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Dear Editor, 

 

Please find attached the manuscript entitled “Complete genome sequence of Bacillus velezensis 

QST713: a biocontrol agent that protects Agaricus bisporus crops against the green mould 

disease.” to be submitted for publication in “Journal of Biotechnology”.  

 

The main objective of this paper is to publish the complete genome sequence of the Bacillus 

velezensis QST713 strain, and to show its particularities compared to other species of the Bacillus 

subtilis species complex. This strain is hugely used as biological control agent in the world and 

for almost ten years in the field of the button mushroom Agaricus bisporus in France, but it is 

poorly documented. In this paper, we described the genome sequence of the QST713 strain and 

we show a strong capability to form biofilm and to produce two potential new antimicrobials 

compared to other Bacillus species. Furthermore, we show its ability to antagonize the pathogen 

of A. bisporus and to restore a great yield of A. bisporus through a biocontrol assay performed at 

the technical mushroom center in France. The publication of this genome sequence could permit 

a better understanding of the bioprotection mechanisms involved in interactions with macro- and 

microorganisms in agriculture. The biofilm mode of life and its specificities only start to be taken 

in consideration for the biotechnological use of beneficial organisms in agriculture. Invoking 

biofilm-associated mechanisms in the beneficial effects of biocontrol agents opens doors for 

sustainable biofilm applications as an alternative to chemical pollutants.       

 

All authors agreed to submit this work and the manuscript has not been submitted to another 

journal. We believe that the reading of this paper should be of interest for readers of Journal of 

Biotechnology. 

 

Best regards, 

 

Caroline Pandin 

 

Micalis Institute, 

INRA, AgroParisTech, Université Paris-Saclay, 

Domaine de Vilvert 

78350 Jouy-en-Josas 

FRANCE 
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Abstract 17 

Bacillus subtilis QST713 is extensively used as a biological control agent in agricultural fields 18 

including in the button mushroom culture, Agaricus bisporus. This last use exploits its 19 

inhibitory activity against microbial pathogens such as Trichoderma aggressivum f. 20 

europaeum, the main button mushroom green mould competitor. Here, we report the complete 21 

genome sequence of the QST713 biocontrol strain with a genome size of 4 233 757 bp, 4263 22 

predicted genes and an average GC content of 45.9%. Based on phylogenomic analyses, the 23 

QST713 strain is finally designated as Bacillus velezensis. Genomic analyses revealed two 24 

clusters encoding potential new antimicrobials with NRPS and TransATPKS synthetase. B. 25 

Manuscript
Click here to view linked References

http://ees.elsevier.com/jbiotec/viewRCResults.aspx?pdf=1&docID=28162&rev=0&fileID=431762&msid={26C34F4A-F378-4F25-AB51-8784522F7846}


2 

 

velezensis QST713 genome also harbours several genes previously described as being 26 

involved in surface colonization and biofilm formation. This strain shows a strong ability to 27 

form in vitro spatially organized biofilm and to antagonize T. aggressivum. The availability of 28 

this genome sequence could bring new elements to understand the interactions with micro 29 

or/and macroorganisms in crops. 30 

Keywords : Bacillus velezensis, Biofilm, Genome, Biocontrol, Secondary metabolites. 31 

 32 

 33 

1. Introduction 34 

Bacillus spp. are ubiquitous bacteria found in soils that are widely used as biocontrol 35 

agents because of their ability to antagonize crops pathogens and the possibility to develop 36 

stable spore-based commercial products (Borriss 2015). The described mechanisms associated 37 

with their biocontrol effect include specific antagonism, spatial and nutritional competition, 38 

antimicrobial production, stimulation of plant growth, and induction of plant resistance 39 

(Pandin et al. 2017). Bacilli biocontrol agents are able to secrete a wide range of secondary 40 

metabolites that can display antibacterial, antifungal, or both properties (Stein 2005; Ongena 41 

& Jacques 2008; Chen et al. 2009; Zhao & Kuipers 2016). Another ability that should be 42 

emphasized in the field of biocontrol is the formation of spatially organized biofilms, the most 43 

prevalent microorganisms mode of life in environment that allow a better colonization and 44 

persistence of microorganisms (Costerton et al. 1978, 1999; Morris et al. 2003; Epstein et al. 45 

2011; Xu et al. 2014; Zeriouh et al. 2014; Abd el Daim et al. 2015; Pandin et al. 2017).  For 46 

almost ten years, Bacillus velezensis QST713 is used for the bioprotection of the button 47 

mushroom cultures in France against Trichoderma aggressivum f. europaeum. This fungal 48 

pathogen hinders the development of Agaricus bisporus by invading its culture substrate, the 49 

compost (Mamoun et al. 2000; Samuels et al. 2002; Largeteau & Savoie 2010). However, 50 
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published reports on this specific strain are very scarce and its genome sequence is unknown 51 

from databanks (Joshi and McSpadden Gardener 2006; Patel et al. 2011; Lahlali et al. 2013; 52 

Cawoy et al. 2015; Punja et al. 2016). In this study, the genome sequence of the commercial 53 

strain QST713 was determined, described and compared to other Bacillus strains. 54 

Furthermore, phenotypic tests and biocontrol assay were carried out to emphasis abilities of 55 

this biocontrol strain.  56 

 57 

2. Genomic structure and comparative genome analysis of Bacillus velezensis QST713 58 

with Bacillus strains 59 

Genomic DNA was extracted from B. velezensis QST713 cultivated at 37°C in Luria-60 

Bertani medium (LB, Sigma, France) using the GenElute
TM

 Bacterial Genomic DNA 61 

extraction Kit (Sigma-Aldrich, St. Louis) and sequenced using Genome Sequencer Illumina 62 

HiSeq2500 technology (GATC Biotech). Total of 6,364,797 high quality filtered paired-end 63 

reads of length 126 bp were generated (Bokulich et al. 2013). SPAdes was used to assemble 64 

the filtered reads (Bankevish et al. 2014). Tools are available at the Galaxy portal of the 65 

MIGALE platform. The obtained contigs were ordered using Mauve genome alignment 66 

software v2.1.3 (Darling et al. 2004), and assemblies were manually combined in one contig 67 

with a total size of 4,23 Mb by identifying overlapping nucleotide sequences in reads and 68 

mapping them against genomes of the closest B. velezensis strains CC09 (accession n°: 69 

NZ_CP015443), CFSAN034339 (accession n°: LYNB00000000) and Bs006 (accession n°: 70 

NZ_LJAU00000000). Genome annotation was accomplished using the NCBI Prokaryotic 71 

Genomes Automatic Annotation Pipeline (PGAAP) (Angiuoli et al. 2008).  72 

The strain QST713 was known as Bacillus subtilis QST713 in previous studies (Patel et al. 73 

2011; Lahlali et al. 2013). However, based on the comparative phylogenomic analysis of 74 

Bacillus genomes (Table 1; Fig. 1), the QST713 strain initially designated as Bacillus subtilis 75 
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should be now reassigned as Bacillus velezensis species (formerly known as Bacillus 76 

amyloliquefaciens subsp. plantarum, (Fan et al. 2017)). Indeed, digital DNA-DNA 77 

