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ABSTRACT

This study evaluates the morphological and molecular characteristics of macrofungal specimens belonging to the 
genera Gymnopilus and Pholiota, identified during fieldwork in Çanakkale province of Türkiye in January 2025. The spec-
imens were documented in detail in their natural habitats, their macroscopic characteristics were examined in situ and 
recorded using a digital camera. A total of four specimens of Gymnopilus and 10 specimens of Pholiota were collected 
and analyzed. The collected material was processed as fungarium specimens using standard laboratory methods and 
identified through classical taxonomic techniques and molecular phylogenetic analyses based on Internal Transcribed 
Spacer (nrITS) sequences. Bayesian inference (MrBayes) was employed to construct phylogenetic trees, allowing robust 
verification of the molecular affiliations of the specimens. As a result of the analyses, the presence of Gymnopilus areno-
philus and Pholiota gallica, two species reported here for the first time for the mycobiota of Türkiye, was confirmed. Both 
species have previously been documented only in a limited number of Mediterranean countries, and their occurrence 
in the Anatolian Peninsula has been scientifically verified for the first time in this study. Detailed macroscopic and 
microscopic descriptions are provided, supported by original illustrations and scanning electron microscopy images 
of basidiospores. Additionally, data on ecological preferences, habitat characteristics, geographical coordinates, and 
local distribution patterns are thoroughly presented. These findings not only introduce two new macrofungal species 
to Türkiye’s mycobiota but also highlight the ecological significance of Mediterranean forest ecosystems as reservoirs 
of overlooked fungal diversity.
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Introduction

Agaricales is the most well-known group of macromycetes, generally recognizable by its capped and gilled 
structure. This order, which can be easily distinguished by its umbrella-shaped morphology, exhibits a cos-
mopolitan distribution in various habitats and substrates, from the Arctic to the tropics. Agaricales is a mor-
phologically and ecologically rich group with saprophytic, symbiotic, and parasitic life forms. They are of 
great importance in terms of ecosystem services such as decomposition of organic matter, nutrient cycling, 
soil formation and stabilization, mycorrhizal associations, and food provision for wildlife (Akata et al., 2024a 
Kalichman et al., 2020; Kusuma et al., 2021).

The genera of this order, such as Agaricus, Flammulina, Lentinula, and Pleurotus, are of great economic value 
and are widely used in the food and pharmaceutical industries. However, genera such as the toxigenic 
Amanita, which causes fatal poisonings, and the hallucinogenic Psilocybe, which contains psilocybin, are also 
included in this group. Interestingly, one of the largest living organisms in the world, Armillaria, also belongs 
to this order. The phylogenetically highly successful lamellate (gill) hymenophore structure has played a 
decisive role in the evolutionary success of these species (Kalichman et al., 2020).

Agaricales is the largest order in the fungal kingdom, comprising approximately 20,000 described species. 
Although most agaric fungi belong to this order, Agaricales includes not only capped and lamellate spe-
cies but also species with different morphologies such as poroid, gasteroid, and hydnoid. This morpho-
logical diversity—such as poroid, gasteroid, and hydnoid forms—within the order makes it a very complex 
group, both systematically and ecologically. Since the 19th century, this group has been shaped by various 
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taxonomic attempts. In the modern sense, it has been studied in detail 
by researchers such as Donk (1962), Horak (1968), and Singer (1986) 
since the middle of the 20th century. Still, a holistic evaluation in the 
light of molecular data remained incomplete for a long time. In recent 
years, with the widespread use of DNA-based phylogenetic studies, the 
classification of Agaricales has been significantly restructured. In this 
context, the modern phylogenetic framework shaped by Moncalvo 
et al. (2002) is now widely accepted (Kalichman et al., 2020).

