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Introduction

Fungi, which are classified into a separate kingdom dis-
tinct from plants and animals, have been continuously 
evolving since their divergence from other living organ-
isms around 1500 million years ago (Hawksworth 2001). 
Within kingdom Fungi, the most closely related taxa are 
two groups of non-flagellated fungi, the ascomycetes and 
basidiomycetes (Bowman et  al. 1992). These two phyla 
or divisions collectively form the subkingdom Dikarya. 
Although research on the phylogenetics and evolution 
of fungi including these two phyla is mostly based on 
highly speculative phenotypic characters, higher-level 
relationships among these groups are best elucidated 
using molecular techniques (Fitzpatrick et  al. 2006). In 
previous studies, phylogenies of fungi have been mainly 
derived using rDNA (Lutzoni et al. 2004) or intron evo-
lutionary models (Nielsen et  al. 2004; Roy and Gilbert 
2005; Stajich and Dietrich 2006). Although protein cod-
ing genes can resolve deep-level phylogenetic relation-
ships, they are rarely used in fungal phylogenetics (Liu 
et  al. 1999). In addition, phylogenetic reconstruction 
using a single gene may be insufficiently robust, while 
vital physiological processes and basic adaptive strate-
gies are not always connected to ribosomes (Boucher 
et  al. 2003). Until now, no systematic genomics-based 
method has existed to study phylogenetic relationships 
among fungal taxa. Furthermore, research on phyloge-
netic relationships between ascomycetes and basidiomy-
cetes has rarely been published. One recent exception 
is a reported phylogenetic analysis of the fungal genus 
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Entorrhiza based on a combined rDNA (18S, 5.8S and 
28S) and amino acid (RPB1 and RPB2) sequence dataset 
(Bauer et al. 2015), which demonstrated that ascomycetes 
and basidiomycetes clustered respectively.

Analysis of complete fungal genomes may reveal deep 
nodes in the fungal tree of life (Fitzpatrick et  al. 2006; 
Kuramae et  al. 2006). Fortunately, comparative genom-
ics of fungi has been on the frontier of eukaryotic genome 
research and has thus provided the first opportunity for 
comparative genome analysis within a eukaryotic kingdom 
(Cornell et  al. 2007). The resulting enormous increase in 
knowledge of fungi has led to a revival of fungal system-
atics (Divakar et  al. 2013), especially phylogenetic recon-
struction based on comparative genomics.

The application of simple sequence repeat (SSR) mark-
ers in comparative genomics is a valid, recognized method 
for phylogenetic reconstruction. In past decades, analyses 
of SSR markers have been used to estimate genetic diver-
sity and to gain insight into relationships within and among 
organisms including moss (Von Stackelberg et  al. 2006), 
groundnut (Tang et al. 2007), Lotus japonicus (Wang et al. 
2008), melon (Kacar et al. 2012), wheatgrass (Wang et al. 
2015a, b), grasspea (Wang et  al. 2015a, b), various horti-
cultural plants (Graham et al. 2004; Han et al. 2004; Wang 
et  al. 2002) and fungi (Luo et  al. 2015). With the devel-
opment of sequencing technologies, fungal phylogenet-
ics and evolution has become an area of intense research 
focus (Galagan et  al. 2005). An increasing number of 
ascomycetes and basidiomycetes have been sequenced, 
such as Phaeoacremonium aleophilum strain UCR-PA7 
(Blanco-Ulate et al. 2013a, b), Neofusicoccum parvum iso-
late UCR-NP2 (Blanco-Ulate et al. 2013a, b) and Daldinia 
eschscholzii (Ng et al. 2012). In addition to use SSR mark-
ers in this study, we also searched for homologous contigs 
via comparing genome sequences of 81 fungal species 
with gene sequences of Aspergillus nidulans to elucidate 
evolutionary relationships between the Ascomycotas and 
Basidiomycotas.

Materials and methods

Ascomycetes, basidiomycetes and A. nidulans sequences

Genome sequences of 81 species, namely, 55 species of 
ascomycetes and 26 species of basidiomycetes, were down-
loaded from the NCBI public database (http://www.ncbi.
nlm.nih.gov/; see Supplementary Table 1). Gene sequences 
of A. nidulans were downloaded from the MIT/Harvard 
Broad Institute website (http://www.broadinstitute.org/
annotation/genome/aspergillus_group/GeneStatsSummary.
html).

