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ABSTRACT

The ultrastructure of septa and septum-associated septal pore caps are important 
taxonomic markers in the Agaricomycotina (Basidiomycota, Fungi). The septal pore caps 
covering the typical basidiomycetous dolipore septum are distinguished into three 
main morphotypes: vesicular, imperforate, and perforate. Until recently, the septal pore 
cap-type reflected the higher-order relationships within the Agaricomycotina. However, 
the new classification of Fungi resulted in many changes including addition of 
new orders. Therefore, the septal pore cap ultrastructure of more than 350 species 
as reported in literature was related to this new classification. In addition, the septal 
pore cap ultrastructure of Rickenella fibula and Cantharellus formosus was examined 
by transmission electron microscopy. Both fungi were shown to have dolipore septa 
associated with perforate septal pore caps. These results combined with data from the 
literature show that the septal pore cap type within orders of the Agaricomycotina is 
generally monomorphic, except for the Cantharellales and Hymenochaetales.

INTRODUCTION

Morphology of for example fruiting bodies (e.g. Fries, 1874; Patouillard, 1900; Fennel, 
1973; Müller & Von Arx, 1973; Jülich, 1981; Berbee & Taylor, 1992), basidia (e.g. Martin, 
1957; Donk, 1958; Talbot, 1973), spindle pole bodies (SPB) (e.g. McLaughlin et al., 1995; 
Celio et al., 2006), and septa (e.g. Moore, 1980, 1985, 1996; Khan & Kimbrough, 1982; 
Oberwinkler & Bandoni, 1982; Kimbrough, 1994; Wells, 1994; McLaughlin et al., 1995; 
Bauer et al., 1997; Müller et al., 2000b; Hibbett & Thorn, 2001) as well as physiological 
and biochemical characteristics (Bartnicki-Garcia, 1968; Van der Walt & Yarrow, 1984; 
Prillinger et al., 1993;  Kurtzman & Fell, 1998; Boekhout & Guého, 2002) have strongly 
contributed to fungal systematics. The structural and biochemical database for fungi 
(Celio et al., 2006) aims to capture several of these characters in a comprehensive 
manner. Next to these morphological and physiological characteristics, sequence 
data from ribosomal DNA (i.e. nSSU and nLSU rDNA), mitochondrial DNA and protein 
coding genes (e.g. EF1, RPB1, RPB2) have been instrumental in fungal systematics (e.g. 
Swann & Taylor, 1993, 1995; Liu, 1999, 2006; Fell et al. 2000; Schüßler et al., 2001; Lutzoni 
et al., 2004; Tanabe et al., 2004). More recently, complete fungal genomes were used in 
phylogeny (phylogenomics) and revealed consistency with the molecular studies done 
so far (Fitzpatrick et al., 2006; Kuramae et al., 2006). Collaborations between fungal 
systematics (AFTOL/Deep Hyphae) have increased the resolution of the fungal tree of 
life that resulted in an upgraded classification of the Fungi (James et al., 2006; Hibbett 
et al., 2007). 
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Since the last overview of septal ultrastructure in relation with fungal phylogeny (Fell 
et al., 2001; Hibbett & Thorn, 2001; Wells & Bandoni, 2001) many new orders have been 
proposed in the Agaricomycotina (equivalent to Hymenomycetes; Swann & Taylor, 1995) 
(Larsson et al., 2004; Binder et al., 2005; Hosaka et al., 2006; Hibbett et al., 2007) and the 
fundamental distinction between Heterobasidiomycetes and Homobasidiomycetes 
has disappeared. At present the Agaricomycotina contains three main clades, namely the 
Tremellomycetes, the Dacrymycetes, and the Agaricomycetes and 21 orders are recognized 
(Hibbett, 2006; Hibbett et al., 2007). In general, members of the Agaricomycotina have a 
dolipore septum that is flared towards the pore and may be associated with septal pore 
caps (SPCs) (Girbardt, 1958; Moore & McAlear, 1962; Bracker & Butler, 1963; Müller et al., 
1998a, 2000b). These SPCs are distinguished into three main morphotypes: the vesicular 
(tubular, saccular), the imperforate (continuous) and the perforate SPC-type. 

