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Abstract

This study unveils the complete genome sequences obtained through whole-genome shotgun
sequencing of four biocontrol agents originating from Solanum species samples gathered in
Northern Tunisia. These genome sequences serve to enrich the current array of genomics data
and provide valuable insights into the bacterial diversity intertwined with plants. Moreover,
they offer a perspective into essential genes pivotal for their endophytic behaviors,

interactions with host plants, and their effectiveness in biocontrol against plant pathogens.
Introduction

Endophytes are microorganisms that inhabit the internal tissues of plants without displaying
any apparent indications of infection. These bacterial communities play a potential role in
supporting plant well-being and growth by aiding in nutrient absorption and potentially
suppressing harmful plant pathogens (Vejan et al., 2016; Afzal et al., 2019; Chaouachi et al.,
2021, Marzouk et al., 2021). Numerous research studies have illustrated the concept of a
beneficial partnership between plants and microorganisms, where bacteria release enzymes or
substances outside their cells, enhancing mineral nourishment and consequently influencing
plant health and growth. In return, plants provide nourishment to these beneficial
microorganisms (Glick, 2015; Santoyo et al., 2016; Zhao et al., 2022). Endophytic Bacteria
residing offer cost-effective and environmentally friendly options. These bacteria have found
broad application in methods like biological control (Ayed et al., 2021; Chaouachi et al.,
2021; Marzouk et al.,, 2021; Chaouachi et al., 2022) and the development of plant
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biofertilizers (Vargas-Diaz et al., 2019; Bakhtiyarifar et al., 2021 ; Martinez-Hidalgo et al.,
2021). In spite of numerous comprehensive reviews that outline functional models of plant
growth-promoting bacteria, the precise mechanisms underlying the effectiveness of these
bacteria remain elusive, necessitating further in-depth exploration. In the realm of natural
product research, genome sequencing has acquired significant importance. The
comprehensive analysis provided by whole-genome sequencing (WGS) offers a valuable
approach for the identification of genes accountable for the synthesis of natural products
(Belaouni et al., 2022). These BGC sequences can serve as predictive tools for deducing
potential structures of the resultant natural product (Bauman et al., 2021), enabling the
evaluation of novel compounds and the differentiation of compounds within a strain
collection (Guo et al., 2020; Hwang et al., 2021).In addition, it allows for categorizing genes
linked to plant growth-promoting (PGP) activities, simultaneously shedding light on their
molecular and operational mechanisms (Guo et al., 2020). These encompassed nitrogen
fixation, the synthesis of plant hormones, management of both biotic and abiotic stresses, the
induction of resistance mechanisms, and effective root colonization (Guo et al., 2020).

Four endophytic bacterial strains AR11 isolated from Solanum tuberosum (unpublished data),
DHT2, H1F1 and H2FL2 isolated from S. lycopersicum L. (Chaouachi et al., 2021). The
choice of these endophytic bacteria was made based on their demonstrated antifungal

capabilities against Botrytis cinerea strains via volatile organic compounds emission.

Previously, the identification of these isolates was achieved through analysis of the 16S RNA
gene (unpublished data; Chaouachi et al., 2021). Nevertheless, in this current study, we
present the Whole Genome Sequencing (WGS) of these bacterial strains, which offers
benefits including enhanced recognition of bacterial species, heightened diversity detection,

and improved predictive capacity for functional genes.
Material and Methods
Bacterial isolates

AR11 strain was isolated from the roots of Solanum tuberosum’s variety Annabelle according
to Kalai-Grami et al. (2014) protocol. DHT2 , H1F1 and H2FL2 strains were isolated from
stem, leaves and flower of Solanum lycopersicum L. according to Chaouachi et al. (2021).
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Sequencing of bacterial genomic DNA

Bacterial genomic DNA sequencing procedures encompassed several steps. Bacterial
culturing, DNA extraction, genome sequencing, and assembly were managed by microbesNG,
adhering to their established protocols accessible at https://microbesng.com/. The acquisition
of genomic DNA sequences from the bacterial isolates was facilitated through a sequencing
service provider called MicrobesNG, situated in Birmingham, UK (https://microbesng.com).
To ensure the proper handling of bacterial samples, guidelines provided by MicrobesNG were
followed during the shipping process.

