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Abstract
Panax notoginseng (Burkill) F.H. Chen, a valuable traditional Chinese medicine, faces significant yield and
quality challenges stemming from root rot primarily caused by Fusarium solani. Burkholderia arboris PN-
1, isolated from the rhizosphere soil of P. notoginseng, demonstrated a remarkable ability to inhibit the
growth of F. solani. This study integrates phenotypic, phylogenetic, and genomic analyses to enhance our
understanding of the biocontrol mechanisms employed by B. arboris PN-1. Phenotype analysis reveals
that B. arboris PN-1 effectively suppresses P. notoginseng root rot both in vitro and in vivo. The genome
of B. arboris PN-1 comprises three circular chromosomes (contig 1: 3,651,544 bp, contig 2: 1,355,460 bp,
and contig 3: 3,471,056 bp), with a 66.81% GC content, housing 7,550 protein-coding genes. Notably, no
plasmids were detected. Phylogenetic analysis places PN-1 in close relation to B. arboris AU14372, B.
arboris LMG24066, and B. arboris MEC_B345. Average nucleotide identity (ANI) values confirm the PN-1
classification as B. arboris. Comparative analysis with seven other B. arboris strains identified 4,628 core
genes in B. arboris PN-1. The pan-genome of B. arboris appears open but may approach closure. Whole
genome sequencing revealed 265 carbohydrate-active enzymes and identified 9 gene clusters encoding
secondary metabolites. This comprehensive investigation enhances our understanding of B. arboris
genomes, paving the way for their potential as effective biocontrol agents against fungal plant
pathogens in the future.

Introduction
Panax notoginseng (Burk.) F.H.Chen, known as “Sanqi”, holds significance in traditional Chinese
medicine. However, the threat of root rot disease poses a considerable risk to the sustainability of Sanqi
cultivation (Ma et al. 2019). Fusarium solani is the primary cause of root rot, substantially reducing Sanqi
yield and quality (Deng et al. 2022). Chemical fungicides, though traditionally used, pose challenges
including prolonged field application leading to environmental pollution and potential fungal resistance.
Considering the environmental impact of chemical solutions, there is a growing need for biological
control agents (Xie et al. 2023). This approach, marked by its environmental friendliness, safety, and lack
of resistance, is crucial for effective root disease management in Sanqi. Numerous published studies
highlight the efficacy of microorganisms such as Trichoderma (Li et al. 2022) and Bacillus (Wang et al.
2023) as biocontrol agents against Sanqi root rot.

Burkholderia genomes harbor a diverse array of natural products holding promising therapeutic and
biotechnological potential (Kunakom and Eustáquio 2019). In recent years, numerous Burkholderia
species have been found to secrete secondary metabolites, including antibacterial, anticancer, herbicidal,
and insecticidal compounds, with applications spanning bioremediation, biocontrol, and plant growth
promotion (Alam et al. 2022). Certain Burkholderia species, distinguished by unique biosynthetic gene
clusters, act as promising biocontrol agents, producing antimicrobial metabolites (Petrova et al. 2022).
Among these, Burkholderia arboris, commonly found in the Burkholderia cepacia complex and frequently
isolated from the rhizosphere, exhibits notable anti-fungal activity against various fungal plant
pathogens (Zhu et al. 2022). Extensive research underscores B. arboris as an effective biological control
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agent (Sandani et al. 2019; Singh et al. 2020; Zhang et al. 2022). In this study, we introduce B. arboris PN-
1, a potent biocontrol strain isolated from the rhizosphere of Sanqi. However, its potential in preventing
Sanqi root rot disease caused by F. solani remains unknown, and its specific biocontrol mechanisms are
yet to be elucidated. To unravel the molecular mechanisms of plant-microbe interactions, we present a
high-quality genome assembly and annotation of B. arboris PN-1.

