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Tiirkiye’den Cortinarius eucaeruleus Rob. Henry (subgenus Phlegmacium)’un
molekdiler ve morfolojik belirlenmesi

Abstract: Cortinarius eucaeruleus is identified from central Black Sea region of Turkiye based on morphological characteristics
and ribosomal DNA gene sequence analyses. This species was found on calcareous soil associated with Quercus in autumn
season from Tokat province in Tirkiye. It has distinctive morphological features such as strong and deep violaceous blue pileus,
ellipsoid and densely verrucose spores. In addition to the morphological features, the ITS (internal transcribed spacer) and LSU
(large subunit ribosomal) sequence analyses indicated that the studied specimen is C. eucaeruleus that is identified for the first

time from Trkiye.
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Ozet: Cortinarius eucaeruleus, Tiirkiye'nin Orta Karadeniz bélgesinden morfolojik dzellikler ve ribozomal DNA gen dizi
analizlerine dayali olarak tanimlanmistir. Bu tiir, Tiirkiye'de Tokat ilinden sonbahar mevsiminde Quercus ile iliskili kalkerli
topraklarda bulunmustur. Giiglii ve derin morumsu mavi tily, elipsoid ve yogun verrukoz sporlari gibi ayirt edici morfolojik
6zelliklere sahiptir. Morfolojik 6zelliklere ek olarak, ITS (internal transcribed spacer) ve LSU (large subunit) ribosomal dizi
analizleri, incelenen 6rnegin Tiirkiye'den ilk kez teshis edilen C. eucaeruleus oldugunu géstermistir.
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1. Introduction

Cortinarius (Pers.) Gray is the most diverse and species-
rich genus of macrofungi and contains a complex
taxonomic system including several subgenera, sections
and other infrageneric taxa (Kirk et al., 2008). It is divided
into five to nine subgenera based upon micromorphology
(Moser and Horak, 1975). Among them, subgenus
Phlegmacium, subgenus Telamonia and subgenus
Dermocybe are the most diverse of the subgenera. In
general, the macrofungi species in subg. Phlegmacium are
ectomycorrhizal fungi associated with deciduous and
coniferous trees and usually have a vivid colored
basidiocarp (Garnica et al., 2003). They are non-
hygrophanous and have a dry stipe and viscous or sticky
pileus surface in moist conditions (Soop et al., 2019). This
subgenus is divided into the sections and other infrageneric
groups, primarily based on gill color, and then veil color,
pileus color, odor and the color change that occurs with
alkaline chemicals (Moser, 1983; Garnica et al., 2003).
Some species in this subgenus are widely distributed, while
others may show limited distribution due to host specificity,
the climate and soil requirements (Garnica et al., 2003;
Liimatainen et al., 2014; Soop, 2014).

More than 5000 records in Cortinarius genus have been
published worldwide (Index fungorum, CABI Bioscience
Databases). However, many species identified as
Cortinarius have been shown to be synonyms (Moser and

Horak, 1975; Moser, 1983; Breitenbach and Krénzlin,
2000; Kirk, 2011; Liimatainen et al., 2014; Brandrud et al.,
2018; Soop et al, 2019). Thus, morphology-based
taxonomic studies in this genus are yet to be informative
and phylogenetic tools need to be undertaken for
clarification within the genus. The phylogenetic
relationship of the Cortinarius species is inferred from gene
regions encoding nuclear ribosomal internal transcribed
spacer (ITS), nuclear large subunit ribosomal DNA
(nLSU), and the two largest subunits of RNA polymerase
I1 (RPB1 and RPB2), and an increasing number of studies
are being conducted to understand species delimitation and
identification based on sequence analysis. Although some
subgenera are supported as monophyletic, subg.
Phlegmacium is shown to be polyphyletic (Hgiland and
Holst-Jensen, 2000; Peintner et al., 2004; Garnica et al.,
2005).

Cortinarius eucaeruleus Rob. Henry is a macrofungi
species grouped in the Subgenus Phlegmacium, section
Caerulescentes Rob. Henry ex Moenne-Locc. & Reumaux,
clade Eucaerulei (Soop et al, 2019). Section
Caerulescentes develops especially in calcareous soils. The
pileus can be blue, lilac-violet, silver-gray, blue-gray and
wine-brown. Lamella are violaceous at first, then becoming
violaceous gray. There is distinctly a margin bulb on the
stem. Its flesh does not react with alkaline chemicals or
gives a brownish color (Moser, 1983; Soop, 2014). The
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clade Eucaerulei comprises species with medium-sized
basidiomata that are pileocarpic with violaceous hues and
found on calcareous soil with Quercus, Pinus and
deciduous trees. This clade contains species such as C.
caerulescentium, C. perpallens, C. eucaeruleus and C.
terpsichores that are mostly distributed in Europe (Soop et
al., 2019). C. eucaeruleus and C. terpsichores are the two
species that are morphologically the most similar and could
be synonymous (Tortelli, 2011; Slusarczyk et al., 2015).
However, sequence data separates them as two very closely
related but morphologically different species (Soop et al.,
2019).

