tomyces. Antonie Van Leeuwenhoek 91:1–17. https://doi.org/10.1007/
s10482-006-9095-5.

20. Saharan BS, Grewal A, Kumar P. 2014. Biotechnological production of
polyhydroxyalkanoates: a review on trends and latest developments.
Chin J Biol 2014:1–18. https://doi.org/10.1155/2014/802984.

Hollensteiner et al.

Volume 6 Issue 4 e01517-17 genomea.asm.org 2

https://www.ncbi.nlm.nih.gov/nuccore/MKZP00000000
https://doi.org/10.1038/srep40914
https://doi.org/10.1007/s11104-015-2495-4
https://doi.org/10.1007/s11104-015-2495-4
https://doi.org/10.3389/fmicb.2016.02171
https://doi.org/10.3389/fmicb.2016.02171
https://doi.org/10.1046/j.1472-765X.2001.00898.x
https://doi.org/10.1111/j.1574-6976.2010.00244.x
https://doi.org/10.1111/j.1574-6976.2010.00244.x
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1089/cmb.2012.0021
https://doi.org/10.1093/bioinformatics/bts503
https://doi.org/10.1093/bioinformatics/btu153
https://doi.org/10.1128/JB.186.23.7959-7970.2004
https://doi.org/10.1099/ijsem.0.002466
https://doi.org/10.1099/ijsem.0.002466
https://doi.org/10.1093/nar/gkv437
https://doi.org/10.1007/s00425-008-0870-6
https://doi.org/10.1007/s00425-008-0870-6
https://doi.org/10.1128/JB.01474-14
https://doi.org/10.1128/JB.01526-06
https://doi.org/10.1128/JB.01526-06
https://doi.org/10.1074/jbc.M116.722108
https://doi.org/10.1074/jbc.M116.722108
https://doi.org/10.1021/acs.accounts.5b00156
https://doi.org/10.1039/c2np20070h
https://doi.org/10.1007/s10482-006-9095-5
https://doi.org/10.1007/s10482-006-9095-5
https://doi.org/10.1155/2014/802984
http://genomea.asm.org

	Accession number(s). 
	ACKNOWLEDGMENTS
	REFERENCES

