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Revision of collections of Hebeloma spp. from the high-altitude Altay Mountains
(Altay Republic) and report of a new to Russia species of H. excedens
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Abstract. Eight Hebeloma specimens from the high-altitude zone of Altai Mountains (West Siberia) were analyzed
using morphological and molecular methods. Three species were identified (H. alpinum, H. dunense, H. excedens), including
the previously unreported in Russia species H. excedens. The detailed morphological description and ecological data on

H. excedens based on the studied collections are provided.
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The genus Hebeloma (Fr.) P. Kumm. is a widely
distributed group of ectomycorrhizal agaricoid
fungi forming symbiotic associations with various
species of trees and shrubs. This genus is chal-
lenging to identify at the species level, not only
through morphological features, but through using
molecular phylogeny approach (Eberhardt et al,
2021). According to the latest classification based
on current molecular and morphological data, He-
beloma is placed within the family Hymenogast-
raceae, order Agaricales (Matheny et al, 2006;
Knudsen, Vesterholt, 2018; Bartlett et al., 2022).
The species of the genus are generally characteri-
zed by a smooth cap (with rare exceptions), pre-
sence or absence of cortina, brown spores that may
be either smooth or rough, absence of a germ pore
and pleurocystidia, and presence of cheilocystidia.

The current taxonomic classification of the ge-
nus Hebeloma includes 17 sections. The section
Hebeloma (Fr.) P. Kumm. is characterized by a vi-
sible cortina in young basidiomes and cheilocys-
tidia, which are consistently lageniform or vent-
ricose. This section includes 23 species, eight of
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which, referred to as the H. mesophaeum com-
plex, have ellipsoid, indextrinoid or slightly dext-
rinoid spores: Hebeloma alpinicola A. H. Sm.,
V. S. Evenson et Mitchel, H. colvinii (Peck) Sacc.,
H. dunense L. Corb. et R. Heim, H. excedens
(Peck) Sacc., H. marginatulum (J. Favre) Bruchet,
H. mesophaeum (Pers.) Quél., H. pascuense Peck,
H. pubescens Beker et U. Eberh. The section De-
nudata (Fr.) Sacc is characterized by absence of
cortina, universal veil only visible in primordia,
and cheilocystidia narrowly to broadly clavate or
capitate, and comprises about 14 species, including
Hebeloma alpinum (J. Favre) Bruchet (Vesterholt,
2005; Eberhardt et al., 2021; Bartlett et al., 2022).

Many Hebeloma species are commonly found in
arctic and alpine habitats, where they play a sig-
nificant role as mycorrhizal symbionts for plants
such as Salix L., Betula L., Bistorta (1.) Scop., and
Dryas L. (Miller, 1998; Beker et al, 2010, 2018;
Eberhardt et al., 2015, 2021; Cripps et al., 2019;
Bolshakov et al., 2021; etc.). In the Altai Republic,
four species from the section Hebeloma (H. alpini-
cola, H. dunense, H. marginatulum, H. mesophaeum)
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were previously recorded in the high-mountain
belts (Bolshakov et al., 2021; Kotkova et al., 2024).
However, no revision, combining morphological
and molecular phylogenetic approaches, has been
carried out so far. In this study, we analyzed eight
specimens collected during expeditions in the
high-mountain belts of the Plato Ukok and Seve-
ro-Chuisky Range. Most of the specimens exami-
ned belong to the H. mesophaeum complex that in-
cludes morphologically similar species, which are
difficult to identify.

Morphological and phylogenetic analyses
have revealed a species not previously recorded
in Russia (Hebeloma excedens). This species was
originally described by North American mycolo-
gist C. H. Peck as Agaricus excedens Peck (Peck,
1872), found in sandy woodlands under Pinus sp.
For a long period, H. excedens was known only
from continental North America, later recorded
in Greenland with isolated findings in France and
Turkey (Cripps et al., 2019; Eberhardt et al., 2021,
2022; Bartlett et al., 2022; Dizkirici, 2022). As the
first record across a large Asian continent, we con-
sider that it merits a detailed description in pre-
sent publication.

The article also presents characteristics of mic-
rostructures and photographs of basidiomata of
the other identified species of Hebeloma, namely
Hebeloma alpinum, H. excedens, and H. dunense.
To confirm species identification, phylogenetic
analysis was performed using a nuclear ribosomal
DNA marker (ITS region).