The aim is to discern the antagonistic activity of B. arboris PN-1 against F. solani in vitro and in vivo,
along with an assessment of its biocontrol efficiency within a greenhouse setting. Additionally, PN-1
underwent a comparative analysis with seven other B. arboris strains, each with published complete
genome sequences. This comparative evaluation utilized phylogenetic tree, average nucleotide identity
(ANI), and nucleic acid co-linearity analysis. Subsequent to the genomic comparisons, leveraging the
complete genome sequence of B. arboris PN-1, specific functional analyses were conducted. These
encompassed an evaluation of Carbohydrate-Active Enzymes (CAZymes) and an exploration of
secondary metabolites. The analysis aimed at predicting PN-1’s capabilities, including biofilm formation,
production of antifungal CAZymes, and synthesis of antagonistic secondary metabolites against
pathogens. This research provides novel insights into the biocontrol mechanisms of B. arboris. Moreover,
it offers a valuable resource for new antibiotic discovery, contributing to innovative approaches to
disease control.

Materials and methods

Culture of Strain PN-1 and Assessment of Antifungal
Efficacy
B. arboris PN-1 (CGMCC NO.9733) was cultivated in solid CYMG (casitone yeast extract magnesium
chloride glycerol) medium at 28 ℃ for 2 days. To evaluate its antagonistic activity against the root rot
pathogens of F. solani, a dual-culture assay was conducted. Initially, F. solani pathogens were cultivated
on PDA plates at 28 ℃ for 7 days. Using a 6 mm diameter punch, a bacterial block was extracted along
the mycelium’s edge and transferred to the center of a fresh PDA plate. Subsequently, B. arboris PN-1 was
inoculated 2.5 cm from the central mycelium block in four directions: east, south, west, and north.
Following 7 days of cultivation at 28 ℃, the growth rate of F. solani was measured relative to the control
(without strain PN-1 on a plate) (Wang et al. 2023). The inhibition rate was calculated using the formula:
(control colony diameter − treatment colony diameter) / control colony diameter × 100%.

Biocontrol potential of strain PN-1
To assess the plant growth promotion and biocontrol effects of B. arboris PN-1, this study conducted
greenhouse experiments. Two-year-old Sanqi seedlings were utilized for pot experiments, with the
greenhouse setup comprising four treatments, each with five replicates: sterile distilled water (CK), F.
solani inoculation (Fs), B. arboris (PN-1), pre-inoculation with B. arboris (PN-1) three days before
subsequent F. solani inoculation (PN-1 + Fs). All inoculations employed the root irrigation method, with a
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B. arboris suspension concentration of 1×1010 CFU·ml− 1 and a spore suspension of F. solani at 1×107

CFU·ml− 1, using 150 mL for each treatment. Treatment involved a plastic bowl (15 centimeters in
diameter and 12.5 centimeters in depth) containing five Sanqi plants, considered one experimental unit.
At 45 days post inoculation (dpi) with PN-1 and Fs, plant height, fresh weight, disease severity, and
disease index were recorded. Disease severity was assessed using a 0–4 disease scale: 0 = Healthy
growing plant; 1 = Disease spots are visible at the ends of leaves; 2 = Less than 50% of the leaves on the
plant are yellow; 3 = Over 50% of the leaves on the plant are yellow; 4: Plant has died. Disease index (Di)
was calculated using the formula (Yang et al. 2023): Di= ∑ [(Dn × Dg) / (Tn × Mg)] ×100. where Dn is the
number of plants in the batch sharing the same disease grade, Dg is the corresponding disease grade, Tn
is the total plant number, and Mg is the highest disease grade for a plant in the batch. Relative control
effect (REC) was calculated as the formula (Dong et al. 2023): RCE (%) = (Di of water treatment – Di of
PN-1 + Fs treatment) / Di of water treatment ×100.

Genome Sequencing, Assembly, and Annotation
The genomic DNA of B. arboris PN-1 was extracted using the TIANamp Bacteria DNA kit (TIANGEN
Biotechnology, China) according to the manufacturer’s instructions. Subsequently whole-genome
sequencing was performed using the Pacific Biosciences platform (PacBio, Menlo Park, CA) and the
Illumina Miseq platform at BioMarker Technologies Co., Ltd (Beijing, China). Gene prediction was
performed utilizing Prodigal software v2.6.3 (Hyatt et al. 2010). Repetitive sequences within the genome
were identified using Repeat Masker v4.0.5 software (Tarailo-Graovac and Chen 2009). The prediction of
transfer RNA (tRNA) and ribosomal RNA (rRNA) sequences was performed using tRNA scan-SE v2.0
(Chan and Lowe 2019) and Infernal v1.1.3 (Nawrocki and Eddy 2013). CRISPRs in the genome were
predicted using the CRTv1.2 tool (Bland et al. 2007), while gene islands in the bacterial genomes were
identified using Island Path-DIMOB v0.2 (Bertelli et al. 2018). To predict coding DNA sequences (CDSs),
Prodigal v2.6.3 was used (Hyatt et al. 2010). A comprehensive blast search for CDSs was then conducted
against widely used databases, including NR, Swiss-Prot, COGs, GO, and KEGGs (Wei et al. 2023).