SSR detection and analyses

Custom Perl scripts were used to retrieve SSRs and their 
positions in the sequences of all 81 species. Additional 
scripts were designed to extract sequences that were 60 bp 
upstream and downstream of SSRs longer than 60 bp. Five 
primers per SSR were designed using Primer3 software 
(Untergasser et  al. 2012), with the best primer, usually 
the first one, identified using Perl scripts. All saved prim-
ers were tested and filtered by expression-PCR (Lanar and 
Kain 1994) based on the genome sequences. The result-
ing universal primers were considered to be effective 
markers for constructing a phylogenetic tree for further 
analysis. According to the PCR amplification results, we 
read the main band and ignored the non specific amplifi-
cation bands. As a results, if it produced a main band we 
scored (‘1’) or no band we scored (‘0’). The ‘1’/‘0’ data 
were assembled into a matrix to calculate genetic similari-
ties among the 81 species using NTSYS-pc version 2.10e 
(Rohlf 2000). A cluster dendrogram was then constructed 
by the unweighted pair group using mathematical averages 
(UPGMA) method.

Comparison of whole genome and A. nidulans gene 
sequences

Local BLASTN searches using the 81 genome sequences 
as queries was performed against a database constructed 
from A. nidulans gene sequences. The minimum matching 
rate threshold was set at 90% and the minimum matching 
length was 100 bp. The number of homologous segments 
in each genome was counted, with gene regions recorded 
as homologous (‘1’) or non-homologous (‘0’). After data 
transformation, the resulting matrix was used to calculate 
genetic similarities among the 81 species using NTSYS-pc. 
UPGMA cluster analysis was performed on the similarity 
data to address taxonomic and evolutionary relationships of 
the 81 fungi.

Search of homologous contigs for conserved sequences

Contigs from the whole genome—A. nidulans gene 
sequence comparisons were searched for genes conserved 
across all 81 fungal species. Perl scripts were used to 
extract the conserved contig sequences.

Phylogenetic reconstruction

Using the conserved sequences, a phylogenetic tree based 
on the number of differences matrix was generated by 
neighbor joining in MEGA version 5.05 (Tamura et  al. 
2011). Statistical support for nodes in the tree was assessed 
by bootstrapping with 1000 replicates.

http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
http://www.broadinstitute.org/annotation/genome/aspergillus_group/GeneStatsSummary.html
http://www.broadinstitute.org/annotation/genome/aspergillus_group/GeneStatsSummary.html
http://www.broadinstitute.org/annotation/genome/aspergillus_group/GeneStatsSummary.html
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Table 1  Information on SSRs and homologous genes in 81 fungal species based on a BLAST search against A. nidulans 

ID Specie name SSR num SSR primer num SSR length (mp) SSR 
frequency 
(num/MB)

Primer fre-
quency (num/
MB)

Homologous 
genes number

D1 Leucoagaricus gongylophorus Ac12 134,628 12,090 100.25 1343 121 7
D2 Auricularia delicata TFB-10046 SS5 61,008 22,885 69.05 883 331 30
D3 Heterobasidion irregulare TC 32-1 36,761 20,972 33.65 1092 623 23
D4 Coniophora puteana RWD-64-598 SS2 37,022 26,557 41.86 884 634 29
D5 Phanerochaete chrysosporium RP-78 23,619 15,531 29.84 791 520 36
D6 Dacryopinax sp. DJM-731 SS1 26,075 19,169 27.60 945 695 17
D7 Gloeophyllum trabeum ATCC 11539 25,641 18,458 34.43 745 536 21
D8 Malassezia restricta CBS 7877 2872 1875 4.63 621 405 15
D9 Malassezia sympodialis ATCC 42132 6379 3390 7.65 833 443 21
D10 Ceriporiopsis subvermispora B 26,768 14,586 37.87 707 385 31
D11 Microbotryum violaceum p1A1 Lamole 29,261 13,272 25.20 1161 527 32
D12 Cryptococcus flavescens NRRL Y-50378 18,557 13,617 22.79 814 597 17
D13 Omphalotus olearius VT 653.13 25,147 20,321 27.92 901 728 24
D14 Dichomitus squalens LYAD-421 SS1 30,410 21,818 39.46 771 553 30
D15 Fomitopsis pinicola FP-58527 SS1 31,147 22,426 39.60 787 566 25
D16 Trametes versicolor FP-101664 SS1 37,770 24,424 42.89 881 570 39
D17 Wolfiporia cocos MD-104 SS10 38,608 26,284 48.24 800 545 33
D18 Puccinia triticina 1–1 BBBD Race 1 119,794 28,119 126.64 946 222 21
D19 Punctularia strigosozonata HHB-11173 