Materials and Methods

Fresh basidiomata of Hebeloma were collected
in a mountain tundras in June—July 2015, 2019 in
the Kosh-Agach District, Plato Ukok and near the
village Chagan-Uzun (2000-2200 m a. s. L.), the
Altai Republic.

Morphological study

Collected specimens were photographed in
situ using a Lumix camera. Macromorphologi-
cal characters were described based on the field
notes and color photographs of fresh basidiomata.
The specimens were dried using standard methods
(Clémencon, 2009). The dried specimens were
examined microscopically following Vesterholt
(2005) and Bartlett et al. (2022).

The morphological description of the basidio-
mata is based on examination of fresh and dried
material. A standard set of reagents (5-10%
KOH, 1% Congo Red solution, Melzer’s reagent)
and a microscope (Zeiss AxioStar Plus) with
a digital camera (AxioCam ERc5s) were used for
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microscopic examination. The dimensions of mic-
rostructures are given as (minimum) average mini-
mum — average maximum (maximum). The chei-
locystidia dimensions given as length x width at
base x width in the middle x width at the apex.
The microscopic measurements were made using
the Zeiss AxioVision 4.8.2 software. The diagnos-
tic characters of spores (dextrinoidity, ornamenta-
tion and degree of loosening of the perispore) were
abbreviated according to Vesterholt (2005) with
“D” indicating the degree of basidiospore dextri-
noidity in Melzer’s, “P” the degree of loosening of
the basidiospore perisporium in Melzer’s, and “O”
the degree of basidiospore surface ornamentation.
The specimens are stored in the M. G. Popov
Herbarium of the Central Siberian Botanical Gar-
den, Siberian Branch of the Russian Academy of
Sciences (NSK), and their duplicates are kept
in the Fungarium of the Yugra State University
(YSU-F). The information about the specimens
is stored in the Specify collection information sys-
tem (http://specify.ugrasu.ru/). Collection data,
including specimen photographs, and obtained se-
quences, are available for searching and download-
ing through GBIF (Gorbunova, Filippova, 2025).

Specimens examined

Hebeloma alpinum: Russia, Republic of Altai, Kosh-
Agach District, Plato Ukok, 49°16'14.4"N, 87°48'50.4"E,
2100 m a. s. L, grass tundras with Salix glauca, 30 VII 2019,
Gorbunova, det. Gorbunova, Filippova, NSK 1013038,
YSU-F-13983 (GenBank PP277316); ibid., 49°16'14.4"N,
87°48'50.4"E, 2200 m a. s. 1, dryad tundras, on soil,
30 VII 2019, Gorbunova, det. Gorbunova, Filippova, NSK
1013032, YSU-F-13972 (GenBank PP264692); ibid.,
nearby Chagan-Uzun village, 50°04'17.2"N, 88°12'43.1"E,
2200 m a. s. ., dryad tundras, on soil, 23 VI 2015, Gorbuno-
va, det. Gorbunova, Filippova, NSK 1013044, YSU-F-14010
(GenBank PP277323).

Hebeloma dunense: Russia, Republic of Altai, Kosh-
Agach District, Plato Ukok, 49°16'14.4"N, 87°48'50.4"E,
2200 m a. s. 1., grass tundras with Salix glauca L., on soil,
30 VII 2019, Gorbunova, det. Gorbunova, Filippova, NSK
1013047, YSU-F-13963 (GenBank PP277318); ibid.,
49°16'14.4"N, 87°48'50.4"E, 2100 m a. s. 1., grass tun-
dras with Salix glauca, on soil, 30 VII 2019, Gorbunova,
det. Gorbunova, Filippova, NSK 1013039, YSU-F-13976
(GenBank PP264693); ibid., Plato Ukok, 49°16'14.4"N,
87°48'50.4"E, m a. s. 1., dryad tundras, on soil, Gorbunova,
det. Gorbunova, Filippova, NSK 1013057, YSU-F-14011
(GenBank PP277324).

Hebeloma excedens: Russia, Republic of Altai, Kosh-
Agach District, nearby Chagan-Uzun village, 50°04'17.2"N,
88°12'43.1"E, 2200 m a. s. 1., dryad tundras, on soil, scat-
tered, 24 VI 2015, Gorbunova, det. Gorbunova, Filippova,
NSK 1013033, YSU-F-13980 (GenBank PP264694); ibid.,
Plato Ukok, 49°16'13.8"N, 87°48'50.4"E, 2100 m a. s. 1.,
grass tundras with Salix glauca, on soil, scattered, 30 VII
2019, Gorbunova, det. Gorbunova, Filippova, NSK 1013055,
YSU-F-13981 (GenBank PP277319).
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Molecular techniques