Gymnopilus P. Karst (Strophariaceae, Agaricales) is a large genus of mac-
romycetes, first described in Sweden in 1879 and now represented by 
more than 200 species worldwide. These species, which mostly grow 
on dead wood in forested areas, play a vital decomposer role in the 
organic matter cycle in ecosystems with their saprotrophic properties. 
Yellowish, brownish, purplish, or greenish pileus, adnate or adnexed 
lamellae, fibrous or spidery membrane remnants, and rough or verru-
cose basidiospores characterize Gymnopilus species. At the same time, 
the spores turn from yellow to rust brown as they mature. These fungi 
usually have a bitter flavor, and almost all hyphae have pincer connec-
tions. Although the vast majority of the species exhibit a saprotrophic 
lifestyle, some of them show hallucinogenic properties due to their psi-
locybin content and have the potential for neurotoxic effects (He et al., 
2019; Yang et al., 2024). Recent molecular phylogenetic analyses (Yang 
et al., 2024) have refined the infrageneric classification of Gymnopilus, 
highlighting previously overlooked Mediterranean and Asian taxa. 
These updates provide a robust framework for identifying and compar-
ing G. arenophilus specimens, supporting the molecular findings of the 
present study.

Pholiota (Fr.) P. Kumm (Basidiomycota, Strophariaceae) is a genus of 
wood-decaying fungi with a saprophytic or rarely parasitic lifestyle, espe-
cially widespread in temperate northern hemisphere regions, and is rep-
resented worldwide by about 150–160 species. Species usually grow on 
wood, humus, soil, sphagnum beds, or charcoal. Characteristic morpho-
logical features of the genus include fruiting bodies, typically yellowish 
brown, with a slimy and scaly cap (pileus), well-developed cover remains, 
pale to dark brown spore deposits, and the presence of cheilocystidia in 
the form of lepto- or chrysocystidia. At the subgenus level, the distinction 

between Pholiota and Flammuloides is particularly noteworthy, and it is 
emphasized that macroscopic and microscopic characters in these taxo-
nomic subdivisions may vary depending on environmental factors. In 
addition, while some species have edible or medicinal potential, others 
may show mild toxic properties. This structural, ecological, and taxo-
nomic diversity reveals the systematic importance and complexity of 
the genus Pholiota (Huang et al., 2024; Noordeloos, 2011; Tamang et al., 
2024). Furthermore, recent records of Pholiota gallica from the Balkan 
Peninsula (Assyov, 2022) have highlighted its restricted Mediterranean 
distribution, while new Asian taxa described by Huang et al. (2024) and 
Tamang et al. (2024) emphasize the genus’s ongoing diversification. The 
discovery of P. gallica in Türkiye therefore bridges a major biogeographi-
cal gap, expanding the known distribution of Mediterranean Pholiota 
species eastward across the Anatolian Peninsula.

This study focused on the morphological and molecular characters 
of Gymnopilus arenophilus A. Ortega & Esteve-Rav. and Pholiota gallica 
Holec & M. Kolařík, members of the Strophariaceae, which are naturally 
occurring in Çanakkale. Sesli et  al. (2020) and some recent studies in 
Türkiye (Acar et  al., 2020; Acar et  al., 2022; Acar & Karabıyık, 2024a,b; 
Akata et al., 2024a,b,c; Acar & Karabıyık, 2025; Akata et al., 2025; Sesli, 
2022), Gymnopilus arenophilus and Pholiota gallica are new records for 
the mycobiota of Türkiye. This study aims to clarify the related species’ 
taxonomic position and contribute to Türkiye’s macrofungi diversity.

Material and Methods

The macrofungi specimens, which constitute the material of this study, 
were collected from their natural habitats in different localities of 
Çanakkale province, Türkiye, during systematic field studies conducted 
in 2025 (Figure 1). A holistic taxonomic approach combining morpho-
logical examination and molecular analyses was adopted to identify the 
specimens, resulting in reliable identification and classification at the 
species level.

Morphological Studies
Ecological data such as location, date, habitat type, substrate character-
istics, and macroscopic features of the collected materials were recorded 

Figure 1. 
Map of the Research Area (Çanakkale).
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during field observations and photographed in the natural environ-
ment with a Canon EOS 60D digital camera. The samples brought to 
the laboratory were dried in a controlled environment and preserved in 
polyethylene bags with appropriate labeling. Micromorphological anal-
yses were carried out using a Leica DM500 light microscope; basidia, 
basidiospores, cystidia, and pileipellis structures were examined in 
detail. In order to obtain reliable results from each microscopic char-
acter, at least