SS5
27,446 18,666 33.07 830 564 24

D20 Piriformospora indica DSM 11827 13,631 11,578 24.98 546 463 21
D21 Stereum hirsutum FP-91666 SS1 50,401 29,725 45.65 1104 651 47
D22 Cryptococcus gattii R265 15,614 12,579 17.16 910 733 25
D23 Tremella mesenterica DSM 1558 31,498 22,514 27.99 1125 804 12
D24 Pseudozyma flocculosa PF-1 58,448 19,153 22.96 2545 834 55
D25 Pseudozyma hubeiensis SY62 18,709 14,393 18.44 1015 781 44
D26 Wallemia sebi CBS 633.66 7479 5911 9.80 763 603 9
Z1 Guignardia citricarpa CGMCC3.14348 52,150 11,758 32.01 1629 367 80
Z2 Macrophomina phaseolina MS6 48,775 502 48.88 998 10 97
Z3 Neofusicoccum parvum UCRNP2 44,205 22,325 42.52 1040 525 88
Z4 Togninia minima UCRPA7 39,149 27,621 47.38 826 583 84
Z5 Ceratocystis fimbriata CBS 114723 38,229 27,604 29.34 1303 941 78
Z6 Cladonia macilenta KoLRI003786 37,936 17,244 35.62 1065 484 32
Z7 Aciculosporium take MAFF-241224 88,055 13,892 58.84 1497 236 92
Z8 Claviceps fusiformis PRL 1980 133,304 23,433 52.59 2535 446 98
Z9 Claviceps paspali RRC 1481 70,664 23,955 28.97 2439 827 104
Z10 Claviceps purpurea 20.1 34,636 13,314 32.09 1079 415 86
Z11 Epichloe amarillans E57 55,351 12,999 38.06 1454 342 80
Z12 Epichloe brachyelytri E4804 71,496 18,918 44.23 1616 428 82
Z13 Epichloe elymi E56 45,254 23,319 32.34 1400 721 84
Z14 Epichloe glyceriae E277 56,075 24,671 46.72 1200 528 84
Z15 Neotyphodium gansuense E7080 61,595 22,281 39.62 1555 562 81
Z16 Neotyphodium gansuense var. inebrians 

E818
45,784 24,961 29.68 1543 841 84

Z17 Periglandula ipomoeae IasaF13 26,118 20,983 35.30 740 594 80
Z18 Tolypocladium inflatum NRRL8044 34,957 20,656 30.22 1157 684 78
Z19 Cyphellophora europaea CBS 101466 21,242 16,546 28.72 740 576 62
Z20 Cladosporium sphaerospermum UM 843 25,740 15,767 26.13 985 603 118
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Results

Data processing

In accordance with morphological classifications, the 55 
ascomycetes and 26 basidiomycetes were categorized 
into 26 and 19 genera, respectively (see Supplementary 
Table  1). Total genome lengths of the 81 species ranged 
from 4,628,438 to 126,640,719 bp. To simplify the analy-
sis, species were assigned individual IDs: D1–D26 for 

basidiomycetes and Z1–Z55 for ascomycetes (Table  1). 
In addition, gene functions were appended to the name of 
each of the 10,560 extracted A. nidulans gene sequences 
(see Supplementary Table 2).

SSR detection and analyses

In total, 3,348,029 SSRs were detected in the 81 fungal 
genomes. SSR motif lengths ranged from two to seven. A 
total of 1,596,747 SSR primers based on 60-bp flanking 

Table 1  (continued)

ID Specie name SSR num SSR primer num SSR length (mp) SSR 
frequency 
(num/MB)

Primer fre-
quency (num/
MB)

