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Abstract

Hortiboletus (the former Xerocomus rubellus species complex) is one of the most taxo-
nomically critical and difficult genera for species identification in the family Boletaceae. 
Here, we provide a detailed morphological and molecular re-assessment of European 
and Levantine species of Hortiboletus. A new species, H. hershenzoniae, is described 
from Israel. It is sister to H. engelii and associated with the evergreen oak Quercus cal-
liprinos and potentially also with Q. ithaburensis. Based on the sequence retrieved from 
INSDC, this species is also found in Lebanon. Accurate morphological descriptions, 
comprehensive sampling, type studies, biogeography, macro- and microphotographs 
and a historical overview on the nomenclatural issues surrounding H. rubellus, H. buba-
linus, H. engelii, and H. hershenzoniae are given. An epitype collection is designated for 
H. rubellus. A key is provided for identification of the European and Levantine taxa. In 
addition, we propose a novel taxonomic combination Hortiboletus flavorubellus, which is 
conspecific with Boletus rubellus var. flammeus, based on the DNA barcoding and phylo-
genetic analysis of type material. Boletus harrisonii is also shown to be conspecific with 
H. campestris. A multilocus phylogenetic analysis of four markers (ITS, LSU, tef1-α, and 
rpb2) reveals that Hortiboletus is a sister genus to Xerocomellus. Using the Genealogical 
Concordance Phylogenetic Species Recognition method, at least 19 phylogenetic spe-
cies and eight putative phylogenetic species of the genus Hortiboletus can be delimited. 
Based on multilocus analysis, it contains from 24 to 25 species-level clades worldwide, 
17 out of which represent known species, one newly described and potentially six to 
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seven undescribed species. Tandem repeat insertions within the ITS region (both in ITS1 
and ITS2) are reported for the first time, not only in the genus Hortiboletus, but in the 
entire subfamily Boletoideae. Their identification and characterisation were based on 
Tandem Repeat Finder analysis and visual assessment of the ITS alignment.

Key words: Agaricomycetes, biogeography, Boletales taxonomy, diversity, phylogeny, xe-
rocomoid fungi

Introduction

The genus Hortiboletus Simonini, Vizzini & Gelardi, corresponding to the former 
Xerocomus rubellus species complex (= “rubellus” clade in Nuhn et al. (2013)), 
is one of the taxonomically most challenging and insufficiently explored xero-
comoid genera. Hortiboletus species are probably among the most difficult to 
identify in the family Boletaceae. They exhibit a high intraspecific variability in 
terms of colours of the basidiomes and microscopic structures. At the same 
time, various Hortiboletus species look very similar, while apparently lacking 
pronounced morpho-anatomical differences. In addition, much confusion over 
the identification of individual Hortiboletus species exists and a shared concept 
of their taxonomic limits has not yet been achieved.

Hortiboletus was described as a separate genus by Simonini, Vizzini & Gelar-
di in 2015, with Boletus rubellus Krombh. as the type species (Vizzini 2015). It 
was segregated from the earlier described genus Xerocomellus Šutara (type 
species Boletus chrysenteron Bull.), which also included B. rubellus and B. en-
gelii Hlaváček (Šutara 2008). Later, three other species, B. engelii, B. campestris 
A.H. Sm. & Thiers, and B. bubalinus Oolbekk. & Duin were also transferred to 
Hortiboletus (Biketova 2015; Dima 2015). A monophyly of this genus was sup-
ported by multiple phylogenetic analyses (Taylor et al. 2001; Nuhn et al. 2013; 
Wu et al. 2014, 2016; Das et al. 2016; Frank et al. 2020; Mao et al. 2023; Pham 
et al. 2024; Wang et al. 2024). According to Nuhn et al. (2013), in their general 
inclusive multigene phylogenetic analysis of the family Boletaceae, the “rubel-
lus” clade belongs to the “anaxoboletus” group, which is congruent to the major 
clade of the subfamily Boletoideae in the study by Wu et al. (2014).

Hortiboletus is characterised by small to medium-sized basidiomes with a 
xerocomoid habitus, dry pileus and stipe surfaces not staining blue-green with 
ammonia, subtomentose to finely squamulose pileus, sometimes tending to be-
come cracked-areolate at maturity and with colours ranging from ochraceous, 
pinkish-red, scarlet red, vinaceous red, reddish-brown to brown, yellow-olive tu-
bular hymenophore with tubes no longer than 15 mm at maturity, smooth or pru-
inose to fibrillose-striate stipe tinged yellow to pinkish-red or brownish, frequent 
presence of very fine carrot-orange to orange-red (also referred as flame-red or 
vermillion-red) punctuations in the stipe base context which can sometimes be 
scattered or absent, tissues unchanging to turning light blue when injured, espe-
cially in the pileus and the connection zone with the stipe. Main microscopical 
features are ellipsoid-fusiform, smooth basidiospores, palisadoderm or physa-
lo-palisadoderm pileipellis consisting of erect and (sub)parallel, generally short 
and frequently encrusted hyphae, hymenophoral trama intermediate between 
the “Boletus-type” and the “Phylloporus-type”, lateral stipe stratum absent or only 
rarely present and, in this case, of the “boletoid type”, fertile caulohymenium, 
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inamyloid tissues or, at most, with a fleeting amyloid reaction, and absence of 
clamp connections. Members of Hortiboletus form ectomycorrhizal (EcM) as-
sociation with some species of Betulaceae, Corylaceae, Fagaceae, Malvaceae, 
Pinaceae, and Salicaceae (Ladurner 2001; Lannoy and Estadès 2001; Taylor et al. 
2001, 2002; Ladurner and Simonini 2003; Peintner et al. 2003; Estadès and Lan-
noy 2004; Hills 2008; Muñoz et al. 2008; Šutara 2008; Vizzini 2015; Bessette et al. 
2016; Wu et al. 2016; Naseer et al. 2019; Frank et al. 2020; Klofac and Krisai-Greil-
huber 2020; Xie et al. 2020; Lebeuf et al. 2021; Mao et al. 2023; Pham et al. 2024).

