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I. Abstract 
Fungi of the phylum Basidiomycota, make up some 37% of the described fungi, 
and are important from the perspectives of forestry, agriculture, medicine, and 
bioenergy. This diverse phylum includes the mushrooms, wood rots, plant 
pathogenic rusts and smuts, and some human pathogens.  To better understand 
these important fungi, we have undertaken a comparative genomic analysis of 
the Basidiomycetes with available sequenced genomes.  We report a phylogeny 
that sheds light on previously unclear evolutionary relationships among the 
Basidiomycetes.  We also define a ‘core proteome’ based on protein families 
conserved in all Basidiomycetes.  We identify key expansions and contractions in 
protein families that may be responsible for the degradation of plant biomass 
such as cellulose, hemicellulose, and lignin.  Finally, we speculate as to the 
genomic changes that drove such expansions and contractions. 

II. Mycocosm – fungal comparative data and analysis tools 

III. Inferring a phylogeny of Basidiomycota 

• Protein sequences for 28 Baasidiomycetes and 4 Ascomycetes were downloaded from www.jgi.doe.gov/fungi 
• MCL clustering was used to obtain 62 single-copy gene clusters 
• Sequences were aligned with MAFFT, well-aligned regions were extracted with Gblocks yielding 11,328 positions 
• Tree was generated with RAxML 
• Bootstrap values <100% are shown 
• Pucciniomycotina is sister group to the rest of Basidiomycota 
• Also notice sister group relationship of Wallemia sebi and Agaricomycotina – phylogenetic position previously unclear 

MCL clustering: Enright et al., NAR 2002 30(7):1575-84 
MAFFT: Katoh et al., NAR 30(14):3059-66 
Gblocks: Castresana, Mol Biol Evol. 2000 17(4):540-52 
RAxML: Stamatakis & Alachiotis, Bioinformatics 2010 26(12):i132-9 

RW Kerrigan R Blanchette http://www.pgbeautygroomingscience.com/dandruff-genome.html 

IV. Core Basidiomycete genes 

Agaricomycotina 

Ustilaginomycotina Pucciniomycotina 

219 

39 18 

198 72 

12 

2082 

• Core set of domains appears to be well-conserved among the three subphyla 
of Basidomycota. 
• Unique carbohydrate metabolism mechanisms appear to have evolved in each 
subphylum. 
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• Approximately 76% of Basidio-specific genes have no known function – 
suggests substantial genetic innovation 

Pfam domains in Basidiomycota MCL clustering of Basidiomycete genes 

www.jgi.doe.gov/fungi 

Pfam domains in largest conserved Basidiomycete clusters 

Cluster size Pfam domain Probable function 

1066 adh_short Alcohol dehydrogenase 

1023 WD40 Protein interaction domain 

1006 MFS_1 Major Facilitor Superfamily transporter 

1003 Sugar_tr Sugar (and other solute) transporter 

778 MFS_1 Major Facilitor Superfamily transporter 

763 Ras Ras GTPase - signal transduction 

697 Mito_carr Mitochondrial carrier protein 

689 Pkinase Protein kinase 

669 Aldo_ket_red Aldo-keto reductase 

633 GMC_oxred_C 
Oxidoreductase, possible cellobiose 
dehydrogenase 

V. Gain and loss of lignocellulose degrading enzymes 

Abbreviations 
SAP – saprophyte 
EM – ectomycorrhizal 
WR – white rot 
BR – brown rot 
AP – animal pathogen 
E – endophyte 
Lignin degraders’ phenotypes are 
shown in blue 

• Enzymes shown are nonrandomly 
evolving (according to the CAFÉ 
program) and have the GO term 
GO:carbohydrate metabolic process ; 
GO:0005975 or were manually 
mapped from the FOLy database 

• Agaricus, Pleurotus, Schizophyllum, 
Punctularia, Ceriporiopsis, 
Phanerochaete, and Stereum have 
the broadest spectrum of these 
CAZys 

• Coprinopsis, Pleurotus, Punctularia, 
Phanerochaete, Trametes, Stereum 
have the greatest total numbers of 
enzymes (>100) 

• Animal pathogens Cryptococcus and 
Malassezia virtually lack carbohydrate 
metabolism enzymes 

• Rusts have intermediate numbers of 
enzymes, with notable expansions in 
GH18, GH7 and CE4 

• FOLy enzymes correlate with the 
white rot (WR) phenotype 

• Brown rots (BR) virtually lack the 
LO2 (peroxidase) enzyme, have 
generally fewer of LO1 and LO3. 

• Schizophyllum (WR) lacks LO2 
enzymes, suggesting it has evolved 
alternative lignin degradation 
mechanisms 

• Trametes (WR) has the highest count 
of peroxidase enzymes (27) of any 
basidiomycete seen so far 

Nonrandomly evolving lignocellulose degrading enzymes 

VII. Conclusions 
• Phylogeny of 28 Basidiomycete fungi has been inferred, 
shedding light on previously unclear position of Wallemia 
sebi 
• Core genome analysis shows substantial conservation of 
Pfam domains between Basidiomycota and Ascomycota, 
and among the Basidiomycete subphyla, with some 
unique families of carbohydrate metabolism and 
proteolysis genes specific to subphyla 
• Numerous families of lignocellulose-degrading enzymes 
are evolving in a nonrandom fashion in Basidiomycota.  
The white rot phenotype correlates with numbers of FOLy 
enzymes 
• Tandem duplications appear to have played a role in 
peroxidase expansions in the white rot fungi 

Correlation of Lignin-degrading enzymes with white 
rot phenotype 

FOLy Pfam Correlation 

LO1 Cu-oxidase 0.42 

LO2 peroxidase 0.79 

LO3 GMC_oxred_N 0.65 

VI. Duplication of peroxidases and other genes in basidiomycetes 
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Genes involved in tandem duplications 
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Clusters of tandem duplicated genes 
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Largest cluster of tandem genes 

Gene tree of peroxidases in the wood rots 

Tandem duplicated peroxidases in Trametes versicolor CAFE tree of peroxidase genes 

Tandem duplicated genes in Basidiomycetes 
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Expansions 
Other Agaricomycotina (Tremellomycetes) 
Punctularia (Gloeophyllum) 
Pleurotus (other Agarics) 
Polyporales (Agarics, Gloeophyllum, etc.) 
Trametes (Dichomitus) 
Ceriporiopsis (brown rot Polyporales) 
Phanerochaete (other Polyporales) 
Fomitiporia (other Agaricomycotina) 

Contractions 
Serpula and Coniophora (Agarics) 
Schizophyllum (Agaricus, Coprinopsis, and 
Laccaria) 
Laccaria (Coprinopsis) 
Gloeophyllum (Punctularia) 

Sister nodes shown in parentheses 

Statistically significant expansions 
and contractions in peroxidase family 