The ultrastructure of the septum and septum-associated subcellular structures reflected 
the higher-order relationships within the Agaricomycotina, and until recently, the orders 
herein contained only one SPC-type, either vesicular, imperforate, or perforate (e.g. 
Wells, 1994; Müller et al., 1998b, 2000b; Fell et al. 2001; Hibbett & Thorn, 2001; Wells 
& Bandoni, 2001). However, the basic changes inferred by molecular data necessitated 
a reconsideration of the septal ultrastructure in relation with the new classification. 
Furthermore, the orders Cantharellales and Hymenochaetales both were considered 
having only imperforate SPCs (Hibbett & Thorn, 2001), but at present these orders 
probably include also members with perforate SPCs (Larsson et al., 2006; Moncalvo et al., 
2006). Into the Cantharellales the Ceratobasidiales were placed, to which, Thanatephorus, 
Uthatobasidium and Ceratobasidium belong that all have perforate SPCs (Bracker & Butler, 
1963; Lisker et al., 1975; Tu et al., 1977; Langer, 1994; Andersen, 1996; Müller et al., 1998b, 
2000a; Moncalvo et al., 2006). Moreover, the position of Cantharellus itself is unclear, 
as it has been reported to contain perforate SPCs (Keller, 1997) as well as imperforate 
SPCs (Hibbett & Thorn, 2001; Larsson et al., 2004; Moncalvo et al., 2006). Hyphoderma 
praetermissum with perforate SPCs (Langer & Oberwinkler, 1993; Keller, 1997) is now 
classified in the Hymenochaetales (Larsson et al., 2004, 2006).  Finally, the omphalinoid 
fungi that previously were classified in the Agaricales (Singer, 1986) revealed to be 
polyphyletic and a biotrophic group, including Rickenella fibula (Bull.) Raitelhuber 
(1973), was placed in the Hymenochaetales (Moncalvo et al., 2002; Redhead et al., 2002; 
Larsson et al., 2004, 2006).

Here, SPC ultrastructural data from the literature was related with the recently proposed 
classification of the Agaricomycotina. Moreover, the SPC ultrastructure of Cantharellus 
formosus and R. fibula was examined by transmission electron microscopy. It is concluded 
that the SPC-type within the orders of the Agaricomycotina is generally monomorphic, 
except for the Cantharellales and Hymenochaetales.
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 MATERIALS & METHODS

Strain, Media, and Culture Conditions
Rickenella fibula (CBS 116393) was grown on X-agar medium (110 ml cherry extract, 600 
ml pepton-glucose-saccharose, 600 ml oatmeal extract, 480 ml water, and 25 g agar; 
Gams et al., 1998) at room temperature. After 5 weeks a colony with a diameter of about 
1 cm was used for chemical fixation and high pressure freezing. Cantharellus formosus 
was obtained from a commercial source. The identity of both isolates was checked 
by sequence analyses of the internal transcribed spacers (ITS) 1 and 2, and the D1/D2 
region of the nuclear large subunit (nLSU) ribosomal DNA using standard primers, PCR 
and sequence conditions (White et al., 1990; Hopple & Vilgalys, 1999).

Chemical Fixation
Peripheral parts of the R. fibula colony of about 34 mm, and approximately 1 mm tissue 
blocks from the stipe and the cap of C. formosus were cut. The mycelium was chemically 
fixed in freshly prepared ice-cold 1% (w/v) aqueous potassium permanganate for 20 
min on ice. After rinsing with ice-cold distilled water, the mycelium was dehydrated in 
a series of 70%, 80%, 90%, 95% and 100% (v/v) ethanol on ice. Subsequently, the ethanol 
was replaced by 1,2-propylene oxide (Merck KGaA, Darmstadt, Germany) (25%, 50%, 75%, 
and 100%) and the fungal cells were infiltrated (25%, 50%, 75%, 100%) and embedded in 
Spurr’s resin (Spurr, 1969), which was polymerized at 65ºC for 2 days. 

