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Bacillus cabrialesii TE3" is a strictly aerobic and Gram-stain-positive plant growth-promoting bacterium, motile
and catalase-positive. In addition, strain TE3T was also recently described as a biological control agent. Here, we
present the complete circularized genome of this type strain, as well as a whole genome analysis identifying
genes of agricultural interest. Thus, a hybrid assembly method was performed using short-read sequencing
through the Illumina MiSeq platform, and long-read sequencing through the MinION sequencing technology by
Oxford Nanopore Technology (ONT). This assembly method showed a closed circular chromosome of 4,125,766
bp and 44.2% G + C content. The strain TE3” genome annotation, based on the RAST platform, presented 4,282
Coding DNA sequences (CDS) distributed in 335 subsystems, from which 4 CDS are related to the promotion of
plant growth and 28 CDS to biological control. Also, Prokka (Rapid Prokaryotic Genome Annotation) predicted a
total of 119 RNAs composed of 87 tRNAs, 31 rRNA, and 1 tmRNA; and the PGAP (Prokaryotic Genome Anno-
tation Pipeline) predicted a total of 4,212 genes (3,991 CDS). Additionally, seven putative biosynthetic gene
clusters were identified by antiSMASH, such as Fengycin, Bacilysin, Subtilosin A, Bacillibactin, Bacillaene,
Surfactin, and Rizocticin A, which are related to antimicrobial and antifungal properties, whose gene presence
was further supported by the Prokaryotic Genome Annotation Pipeline (PGAP) annotation. Thus, the complete
genome of Bacillus cabrialesii TE3™ showed promising bioactivities for the use of this type strain to bioformulate
bacterial inoculants for sustainable agriculture.

The growing population and severe agricultural affectations caused
by climate change have threatened global food security. Sustainable
food production has become a worldwide issue to address. In this sense,
to contribute to this issue many have opted for traditional strategies
using chemical fertilizers, pesticides, and insecticides due to their rapid
action (Ferrusquia-Jiménez et al., 2022). However, excessive use of
chemical fertilizers causes problems such as eutrophication, root
weakening, and soil acidification (Kumar et al., 2018). On the other
hand, the excessive use of synthetic pesticides leads to soil and aquifer
contamination with recalcitrant wastes, soil, chemical, and microbial
degradation, and biodiversity loss (Cordova-Albores et al., 2021).

* Corresponding authors.

Therefore, sustainable alternatives for food production are continuously
being researched, where beneficial microorganisms are of great interest
due to their genetic and functional diversity associated with key roles in
soil and plant health (Villareal-Delgado et al., 2018). Thus, several mi-
crobial genera interact with crops, regulating their growth and pro-
ductivity by increasing tolerance to abiotic and biotic stress, plant
nutrition, and antagonism against phytopathogenic agents (Diaz-Ro-
driguez et al., 2021), being Bacillus species one of the most studied plant
growth-promoting bacteria (PGPB) and biological control agents (BCA)
(Coérdova-Albores et al., 2021; Villarreal-Delgado et al., 2018).

Bacillus cabrialesii TE3T was isolated as an endophytic bacterial strain
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from wheat (Triticum turgidum L. subsp. durum) in the Yaqui Valley, and
preserved in the Coleccion de Microorganismos Edaficos y Endofitos
Nativos (COLMENA) (de los Santos-Villalobos et al., 2018, 2021). This
type strain was first described by de los Santos Villalobos et al. (2019) as
a strictly aerobic and Gram-stain-positive PGPB, motile and
catalase-positive. Bacillus cabrialesii TE3" plant growth-promoting traits
were previously described, including its ability to produce indole acetic
acid -an important phytohormone for plant physiological development-
up to 8.21 + 1.35 ng mL~! (Rojas Padilla et al., 2020), phosphate sol-
ubilization -the second most critical macronutrient after nitrogen
required for metabolism, growth, and development of plants; which is
mainly found in unavailable forms for plant uptake in soil (Rawat et al.,
2021)- of up 1.43 + 0.04 IS (Rojas Padilla et al., 2020), as well as
thermal (43.5 °C), hydric [Polyethylene glycol (PEG), 10%, —0.84
mPa)], saline (NaCl, 5%, 6.8 dS m-1) and chemical (chlorothalonil)
stress tolerance (Valenzuela-Aragon et al., 2018; Diaz-Rodriguez et al.,
2019). Valenzuela-Aragon et al. (2018), demonstrated the ability of
TE3T to significantly promote wheat root length, dry root weight, and
aerial dry weight. Similarly, TE3T plant growth-promoting bacteria
(PGPB) abilities have been analyzed in different consortiums by Rojas
Padilla et al. (2020) and Robles Montoya et al. (2020), where positive
outcomes were obtained including a significant increase of wheat aerial
and root dry weight and biovolume index by 25%, 44%, and 18%,
respectively.