Hybridization (dDDH), average nucleotide or amino acid identity (ANI/AAI) analyses 78 

showed a higher similarity of the QST713 strain with Bacillus velezensis species than other 79 

Bacillus species (Table 1). The genomic structure of the B. velezensis QST713 chromosome 80 

of 4,233,757 bp length and a Blast comparison with B. subtilis and B. velezensis strain are 81 

represented in Fig. 2. The genome sequence has a G+C content of 45,9% and 4263 predicted 82 

genes, including 4056 coding sequences (CDS), 98 pseudo genes, 25 rRNA , 79 tRNA and 5 83 

ncRNA genes. The classification of the QST713 genes into clusters of orthologous groups 84 

(COG) assigned 2909 CDS in at least one COG group (71.7%) (Fig. S1). 1147 CDS were not 85 

classified into COG. In those 1147 CDS, 602 were assigned to hypothetical proteins and 545 86 

were conserved proteins, most are parts of prophage regions or involved in sporulation and 87 

putative secondary metabolites synthesis. 21% of all assigned COG CDS was dedicated to the 88 

transport and metabolism of amino acids, carbohydrates, lipids, inorganic ions, the defence 89 

mechanisms and the biosynthesis, transport and catabolism of secondary metabolites. These 90 

functions are essentials for a biocontrol agent in terms of nutritional/spatial competition and 91 

antagonism against microorganisms to colonize and compete in various ecosystems. 92 

PHASTER analysis of B. velezensis QST713 genome identified six prophage regions (Table 93 

S1) depicted on the red ring in Fig. 2, which represent 8% of the entire genome. These regions 94 

correspond to variable regions which can be visualized in Fig. 2 (rings 8 to 11) when 95 

comparing the genome of B. velezensis QST713 with other Bacillus genomes, indicating a 96 

strong genomic plasticity of the QST713 strain. 97 

 98 

3. Secondary metabolite clusters 99 
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Through the antiSMASH genome analysis tool, fifteen clusters of secondary metabolites 100 

have been identified in the genome of the QST713 strain (Table 2; Fig. 2), five encoding 101 

NRPS (Non-Ribosomal Peptide Synthetase), two transATPKS (trans-Acyl Transferase 102 

Polyketide Synthetase), three transATPKS-NRPS, two terpene, one lantipeptide, one T3PKS 103 

and one otherKS. Nine clusters have been clearly identified as being involved in the synthesis 104 

of surfactin, macrolactin, bacillaene, bacillomycin D, fengycin, difficidin, bacilysin, subtilin-105 

like/ericin and bacillibactin (siderophore). All have antimicrobial/antibacterial activities or are 106 

implicated in antibiosis (Stein et al. 2002, 2005; Ongena et al. 2005; Ongena and Jacques 107 

2008; Chen et al. 2009; Niazi et al. 2014). This analysis revealed that at least 12% of the 108 

QST713 genome is allocated to the biosynthesis, regulation and transport of antimicrobials. 109 

Secondary metabolites clusters have been compared to four Bacillus strains (FZB42, SQR9, 110 

NCIB3610 and 168) (Table 2). For all fifteen clusters, genes have been verified, detailed and 111 

compared to the reference strain B. velezensis FZB42, or when genes were absent from 112 

FZB42 strain, to B. velezensis CC09 and Bacillus subtilis A13 (Table S2). The arrangement of 113 

gene clusters in B. velezensis QST713 is very similar to those in FZB42 (98-99% nucleotide 114 

identity) (Fig. 3; Table S2). Bacillus velezensis QST713 has three clusters that are not present 115 

in all four Bacillus strains (Table 2; Fig. 3). The cluster ten responsible for the synthesis of 116 

subtilin-like/ericin (Genbank accession number AF233755.1) and not present in FZB42, is 117 

found in Bacillus subtilis A13 (unpublished genome) (Stein et al. 2002; 2005). We found two 118 

clusters encoding potential novel metabolites and not yet described that are similar to gene 119 

clusters in CC09 (Fig. 3; Table 2; Table S2). The cluster nine encoding TransATPKS-NRPS 120 

shows 22% of gene similarity with rhizocticin, but the biosynthetic genes of the QST713 121 

strain in this cluster do not correspond to rhizocticin biosynthetic genes from the MIBiG 122 

database. In the same way, the cluster eleven encoding NRPS is also unknown from MIBiG 123 
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database (Fig. 3; Table 2; Table S2). In accordance with Cai et al. 2017 study, these two 124 

clusters could encode two new metabolites specific to B. velezensis species. 125 

 126 

4. Biofilm phenotypes and swarming motility 127 

B. velezensis QST713 is provided with a large number of genes involved in the biofilm 128 

formation process (Table 3). Indeed, it has two operons involved in the synthesis of 129 

extracellular polysaccharides, epsA-O operon and capABC (pgsABC) operon. It also has the 130 

tasA-sipW-tapA operon that codes for the TasA protein forming amyloid fibres (Table 3) (de 131 

Jong et al. 2009; Romero et al. 2010). These genes are regulated by a large number of 132 

regulatory genes such as spo0A, remA, sinI/sinR, sigW, abrB described in B. subtilis and also 133 

present in B. velezensis QST713 (Winkelman et al. 2009; Vlamakis et al. 2013). Indeed, the 134 

QST713 strain shows a complex macrocolony structure which is mucoid under a thick and 135 

dry surface layer as compared to B. subtilis 168 which has flat and non-mucoid macrocolony 136 

(Fig. 4). B. velezensis SQR9 also shows complex structure but without mucoid aspect. 137 

However, B. velezensis FZB42 which also harbours these matrix genes shows a flat 138 

macrocolony. We obtain the same results for pellicles experiment with a thick and solid 139 

pellicle for QST713 strain compared to other strains (Fig. 4). The biofilm experiment shows, 140 

like macrocolonies and pellicles experiments, more structured and denser cellular aggregates 141 

for QST713 strain than for other strains capable of forming biofilms (Fig. 4). As observed by 142 

Magno-Pérez-Bryan et al. 2015 and Norman et al. 2013, our results show that despite having 143 

biofilm and regulatory genes, it may be possible that other regulatory pathways or epigenetics 144 

event are involved in biofilm formation and related phenotype expressions. 145 

Swarming motility is an essential skill to colonize environmental surfaces such as soils or 146 

crops tissues (Fan et al. 2011; Mordini et al. 2013). B. velezensis QST713 has the swr genes 147 

necessary for swarming motility but also the fla-che operon including fla genes that code for 148 
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flagellar components and are up-regulated by swrA, thus improving swarming motility 149 

(Kearns et al. 2004; Ghelardi et al. 2012). All the strains tested except the negative swarming 150 

control B. subtilis 168 showed a swarming motility characterized by the invasion of 9 cm 151 

diameters of TSA 0.8% agar plates at 25°C in 24 hours (Fig. 4). Efficient swarming and 152 

biofilm formation confer to biocontrol agents a better fitness to colonize substrata and to 153 

outcompete pathogens. 154 

 155 

5. Biocontrol effect of B. velezensis QST713 against the green mould T. aggressivum 156 

Biocontrol assay with B. velezensis QST713 in the mushroom field and antagonism tests 157 

by measuring inhibition zones surrounding Bacillus strains were performed (Fig. 5). 158 