Homologous 
genes number

Z21 Eutypa lata UCREL1 85,398 23,659 53.90 1584 439 72
Z22 Aureobasidium pullulans AY4 19,186 15,941 26.72 718 597 78
Z23 Colletotrichum gloeosporioides Nara gc5 52,574 28,473 55.39 949 514 105
Z24 Colletotrichum orbiculare MAFF 240422 163,210 9,290 87.45 1866 106 91
Z25 Ophiognomonia clavigignenti-juglan-

dacearum
15,019 7,819 15.91 944 492 56

Z26 Ascocoryne sarcoides NRRL 50072 34,953 25,177 34.17 1023 737 32
Z27 Cladophialophora carrionii CBS 160.54 27,283 20,513 28.98 941 708 57
Z28 Coniosporium apollinis CBS 100218 22,695 14,976 28.51 796 525 58
Z29 Herpotrichiellaceae sp. UM238 16,504 13,479 28.36 582 475 39
Z30 Hortaea werneckii EXF-2000 43,804 28,025 51.62 849 543 166
Z31 Trichoderma hamatum GD12 35,752 26,397 37.95 942 696 97
Z32 Trichoderma pseudokoningii SMF2 37,053 25,449 31.73 1168 802 97
Z33 Magnaporthe poae ATCC 64411 45,921 24,944 34.67 1324 719 93
Z34 Cercospora canescens BHU 25,451 18,557 33.97 749 546 71
Z35 Dothistroma septosporum NZE10 22,912 17,533 30.07 762 583 66
Z36 Mycosphaerella populorum SO2202 55,981 28,652 28.92 1936 991 62
Z37 Passalora fulva CBS 131901 56,860 21,154 60.78 935 348 75
Z38 Zymoseptoria passerinii SP63 27,516 20,645 28.79 956 717 61
Z39 Fusarium fujikuroi B14 36,803 27,800 43.81 840 635 71
Z40 Fusarium verticillioides 7600 34,827 27,522 41.79 833 659 76
Z41 Ophiostoma novo-ulmi subsp. novo-ulmi 

H327
52,846 28,194 31.77 1663 887 81

Z42 Alternaria arborescens EGS 39-128 22,160 18,349 33.89 654 541 69
Z43 Alternaria brassicicola ATCC 96836 23,207 17,364 29.54 786 588 76
Z44 Bipolaris sorokiniana ND90Pr 31,939 23,233 33.21 962 700 65
Z45 Pyrenochaeta sp. UM 256 23,823 19,193 35.45 672 541 60
Z46 Setosphaeria turcica Et28A 61,643 26,062 38.25 1611 681 82
Z47 Sclerotinia homoeocarpa LT30 38,171 20,795 29.73 1284 700 55
Z48 Gyalolechia flavorubescens KoLRI002931 45,582 14,993 34.39 1326 436 21
Z49 Baudoinia compniacensis UAMH 10762 15,396 12,181 21.87 704 557 49
Z50 Aspergillus kawachii IFO4308 42,190 26,942 36.84 1145 731 191
Z51 Aspergillus niger ATCC 1015 33,695 25,099 34.85 967 720 152
Z52 Aspergillus sojae NBRC 4239 28,147 21,982 39.39 715 558 169
Z53 Penicillium paxilli ATCC 26601 39,093 28,259 34.80 1123 812 178
Z54 Pleosporales sp. UM 1110 26,695 19,904 36.92 723 539 85
Z55 Daldinia eschscholzii UM1020 38,332 25,130 35.84 1069 701 74
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regions of the SSR loci were designed using Primer3 with 
default parameters. Because SSR lengths can vary over 
the course of evolution, we ignored that polymorphisms 
caused length differences in amplification bands among dif-
ferent species. We take the standard that a SSR primer is 
able to amplify regions in at least ten species, and finally 
designed 81 universal primers successfully. We success-
fully designed 81 universal primers, defined as primers able 
to amplify regions in at least ten species (see Supplemen-
tary Tables 3 and 5). We eliminated five ascomycetes and 
eight basidiomycetes species because of their uncertain 
homology to the remaining fungi based on SSR markers. 
The phylogenetic position of approximately 16% of the 81 
species could not be ascertained because they had fewer 
homologous SSR fragments than the others (Fig. 1). Phy-
logenetic relationships between and within the remaining 
ascomycetes and basidiomycetes are shown in the dendro-
gram in Fig. 1.

