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ABSTRACT Mycology

This study presents a comprehensive taxonomic assessment of fungal

specimens collected from Canakkale Province in northwestern Research Article

Turkiye. An integrative approach was employed, combining detailed

macro and micromorphological analyses with molecular phylogenetic Article History

methods based on the internal transcribed spacer (nrITS, rDNA) Received :21.05.2025
region of nuclear ribosomal DNA. The results confirmed the identity Accepted :09.07.2025
of the specimens as Rhodocybe fumanellii R.J. Ferrari, Vizzini &

Fellin, representing the first record of this species in Turkiye. As a Keywords

newly documented member of section Rufobrunnea, this finding Rhodocybe fumanellii
broadens the known geographical distribution of the species and new record

contributes to understanding the genus Rhodocybe in the region. The mycobiota

study includes thorough morphological descriptions, ecological data, Turkiye

precise locality information with geographic coordinates, collection
details, and photographic documentation, thereby enriching the
knowledge of fungal biodiversity in Tirkiye.

Rhodocybe fumanellii (Entolomataceae)nin Tiirkiye'deki Ik Kaydi ve Morfolojik-Molekiiler Analizi

OZET Mikoloji

Calisma, Tirkiye'nin kuzeybatisindaki Canakkale ilinden toplanan

mantar orneklerinin kapsamli bir taksonomik degerlendirmesini Aragtirma Makalesi
sunmaktadir. Ayrintili makro ve mikromorfolojik analizler ile niikleer

ribozomal DNATmin i¢c transkripsiyonlu spacer (nrITS, rDNA) Makale Tarihgesi
bolgesine dayanan molekiiler filogenetik yoéntemleri birlestiren Gelig Tarihi  :21.05.2025
butunlestirici bir yaklasim kullanilmigtir. Sonugclar, orneklerin Kabul Tarihi :09.07.2025
Rhodocybe fumanellii R.J. Ferrari, Vizzini & Fellin olarak kimligini

dogrulamis ve bu tirin Turkiye'deki ilk kaydin1 temsil etmigtir. Anahtar kelimeler
Rufobrunnea bolumunin yeni belgelenmig bir Giyesi olarak bu bulgu, Rhodocybe fumanellii
turin Dbilinen cografi dagiliminmi genigletmekte ve bolgedeki yeni kayit

Rhodocybe cinsinin anlagilmasina katkida bulunmaktadir. Caligsma, mikobiyota

kapsamli morfolojik tanimlari, ekolojik verileri, cografi koordinatlarla Turkiye

birlikte kesin lokalite bilgilerini, toplama detaylarimi ve fotografik
dokiimantasyonu icermekte ve boylece Turkiye'deki mantar
biyogesitliligi bilgisini zenginlestirmektedir.
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INTRODUCTION

Rhodocybe, belonging to the Entolomataceae family, comprises saprotrophic fungi recognized for their muted-
colour basidiomata, commonly conical to funnel-shaped and often exhibit a central depression (Vizzini et al., 2016;
Sun & Bau, 2023). The pileus surface typically ranges from pale pink to deep vinaceous cinnamon. The lamellae
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display variable attachment patterns, including adnate and decurrent types, and may occasionally display shallow
notches at the attachment point (Dutta et al., 2021; Akata et al., 2024a). Spores are usually globose to tear-shaped
and bear angular or pustulate ornamentation, resulting in a polygonal structure with 6 to 12 facets when observed
under polar view (Sesli & Vizzini, 2017; Vizzini et al., 2016, 2018). The spore print is generally salmon to brownish
pink in hue. One key taxonomic feature of this genus is the absence of clamp connections. When present, hymenial
cystidia may appear either as vividly pigmented pseudocystidia or as transparent leptocystidia (Akata et al., 2024a;
Kluting et al., 2014; Sun & Bau, 2023). Species within the genus are broadly distributed across temperate and
tropical ecosystems, typically occurring in nutrient-rich forest soils or on decomposing wood substrates. The genus
is categorized into seven distinct sections: Claudopodes, Crepidotoides, Decurrentes, Rhodocybe, Rhodophana,
Rufobrunnea, and Tomentosi (Akata et al., 2024a).

Rhodocybe sect. Rufobrunnea Singer ex T.J. Baroni comprises cryptic species exhibiting minimal macroscopic
differences, including basidioma habit, cap colour, lamellae attachment, odor, and rhizomorph presence, while the
influence of environmental factors on these traits remains unclear (Sesli & Vizzini, 2017; Akata et al., 2024a).
Microscopic identification relies on limited features such as cheilocystidia, spore morphology, and pileipellis
structure, challenging species delimitation (Sesli & Vizzini, 2017; Sun & Bau, 2023). However, ribosomal sequence
analysis provides a more precise taxonomic resolution (Sesli & Vizzini, 2017; Akata et al., 2024a).

Rhodocybe fumanellii, classified in the Rufobrunnea section, is characterized by its robust basidiomata, which
display a tricholomatoid shape and have a distinctive reddish-brown colour. The species features adnate lamellae
that are not strongly decurrent, and a noticeably swollen stipe base adorned with elongated and well-developed
rhizomorphs. At the microscopic level, it is distinguished by slender, elongated cheilocystidia and ellipsoid
basidiospores. These microscopic features and the cheilocystidia are crucial in its taxonomic classification within
the section (Vizzini et al., 2018).

