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Abstract − A macrofungi species, Cortinarius bulliardii is collected from Tokat city province 

during field trips in 2019. It has a smooth, finely light fibrous, brownish-red pileus, whitish to 

light lilac-brownish flesh, broadly ellipsoidal spores, light brown when young, then dark brown 

lamellae with age. In addition to morphological analysis, molecular sequence data based on the 

ITS and LSU rDNA gene regions indicated that the studied species is Cortinarius bulliardii.  

Subject Classification (2020):  

1. Introduction 

The genus Cortinarius (Pers.) Gray is the largest genus of the Agaricales in the world [1]. Species of 

Cortinarius have a worldwide distribution and they form ectomycorrhizal associations with some 

coniferous and broad-leaved trees [2−4]. 

Species identification in this genus based solely on morphological analysis is very confusing and may 

lead to false interpretations. Thus, molecular studies are important to better identify and name 

Cortinarius species correctly. The nuclear ribosomal internal transcribed spacer (ITS) is a universal 

barcode marker for fungal taxonomic studies [5]. It is also the most reliable marker to solve species 

delimitation problems of the genus Cortinarius [6]. Additionally, other marker regions, such as nuclear 

ribosomal large subunit (LSU) or largest subunits of RNA polymerase II (RPB1, RPB2) may also be used 

to better resolve infrasubgeneric relationship within the Cortinarius species [3].   

More than 130 species belonging to this genus have been identified in Turkey [7]. However, molecular 

studies are lacking in most of these studies. A few species from this genus have been studied including 

molecular data, some of which are Cortinarius conicoumbonatus [2], Cortinarius caerulescens [8], 

Cortinarius rapaceoides [9], Cortinarius rufo-olivaceus [10] and Cortinarius lilacinovelatus [11]. 

Cortinarius bulliardii (Pers.) Fr. / çizik örümcekmantarı has been previously reported as list from 
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Trabzon/Akçaabat [7, 12] and Çanakkale/Bayramiç [13] regions of Turkey. However, these studies lack 

both molecular data and morphological description of this species. 

Cortinarius bulliardii (Pers.) Fr. was first described by Fries [14]. It is characterized with a flesh, 

rounded, smooth and reddish-colored pileus; bulbous, cinnabar-colored stipe; whitish flesh and reddish 

brown at the base of the stipe; lamella broad and reddish-brown. Cortinarius bulliardii is reported from 

different regions of Europe, widely distributed within the temperate-Mediterranean Europe, and from 

America, Asia and north Africa [15, 16].  It usually found in deciduous forests (Corylus, Quercus, Tilia, 

Fagus) on calcareous soil [4, 17]. 

In this study, we provide description of C. bulliardii from Tokat city province (Turkey) based on 

morphological features and molecular phylogenetic analyses of the ITS and LSU gene regions. With the 

combination of morphological and molecular analyses, we shed light into the Cortinarius distribution in 

this continent and contribute significantly to the Cortinarius mycobiota of Turkey.  

2. Materials and methods 

2.1.  Morphological analysis 

The fungal specimens were collected from Tokat province during field trips in December 2019. 

Ecological and macroscopic features such as sizes of cap and stipe, color, odor, color change upon handle 

or bruising were noted in the field. Then, specimens were brought to the laboratory for chemical tests 

and microscopic examinations. Microscopic observations were made from dried fungarium specimens 

mounted in distilled water, Lactophenol, Congo red, or KOH using a light microscope. Identification of 

the samples was performed with the help of the literature [18]. The identified collection was deposited 

in the Fungarium of Department of Biology, Tokat Gaziosmanpaşa University (GOPUF). 

2.2.  Molecular analysis 

Genomic DNA was isolated from lamella of the macrofungi using the ZR Fungal/Bacterial DNA MiniPrep 

kit (Zymo Research Irvine, CA, USA) as described by the manufacturer’s protocol. To amplify ITS1-5.8S-

ITS2 and 28S LSU gene regions, primer pairs ITS4: 5-TCCTCCGCTTATTGATATGC-3/ITS5: 5-

GGAAGTAAAAGTCGTAACAAGG-3 [19] and LROR: 5: ACCCGCTGAACTTAAGC-3/LR5: 5: 

TCCTGAGGGAAACTTCG-3 [20] were used. The DNA was amplified in a 30 μl volume mixture using 

Dream Taq DNA polymerase (Thermo) using the conditions described previously [11]. PCR 

amplifications were verified by using 1 % agarose gel electrophoresis. PCR products were sequenced 

from both ends using forward and reverse primers (BM Labosis Inc., Ankara). 

Chromatograms were checked for errors for each sequence and a final sequence for ITS and LSU regions 

were generated for further analysis. Homology based searches using Basic Local Alignment Search Tool 

(BLAST) program was performed to identify best matches. Accordingly, representative ITS and LSU 

sequences from other Cortinarius species were retrieved from GenBank for phylogenetic analysis. 