In Turkiye, more than 130 Cortinarius species have been
identified (Sesli et al., 2020). Here, we present the first
report of Cortinarius eucaeruleus from Turkiye based on
morphological, ecological and phylogenetical data. We
provide sequence information for the two gene loci (nrITS
and nrLSU) for better resolution of the sect. Phlegmacium
species.

2. Material and Method
2.1. Collection and morphological analyses

The fresh basidiomata specimens belonging to the genus
Cortinarius were collected from Yaylactk Mountain
(Tokat) during field trips in autumn 2019. The specimens
were photographed at their natural habitats and the
macroscopic and ecological characteristics were recorded.
They were wrapped in paper and placed in a box during
laboratory transfer. A mature sample was selected to obtain
a spore print of the sample. The samples were dried and the
fungarium number was given. Microscopic studies were
carried out on dry samples under a Nikon brand research
microscope. Some chemicals (such as 5% KOH, NaOH,
Congo red) were used to rehydrate and dye dry samples
during the studies. Basidiospore measurements were done,
where L, is the average length, Wy, is the average width, Q
is the quotient of length/width, and Qm is the average of all
calculated Q values for all basidiospores measured. At least
30 measurements of basidiospores were made from a single
basidioma in profile view and basidiospore shape was
described according to Bas (1969). Authors of fungal
names are cited according to the IndexFungorum
(http://www.indexfungorum.org) and MycoBank
(http://www.mycobank.org). The findings obtained as a
result of all these studies were compared with the existing
literature (Knudsen and Vesterholt, 2008; Soop, 2014;
Slusarczyk et al., 2015; Mufioz Sanchez, 2018; Tanchaud,
2020a,b) to identify the studied fungal samples. Dried
mushroom samples were stored in the fungarium of Tokat
Gaziosmanpasa University, Department of Biology
(GOPUF).

2.2. Molecular analyses
2.2.1. DNA extraction and PCR

Genomic DNA was isolated from about 20 mg of lamella
materials of the sample using GeneMATRIX Plant & Fungi
DNA purification kit (EURx, Poland) following
manufacturer’s protocol. Approximately 700 bp genomic
sequence of the ITS1-5.8S-ITS2 region of the rDNA gene
was amplified using primer pairs ITS4-ITS5 (White et al.,
1990) and a 950 bp genomic sequence of the 28S LSU gene
region was amplified using primer pairs LROR-LR5
(Vilgalys and Hester, 1990). Each gene amplification was
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performed in 30 pl volume mixture containing 3 pl 10X
buffer, 3 pl ANTP mix, 3 pl degenerate primer pair (final
concentration of 1 pM each), 0.3 pl Dream Taq DNA
polymerase (Thermo), 10 pl gDNA and 7.7 pl sterile double
distilled H,O (ddH;0). Sterile ddH,O was also used for
negative PCR control reactions instead of gDNA. PCR
conditions for ITS amplification were set as follows: 5 min
initial denaturation at 95 °C followed by 40 cycles of
denaturation at 95 °C for 30 sec, annealing at 53 °C for 30
sec and extension at 72 °C for 1 min and a final extension
for 10 min. The conditions for LSU amplification included
the same program except that the annealing temperature
was set to 48 °C. Both 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).

2.2.2. Sequence analysis and phylogenetics

Sequences in both directions were checked for sequencing
errors and an assembled sequence for both rDNA genomic
regions was generated for further analysis. Basic Local
Alignment Search Tool (BLAST) program from the
National Center for Biotechnology Information (NCBI)
nucleotide database was used for homology searches. Best
matches from BLAST results of ITS and LSU analyses
were retrieved from GenBank for phylogenetic analysis.
Multiple sequence alignments were conducted using
Clustal W (Larkin et al., 2007). Phylogenetic trees for each
genomic region were generated using Molecular
Evolutionary Genetics Analysis software (MEGA 7.0;
Kumar et al., 2016). Phylogenetic analyses were inferred
using the maximum likelihood (ML) and maximum
parsimony (MP) methods. ML method was based on
Tamura-Nei model (Tamura and Nei, 1993) with bootstrap
support of 1000 replicates. Initial tree(s) for the heuristic
search were automatically obtained by using Neighbor-
Joining and BioNJ algorithms to a matrix of pairwise
distances estimated using the Maximum Composite
Likelihood (MCL) approach and topology with superior log
likelihood value was selected. MP trees were constructed
using the Tree-Bisection-Reconnection (TBR) search
method with 100 random addition replications. The
bootstrap support values > 50% were marked on the
branches of the tree. Hebeloma fastibile (Pers.) P. Kumm.
was selected as an outgroup species.

