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Extended Data Fig. 1. Cluster analysis of a presence/absence matrix of orthologue groups (OGs), excluding genomes belonging to subcluster 4-8 in Figure 2. Colours of scientific names represent classes within Dikarya or subkingdoms among early-diverging lineages, as shown in Figure 1.


[bookmark: _Hlk220240924][bookmark: _Hlk220600599][image: ]Extended Data Fig. 2. Phylogenetic tree of 259 fungal genomes used for FastOMA analysis. The tree topology was constructed with OrthoFinder 2.5.531, 67–69 using default parameter values. Colours of scientific names represent classes within Dikarya or subkingdoms among early-diverging lineages, as shown in Figure 1.



[image: ] Extended Data Fig. 3. Tukey–Kramer test results at the (a) phylum and (b) subphylum levels were performed for principal components (PCs) 1, 2, and 3, respectively. In each panel, different letters indicate significant differences between groups.


[image: ] Extended Data Fig. 4. Phylum-level principal component analysis results for (a) Ascomycota and (b) Basidiomycota. Two-dimensional plots of PC1 and PC2 are shown. Symbols and colours indicate Dikarya classes, as in Figure 1.


[image: ] Extended Data Fig. 5. The 10 most highly enriched Gene Ontology (GO) terms (P < 0.05) of characteristically present and characteristically absent OGs in subphyla of Ascomycota. Detailed data are provided in Supplementary Table 5a–c.


[image: ] Extended Data Fig. 6. The 10 most highly enriched GO terms (P < 0.05) of characteristically present and characteristically absent OGs in subphyla of Basidiomycota. Detailed data are provided in Supplementary Table 5d–f.


Extended Data Table 1. Gene gain, duplication, retention, and loss extrapolated at nodes of Ascomycota and Basidiomycota using the FastOMA v1.4.1-1.el9 package39.
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Taxon

# of

genomes

Total # of

genes

Gained Duplicated Retained Lost

240: Dikarya 242 14,689 5,139 525 9,025 1,409

135: Ascomycota 137 14,223 840 887 12,496 1,993

124: Pezizomycotina + Saccharomycotina 126 15,004 876 891 13,237 782

70: Pezizomycotina 72 13,871 964 893 12,014 2,720

29: Sordariomycetes 31 19,688 1,206 2,422 16,060 2,037

7: Leotiomycetes + Kendrickiella phycomyces 7 14,395 69 3,483 10,843 7,083

54: Eurotiomycetes 19 17,488 285 1,827 15,376 1,192

55: Xylonomycetes 2 8,427 12 526 7,888 1,120

Lecanoromycetes 1 8,266 2,032 848 5,386 3,650

66: Dothideomycetes 10 15,117 187 2,369 12,561 5,446

Pezizomycetes 1 7,294 1,919 266 5,109 2,211

Orbiliomycetes 1 11,478 4,653 629 6,196 999

123: Saccharomycotina 54 9,493 179 551 8,763 6,056

94: Pichiomycetes 25 7,276 114 501 6,661 610

101: Saccharomycetes-1 8 6,180 60 1,173 4,947 2,143

104: Saccharomycetes-2 3 6,700 13 1,634 5,053 2,700

Sporopachydermiomycetes 1 5,990 1,907 156 3,927 1,591

Alloascoideomycetes 1 9,999 4,452 1,345 4,202 827

118: Dipodascomycetes 12 7,204 5 953 6,246 2,837

120: Trigonopsidomycetes 2 4,430 8 628 3,794 4,919

122: Lipomycetes 2 5,578 9 1,133 4,436 4,723

134: Taphrinomycotina 11 6,991 243 881 5,867 8,055

127: Schizosaccharomycetes 4 4,567 660 234 3,673 765

129: Pneumocystidomycetes 3 3,198 9 29 3,160 1,365

131: Taphrinomycetes 2 5,143 10 139 4,994 1,844

Neolectomycetes 1 5,563 1,695 295 3,573 2,107

Saitoellomycetes 1 7,032 1,863 297 4,872 806

239: Basidiomycota 105 14,516 1,606 948 11,962 2,447

222: Agaricomycotina + Wallemiomycotina + Ustilaginomycotina 88 14,242 417 834 12,991 1,304