High-pressure Freezing and Freeze-substitution
From the periphery of the R. fibula colony, pieces of about 3 mm in diameter were cut 
and sandwiched between aluminum planchettes (Engineering Office M. Wohlwend 
GMbH, Sennwald, Switzerland), which were filled with 1-hexadecene (Müller & Moor, 
1984; Studer et al., 1995) and subsequently high-pressure frozen with a Leica EM HPF 
(Leica Microsystems, Vienna, Austria) according to the supplier’s manual. After freezing 
the sandwich, it was put into liquid nitrogen and the two aluminum planchettes were 
separated. The excess of 1-hexadecene was removed by gently scratching the surface of 
the hyphae with a fine needle in liquid nitrogen (Müller et al., 2002). The fungal cells 
with the supporting planchette were transferred in liquid nitrogen to a CS auto freeze-
substitution apparatus (Reichert-Jung, Vienna, Austria). In the substitution chamber 
the frozen fungal cells were rapidly put into the freeze-substitution fluid, containing 
1% OsO4, 3% glutaraldehyde (EM grade, Polysciences Inc, Warrington, PA, USA), and 
0.3% uranylacetate (Merck) in anhydrous methanol (Merck) (modified from Müller 
et al., 1980). Fungal cells were freeze-substituted for 4.5 days at -85ºC, after which the 
temperature was gradually raised (3ºC per hr) to 0ºC. Vials containing the freeze-
substituted fungal cells were put on ice. After 1 hr the fungal cells were rinsed with 
anhydrous methanol, followed by anhydrous acetone. After rinsing, they were infiltrated 
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and embedded in Spurr’s resin, and polymerized as described above. 

Transmission Electron Microscopy
Sections of 90 nm and 300 nm were post-contrasted with 4% (w/v) aqueous uranylacetate 
(Merck) and 0.4% (w/v) aqueous lead citrate (Merck) (Venable & Coggeshall, 1965) and 
viewed in a TECNAI 10 transmission electron microscope (FEI Company, Eindhoven, 
The Netherlands) at an acceleration voltage of 100 kV.

RESULTS & DISCUSSION

Septal Pore Cap Ultrastructure of Rickenella fibula and Cantharellus formosus
Rickenella fibula is a small gilled mushroom commonly found between moss (Bas et 
al., 1995) and strongly suspected to be biotrophic (Redhead, 1981; Kost, 1984). It was 
previously classified in the family Tricholomatacea within the order Agaricales (Singer, 
1986). Sections of chemically fixed R. fibula hyphal cells revealed a dolipore septum 
associated with perforate septal pore caps (SPCs) (Figure 1A), which corresponds with 
previous observations in R. aulacomniophila (= R. fibula; Kost, 1984). SPCs had a width of 
about 300 to 400 nm, a height of about 180 nm, and small perforations of about 50 to 
60 nm in diameter. The SPCs of R. fibula were comparable to those observed in Oxyporus 
latemarginatus (cited as Poria latemarginata; Setliff et al., 1972). The base of the SPC was 
connected with endoplasmic reticulum (ER) (Figure 1A), supporting previous views that 
the SPC is a subdomain of the ER (Girbardt, 1961; Bracker & Butler, 1963; Müller et al., 
1995, 1998a; Chapter 5.). Sections of high-pressure frozen (HPF) and freeze-substituted 
hyphal cells of R. fibula confirmed the presence of perforate SPCs at the dolipore septum 
(Figure 1B). In these hyphal cells the SPC had a width of about 320 to 400 nm at its 
base, a height of about 200 nm, and perforations of about 50 to 60 nm. In some cells 
perforations of about 80 nm were found. Cryo-fixation by HPF confirmed the results 
obtained by chemical fixation, but gave a more detailed view of the SPC membranes and 
plug morphology. The SPC existed of an inner and an outer membrane enclosing the 
SPC matrix with an electron-dense layer in the centre (result not shown). Filamentous 
structures connected the inside of the SPC with the pore-occluding material as was 
reported previously in Schizophyllum commune (Müller et al., 1998a) and Rhizoctonia solani 
(Müller et al., 2000a; Van Driel et al., 2007).

Sections of chemically fixed mycelium of Cantharellus formosus revealed a dolipore 
septum associated with perforate SPCs (Figure 2). Tissue from both stipe and 
hymenophore were analyzed. Stipe tissue revealed few dolipore septa and SPCs were 
often degenerated, while tissue from the hymenophore gave intact SPCs. Sections 
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showed that the SPCs were about 630 to 810 nm in diameter with perforations of 
about 100 to 200 nm (Figure 2). SPCs of C. formosus were comparable to SPCs observed 
in Ceratobasidium cornigerum (Müller et al., 1998b). ER membrane covering the SPC and 
forming an outercap region was observed (Figure 2) as previously reported in other 
fungi (Thielke, 1972; Gull, 1976; Craig et al., 1977; Van der Valk & Marchant, 1978; 
Desole, 1982). 

