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Objectives: Bacillus spp. have been used as biocontrol agents against soilborne pathogens because they
produce secondary metabolites that exhibit a wide range of antibacterial or antifungal properties. In this
study, a novel strain of Bacillus glycinifermentans sp. (JRCGR-1) was identiﬁed and its genome was
sequenced and annotated. The genome was explored for putative genes involved in antimicrobial activity.
Methods: Whole-genome sequencing was performed on an Illumina NextSeq 500 platform. Read quality
was checked by FastQC, paired-end reads were trimmed using Sickle, and de novo assembly was
performed using SPAdes v.3.11.11. QUAST 5.02 was used to assess the quality of contigs and scaffolds.
Finally, the assembled scaffolds were annotated by Prokka v.1.13. Genes involved in antimicrobial
metabolite biosynthesis were predicted using antiSMASH. Virulence and antimicrobial resistance genes
were predicted using BacWGSTdb and the Comprehensive Antibiotic Resistance Database (CARD),
respectively.
Results: The genome of B. glycinifermentans JRCGR-1 was 4 700 692 bp in size with a G + C content of
45.52%. Final assembly of the genome resulted into 84 contigs and 83 scaffolds (>500 bp length). Overall,
the genome comprises 5174 genes, 32 tRNAs, 4 rRNAs, 1 tmRNA and 92 misc_RNAs. Eleven putative gene
clusters responsible for antimicrobial metabolite biosynthesis were identiﬁed, including genes for
biosynthesis of non-ribosomal lipopeptides and polyketides. Virulence and antimicrobial resistance
genes were also identiﬁed in the genome.
Conclusion: The presence of antimicrobial resistance genes in the genome of B. glycinifermentans JRCGR-1
makes it a potential biocontrol agent against soilborne pathogens.

Soilborne pathogens are emerging as a global threat to
agricultural products, and each year worldwide they cause huge
economic losses. Several chemical-based fertilisers and pesticides
are used to control soilborne pathogens. However, with long-term
use these chemicals are hazardous to human health and cause
environment pollution. An alternative to overcome this problem is
the use of biocontrol agents [1]. Speciﬁcally, the genus Bacillus is a
potent candidate for biocontrol agents against soilborne pathogens
as members of this genus produce a wide range of secondary
metabolites, hydrolytic enzymes and volatile organic compounds
with antibacterial or antifungal properties.
Much work has been done to explore the biochemistry and
physiology of Bacillus spp. Advancements in the ﬁeld of whole-

genome sequencing have given a new dimension to microbialbased products and processes.
In 2015, two bacterial isolates from cheonggukjang, a Korean
fermented soybean paste food product, were found to comprise a
novel Bacillus sp. named Bacillus glycinifermentans sp. nov. [2]. To
date, only ﬁve B. glycinifermentans genome sequences are available
in public databases, including three complete genomes (GenBank
Assembly accession nos. GCA_900093775.1, GCA_002443095.1
and GCA_004103615.1) and two draft genomes (GenBank Assembly accession nos. LECV00000000.1 and LECW00000000.2). To
the best of our knowledge, this is the ﬁrst draft genome sequence of

B. glycinifermentans reported from Pakistan.
To study the genome of B. glycinifermentans strain JRCGR-1, the
strain was ﬁrst cultured on a nutrient agar plate. Colonies were
then inoculated into 10 mL of Luria broth and were incubated at
37  C for 24 h. The optical density was adjusted to a McFarland

standard of 3–4nm. Following incubation, bacterial cells were
collected by centrifugation (3000  g for 15 min). The supernatant
was removed without disturbing the sediment and the DNA was
extracted using a commercial DNA extraction kit (QIAamp1 DNA
Mini Kit; QIAGEN, Hilden, Germany). A QubitTM dsDNA BR Assay kit
(Invitrogen; Thermo Fisher Scientiﬁc, Eugen, OR, USA) was used to
calculate the amount of DNA using a Qubit1 2.0 ﬂuorometer

(Invitrogen) according to the manufacturer’s instructions. A Nextera
XT DNA Library Kit (Illumina Inc., San Diego, CA, USA) was used to
construct a paired-end library, and sequencing was performed on a
NextSeq 500 platform (Illumina Inc.) in paired-end read mode. The
quality of the reads was checked using FastQC software. Paired-end
reads were then trimmed using Sickle and de novo assembly was
performed using SPAdes v.3.11.11 into contigs and scaffolds (base