Sequence analysis, such as sequence alignments and phylogenetic trees for each genomic region were 

determined using MEGA 6.0 [21]. Phylogenetic trees were constructed using the maximum likelihood 

(ML) method where Tamura-Nei model [22] was used to construct the ML tree with bootstrap support 

of 1000 replicates and default settings. The bootstrap support values ≥ 50% were marked on the 

branches of the tree. 
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3. Results and Discussion 

3.1. Taxonomy 

Fungi 

Basidiomycota 

Cortinariaceae 

Cortinarius bulliardii (Pers.) Fr., Epicrisis Systematis Mycologici: 282 (1838) (Figure 1) 

Macroscopic and microscopic features: 

Pileus 50-80 mm in diameter, hemispherical in youth, then conical to broad bell-shaped, wavy in age, 

with a long-curled edge. On the surface smooth, finely light fibrous, brownish-red, hygrophane (Figure 

1a). Flesh whitish to light lilac-brownish, slightly gray-brown marbled, unchanged by oxidation, odor 

weak, unpleasant, taste mild, radish. Lamellae in number 45-57, attached to the friction, light brown in 

youth, then dark brown. Stipe 60-110  6-10 mm, at the base up to 25 mm wide. Surface dry, fibrous, 

grayish-white in the upper part, noticeably in the lower half towards the base orange (Figure 1a). Spores 

broadly ellipsoidal, on the surface with warty, coarse, and low ornamentation, 8-11  5-7 μm, (Figure 

1b). Basidia tetrasporic, clavate, 25-35  8.5-11 μm, with basal clamp (Figure 1c). Terminal cells 3.5-10 

μm across, hyaline to reddish-brown and lightly encrusted in places septa with clamps (Figure 1d). 

Specimen examined: TURKEY, Tokat province, Akbelen village, in Quercus spp. forests, on calcareous 

soil. 40°27'55"N, 36°38'24"E, 1079 m, 08.12.2019, GOPUF HIS-23, GenBank MZ291672 and MZ291697. 

 

    
Figure 1. Cortinarius bulliardii (Collection HIS-23): a- basidiomata in situ, b- basidiospores, c- basidia, 

d- pileipellis (Scale bars: a = 30 mm; b-d = 10 µm). 
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Fries [14] indicated that Cortinarius colus Fr. is similar to Cortinarius bulliardii (Pers.) Fr. although it 

has a much pale and decurrent lamellae, a narrow stipe and it is a much smaller fungus when compared 

to C. bulliardii. Moreover, Cortinarius colus is a species found in pine forests while C. bulliardii is 

normally associated with Corylus, Quercus and Fagus. Other closely related species to C. bulliardii are C. 

cinnabarinus Fr. and C. coccineus Reumaux, which are mostly found in mixed forests of hardwoods in 

Europe [23]. These two species are regarded as the orange-to-orange red species of subgenus Telamonia 

[23]. Cortinarius cinnabarinus has a cinnabar red to brownish red whole fruiting body, brownish red 

flesh, and smaller spores, while C. bulliardii is recognized by saturated red brown cap, cinnabar red base 

of its stipe, grayish brown flesh and larger spores [17]. Cortinarius coccineus also differs from C. 

bulliardii by its dull reddish to dark brown or blackish lamellae, strongly orange red stipe, and smaller 

spores [23, 24].   

3.2. Molecular Phylogeny 

About 600 bp ITS and 881 bp LSU genomic rDNA sequences were determined from the studied sample 

and the sequences were deposited at GenBank under the accession numbers, MZ291672 and MZ291697, 

respectively. 

Blast search with ITS sequence showed high sequence similarity (98 %) with C. bulliardii (GenBank No. 

JX114942) from Sweden. Blast search with LSU also gave a high sequence similarity (100 %) to C. 

bulliardii (GenBank No. AF388782). Other sequences that showed significant similarity with our ITS 

and LSU query sequences were also retrieved for phylogenetic analysis.  Maximum likelihood (ML) tree 

was constructed separately for each gene region (Figure 2 and Figure 3). Each tree clearly showed a 

well-supported clade for C. bulliardii species from different locations. In the ITS tree, C. cinnabarinus 

and C. coccineus form a clade with C. bulliardii, while C. californicus, C. hesleri and C. coracis form a 

distant clade to C. bulliardii (Figure 2). Cortinarius neosanguineus was used as the outgroup species to 

root the trees. 

Molecular phylogenetic analysis showed that C. cinnabarinus and C. bulliardii are monophyletic and C. 

coccineus was basal to the clade including C. bulliardii and C. cinnabarinus. Cortinarius hesleri is the 

distant species to C. bulliardii but more closely related to C. californicus. Although C. cinnabarinus is 

genetically the most closely related species to C. bulliardii, they have distinctive morphological features 

as mentioned above. Our phylogenetic results are also in agreement with that of Ammirati et al. [23]. 
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Figure 2.  ITS sequence-based phylogeny of Cortinarius bulliardii using ML method. The studied 

specimen is indicated with black circle and in bold. Cortinarius neocanguineus was the outgroup species. 

Bootstrap support values ≥ 50% from ML analysis were shown on the branches. Bar indicates 0.01 

expected change per site per branch. E: epitype, H: holotype, T: type 
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Figure 3. LSU sequence-based phylogeny of Cortinarius bulliardii using ML method. The studied 

specimen is indicated with black circle and in bold. Cortinarius neocanguineus was the outgroup species. 

Bootstrap support values ≥ 50% from ML analysis were shown on the branches. Bar indicates 0.002 

expected change per site per branch. 

4. Conclusion 

Cortinarius bulliardii is described from Tokat city province, Turkey, including both its morphological 

features and molecular data. The phylogenetic relationship and biogeographical patterns of C. bulliardii 

are discussed. We hope more ITS barcoding data are produced for other Cortinarius species from Turkey 

to better understand speciation in the genus Cortinarius and their distribution in this continent which 

has high biological diversity. 
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