Biocontrol assay was carried out from November 2017 to January 2018 at the technical 159 

mushroom center (CTC, Distré, France). Results show a strong effect of the QST713 strain on 160 

the yield of A. bisporus crops infected by T. aggressivum. When the culture compost is 161 

contaminated by T. aggressivum, we observed a diminution of the yield of A. bisporus for 162 

about 50% (Fig. 5A). However, when the compost contaminated is treated by the QST713 163 

strain, the yield of A. bisporus returned to a value similar to the control yield (Fig. 5A). 164 

Furthermore, antagonism test by B. velezensis QST713 shows a strong efficacy against the 165 

green mould by a direct inhibition (inhibition zone: 4.7 ± 0.5 mm) of the growth of mycelium 166 

and an inhibition of fungus sporulation (diminution of green colour) compared to T. 167 

aggressivum alone (Fig. 5B(a),(b)). This second antagonism effect which is not located at the 168 

direct interaction interface, could be due to a secretion of volatile organic compounds by the 169 

QST713. This phenomenon has already been demonstrated on the inhibition of sporulation of 170 

Streptomyces scabies (Meng et al. 2016). 171 

 172 

6. Conclusion 173 
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The phylogenetic analysis of the QST713 genome allows to reassign the strain QST713 as 174 

a Bacillus velezensis strain. Its ability to form highly structured, thick and dense biofilms in 175 

vitro and its ability to swarm on agar plates supposedly allow its efficient colonization and 176 

persistence in crops. In addition, it is equipped with an antimicrobial battery enabling it to 177 

fight with aggressors, including ericin as well as potentially one NRPS and one transATPKS-178 

NRPS not yet characterized and found only in few B. velezensis. All these features allow B. 179 

velezensis QST713 to be highly competitive in the environment and makes it a particularly 180 

efficient biocontrol agent. 181 

 182 

Nucleotide sequence accession numbers 183 

The complete genome sequence of B. velezensis QST713 has been deposited in NCBI under 184 

the GenBank accession number CP025079. 185 
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TABLE AND FIGURE LEGENDS  401 

 402 

Table 1: Comparative genomic analysis of Bacillus velezensis QST713 with Bacillus 403 

genomes. (Footnote: Average nucleotide identity (ANI) and average amino acid identity 404 

(AAI) calculation was performed via the EDGAR platform and the Kostas lab web server 405 

(Blom et al. 2009, 2016; Goris et al. 2007; Rodriguez-R & Konstantinidis 2016; Yoon et al. 406 

2017). Digital DNA–DNA hybridization (dDDH) calculation was performed through the 407 

DSMZ webserver, the genome-to-genome-distance calculator version 2.1 (GGDC) was used 408 

for genome-based species delineation (Meier-Kolthoff et al. 2013) with formula two as 409 

described in Fan et al. 2017.) 410 

 411 

Table 2: Comparative analysis of secondary metabolites clusters of Bacillus velezensis 412 

QST713 identified in genome with plant-associated strains and reference genomes. 413 

(Footnote: Prediction of secondary metabolites clusters of Bacillus strains were performed 414 

through the antiSMASH web server (Medema et al. 2011; Blin et al. 2013; Weber et al. 415 

2015).  416 

 417 
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Table 3: Comparative analysis of genes involved in biofilm formation in B. velezensis 418 

QST713 and B. velezensis FZB42. (*) represents the longest nucleotide sequence taken as a 419 

basis for BLAST comparison. 420 

 421 

Table S1: Prophage regions of Bacillus velezensis QST713 genome.  422 

(Footnote: Prophage regions were identified using PHASTER web server (Zhou et al. 2011; 423 

Arndt et al. 2016). 424 

 425 

Table S2: Comparative analysis of gene clusters encoding secondary metabolites in B. 426 

velezensis QST713 with Bacillus strains. (*) represents the longest nucleotide sequence taken 427 

as a basis for BLAST comparison. 428 

 429 

Fig. 1: Neighbor-joining phylogenetic tree constructed from the core genomes of 30 B. 430 

subtilis, B. amyloliquefaciens and B. velezensis strains. The position of Bacillus velezensis 431 

QST713 in the tree is marked by a yellow dot. EDGAR platform was used to obtain 432 

alignements in NEXUS format and SeaView 4.5.4 software to construct phylogenetic tree 433 

using maximum-parsimony method (Edgar 2004a, 2004b; Blom et al. 2009, 2016; Gouy et al. 434 

2009). 435 

 436 

Fig. 2: Circular map of genomic features of the whole genome of Bacillus velezensis QST713. 437 

Circles display from the inner to outside: (1) GC Skew ; (2) GC Content ; (3) Predictive 438 

secondary metabolites clusters ; (4) Predictive prophages clusters; (5) rRNA (black), tRNA 439 

(red), ncRNA (green); (6) Predicted CDSs transcribed in clockwise direction; (7) Predicted 440 

CDSs transcribed in the counterclockwise direction; (8, 9, 10, 11) Blast comparison of 441 

QST713 genome with Bacillus strains, SQR9, FZB42, NCIB3610 and 168 respectively. 442 
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Circular map and blast comparison were performed with BLAST Ring Image Generator 443 

software (BRIG) (Alikhan et al. 2011). 444 

 445 

Fig. 3: Blast comparison of NRPS, TransATPKS and lantipeptide clusters in QST713 446 

(above), FZB42, A13 or CC09 (below). Square indicate the differences between strain 447 

sequences. 448 

 449 

Fig. 4: Phenotypic comparisons of B. velezensis QST713 with Bacillus species. Strains are B. 450 

subtilis 168, B. subtilis NCIB3610, B. velezensis SQR9, B. velezensis FZB42 and B. 451 

velezensis QST713. Biofilm formation was evaluated as macrocolonies morphology, pellicles 452 

formation and submerged biofilms. To visualize colony architecture, 5 µl of an overnight 453 

culture in TSB were spotted on 1.5% Tryptone Soya Agar (TSA, Biomérieux, France) with 40 454 

µg.ml
-1

 of Congo red to visualize matrix elements (Jones and Wozniak 2017). For pellicles 455 

visualisation, 10 µl of an overnight culture in TSB were used to inoculate 2 ml of TSB in 24-456 

well plates (TPP, Switzerland). Plates were then incubated at 25°C for 72h, macrocolonies 457 

and pellicles formation were recorded at 72h and digital pictures were taken. Submerged 458 

biofilm formation was performed in 96-well microtiter plates (Greiner µClear®, Germany). 459 

Briefly, for each strain, 200 µl of an overnight culture in TSB standardized to an OD600nm of 460 

0.01 were added to the wells, then incubated at 25°C for 90 min for attachment. The 461 

supernatant was removed to eliminate non-adherent bacteria and 200 µl of sterile TSB was 462 

added. Plates were then incubated for 24h at 25°C, experiment was repeated six times. 463 