Thirty measurements were made and the data were analyzed with Leica 
Application Suite (v3.4.0) software. Scientific drawings of microscopic 
structures were prepared using CorelDRAW (64-bit, Corel Corporation, 
Canada). Small pieces of cork for imaging by scanning electron micros-
copy (SEM) were fixed to the sample tray using double-sided adhe-
sive tape with minimal risk of deformation to ensure stability during 
microscopy. In order to increase conductivity of the samples and pre-
vent surface charging, gold coating was applied to the fixed materials. 
Visualization was performed using a Zeiss (Germany) Scanning Electron 
Microscope, which was operated at an accelerating voltage of 5.00 
kV for optimum image quality and high resolution of surface details. 
Magnifications ranged from ×2500 to ×10,000 depending on the tar-
get structure. Image post-processing was limited to basic contrast and 
brightness adjustment in ZEISS SmartSEM software to improve visibil-
ity without altering structural details. This method allowed the surface 
morphology of fungi to be analyzed with high precision at the micro-
scopic level. For species identification, the main literature sources such 
as Ortega & Esteve-Raventós (2005), Bidaud & Borgarino (2006), Holec & 
Kolařík (2014), Holec et al. (2016a), Loizides (2016), Pancorbo et al. (2016) 
and Assyov (2022) were used. The identified specimens were converted 
into fungarium material and preserved under suitable environmental 
conditions in the Fungarium Collection of the Department of Biology, 
Van Yüzüncü Yıl University Faculty of Science. 

Molecular Studies
Genomic DNA isolation from macrofungal samples used in this study 
was carried out based on the cetyltrimethylammonium bromide (CTAB) 
protocol described by Rogers & Bendich (1994) and Akata et al. (2024b, 
c; 2025). After isolation, the purity and intensity values of the DNAs were 
measured using a NanoDrop 2000c UV visible spectrophotometer(UV-
Vis) spectrophotometer manufactured by Thermo Scientific (USA). 
The obtained DNA samples were stored at −20°C before polymerase 
chain reaction (PCR). In order to support species identification, the 
internal transcribed spacer (ITS) region was targeted and amplification 
was performed using the universal ITS1/ITS4 primer pair. The primer 
sequences used were ITS1 (5‘-TCCGTAGGTGAACCTGCGG-3’) and ITS4 
(5‘-TCCTCCGCTTTATTGATATATGC-3’), respectively. The PCR reaction was 
carried out in a total volume of 25 µL, containing the primer pair at a 
concentration of 10 µM, 10 ng/µL genomic DNA, 10X PCR buffer, 25 
mM MgCl₂, 10 mM dNTP mix, 5 U/µL Taq DNA polymerase (FIREPol, Solis 
Biodyne, Estonia) and sterile distilled water. The PCR program consisted 
of pre-denaturation at 95°C for 3 minutes, followed by 35 cycles of 
denaturation at 95°C for 30 seconds, annealing at 55°C for 30 seconds, 
extension at 72°C for 1 minute, and final extension at 72°C for 5 min-
utes. The successfully amplified samples were run for 90 minutes at 100 
V using 1% agarose gel electrophoresis, and a single band of approxi-
mately 700 bp in length was observed. These bands were purified with 
the MAGBIO HighPrep PCR Cleanup System (AC60005) kit and sent to 
Macrogen (Netherlands) for sequence analyses. Sequencing was per-
formed using an ABI 3730XL Sanger sequencer and BigDye Terminator 
v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA) (Chen 
et al., 2014; Kalmer et al., 2018; Dizkırıcı et al., 2019).

The forward and reverse ITS sequences were assembled using DNAMAN 
v10 (Lynnon Corporation) software, and consensus sequences were gen-
erated. For the preliminary sequence comparison, the GenBank database 
was analyzed utilizing the Basic Local Alignment Search Tool (BLAST) 
algorithm (Altschul et  al., 1990). The sequences derived from the pres-
ent study were contrasted with homologous sequences in GenBank to 
find possible matches. A total of 71 sequences from the ITS region were 
included. Based on BLAST results, ingroup and outgroup sequences 
were selected, with Stropharia species preferred as outgroups. These 
sequences were downloaded from the GenBank database (Table 1) 
and aligned with consensus sequences and included in phylogenetic 
analyses. Phylogenetic inference was carried out utilizing the Bayesian 
Inference (BI) approach. The BI analyses were performed using MrBayes 
version 3.2.6 (Ronquist & Huelsenbeck, 2003). The Markov Chain Monte 
Carlo (MCMC) analysis was run for 3,000,000 generations with four chains, 
sampling every 1000 generations, and the first 25% of trees were dis-
carded as burn-in. The GTR+G+I (Maximum Likelihood tree) substitution 
model was selected according to the Akaike Information Criterion using 
MrModeltest v2.3.