Table 1
Secondary metabolite proﬁle of six Bacillus glycinifermentans strains.
Strain/metabolite type
B. glycinifermentans GO-13
Lanthipeptide
NRPS
T3PKS
NRPS
Siderophore
β-Lactone
Lasso peptide
NRPS
NRPs, T1PKS, terpene
B. glycinifermentans KJ-17
Thiopeptide, bacteriocin
NRPS, terpene, T1PKS
Lasso peptide
T3PKS
Lanthipeptide
Siderophore
NRPS
NRPS
NRPS
β-Lactone
B. glycinifermentans BGLY
Sactipeptide
NRPS
Thiopeptide, bacteriocin
Siderophore
β-Lactone
Terpene
T3PKS
NRPS
NRPS
B. glycinifermentans KBNO06PO3352
NRPS
β-Lactone
NRPS, T1PKS, terpene
T3PKS
NRPS
Lasso peptide
Lanthipeptide
NRPS
Thiopeptide, bacteriocin
Siderophore
B. glycinifermentans SRCM103574
Sactipeptide (head-to-tail cyclised peptide)
NRPS
Thiopeptide, bacteriocin
Siderophore
β-Lactone
Terpene
T3PKS
NRPS
NRPS
B. glycinifermentans JRCGR-1
T3PKS
Terpene
β-Lactone
NRPS
Head-to-tail
Siderophore
NRPS
NRPS
Bacteriocin
NRPS
NRPS
NRPS, non-ribosomal peptide synthetase.

Most similar known cluster

Similarity (%)

Geobacillin II
Lichenysin
–
Fengycin
–
Fengycin
–
Bacillibactin
Paenibacterin

50
100
–
26
–
53
–
53
60

Butirosin
Paenibacterin
–
–
Geobacillin
–
Fengycin
Bacillibactin
Lichenysin
Fengycin

7
60
–
–
50
–
33
46
100
53

Sporulation killing factor SkfA
Lichenysin
Butirosin
–
Fengycin
–
–
Bacitracin
Bacillibactin

85
100
7
–
53
–
–
88
53

Fengycin
Fengycin
Paenibacterin
–
–
–
Geobacillin
Lichenysin
Butirosin

26
53
60
–
–
–
50
100
7

Sporulation killing factor SkfA
Lichenysin
Butirosin
–
Fengycin
–
–
Bacitracin
Bacillibactin

85
100
7
–
53
–
–
88
53

–
–
Fengycin
Lichenysin
Sporulation killing factor SkfA
–
Bacillibactin
Bacitracin
–
–
Bacitracin