Existing literature indicates that only two species, Rhodocybe asanii Sesli & Vizzini and E. asyae Sesli & Vizzini,
within the Rufobrunnea section, have so far been documented in Tiirkiye (Sesli & Vizzini, 2017; Vizzini et al., 2018;
Akata et al., 2024a). This limited representation suggests that the diversity of this section in the region remains
underexplored, thereby warranting further taxonomic and ecological investigations to assess its true extent.

This study enhances understanding of K. fumanellii by documenting its first occurrence in Tirkiye. This record
extends the species' known distribution and provides essential insights into the biogeography of the Rhodocybe
sect. Rufobrunnea, contributing to a more comprehensive perspective on its range.

MATERIAL and METHOD

This study employed a comprehensive approach, integrating morphological assessments with molecular analyses
to investigate and classify specimens from the province of Canakkale in Turkiye. Detailed examinations of
macroscopic and microscopic features were conducted alongside ITS sequencing of ribosomal DNA (rtDNA) to
enhance taxonomic resolution.

Morphological Study

Field surveys were carried out to document macroscopic traits and environmental conditions. In the laboratory,
microscopic analyses were performed using a Euromex Oxion Trinocular light microscope at 100x magnification to
observe fine structural details. Each microscopic feature underwent approximately 30 measurements to ensure
accuracy, followed by statistical analysis. Once identified, the specimens were deposited in the Fungarium of
Ankara University, located within the Department of Biology at the Faculty of Science.

Molecular Characterization

Determination of the ITS rDNA sequences

Genomic DNA was isolated from the fungal specimen ANK ACAR 1549, and the nuclear ribosomal internal
transcribed spacer (nrITS) region of the rDNA was subsequently amplified using polymerase chain reaction (PCR).
The process adhered to established protocols from previous studies (Akata & Erdogdu, 2020; Akata et al., 2024a,
2024b, 2024c, 2024d, 2025), ensuring methodological consistency and reproducible results.

Molecular Phylogeny Study

Phylogenetic relationships among the fungal specimens were reconstructed through comparative analysis of
nucleotide sequences obtained from the sampled isolates, utilizing MEGA 11 software (Tamura et al., 2021) for
computational phylogenetic inference. Specifically, for specimen ANK ACAR 1549, the nuclear ribosomal ITS
region was amplified and sequenced via Sanger sequencing employing the ITS1/ITS4 primer set (White et al.,
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1990). The resultant electropherograms were base-called, quality-filtered, and assembled into consensus sequences
before subsequent phylogenetic interrogation within the MEGA 11 bioinformatics platform. Reference sequences
retrieved from GenBank were carefully curated through a stringent screening process, in which closely related
taxa were designated as the ingroup. In contrast, phylogenetically distant sequences, identified via BLASTn
homology searches, served as the outgroup. Multiple sequence alignment was executed using the ClustalW
algorithm to ensure optimal accuracy and alignment consistency. Phylogenetic reconstruction was performed
under the Maximum Likelihood statistical method, employing the Tamura 3-parameter (T'92) substitution model
with gamma-distributed rate heterogeneity (Tamura, 1992). Branch support was evaluated through 1,000
bootstrap replicates to assess the robustness of the inferred topology.

RESULTS

The classification of the newly documented species was based on the taxonomic framework outlined in the Index
Fungorum (accessed 25 March 2025). A comprehensive description of the species was provided, including essential
details such as collection dates, precise geographical coordinates, habitat characteristics, and unique collection
identifiers. Additionally, macroscopic and microscopic morphological traits were thoroughly examined to ensure
accurate taxonomic identification.

Taxonomic overview

Rhodocybe fumanellii R.J. Ferrari, Vizzini & Fellin (2018). (Fig. 1, 2)
Vizzini et al. (2018) offer an in-depth account of the type specimens found within the original collections.

Figure 1. Basidiomata of Rhodocybe fumanellii
Sekil 1. Rhodocybe fumanellii’nin basidiomatasi

Macroscopic and microscopic features

Basidiomata presenting a tricholomatoid habit. Pileus 50—60 mm across; initially convex with a prominent central
umbo; expansion leading to a flattened configuration with irregular or undulate margins; surface smooth and dry
under standard conditions; greasy when moist; hygrophanous changes negligible or absent; pigmentation ranging
from reddish-brown in immature basidiomata to brick-reddish or pale orange in maturity. Lamellae narrow,
adnate, and closely spaced; colouration shifts from whitish cream in early developmental stages to pinkish tones
in aged specimens; edges are irregularly eroded and match in colour. Stipe centrally positioned and solid; shape
varying from cylindrical to clavate; surface pinkish with a dense white flocculent-pruinose covering, mainly
concentrated near the apex; basal region enveloped in thick white tomentum with copious whitish rhizomorphs.
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Flesh whitish, displaying pinkish marbling; thickness most significant at the center of the pileus and diminishing
toward the margin. Odor and taste are indistinct. Spore print pinkish. Basidia 26-32 x 7-8 pum, clavate, thin-
walled, four-spored. Basidioles 23—-34 x 5-7 pm, clavate. Basidiospores (5.6-)5.9-7.1(-7.4) X (3.8-)4.1-4.9(-5.2) um
[(n =30), Q = (1.25-)1.31-1.68(-1.76), Qav = 1.42], ellipsoid, hyaline, surface ornamentation finely verrucose to
pustulate; inamyloid, walls showing cyanophilic reaction. Cheilocystidia 55-85 x 3.5—6 pm, scattered, slender, and
flexuose-cylindrical in shape; occasional apical protuberances are septate and thin-walled. Pleurocystidia not
observed. Hymenophoral trama subregular, composed of parallel, cylindrical hyphae intermixed with short,
inflated elements, with a width of up to 13 pm. Caulocystidia 35—-45 X 3—4 pm, slender with an irregular, cylindrical
outline and thin walls. Pileipellis forming a xerocutis, composed of subparallel, thin-walled hyphae, 5.5-13 pm
wide, pigmentation yellowish to orange, brown. Clamp connections were not observed.
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Figure 2. Rhodocybe fumanellii : a. spores, b. basidia, c. basidiols, d. cheilocystidia, e. pileipellis, f. caulocystidia
(scale bars: 10 pm).