A majority-rule consensus tree was generated to summarize the 
remaining trees and calculate Bayesian posterior probabilities (BPP). 
The resulting phylogenetic tree was visualized using FigTree v1.4.3 
(Rambaut, 2010).

Results

This study identified the collected macrofungi specimens morphologi-
cally and phylogenetically as Gymnopilus arenophilus and Pholiota gal-
lica. Brief morphological descriptions, high-resolution photographs of 
macroscopic structures, and drawings of microscopic characters, sam-
pling dates, and geographical coordinates of each specimen were pre-
sented in detail. In addition, images of the spore structures obtained by 
SEM were presented. At the molecular level, the ITS rDNA gene regions 
of the specimens were sequenced, and their phylogenetic relationships 
were analyzed comprehensively.

Taxonomy:

Basidiomycota Whittaker ex R.T. Moore.

Agaricomycetes Doweld.

Agaricales Underw.

Strophariaceae Singer & A.H. Sm.

Gymnopilus P. Karst.

Gymnopilus arenophilus A. Ortega & Esteve-Rav (Figures 2 and 3).

Pileus 10–40 mm, initially conical-convex or plano-convex, flattening 
to flat-convex or sometimes slightly depressed as it matures; without 
an umbo, surface dry, unstriated, sometimes slightly hygrophanous, 
fibrillose or flaky; whitish velum remnants on surface when young, 
yellowish–orange, orange–chestnut when young, later darkening 
to reddish-aurantia. Margin lighter colored, curved inwards. Flesh 
yellowish-white, thin, slightly darkening; texture firm but not crisp. 
Lamellae adnate, moderately dense, narrow (1–2 mm), pale yellow-
ish-white when young, becoming yellowish brown and finally rust-
colored (aurantiaceous) as they mature. Lamellar margins without 
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Table 1. 
Information on the Sequences Obtained from GenBank and Those Generated in This Study