Figure 1 – Transmission electron micrographs of the dolipore-septal pore cap (SPC) complex in Rickenella 
fibula after chemical fixation (A) and after high-pressure freezing and freeze substitution (B). The dolipore 
(DP) septum is covered with perforate SPCs. The SPCs in Figure B are near median cut and tangentially cut, the 
latter showing the surface view. Bars represent 200 nm.

Figure 2 – Transmission electron micrographs of the dolipore-septal pore cap (SPC) complex in chemically 
fixed hyphae of Cantharellus formosus. The dolipore (DP) is covered with SPCs. Arrows indicate the membrane 
that forms an outer cap region above the SPC, which may be endoplasmic reticulum. Figure B is a 
magnification of Figure A. Bars represent 250 nm.
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Septal Pore Cap Morphology in the Agaricomycotina
According to the current classification, the Agaricomycotina contains three classes 
(Tremellomycetes, Dacrymycetes, and Agaricomycetes) and 21 orders (Hibbett, 2006; 
Hibbett et al., 2007). The SPC ultrastructure of more than 350 species has been published 
(Appendix, page 42). Table 1 shows a summary of the Appendix by giving the SPC-type 
per order. The current use of species names was checked in Mycobank (www.mycobank.
org; Crous et al., 2004). In the Tremellomycetes, the SPC is absent (Cystofilobasidiales) or 
has the vesicular morphology (Filobasidiales, Trichosporonales, Tremellales) (Table 1). The 
Dacrymycetes (Dacrymycetales) contains only species with imperforate SPCs (Table 1). The 
previously recognized clades that now belong to the Agaricomycetes contained either the 
imperforate SPC-type (Tulasnellales, Auriculariales, Hymenochaetoid, and Cantharelloid 
clade) or the perforate SPC-type (Polyporoid, Euagarics, Bolete, Thelephoroid, and 
Russuloid clade) (Hibbett & Thorn, 2001; Wells & Bandoni, 2001), with the exception 
of the gomphoid-phalloid clade that contained both perforate and imperforate SPCs 

Table 1 – SPC-type per order level in the Agaricomycotina (summary of the Appendix). The SPC-type in 
Hysterangiales is unknown as no SPC ultrastructure has been published. 
* SPC-type determined in one species. ** SPC-type determined in two species.

Class Subclass Order SPC-type

Tremellomycetes Cystofilobasidiales absent
Tremellales absent or vesicular
Trichosporonales absent or vesicular
Filobasidiales absent or vesicular

Dacrymycetes Dacrymycetales imperforate

Agaricomycetes Sebacinales imperforate
Cantharellales perforate and imperforate
Auriculariales imperforate

Phallomycetidae Geastrales imperforate *
Phallomycetidae Hysterangiales unknown
Phallomycetidae Phallales perforate **
Phallomycetidae Gomphales imperforate *

Trechisporales imperforate *
Hymenochaetales imperforate and perforate
Thelephorales perforate 
Polyporales perforate
Gloeophylalles perforate **
Corticiales perforate
Russulales perforate

Agaricomycetidae Agaricales perforate
Agaricomycetidae Boletales perforate
Agaricomycetidae Atheliales perforate
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(Hibbett & Thorn, 2001). However, the SPC-type of the latter clade was unclear, as only few 
taxa were included. Present classification combined with SPC morphology data shows 
that the orders in the Agaricomycetes have in general only one SPC-type. The imperforate 
SPC-type is found in the Geastrales, Gomphales, Trechisporales, Auriculariales, and Sebacinales 
(Table 1). The perforate SPC-type is found in the Agaricales, Atheliales, Boletales, Phallales, 
Corticiales, Gloeophyllales, Polyporales, Russulales, and Thelephorales (Table 1). However, 
both perforate and imperforate SPCs are found in the Cantharellales and Hymenochaetales 
(Table 1). The SPC-type for members of the Hysterangiales has not been determined yet. 
Furthermore, the SPC-type in the Trechisporales, Geastrales, and Gomphales was examined 
only in one species, whereas the SPC-type in Gloeophyllales and Phallales was examined in 
two species. For these orders, more data on the SPC ultrastructure are required to allow 
reliable statements concerning their SPC-type. An overview of the SPC-type in relation 
with the current tree topology of the Agaricomycotina (Hibbett, 2006) is given in Figure 3. 