Phylogenetic analysis and genome comparisons
Phylogenetic analysis was conducted to elucidate the evolutionary relationships between B. arboris PN-1
and seven other B. arboris strains. This was achieved by analyzing homologous genes, wherein single-
copy homologous genes from each strain underwent multiple sequence alignment and quality control
comparisons. Subsequently, the phylogenetic tree was constructed using RAxML software, employing the
maximum likelihood method based on both single gene and multiple genes (Luo et al. 2018). To further
determine the taxonomic status of PN-1, average nucleotide identity (ANI) values were calculated
between PN-1 and the seven other B. arboris strains in the database, utilizing the EzBioCloud server
(http://www.ezbiocloud.net/tools/ani) (Tang et al. 2021). Strains with ANI values ≥ 95% served as the
classification threshold to distinguish species (Zeng et al. 2021a). The ANI values were then utilized to
construct a heatmap using TBtools v2.012 software (Dong et al. 2023). Based on the results from
phylogenetic and ANI analyses, three representative strains with released complete genomes B. arboris
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AU14372, B. arboris LMG24066, and B. arboris MEC_B345 were selected for comparative genomic
analysis. The genome collinearity among these strains was assessed using Mauve software version 2.3.1
(Xu et al. 2022).

Core pan-genome analysis
A comprehensive comparison of protein sequences was undertaken for B. arboris PN-1 and seven
additional strains, employing the Bacterial Pan Genome Analysis (BPGA) software (Chaudhari et al. 2016;
Guo et al. 2022). Orthologous clusters of protein sequences were defined using USEARCH, with a default
50% sequence identity cut-off (Svetlicic et al. 2022). To visually represent the relationships among the
proteins in the 8 strains of B. arboris, a flower plot was generated using R 4.3.2 (Dong et al. 2023).

Analysis of CAZymes and secondary metabolic genes of B. arboris PN-1

Advanced annotation of Carbohydrate-Active enZYmes (CAZy) was conducted using the CAZy database
(http://www.cazy.org/) (Li et al. 2021). For the predic-tion of secondary metabolite clustering, the
antiSMASH website (https://antismash.secondaryme-tabolites.org/) was employed (Xu et al. 2020).

Statistical Analysis
Statistical analysis was performed using SPSS Statistics v26.0 (IBM Corp.). Group comparisons were
made using one-way analysis of variance (ANOVA). Mean values were compared using Duncan’s multiple
range test, with a significance level set at P ≤ 0.05.

Results

Biocontrol activity in vitro and in vivo
As illustrated in Fig. 1, B. arboris PN-1 demonstrated a remarkable inhibition of mycelial growth in culture
media. The control pathogen colony exhibited a diameter of 8.06 cm, while pathogen colony inoculated
with the PN-1 plate had a diameter of 2.39 cm, resulting in an inhibition rate of 70.32% (Fig. 1). These
findings strongly suggest that PN-1 holds the potential to suppress root rot in Sanqi.

To validate this hypothesis, greenhouse experiments were conducted, revealing that PN-1 significantly
controlled root rot in Sanqi. After inoculating Fs, PN-1 + Fs treatment exhibited a significant enhancement
in plant biomass. Plant height, fresh weight, and dry weight improved by 41.42%, 52.99%, and 52.43%,
respectively, compared to the Fs treatment alone. Moreover, the plant height, fresh weight, and dry weight
of the PN-1 treatment surpass the other three conditions. Visible differences were observed in Sanqi
plants treated with Fs, exhibiting weaker growth, yellowing leaves, and significantly fewer and shorter
fibrous roots compared to the control, PN-1, and PN-1 + Fs treatments (Fig. 2A, B). The disease index
highlighted a substantial reduction in Di for the PN-1 + Fs treatment, decreasing by 58.90% compared to
Fs (86.25%), with a corresponding RCE of 68.29% (Table 1).
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Table 1
Evaluation of B. arboris PN-1 greenhouse biocontrol efficacy against F. solani