207: Agaricomycotina + Wallemiomycotina 73 13,153 97 226 12,830 1,333

205: Agaricomycotina 71 14,064 693 619 12,752 221

188: Tremellomycetes 54 11,381 135 622 10,624 3,217

204: Agaricomycetes + Dacrymycetes 17 11,345 291 1,723 9,331 4,297

203: Agaricomycetes 16 11,778 351 926 10,501 610

Dacrymycetes 1 12,359 5,034 2,573 4,752 5,826

206: Wallemiomycotina 2 4,653 666 636 3,351 9,560

221: Ustilaginomycotina 15 7,833 312 780 6,741 7,273

217: Ustilaginomycetes + Exobasidiomycetes 11 7,781 75 631 7,075 583

220: Malasseziomycetes 4 4,509 191 395 3,923 3,791

238: Pucciniomycotina 17 10,017 329 1,544 8,144 5,964

224: Agaricostilbomycetes 3 7,033 5 398 6,630 1,204

Mixiomycetes 1 6,848 2,217 284 4,347 3,518

228: Cystobasidiomycetes 4 7,544 8 794 6,742 3,120

235: Microbotryomycetes 7 7,299 214 1,381 5,704 3,876

237: Pucciniomycetes 2 6,678 600 1,377 4,700 4,923

early diverging lineages

14 14,058 799 4,439 8,820 1,074

249: Mucoromyceta + Zoopagomyceta + Basidiobolomyceta 10 11,965 176 2,124 9,664 3,941

247: Mucoromyceta + Zoopagomyceta-1 + Basidiobolomyceta 8 12,119 173 1,718 10,228 1,238

245: Mucoromyceta 6 10,852 178 895 9,779 2,069

246: Zoopagomyceta-1 + Basidiobolomyceta 2 7,161 37 680 6,444 5,472

Zoopagomyceta-1 1 6,857 2,953 413 3,491 3,504

Basidiobolomyceta 1 16,103 6,464 5,363 4,276 1,096

248: Zoopagomyceta-2 2 6,036 31 584 5,421 6,364

252: Chytridiomyceta + Blastocladiomyceta 4 12,501 178 3,353 8,970 4,545

251: Chytridiomyceta 3 9,852 146 442 9,264 3,086

Blastocladiomyceta 1 19,446 7,174 8,834 3,438 5,536

Rozellomyceta 1 6,346 3,165 972 2,209 1,210

256 10,619 6,074 955 3,590 41

257 3,745 1,879 142 1,724 2

256: Microsporidia 2 1,295 263 225 807 881

253: Mucoromyceta + Zoopagomyceta + Basidiobolomyceta +

Chytridiomyceta + Blastocladiomyceta

254: Dikarya +  Mucoromyceta + Zoopagomyceta + Basidiobolomyceta +

Chytridiomyceta + Blastocladiomyceta

255: Dikarya +  Mucoromyceta + Zoopagomyceta + Basidiobolomyceta +

Chytridiomyceta + Blastocladiomyceta + Rozellomyceta
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Scheffersomyces stipitis NRRL Y-11545
Wickerhamia fluorescens JCM 1821

Trichoderma longibrachiatum JCM 1883
{Tﬂaﬁodsrma reesei QM6a

Candida albicans SC5314
Priceomyces haplophius JCM 1635
Hyphopichia burtonii NRRL Y-1933
Hyphopichia homilentoma JCM 1507
Debaryomyces hansenii CBS 767
Millerozyma acaciae JCM 10732

(———"Tapkrina deformans PYCC £710

Protomyces lactucae-debilis 12-1054

|————Neokecta ireguiaris DAH3
Saitoella complicata NRRL Y-17804

4 Preumocysts carinii B30
{Pnswnoc}/sﬂs murina B123
Preumocysts jirovecii RUT

Schizosaccharomycesjaponicus yFS2T5
Schizosaccharomyces pombe 972h-
Schizosaccharomyces oryophilus OY26
Schizosacaharomyces octosporus yFS286

Lodderomyces elongisporus NRLL YB-4239

Pezizomycotina

Saccharomycotina

Taphrinomycotina

ta

idiomyco

Basi

Rondoa subrosea JCM 5735
Kondoa malvinella JCM 3789
Cystobasidiopsis lactophilus JCM 7595
Mixia osmundae 1AM 14324
Cystobasidium pallidum JCM 3780
Erythrobasidium elongatum JCM 5354
Erythrobasidium hasegawianum JCM 1545
Erythrobasidium yunnanense JCM 10687
Leucospor JCM 10699