Coefficients of relatedness for basidiomycetes were 
nearly 1.0, while values for ascomycetes were smaller, 
ranging from 0.41 to 1.0 (Fig.  1). Basidiomycetes are 
highly clustered on the endmost branches of the phyloge-
netic tree. The composition of each subgroup was gener-
ally consistent with the known pedigree information of its 
members (see Supplementary Table 1). These results sug-
gest that basidiomycetes are derived from ascomycetes 

but are definitely genetically differentiated at the genomic 
level. On the basis of SSR polymorphisms, a few basidi-
omycetes, such as D8, D9, D23 and D24, appear to be more 
closely related to ascomycetes than other basidiomycetes.

Statistical information such as SSR frequency, the num-
ber of SSR fragments and the top three motifs per species 
are given in Table 1 and Supplementary Table 4. Although 
SSR fragments in ascomycetes and basidiomycetes were 
similar, differences were also found between them (Fig. 2e, 
f). We analyzed the three most common types of SSRs in 
each ascomycetes and basidiomycetes species. Within 
each phylum, SSR motifs were highly similar among spe-
cies. We identified 23 SSR motifs in ascomycetes and 24 
in basidiomycetes, many of which were the same between 
the two phyla (Fig. 2g). The fact that these SSRs are both 
diverse and conserved contributes substantially to their 
potential as markers for analyzing the evolutionary rela-
tionships of ascomycetes and basidiomycetes. The GC 
content of SSR fragments is higher in basidiomycetes than 
ascomycetes, similar to genomic GC content (Fig.  2c, d). 
This situation indicates that the stability of SSRs in basidi-
omycetes is higher than in ascomycetes and also suggests 
that the hereditary variability of ascomycetes is higher than 
that of basidiomycetes. This result supports the phyloge-
netic relationships uncovered based on SSR markers.

Fig. 1  Dendrogram generated by cluster analysis of simple sequence 
repeat-based genetic similarities in 81 fungal species. D1–D26 cor-
respond to basidiomycetes and Z1–Z55 are ascomycetes (see Table 1 
for abbreviations). The dendrogram was constructed by the UPGMA 

method in NTSYS-pc version 2.10e (Rohlf 2000). The coefficient 
on the horizontal scale is a measure of genetic distance, with values 
closer to 1 indicating that species joined at the corresponding node 
are more closely related
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Comparison of whole genome and A. nidulans gene 
sequences

The results of a homology assessment are reliable when 
sequences are longer than 100  bp (Freyhult et  al. 2006; 
Claverie and Notredame 2007), with the most appropri-
ate E-value threshold according to previous studies being 
1 × 10−100 to 1 × 10−30 (Forrest et  al. 2003; Shultz et  al. 
2007). In a comparative analysis using these criteria, 875 
highly homologous genes were selected to analyze the 
relationship of the 81 fungi (see Supplementary Table 2). 
UPGMA cluster analysis of a presence/absence matrix 
of homologous genes in these fungi was conducted in 
NTSYS-pc (Fig.  3). Phylogenetic relationships of all spe-
cies of ascomycetes and basidiomycetes inferred by the 

UPGMA analysis were similar to those based on SSR 
markers (Fig.  1). Coefficients of relatedness for basidi-
omycetes were 0.94–0.99, while those for ascomycetes 
were smaller, from 0.78 to 0.986. At a coefficient of relat-
edness of approximately 0.97, a few basidiomycetes were 
clustered with ascomycetes (Fig.  3); this result demon-
strates the diversity of ascomycetes is higher than that of 
basidiomycetes.

Molecular phylogenetic analysis based on conserved 
contigs in a glucose‑regulated protein gene

Identification of contigs conserved across all studied spe-
cies was performed using the results of the whole genome 
A. nidulans gene sequence comparison for two purposes: to 

Fig. 2  Information on simple sequence repeats (SSRs) detected in 
ascomycetes and basidiomycetes. a, b GC proportions of ascomycetes 
(a) and basidiomycetes (b) genomes. c, d GC proportions of SSRs in 
ascomycetes (c) and basidiomycetes (d). e, f The three most frequent 

SSR motifs in each basidiomycete (e) and ascomycete (f) species. g 
Venn diagram of SSR motif types between ascomycetes and basidi-
omycetes
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explore ascomycetes and basidiomycetes relationships from 
an evolutionary perspective and to verify the results of the 
above SSR and homologous gene analyses. Because it was 
neither excessively conserved nor extremely variable, a 
contig in a glucose-regulated protein gene was determined 
to be an appropriate candidate for analysis (see Supplemen-
tary Table 6). By comparison with A. nidulans, the contig 
sequence of this gene was extracted from all species and 
subjected to phylogenetic analysis. In the phylogenetic tree 
(Fig.  4), ascomycetes and basidiomycetes formed several 
separate clades, although it appeared that basidiomycetes 
clade is nested within ascomycetes clade, they separated 
with each other. Besides, it suggest that basidiomycetes 
are derived from ascomycetes and are clearly genetically 
differentiated from a molecular phylogenetic perspec-
tive (Figs.  1, 3). In conclusion, basidiomycetes may be 
derived from ascomycetes but are definitely genetically 
differentiated.

