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Abstract 

The whole-genomes shotgun sequences of 6 bacterial biocontrol agents isolated from 

Medicago truncatula and Solanum lycopersicum collected in the North of Tunisia are 

presented in this study. The genome sequences supplement the existing genomics resources 

and give us an insight into the biodiversity of bacteria associated with plants and prospect key 

genes required for their endophytic behaviour, interactions with their hosts and biocontrol 

activity traits against plant pathogens.   

Introduction 

Endophytic bacteria are mutualistic microorganisms that spend most of their life cycle 

within the plant tissues without causing any visible damage to their host, and they have been 

found to colonize the majority of plant species (Hallmann et al. 1997; Truyens et al. 2015). 

Thus, an endophyte-free plant is a rare exception in nature (Partida-Martínez and Heil, 2011). 

Endophytic bacteria affect plant growth directly or indirectly. Direct promotion of plant 

growth occurs by facilitating the acquisition of environmental resources including nitrogen, 

phosphorus and iron as well as modulating plant growth by providing or regulating various 

hormones plants, especially auxin, cytokinins or ethylene (Glick, 2015; Conrath et al., 2015). 

Endophytic bacteria indirectly promote plant growth by adapting their host to various 

environmental stresses, and they are also known to strengthen plant immune systems by 

inducing resistance against various plant pathogens (Santoyo et al., 2016; Vaishnav et al. 

2018).  
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The plant species has a strong influence on the type of endophytic community it 

harbour (Ding and Melcher, 2016). Indeed, it has been found thatendophytic diversity varies 

greatly among plant species growing in the same soil (Afzal et al., 2019). In general, 

Proteobacteria is the most common phylum isolated from plants, consisting of the classes α-

,β-, and γ-Proteobacteria, with γ -Proteobacteria being the most diverse and dominant (Miliute 

et al., 2015 ; Santoyo et al., 2016). The prevalence of these phyla however may vary 

depending on the host plant type (Bodenhausen et al., 2013). Bacillus, Burkholderia, 

Microbacterium, Pantoea, Pseudomonas and Stenotrophomonas are among the more common 

isolated genera, with Bacillus and Pseudomonas are the predominant ones (Chaturvedi et al., 

2016).  

Cultivation-independent approaches based on marker gene profiling or shotgun 

metagenome sequencing have greatly enhanced our understanding of plant microbial 

interactions (Bulgarelli et al., 2012; Ofek-Lalzar et al., 2014). Complete genome and plasmid 

sequences of endophytic bacteria in different plants were previously reported (Han et al., 

2011; Leontidou et al., 2020; Samaras et al., 2021; Leal et al., 2021). The most important 

high-throughput approach is whole genome sequencing of the endophytic bacteria and the 

host plant, which reveals all genes in an endophytic bacterium and their predicted function, 

allowing one to predict potential mutual benefits between the plant and the endophytic 

bacterium. Endophytic bacteria's genomes encode for all necessary genes required for their 

endophytic nature and survival inside hosts (Sheibani-Tezerji et al. 2015). Therefore, studying 

these genomes using computational tools allows a rapid understanding of their genes to 

explore their multi-bioactive mechanisms inside their host.  

Six endophytic bacteria isolates from two model plants Medicago truncatula and 

Solanum lycopersicum in Tunisia were used in this study. In a previous work, the TR1 and 

DHFL4 strains were selected because they showed antifungal activities and protected S. 

lycopersicum against Botrytis cinerea via producing volatile organic compounds (Chaouachi 

et al., 2021). In another work, a consortium composed by four bacterial strainsi.e. BF25-1, 

BF25-2, BF25-3, BF25-4 was selected because it induced resistance mechanisms in M. 

truncatula against Phoma medicaginis and Verticillium alfalfae (Chaouachi, 2021). The 

identification of these isolates was previously done using the 16S RNA gene (Chaouachi et 

al., 2021). However, in this complementary study we describe the Whole Genome Sequencing 

(WGS) of these bacterial strains which has several advantages over the 16S rRNA 



identification method, including improved detection of bacterial species, increased detection 

of diversity, and improved functional gene prediction (Ranjan and al., 2016).  

Material and Methods 

Bacterial isolates 

TR1 and DHFL4 strains were isolated from roots and flowers of S.lycopersicum 

cultivated in CapBon region (Chaouachi et al., 2021) and BF25 consortium strains were 

isolated from leaves of M.truncatula in Bulla-Regia region (Chaouachi, 2021) in Tunisia. 

Bacterial strains were isolated according to the procedure described by Chaouachi et al. 

(2021). 

Sequencing of bacterial genomic DNA  

Bacterial culturing, DNA extraction, genome sequencing and assembly were 

conducted by microbesNG according to their protocols https://microbesng.com/. Genomic 

DNA sequences from the bacterial isolates were acquired using a sequencing service provider 

named MicrobesNG (Birmingham, UK, https://microbesng.com). A protocol supplied by 

MicrobesNG was followed to ship the bacterial samples.  