[ Wallemiaichthyophags EXF-934
Wallemia mellicola CBS 63366

yces c: JCM 3766
joides JCM 10021
joides JCM 24501
es NP11
foides JCM 10049
ides JCM 10020
98AG31
CRL 75-36-700-3
Ustilago hordei Uh4857-4
Mycosarcoma maydis 521
Moesziomyces antarctiusJCM 10317
Farysia acheniorum JCM 8976
——Tilletaria anomala UBC 951
Golubevia pallescens JCM 5230
Meira nashicola JCM 18503
-Sympodiomycopsis paphiopedili JCM 8318
Epssudomrcms?mma phylloplanum JCM 9035
Microstroma bacarum JCM 3928
Tilleta caries DAOMC 238032
Malassezia japonica JCM 11963
Malassezia globosa CBS 7966
H EMa!assszra nana JCM 12085
Malassezia dermatis JCM 11348

Ustilaginomycetina Pucciniomycotina

([ _Coprimopsisoinerea ckayamaT 130
Laccaria bicolor S238N-H82
(Schizophyllum commune H4-8
L schizophyllum commune JOM 22674
Coriophora puteana RWD-64-598 SS2
L serpuia facrymans 57.9
Stereum hirsutum FP-91666 SS1
L Heterobasition ireguiare TC 32-1
Epundu!ana strigosozonata HHB-11173 SS5

Neolentinus lepideus HHB14362 ss-1

Gloeophyllum trabeum ATCC 11539

Phanerodontia chrysosporium RP-T8

Trametes versicolor FP-101664 SS1

Fomitopsis quercina 15889 ss-12

-Auricularia subglabra TFB-10046 SS5
Rhizoctonia solani AG-3

L calocera viscosa TUFC12733

15JCM 9836

Tausonia pu
Tausonia pamirica JCM 10408
rakia aquatica JCM 1775
ida JCM 7857
L ces pyricola JCM 2958
U egalosporus JCM 5269

a JCM 9681
gans JCM 10632

1 JCM 10633
jae JCM 11695
CM 3685

7]

ena JCM 9041
jca JCM 11743
/a JCM 24518
JCM 11471
JCM 1743
Dioszegia crocea JCM 2961
Dioszegia aurantiaca JCM 2956

Agaricomycotina

sJEC21
jca DSM 1658
jca ATCC24925
/a fagi JCM 13614

/a skinneri JCM 9039
jacea JCM 11330
sis JCM 12878
aJCM 11965
MYA-4694

brassicae JCM 1699
JCM 10691
CM 2947

/e JCM 10018
CM 1458
JCM 9941

ae JCM 10690

icola JCM 1530

hosporon asahii JCM 2466
e JCM 2938
hosporon faecale JCM 2941
ichosporon inkin JCM 9195
ides JCM 9940

osporon ov
vorans JCM 31833
CM 1532
daszewslae JCM 11166
JCM 14201
nosum 1BC0246
CM 1462
s JCM 11170
coides JCM 9939

sporor

esCBS 27749
fes JCM 22480
5UCM 22485

ea IT104

NRRL 6337

ocephalis sphaerospora RSA 1356

Basidiobolus meristosporus CBS 931.73

lus coronatus NRRL 28638
derina pennispora ATCC 12442

Gonapodya prolfera JEL4T8

Spizellomyces purictatus DAOM BR117

Piromyces finnis finn

Allomyces macrogynus ATCC 38327

Rozella allomycis CSF55

_

0.20

Wallemiomycotina

Sordariomycetes
Leotiomycetes
Dothideomycetes
Lecanoromycetes
Eurotiomycetes
Xylonomycetes
Pezizomycetes
Orbiliomycetes
Saccharomycetes
Pichiomycetes
Sporopachydermiomycetes
Alloascoideomycetes
Dipodascomycetes
Trigonopsidomycetes
Lipomycetes
Schizosaccharomycetes
Pneumocystidomycetes
Taphrinomycetes
Saitoellomycetes
Neolectomycetes
Agaricomycetes
Dacrymycetes
Tremellomycetes
Wallemiomycetes
Pucciniomycetes
Ustilaginomycetes
Exobasidiomycetes
Malasseziomycetes
Mucoromyceta
Basidiobolomyceta
Zoopagomyceta
Chytridiomyceta
Blastocladiomyceta
Rozellomyceta
Microsporidia