 Species  Specimen-Voucher  Country  ITS (NCBI Number)  Source 

 Gymnopilus arenophilus  24123002-MTB  Italy  PV197948  NCBI  

 G. arenophilus  EP.17-A1408  Greece  MT458512  NCBI 

 G. arenophilus  GDA-47387  Spain  EU518422  NCBI 

 G. arenophilus  GDA-47384 (isotype)  Spain  EU518421  NCBI 

 G. arenophilus  XXXX 1903  Türkiye  PV715910  This study 

 G. penetrans  HMAS 287412  China  OR913484  NCBI 

 G. penetrans  HMAS 287475  China  OR913498  NCBI 

 G. penetrans  HMAS 287477  China  OR913490  NCBI 

 G. penetrans  TNS-F-61961  Japan  KT368684  NCBI 

 G. penetrans  TNS-F-61963  Japan  KT368685  NCBI 

 G. penetrans  PRM 901944  Czech R.  MW750184  NCBI 

 G. penetrans  PRM 900954  Czech R.  MW750186  NCBI 

 G. penetrans  PRM 901951  Czech R.  MW750185  NCBI 

 G. penetrans  PRM 946166   Poland  MW750183  NCBI 

 G. hybridus  MT163  China  MK036417  NCBI 

 G. hybridus  IB-78-226  Sweden  AF501548  NCBI 

 G. hybridus  BH11  USA  MF773630  NCBI 

 G. hybridus  HMAS 287432  China  OR913479  NCBI 

 G. suberis  PRM-923698  Czech R.  HG969653  NCBI 

 G. suberis  PRM-923203  Spain  HG969654  NCBI 

 G. suberis  PRM-923697  Czech R.  HG969652  NCBI 

 G. suberis  TNS-F-61959  Japan  KT368689  NCBI 

 G. suberis  HMAS 287416  China  OR913522  NCBI 

 G. suberis  HMAS 287435  China  OR913520  NCBI 

 G. picreus  HMAS 287406   China  OR913466  NCBI 

 G. picreus  HMAS 287407  China  OR913470  NCBI 

 G. picreus  TNS-F-61965  Japan  KT368687  NCBI 

 G. picreus  TNS-F-61964  Japan  KT368686  NCBI 

 G. picreus  IBUG-H  Finland  AY281003  NCBI 

 G. tomentosiceps  HMAS 287463  China  OR913481  NCBI 

 G.tomentosiceps  HMAS 287466  China  OR913482  NCBI 

 G. gyirongensis  HMAS 287478  China  OR913476  NCBI 

 G. gyirongensis  HMAS 287479  China  OR913477  NCBI 

 G. gyirongensis  HMAS 287446  China  OR913474  NCBI 

 G. variisporus  HMAS 287480  China  OR913472  NCBI 

 G. variisporus  HMAS 287481  China  OR913473  NCBI 

 G. sapineus  PRM 924999  Czech R.  MW750187  NCBI 

 G. sapineus  PRM 915496  Czech R.  MW750188  NCBI 

 G. stabilis  PRM 954258  Czech R.  MW750182  NCBI 

 G. stabilis  M 0159312  Germany  MW750189  NCBI 

 G. subspectabilis  TRTC 152281  Canada  MN206898  NCBI 

 G. subspectabilis  CMMF001425  Canada  MN206902  NCBI 

 G. subspectabilis  MICH 10995  USA  MN206901  NCBI 

(Continued )
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 Species  Specimen-Voucher  Country  ITS (NCBI Number)  Source 

 G. swaticus  SWAT 000133  Pakistan  MF149864  NCBI 

 G. swaticus  GJ1640  Pakistan  MF149866  NCBI 

 G. swaticus  GJ1612  Pakistan  MF149863  NCBI 

 G. turficola  IB 1998098a  Norway  AF325669  NCBI 

 G. dunensis  Hum-46  Pakistan  MK088249  NCBI 

 G. dunensis  L90  Pakistan  MK088248  NCBI 

 G. dunensis  L04  Pakistan  MK088247  NCBI 

 G. rubellus  LAH36995  Pakistan  OL964420  NCBI 

 G. rubellus  LAH36995  Pakistan  OL964403  NCBI 

 Pholiota gummosa  Pg-LWG  China  OL629474  NCBI 

 P. gummosa  CIRM-BRFM: 838  France  PV108064  NCBI 

 P. gummosa  CIRM-CFBP: 582  France  PV107958  NCBI 

 P. limonella  TENN:074787  China  MN209747  NCBI 

 P. limonella  TENN:074669  USA  MN209748   NCBI 

 P. limonella  TENN:074771  China  MN209741  NCBI 

 P. limonella  TENN:074773  China  MN209746  NCBI 

 P. limonella  ls-1  China  MZ148579  NCBI 

 P. limonella  KUC20130923-06  South Korea  KM496470   NCBI 

 P. limonella  LWZ 20201011-16  China  ON897933  NCBI 

 P. decussata  2016-274  China  KY820056  NCBI 

 P. spumosa  TENN:074772  China  MN209776  NCBI 

 P. spumosa  TENN:012950  USA  MN149361  NCBI 

 P. spumosa  3533  Italy  JF908577  NCBI 

 P. spumosa  PRM:897683  Czech R.  HG007983   NCBI 

 P. spumosa  PRM:897147  Czech R.  HG007981   NCBI 

 P. lenta  7100  Italy  JF908582  NCBI 

 P. lenta  R. Tuomikoski s.n. (H, IBUG)  Finland  AY281022  NCBI 

 P. lenta  TENN:074640  USA  MN209743  NCBI 

 P. lenta  TENN:074792   China  MN209742  NCBI 

 P. lubrica  PRM:915546  Czech R.  HG007987   NCBI 

 P. lubrica  PRM:899117  Czech R.  HG007986  NCBI 

 P. lubrica  DBG:F-024294  USA  OP177986  NCBI 

 P. lubrica  F-2623  Sweden  PQ652561  NCBI 

 P. lubrica  KA13-1241   S. Korea  KR673707  NCBI 

 P. lubrica  NBRC 32453  Japan  AB301612  NCBI 

 P. lubrica  TENN:074788  China  MN209751   NCBI 

 P. lubrica  CIRM-CFBP:683  France  PV109541  NCBI 

 P. lubrica  6527  Russia  MZ754473  NCBI 

 P. lubrica  KA16-1123  Korea  MT879435  NCBI 

 P. lubrica  KA15-0717  Korea  MT879431  NCBI 

 P. lubrica  KA13-1518  Korea  MT879421  NCBI 

 P. lubrica  TENN:074764  China  MN209753  NCBI 

 P. lubrica  HMJAU59788  China  OR468701  NCBI 

Table 1. 
Information on the Sequences Obtained from GenBank and Those Generated in This Study (Continued)