Treatment Plant
Height (cm)

Root Fresh
Weight (g)

Root dry
weight (g)

Disease
Index (Di %)

Relative control
Effect (RCE %)

CK 23.99 ± 
0.11b

7.27 ± 0.28c 1.47 ± 0.03b - -

PN-1 27.86 ± 
0.20a

9.81 ± 0.21a 1.89 ± 0.04a - -

Fs 17.77 ± 
0.28c

5.36 ± 0.35d 1.03 ± 0.07c 86.25 ± 2.88a -

PN-1 + Fs 25.13 ± 
0.28b

8.20 ± 0.15b 1.57 ± 0.03b 27.35 ± 1.99b 68.29

Overview of the Genome of B. arboris PN-1

The complete genome sequence of B. arboris PN-1 was determined with the aim of exploring its
biocontrol mechanisms and applications in sustainable agriculture. The PN-1 genome is comprised of
three circular chromosomes, measuring 3,651,544 bp, 1,355,460 bp, and 3,471,056 bp, with an average
GC content of 66.81% (Fig. 3). No plasmids were identified. Notably, the PN-1 genome was predicted to
contain 7,550 protein-coding genes, along with 18 rRNAs, and 70 tRNAs. Furthermore, four CRISPRs and
genomic islands were identified within the genome. Annotation of genes against various databases
revealed the following counts: NR (7,479), Swiss-Prot (4,348), COG (6,290), GO (5,709), and KEGG (2,833).

Utilizing the COG database, 6,290 genes from B. arboris PN-1 were categorized into 23 COG functional
groups (Fig. 4A). The group with unknown function represented the largest category (1,124 genes,
comprising 17.87% of all CDSs), followed by transcription. Conversely, only a limited number of genes
were assigned to the RNA processing and modification category. In terms of GO annotation, a total of
5,709 genes were classified into 40 functional groups, with a predominant representation in biological
process-related groups (Fig. 4B). Within the biological process category, the highest number of genes was
associated with metabolic processes, constituting 57.78% of the total. According to KEGG annotation,
2,833 genes (37.52% of all CDS) were assigned to 49 KEGG pathways, with the majority allocated to
metabolism pathways. Among these pathways, biosynthesis of amino acids (155 genes, 2.05% of all
CDS) emerged as the most represented, followed by carbon metabolism and metabolism of purine
pathways (Fig. 4C).

Whole-Genome Phylogenetic Analysis of B. arboris

To elucidate the genetic relationship of B. arboris PN-1 with other strains, a phylogenetic tree was
constructed based on single copy homologous genes, utilizing seven publicly available complete genome
sequences. The genetic distance revealed that PN-1 was most closely related to B. arboris AU14372, B.
arboris LMG24066, and B. arboris MEC_B345 (Fig. 5A). The accurate systematic position of PN-1 as B.
arboris was confirmed through phylogenetic analysis. To further validate these findings, ANI values were
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calculated for different strains. PN-1 exhibited the highest ANI value with B. arboris AU14372 at 99.51%,
followed by B. arboris LMG24066 and B. arboris MEC_B345 with values of 99.50% and 99.45%,
respectively. ANI values between PN-1 and the other four B. arboris strains ranged from 92.30 to 96.23%
(Fig. 5B). Based on these analyses, strain PN-1 was conclusively identified as B. arboris.

To assess the evolutionary distance among B. arboris strains, a comparison of their whole genome
sequences was conducted using Mauve (Fig. 6). Progressive Mauve Align revealed a highly conserved
synteny between B. arboris PN-1 and strains B. arboris AU14372, B. arboris LMG24066, and B. arboris
MEC_B345. Notably, 33, 74, and 5 LCBs with minimum weights of 183, 191, and 581,630 were identified
between B. arboris PN-1 and these three strains, respectively. Comparing the genome of B. arboris PN-1
with that of B. Arboris AU14372, partial heterotopy and inversion were observed. However, B. arboris
LMG24066 exhibited large-scale sequence rearrangements or inversions compared to the B. arboris PN-1
genome. These findings align with the results from genome distance calculations and phylogenetic tree
analysis, collectively supporting the genetic relationships among these B. arboris strains.