Sekil 2. Rhodocybe fumanellii: a. sporlar, b. bazidiyumlar, c. bazidioller, d. keylosistidyumliar, e. pileipellis, f.
kaulosistidyumlar (6lgek: 10 um).

Material examined: TURKIYE—C(Canakkale, Canakkale Onsekiz Mart University, Terzioglu campus area, under
Turkish pine (Pinus brutia Ten), 40° 06' 45"N, 26° 25' 56"E, 220 m, 20 Dec. 2023, ANK ACAR 1549 (nrITS rDNA

sequence GenBank accession number: PV363011).

Evolutionary History

The evolutionary lineages of the specimens, including ANK ACAR 1549, were investigated through molecular
phylogenetic analysis based on their nuclear ribosomal internal transcribed spacer (nrITS) rDNA sequences. These
sequences were acquired using advanced molecular techniques and deposited in NCBI GenBank, with
corresponding accession numbers in Table 1. To enlighten phylogenetic relationships, nrITS rDNA sequences from
multiple representatives of the genus Rhodocybe were selected for comparative analysis, while sequences
from Entoloma flavoconicum and Entoloma subaraneosum were designated as outgroups to root the phylogenetic
tree.

The molecular phylogenetic reconstruction delineated nine well-supported clades (Fig. 3). Clade 3 exclusively
comprised specimens of K. fumanellii, including ANK ACAR 1549, whereas the remaining clades encompassed
other Rhodocybe species. As anticipated, £. flavoconicum and K. subaraneosum formed a distinct, early diverging
branch, corroborating their utility as outgroups. BLAST analyses revealed exceptionally high sequence similarity
(>99%) between the examined specimens and their respective Rhodocybe counterparts within established clades.
Furthermore, robust bootstrap support values confirmed the phylogenetic affinities between the specimens and
were interpreted to assess clade reliability, especially highlighting Clade 3, where K. fumanellii clustered and their
closely related Rhodocybe species, thereby reinforcing the reliability of the inferred taxonomic groupings.
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Table 1. List of taxa, specimens, locations, and GenBank accession numbers of sequences used in this study.
Cizelge 1. Bu ¢alismada kullanilan taksonlarin, orneklerin, lokasyonlarin ve dizilerin GenBank erisim numaralarinin listesi.

. nrITS GenBank
Species Specimen Voucher Accession Geographical origin Reference
/Isolate/Strain
Number
ANK ACAR 1549 PV363011 Tiirkiye, Canakkale Current study
FRJ-100-2019 MT114428 - Unpublished
BOLGH_22122001 OR831361 Italy: Tuscany, Bolgheri Unpublished
Rhodocybe fumanellii iNaturalist.org/254213473 PQ810552 - Unpublished
MCVE:29550 NR_166243 Italy: Veneto Vizzini et al. 2018
HFRG_PC200928_1 MW401761 ~ United Kingdom: Aplin et al. 2022
Buckinghamshire
CAL 1825 NR_176746 India: West Bengal Dutta et al. 2021
FRhodocybe CUH AM720 MW023201  India: West Bengal Dutta et al. 2021
brunneoaurantiaca a- West benga utta et al.
JP40 OR827577 - Unpublished
Rhodocybe fusipes DLK 587 MN306210 Brazil S?lva'F?lho et al. 2020
DLK 298 MN306209 Brazil Silva-Filho et al. 2020
KATO Fungi 3640 NR_154443 Turkiye: Trabzon Sesli & Vizzini 2017
Rhodocybe asyae KATO Fungi 3653 KX834268 Tirkiye: Trabzon Sesli & Vizzini 2017
DEU AKATA & SAHIN 148 PP944722 Turkiye: Izmir Akata et al. 2024a
Personal collection:NA131019 MN840644 United Kingdom: Sussex Aplin et al. 2022
KATO Fungi 3659 NR_154442 Tirkiye: Trabzon Sesli & Vizzini 2017
Rhodocybe asanii KATO Fungi 3657 KX834265 Tirkiye: Trabzon Sesli & Vizzini 2017
NA13102020 MW375030 United Kingdom: Sussex Aplin et al. 2022
OKA-TR2383 PQ619404 Tirkiye: Isparta Kaygusuz 2024
MCVE 29261 KY629962 Italy: Campania Crous et al. 2017
Rhodocybe matesina MCVE 29262 NR_154455 Italy: Campania Crous et al. 2017
F3-2 MZ088085 Lebanon: Fnaydek Sleiman et al. 2021
Rhodocybe cistetorum KATO Fungi 4260 NR_176724 Turkiye: Trabgon Sesli 2021
HAY-F-002060 PP357297 USA: California -
KATO Fungi 3340 NR_154436 Turkiye: Trabzon Vizzini et al. 2016
WU-MYC 0022202 0P363994 Austria: Niederoesterreich Vizzini et al. 2023
Rhodocybe tugrulii WU-MYC 0003753 0P363993 Austria: Niederoesterreich Vizzini et al. 2023
WU-MYC 0010084 0OP363995 Austria: Burgenland Vizzini et al. 2023
MSNG3938 KY945354 Italy Unpublished
FLAS-F-69259- USA: University of Florida .
Rhodocybe_roseiavellanea 0Q725160 Deluca Reserve Unpublished
FLAS-F-69286- USA: University of Florida .
Rhodocybe_roseiavellanea 0Q725177 Deluca Reserve Unpublished
. FLAS-F-71316_ITS1F OR239767 USA: Florida Unpublished
Rhodocybe roseiavellanea USA: Tennessee. north
PBM4056 (TENN) MF686525 Krnoxvi S Unpublished
noxville residential area
OMDL iNat # 125830572 PP850330 USA: Florida, Alachua County, 5,/ iched
Gainesville
iNAT 55427666 MT939496 USA: New York Unpublished
FEntoloma flavoconicum UCH 9226 NR_177616 Panama: Chiriqui Reschke et al. 2022
Entoloma subaraneosum GDGM 28823 NR_120052.1 China: Jilin Schoch et al. 2014