In addition, strain TE3T has also been reported as a promising BCA
against Bipolaris sorokiniana, showing an inhibition zone of 6.7 + 0.2
mm in-vitro assays, and in wheat plant assays, where the control of spot
blotch (caused by B. sorokiniana) was reduced [scale 1 (minimum) to 9
(maximum)] to 3-5, and the number of lesions/cm? to 3.06 + 0.6,
compared to plants inoculated only with B. sorokiniana (disease infec-
tion of 8-9, and 6.46 + 1.46 lesions/cm?) (Villa-Rodriguez et al., 2019).
Also, spot blotch inhibition was observed in wheat leaves, which sug-
gests that the strain TE3T can colonize the wheat phyllosphere and
protect its host against phytopathogens (Villa-Rodriguez et al., 2019).
Through an integrated omic approach this biological control activity
was mainly attributed to the production of biosurfactant lipopeptides,
such as surfactin and fengycin; where the application of that lipopeptide
complex to B. sorokiniana TPQ3 lead to cellular damage, including
swollen coarse and irregular hyphae, as well as its cytoplasmic mem-
branous vesicles were expulsed (Villa-Rodriguez et al., 2021). The pre-
sented evidence shows that Bacillus cabrialesii TE3” has promising plant
growth-promoting and biological control traits, including in vivo bio-
logical control activity against B. sorokiniana, non-cytotoxic activity,
phosphate solubilization, indole acetic acid production and the ability to
grow in synthetic minimal medium and under stressful conditions.

Here, we present the complete circularized genome of this type
strain, as well as, an extensive in silico analysis identifying genes of
agrobiotechnological interest. Thus, high-quality genomic DNA (1000
ng uL ™!, A260/230 and A260/280 were ~ 1.9) was extracted from a
fresh culture of this strain grown in nutrient broth (NB) [24 h at 32 °C,
using an orbital shaker at 121 rpm, obtaining 1 x 10° CFU mL™'], using
a phenol-chloroform method following the protocol described by
Valenzuela-Aragon et al. (2018). Then, the bacterial DNA was
sequenced by the Illumina MiSeq platform, generating 1739,230
paired-end reads (2 x 300 bp), and the MinION sequencing technology
by Oxford Nanopore Technology (ONT), obtaining 14,736 reads. The de
novo assembly was performed using Unicycler version 0.4.8 (Wick et al.,
2017), using short reads as a base and long reads for bridging, therefore
making an assembly graph with SPAdes version 3.13.1 (Bankevich et al.,
2012), under default parameters, using normal mode. Unicycler polishes
its final assembly with Illumina reads and Pilon to reduce the rate of
small base-level errors, having a total of five polishing rounds. Thus, this
assembly resulted in a closed circular chromosome of 4125,766 bp and
44.2% G + C content. Also, PlasmidFinder 2.0 (Carattoli et al., 2014)
was used to identify plasmids; however, no plasmids were found. The
assembly quality was analyzed in the KBase online platform (Arkin et al.,
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2018), through Quast v.4.4 (Mikheenko et al., 2016) and CheckM
v.1.0.18 (Parks et al., 2015). As a result, no contamination was found.

The Bacillus cabrialesii TE3T genome annotation was carried out by
the Rapid Annotation Using Subsystem Technology (RAST) server
version 2.0 (Overbeek et al., 2014), using the RASTtk pipeline based on
The PathoSystems Resource Integration Center (PATRIC) under default
parameters (Davis et al., 2020). RASTtk predicted 116 RNAs, a total of
4282 DNA coding sequences (CDS) distributed in 335 subsystems
(supplementary Table 1). The subsystems with the highest presence of
CDS were i) amino acids and their derivatives (310 CDS); ii) carbohy-
drates (273 CDS); iii) protein metabolism (218 CDS); iv) cofactors, vi-
tamins and prosthetic groups (146 CDS); and v) nucleosides and
nucleotides (99 CDS) (Fig. 1). In addition, the genome of this strain
presented CDS related to the promotion of plant growth, such as i)
virulence, disease, and defense (36 CDS), i.e. resistance to antibiotics
and toxic compounds (17 CDS), invasion and intracellular resistance (12
CDS), and ribosomally synthesized bacteriocins and antibacterial pep-
tides (7 CDS); ii) iron acquisition and metabolism (30 CDS), including
siderophores, related to the production of bacillibactin (10 CDS) and
anthrachelin (5 CDS); and iii) secondary metabolism (6 CDS), including
auxin biosynthesis (4 CDS). Furthermore, subsystems related to bacterial
resiliency ideal for prospecting in agricultural bioproducts were iden-
tified including; stress response (43 CDS), composed of osmotic stress
(15 CDS), oxidative stress (13 CDS), and detoxification (4 CDS), among
others.