The Pan-Genome Features of B. arboris

To elucidate the core and variable gene pool among B. Arboris PN-1 and seven other sequenced B. arboris
strains, a pan-genome analysis was carried out using the Bacterial Pan Genome Analysis (BPGA)
software. The combined pan-genome size was determined to be 9,256 genes. The analysis revealed
distinct categories, including the core genome, which comprises 4,628 genes (50%) shared across all
strains, the accessory genome consisting of 2,144 genes present in some, but not all strains, and the
unique genome encompassing 284 genes specific to B. Arboris PN-1 (Fig. 7A). Additionally, the count of
unique genes in each strain was as follows: 284 (B. arboris PN-1), 206 (B. arboris AU1125 206), 169 (B.
arboris AU14372), 501 (B. arboris AU37640), 1190 (B. arboris AU38796), 193 (B. arboris BCC0049), 156
(B. arboris LMG24066), and 272 (B. arboris MEC_B345 272). These findings indicate a high degree of
homology among the eight strains, while also revealing evolutionary differences manifested in unique
genes.

The core-genome and pan-genome sizes among B. arboris PN-1 and seven other B. arboris strains were
calculated by extrapolation of the selected genome data. The pan-genome curves of B. arboris were
effectively modeled by Heaps law mathematical functions: y = 6857.16 x0.21, where y represents the pan-
genome size and x refers to the number of sequenced genomes. The dilution curve of core-pan proteins
showed that the pan-genome of B. arboris is still open but may close in the near future. According to
these equations, the pan-genome size of B. arboris appears to reach infinity when the number of
genomes increases to infinity (Fig. 7B). The concept of an infinite pan-genome for B. arboris implies that
the bacteria will likely continue acquiring new genes as they evolve independently over evolutionary time.

Genome CAZymes analysis of B. arboris PN-1

CAZyme prediction for B. arboris PN-1 revealed a repertoire of 265 CAZyme genes, distributed across
various classes: 61 Glycoside Hydrolases (GHs), 86 Glycosyl Transferases (GTs), 58 Carbohydrate
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Esterases (CEs), 35 Auxiliary Activities (AAs), 5 Polysaccharide Lyases (PLs), and 20 Carbohydrate-
Binding Modules (CBMs). These enzymes play crucial roles, such as catalyzing glycosidic bond cleavage,
facilitating glycosyl group transfer, and aiding in carbohydrate substrate binding. (Fig. 8). A
comprehensive classification assigned the 265 genes to 72 CAZyme families. Notably, the CE1 family
emerged as the most abundant, comprising 29 members. The CBM50 family, with 10 members,
contributes to the antifungal activity by binding to the chitinous component of the fungal cell wall. Within
the GH family, specific enzymes such as β-glucosidases (GH3), cellulases (GH5), Glucosidases (GH4 and
GH13_29), chitinases (GH23 and GH18), and glucanases (GH5_2 and GH16) exhibited potential
antifungal activities. These findings underscore the significant role of CAZymes in B. arboris PN-1 in
exerting antifungal activity.

Analysis of genes encoding antifungal-related compounds
Utilizing the antiSMASH database, we identified 9 clusters related to secondary metabolite synthesis in
PN-1. Notably, the ornibactin, pyochelin, and pyrrolnitrin clusters exhibited a 100% similarity to reported
secondary metabolite synthesis gene clusters (Table 2). The B. Arboris PN-1 genome encompassed
diverse gene clusters: four clusters encoding NRPS, one cluster for T1PKS, one cluster for terpene
biosynthesis, one cluster for arylpolyene biosynthesis, one cluster for phosphonate biosynthesis, and one
cluster encoding other secondary metabolites. This genomic repertoire positions B. arboris PN-1 as a
potential source for antibacterial agent biosynthesis, regulation, transport, and plant growth promotion.
The abundance of genes with antibacterial and growth-promoting potential further enhances the
biocontrol capabilities of this strain.
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Table 2
Genes and gene cluster encoding for secondary metabolites in B. arboris PN-1

Type Most similar

known cluster

Gene cluster ID
similarity (%)

Gene location

Start-end

Size
(bp)