DISCUSSION and CONCLUSION

Within the section Rufobrunnea, several closely related taxa have been described, each exhibiting diagnostic
features that allow for their distinction from Rhodocybe fumanellii. Among Turkish representatives, K. asyae Sesli
& Vizzini is the earliest reported species, easily recognized by its small-sized basidiomata, slender stipes, decurrent
gills, and absence of rhizomorphs (Sesli & Vizzini, 2017; Akata et al., 2024a). Microscopically, it displays 2—4 spored
basidia and lacks caulocystidia (Vizzini et al., 2018). R. asanii Sesli & Vizzini shares certain morphological
affinities with R. fumanellii, but can be differentiated by its paler, more fragile pileus, adnexed to sinuate lamellae,
and smaller, weakly angular spores (Sesli & Vizzini, 2017; Vizzini et al., 2018). Likewise, R. subasyae T. Bau &
Y.L. Sun exhibits a comparable basidiomata architecture and gill attachment to K. fumanellii, yet it differs in its
lighter pileus pigmentation, occasionally branched cheilocystidia, and less pronounced spore morphology (Vizzini
et al., 2018; Sun & Bau, 2023). Additionally, R. brunneoaurantiaca A.K. Dutta, G.M. Gates & K. Acharya, while
displaying similar warm-toned basidiomata and a centrally placed stipe, is distinct in having a smaller pileus,
markedly decurrent lamellae, and the absence of both clamp connections and hymenial pseudocystidia (Dutta et
al., 2021; Vizzini et al., 2018). Its cheilocystidia are narrower and exhibit considerable morphological variability.
Finally, R. roseiavellanea (Murrill) Singer, despite its superficially similar robust pileus and stout stipe, can be
separated based on its shortly decurrent gills, absence of basal rhizomorphs, shorter cheilocystidia, and larger,
almond-shaped spores (Vizzini et al., 2018).

Genetic diversity among fungal species is significantly greater than morphological diversity, necessitating the
integration of genetic data with traditional morphological methods for accurate species identification (Liicking et

al., 2021). Several genetic markers are commonly utilized in molecular systematics, including rRNA gene regions
(nrITS, nrSSU, nrLLSU) and protein-coding genes such as TEF1a and TUB2 (Raja et al., 2017). The ITS region has
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been identified as the universal primary fungal barcode marker region for fungi (Schoch et al., 2012). This study
employed nuclear ITS rDNA sequences to identify fungal specimen ANK ACAR 1549. The molecular analysis
indicated a genetic similarity of over 99% between reference sequences of K. fumanellii and their closely related
taxa, including members of the genus Rhodocybe (GenBank accession number: PV363011).

Rhodocybe asanii KATO Fungl 3659 from TYPE material (NR 154442.1)

99 | Rhodocybe asanii voucher KATO:Fungl:3657 (KX834265.1) Clade 1
Rhodocybe asani strain okad 68 (PQG19404.Y) R. asanii
” Rhodocybe asanil voucher NA13102020 (MW375030.1)

Rhodocybe matesing voucher F3-2 (MZ088085.1)
Ahodocybe matesing MCVE 20262 from TYPE material iR 1644s87) 1 20€ 2
5 199 L anodocybe matesina voucher MCVE:20261 (KY829962.1) R. matesina
Rhodocybe fumanellil voucher FRJ-100-2010 (MT114428.1)
Rhodocybe fumanellil voucher BOLGH 22122001 (ORB31361.1)
ANK ACAR 1549 (PV363011.1) Clade 3
100 | Rhodocybe fumanellil voucher INaturalist.org/254213473 (POB108S2.Y) /2 [yumanell
Rhodocybe fumanellii MCVE 29550 from TYPE material (NR 166243.1)
Rhodocybe fumanelll voucher HFRG PC200928 1 (MWA01761.7)
mmmmwwn Clade 4
l Rhodocybe fusipes vouchar DLK 208 (MN306209.Y) R fusipes
M brunnecaurantiaca voucher CUN AM720 (MW023201.1)

