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ABSTRACT Bacillus halotolerans strain MS50-18A, isolated from saline soil, possesses
antifungal activity toward root rot causal phytopathogens and has friendly interac-
tions with the chili pepper plant. The draft genome sequence is 4.06 Mb in length
and contains 4,215 genes. Genes related to glycine/betaine uptake and bacilysin bio-
synthesis are present, supporting its saline stress tolerance and antifungal activity.

Bacterial isolates with inhibitory activity against pathogens of horticultural crops
that are able to establish friendly interactions with the host plants of the same

crops could offer more possibilities to cope with phytopathogens. A nonpathogenic
interaction occurring between a bacterial isolate and a host plant can trigger the
induced systemic resistance (ISR) in the plant (1), improving the biocontrol capacity of
the bacterium against intruder undesirable microorganisms (2). Brevibacterium halotol-
erans (3) is a species name still in debate in relation to heterotypic synonyms (4–6), with
a recently suggested reclassification of Bacillus halotolerans (6). From a study of soil
samples from agricultural and forest areas in Zacatecas and San Luis Potosí, Mexico, in
which we aimed to isolate bacterial strains with the capability to inhibit root rot causal
phytopathogens, namely Phytophthora capsici, Fusarium solani, Rhizoctonia solani, and
Fusarium oxysporum, we isolated Bacillus halotolerans strain MS50-18A. In dual con-
frontation using tryptic soy agar (TSA), King’s B medium (KB), or peptone-dextrose agar
(PDA) solid medium, the MS50-18A strain prevents the growth of these four phyto-
pathogens at least to 60% inhibition; furthermore, it exhibits a friendly interaction with
pepper plantlets when inoculated in the root and evaluated for 2 weeks in pots or
under in vitro conditions. Moreover, this Bacillus halotolerans strain is a producer of the
auxin-related phytohormone indoleacetic acid. To better characterize this bacterium,
we sequenced its genome using a MiSeq sequencer (Illumina) in a 2 � 75 paired-end
run. To assemble the genome, the SPAdes genome assembler (7) was used, and the
quality of the assembly was analyzed using QUAST (8). A total length of 4.069 Mb of
draft genome sequence was obtained in 44 contigs and with a G�C content of 43.76%.
The genome annotation was achieved using the NCBI Prokaryotic Genome Annotation
Pipeline (9). In the sequenced genome, a total of 4,215 genes, 3,998 coding genes,
87 RNA genes, 7 5S, 2 16S, and 1 23S rRNAs, and 130 pseudogenes were revealed. In
relation to bacterial response to osmotic stress, it is well known that the uptake of
glycine/betaine from the extracellular space through the high-affinity uptake system is
a mechanism by which bacterial cells overcome the saline stress, with glycine/betaine
acting as osmoprotectants (10, 11); in the genome of this B. halotolerans strain, two
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glycine/betaine ABC transporters, two glycine/betaine ABC transporter ATP-binding
proteins, and a glycine/betaine ABC transporter permease were found, suggesting that
this system probably functions in this bacterium to accumulate solutes for osmoregu-
lation. This MS50-18A strain contains also a bacA gene that codes for an enzyme
involved in the biosynthesis of bacilysin (12), a non-ribosomally synthesized dipeptide
that is processed by a peptidase, resulting in L-anticapsin, which inhibits the gluco-
samine synthase that causes lysis of fungal cells (13); this could explain the ability of this
bacterium to inhibit fungal phytopathogens. Further microbiological confrontation
studies and evaluations of plant protection in other plant pathosystems, in addition to
salt stress assays, will assess the full biotechnological usefulness of this bacterium.

Accession number(s). This whole-genome shotgun project has been deposited at

DDBJ/ENA/GenBank under the accession number MLCY00000000. The version de-
scribed in this paper is version MLCY01000000.

ACKNOWLEDGMENT

This research was supported by CONACyT grant INFR-2014-01-226183 to S.F.-V.

REFERENCES
1. Pieterse CM, Zamioudis C, Berendsen RL, Weller DM, Van Wees SC,

Bakker PA. 2014. Induced systemic resistance by beneficial microbes.
Annu Rev Phytopathol 52:347–375. https://doi.org/10.1146/annurev
-phyto-082712-102340.

2. Adam M, Heuer H, Hallmann J. 2014. Bacterial antagonists of fungal
pathogens also control root-knot nematodes by induced systemic resis-
tance of tomato plants. PLoS One 9:e90402. https://doi.org/10.1371/
journal.pone.0090402.

3. Sasson A, Delaporte B. 1969. Study of bacteria from the dry soils of
Morocco: ultrastructure of Brevibacterium halotolerans. C R Acad Sci
Hebd Seances Acad Sci D 268:217–219. (In French.)