T1PKS lipopolysaccharide BGC0000774 (5) 782,306–
829,651

47,346

NRP-metallophore;
NRPS

ornibactin C8 BGC0002569 (100%) 1,788,287-
1,853,284

64,998

arylpolyene APE Vf BGC0000837 (10%) 3,171,213-
3,212,424

41,212

phosphonate dehydrofosmidomycin BGC0002036 (15%) 1,706,517-
1,739,238

32,722

terpene N-acyloxyacyl
glutamine

BGC0001684 (50%) 1,889,328-
1,910,392

21,065

NRP-metallophore;
NPRS

pyochelin BGC0002678 (100%) 3,041,314-
3,095,166

53,853

NRPS; betalactone

T1PKS,

occidiofungin A BGC0001711 (88%) 132,581 − 
267,689

135,109

NRPS, T1PKS Pf-5 pyoverdine BGC0000413 (1%) 354,030–
411,296

57,267

other pyrrolnitrin BGC0000924 (100%) 683,059–
724,144

41,086

Discussion
Previous studies have identified root rot as a key factor limiting the quality and yield of Sanqi, prompting
focused research on the safe and effective prevention and control of Sanqi root rot. Within the B. cepacia
complex, B. arboris has garnered attention for its ability to synthesize novel antifungal compounds, such
as Hafk, exhibiting potent antifungal activity against diverse plant fungal pathogens (Zhu et al. 2022).
This study was designed to expand our understanding of the molecular biocontrol mechanisms
employed by B. arboris PN-1. Through a series of in vivo and in vitro biocontrol experiments, coupled with
growth promotion assays, we validated its remarkable growth-promoting and biocontrol effects. To
unravel the genetic blueprint underlying these traits, the complete genome of B. arboris PN-1 was
sequenced. The genome, comprised of three circular chromosomes (3,651,544 bp, 1,355,460 bp, and
3,471,056 bp), boasts an average GC content of 66.81%. Comparative genomic analyses were then
conducted, juxtaposing the PN-1 genome with seven other B. arboris strains.

The surge in the number of sequenced microbial genomes offers a unique opportunity to reevaluate
approaches for deciphering bacterial phylogeny (Zeng et al. 2021b). While sequencing the16S rRNA gene



Page 11/23

has been a powerful tool for studying microbial communities and their responses to changing
environmental conditions, its limitations in resolving relationships between closely related groups are
evident (Wemheuer et al. 2020). In this study, a robust phylogenetic analysis was conducted using 4,165
single-copy core genes, categorizing them into three distinct clusters (Fig. 5A). To delve deeper into the
gene relatedness of PN-1, an analysis based on ANI was performed (Fig. 5B). Notably, with the exception
of B. arboris AU3876, which falls below 96%, all other strains exhibited ANI values greater than 96%. ANI
values exceeding the taxonomic threshold of 95% are indicative of the same species (Mališová et al.
2021). Therefore, the designation of strain PN-1 as B. arboris aligns with both the ANI results and the
phylogenetic tree. Whole-genome pairwise comparisons play an important role in diversity analysis
across different species lineages, particularly in the evolutionary analysis of species and subspecies (Xu
et al. 2022). High genomic similarity was observed among B. arboris PN-1, B. arboris AU14372, B. arboris
LMG24066, and B. arboris MEC_ B345, consistent with their taxonomic classification. This alignment
suggests that B. arboris PN-1 may harbor comparable biocontrol potential to other strains within the
species.

Chitin, a predominant component of the cell wall in many pathogenic fungi, is the target for enzymatic
degradation in biological control processes. Chitinase, a catalytic enzyme, hydrolyzes chitin to produce N-
acetylglucosamine, disrupting the structural integrity of fungal cell walls and inhibiting spore germination
and hyphal growth (Xie et al. 2023). In addition to chitinase, enzymes such as pectinase, cellulase, and
protease also play roles in the biological control process, synergizing with chitinase to augment
antibacterial effects. The CAZymes analysis conducted on B. arboris PN-1 revealed the presence of
enzymes involved in cell wall degradation, including chitinase and β-1,3-glucanase. Previous research has
found that these enzymes can modify the structure and function of fungal cell walls, ultimately inhibiting
the growth of plant pathogenic fungal hyphae, spore germination, and plant infection. Consequently, it is
speculated that the degradation of the cell wall in pathogenic fungi by B. arboris PN-1 constitutes one of
its antibacterial mechanisms.