SYTO9® (Invitrogen, France), a green-fluorescent nucleic acid marker was used to tag the 464 

cells fluorescently for submerged-biofilm observations by confocal laser scanning microscopy 465 

(Leica SP8, Leica Mycrosystems, Germany). Swarming motility of Bacillus strains was 466 

determined by the spread of bacteria on TSA 0.8% agar plates at 25° for 24h, 10 µl of an 467 
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overnight culture were inoculated at the centre of the 9 cm agar plates dried for 15 min and 468 

incubated at 25°C for 24h. Experiments was repeated three times. 469 

 470 

Fig. 5: Biocontrole effect of Bacillus velezensis QST713 against T. aggressivum f. 471 

europaeum. (A) Button mushroom yields of A. bisporus when the culture compost is 472 

contaminated or not by T. aggressivum (T. a) and treated or not by the QST713 strain: (+) 473 

Presence of; (-) Absence of. Agaricus bisporus was seeded at a rate of 0,8% of compost 474 

weight (Amycel Delta, white hybrid variety, Amycel, Vendôme). Treatment with B. 475 

velezensis QST713: compost was homogenized with suspension of B. velezensis QST713 at a 476 

rate of 0.1 g.kg
-1

 of product (Serenade Max ®, AMM No. 2100162, BayerCropScience, 477 

France) corresponding at 5.10
6
 CFU.gr

-1
 of compost. Inoculation with T. aggressivum with 478 

2000 spores in a central spot in pot of 9 kg of compost. Yield data correspond at the number 479 

in kg per m² of button mushroom whole feets collected form a complete culture cycle of 2 480 

months. Experiment was repeated 6 times. (B) Antagonism test of T. aggressivum by B. 481 

velezensis QST713: (a) T. aggressivum alone; (b) T. aggressivum vs B. velezensis QST713. 482 

The fungal pathogen was inoculated with an agar plug taken from a 72 h fungal culture that 483 

was deposited on the center of YMEA medium plate (yeast extract 2g.L
-1

, malt extract 20g.L
-

484 

1
, agar 15g.L

-1
). 5 µl of sterile water (control) or of an overnight culture of B. velezensis 485 

QST713 in TSB was inoculated in three spots at 3 cm of T. aggressivum spot. Petri dish were 486 

incubated at 25°C and observations are performed 5 days after by measuring the inhibition 487 

zone of T. aggressivum. Experiment was repeated 3 times. Differences among treatments 488 

were determined by performing a one-way analysis of variance (P < 0.05) and Tukey's 489 

honestly significant difference (HSD) procedure (P < 0.05) with Statgraphics Centurion 490 

software (Statpoint Technologies, United States). Letters a and b on the graph represent 491 

significant differences (P < 0.05). 492 
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 493 

Fig. S1: Classification of genes into orthologous groups (COG) in B. velezensis QST713. 494 

Distribution of B. velezensis QST713 coding sequences (71.7%) symbolized in percentages of 495 

genes classified into COG. Genes not found in the cog annotation are classified in the 496 

category "not in COG" in black. The functional classification of protein-coding genes was 497 

performed using RPS-BLAST with COG database and classified into categories via the 498 

WebMGA server (Wu et al. 2011).  499 

 500 

 501 



Table 1: Comparative genomic analysis of Bacillus velezensis QST713 with Bacillus genomes.  

Strains Genbank accession N° dDDH % (± C.I.) ANI (%) AAI (%) GC (%) bp Source 

Bacillus velezensis 

QST713 CP025079 100 ± 0.0 100 100 45.9 4233757 
Commercial strain used in 
agriculture (Serenade ® : Ref : Bayer, 
SERENE100/40) 

CFSAN034339 NZ_LYNB00000000 99.5 ± 0.3 99.96 99.89 45.9 4209526 Agricultural soil 

Bs006 NZ_LJAU00000000 96.4 ± 1.3 99.97 99.88 45.8 4173094 Banana roots 

UMAF6639 NZ_CP006058 92.0 ± 2.1 98.93 99.24 46.3 4034636 Unknown 

UCMB5036 NC_020410 92.7 ± 2.0 98.74 99.13 46.6 3910324 Inner tissues of the cotton plant 

CC09 NZ_CP015443 91.2 ± 2.2 98.80 98.92 46.1 4167153 Camphor leaves 

AS43 3 NC_019842 88.1 ± 2.5 98.37 98.87 46.6 3961368 Surface of a wheat spike 

UCMB5113 NC_022081 88.9 ± 2.4 98.23 98.82 46.7 3889532 Soil from Karpaty mountains 

TrigoCor1448 NZ_CP007244 88.3 ± 2.4 98.38 98.81 46.5 3957904 Wheat rhizosphere 

SB1216 CP015417 88.2 ± 2.5 98.14 98.79 46.8 3814720 Soil 

FZB42 NC_009725 88.3 ± 2.5 98.11 98.77 46.5 3918589 infested sugar beet  

G341 NZ_CP011686 88.4 ± 2.4 98.17 98.54 46.5 4009746 Korean ginseng rhizosphere 

UCMB5033 NC_022075 87.8 ± 2.5 97.92 98.53 46.2 4071167 Cotton rhizosphere 

JTYP2 NZ_CP020375 83.4 ± 2.8 97.79 98.50 46.5 3929789 Crassulaceae leaf surface 

LS69 NZ_CP015911 83.4 ± 2.8 97.81 98.49 46.5 3917759 isolated from the rice field 

S3 1 NZ_CP016371 83.4 ± 2.8 97.79 98.49 46.5 3929772 Cucumber rhizosphere  

SYBC H47 NZ_CP017747 81.2 ± 2.9 97.42 98.36 46.4 3884433 Honey 

D2 2 NZ_CP014990 79.6 ± 2.9 97.32 98.24 46.7 3921833 Unknown 

SQR9 NZ_CP006890 82.9 ± 2.8 97.61 98.11 46.1 4117023 Cucumber rhizosphere 

Y2 NC_017912 83.6 ± 2.8 97.62 98.09 45.9 4238624 Wheat rhizosphere 

YAUB9601 Y2 NC_017061 83.6 ± 2.8 97.62 98.09 45.9 4242767 Wheat rhizosphere 

IT 45 NC_020272 79.8 ± 3.0 97.21 98.07 46.6 3928855 
Commercial strain used in 
horticulture 

NJN 6 NZ_CP007165 79.3 ± 2.9 97.44 98.06 46.6 4052546 Banana rhizosphere 

M75 NZ_CP016395 79.6 ± 2.9 97.27 98.06 46.6 4007450 Cotton waste 

CAUB946 NC_016784 78.9 ± 2.9 97.22 97.97 46.5 4019858 Rice rhizosphere 

Bacillus amyloliquefaciens 

DSM 7 NC_014551 55.7 ± 2.7 93.29 95.77 46.1 3980199 Soil, fermentation plant 

TA208 NC_017188 55.1 ± 2.7 93.17 95.53 45.8 3937511 Lab stock, overproducing guanosine 

Bacillus subtilis 

NDmed NZ_JPVW00000000 20.5 ± 2.4 76.98 79.97 43.7 4059981 Endoscope washer-disinfector 

NCIB 3610 NZ_CP020102 20.9 ± 2.4 76.43 81.00 43.5 4215607 Soil 

168 NZ_CP010052 20.9 ± 2.4 76.43 81.00 43.5 4215619 Laboratory strain 

 
(Footnote: Average nucleotide identity (ANI) and average amino acid identity (AAI) calculation was performed via the EDGAR platform and 
the Kostas lab web server (Blom et al. 2009, 2016; Goris et al. 2007; Rodriguez-R & Konstantinidis 2016; Yoon et al. 2017). Digital DNA–DNA 
hybridization (dDDH) calculation was performed through the DSMZ webserver, the genome-to-genome-distance calculator version 2.1 
(GGDC) was used for genome-based species delineation (Meier-Kolthoff et al. 2013) with formula two as described in Fan et al. 2017.) 
 