Discussion

Although comparative genomics has been widely applied 
in systematics and phylogenetic analyses of many species 
including fungi (Gladieux et al. 2014; Sahl et al. 2013; Xing 
et al. 2013; Yang et al. 2012), research on phylogenetic and 
evolutionary relationships of ascomycetes and basidiomy-
cetes has not yet appeared. Previous research on fungal 

systematics has been mostly morphology-based. Although 
differences exists between ascomycetes and basidiomy-
cetes, some connections are evident. Because basidiomy-
cetes are morphologically and reproductively similar to 
ascomycetes, many scientists believe that basidiomycetes 
are derived from ascomycetes. Two aspects are particularly 
notable. First, both dikaryotic hyphae of basidiomycetes 
and ascogenous hyphae of ascomycetes have a dikaryon, 
which is produced through sexual combination. Second, 
the clamp connection in basidiomycetes is similar to ascal 
hooked croziers in ascomycetes, which illustrates that the 
basidium development process in basidiomycetes is similar 
to that of asci in ascomycetes. Following their formation in 
ascomycetes, apical cells of the crozier hook develop into 
spore-containing asci. After a clamp connection is formed 
in basidiomycetes, its apical cells similarly develop into 
basidia. In our analysis (Figs. 1, 3), most species of basidi-
omycetes clustered together, as did species of ascomycetes. 
This result reveals that ascomycetes and basidiomycetes 
have a definite genetic differentiation. Basidiomycetes were 
clustered together in terminal clades in all our generated 
trees, consistent with the results of an earlier molecular 
phylogenetic analysis focused on ascomycetes and basidio-
mycetes evolutionary relationships (Bauer et al. 2015). Our 
results thus provide evidence for the hypothesis that basidi-
omycetes are derived from ascomycetes.

In the analyses in this study, the 55 ascomycetes and 
26 basidiomycetes species were divided into a number of 

Fig. 3  Dendrogram generated by cluster analysis of similarities 
between homologous genes of 81 fungal species identified using A. 
nidulans gene sequences. D1–D26 correspond to basidiomycetes and 
Z1–Z55 are ascomycetes (see Table 1 for abbreviations). The dendro-

gram was constructed by the UPGMA method in NTSYS-pc version 
2.10e (Rohlf 2000). The coefficient on the horizontal scale is a meas-
ure of genetic distance, with values closer to 1 indicating that species 
joined at the corresponding node are more closely related
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Fig. 4  Phylogenetic tree of 
ascomycetes and basidiomy-
cetes based on a conserved con-
tig in a glucose-regulated pro-
tein gene. D1–D26 correspond 
to basidiomycetes and Z1–Z55 
are ascomycetes (see Table 1 
for abbreviations). The tree was 
constructed by the neighbor-
joining method in MEGA ver-
sion 5.05 (Tamura et al. 2011). 
Numbers at nodes are bootstrap 
values based on 1000 replicates. 
Bootstrap values greater than 
50% are considered significant. 
Branch lengths are proportional 
to genetic distances between 
species
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distinct, non-overlapping clusters. These results confirm 
the genetic differentiation of ascomycetes and basidi-
omycetes and are consistent with traditional morphology-
based fungal classifications. During the long process of 
evolution, basidiomycetes may have arisen from the con-
tinuous variation characterizing ascomycetes and then 
become reproductively isolated.

The approach used in our study is an effective method 
for studying fungal phylogenetic relationships. With the 
increasing availability of high-throughout sequencing 
technology, more and more fungal genomes, including 
those of ascomycetes and basidiomycetes, will be suc-
cessfully sequenced. In the near future, additional oppor-
tunities for more detailed analyses of phylogenetic rela-
tionships between ascomycetes and basidiomycetes will 
arise with an expanding number of genome resources.
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