The descriptions of the SPC-type of Typhula uncialis, Bolbitius vitellinus, Plicatura nivea, 
Basidiodendron rimulentum, Phanerochaete sordida, Tremella encephala, Trechispora 
subsphaerospora, Hydnocristella himantia (Keller, 1997), Auricularia polytricha, A. mesenterica 
(Patton & Marchant, 1978), and Coltricia perennis (Moore, 1980) were not included in 
this study as either the images were of suboptimal quality and could be interpreted 
differently, or the material was misidentified. Furthermore, few irregularities on 
the SPC-type were found in the Agaricales (i.e. Lepista glaucocana, Mycena galopus, 
and Radulomyces confluens), the Russulales (i.e. Scytinostromella olivaceoalba), and the 
Tremellales (Ditangifibulae dikaryotae) suggesting that the SPC-type in these orders is not 
monomorphic (Appendix). However, as misidentifications were made in the past, these 
anomalies should be confirmed or supported by genetic data (e.g. ITS or nLSU sequence 
data) and high-quality images of the dolipore-SPC complex, for example, obtained 
after high-pressure freezing and freeze-substitution. However, a recent study of the SPC 
ultrastructure in two species of Mycena, showed perforate SPCs in M. hiemalis, while M. 
galopus has imperforate SPCs (Rexer & Stepanova, 2004). A reversal from perforate to 
imperforate SPC-type could have taken place in this genus, which would suggest that 
perforate SPCs might not be morphologically stable. Nevertheless, this is the only 
reported anomaly within a genus so far. In addition, the authors suggested that Mycena 
is heterogeneous (Rexer & Stepanova, 2004). 

Septal Pore Cap Morphology in the Hymenochaetales
The Hymenochaetales order has six clades: the Oxyporus, Rickenella, Kneiffiella, Hyphodontia, 
Coltricia, and Hymenochaetaceae clades (Larsson et al., 2006). The SPC ultrastructure 
is known for many of its members. Imperforate SPCs have been found in Inonotus, 
Hymenochaete, Hydnochaete, Phellinus, Onnia, Asterodon, Schizopora, Hyphodontia, Coltriciella, 
Coltricia, and Trichaptum (Appendix). Perforate SPCs were found in the Rickenella clade, i.e. 
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Figure 3 – Schematic phylogenetic diagram of the Agaricomycotina adopted from Hibbett (2006). In the 
Tremellomycetes septal pore caps (SPCs) are absent (Cystofilobasidiales) or have the vesicular morphology 
(Filobasidiales, Tremellales). In the Dacrymycetes (Dacrymycetales) dolipore septa are associated with imperforate 
SPCs. In the Agaricomycetes dolipore septa are covered either with imperforate SPCs (Auriculariales, Sebacinales, 
Gomphales, Trechisporales, and Geastrales) or perforate SPCs (Phallales, Corticiales, Gloeophyllales, Polyporales, 
Thelephorales, Russulales, Boletales, Atheliales, and Agaricales). Both imperforate and perforate SPCs occur in the 
Cantharellales and Hymenochaetales. The SPC-type in the Hysterangiales is unknown as no SPC ultrastructure was 
published. The ER-like strands covering the dolipore in the Cystofilobasidiales seem ancestral to the vesiculate 
and imperforate SPC-type. It appears that the perforate SPC-type has arisen several times in the Agaricomycetes. 
Eventually, the perforate SPC was lost in the Cantharellales and Hymenochaetales (grey boxes) and reversed to 
the imperforate SPC-type. 

perforate SPC

imperforate SPC

vesicular SPC

endoplasmic reticulum



Chapter 2

36

R. fibula (Figure 1) and Hyphoderma praetermissum (Langer & Oberwinkler, 1993; Keller, 
1997). Furthermore, the perforate SPC-type occurs in the Oxyporus clade as Oxyporus 
latemarginatus (cited as Poria latemarginata) has dolipore septa associated with perforate 
SPCs (Setliff et al., 1972). Thus the basal clades, viz. the Rickenella and the Oxyporus clade in 
the Hymenochaetales have perforate SPCs, whereas all the other clades have imperforate 
SPCs. This suggests that after the perforate SPC-type appeared in the Rickenella clade and 
the Oxyporus clade, it was subsequently lost and reversed into the imperforate type in 
the other clades.