Table 1



Table 2: Comparative analysis of secondary metabolites clusters of Bacillus velezensis QST713 identified in 

genome with plant-associated strains and reference genomes. 

Bacillus velezensis QST713 
Presence (+) or absence (-) of secondary 
metabolites clusters in Bacillus strains 

Cluster 
number 

Synthetase Metabolites 
MIBiG ID (% of genes 
show similarity) 

Predicted large 
cluster  position 

bp FZB42 SQR9 3610 168 

1 NRPS Surfactin BGC0000433_c1 (86%) 347609 - 413022 65414 + + + + 

2 TransATPKS Macrolactin BGC0000181_c1 (100%) 1440778 - 1526670 85893 + + - - 

3 TransATPKS-NRPS Bacillaene BGC0001089_c1 (100%) 1756070 - 1858741 102672 + + + + 

4 NRPS Bacillomycin D BGC0001090 (66%) 1936517 - 1981185 44669 + + - - 

5 TransATPKS-NRPS Fengycin BGC0001095_c1 (100%) 1989975 - 2039517 49543 + + + + 

6 TransATPKS Difficidin BGC0000176_c1 (100%) 2460543 - 2560999 100457 + + - - 

7 Bacteriocin-NRPS Bacillibactin BGC0001185_c1 (100%) 3272524 - 3339313 66790 + + + + 

8 NRPS Bacilysin BGC0000309_c1 (100%) 3895380 - 3953631 58252 + + + + 

9 TransATPKS-NRPS Rhizocticin BGC0000926_c (22%) 191893 - 269628 77736 - - - - 

10 Lantipeptide Subtilin-like / Ericin BGC0000511_c1 (100%) 3485394 - 3500516 15123 - - - - 

11 NRPS - - 3625021 - 3693450 68430 - - - - 

12 OtherKS - - 986643 - 1027887 41245 + + - - 

13 T3PKS - - 2166999 - 2208099 41101 + + + + 

14 Terpene - - 1110586 - 1131326 20741 + + + + 

15 Terpene - - 2080722 - 2102605 21884 + + + + 
 

(Footnote: Prediction of secondary metabolites clusters of Bacillus strains were performed through the antiSMASH web server (Medema et al. 
2011; Blin et al. 2013; Weber et al. 2015).) 
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Table 3: Comparative analysis of genes involved in biofilm formation in B. velezensis QST713 with B. 

velezensis FZB42. (*) represents the longest nucleotide sequence taken as a basis for BLAST comparison. 

 
Bacillus velezensis QST713 B. velezensis FZB42 Genbank accession n° 

Coverage / Identity with QST713  Genes Product Accession n° Position bp 

epsO Operon for capsular biosynthesis BVQ_17985 3557349 - 3558314 966 RBAM_RS15740 100% / 98% 

epsN BVQ_17990 3558293 - 3559465 1173 RBAM_RS15745 100% / 99% 

epsM BVQ_17995 3559470 - 3560117 648 RBAM_RS15750 100% / 99% 

epsL BVQ_18000 3560114 - 3560722 609 RBAM_RS15755 100% / 99% 

epsK BVQ_18005 3560719 - 3562236 1518 RBAM_RS15760 100% / 99% 

epsJ BVQ_18010 3562233 - 3563267 1035 RBAM_RS15765 100% / 98% 

epsI BVQ_18015 3563264 - 3564340 1077 RBAM_RS15770 100% / 98% 

epsH BVQ_18020 3564345 - 3565382 1038 RBAM_RS15775 100% / 99% 

epsG BVQ_18025 3565401 - 3566504 1104 RBAM_RS15780 100% / 99% 

epsF BVQ_18030 3566508 - 3567644 1137 RBAM_RS15785 100% / 99% 

epsE BVQ_18035 3567637 - 3568479 843 RBAM_RS15790 100% / 99% 

epsD BVQ_18040 3568476 - 3569615 1140 RBAM_RS15795 100% / 98% 

epsC BVQ_18045 3569631 - 3571424 1794 RBAM_RS15800 100% / 99% 

epsB BVQ_18050 3572351 - 3571671 681 RBAM_RS15805 100% / 99% 

epsA BVQ_18055 3573064 - 3572357 708 RBAM_RS15810 100% / 99% 

comA Response regulator in the two-component regulatory 
system ComP/ComA involved in a major quorum response 
pathway that regulates the development of genetic 
competence 

BVQ_16475 3266368 - 3265724 645 RBAM_RS14365 100% / 99% 

pgcA (yhxB) Operon for poly-γ-glutamate synthesis BVQ_05065 982326 - 984068 1743 RBAM_RS04780 100% / 99% 

pgsA (capA) BVQ_18760 3749291 - 3748143 1149 RBAM_RS16480 100% / 99% 

pgsB (capB) BVQ_18770 3750955 - 3749774 1182 RBAM_RS16490 100% / 99% 

pgsC (capC) BVQ_18765 3749759 - 3749310 450 RBAM_RS16485 100% / 99% 

sinI SinR antagonist BVQ_12985 2626360 - 2626533 174 RBAM_RS11410 100% / 99% 

sinR Regulator of biofilm formation BVQ_12990 2626567 - 2626902 336 RBAM_RS11415* 98% / 99% 

tasA Operon for amyloid fibers biosynthesis and essential for 
biofilm formation 

BVQ_12995 2627735 - 2626950 786 RBAM_RS11420 100% / 99% 

sipW BVQ_13000 2628384 - 2627800 585 RBAM_RS11425 100% / 99% 

tapA (yqxM) BVQ_13005 2629027 - 2628356 672 RBAM_RS11430 100% / 99% 

blsA (yuaB) major amphiphilic protein that mediates adherence and 
forms a highly hydrophobic coat around biofilms 