95

100 J
5 Rhodocybe brunnecaurantiaca strain JAS0 (ORB27677.1) CladeS
. u Rhodocybe brunneosurantiaca CAL 1825 from TYPE material (NR 1767463y <~ Drunneoaurantiaca
93 Rhodocybo asyan voucher Personal collection:NA131018 (MN840644.1)

e Rhodocybe asyas KATO Fungi 3640 from TYPE material (NR154443.0) Clade ©
o3| Rhodocybe asyas voucher DEU AKATA SAHIN 148 (PP944722.1) R. asyae
67 Rhodocybe asyae voucher KATO:Fungi:3653 (KXB34268.1)
Rhodocybe roseiavellanea voucher FLAS-F-89286-Rhodocybe rossiavelianea (0Q725177.1)
Rhodocybe rosciavellanca voucher FLAS-F-713168 ITS1F (OR238762.1)
100 | Rhodocybe rossiavellanua bio-material INAT:55427666 (MT930486.2) Clade 7
Rhodocybe toseciavellanca isolate OMDL K. Canan iNaturalist 125830572 (PP850330.1) R. roseiavellanea
73 ahodocybe roseiavelianea vouchar FLAS-F-89259-Rhodocybe roseisvellanea (0Q7285160.1)
Rhodocybe roseiavellanea strain PBM&OSS (TENN) (MFE86825.1)
100 y Rhodocybe cistetorum KATO Fungi 4260 from TYPE material (NR 176724.1) Clade 8
| Rhodocybe cistetorum isolate CA FUNDIS iNoturalist 151481785 (PP387207) 2 ristelorum
Rhodocybe tugrulii voucher WU-MYC 0003753 (OP363993.1)

% Rhodocybe tugrulil voucher WU-MYC 0010084 (OP383995.1) Clade g
Too | Rhedocybe tugrulil KATO Fungi 3340 trom TYPE material (NR 154436.1) »
P | noscers i voueh R. tugrulii
ybe tugrulii WU-MYC 0022202 {OP363994.1)

52 b Rhodocybe tugrulii voucher MSNG3938 (KY945354.1)

b2 Entoloma flavoconicum UCH 9226 from TYPE material (NR 177818.1)

100 & Entoloma subaraneosum GDGM 28823 from TYPE material (NR 120052.1)

Outgroup

—
0.050

Figure 3. The phylogenetic tree illustrates the evolutionary relationships among 37 fungal specimens,
reconstructed using the nrITS rDNA region and the maximum likelihood (ML) method. Branch support
is indicated by bootstrap values (>50), and all sequences were sourced from the NCBI GenBank database.
FEntoloma flavoconicum and Entoloma subaraneosum were included as the outgroup. Each sequence is
labeled with its GenBank accession number, and a scale bar (0.050 genetic distance) is provided for
reference.

Sekil 3. Filogenetik aga¢, nrITS rDNA bélgesi ve maksimum olabilirlik (ML) yéntemi kullanilarak yeniden
yapilandirilan 37 mantar érnegi arasindaki evrimsel iligkileri gostermektedir. Dal destegi bootstrap
degerleri (>50) ile gosterilmistir ve tiim diziler NCBI GenBank veritabanindan alinmistir. Entoloma
flavoconicum ve Entoloma subaraneosum dis grup olarak dahil edilmistir. Her sekans GenBank erisim
numarasi ile etiketlenmistir ve referans i¢in élgek cubugu (0.050 genetik mesafe) verilmistir.
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The presence of R. fumanellii has been recently documented for the first time in Tirkiye, thereby enhancing the
region's fungal diversity. This identification was based on a thorough morphological analysis of specimens (ANK
ACAR 1549), which displayed key characteristics specific to the species. Additionally, molecular phylogenetic
analysis using ITS rDNA further confirmed the morphological findings. This new addition brings the number of
recognized species within the Rhodocybe sect. Rufobrunnea in Tirkiye to three.

Contribution Rate Statement Summary of Researchers
The authors declare that they have contributed equally to the article.

Conflict of Interest
The authors have declared no conflict of interest.

REFERENCES

Akata, I. & Erdogdu, M. (2020). First report of Rutstroemia elatina (Ascomycota) from Turkey. Kahramanmarasgs
Stiteti Imam University Journal of Agriculture and Nature 23 (2), 391-395. https:/doi.org/10.18016/
ksutarimdoga.vi.626466

Akata, 1., Edis, G., Kumru, E., Acar, 1., & Sahin, E. (2024{:1). Taxonomic Studies on Rhodocybe asyae Specimens
Discovered in a New Location. Kahramanmaras Stit¢ii Imam University Journal of Agriculture and Nature 27
(Suppl 1), 124-132. https://doi.org/10.18016/ksutarimdoga.vi.1507554

Akata, I., Kumru, E., Sahin, E., Acar, 1., & Kaya, E. (2024b). Amanita vidua: A new record for Turkish Amanita
Section Phalloideaebased on morphological and molecular data. Trakya University Journal of Natural Sciences,
25(1), 97-110. https://doi.org/10.23902/trkjnat.1446327

Akata, 1., Edis, G., Kumru, E., Acar, I, & Sahin, E. (2024c). Initial Report of Inocybe costinitii in Tirkiye with
Morphological and Molecular Data. Kahramanmaras Siit¢ti Imam University Journal of Agriculture and
Nature 27(6), 1304-1312. https://doi.org/10.18016/ksutarimdoga.vi. 1467628

Akata, I., Kumru, E., Edig, G., Acar, I., & Sahin, E. (2024d). Two Newly Reported Agaricales Species from Tiirkiye
with Morphological and Molecular Data. Kastamonu University Journal of Forestry Faculty, 24(3), 260-280.
https://doi.org/10.17475/kastorman.1599952 .