3. Results
3.1. Taxonomy

Cortinarius eucaeruleus Rob. Henry, Docums Mycol. 20
(no. 77): 69 (1989) (Fig. 1)

Mycobank MB 126119

Pileus 40-100(120) mm diam., hemispherical to convex at
first, later expanded, with involuted at first, then straight
margin; very strong and deep violaceous blue, finely dark-
lilac fibrillose. Lamellae crowded; narrowly adnate;
violaceous at first, becoming violaceous gray, then finally
rusty ochraceous; smooth to wavy at margin. Veil distinctly
violaceous blue, sparse; cortina white with a violet tinge.
Stipe 30-80 x 10-20 mm, cylindrical, central, stuffed, with
a marginate bulb (up to 30 mm), pale bluish white, soon
white, yellowish when old. Flesh thick; firm; white to
grayish white, often violaceous to violaceous gray in stem
top when young, slightly flavescent in stipe-base. Smell and
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Figure 1. Cortinarius eucaeruleus (Collection HIS-20). a. Basidiomata in situ. b—c. basidia and basidioles. d. hyphae of pileipellis with
clamp. e. basidia and basidioles. f. basidiospores. Scale bars: a =80 mm; b—c = 10 pm, d—f =10 pm.

taste somewhat Scleroderma-like; sweet flavor.
Basidiospores 9-12.5(-13) x 5.5-7(-8) um, L x W, = 11.8
x 6.2 um, Q = 1.4-1.6(-1.8), Qm = 1.5, elliptic to
amygdaloid, distinctly and densely verrucose. Basidia 20-
25%6-8 um, cylindrical to clavate, with 4 sterigmata and a
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basal clamp. Cheilocystidia not seen. Pileipellis hyphae
filamentous with terminal elements 7-9 x 4-5 pum,
cylindrical, septate. Clamp connections present on hyphae.
Reactions of NaOH yellowish in flesh.
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Ecology and distribution: On calcareous soil in broad-leaf
forests, among leaf litter under of members of the genera
Carpinus L., Quercus L., Tilia L. and Corylus L., rarely
with members of Fagus L. (Soop, 2014), fruiting in
temperate periods between late October and early
November, present at elevation below 1050 m. Currently
known from Tokat province Turkiye.

Specimen examined: TURKIYE. Tokat Province:
Akbelen village, among leaf litters in broad-leaf forests
(especially  present  with  Quercus) 1044 m,,
40°28°00.57”N- 36°38°47.98”E, 15 December 2019, HIS-
20.

3.2. Molecular Phylogeny

We determined the ITS and LSU genomic sequences of C.
eucaeruleus sample from Tiirkiye, and both sequences were
deposited at GenBank under the accession numbers
MT116433 and MT116800, respectively. The identified
ITS region included a 712 bp length of the ITS1-5.8S-1TS2
region and the amplified LSU region included a 976 bp long
28S LSU genomic segment. BLAST results for ITS region
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have given significant hits to previously known species,
such as C. eucaeruleus and C. terpischores. A total of
twenty-six sequence for ITS and twenty-three sequence for
LSU phylogeny were retrieved from NCBI databases.

Phylogenetic trees based on ITS dataset were constructed
using MP and ML methods and both methods have resulted
in similar topologies. Thus, we used only ML tree to infer
the evolutionary relationship of the newly identified
species. Based on the ITS tree, the studied sample clustered
in the C. eucaeruleus clade with strong support (99% ML
bootstrap) (Fig. 2). Cortinarius terpischores (JF907894)
and C. caerulescens (MH718791) also grouped within the
same clade, which indicate that they are genetically close
with C. eucaeruleus species. Since there were no previously
identified LSU sequences for C. eucaeruleus from different
collections, the LSU-based phylogenetic tree did not
provide a good phylogenetic inference as the ITS tree. Only
one representative for C. caerulescens and C. terpischores
were used, and they formed a clade including C.
eucaeruleus from this study (Fig. 3).