(Continued )
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sterile elements. Stipe 20–50 × 3–6 mm, cylindrical or slightly wid-
ening toward the base, filled or becoming hollow with age, longitu-
dinally fibrillose, whitish yellow above, yellowish–orange, darkening 
toward the base; white rhizomorphs may be at the base. Remains 
of the cover (velum) can be observed in young individuals. Velum 
sericeo-fibrillosum, arachnoid and short (fugax), color albuminous or 
flavidum. Spores (8–)9.6–10.5(–10.8) × (5.2–)5.5–6.2(–6.7) µm, ellipsoi-
dal or rarely subamygdaliform, thick-walled, with apical pores, light 

yellowish brown, weakly cyanophilous and dextrinoid, densely warty, 
some warts forming compound plaque structures. Basidia 26–34 × 7–9 
µm, 4-spored, short-stalked, and inflated. Cheilocystidia (23.5–)27.3–
37(–42.3) × (4.8–)5.9–10(–12) µm, width of capitulum (3.6–)4–5.4(–6.1) 
µm, abundant, lageniform to sublageniform, some broad-based or 
twisted, usually bearing capitulum, some cells with yellowish pig-
mented contents. Pleurocystidia not observed. Caulocystidia 25–45 
× 4–14 µm, abundant, septate, cylindrical to bulging, with yellowish 

 Species  Specimen-Voucher  Country  ITS (NCBI Number)  Source 

 P. lubrica  HMJAU-F-1082  China  ON683475  NCBI 

 P. lubrica  BK221012_01  Japan  LC800873  NCBI 

 P. lubrica  AMB 20051  Italy  OR381132  NCBI 

 P. squarrossa  PBM2735(CUW) Colorado  USA  DQ494683  NCBI 

 P. squarrosa  TENN:074775  China  MN209778  NCBI 

 P. squarrosa  AH-48188  Spain  MF345959  NCBI 

 P. squarrosa  SFC20140912-I01  Korea  KX773886  NCBI 

 P. squarrosa  ​  Germany  FR686575  NCBI 

 P. squarrosa  TENN:074785  China  MN209777  NCBI 

 P. mixta  SJ96022  Sweden  AF195609  NCBI 

 P. mixta  TENN:062357  USA  MH016953  NCBI 

 P. mixta  PRM:909924  Czech R.  HG007979  NCBI 

 P. highlandensis  PRM:888152  Czech R.  HG007976  NCBI 

 P. highlandensis  PRM:887239  Czech R.  HG007974  NCBI 

 P. highlandensis  NYS:1468.1  USA  MH016956  NCBI 

 P. highlandensis  TENN:071544  USA  MG735310  NCBI 

 P. gallica  XXXX 1931  Türkiye  PV715911  This study 

 P. gallica  PRM:933232  France  LN889967  NCBI 

 P. gallica  PRM:933234  France  LN889969  NCBI 

 P. gallica var. obscura  MPU:Herb.Chevassut 3478  France  HG007988  NCBI 

 P. gallica  PRM:933233  France  LN889968  NCBI 

 P. decussata  JFRL-222  ​  MZ664302  NCBI 

 P. decussata  11237  Italy  JF908583  NCBI 

 P. decussata  TENN:071878  USA  MH016952  NCBI 

 P. castanea  WTU:53296  USA  MG735308  NCBI 

 P. castanea  TENN020269  USA  HQ222025  NCBI 

 P. castanea  KUNIK171  USA  PQ678601  NCBI 

 P. brunnescens  MICH:11657  USA  MG735292  NCBI 

 P. brunnescens  MO550579  USA  PV009714  NCBI 

 P. brunnescens  MO550580  USA  PV009711  NCBI 

 P. brunnescens  OMDL iNat 195790162  Canada  PQ644379  NCBI 

 P. brunnescens  TENN:063855  USA  MG735314  NCBI 

 Stropharia acanthostipitata  TENN:071898  Dominican Republic  MG735313  NCBI 

Direct submission examples are indicated with (–) (Bold-marked specimens indicate the samples studied in this research).
NCBI, National Center for Biotechnology Information.