Akata, I, Kumru, E., Edis, G., Ozbey, B. G., Acar, 1., & Sahin, E. (2025). Morphological and Molecular
Characterization of Terfezia claveryi and its Distribution in Turkiye. Kahramanmarag Siiteti Imam University
Journal of Agriculture and Nature, 283), 843-854. https://doi.org/10.18016/ksutarimdoga.vi.1622161

Aplin, N., Cullington, P., Douglas, B., & Janke, E. (2022). DNA barcoding reveals three Rhodocybe species new to
Britain. Field Mycology, 252), 41-417.

Crous, P. W., Wingfield, M. J., Burgess, T. 1., Hardy, G., Barber, P. A. Alvarado, P., Barnes, C. W., Buchanan, P.
K., Heykoop, M., Moreno, G., Thangavel, R., Van der spuy, S., Barili, A., Barrett, S., Cacciola, S.0., Cano-Lira,
J.F., Crane, C., Decock, C., Gibertoni, T.B., Guarro, J., Guevara-Suarez, M., Hubka, V., Kolarik, M., Lira, C.R.S.,
Ordoniez, M.E., Padamsee, M., Ryvarden, L., Soares, A.M., Stchigel, A.M., Sutton, D.A., Vizzini, A., Weir, B.S.,
Acharya, K., Aloi, F., Baseia, I.G., Blanchette, R.A., Bordallo, J.J., Bratek, Z., Butler, T., Cano-Canals, J.,
Carlavilla, J.R., Chander, J., Cheewangkoon, R., Cruz, R.H.S.F., da Silva, M., Dutta, A.K., Ercole, E., Escobio,
V., Esteve-R%Ventés, F., Flores, J.A., Gené, J., Géis, J.S., Haines, L., Held, BW., Jung, M.H., Hosaka, K., Jung,
T., Jurjevié, Z., Kautman, V., Kautmanova, 1., Kiyashko, A.A., Kozanek, M., Kubatova, A., Lafourcade, M., La
Spada, F., Latha, K.P.D., Madrid, H., Malysheva, E.F., Manimohan, P., Manjén, J.L., Martin, M.P., Mata, M.,
Merényi, Z., Morte, A., Nagy, 1., Normand, A.C., Paloi, S., Pattison, N., Pawlowska, dJ., Pereira, O.L., Petterson,
M.E., Picillo, B., Raj, K.N.A, Roberts, A., Rodriguez, A., Rodriguez-Campo, F.J., Romanski, M., Ruszkiewicz-
Michalska, M., Scanu, B., Schena, L., Semelbauer, M., Sharma, R., Shouche, Y.S., Silva, V., Staniaszek-Kik,
M., Stielow, J.B., Tapia, C., Taylor, P.W.J., Toome-Heller, M., Vabeikhokhei, J.M.C., van Diepeningen, A.D.,
Van Hoa, N., M, V.T., Wiederhold, N.P., Wrzosek, M., Zothanzama, J., Groenewald, J.Z. Fungal Planet
description sheets: 558-624. (2017). Fungal Planet description sheets: 558—624. Persoonia’ Molecular Phylogeny
and Evolution of Fungi, 38, 240. https://doi.org/10.3767/003158517X698941

Dutta, A. K., Gates, G. M., Rakshit, S., & Acharya, K. (2021). Rhodocybe brunneoaurantiaca (sect. Rufrobrunnea,
Entolomataceae): a new species from India. Nordic Journal of Botany, 396), e03061. https://doi.org/10.1111/
njb.03061

Kaygusuz, O. (2024). Rhodocybe asanii (Entolomataceae: Agaricales), Tiirkiye icin yeni bir lokalite kaydi. 2nd
International Conference on Trends in Advanced Research (ICTAR 2024), Konya, Tiirkiye, November 22-23,
2024, pp. 707-712.

Kluting K. L., Baroni T. J., & Bergemann S. E. (2014). Toward a stable classification of genera within the
Entolomataceae: a phylogenetic re-evaluation of the Rhodocybe-Clitopilus clade. Mycologia 106(6), 1127-1142.

1203


https://doi.org/10.18016/ksutarimdoga.vi.1507554
https://doi.org/10.23902/trkjnat.1446327
https://doi.org/10.18016/ksutarimdoga.vi.1467628
https://doi.org/10.17475/kastorman.1599952
https://doi.org/10.18016/ksutarimdoga.vi.1622161
https://doi.org/10.3767/003158517X698941

KSU Tarim ve Doga Derg 28 (5), 1197-1205, 2025 Arastirma Makalesi
KSU J. Agric Nat 28 (5), 1197-1205, 2025 Research Article

https://doi.org/10.3852/13-270

Lucking, R., Aime, M. C., Robbertse, B., Miller, A. N., Aoki, T. Ariyawansa, H. A., Cardinali, G., Crous, P. W,
Druzhinina, I. S., Geiser, D. M., Hawksworth, D. L., Hyde, K. D., Irinyi, L., Jeewon, R., Johnston, P. R., Kirk,
P. M., Malosso, E., May, T. W., Meyer, W., Nilsson, H.R., Opik, M., Robert, V., Stadler, M., Thines, M., Vu, D.,
Yurkov, A.M., Zhang, N., & Schoch, C.L. (2021). Fungal taxonomy and sequence-based nomenclature. Nature
Microbiology, 6(5), 540-548. https://doi.org/10.1038/s41564-021-00888-x