BVQ_15970 3168030 - 3168569 540 RBAM_RS14060 100% / 99% 

spo0A Regulator of initiation of sporulation BVQ_12800 2593194 - 2592394 801 RBAM_RS11225 100% / 99% 

degU Two-component response regulator BVQ_18575 3701900 - 3701211 690 RBAM_RS16295 100% / 99% 

degQ Degradation enzyme regulation protein BVQ_18580 3701977 - 3703140 1164 RBAM_RS16300 100% / 99% 

kinA Kinases involved in multicomponent phosphorelay system BVQ_07360* 1407114 - 1408934 1821 RBAM_RS06875 100% / 99% 

kinB BVQ_16365 3244655 - 3245938 1284 RBAM_RS14255 100% / 99% 

kinC BVQ_07600 1448464 - 1449768 1305 RBAM_RS07105 100% / 99% 

kinD BVQ_07170* 1370427 - 1368910 1518 RBAM_RS06695 98% / 99% 

abrB Transition state regulator BVQ_00230 45895 - 45611 285 RBAM_RS00230 100% / 99% 

slrA Transcriptional regulator BVQ_19965 3965724 - 3965885 162 RBAM_RS17715 100% / 100% 

slrR Transcriptional regulator BVQ_18060 3573308 - 3573763 456 RBAM_RS15815 99% / 99% 

remA activation of the matrix biosynthesis operons BVQ_08245 1620674 - 1620943 270 RBAM_RS07740 100% / 100% 

lytS (ypdA) Sensor histidine kinase BVQ_14910 2974431 - 2972650 1782 RBAM_RS12940 100% / 99% 

srfAA Surfactin synthetases BVQ_01790 367609 - 378366 10758 RBAM_RS01840 100% / 99% 

srfAB BVQ_01795 378388 - 389151 10764 RBAM_RS01845 100% / 99% 

srfAC BVQ_01800 389186 - 393022 3837 RBAM_RS01850 100% / 98% 

srfAD BVQ_01805 393042 - 393773 732 RBAM_RS01855 100% / 99% 

sfp Phosphopantetheinyl transferase necessary for surfactin 
synthesis 

BVQ_01815 395915 - 395241 675 RBAM_RS01880 99% / 99% 

swrA Swarming protein BVQ_18440 3677165 - 3676830 336 RBAM_RS16160 100% / 95% 

swrB Swarming protein BVQ_08655 1696313 - 1696780 468 RBAM_RS08150 100% / 99% 

swrC Multidrug efflux pump BVQ_03840 744422 - 747565 3144 RBAM_RS03555 100% / 99% 

sigH Sigma factor H BVQ_00560 111395 - 112051 657 RBAM_RS00625 100% / 99% 

sigW ECF sigma factor W BVQ_01060 188349 - 188912 564 RBAM_RS01130 100% / 99% 

motA Flagellar motor rotation protein BVQ_07185 1372681 - 1371866 816 RBAM_RS06710 100% / 99% 

motB Flagellar motor rotation protein BVQ_07180 1371894 - 1371109 786 RBAM_RS06705 100% / 99% 

fla-che Operon for flagellar synthesis and chemotaxis BVQ_08500 - 
BVQ_08655 

1670445 - 1696780 26335 RBAM_RS07995 - 
RBAM_RS08150 

100% / 99% 

codY Transcription regulator BVQ_08495 1669312 - 1670091 780 RBAM_RS07990 100% / 99% 

ecsA ABC transporter ATP-binding protein BVQ_05445 1050844 - 1051587 744 RBAM_RS05140 100% / 99% 

ecsB ABC transporter permease BVQ_05450 1051580 - 1052806 1227 RBAM_RS05145 100% / 99% 

ecsC ABC transporter-associated protein BVQ_05455 1052849 - 1053553 705 RBAM_RS05150 100% / 99% 

yusV Protein involved in swarming/biofilm formation BVQ_17175 3397437 - 3396613 825 RBAM_RS15000 100% / 99% 
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Abstract 1 

Bacillus subtilis QST713 is extensively used as a biological control agent in agricultural fields 2 

including in the button mushroom culture, Agaricus bisporus. This last use exploits its inhibitory 3 

activity against microbial pathogens such as Trichoderma aggressivum f. europaeum, the main 4 

button mushroom green mould competitor. Here, we report the complete genome sequence of the 5 

QST713 biocontrol strain with a genome size of 4 233 757 bp, 4263 predicted genes and an 6 

average GC content of 45.9%. Based on phylogenomic analyses, the QST713 strain is finally 7 

designated as Bacillus velezensis. Genomic analyses revealed two clusters encoding potential 8 

new antimicrobials with NRPS and TransATPKS synthetase. B. velezensis QST713 genome also 9 

harbours several genes previously described as being involved in surface colonization and 10 

biofilm formation. This strain shows a strong ability to form in vitro spatially organized biofilm 11 

and to antagonize T. aggressivum. The availability of this genome sequence could bring new 12 

elements to understand the interactions with micro or/and macroorganisms in crops. 13 

Keywords : Bacillus velezensis, Biofilm, Genome, Biocontrol, Secondary metabolites. 14 

 15 
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Table S1: Prophage regions of Bacillus velezensis QST713 genome. 

Region 
Region 
length 

Completeness 
Number 
of CDS 

Phage Hit 
protein 

Hypothetical 
protein 

Specific Keyword Region_position Possible phage 
G+C 
percentage 

1  44.8Kb  questionable  71  45 26 
integrase, terminase, 
portal, capsid, tail 

630065-674933  PHAGE_Bacill_SPP1_NC_004166 43.88%  

2  32.8Kb  questionable 45  32 13 
terminase, head, capsid, 
tail, portal, plate 

1260401-1293209  PHAGE_Bacill_BalMu_1_NC_030945 46.83%  

3  26.4Kb  incomplete  11  8 3 
tail, recombinase 
 

1876725-1903221  PHAGE_Bacill_AR9_NC_031039 41.48%  

4  150.2Kb  incomplete 180 112 68 
virion, tail, recombinase 
 

2192669-2342879  PHAGE_Bacill_SPbeta_NC_001884 36.62%  

5  52.5Kb  questionable  53  41 12 
integrase, portal 
 

2760236-2812785  PHAGE_Bacill_phi105_NC_004167 43.51%  

6  38.5Kb  questionable 30  22 8 
tail, head, capsid, portal 
 

3173273-3211799  PHAGE_Bacill_SPbeta_NC_001884 36.03%  

 
(Footnote: Prophage regions were identified using PHASTER web server (Zhou et al. 2011; Arndt et al. 2016).) 

 

http://phast.wishartlab.com/cgi-bin/change_detail_html.cgi?num=1500621266#1
http://phast.wishartlab.com/cgi-bin/get_region_DNA.cgi?num=1500621266&number=1
http://phast.wishartlab.com/cgi-bin/change_detail_html.cgi?num=1500621266#2
http://phast.wishartlab.com/cgi-bin/get_region_DNA.cgi?num=1500621266&number=2
http://phast.wishartlab.com/cgi-bin/change_detail_html.cgi?num=1500621266#3
http://phast.wishartlab.com/cgi-bin/get_region_DNA.cgi?num=1500621266&number=3
http://phast.wishartlab.com/cgi-bin/change_detail_html.cgi?num=1500621266#4
http://phast.wishartlab.com/cgi-bin/get_region_DNA.cgi?num=1500621266&number=4
http://phast.wishartlab.com/cgi-bin/change_detail_html.cgi?num=1500621266#5
http://phast.wishartlab.com/cgi-bin/get_region_DNA.cgi?num=1500621266&number=5
http://phast.wishartlab.com/cgi-bin/change_detail_html.cgi?num=1500621266#6
http://phast.wishartlab.com/cgi-bin/get_region_DNA.cgi?num=1500621266&number=6


Table S2: Comparative analysis of gene clusters encoding secondary metabolites in B. velezensis QST713 

with Bacillus strains. (*) represents the longest nucleotide sequence taken as a basis for BLAST comparison. 
 

