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Elucidation of the evolution and function of the accessory chromosomes in
ascomycete fungi and their application asnovel transformation vector

ARIE, Tsutomu

35,000,000
F.
oxysporum
F. oxysporum CRISPR/Casl2a
Fusarium oxysporum
PCR

F. oxysporum

Using F. oxysporum, which has various strains such as phytopathogenic
strains, non-pathogenic strains (saprophytic strains), and biological pesticide component strains
(useful strains), as a model, we partially elucidated the composition and function of accessory
chromosomes of F. oxysporum, such as cabbage yellow disease fungus, by genome comparison between
strains and gene disruption, etc. The origin and evolution of accessory chromosomes such as cabbage
yellows fungus and banana wilt fungus were discussed using chromosome-loss strains. Based on these,
we have established a specific detection technique for several strains of F. oxysporum. Furthermore,

we developed a CRISPR / Casl2a system optimized for F. oxysporum, constructed a gene function
analysis method, and showed the potential of accessory chromosome as a novel fungal transformation
vector.

Fusarium oxysporum ( )



Fusarium oxysporum f. sp.
lycopersici Ma 2010 Inami 2014 F. oxysporum f. sp. radicis-
cucumerinum van Dam 2017 Alternaria alternata tomato
pathotype Akagi 2009

van Dam 2017 F. oxysporum
Ma 2010
Neurospora crassa Galagan 2003
Aspergillus spp. Machida 2005 Fusarium Ma 2010

F. oxysporum FENIZ . FEAIR PR ~ )
WIRIEMERR ~ FETR R B ZEMERR) ~ AR R CA IR @ K5 RERRMED & 2 kKD

SMRT

CRISPR/Cas9

2 ) &S RIVITR LT R IR ERR ~ FESRIRERR (B AEMERR) ~ BB o R ( FTRR)

F. oxysporum

F. oxysporum

(2)
F. oxysporum 2019 #-F£~2020 25

Ayukawa 2018
GC

GC

CRISPR/Cas9

HiSeq



PCR LAMP

)

CRISPR/Cas9
Kashiwa 2017 PEG
2019
SMRT F. oxysporum 25
GTBM 1
GC
PCR  LAMP

) [ L

‘ o || —— | 5>
— L L
e =

Fig. 1 Comparison of whole genome assemblies among FocnCong:1-1, Fol4287, and Fo5176. Whole genome assemblies were compared between Fol4287
and FocnCong:1-1 (a) and between Fo5176 and FocnCong:1-1 (b). Ring A: Circular representation of the pseudomolecules. Red and dark blue indicate
dispensable genomic regions in FocnCong:1-1 and known accessory regions in Fol4287 (chr1B; chr2B; chr3; chré; chr14; chr15)8, respectively. Light blue
indicates the remaining regions. Ring B: Distribution of transposable elements (TEs) in 50 kb windows. Proportions of sequences of respective FocnCong:1-1
SCs associated with TEs are shown in Supplementary Fig. 1. Ring C: Syntenic regions (>95% identity, 30 kb) between Fol4287 and FocnCong:1-1 assemblies
(a) and between F05176 and FocnCong:1-1 assemblies (b). Asterisks indicate reverse-complemented scaffolds (SCs) for visual clarity. Ticks on bands
represent 1 Mb.
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Fig. 7. Detection of Fusarium oxysporum f. sp. pisi in soil from pea fields by PCR.
(A) PCR was performed using soil DNA extracted from pea fields No. 28 and No. 49, before (original) and after sterilization (disinfested), as
templates. As negative and positive controls, sterile water and the gDNA of Fop isolate 39b, respectively, were applied as templates. The primer
sets piPDA, piSIX6, and piSIX13 were used.
(B) Colonies on F. oxysporum-selective medium plates. Photographs were taken 5 days after inoculation with diluted soil samples collected from
fields No. 28 and No. 49, before (original) and after sterilization (disinfested).
(C) PCR was performed using the primer sets piPDA, piSIX6, and piSIX13 with gDNA extracted from 10 randomly selected F. oxysporum
isolates from fields No. 28 and No. 49. Positive and negative amplifications are shown by + and —, respectively, in PCR. Pathogenicity, no
pathogenicity and not tested (NT) are shown by +, —, and NT, respectively, for pathogenicity in pea cv. Misasa.
(D) The total numbers of colonies isolated from the diluted soil samples from fields No. 28 and No. 49, and the percentages of PCR-positive
results from the 10 randomly selected isolates from each pea field.
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Figure 2. Single crossover-mediated targeted nucleotide substitution of the scytalone dehydratase gene (SDH)
with CRISPR/Cas9. (a) Schematic representation of pCRISPR/Cas vector and its products for the target DNA
cleavage. The expressed Cas9 and single-guide (sg) RNA from the pCRISPR/Cas vector form ribonucleoprotein
(RNP) complex in the fungal cell. The RNP cleaves the sgRNA/DNA hybrid sequence by catalyzing nickase
domain, RuvC, and HNH. The effective cleavage needs the correct protospacer-adjacent motif (PAM: NGG)
that follows the target sequence in the complementary DNA strand. Pro.: promoter, Term.: terminator, NLS:
nuclear localization signal. (b) Schematic representation of the single crossover-mediated SDH disruption. The
CRISPR/Cas9 target sequence of SDH homologous region in pMK-PSDH was modified to evade the CRISPR/
Cas9 cleavage and was introduced with a stop codon. hph: hygromycin B phosphotransferase. (c) Melanin
depositions in the wild type (left) and SDH disrupted transformants (white colony) (right). (d) The efficiencies
of the single crossover-mediated SDH gene disruption. Total colony: number of hygromycin B-resistant colonies
obtained from triplicate experiments. White colony: number of hygromycin B-resistant colonies presenting the
white phenotype. Efficiency: percentage of total white colonies. (e) Sequences of the CRISPR/Cas9 target region
in the wild type, donor vector, and white colony of the transformants.
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