Raja, H. A., Miller, A. N., Pearce, C. J., & Oberlies, N. H. (2017). Fungal identification using molecular tools: a
primer for the natural products research community. Journal of natural products, 8X3), 756-770.
https://doi.org/10.1021/acs.jnatprod.6b01085

Reschke, K., Noordeloos, M. E., Manz, C., Hofmann, T. A., Rodriguez-Cedefio, J., Dima, B., & Piepenbring, M.
(2022). Fungal diversity in the tropics: Entoloma spp. in Panama. Mycological progress, 21(1), 93-145.
https://doi.org/10.1007/s11557-021-01752-2

Schoch, C. L., Seifert, K. A., Huhndorf, S., Robert, V., Spouge, J. L., Levesque, C. A., Chen, W., Bolchacova, K.,
Voigt, P.W., Crous, A.N., Miller, M.J., Wingfield, M.C., Aime, K., An, F., Bai, R.W., Barreto, D., Begerow, M.,
Bergeron, M., Blackwell, T., Boekhout, M., Bogale, N., Boonyuen, A.R., Burgaz, B., Buyck, L., Cai, Q., Cai, G.,
Cardinali, P., Chaverri, B.J., Coppins, A., Crespo, P., Cubas, C., Cummings, U., Damm, Z.W., de Beer, G.S., de
Hoog, R., Del-Prado, B., Dentinger, J., Diéguez-Uribeondo, P.K., Divakar, B., Douglas, M., Duenas, T.A., Duong,
U., Eberhardt, J.E., Edwards, M.S., Elshahed, K., Fliegerova, M., Furtado, M.A., Garcia, Z., Ge, G.W., Griffith,
K., Griffiths, J.Z., Groenewald, M., Groenewald, M., Grube, M., Gryzenhout, L., Guo, F., Hagen, S., Hambleton,
R.C., Hamelin, K., Hansen, P., Harrold, G., Heller, C., Herrera, K., Hirayama, Y., Hirooka, H., Ho, K.,
Hoffmann, V., Hofstetter, F., Hognabba, P.M., Hollingsworth, S., Hong, K., Hosaka, J., Houbraken, K., Hughes,
S., Huhtinen, K.D., Hyde, T., James, E.M., Johnson, J.E., Johnson, P.R., Johnston, E.G., Jones, L.J., Kelly,
P.M., Kirk, D.G., Knapp, U., Kdljalg, G.M., Kovacs, C.P., Kurtzman, S., Landvik, S.D., Leavitt, A.S.,
Liggenstoffer, K., Liimatainen, L., Lombard, J.J., Luangsa-ard, H.T., Lumbsch, H., Maganti, S.S.N.,
Maharachchikumbura, M.P., Martin, T.W., May, A.R., McTaggart, A.S., Methven, W., Meyer, J., Moncalvo, S.,
Mongkolsamrit, L.G., Nagy, R.H., Nilsson, T., Niskanen, I., Nyilasi, G., Okada, I., Okane, I., Olariaga, J., Otte,
T., Papp, D., Park, T., Petkovits, R., Pino-Bodas, W., Quaedvlieg, H.A., Raja, D., Redecker, T.L., Rintoul, C.,
Ruibal, J.M., Sarmiento-Ramirez, I., Schmitt, A., Schii3ler, C., Shearer, K., Sotome, F.O., Stefani, S., Stenroos,
B., Stielow, H., Stockinger, S., Suetrong, S., Suh, G., Sung, M., Suzuki, K., Tanaka, L., Tedersoo, M.T., Telleria,
E., Tretter, W.A., Untereiner, H., Urbina, C., Vagvolgyi, A., Vialle, T.D., Vu, G., Walther, Q., Wang, Y., Wang,
B.S., Weir, M., Weill, M.M., White, J., Xu, R., Yahr, Z.L., Yang, A., Yurkov, J., Zamora, N., Zhang, W., Zhuang,
D. Schindel, D. 2012. “Nuclear ribosomal internal transcribed spacer (ITS) region as a universal DNA barcode
marker for Fungi”, Proceedings of the national academy of Sciences, 10416), 6241-6246.. https://doi.org/
10.1073/pnas.1117018109

