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Abstract 

The use of non-pathogenic Fusarium strains as biofertilizers and biocontrol agents represents a 

promising and sustainable alternative to conventional agricultural practices. In this context, we 

present a draft genome of Fusarium sp. TZ1MST22, a non-pathogenic endophytic strain isolated 

from Medicago sativa plants collected in an oasis in southern Tunisia. Whole-genome sequencing 

of the strain yielded a 39.76 Mb assembly comprising 160 contigs longer than 500 bp. Based on 

comprehensive metrics from FASTQC and QUAST, the resulting genome assembly was 

determined to be of high quality. 

Introduction  

Fusarium is a large, cosmopolitan genus of filamentous Ascomycete fungi belonging to the order 

Hypocreales (Nectriaceae), ranked among the most species-rich and economically destructive 

fungal groups worldwide (Crous et al. 2021). It encompasses a vast array of ubiquitous and 

phylogenetically distinct species, a diversity that has long attracted attention due to its intricate 

and, at times, controversial taxonomy, as well as its profound impact on agriculture (Summerell 

et al. 2019). 

Taxonomically, Fusarium species are classified within the Ascomycota phylum and are 

characterized by distinctive morphological features such as canoe-shaped macroconidia, the 

production of chlamydospores, and the formation of both sexual and asexual reproductive 

structures. Historically, the genus was circumscribed by Link in 1809 based on multiseptate 

macroconidia, but later studies revealed that this character evolved convergently in different 

Ascomycete lineages and was even lost within the Fusarium solani species complex (Gräfenhan 
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et al., 2011; O’Donnell et al., 2013). For a long time, there has been confusion in Fusarium 

taxonomy due to Snyder and Hansen's (1940) nine-species system, misleading overlaps caused 

by convergent evolution and character loss, the phenomenon of cultural degeneration, and the 

strong opinions of taxonomists and plant pathologists who have worked on them. The genus has 

always been a taxonomically controversial group, whereupon the number of Fusarium species has 

varied from nine to more than a thousand depending on the taxonomists (Summerell and Leslie 

2011). Yet, the species were later redistributed into species complexes after the introduction of 

modern molecular tools (O’Donnell et al. 2000 a & b; Geiser et al. 2013; O’Donnell et al. 2013; 

Aoki et al. 2014). Advances in molecular phylogenetics subsequently redefined Fusarium as a 

monophyletic genus comprising at least 20 species complexes and several independent lineages, a 

framework now widely accepted (Geiser et al., 2013; O’Donnell et al., 2013). The most recent 

Fusarium phylogeny arising from a 19 orthologous protein-coding gene study was proposed by 

Geiser et al. (2021), who identified the largest species complexes as F. sambucinum (FSAMSC), 

F. incarnatum-equiseti (FIESC), F. fujikuroi (FFC), F. oxysporum (FOSC), and one of the more 

basal lineages, F. solani (FSSC). Currently, a total of 23 species complexes are recognized within 

the genus Fusarium, englobing 431 Fusarium species (Geiser et al., 2021). However, thousands 

more species await formal taxonomic classification. 

The economic and agricultural importance of Fusarium lies primarily in its pathogenic members, 

which are responsible for devastating diseases such as Fusarium wilt, root rot, and head blight in 

staple crops including wheat, maize, and legumes. These infections cause yield losses and quality 

degradation, threatening food security at a global scale. Interestingly, there is increasing evidence 

that some Fusarium species also live as endophytes and benefit plant growth and stress tolerance 

(Maciá-Vicente et al. 2009; Skiada et al. 2019), suggesting that our current knowledge of 

Fusarium biology and their strain-specific interactions with host plants is still incomplete. In fact, 

Fusarium is not restricted to pathogenic lifestyles: some species occur as soil saprophytes, 

endophytes (Walsh et al. 2010; Cavalcanti et al. 2020), latent pathogens, or even fungicolous 

fungi (Torbati et al. 2021), while others are associated with animals, including humans (Santos 

et al. 2020 ; Meza-Menchaca et al. 2020). 

In one study conducted by Ben Alaya et al. (2024) to identify the causal agent of wilt disease 

observed on Medicago sativa plants in southern Tunisian oases, 79 fungal strains were isolated 



from roots, collars, and stems. The molecular identification showed that 73.42% of the isolated 

fungal strains belong to the genus Fusarium, including the species complexes of F. oxysporum, F. 

solani, F. fujikuroi, F. incarnatum equiseti, etc. The inoculation of the fungal strains on Medicago 

sativa and Medicago truncatula   showed that some of the strains enhanced plant growth (6–16%), 

in particular, the strain TZ1MST22 of Fusarium sp. exhibited plant growth-promoting (PGP) 

properties on both Medicago species and on date palm. Due to its high potential as PGP agent, the 

whole genome of TZ1MST22 strain was sequenced in order to characterize the genetic 

determinants underlying its beneficial traits and to assess its safety for agricultural use. 

