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Fig. S1. The gene deletion strategy and PCR analysis of the deletion mutants of PSC pseudogenes. (A) 
Graphical representation of the split-marker approach used to replace the target gene with the hygromycin 
phosphotransferase (hph) cassette in this study. The location of PCR primers (F, forward and R, reverse) is 
indicated.  (B) Confirming the deletion mutants of PSC pseudogenes by PCR analysis.
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Fig. S2. Phenotypes of deletion mutants of PSC pseudogenes. (A) Three-day-old PDA cultures of PH-1 
(WT) and the marked deletion mutants were examined for colony morphology. (B) The 7-dpf mating 
cultures of PH-1 (WT) and the marked deletion mutants were examined for perithecium formation (bar = 0.2 
mm) and ascospore discharge. (C) Morphology of ascospores from crosses of the marked strains (♀) with 
the mat1-1-1 H1-GFP (♂). Eight ascospores in each ascus showed 1:1 segregation for GFP signals. Bar = 20 
μm. (D) Asci of the marked strains stained with DAPI and examined by epifluorescence microscopy at 6 dpf. 
The delimitation of ascospores is marked with white dashed lines. Bar = 20 μm.
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Fig. S3. Normal phenotypes of the edited (TGG) transformants of germ-needed PSC pseudogenes in 
sexual development. Mating cultures of the marked transformants were examined for perithecium forma-
tion (Bar = 0.2 mm) and/or asci and ascospores morphology (Bar = 20 μm) at 7 dpf. 
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#

Geosmithia putterillii

Talaromyces islandicus

Phaeomoniella chlamydospora

Hirsutella minnesotensis

Neofusicoccum parvum

Sclerotinia sclerotiorum

Rhinocladiella mackenziei

Aspergillus niger

Scedosporium apiospermum

Stachybotrys chlorohalonata

Cadophora sp.

Colletotrichum gloeosporioides

Ascochyta rabiei

Rosellinia necatrix

Stachybotrys echinata

Verticillium dahliae

Sporothrix schenckii

Ramularia collo-cygni

Sordaria macrospora

Cordyceps farinosa

Tolypocladium capitatum

Zymoseptoria tritici

Gaeumannomyces tritici

Cercospora berteroae

Clohesyomyces aquaticus

Diaporthe ampelina

Botrytis cinerea

Tolypocladium paradoxum

Aspergillus fischeri

Tolypocladium ophioglossoides

Neonectria faginata

Neonectria galligena

Phialocephala subalpina

Erysiphe necator

Pseudomassariella vexata

Coniosporium apollinis

Epicoccum nigrum

Drechmeria coniospora

Tuber melanosporum

Polytolypa hystricis

Akanthomyces lecanii

Oidiodendron maius

Arthrobotrys oligospora

Sphaerulina musiva

Microsporum canis

Rutstroemia sp.

Alternaria alternata

Bipolaris maydis

Clonostachys solani

Pestalotiopsis fici

Drechslerella stenobrocha

Symbiotaphrina buchneri

Uncinocarpus reesii

Exserohilum turcicum

Gliomastix tumulicola

Simplicillium aogashimaense

Fonsecaea erecta

Clonostachys rosea

Magnaporthiopsis poae

Neurospora crassa

Trichoderma reesei

Paramyrothecium foliicola

Verticillium longisporum

Leptosphaeria maculans

Cyphellophora europaea

Verticillium dahliae JR2

Madurella mycetomatis

Exophiala aquamarina

Aureobasidium melanogenum

Ophiocordyceps australis

Phialophora americana

Pezoloma ericae

Purpureocillium lilacinum

Stagonospora sp.

Moelleriella libera

Helicocarpus griseus

Bipolaris oryzae

Phialocephala scopiformis

Cladophialophora carrionii

Pochonia chlamydosporia

Erysiphe pulchra

Colletotrichum graminicola

Tuber magnatum

Coniochaeta ligniaria

Dothistroma septosporum

Ceratocystis platani

Pyrenochaeta sp.