AF389134 Cortinarius eucaerulues
MHT718791 Cortinarius caerulescens
KJ421105 Cortinarus eucaeruleus
AF389133 Cortinarius eucaeruleus
KJ421193 Cortinarus eucaeruleus
JFO07894 Cortinarius terpsichores
KJ421112 Cortinanus eucaeruleus
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100

AY669554 Cortinanus eucaeruleus
KJ421182 Cortinarius eucaeruleus
KJ420972 Cortinarius eucaeruleus
KJ421124 Cortinarius eucaeruleus
KJ421180 Cortinarus eucaeruleus
A MT116433 Cortinarius eucaeruleus
DQO083817 Cortinarius eucaeruleus

feucaerulens

L KC577597 Corfinanius eucaeruleus var.

L KF732330 Cortinarius kuehneri (holotype)

AY669631 Cortinarius lavendulensis
K.J421085 Cortinarius polymorphus
AYB69545 Cortinarius polymorphus
AYGE69540 Cortinarius camptoros
KJ421208 Cortinarius terpsichores
KJ421188 Cortinanus coerulescentium

9
AY669515 Cortinarius coerulescentium
9

AY174861 Cortinanus coerulescentium

AY174797 Cortinanius saginus

60—|: KF732627 Cortinanus norriandicus
L AY669521 Corfinanus populinus

AF325643 Hebeloma fastibile

—
20

Figure 2. The ML phylogenetic tree of Cortinarius based on the ITS gene region. Black triangle indicates the identified species C.
eucaeruleus in this study. Hebeloma fastibile was used as the outgroup species. Bootstrap test included 1000 replicates and bootstrap support
values > 50% were indicated on the branches. Scale bar indicates the number of substitutions per site.
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go | JX000386 Cortinarius luteinus
KJ635207 Cortinarius xenosma
GUZ233394 Cortinarius dysodes

4|7

KJ635241 Cortinarius atrolazulinus

731 MH108392 Cortinarius cucumeris

MH108348 Cortinanus napivelatus

KU523958 Cortinarius napivelatus

— KF727299 Cortinarius napivelatus
AY033130 Cortinarius subcastanella

E| MH108386 Corfinarius subcastanellus
MH108391 Cortinarius wallacer

KCB842517 Cortinarius variicolor

84

KT334150 Cortinarius porphyroideus

GU233419 Cortinarius rattinus
g5 | KC842515 Cortinarius glaucopus
KY964799 Cortinarius glaucopus
KC842514 Cortinarius terpsichores
MH718792 Cortinanius caerulescens
A MT116800 Cortinarius eucaeruleus
AF388771 Cortinarius trachycystis

Hebeloma fastibile

63
L—— MH108333 Corfinarius cupreonatus
KCB842518 Cortinarius saginus
KC842497 Corfinanius infractus
0,005

Figure 3. The ML phylogenetic tree of Cortinarius based on the LSU gene region. Black triangle indicates the identified species C.
eucaeruleus in this study. Hebeloma fastibile was used as the outgroup species. Bootstrap test included 1000 replicates and bootstrap support
values > 50% were indicated on the branches. Scale bar indicates the number of substitutions per site.