Septal Pore Cap Morphology in the Cantharellales
The Cantharellales order consists of four clades: a core cantharelloid clade (including 
Cantharellus, Craterellus, Hydnum, Sistotrema, Clavulina, Multiclavula, and Membranomyces), 
the Botryobasidium clade, the Ceratobasidiales clade (including Ceratobasidium, 
Thanatephorus, and Uthatobasidium) and the Tulasnella clade (Moncalvo et al., 2006). 
The literature on the septal pore morphology in Cantharellus is confusing. Cantharellus 
cinereus was reported having dolipore septa associated with perforate SPCs (Keller, 
1997). On the other hand, others interpreted Cantharellus having imperforate SPCs 
based on this publication (Hibbett & Thorn, 2001; Larsson et al., 2004; Moncalvo et al., 
2006). Our examination of the SPC of C. formosus showed dolipore septa covered with 
perforate SPCs (Figure 2) and confirmed Keller’s interpretation (Keller, 1997). Next to 
Cantharellus, Sistotrema brinkmannii also has dolipore septa with perforate SPCs (Dong 
et al., 1981; Langer, 1994), and thus, members of the core cantharelloid clade have 
perforate SPCs. The Botryobasidium clade, which is sister to the core cantharelloid clade, 
has been studied extensively with respect to its SPC ultrastructure (Appendix). It has 
dolipore septa with imperforate SPCs. Interestingly, the Ceratobasidiales, which is the 
sister group of the core cantharelloid clade and the Botryobasidium clade, all do have 
perforate SPCs (Appendix). Finally, members of the Tulasnella clade have dolipore septa 
that are covered with imperforate SPCs (Appendix). The exact position of Tulasnella 
remained unclear, but it may be in basal position within the Cantharellales (Moncalvo et 
al., 2006). After the perforate SPC-type appeared in the Cantharellales it disappeared in the 
Botryobasidium clade and reversed to the imperforate SPC-type, which is schematically 
drawn in Figure 4.

Trends in the Evolution of Septal Pore Cap Morphology in the Agaricomycotina
As the position of certain orders is uncertain, the fungal phylogeny is not final yet 
(Hibbett et al., 2007) and future phylogenetic studies may involve changes in the 
current tree topology. Furthermore, the SPC ultrastructure in certain orders (Geastrales, 
Gloeophyllales, Gomphales, Phallales, and Trechisporales) has been studied only in few 
species, and thus, these studies should be extended to get a better-supported SPC-type 
in these orders. Therefore, we cannot be conclusive on the SPC morphology evolution in 
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the Agaricomycotina. Still, certain trends can be inferred from the SPC morphology data 
combined with the current classification.  As the basal lineage in the Agaricomycotina 
has dolipore septa without SPCs (Cystofilobasidiales) but covered with ER-like strands 
(e.g. Itersonilia perplexans; Boekhout, 1991), we assume this might be ancestral to both 
the vesicular and imperforate SPC-types. Evidence showing that the vesicular SPC-
type resembles the ER membrane when stained with zinc-iodine (Müller et al., 1995, 
1998a) may support this view of a close relation between ER and the vesicular SPC-type. 
Eventually, the imperforate has given rise to the perforate SPC-type in the Agaricomycetes, 
which might have reversed to the imperforate SPC-type (Figure 3). This view differs from 
the one stated by Moore (1996), who suggested a SPC phylogeny that would progress 
from imperforate to perforate to vesicular forms. The Cantharellales and Hymenochaetales 
both have imperforate and perforate SPCs. After perforate SPCs have appeared, they 
subsequently were lost and reversed to the imperforate SPC-type. However, the presented 
phylogeny of the Cantharellales is probably not final, as, for example, the position of the 
Tulasnella clade is still not clear (Moncalvo et al., 2006). Moreover the classification of 
most orders in the Agaricomycetes is still considered uncertain (incertae sedis; Hibbett 
et al., 2007). Future phylogenetic studies together with ultrastructural studies of the 
septal pore complex morphology may shed a more definitive light on SPC morphology 
evolution.

Figure 4 – Simplified phylogenetic diagram of the Cantharellales showing the four main clades according to 
Moncalvo et al. (2006). The core cantharelloid clade and Ceratobasidiales both have dolipore septa associated 
with perforate septal pore caps (SPCs), whereas the Botryobasidium and Tulasnella clades both have imperforate 
SPCs. Probably the perforate SPC-type has been lost in the Botryobasidium clade and reversed to the imperforate 
SPC-type.
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