Table 1. 
Information on the Sequences Obtained from GenBank and Those Generated in This Study (Continued)
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intracellular pigment, plentiful on the stipe surface. Pileipellis usu-
ally ixocutis, (3.5–)3.7–6.3(–7.3) µm in diameter, composed of gelled 
hyphae with yellowish contents, sometimes with banded ornamenta-
tion. Clamp connections abundant, present in all tissues.

Specimens examined: Türkiye, Çanakkale, between Güzelyalı and 
Kumkale observation deck, around Firdevs Bozkurt Fountain, 40° 
00’15”N, 26° 17’36”E, 40 m, on woody debris and Pinus brutia L. stump, 
January 28, 2025, Acar 1903.

Figure 2. 
Gymnopilus arenophilus. a–d. Basidiocarps; e. Spores; f. Basidia; g. Cheilocystidia; h. Caulocystidia; i. Pileipellis. Scale bar: 10 µm.

Figure 3. 
Scanning Microphotographs of the Basidiospores of Gymnopilus arenophilus.
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Pholiota (Fr.) P. Kumm.

Pholiota gallica Holec & M. Kolařík (Figures 4 and 5)

Synonym: Pholiota highlandensis var. citrinosquamulosa Maire ex Bidaud 
& Borgar.

Pholiota lubrica var. obscura Bon & Chevassut.

Pileus 40–80 mm, convex when young, slightly depressed in the 
center at maturity, with inverted and wavy margins, surface viscid 
in damp weather; yellowish when young, turning reddish brown at 
maturity, yellowish tones on the margins and rust-toned concentric 
zones in the center, margin surrounded by remnants of fibrillose cover. 

Lamellae dense, 1–3 interlamellar, adnate to sinuate, yellowish gray 
when young, brown with mature spores, margins fertile and smooth. 
Stipe 40–70 × 12–17 mm, cylindrical, sometimes widening toward the 
base, floccose above, white to yellow surface, a cortinoid band cov-
ered with brown spores is observed close to the lamellae. Flesh white 
on the cap, reddish brown at the base of the stipe. Spores 6.4–8 × 
4–5.3 μm, ellipsoidal to ovoid, thick-walled, brownish pigmented and 
bearing a prominent germ pore. Basidia 17–30 × 5.5–7 μm, 4-spored, 
and clavate. Basidiole 13–20 × 6–7 μm, clavate, hyaline. Cheilocystidia 
25–56 × 9.6–16.5 μm, variable form, sometimes with pigmented 
contents. Pleurocystidia 40–70 × 12–16 μm, abundant, long-stalked, 
narrowly lageniform, with yellowish contents. Chrysocystidia not 
observed. Lamellar trama regular. Pileipellis three-layered: pigmented 
ixocutis on top, 1.5–7 μm, gelatinous ixotrichodermal zone in the mid-
dle, 1.5–5 μm, densely textured pigmented hyphae below, 3–10 μm. 

Figure 4. 
Pholiota gallica. a–b. Basidiocarps; c. Spores; d. Basidia; e. Cheilocystidia; f. Pleurocystidia. Scale bar: 10 µm.



Forestist 2026: 76: 1-12
Acar et al. Two Agaricales Species from Northwestern Türkiye

9

Stipitipellis 2–8 μm wide, yellowish pigmented cutis. Caulocystidia 
absent; scales on stipitate surface composed of pigmented hyphae. 
Clamp connections present in all tissues. No amyloid or dextrinoid 
reaction was observed.

Specimens examined: Türkiye, Çanakkale, Ezine, around Çamköy village, 
39° 49’36”N, 26° 18’50”E, 70 m, under Pinus brutia L., January 10, 2025, 
Acar 1931.