Schoch, C. L., Robbertse, B., Robert, V., Vu, D., Cardinali, G., Irinyi, L., Meyer, W., Nilsson, R. H., Hughes, K.,
Miller, A. N., Kirk, P. M., Abarenkov, K., Aime, M. C., Ariyawansa, H. A., Bidartondo, M., Boekhout, T., Buyck,
B, Cai, Q., Chen, dJ., Crespo, A., Crous, P.W., Damm, U., De Beer, Z.W., Dentinger, B.T., Divakar, P.K., Duenias,
M., Feau, N., Fliegerova, K., Garcia, M.A., Ge, Z.W., Griffith, G.W., Groenewald, J.Z., Groenewald, M., Grube,
M., Gryzenhout, M., Gueidan, C., Guo, L., Hambleton, S., Hamelin, R., Hansen, K., Hofstetter, V., Hong, S.B.,
Houbraken, J., Hyde, K.D., Inderbitzin, P., Johnston, P.R., Karunarathna, S.C., Kéljalg, U., Kovacs, G.M.,
Kraichak, E., Krizsan, K., Kurtzman, C.P., Larsson, K.H., Leavitt, S., Letcher, P.M., Liimatainen, K., Liu, J.K.,
Lodge, D.J., Luangsa-ard, J.J., Lumbsch, H.T., Maharachchikumbura, S.S., Manamgoda, D., Martin, M.P.,
Minnis, A.M., Moncalvo, J. M., Mule, G., Nakasone, K.K., Niskanen, T., Olariaga, 1., Papp, T., Petkovits, T.,
Pino-Bodas, R., Powell, M.J., Raja, H.A., Redecker, D., Sarmiento-Ramirez, J.M., Seifert, K.A., Shrestha, B.,
Stenroos, S., Stielow, B., Suh, S.0., Tanaka, K., Tedersoo, L., Telleria, M.T., Udayanga, D., Untereiner, W.A.,
Diéguez Uribeondo, J., Subbarao, K.V., Vagvélgyi, C., Visagie, C., Voigt, K., Walker, D.M., Weir, B.S., Weil3, M.,
Wijayawardene, N.N., Wingfield, M.J., Xu, J.P., Yang, Z.L., Zhang, N., Zhuang, W.Y., Federhen, S. (2014).
Finding needles in haystacks: linking scientific names, reference specimens and molecular data for
Fungi. Database, bau061. https://doi.org/10.1093/database/bau061

Sesli, E. (2021). Rhodocybe cistetorum (Basidiomycota, Entolomataceae), a new species from the Colchic ecoregion
of Turkey. Nordic Journal of Botany, 344), e03078. https://doi.org/10.1111/njb.03078

Sesli, E. & Vizzini, A. (2017). Two new Rhodocybe species (sect. Rufobrunnea, Entolomataceae) from the east black
sea coast of Turkey. Turkish Journal of Botany, 41(2), 200-210. https://doi.org/10.3906/bot-1607-1

Silva-Filho, A. G., Baroni, T. J., Komura, D. L., Moncalvo, J. M., Baseia, I. G., & Wartchow, F. (2020). Rhodocybe
fusipes (Entolomataceae), a new species from Amazonian ‘terra-firme’forest of Brazil. Sydowia, 72, 163-170.
http://doi.org/10.12905/0380.sydowia72-2020-0163

Sleiman, S., Bellanger, J. M., Richard, F., & Stephan, J. (2021). First molecular-based contribution to the checklist
of Lebanon macrofungi. Mycotaxon, 1536(3), 687-687. https://doi.org/10.5248/136.687

1204


https://doi.org/10.3852/13-270
https://doi.org/10.1038/s41564-021-00888-x
https://doi.org/10.1021/acs.jnatprod.6b01085
https://doi.org/10.1007/s11557-021-01752-2
https://doi.org/10.1093/database/bau061
https://doi.org/10.1111/njb.03078
https://doi.org/10.3906/bot-1607-1
http://doi.org/10.12905/0380.sydowia72-2020-0163
https://doi.org/10.5248/136.687

KSU Tarim ve Doga Derg 28 (5), 1197-1205, 2025 Arastirma Makalesi
KSU J. Agric Nat 28 (5), 1197-1205, 2025 Research Article

Sun, Y. L. & Bau, T. (2023). Rhodocybe subasyae, a new species of Rhodocybe sect. Rufobrunnea (Entolomataceae,
Agaricales) from northeast China. Mycoscience, 643), 96-100. https://doi.org/10.47371/mycosci.2023.03.001
Tamura, K. (1992). Estimation of the number of nucleotide substitutions when there are strong transition-
transversion and G+C-content biases. Molecular Biology and Evolution, X4), 678-687. https:/doi.org/
10.1093/oxfordjournals.molbev.a040752

Tamura, K., Stecher, G., & Kumar, S. (2021). MEGA11: molecular evolutionary genetics analysis version 11.
Molecular Biology and Evolution, 38(7), 3022-3027. https://doi.org/10.1093/molbev/msab120

Vizzini, A., Baroni T. J., Sesli, E., Antonin, V., & Saar, I. (2016). Rhodocybe tugrulii (Agaricales, Entolomataceae),
a new species from Turkey and Estonia based on morphological and molecular data, and a new combination in
Clitocella (Entolomataceae). Phytotaxa, 267, 1-15. https://doi.org/10.11646/phytotaxa.267.1.1

Vizzini, A., Ferrari, R. J., Ercole, E., & Fellin, A. (2018). A new species of Rhodocybe sect. Rufobrunnea
(Entolomataceae, Agaricales) from Italy. MycoKeys, 36, 21-33. https://doi.org/10.3897/mycokeys.36.27094

Vizzini, A., Consiglio, G., & Marchetti, M. (2023). Overview of the European species of the genus Clitocella
(Entolomataceae, Agaricales) with notes on extralimital taxa. Persoonia-Molecular Phylogeny and Evolution of
Fungi, 5(1), 123-157. https://doi.org/10.3767/persoonia.2023.50.04

White, T. J., Bruns, T., Lee, S. J. W. T., & Taylor, J. (1990). Amplification and direct sequencing of fungal ribosomal
RNA genes for phylogenetics. PCR protocols: a guide to methods and applications, 18(1), 315-322.

1205


https://doi.org/10.47371/mycosci.2023.03.001
https://doi.org/10.1093/molbev/msab120
https://doi.org/10.11646/phytotaxa.267.1.1
https://doi.org/10.3897/mycokeys.36.27094
https://doi.org/10.3767/persoonia.2023.50.04