The genomic sequencing of B. arboris PN-1 has revealed the presence of gene clusters responsible for
synthesizing various secondary metabolites, including ornibactin (Deng et al. 2017), pychelelin (Ong et al.
2017), and pyrrolnitrin (Ankenbauer et al. 1988). Ornibactin and pychelelin, identified as key siderophores
(Wang et al. 2021), function as bacteriostatic agents, inhibiting the growth of pathogenic microorganisms
by depleting iron in the soil (Deng et al. 2017). Additionally, the antibiotic pyrrolnitrin, derived from
tryptophan, exhibits broad-spectrum antimicrobial activity, making it a valuable biocontrol agent against
plant diseases (Liu et al. 2018). Previous studies have recognized pyrrolnitrin-producing bacteria as
promising biopesticides (Keum et al. 2010), and it has been identified as a major factor in the biocontrol
of Rhizoctonia stem rot of poinsettia by B. cepacian (Hwang et al. 2002). The genomic analysis of B.
ambifaria T16 has also revealed several operons involved in the biosynthesis of antimicrobial
compounds, such as pyrrolnitrin, ornibactin, occidiofungin, and the membrane-associated AFC-BC11
(Alvarez et al. 2022). In summary, the antibacterial effects of B. arboris PN-1 are primarily attributed to the
encoding and synthesis of antimicrobial compounds.
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In conclusion, the genomic analysis of B. Arboris PN-1 revealed the presence of 265 CAZymes and 9 gene
clusters responsible for the biosynthesis of secondary metabolites, encoding various anti-microbial
substances with the potential to inhibit root rot disease in Sanqi. This genome serves as a valuable
resource for B. arboris biocontrol strains, laying the foundation for future exploration and discovery of
novel anti-fungal substances.
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Figure 1

The inhibition of F. solani mycelial growth by PN-1. “***” indicates a significant difference at P < 0.001.



Page 17/23

Figure 2

Greenhouse control efficacy of B. arboris PN-1 on Sanqi root rot.
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Figure 3

Genome map of B. arboris PN-1 showing 3 contigs (A: Contig 1, B: Contig 2, C: Contig 3). The circular
map is organized into six concentric circles. From the outermost to the innermost: Circle1: represents the
scale of the genome size; Circles 2 and 3: illustrate genes on the plus and minus strands of the genome,
respectively; Circle 4: depicts repeat sequences; Circle 5: represents ribosomal RNA sequences (tRNA and
rRNA); Circle 6 represents the GC content across the genome; Innermost Circle: Represents the GC skew.
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Figure 4

Gene annotation by COG, GO, and KEGG databases for B. Arboris PN-1. (A) COG function classification of
genes in PN-1; (B) GO function classification of genes in PN-1; (C) KEGG pathway classification of genes
in PN-1.
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Figure 5

Phylogenetic analysis of B. arborisPN-1. (A) Phylogenetic tree for B. arboris PN-1 and the seven other B.
arboris strains based on homologous genes. (B) Heat-map of ANI values among various strains of B.
arboris.
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Figure 6

Mauve synteny alignment analysis of B. arboris Genomes. Mauve synteny alignment analysis illustrates
the genomic sequences of B. arboris PN-1 and three other strains of B. arboris. Boxes of distinct colors
represent the locally collinear blocks (LCBs). Connected lines of the same color indicate the position of
LCBs on the corresponding genomes. LCBs above the reference line indicate sequence direction
consistency with the reference genome. LCBs below the reference line indicate sequence direction
opposition to the reference sequence. White areas signify genome-specific sequence elements, potentially
containing unique genomic content or regions not adequately aligned between the compared genomes.
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Figure 7

Pan-genomes of B. arboris strains. (A) Flower plot displaying the numbers of specific, unique, and core
genes among the genomes of PN-1 and seven other strains of B. arboris. The inner circle illustrates the
core genomes shared between all strains. The outer circles indicate specific genes for each strain. (B)
Curves for B. arboris pan-genomes and core-genomes. Red boxes represent the pan-genome size of B.
arboris for each genome comparison. Green boxes represent the core genome size of B. arboris for each
genome comparison. Median values are linked to display the relationship between the number of
genomes and gene families.
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Figure 8

Gene count distributions of CAZy families in B. arboris PN-1 genome