The PCR was made using the TransDirect®
Plant Tissue PCR Kit without DNA extraction.
PCR reactions were performed in 20 pL of reac-
tion mixtures containing 4 pL of ScreenMix (Ev-
rogen), 0.2 puL of each PCR primer, 14 pL of de-
ionized H,0, and 1.6 uL of template DNA. For
amplification of the nrITS region the primers
ITS1-F (Gardes, Bruns, 1993) and ITS4 (White
et al., 1990) were used. PCR cycle parameters
were as follows: initial denaturation for 5 min
at 95 °C, 30 cycles (denaturation for 20 sec at
95 °C, primers annealing for 30 sec at 54°C, ex-
tend DNA for 60 sec at 72 °C), final extension for
7 min at 72 °C. PCR and sequence reaction prod-
ucts were purified using CleanMag DNA (Ev-
rogen) and Dynabeads™ Sequencing Clean-Up
kits. Sequencing was performed with Brilliant-
Dye™ Terminator (v3.1) Cycle Sequencing kit
(NimaGen) using Applied Biosystems® Sanger
Sequencing 3500 Series Genetic Analyzer.
Newly generated sequences were deposited in
the GenBank.

Phylogenetic analyses

Raw data were edited and assembled using Mo-
lecular Evolutionary Genetics Analysis Version
11 (MEGA11) software (Koichiro et al., 2021). Ad-
ditionally, 61 ITS sequences were retrieved from
GenBank following previous publications (Cripps
et al, 2019; Eberhardt et al, 2021). Sequences
were aligned with the MAFFT version 7 web
tool (Kazutaka et al., 2019) using the E-INS-i op-
tion (iterative refinement method recommended
for < 200 sequences with one conserved domain
and long gaps). The best-fit substitution model
(TPM2u+F+G4) was estimated based on the
Bayesian Information Criterion (BIC) using Mo-
delFinder (Kalyaanamoorthy et al., 2017). Maxi-
mum likelihood (ML) phylogenetic reconstruc-
tion was performed in IQTREE 1.6.12 (Nguyen et
al., 2015). The support was tested by 1000 ultra-
fast bootstraps (BS) (Hoang et al., 2017), as well
as the Shimodaira-Hasegawa-like approximate
likelihood-ratio test (Guindon et al., 2010). BS
consensus tree was constructed from 1000 boot-
strap trees (Nguyen et al., 2015). The final tech-
nical formatting of the resulting tree was made
in FigTree (Rambaut, 2008-2018) and InkScape
(https://inkscape.org) software. Similarity per-
centage of the sequences was calculated in Basic
Local Alignment Search Tool (BLAST) at NCBI
portal (https://blast.ncbinlm.nih.gov/Blast.cgi)
(Altschul et al., 1990).

Results

Molecular phylogeny

The final nrITS dataset contains 69 sequences
(749 characters including gaps), including two
sequences of Galerina pruinatipes A. H. Sm.,
G. pseudocamerina Singer as an outgroup; 15 se-
quences of seven species without cortina (Hebe-
loma avellaneum Kauffman, H. vaccinum Romagn.,
H. aurantioumbrinum Beker, Vesterh. et U. Eberh.,
H. subconcolor Bruchet, H. hiemale Bres., H. ve-
lutipes Bruchet, H. alpinum), and 52 sequences of
eight species from Hebeloma section (H. alpinicola,
H. colvinii, H. mesophaeum, H. pubsecens, H. ex-
cedens, H. dunense, H. marginatulum, H. pascuense)
(Fig. 1; Electronic supplement').

In the first group (without cortina), seven spe-
cies formed separate clades. Specimens identified
by us as H. alpinum clustered with reliable voucher
specimens of the same species.

In Hebeloma section, our sequences clustered
with eleven other reliable voucher specimens of
H. excedens and H. dunense. However, the H. me-
sophaeum complex was poorly resolved and repre-
sented a complex group.

Morphology

A study of the micro-morphological features of
the specimens revealed tree species: Hebeloma al-
pinum (with amygdaloid, large, ornamented spores
and capitate cystidia), H. excedens and H. dunense
(with ellipsoidal spores and cylindrical cystidia).
Detailed measurements and photographs of the mi-
crostructures are presented in Table 1 and Fig. 2, 3.

Of these, Hebeloma excedens is listed for the
first time for Russia.