Bacillus velezensis QST713 Genbank accession number 
Blast  Coverage / Identity nt sequence 
QST713 with Bacillus species 

Cluster 
number 

Metabolites Synthetase Main genes Accession Position bp B. velezensis FZB42 

1 Surfactin NRPS xy02 BVQ_01785 367201 - 367425 225 RBAM_RS01835 100% / 99% 

   srfAA BVQ_01790 367609 - 378366 10758 RBAM_RS01840 100% / 99% 

      srfAB BVQ_01795 378388 - 389151 10764 RBAM_RS01845 100% / 99% 

      srfAC BVQ_01800 389186 - 393022 3837 RBAM_RS01850 100% / 98% 

      srfAD BVQ_01805 393042 - 393773 732 RBAM_RS01855 100% / 99% 

      tpaat BVQ_01810 393895 - 395205 1311 RBAM_RS01860 100% / 99% 

2 Macrolactin TransATPKS unknown BVQ_07650 1458250 - 1458449 200 RBAM_RS07155 98% / 99% 

   mlnA BVQ_07655 1458450 - 1460756 2307 RBAM_RS07160 100% / 99% 

      mlnB BVQ_07660 1460778 - 1473032 12255 RBAM_RS07165* 100% / 99% 

      mlnC BVQ_07665 1473032 - 1477804 4773 RBAM_RS07170 100% / 98% 

      mlnD BVQ_07670 1477851 - 1486559 8709 RBAM_RS07175 100% / 99% 

      mlnE BVQ_07675 1486552 - 1493556 7005 RBAM_RS07180 100% / 99% 

      mlnF BVQ_07680 1493580 - 1499291 5712 RBAM_RS07185 100% / 99% 

      mlnG BVQ_07685 1499291 - 1506670 7380 RBAM_RS07190 100% / 99% 

      mlnH BVQ_07690 1506721 - 1510569 3849 RBAM_RS07195* 100% / 98% 

      mlnI BVQ_07695 1510602 - 1511693 1092 RBAM_RS07200 100% / 99% 

      pdhA BVQ_07700 1512163 - 1513278 1116 RBAM_RS07205 100% / 99% 

3 Bacillaene TransATPKS-NRPS mutL BVQ_08940* 1760813 - 1762687 1875 RBAM_RS08435 99% / 99% 

   unknown BVQ_08945 1762739 - 1762888 150 - - 

   unknown BVQ_08950 1762848 - 1763354 507 - - 

   unknown BVQ_08955 1763792 - 1764094 303 - - 

   unknown BVQ_08960 1764573 - 1764782 210 - - 

   unknown BVQ_08965* 1765319 - 1765528 210 RBAM_RS08440 99% - 97% 

   unknown BVQ_08970 1765615 - 1766136 522 - - 

   unknown BVQ_08975 1767460 - 1767675 216 - - 

   baeB BVQ_08980 1767659 - 1768336 678 RBAM_RS08445 100% / 99% 

      baeC BVQ_08985 1768651 - 1769520 870 RBAM_RS08450 100% / 99% 

      baeD BVQ_08990 1769657 - 1770631 975 RBAM_RS08455 100% / 99% 

      baeE BVQ_08995 1770633 - 1772873 2241 RBAM_RS08460 100% / 99% 

      acpK BVQ_09000 1772939 - 1773187 249 RBAM_RS08465 100% / 99% 

      baeG BVQ_09005 1773239 - 1774501 1263 RBAM_RS08470 100% / 98% 

      baeH BVQ_09010 1774498 - 1775271 774 RBAM_RS08475 100% / 99% 

      baeI BVQ_09015 1775281 - 1776030 750 RBAM_RS08480 100% / 100% 

      baeJ BVQ_09020* 1776070 - 1791021 14952 RBAM_RS08485 100% / 98% 

      baeL BVQ_09025 1791023 - 1804429 13407 RBAM_RS08490* 100% / 98% 

      baeM BVQ_09030 1804447 - 1814982 10536 RBAM_RS08495 100% / 98% 

      baeN BVQ_09035 1814972 - 1831270 16299 RBAM_RS08500* 100% / 98% 

      baeR BVQ_09040* 1831284 - 1838741 7458 RBAM_RS08505 100% / 98% 

      baeS BVQ_09045 1840089 - 1838878 1212 RBAM_RS08510 100% / 99% 

   nucB BVQ_09050 1840378 - 1840812 435 RBAM_RS08515 100% / 99% 

4 Bacillomycin D NRPS xynD BVQ_09605 1937867 - 1939405 1539 RBAM_RS09060 99% / 94% 

      bmyC BVQ_09610 1939730 - 1947586 7857 RBAM_RS09065* 100% / 68% 

      bmyB BVQ_09615 1947675 - 1963763 16089 RBAM_RS09070* 100% / 82% 

      bmyA BVQ_09620 1963808 - 1975756 11949 RBAM_RS09075 100% / 99% 

      bmyD BVQ_09625 1975776 - 1976978 1203 RBAM_RS09080 100% / 97% 

      yxjF BVQ_09635 1977536 - 1978321 786 RBAM_RS09085 100% / 98% 

5 Fengycin TransATPKS-NRPS yngL BVQ_09740 1999440 - 1999820 381 RBAM_RS09190 100% / 99% 

      fenE BVQ_09745 2003696 - 1999893 3804 RBAM_RS09195 100% / 98% 

      fenD BVQ_09750 2014490 - 2003715 10776 RBAM_RS09200 100% / 99% 

      fenC BVQ_09755 2022165 - 2014516 7650 RBAM_RS09205 100% / 98% 

      fenB BVQ_09760 2029878 - 2022181 7698 RBAM_RS09210 100% / 98% 

      fenA BVQ_09765 2037562 - 2029904 7659 RBAM_RS09215 100% / 98% 

      dacC BVQ_09775 2039517 - 2038042 1476 RBAM_RS09220 100% / 98% 

6 Difficidin TransATPKS proI BVQ_12475 2476320 - 2477159 840 RBAM_RS10905 100% / 99% 

   dfnM BVQ_12480 2477942 - 2477196 747 RBAM_RS10910 100% / 98% 

      dfnL BVQ_12485 2479249 - 2478002 1248 RBAM_RS10915 99% / 99% 

      dfnK BVQ_12490 2480461 - 2479307 1155 RBAM_RS10920 100% / 99% 

      dfnJ BVQ_12495 2486758 - 2480543 6216 RBAM_RS10925 100% / 99% 

      dfnI BVQ_12500 2492907 - 2486755 6153 RBAM_RS10930 100% / 99% 

      dfnH BVQ_12505 2500648 - 2492930 7719 RBAM_RS10935 100% / 98% 

      dfnG BVQ_12510 2516267 - 2500653 15615 RBAM_RS10940 100% / 98% 



      dfnF BVQ_12515 2522045 - 2516319 5727 RBAM_RS10945 100% / 98% 