The sequencing reads underwent trimming using Trimmomatic version 0.39 (Bolger et al.,
2014), employing a sliding window quality cutoff of Q15. Quality evaluation was carried out
through a combination of in-house scripts, along with Samtools version 1.4
(git://github.com/samtools/samtools.git), BedTools version 2.18 (Quinlan and Hall, 2010),
and bwa-mem (Li and Durbin, 2009) software. Subsequently, the sequence reads were
assembled into contigs employing Quast software version 5.0.2 (Gurevich et al., 2013). The
annotation of genomes was accomplished using Prokka 1.14.3
(https://github.com/tseemann/prokka). Prediction of protein coding features and tRNA was
performed utilizing Prodigal version 2.6 (Hyatt et al., 2010), while rRNA prediction was
carried out using ARAGORN version 1.2 (Laslett and Canback, 2004).

Results

We conducted genome sequencing on four biocontrol agents that were obtained from S.
lycopersicum and S. tuberosum. The sequence reads were assembled using Quast, resulting in
varying numbers of contigs, ranging from 42 to 142, with the largest contig measuring
1,128,577 base pairs. The cumulative contig lengths of the genome assemblies for our four
strains—AR11, DHT2, H1F1 and H2FL2—are as follows: 4,168,360 bp; 5,928,369 bp;
4,285,063 bp and 4,056,308 bp respectively.

The genomic GC contents for these bacterial strains are as follows: 46,2 % for AR11, 35,28 %
for DHT2, 45,69 % for H1F1 and 46,39 % for H2FL2. The total gene count, encompassing
protein-coding genes, tRNA genes, and rRNA genes for each isolate, can be found in Table 1.
Based on the ANI test and adhering to the current taxonomic nomenclature, the results
indicate a sequence identity exceeding 99% between the submitted genome sequences and the
Bacillus genus. The genomes of strains AR11, DHT2, H1F1 and H2FL2 exhibit identity to



distinct Bacillus species type genomes, displaying relatively lower identity to B.

licheniformis, B. pseudomycoides and B. velezensis species.

Data availability

This whole-genome shotgun has been deposited at DDBJ/ENA/GenBank under accession
numbers  JAPHWBO000000000, = JAPHWHO000000000, = JAPHWC000000000 and
JAPHWG000000000. Raw sequence reads have been deposited in the NCBI Sequence Read
Archive under BioProject number PRIJNA761700 and run numbers SRS15725548,
SRS15725551, SRS15725549 and SRS15725550.
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Table 1: Summary statistics for Biocontrol agents genomes assembled from Illumina reads.

GenBan
# contigs GC | mean GenBank k

Bacterial Biosample | (>=1000bp |largest |total |(% |cover CD [tR |rR |accession accession
strains Host plants S ) contig |[length|) age |N50 |S |NA [NA [(Assembly) |(reads)
Bacillus
licheniformis

Solanum SAMN316 41776 |46, |119,8 | 3925 (4,5 JAPHWBO000 |SRS1572
AR11 tuberosum 77948 24 664416 |09 2 |14 89 |58 |79 (11 |000000 5548
Bacillus
pseudomycoides

Solanum SAMN316 59449 |35, | 71,99 427164 JAPHWHO000 |SRS1572
DHT2 lycopersicum L. | 77951 63 939586 |00 28 |81 08 |31 |107 |16 |000000 5551
Bacillus
velezensis

Solanum SAMN316 42918 |45, [66,11 |5175|4,5 JAPHWCO000 |SRS1572
H1F1 lycopersicum L. | 77949 23 643720 |51 69 |25 72 |32 |86 |14 |000000 5549
Bacillus
velezensis

Solanum SAMN316 40620 |46, | 55,46 |9718|4,1 JAPHWGO000 |SRS1572
H2FL2 lycopersicum L. | 77950 13 1128577 |32 39 |13 28 |35 |84 |12 000000 5550
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