4. Discussions

Cortinarius eucaeruleus has been misinterpreted as C.
terpsichores Melot and C. caerulescens (Schaeff.: Fr.) Fr.
In previous studies (Garnica et al., 2005; Peintner et al.,
2004). Recently, some collections are re-examined by
Garnica et al. (2016) at the molecular level, and they were
reported as C. eucaeruleus. Although these species are
pileocarpic fungi and have similarities in pileal color, they
have distinct morphological features that distinguish them
from each other. The most important differences that
distinguish the three species are the spore shapes and sizes
(Table 1). Cortinarius caerulescens has amygdaloid
basidiospores while C. eucaeruleus and C. terpsichores
have ellipsoid ones. Cortinarius eucaeruleus has bigger
spore size compared to that of the other two species, e.g.
8.5-10 x 5.5-6.5 um for C. terpsichores (Knudsen and
Vesterholt, 2008), and 8.8-11.5 x 5-6.5 um for C.
caerulescens (Breitenbach and Krénzlin, 2000). Their spore
ornamentations (verrucose structures) also differ from each
other. The verrucose structure in C. eucaeruleus is strong
while it is thin and densely verrucose in C. terpsichores,
and weak to moderate verrucose in C. caerulescens. When
their ecological preferences are compared (Table 1), C.
eucaeruleus is generally found with Quercus, Carpinus,
Tilia and Corylus, while C. terpsichores is associated with
Pinus, and C. caerulescens with Fagus.
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The molecular phylogenetic analysis supports a distinct
clade including C. eucaeruleus with high bootstrap support.
Based on the ITS tree, our specimen clustered in a distinct
clade with other C. eucaeruleus species, strongly
suggesting that it is C. eucaeruleus. The results from our
phylogeny are also in congruent with the results shown in
Garnica et al. (2016). Cortinarius caerulescens from
Turkiye (Kalmer et al., 2019) and C. terpsichores from Italy
(Osmundson et al., 2013) were also positioned in the same
cluster with C. eucaeruleus. In Osmundson et al. (2013),
the phylogeny Included C. terpsichores sequence from Italy
but did not include any C. eucaeruleus or C. caerulescens
sequences for comparison. Thus, this study could not
distinguish C. terpsichores from C. eucaeruleus and C.
caerulescens at the molecular level. Interestingly, a study
by Kalmer et al. (2019) showed an ITS phylogeny which
clustered C. caerulescens from Tirkiye within the clade of
C. terpsichores. They did 7not include C. eucaeruleus
sequences in their molecular analysis. Thus, a relationship
between C. caerulescens and C. eucaeruleus species was
absent and should be addressed with further molecular
studies. However, our detailed morphological description
and molecular phylogeny analyses clearly indicate that C.
eucaeruleus from Turkiye is different from C. terpsichores
and C. caerulescens from other collections, which were
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Table 1. Comparison of macroscopic and microscopic features of C. eucaeruleus, C. terpsichores and C. caerulescens.

Feature C. eucaeruleus C. terpsichores C. caerulescens
40-110 mm, strongly saturated violet;  40-90 mm, at margin with light 3?5-(:102Igurinmm}rombluft;ZIOIigntreIatteor
Pileus later fading to gray-brown from the blue colours, at centre ochraceous h gb i - M
centre; at margin darker violet yellow ochraceous buff, sometimes eventually
' ' ' entirely pale ochre.
40-80 x 10-20 mm; with a marginate  40-80 x 8-15 mm, with a marginate 3\2;;0& ;;O}ﬁgtembndibcylrlgd_r\'/?g:étb:rfs
Stipe bulb, pale bluish white, soon white, bulb, pale blue, strongest towards lonaitudi ?I fibrill 9 i’l
ellowish when old. base. ongitudinally fibrillose when young,
y later glabrescent.
white to grayish white with a violet in . . .
Flesh cap, violaceous to violaceous gray, {:}egﬁlﬁraylsh, becoming yellowish light blue
slightly flavescent in stipe-base.
Lamellae violaceous when young, becoming gills grayish to slightly violaceous  blue-violet when young, later gray-
violaceous gray gray violet to ocher-brown.
Spores grﬁz'?jalgid 5.5-7ra51r:r; elhsttr'gn :0 8-10 x 5.5-6.5 um; ellipsoid, finely  8.8-11.5 x 5-6.5 pm, amygdaliform,
P ver)rlgcose ' 9 and densely verrucose. weakly to moderately verrucose.
\T/ietilcf\llzrgH yellowish in flesh absent, sometimes yellowish on the pileal cuticle and flesh ocher.
with Quercus, Carpinus, Tilia and on calcareous soil, with Pinus and h I il d
Ecology Corylus, rarely with Fagus, on with broad leaf forest (primarily on heavy cacareus Soris ~Oncer

calcareous soil.

Fagus)

broadleaved trees, with primarily Fagus

recently revised by Garnica et al. (2016) through a large-
scale DNA barcoding analysis. It is obvious that both
micro-macro morphological and molecular analysis are
needed to clarify the systematic position of many species in
the subg. Phlegmacium. Further molecular studies
including many other species of this subgenus from
different geographic localities are urgently needed to have
a reliable discrimination of Cortinarius species and
understand their relationship in taxonomic studies.

5. Conclusion

Although the use of morphological and chemical characters
can create consistent taxonomies for various groups, it is
difficult to diagnose Cortinarius species due to the species
richness, similar morphological characters and common
ecological preferences. Due to difficulties in correct
identification of Cortinarius species, the diagnosis and
classification on these species should be supported by
marker DNA sequences. Current studies now focus on both
morphological ad molecular data for accurate species
delimitation and nomenclature of the Cortinarius species.
In this study, a phylogenetic relationship based on ITS
dataset resulted in a reliable identification of the studied
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