Hebeloma excedens (Peck) Sacc., 1887, Syil.
Fung. 5: 806. (Fig. 3A,C, D)

Pileus 25-35 mm in diam., convex then almost
applanate, slightly umbonate, viscid when moist,
clay-buff, yellow brown, or cream-brown when
young, later darkening, dark brown in the center,
lighter at margin, with hygrophanous spots, with
white velar remnants on the edges. Margin exten-
ding beyond the lamellae. Cortina present. Lamel-
lae sinuate, attached by a tooth, cream when young,
later pale brown, edges white, without watery drop-
lets, number of full-length lamellae (L) 36—40. Stipe
20-30 x 2—2.5 mm, cylindrical, straight or curved,
whitish, pruinose above cortina zone, dark brown

! Electronic supplement is available at the end of the
article page on the journal website (https://doi.org/10.31111/
nsnr/2025.59.1.F33).
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Fig. 1. Maximum Likelihood best tree of selected nrITS sequences of Hebeloma obtained by analysis in IQTREE 1.6.12.
The bootstrap support is provided above the branches (values below 60 are not shown in the picture).
The newly generated sequences marked in bold type. The branches at the base of the tree were shortened to reduce
the image width (dotted line).
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Fig. 2. Macro- and microscopical features of studied specimens of Hebeloma alpinum.
A, B — photo of basidiocarps in situ (YSU-F-14010, YSU-F-13983); C, D — basidiospores and cheilocystidia
(YSU-F-13972). Scale bars: 10 pm.

below, with zones of brown fibrils, blackening to-
wards base. Context firm, whitish in pileus and stipe
apex and brown in lower part of stipe, almost bla-
ckish at base. Smell raphanoid. Spore print brow-
nish. Exsiccate pale brown, not dark.

Basidiospore (8.7)9.9-11.0(12.6) x (5.0)5.4—
6.0(6.7) um, Q = 1.8 (1.6-2.2) (n = 45, two spe-
cimens), ellipsoid to slightly amygdaloid, ovoid,
light yellow, grey yellow, almost smooth (O1),
slightly dextrinoid (D1, D2), perispore not loos-
ening (P0). Basidia 15-30 x 7-12 um, clavate,
mostly 4-spored, some with yellow-brown contents
in KOH. Pleurocystidia absent. Cheilocystidia
(32)41-52(64) x (6)8—12(16) x (4.5)5-6(7) %
(4.5)5.5-5.6(7.0) um (n = 45, two specimens),
narrowly lageniform with long neck, rarely sub-
capitate or septate. Pileipellis exocutis, made of
brownish hyphae.

Discussion

Eight specimens of the genus Hebeloma col-
lected in the Altai highlands have been stu-
died. The analysis based on molecular phylogeny

showed that specimens from the Altai Mountains
cluster well with the previously described species
Hebeloma alpinum, H. excedens and H. dunense.
Hebeloma alpinum (Hebeloma section Denudata
(Fr.) Sacc) differs well from the others in the form
of spores and cheilocystidia. Our specimens have
some similarity to H. vaccinum. However, phylo-
genetic analysis showed that our specimens clus-
tered well with voucher specimens of H. alpinum
collected in Greenland (Fig. 1).

The Hebeloma mesophaeum complex has poor
resolution on the phylogenetic tree, as previously
shown by some authors (Cripps et al., 2019; Eber-
hardt et al., 2021). Three our specimens clustered
with voucher specimens of H. dunense, and two
with H. excedens. The support for these clades is
weak, but previous authors consider them as sepa-
rate taxa.

Hebeloma excedens is widely distributed across
North America, occurring in various habitats, pri-
marily in forest communities. It forms symbiotic
relationships with a variety of trees, including
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Fig. 3. Macro- and microscopical features of studied specimens of Hebeloma excedens and H. dunense.
A — photo of H. excedens basidiocarps in situ (YSU-F-13980); B — photo of H. dunense basidiocarps in situ
(YSU-F-13976); C, D — basidiospores and cheilocystidia of H. excedens (YSU-F-13981); E, F — basidiospores and
cheilocystidia of H. dunense (YSU-F-13976). Scale bars:10 um.

Picea A. Dietr., Salix, Betula, Populus 1., Tilia L.,
Quercus L., Abies Mill., Tsuga (Endl.) Carriére, Al-
nus Mill. and Larix Mill. Notably. Hebeloma ex-
cedens is more common in eastern North America
compared to H. mesophaeum (Bartlett et al., 2022).