      dfnE BVQ_12520 2528381 - 2522085 6297 RBAM_RS10950 100% / 98% 

      dfnD BVQ_12525* 2540999 - 2528400 12600 RBAM_RS10955 100% / 98% 

      dfnC BVQ_12530 2541776 - 2541039 738 RBAM_RS10960 100% / 99% 

      dfnB BVQ_12535 2543155 - 2541791 1365 RBAM_RS10965 100% / 99% 

      dfnX BVQ_12540 2543424 - 2543152 273 RBAM_RS10970 100% / 99% 

      dfnY BVQ_12545 2544429 - 2543449 981 RBAM_RS10975 100% / 99% 

      dfnA BVQ_12550 2546728 - 2544470 2259 RBAM_RS10980 100% / 99% 

   unknown BVQ_12555 2546772 - 2546957 186 - - 

   nusG BVQ_12560 2547462 - 2547992 531 RBAM_RS10985 100% / 99% 

7 Bacillibactin NRPS ybdZ BVQ_16605 3292505 - 3292290 216 RBAM_RS14485 100% / 98% 

      dhbF BVQ_16610 3299651 - 3292524 7128 RBAM_RS14490 100% / 99% 

      dhbB BVQ_16615 3300592 - 3299666 927 RBAM_RS14495 100% / 98% 

      dhbE BVQ_16620 3302235 - 3300610 1626 RBAM_RS14500 100% / 99% 

      dhbC BVQ_16625 3303450 - 3302254 1197 RBAM_RS14505 100% / 99% 

      dhbA BVQ_16630 3304259 - 3303474 786 RBAM_RS14510 100% / 99% 

      yuiI BVQ_16635 3305264 - 3304395 870 RBAM_RS14515 100% / 99% 

8 Bacilysin NRPS ywfg BVQ_19710 3914189 - 3912990 1200 RBAM_RS17415 100% / 99% 

      bacE BVQ_19715 3914202 - 3915383 1182 RBAM_RS17420 100% / 99% 

      bacD BVQ_19720 3915380 - 3916798 1419 RBAM_RS17425 100% / 99% 

      bacC BVQ_19725 3917577 - 3916816 762 RBAM_RS17430 100% / 99% 

      bacB BVQ_19730 3918284 - 3917574 711 RBAM_RS17435 100% / 100% 

      bacA BVQ_19735 3918888 - 3918274 615 RBAM_RS17440 100% / 99% 

      ywfA BVQ_19740 3920287 - 3919049 1239 RBAM_RS17445 100% / 99% 

Cluster 
number 

Metabolites Synthetase genes Accession Position Bp B. velezensis CC09 

9 Unknown TransATPKS-NRPS tnrpsA BVQ_01170 210823 - 211518 696 A1D33_RS08065 100% / 99% 

      tnrpsB BVQ_01175 211893 - 219515 7623 A1D33_RS08060 100% / 99% 

      tnrpsC BVQ_01180 219475 - 230232 10758 A1D33_RS08055 100% / 99% 

      tnrpsD BVQ_01185 230315 - 231568 1254 A1D33_RS08050 100% / 99% 

      tnrpsE BVQ_01190 231492 - 236384 4893 A1D33_RS08045 100% / 99% 

      tnrpsF BVQ_01195 236569 - 241359 4791 A1D33_RS08040 100% / 99% 

      tnrpsG BVQ_01200 241381 - 242904 1524 A1D33_RS08035 100% / 99% 

      tnrpsH BVQ_01205* 243002 - 249628 6627 A1D33_RS08030 100% / 99% 

Cluster 
number 

Metabolites Synthetase genes Accession Position bp Bacillus subtilis strain A13 
 

10 Subtilin-like/Ericin Lantipeptide unknown BVQ_17650 3486343 - 3486663 321 AAL15576 100% / 100% 

   eriK BVQ_17655 3488531 - 3487212 1374 AAL15574* 98% / 100% 

      eriR BVQ_17660 3489238 - 3488576 663 AAL15573 100% / 100% 

      eriG BVQ_17665* 3490026 - 3489256 771 AAL15575 79% / 100% 

      eriE BVQ_17670 3490783 - 3490028 756 AAL15572 100% / 100% 

      eriF BVQ_17675 3491496 - 3490780 717 AAL15571* 96% / 100% 

      eriI BVQ_17680 3492004 - 3491498 507 AAL15570 100% / 100% 

      eriSb BVQ_17685 3492726 - 3492556 171 AAL15569 100% / 100% 

      unknown BVQ_17690 3492828 - 3493160 333 AAL15568* 93% / 100% 

      eriSa BVQ_17695 3493315 - 3493154 162 AAL15567* 94% / 100% 

   eriC BVQ_17700 3494713 - 3493388 1326 AAL15566 100% / 100% 

      eriT BVQ_17705 3496530 - 3494686 1845 AAL15565 100% / 100% 

      eriB BVQ_17710 3499613 - 3496521 3093 AAL15564 100% / 100% 

      proZ/opuBD BVQ_17715* 3500498 - 3499827 672 AAL15578 33% / 99% 

Cluster 
number 

Metabolites Synthetase genes Accession Position bp B. velezensis CC09 

11 Unknown  NRPS nrpsG BVQ_18400 3640781 - 3640056 726 A1D33_RS12065* 93% / 99% 

      nrpsF BVQ_18405 3641902 - 3640832 1071 A1D33_RS12060 100% / 99% 

      nrpsE BVQ_18410 3643049 - 3641988 1062 A1D33_RS12055 100% / 99% 

      nrpsD BVQ_18415 3644824 - 3643082 1743 A1D33_RS12050 100% / 99% 

      nrpsC BVQ_18420 3656339 - 3645021 11319 A1D33_RS12045 100% / 99% 

      nrpsB BVQ_18425* 3673450 - 3656351 17100 A1D33_RS12040 63% / 98% 

      nrpsA BVQ_18430* 3674486 - 3673957 530 A1D33_RS12035 86% / 99% 

Cluster 
number 

Metabolites Synthetase genes Accession Position bp B. velezensis FZB42 

12 - OtherKS - BVQ_05095 -
BVQ_05305 

986643 - 1027887 41245 RBAM_RS04810 - 
RBAM_RS05005 

100% / 99% 

13 - T3PKS - BVQ_10520 - 
BVQ_10820 

2166999 - 2208099 41101 RBAM_RS09935 - 
RBAM_RS08595 

65% / 99% 

14 - Terpene - BVQ_05725 - 
BVQ_05840 

1110586 - 1131326 20741 RBAM_RS05415 - 
RBAM_RS05525 

89% / 99% 

15 - Terpene - BVQ_09985 - 
BVQ_10100 

2080722 - 2102605 21884 RBAM_RS09450 92% / 99% 

 



 


