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MITOGENOME ANNOUNCEMENT

Complete mitochondrial genome and phylogeny of the causal agent of Bayoud
disease on date palm, Fusarium oxysporum f. sp. albedinis

Slimane Khayia , Andrew D. Armitageb, Mohammed El Guillic, Issam Meftah Kadmirid , Rachid Lahlalie,
Mohamed Fokarf and Rachid Mentaga

aBiotechnology Unit, Regional Center of Agricultural Research of Rabat, National Institute of Agricultural Research (INRA), Rabat, Morocco;
bAgriculture, Health & Environment Department, Natural Resources Institute, University of Greenwich, London, UK; cRegional Center of
Agricultural Research of K�enitra, National Institute of Agricultural Research (INRA), Kenitra, Morocco; dLaboratory of Green Biotechnology,
Moroccan Foundation for Advanced Science, Innovation and Research (MAScIR), Rabat, Morocco; ePhytopathology Unit, Department of Plant
Protection, Ecole Nationale d’Agriculture de Mekn�es, Meknes, Morocco; fCenter for Biotechnology and Genomics, Texas Tech University,
Lubbock, TX, USA

ABSTRACT
The complete mitogenome of Fusarium oxysporum f. sp. albedinis (FOA), the causal agent of the
destructive fusarium wilt in date palm, is sequenced and assembled. The circular mitogenome of isolate
Foa44 is 51,601bp in length and contains 26 transfer RNA (tRNA) genes, one ribosomal RNA (rRNA),
and 28 protein-coding genes. A mitogenome-based phylogenetic analysis of Fusarium revealed that
FOA is congruent with previous nuclear-gene phylogenetic results.
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Introduction

Fusarium oxysporum f. sp. albedinis (Killian & Maire) Malençon
is a fungal pathogen causing Bayoud disease, also known as
Fusarium wilt, on date palm (Phoenix dactylifera). This disease
represents a major threat to the date palm industry in North
African countries. In fact, Bayoud disease has decimated
more than 10 million trees in Morocco over the last century
(Djerbi 1982; Sedra M 2003; Sedra MH 2003a, 2003b; Sedra
2007). As a soil-borne pathogen, FOA spores and mycelium
colonize date palm roots, spread internally through the vas-
cular system, and cause external symptoms characterized by
both external hemiplegia character and dried palm leaves
having the appearance of wet feathers and ultimately result-
ing in date palm death (Bouhssini and Faleiro 2018). The
nuclear genome of F. oxysporum f. sp. albedinis has been
recently sequenced and assembled (Khayi et al. 2020). To
understand the mitogenomic background of F. oxysporum f.
sp. albedinis, we present here, for the first time, the complete
mitochondrial (MT) genome of FOA. The Fusarium oxysporum
f. sp. albedinis strain Foa44, originally isolated in 1999, from
an infected date palm in Tafilalt-Rissani, Morocco, and depos-
ited in the Moroccan Coordinated Collections of
Microorganisms (CCMM) (ccmm@cnrst.ma) and the Belgian
Coordinated Collections of Microorganisms (BCCM) under the
accession numbers MUCL 41814 and Foa44, respectively.

Total genomic DNA of Foa44 strain was extracted from
freeze-dried mycelium using the cetyltrimethylammonium
bromide (CTAB) method (M€oller et al. 1992). A paired-end
library was prepared using a Nextera DNA Flex library kit
from total genomic DNA (0.5 lg), following the manufac-
turer’s protocol. The library was sequenced (2� 150 bp) on a
NovaSeq 6000 platform (Illumina, San Diego, CA). Adapters
and low-quality reads were removed using CLC Genomics
Workbench V12.

De novo assembly was performed using MaSurca V3.4
with default parameters (Zimin et al. 2013). The obtained
assembly was subject to BLASTN searches against the refer-
ence mitochondrial genome sequence for Fusarium oxyspo-
rum f. sp. lycopersici (GenBank accession number CM010346).
The BLASTN output identified a single homologous contig of
67,535 bp in length. This contained an �14 kbp flanking
inverted repeat region, as determined by dot plot analysis in
CLC genomics Workbench. The mitogenome sequence was
circularized by fragmenting the contig in half and then
assembling the two fragments using CLC Genomics
Workbench. The raw reads were remapped on the assembled
sequence to correct any conflicts created during the assem-
bly step. The final length of FOA mitogenome is 51,601 bp
with 31% in GþC content. The mitogenome of Foa44 was
deposited at GenBank under accession number MW493386.
The annotation was performed using GeSeq (Tillich et al.
2017) and MFannot pipelines (https://github.com/BFL-lab/
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Mfannot). The resulting annotations were manually inspected
and curated in comparison to published F. oxysporum mito-
genomes. In total, 28 protein-coding genes, one ribosomal
RNA (rRNA), and 26 transfer RNA (tRNA) genes were pre-
dicted. Among 28 predicted genes, 14 genes are commonly
found in MT genomes including those implicated in ATP pro-
duction (atp6, atp8, and atp9), oxidative phosphorylation
(nad1–6 and nad4L), apocytochrome b (cob), and cytochrome
C oxidase subunits (cox1–3). The 14 remaining genes are of
unknown functions except for four genes (orf529, orf304,
orf292, and orf348) that are coding for Homing
Endonucleases (GIY-YIG and LAGLIDADG) that are commonly
found in fungal MT genomes (Megarioti and Kouvelis 2020).

To highlight the phylogenetic position of F. oxysporum f.
sp. albedinis Foa44 within Fusarium oxysporum complex, a
whole MT genome alignment of 16 Fusarium mitogenome
sequences retrieved from Genbank, was performed with
MAFTT software (Katoh and Standley 2013). The Maximum-
likelihood phylogenetic tree was constructed using MEGA7,
under a Kimura 2-parameter model (Kumar et al. 2016).
The resulting phylogenetic tree shows that our mitoge-
nome is clearly clustered with two other strains F. oxyspo-
rum f. sp. lycopersici 4287 (CM010346) and F. oxysporum
F11 (NC017930) (Figure 1). Variant calling showed
that there are 369 and 500 SNP/Indels differentiating the
FOA mitogenome from these related mitogenomes,
respectively.
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