Material and methods 

Fungal strain isolation 

The fungal strain TZ1MST22 was isolated from the stems of Medicago sativa plants showing 

wilting symptoms collected from an oasis in Tozeur, southern Tunisia (GPS coordinates: longitude: 

8.163181, latitude: 33.935854). The isolation procedure was performed following the methodology 

outlined by Ben Alaya et al. (2024).  

DNA extraction  

DNA extraction was carried out by MicrobesNG (Birmingham, UK) following their standard 

protocols. The fungal strain was shipped in compliance with the instructions that MicrobesNG 

supplied, available on their website (https://microbesng.com). The strain was cultivated as single-

spore culture on PDA (Potato Dextrose Agar; Pronadisa, Madrid, Spain) medium at 25 ± 2 °C in 

darkness. 

Illumina NovaSeq 6000 sequencing 

Genomic DNA libraries were prepared using the Nextera XT Library Prep Kit (Illumina, San 

Diego, USA), following the manufacturer's protocol with two modifications: the input DNA 

quantity was doubled, and the PCR elongation time was extended to 45 seconds. Sequencing was 

performed on an Illumina NovaSeq 6000 platform using a 250 bp paired-end strategy. Adapter 

trimming of raw reads was carried out using Trimmomatic v 0.30 (Bolger et al., 2014), applying 

a sliding window quality cutoff of Q15. De novo assembly of the trimmed reads was conducted 

using SPAdes v3.7 (Bankevich et al., 2012). 



Sequence processing 

Read quality scores were assessed with FastQC version 0.11.2 (Andrews, 2010) implemented in 

the Galaxy platform (https://usegalaxy.org/). FastQC was executed with default parameters. The 

quality of the assembled genome was assessed using QUAST version 5.2.0 (Gurevich et al., 2013). 

The pipeline was executed with the following key parameters: a minimum contig length of 500 bp, 

minimum alignment identity of 95%, and minimum alignment length of 65 bp. Gene prediction, 

ribosomal RNA detection, and conserved single-copy ortholog assessment were enabled through 

integrated modules, including Barrnap and BUSCO (using AUGUSTUS). 

Data availability 

The assembled genome has been deposited in the NCBI GenBank under BioProject ID 

PRJNA930339, and Biosample ID SAMN33005115 with the associated accession numbers 

JBRJOB000000000 (assembly) and SRS16690020 (raw reads). This version represents the first 

draft genome of the non-pathogenic Fusarium strain TZ1MST22. 

Results & discussion 

In total, 13,996,888 high-quality clean readings were obtained (Table 1). The genome assembly of 

the Fusarium strain TZ1MST22 was evaluated using the Quast tool v 5.2.0, which provided critical 

metrics for the quality of the de novo assembly achieved. Among the 301 contigs obtained, 140 

exceeded 1000 bp in length, and 141 were less than 500 bp in size. Finally, 160 contigs longer than 

500 bp were retained for additional analysis. The longest contig measures 3072088 bp, and the 

estimated total genome size is 39756103 bp.  The GC content is 47.93%.  The assembly exhibits a 

high degree of continuity with a N50 of 1209769 bp.  The N90 value of 219101 bp indicates that 

contigs of at least this size make up 90% of the genome.  The L50 and L90 values are documented 

as 12 and 42, respectively, indicating that the assembly is relatively compact, requiring just a small 

number of contigs to cover 50% and 90% of the genome. Furthermore, the average coverage depth 

is high (167x), with almost the entire genome covered at least 10x (99.95 %), indicating good 

sequencing depth and genome coverage (Table 1). 

 

 



Table 1. Assembly statistics of the whole genome sequence of TZ1MST22 Fusarium sp. strain. 

Genome features Value 

No. contigs 160 

No. contigs (>= 1000 bp) 140 

Total length (>= 0 bp) 39813733 

Total length (>= 1000 bp) 39742206 

Largest contig 3072088 

Genome size (bp) 39756103 

GC (%) 47,93 

N50 1209769 

N75 497463 

N90 219101 

L50 12 

L75 25 

L90 42 

Average coverage depth 167 

No. tRNA 337 

No rRNA 76 

Coverage >= 5x 99.97 % 

Coverage >= 10x 99.95 % 

 

Read quality scores were assessed with FastQC version 0.11.2 (Andrews, 2010) implemented in 

the Galaxy platform (https://usegalaxy.org/). The results of this analysis are detailed in the section 

below.  

The Figure 1 depicts the quality (Phred score, on the y-axis) of each base (on the x-axis) across all 

reads in the dataset. At each read position, a boxplot depicts the quality of all reads. The median 

appears in red, while the mean is in blue. The quality profiles showed consistently high Phred 

scores at all base positions. Specifically, the median quality ratings for all base positions exceeded 

37, indicating base call accuracy greater than 99.98%. The color codes indicate the scores for 

extremely good quality (green), good quality (orange), and low quality (red). Our values are well 
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within the "green" quality zone of the FastQC plots, indicating high base-calling accuracy 

throughout the read length. Quality scores varied minimally at each position. The absence of 

interquartile ranges indicates that the great majority of reads remained of uniformly good quality 

throughout the sequencing run. Furthermore, there were no noticeable quality decreases at the start 

or end of the reads, which is frequent in lower-quality sequencing runs (Figure 1). 