Sporothrix insectorum

Talaromyces atroroseus

Coniella lustricola

Dactylellina haptotyla

Colletotrichum higginsianum

Blastomyces dermatitidis

Marssonina brunnea

Elaphomyces granulatus

Metarhizium rileyi

Endocarpon pusillum

Grosmannia clavigera

Bertia moriformis

Baudoinia panamericana

Nannizzia gypsea

Coccidioides immitis

Lomentospora prolificans

Ustilaginoidea virens

Pyricularia oryzae

Elsinoe australis

Phaeosphaeria nodorum

Ascosphaera apis

Geosmithia flava

Acidomyces richmondensis

Pyrenophora teres

Aspergillus nidulans

Rachicladosporium sp.

Neonectria coccinea

Ophiocordyceps camponoti-rufipedis

Rhynchosporium agropyri

Aspergillus fumigatus Af293

Rachicladosporium antarcticum

Metarhizium acridum

Periconia macrospinosa

Clonostachys byssicola

Stachybotrys microspora

Paramyrothecium roridum

Blumeria graminis

Eutypa lata

Valsa mali

Zymoseptoria brevis

Tuber borchii

Neonectria ditissima

Ophiostoma piceae

Scortechinia acanthostroma

Escovopsis weberi
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Fig. S5. Amino acid states at the PSC editing sites in the orthologous genes of the 71 PSC pseudogenes 
in 185 genomes of Ascomycota. The names of the 18 germ-needed PSC pseudogenes and the PSC editing 
sites essential for their functions are highlighted by a yellow background and red font, respectively. The 
one-letter symbol of amino acid residues at the PSC editing sites in each genome is shown. *, premature-stop 
codon TAG; -, missing the PSC editing site/region; ○, missing the orthologous gene. The taxon name is indi-
cated on the phylogenetic tree.
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Fig. S6. Amino acid states at the PSC editing sites in the orthologous genes of the 71 PSC pseudogenes 
in 154 genomes of Fusarium. The names of the 18 germ-needed PSC pseudogenes and the PSC editing 
sites essential for their functions are highlighted by a yellow background and red font, respectively. The 
one-letter symbol of amino acid residues at the PSC editing sites in each genome is shown. *, premature-stop 
codon TAG; -, missing the PSC editing site/region; ○, missing the orthologous gene. The name of species 
complexes is indicated on the phylogenetic tree.
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Fig. S7. Colonial morphology and growth rates of the uneditable (TAA) and edited (TGG) transfor-
mants under stressful conditions. (A) Colonies of PH-1 (WT) and the marked strains formed on PDA 
with or without 150 μg/ml Congo red, 0.05% H2O2, 0.7 M NaCl, and 0.01% SDS after incubation for 3 or 5 
days. (B) Colony diameters of the marked strains. Mean and SD were calculated with data from three 
biological replicates (N = 3). The same letters indicate no significant differences based on one-way 
ANOVA followed by Turkey’s multiple range test (P＞0 .05).



PDA PDA CR NaClH2O2

C
ol

on
y 

di
am

et
er

 (c
m

)

WT

PSC69TAA

C
ol

on
y 

di
am

et
er

 (c
m

)

B

PDA
0

2

4

6

8

PSC69TGG

2

4

6

8

PDA CR H2O2 NaCl
0

WT

PSC64TAA

PSC64TGG

a a a
a a a a a a

a a a
a a a

A

WT

PSC69TAA

PSC69TGG

WT

PSC64TAA

PSC64TGG

Fig. S8. Colonial morphology and growth rates of the uneditable (TAA) and edited (TGG) transfor-
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PH-1 (WT) and the uneditable (TAA) and edited (TGG) transformants of PSC69 formed on PDA plates after 
incubation for 3 days. (B) Colony morphology and colony diameters of PH-1 (WT) and the uneditable 
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three biological replicates (N = 3). Same letters indicate no significant differences based on one-way 
ANOVA followed by Turkey’s multiple range test (P > 0.05).
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Fig. S9. Colonial morphology and growth rates of the uneditable (TAA) and edited (TGG) transfor-
mants of PSC69 and PSC64 under stressful conditions assayed in additional two independent experi-
ments.  Colonies of PH-1 (WT) and the marked strains formed on PDA with or without 150 μg/ml Congo 
red, 0.05% H2O2, 0.7 M NaCl, and 0.01% SDS after incubation for 3 or 5 days. Mean and SD were calculated 
with data from three biological replicates (N = 3).  Different letters indicate significant differences based on 
one-way ANOVA followed by Turkey’s multiple range test (P < 0.05).
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