The reads were trimmed using Trimmomatic version 0.39 (Bolger et al., 2014) with a 

sliding window quality cutoff of Q15 and the quality was assessed using in-house scripts 

combined 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. 

Sequence reads were assembled into contigs using Quast software version 5.0.2 (Gurevich et 

al., 2013). The genomes were annotated with Prokka 1.14.3 

(https://github.com/tseemann/prokka), protein coding features and tRNA were predicted using 

Prodigal version 2.6 (Hyatt et al., 2010) and rRNA was predicted by ARAGORN version 1.2 

(Laslett and Canback, 2004). 

Results 

We sequenced the genomes of six bacterial biocontrol agents isolated from S. 

lycopersicum and M. truncatula (Chaouachi et al., 2021; Chaouachi, 2021). The sequence 

reads assembled by Quast revealed a number of contigs ranging from 34 to 185 with the 

largest contigs of 2082069 bp. The contigs of the genome assemblies of our six strains TR1, 

DHFL4, BF25-1, BF25-2, BF25-3 and BF25-4 add up to 4,445,353 bp ; 4,088,028 bp ; 
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4,181,732 bp ; 4,167,797 bp ; 4,168,616 bp and 4,171,782 bp respectively. The GC contents 

of the genomes of these bacterial strains are 66.58 %, 43.83 %, 46.18 %, 46.20 %, 46.20 

% and 46.19 %, for TR1, DHFL4, BF25-1, BF25-2, BF25-3 and BF25-4 strains respectively. 

The total number of genes including the protein-coding genes, tRNA and tmRNA genes for 

each isolate is listed in Table 1. The results based on the ANI test and current taxonomic 

nomenclature revealed an identity over 98 % of the submitted genome sequence to Bacillus 

and Stenotrophomonas genera. The sequence of TR1 genome is 94.86 % identical to the type 

genome of Stenotrophomonas maltophilia. The sequence DHFL4 is 99 % identical the type 

genome of B. subtilis subsp. stercoris. The genomes sequences of BF25-1, BF25-2, BF25-3 

and BF25-4 are identical to Bacillus species type genomes with low identity to B. 

licheniformis species. 

Data availability 

This whole-genome shotgun has been deposited at DDBJ/ENA/GenBank under 

accession numbers JAJCTJ000000000, JAJCTK000000000, JAJCTL000000000, 

JAJCTM000000000, JAJCUA000000000 and JAJCTN000000000. The versions described in 

this paper are JAJCTJ010000000, JAJCTK010000000, JAJCTL010000000, 

JAJCTM010000000, JAJCUA010000000 and JAJCTN010000000. Raw sequence reads have 

been deposited in the NCBI Sequence Read Archive under BioProject number PRJNA761700 

and run numbers SRR15810706, SRR15928477, SRR15928504, SRR15928505, 

SRR15928554 and SRR15928555. 

Statement on continuing work  

The datasets are being shared prior to formal publication and should be considered 

preliminary. We encourage and welcome feedback from the community. Please get in touch 

with ND (dnaceur2014@gmail.com) for more information. 
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Table 1. Summary statistics for biocontrol agents’ genomes assembled from Illumina reads. 

Bacterial strain Host plant Biosample # 

contigs 

≥1000 

bp 

Largest 

contig 

Total 

length 

GC 

(%) 

Mean 

coverage 

N50 CDS tRNA tmRNA GenBank 

Accession 

(Assembly) 

GenBank 

Accession 

(Raw reads) 

Bacillus  

licheniformis 

BF25-1 

Medicago 

truncatula 

SAMN213

58417 

25 664416 418173

2 

46.1

8 

72.5583 3925

87 

4279 79 1 JAJCTJ000000

000 

SRR158107

06 

 

Bacillus  

licheniformis 

BF25-2 

Medicago 

truncatula 

SAMN214

67401 
27 664416 416779

7 

46.2

0 

 

42.6586 3925

89 

4242 79 1 JAJCTK00000

0000 

SRR159284

77 

 

Bacillus  

licheniformis 

BF25-3 

Medicago 

truncatula 

SAMN214

67574 

24 664416 416861

6 

 

46.2

0 

 

49.038 3925

89 

4249 79 1 JAJCTL00000

0000 

SRR159285

04 

 

Bacillus  

licheniformis 

BF25-4 

Medicago 

truncatula 

SAMN214

67662 
25 664416 417178

2 

46.1

9 

74.338 3925

89 

4253 79 1 JAJCTM00000

0000 

SRR159285

05 

 

Bacillus subtilis 

subsp stercoris 

DHFL4 

Solanum 

lycopersicum 

SAMN214

67678 
9 208206

9 

408802

8 

43.8

3 

128.097 2082

069 

4010 85 1 JAJCUA00000

0000 

SRR159285

54 

 

Stenotrophomonas 

maltophilia TR1 

Solanum 

lycopersicum 

SAMN214

67686 

53 372606 444535

3 

66.5

8 

61.2958 1584

97 

3998 71 1 JAJCTN00000

0000 

SRR159285

55 
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