 

Figure 1. Per base sequence quality profiles for (A) forward reads and (B) reverse reads. 

Per-tile sequence quality analysis, which is particularly relevant to Illumina-based sequencing data, 

evaluates the consistency of base-calling accuracy across different regions of the flow cell. Each 

tile corresponds to a distinct physical section of the flow cell, and the quality distribution across 

these tiles can reveal systematic issues in specific areas during the sequencing process. In our 

dataset (Figure 2), the per-tile quality heatmaps for both forward and reverse reads displayed a 

uniform blue coloration, indicating minimal deviation from the average per-base quality. The 

predominance of cool colors across all tiles reflects a high level of consistency and uniform quality 

across the entire flow cell, with no evidence of localized quality degradation. This uniformity 

suggests optimal performance of the sequencing instrument during the run and supports the overall 

high quality of the dataset. 



 

Figure 2. Per tile sequence quality profiles for (A) forward reads and (B) reverse reads. 

The distribution of average quality scores per read was evaluated to assess the overall accuracy of 

the sequencing data. In this analysis, the x-axis represents the average Phred quality score for 

individual reads, while the y-axis indicates the number of reads corresponding to each score. Our 

results (Figure 3) showed a sharp, unimodal distribution with a pronounced peak between Phred 

scores of 35 and 37, indicating that the majority of reads exhibit high base-calling accuracy. The 

steep curve observed at the higher end of the quality spectrum is characteristic of high-quality 

sequencing runs and reflects the overall consistency and reliability of the dataset. 

 

Figure 3. Per sequence quality scores for (A) forward reads and (B) reverse reads. 

The per base sequence content analysis displays the proportion of each nucleotide (A, T, G, and C) 

at every position across all reads. In a random library, especially one without sequence-specific 

bias (e.g., from random priming or fragmentation), the relative abundance of each base is expected 



to be relatively uniform across read positions, with the base composition lines running roughly 

parallel. In our dataset, the sequence content plot for both forward and reverse reads showed near-

identical proportions of adenine and thymine, as well as guanine and cytosine, across all positions. 

This symmetry suggests an absence of strong base composition bias and supports the conclusion 

that the library preparation and sequencing processes maintained a balanced representation of 

nucleotides (Figure 4). 

 

Figure 4. Per base sequence content for (A) forward reads and (B) reverse reads. 

The per sequence GC content showed a unimodal distribution centered at 47%, consistent with the 

expected composition of the target genome. The absence of significant deviation or abnormal 

patterns indicates a high-quality library with no evident sequence bias (Figure 5). 

 

Figure 5. Per sequence GC content for (A) forward reads and (B) reverse reads. 



The per base N content analysis indicates the proportion of undetermined bases (N) at each position 

in the reads. In high-quality sequencing runs, the occurrence of N bases is expected to be minimal 

or absent. In our dataset (Figure 6), the N content was consistently 0% across all positions, 

confirming the absence of ambiguous base calls and indicating excellent sequencing accuracy. 

 

Figure 6. Per base N content for (A) forward reads and (B) reverse reads. 

Sequence duplication analysis revealed that 21.26% of forward reads and 24.92% of reverse reads 

would remain unique after deduplication, indicating a moderate level of sequence redundancy. A 

slight peak was observed beyond the 10-duplicate level, with around 40% of sequences in this 

range. However, no overrepresented sequences were detected in the dataset, suggesting that the 

duplication is not driven by specific contaminant sequences or dominant fragments. Instead, it 

likely reflects normal duplication associated with sequencing depth and library preparation. 

Overall, these results do not indicate any major quality concerns regarding library complexity 

(Figure 7). 

 



 

Figure 7. Sequence duplication levels for (A) forward reads and (B) reverse reads. 

Adapter content analysis showed no detectable presence of adapter sequences in either forward or 

reverse reads. This indicates effective adapter trimming during preprocessing or high-quality 

library preparation with minimal adapter contamination, supporting the overall integrity of the 

sequencing data (Figure 8). 

 

Figure 8. Adapter content for (A) forward reads and (B) reverse reads. 

Conclusion 

The genomic resources generated in this project provide new tools to study non-pathogenic 

Fusarium strains in order to identify genes and pathways associated with plant-growth promotion 

properties, to predict secondary-metabolite biosynthetic gene clusters involved in pathogen 

antagonism and plant-growth promotion effects, and to screen for the absence of known virulence 

determinants. Comparative genomic analyses with reference Fusarium genomes will also enable 



us to place TZ1MST22 in a phylogenomic context, confirm its relatedness to non-pathogenic 

strains, and evaluate its suitability for development as a safe agricultural biofertilizer. 
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