–
–
53
100
71
–
53
66
–
–
33

quality scores > Q20, k = 39). The quality of contigs and scaffolds was
evaluated by QUAST 5.02. The assembled contigs were annotated
using Prokka v.1.13 [>500 bp; e-value cut-off default (10_6)] for
rapid annotation of prokaryotic genomes. tRNAscan-SE was used for
the prediction of tRNA genes. The plasmid was assembled using
plasmidSPAdes (base quality scores > Q20, k = 55), and gene
annotation was done using Prokka v.1.13 [>500 bp; e-value cutoff default (10_6)]. RNAmmer and Barrnap were used to identify
RNA genes. Putative genes involved in antimicrobial metabolite
biosynthesis were predicted using antiSMASH v.5.0.0rc1. Virulence
genes were predicted using the BacWGSTdb service (http://bacdb.
org/BacWGSTdb/index.php). Antimicrobial resistance genes were
predicted using the Comprehensive Antibiotic Resistance Database
(CARD) (https://card.mcmaster.ca/home).
A total of 4 851 845 paired-end reads (2  76-bp) were
generated with 32 coverage for strain JRCGR-1. The genome
assembly contained 4 700 692 bp and with an average G + C
content of 45.52%. The ﬁnal assembly contains 84 contigs and 83
scaffolds (>500 bp length, N50 of 135 232 bp). The maximum contig
size was 384 553 bp. Overall, the genome comprises 5174 genes, 32
tRNAs, 4 rRNAs, 1 tmRNA and 92 misc_RNAs. The plasmid was
assembled into 37 scaffolds using plasmidSPAdes. Other features of
the plasmid include a size of 1 113 267 bp, 27 tRNAs, 4 rRNA, 1366
genes, 21 misc_RNAs and 1314 CDS (coding sequences).
Genes involved in antimicrobial metabolite biosynthesis were
predicted using antiSMASH. Draft genome analysis of strain JRCGR1 revealed 11 putative gene clusters responsible for antimicrobial
metabolite biosynthesis, among which ﬁve encode non-ribosomal
peptide synthetases (NRPS) (for biosynthesis of one fengycin, one
lichenysin, one bacillibactin and two bacitracins) and one related
to terpene and β-lactone biosynthesis. Siderophores (bacillibactin)
produced by bacteria are involved in inhibition of phytopathogen
growth by depriving them of essential iron [3].
Supplementary Figs. S1 and S2 show two putative gene clusters
of strain JRCGR-1 (label as query sequence) involved in biosynthesis of secondary metabolites. These genes have similarities with
non-ribosomal lipopeptides (lichenysin, surfactin, fengycin, mycosubtilin and plipastatin) and polyketides (basiliskamides). Supplementary Fig. S1(A) shows the ﬁrst putative gene cluster of strain
JRCGR-1 involved in secondary metabolite biosynthesis and its
similarity to lichenysin (100%), surfactin (47%) and basiliskamides
(9%). Comparison of this gene against other Bacillus spp. shows 94%
similarity with B. glycinifermentans strain GO-13, B. glycinifermentans strain KBNO06PO3352 and B. glycinifermentans strain BGLY
[Supplementary Fig. S1(B)]. Similarly, the second putative gene
cluster presented similarities with fengycin (53% similarity),
mycosubtilin (40% similarity) and plipastatin (30% similarity)
[Supplementary Fig. S2(A)]. Comparison of this predicted gene
cluster of strain JRCGR-1 with other Bacillus spp. showed similarity
between 45–50% for seven Bacillus paralicheniformis sp. and 46%
gene similarity for Bacillus licheniformis strain B4123 [Fig. S2(B)].
Secondary metabolites for ﬁve other strains of B. glycinifermentans
were also predicted using antiSMASH. The ﬁnding reveals that
fengycin and lichenysin were present as core genes, i.e. they were
present in all six strains. A putative gene for bacillibactin was
absent in B. glycinifermentans strain KBNO06PO3352. Sporulation
killing factor SkfA was present in B. glycinifermentans strain JRCGR1 and B. glycinifermentans strain SRCM103574. Details of the
secondary metabolite proﬁle of six strains of B. glycinifermentans
sp. are given in Table 1. The presence of these NRPS genes can be
linked with the biocontrol potential of bacteria [4]. Several gene
cluster were also identiﬁed that can suppress the growth of Grampositive bacteria by producing synthetases (PKS), e.g. oleandomycin, β-lactamase, tetracenomycin and tetracycline. Putative bsIA
(yuaB) and tasA genes associated with the production of bioﬁlm

matrix and fungal cell-wall-degrading enzymes, respectively, were
also identiﬁed. In the genomes of six strains of B. glycinifermentans
sp., two antimicrobial resistance genes (bcrA and Escherichia coli
ampC1 β-lactamase) were present as accessory genes. These genes
were present in three strains of B. licheniformis, including
SRCM103574, BGLY and JRCGR-1. The bcrA gene is an ATP-binding
cassette (ABC) transporter found mostly in B. licheniformis sp. that
confers bacitracin resistance [5]. The E. coli AmpC1 β-lactamase
resistance mechanism is based on antibiotic inactivation, whereas
for BcrA the resistance mechanism involves antibiotic efﬂux. In the
genomes of strains KBNO06PO3352 and GO-13, only E. coli ampC1
β-lactamase was predicted. On the other hand, strain KJ-17 lacks all
of these genes. We also identiﬁed virulence genes in the strain
JRCGR-1 genome, including capA, capB, capC and hlyIII, with
similarities of 83.25%, 89.30%, 88% and 82.26%, respectively.
The aforementioned ﬁndings reveal that B. glycinifermentans
JRCGR-1 might be a potential candidate as a biological control
agent against plant soilborne diseases.
GenBank accession no
The draft genome sequence of B. glycinifermentans JRCGR-1 was
submitted to the NCBI database with accession no. VHPY0000000.
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