4. Tindall BJ. 2017. The consequences of Bacillus axarquiensis Ruiz-García et
al. 2005, Bacillus malacitensis Ruiz-García et al. 2005 and Brevibacterium
halotolerans Delaporte and Sasson 1967 (approved lists 1980) being
treated as heterotypic synonyms. Int J Syst Evol Microbiol 67:175–176.
https://doi.org/10.1099/ijsem.0.001589.

5. Dunlap CA, Bowman MJ, Schisler DA, Rooney AP. 2016. Genome analysis
shows Bacillus axarquiensis is not a later heterotypic synonym of Bacillus
mojavensis; reclassification of Bacillus malacitensis and Brevibacterium
halotolerans as heterotypic synonyms of Bacillus axarquiensis. Int J Syst
Evol Microbiol 66:2438 –2443. https://doi.org/10.1099/ijsem.0.001048.

6. Ben-Gad D, Gerchman Y. 2017. Reclassification of Brevibacterium halo-
tolerans DSM8802 as Bacillus halotolerans comb. nov. based on microbial
and biochemical characterization and multiple gene sequence. Curr
Microbiol 74:1–5. https://doi.org/10.1007/s00284-016-1143-4.

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. Gurevich A, Saveliev V, Vyahhi N, Tesler G. 2013. QUAST: quality assess-
ment tool for genome assemblies. Bioinformatics 29:1072–1075. https://
doi.org/10.1093/bioinformatics/btt086.

9. Angiuoli SV, Gussman A, Klimke W, Cochrane G, Field D, Garrity G, Kodira
CD, Kyrpides N, Madupu R, Markowitz V, Tatusova T, Thomson N, White
O. 2008. Toward an online repository of standard operating procedures
(SOPs) for (meta)genomic annotation. OMICS 12:137–141. https://doi
.org/10.1089/omi.2008.0017.

10. Nau-Wagner G, Opper D, Rolbetzki A, Boch J, Kempf B, Hoffmann T,
Bremer E. 2012. Genetic control of osmoadaptive glycine betaine syn-
thesis in Bacillus subtilis through the choline-sensing and glycine
betaine-responsive GbsR repressor. J Bacteriol 194:2703–2714. https://
doi.org/10.1128/JB.06642-11.

11. Kappes RM, Kempf B, Kneip S, Boch J, Gade J, Meier-Wagner J, Bremer E.
1999. Two evolutionarily closely related ABC transporters mediate the
uptake of choline for synthesis of the osmoprotectant glycine betaine in
Bacillus subtilis. Mol Microbiol 32:203–216. https://doi.org/10.1046/j.1365
-2958.1999.01354.x.

12. Parker JB, Walsh CT. 2012. Olefin isomerization regiochemistries during
tandem action of BacA and BacB on prephenate in bacilysin biosyn-
thesis. Biochemistry 51:3241–3251. https://doi.org/10.1021/bi300254u.

13. Rajavel M, Mitra A, Gopal B. 2009. Role of Bacillus subtilis BacB in the
synthesis of bacilysin. J Biol Chem 284:31882–31892. https://doi.org/10
.1074/jbc.M109.014522.

Sagredo-Beltrán et al.

Volume 6 Issue 10 e00135-18 genomea.asm.org 2

 on M
arch 12, 2018 by guest

http://genom
ea.asm

.org/
D

ow
nloaded from

 

https://www.ncbi.nlm.nih.gov/nuccore/MLCY00000000
https://doi.org/10.1146/annurev-phyto-082712-102340
https://doi.org/10.1146/annurev-phyto-082712-102340
https://doi.org/10.1371/journal.pone.0090402
https://doi.org/10.1371/journal.pone.0090402
https://doi.org/10.1099/ijsem.0.001589
https://doi.org/10.1099/ijsem.0.001048
https://doi.org/10.1007/s00284-016-1143-4
https://doi.org/10.1089/cmb.2012.0021
https://doi.org/10.1093/bioinformatics/btt086
https://doi.org/10.1093/bioinformatics/btt086
https://doi.org/10.1089/omi.2008.0017
https://doi.org/10.1089/omi.2008.0017
https://doi.org/10.1128/JB.06642-11
https://doi.org/10.1128/JB.06642-11
https://doi.org/10.1046/j.1365-2958.1999.01354.x
https://doi.org/10.1046/j.1365-2958.1999.01354.x
https://doi.org/10.1021/bi300254u
https://doi.org/10.1074/jbc.M109.014522
https://doi.org/10.1074/jbc.M109.014522
http://genomea.asm.org
http://genomea.asm.org/

	Accession number(s). 
	ACKNOWLEDGMENT
	REFERENCES