In addition, a second annotation platform Proksee (https://proksee.
ca/) (Grant and Stothard, 2008) was used, using the Rapid Prokaryotic
Genome Annotation (Prokka) version 1.0.0 (Seeman, 2014) (supple-
mentary figure 2). This platform generated a circular chromosome map
of Bacillus cabrialesii TE3T (Fig. 1), including the identified biosynthetic
clusters obtained via antiSMASH 6.0 (Blin et al., 2021). Furthermore,
complementing the results obtained by RASTtk, the Prokka annotation
predicted a total of 4164 CDS. In contrast to the 116 RNAs predicted by
RASTtk, Prokka predicted a total of 119 RNAs composed of 87 tRNAs, 31
rRNA, and 1 tmRNA (Fig. 2).

Additionally, the complete genome of Bacillus cabrialesii TE3T was
analyzed using antiSMASH version 7.0 under default parameters (Blin
et al., 2021), to identify biosynthetic gene clusters (BGCs) related to
biocontrol activity (supplementary Table 2). This resulted in the iden-
tification of seven putative BGCs: i) Fengycin (100%), a cyclic lip-
opeptide, with broad antibacterial activity and antagonistic activity
against filamentous fungi, low hemolysis, and safe degradation, with a
vast potential in agriculture (Villa-Rodriguez et al., 2021; Lu et al.,
2022); ii) Bacilysin (100%), a dipeptide antibiotic compound and a
signaling molecule either directly or indirectly affecting various cellular
functions, as including spore quality and has a wide range of antago-
nistic activity against fungi and bacteria (Islam et al., 2022); iii) Sub-
tilosin A (100%), a ribosomally produced bacteriocin with antimicrobial
bioactivity (Venkatasamy et al., 2021); iv) Bacillibactin (100%), an
archetypal triscatetolate siderophore known for its high affinity for iron
(Fe3") compared to other siderophores, playing a key role in iron che-
lation and overall plant immunity towards various pathogens (Lalitha
and Nithyapriya, 2021); v) Bacillaene (100%), a polypeptide with
antimicrobial and inhibition effects on biofilm formation (Erega et al.,
2021); vi) Surfactin (86%), a cyclic lipopeptide and one of the most
effective biosurfactants due to a large number of biological activities,
like antifungal, antitumor, and insecticidal (Rodrigues et al., 2021); and
vii) Rizocticin A (93%), an antibiotic that penetrates the fungal cell
through the oligopeptide transport system, inhibiting protein synthesis
(Sidorova et al., 2018) (Fig. 2 and Fig. 3).

Finally, PGAP version 6.1 was also used under the automatic NCBI
annotation method (Tatusova et al., 2016) obtaining a total of 4212
genes (supplementary Table 1). As well as, 121 RNAs being the server
with the most identified RNAs out of the three servers used to annotate.
Also, PGAP annotation elucidated genes related to fengycin biosynthesis
including the genes reported by Lu et al. (2022), i.e. accA and gapA;
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= Cofactors, Vitamins, Prosthetic Groups, Pigments (146)
u Cell Wall and Capsule (85)
= Virulence, Disease and Defense (36)
Potassium metabolism (3)
= Photosynthesis (0)
= Miscellaneous (24)
= Phages, Prophages, Transposable elements, Plasmids (7)
= Membrane Transport (45)
= Iron acquisition and metabolism (30)
RNA Metabolism (58)
= Nucleosides and Nucleotides (99)
= Protein Metabolism (218)
= Cell Division and Cell Cycle (4)
Motility and Chemotaxis (55)
u Regulation and Cell signaling (29)
Secondary Metabolism (6)
1 DNA Metabolism (63)
= Fatty Acids, Lipids, and Isoprenoids (50)
u Nitrogen Metabolism (20)
= Dormancy and Sporulation (96)
u Respiration (40)
= Stress Response (43)
Metabolism of Aromatic Compounds (12)
= Amino Acids and Derivatives (310)
Sulfur Metabolism (9)
= Phosphorus Metabolism (14)
= Carbohydrates (273)

Fig. 1. Distribution of subsystem categories found in the complete genome of Bacillus cabrialesii TE3", obtained through the genome annotation on RASTtk v 2.0

(http://rast.nmpdr.org).
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Fig. 2. Circular chromosome map of the complete genome of Bacillus cabrialesii TE3" generated through Proksee (https://proksee.ca), including whole genome
annotation from Prokka v 1.0.0 and biosynthetic gene clusters related to biocontrol from antiSMASH v 6.0.

bacilysin biosynthesis (BacE and LutR); subtilosin production (AIbA,
AlbB, AIbD, and sboA); bacillibactin production (bcbE and besA); and
genes related to surfactin production (srfAA, srfAB, srfAC, srfAD, srfP).

Thus, the presence of biological control and plant growth promotion-
related genes in the circularized genome of Bacillus cabrialesii TE3" along
with the evidence under in vitro assays prevails its potential as a
powerful active component for the generation of microbial inoculants
and biopesticides, for the use in sustainable agriculture.
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Fig. 3. antiSMASH v. 7.0 in silico biosynthetic gene cluster identification related to biological control.
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