Phylogenetic Results
The ITS data matrix consisted of 71 sequences; 29 of the genus Pholiota, 
39 of the genus Gymnopilus, and three outgroup from the genus 
Stropharia (Fr.) W. Saunders & W.G. Sm. In this study, the ITS sequence of 
the first of the two macrofungi samples selected as a result of morpho-
logical preliminary evaluation matched the GenBank record (LN889967) 
of Pholiota gallica with 99% nucleotide identity (619/627), revealing a 
high level of molecular similarity with a high bit score (1110) and mini-
mal variation (<1%). In the phylogenetic tree, it was placed in the same 
clade as Pholiota gallica specimens (BPP = 0.98, Figure 6). In addition, 
morphological observations (reddish-brown viscid pileus, ellipsoid to 
ovoid spore morphology) were consistent with the molecular data.

The ITS sequence of the second sample matched the reference 
sequences (PV197948 and MT145851) of Gymnopilus arenophilus, which 
have zero gaps and 100% nucleotide identity (622/622). The high bit 
score (1149) indicated that the sample has a strong molecular corre-
lation with the species Gymnopilus arenophilus. In the phylogenetic 
tree, it was placed in the same clade as Gymnopilus arenophilus speci-
mens (BPP = 1 Figure 6). Morphological characters (fibrillous cap cover, 
brownish spore print) also supported this identification.

Discussion

The classical taxonomic classification of macrofungi often presents 
difficulties (Kirk et  al., 2008; Vellinga, 2004), especially in genera (e.g. 
Pholiota, Gymnopilus) where morphological characters show extreme 
overlap. In this context, the ITS region has been proposed as a ‘genetic 
barcode’ in fungal systematics (Schoch et al., 2012) and has become the 
gold standard for species-level discrimination.

In the Bayesian phylogenetic tree based on ITS sequences, both Turkish 
specimens formed highly supported clades with their respective ref-
erence accessions—Pholiota gallica clustered with French sequences 
(LN889967/LN889969; BPP = 0.98), while Gymnopilus arenophilus 
grouped with Spanish and Greek isolates (PV197948/MT145851; 
BPP = 1.00). This molecular congruence reinforces the morphologi-
cal identifications and confirms that both taxa share close affinities 
with Mediterranean populations. The results also align with previously 
reported habitat preferences, suggesting ecological continuity from the 
western Mediterranean to the Anatolian Peninsula.

Pholiota gallica was described by Holec & Kolařík (2014), separating it 
from Pholiota lubrica var. obscura, which shows nomenclatural confu-
sion and has limited distribution in Europe and North Africa. In ITS-based 
phylogenetic analyses, it was reported to show a genetic distance of 
approximately 11% from P. lubrica (Holec & Kolařík, 2014). This study’s 
high identity rate and morphological agreement strongly support the 
correct specimen identification.

Similarly, the taxonomic delimitation of the genus Gymnopilus is con-
sidered one of the problematic areas due to the high morphologi-
cal variation (Guzmán-Dávalos et al., 2003). G. arenophilus is a species 
native to dune habitats, characterized by a fibrillose cap covering and 
large, brown spores (Ortega & Esteve-Raventós, 2005). In this study, the 
sequence of the ITS region showed an exact match to two independent 
references (PV197948 and MT145851), increasing the robustness of the 
identification at the molecular level (Figure 6).

Conclusion and Recommendations

The findings again demonstrated that studies based solely on morpho-
logical identification may be incomplete and highlight the importance 
of using molecular data as a mandatory complementary data source 
(Nilsson et al., 2019). This study shows that Türkiye’s fungal biodiversity 
is still not fully documented and that new records provide valuable 
contributions to establishing a comprehensive inventory of the coun-
try’s mycobiota. In addition, it extends the biogeographical distribution 
range within the Euro-Macronesian-Mediterranean region and provides 

Figure 5. 
Scanning Microphotographs of the Basidiospores of Pholiota gallica.
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Figure 6. 
Bayesian Inference Phylogenetic Tree of Pholiota, Gymnopilus, and Related Taxa Was Constructed Based on the ITS rDNA Region. Posterior 
probabilities are indicated at the nodes. Sequences newly generated in this study are highlighted in red boxes. The tree was rooted with 
Stropharia aeruginosa, S. melanospermoides, and S. acanthocystis. Phylogenetic inference was conducted using MrBayes. The final tree was 
visualized with FigTree and graphically edited using CorelDRAW.
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important data on species distribution patterns in the Mediterranean 
climate zone.
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