While it was previously thought that Hebe-
loma excedens species did not grow in arctic and
alpine environments, it has since been discovered
in Alaska in alpine meadows, in Greenland in arc-
tic shrubland, and in the Rocky Mountain alpine
belt (Colorado) (Cripps et al, 2019; Eberhardt
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et al., 2021; Bartlett et al, 2022). In these arc-
tic-alpine habitats, H. excedens forms mycorrhi-
zal associations with various Salix species and,
less commonly, with Dryas. In present study,
this species was found in the tundra-steppe land-
scapes of high-altitude Altai Mountains, at 2100—
2200 m a. s. 1, in tundras with Dryas oxyodonta
Juz., and grass tundras with Salix glauca. Tt is
possible that this species also grows at lower ele-
vations in forest communities but was previously
identified as H. mesophaeum.
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Table 1

Specimen numbers, GenBank accession numbers, and morphological parameters
of the studied specimens of Hebeloma

Species Herbarium iir;f:il;l; Cheilocystidia Spores
P numbers number size* and shape size* and shape
12.2-15.0 X 6.3-7.6 um, Q = 1.7-2.1
H. alpinum YSU-F-13983 PP277316** 30.0-68.0x3.5-72 3.1-7.4 (n=21) amygdaloigto f?moniform
’ NSK 1013038 4.0-10.5 pm (n = 22), clavate ’ . ’
weak ornamentation
11.6-15.1 x5.9-7.8 um, Q = 1.7-2.2
H. alpinum YSU-F-13972, PP264692** 34.0-780x 3676 x 3.4-8.4 x (n=24) amygdaloigto f?moniform
’ NSK 1013032%** 4.3-12.5 pm (n = 42), clavate ’ . ’
weak ornamentation
- NSK 1013044 5.8—10.6 um (n = 35), clavate > aMy8 . ’
weak ornamentation
YSU-F-13976 40.0-56.7 x 7.1-10.0 X 4.7-6.8 x | 9.1-12.2 x5.2-6.3 um, Q = 1.6-2.0
H. dunense NSK 1013039’ PP264693** | 4.4—6.2 um (n = 11), narrowly | (n = 30), ellipsoid to slightly amyg-
lageniform with long neck daloid, smooth
YSU-F-13963 45.0-56.0 x 8.0-12.0 X 4.5-6.0 x | 9.6-12.5 % 5.4-6.6 ym, Q = 1.6-2.0
H. dunense NSK 1013047 PP277318** |  5.0-7.0 um (n =7), narrowly | (n=25), ellipsoid to slightly amyg-
lageniform with long neck daloid, smooth
32.0-55.0 X 6.7-9.7 X 4.0-6.0 x
H. dunense YSU-F-14011 PP277324 3.5-6.2 um (n = 26), narrowly 8.5-11.1>4.9-6.5 ym, Q =1.6-2.0
) NSK 1013057 o . ’ (n = 30), ellipsoid, smooth
lageniform with long neck
YSU-F-13980 32.5-55.0 X 6.3-10.3 X 4.5-6.7 x | 8.7-11.5x5.0-6.3 um, Q = 1.6-2.0
H. excedens NSK 1013033’ PP264694** | 4.5-7.2 um (n = 27), narrowly | (n=22), ellipsoid to slightly amyg-
lageniform with long neck daloid, smooth
YSU-F-13981 43.0-64.0 x 8.0-16.0 x 5.0-7.0 x | 10.0-12.6 X 5.1-6.7 pm, Q = 1.6-2.2
H. excedens NSK 1013055’ PP277319 5.0-7.0 um (n = 23), narrowly | (n = 25), ellipsoid to slightly amyg-
lageniform with long neck daloid, smooth

* — all dimensions are given as minimum—maximum of values; ** — assembled sequences — made by sequencing forward
and reverse reads and assembling a contig; *** — the specimen YSU-F-13972 (NSK 1013032) was published earlier as
Hebeloma dunense (Kotkova et al., 2024); this was our mistake (the sequences were mixed up).

Morphologically, Hebeloma excedens is similar
to species of H. mesophaeum complex. C. H. Peck
suggests that the pileus margin extending beyond
the lamellae is a distinguishing field characteris-
tic of H. excedens from other species (Bartlett et
al., 2022). This feature was as well observed in
some specimens from the Republic of Altai, but
not everyone. The pileus and stipe of H. excedens
are darker in color compared to H. dunense and
more closely resemble the basidiomata of H. meso-
phaeum. Distinguishing morphological feature of
H. excedens and H. dunense is pale yellow spores
in KOH. In H. dunense, some cheilocystidia have
thick yellow contents.
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