However, several of the aforementioned features are shared by other xeroco-
moid genera (Xerocomus Quél. s. str., Xerocomellus, Rheubarbariboletus Vizzi-
ni, Simonini & Gelardi, etc.) and cannot be used to unequivocally separate them 
from each other. Using data from molecularly confirmed specimens of Hortibo-
letus, it is now possible to highlight the main diagnostic traits which are related 
to the basidiospores morphology and which are useful to distinguish the genus 
Hortiboletus from the other xerocomoid genera: smooth basidiospores which 
are neither striate nor truncate and with an average spore quotient (Qm) usu-
ally lower than or up to 2.6. In addition, Hortiboletus species appear to have a 
preference for anthropogenic environments such as rural or urban areas (parks, 
gardens, lawns, etc.), which can be explained by a somewhat higher ecological 
plasticity than in other bolete genera.

Currently, Hortiboletus includes sixteen species described worldwide, with 
only three species known from Europe, i.e. Hortiboletus rubellus (Krombh.) 
Simonini, Vizzini & Gelardi, H. bubalinus (Oolbekk. & Duin) L. Albert & Dima, and 
H. engelii (Hlaváček) Biketova & Wasser (Redeuilh and Simonini 1995, 1999a; 
Biketova 2015; Dima 2015; Vizzini 2015; GBIF 2024). However, it is very diffi-
cult to ascertain the correct identity of the European Hortiboletus species as 
described in past morphologically-based literature, as in most cases, they may 
represent a mixture of different taxa. Thirteen species are known from other 
regions of the world: a) East, South-East, and South Asia: H. amygdalinus Xue T. 
Zhu & Zhu L. Yang (China and Korea), H. arduinus N.K. Zeng, H.J. Xie & W.F. Lin 
(China), H. indorubellus K. Das, D. Chakr., Baghela, S.K. Singh & Dentinger (India 
and Pakistan), H. kohistanensis A. Naseer, S. Sarwar & A.N. Khalid (Pakistan and 
China), H. napaeus N.K. Zeng, H.J. Xie, S. Jiang & Zhi Q. Liang (China), H. rubrore-
ticulatus T.H.G. Pham, O.V. Morozova, E.S. Popov (Vietnam), H. rufosquamosus 
L. Fan, N. Mao & T.Y. Zhao (China), H. rupicapreus Svetash., A.V. Alexandrova, 
O.V. Morozova & T.H.G. Pham (Vietnam), H. sinorubellus Yang Wang, X. Chen, 
B. Zhang & Y. Li (China), H. subpaludosus (W.F. Chiu) Xue T. Zhu & Zhu L. Yang 
(China), and H. tomentosus L. Fan, N. Mao & T.Y. Zhao (China); b) North Amer-
ica: H. campestris (A.H. Sm. & Thiers) Biketova & Wasser (USA, Canada, and 
Mexico), and H. coccyginus (Thiers) C.F. Schwarz, N. Siegel & J.L. Frank (USA) 
(Smith and Thiers 1971; Biketova 2015; Das et al. 2016; Wu et al. 2016; Naseer 
et al. 2019; Frank et al. 2020; Xie et al. 2020; Kim et al. 2021; Lebeuf et al. 2021; 
Saldivar 2021; Mao et al. 2023; GBIF 2024; Pham et al. 2024; Wang et al. 2024).

The aims of this study were to: 1) perform a taxonomic revision of the genus 
Hortiboletus by examining species occurring in Europe and Levant (in the narrow-
er sense), including relevant type studies; 2) clarify the morphological variability, 
biogeography, and ecology of the European species; 3) introduce a new species 
to science, namely Hortiboletus hershenzoniae; 4) assess the phylogenetic re-
lationships among Hortiboletus species with a worldwide distribution through 
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single-locus (ITS, LSU, tef1-α, and rpb2) and multilocus analyses; 5) delimit spe-
cies of the genus by the Genealogical Concordance Phylogenetic Species Rec-
ognition method, and 6) conduct an analysis of tandem repeats in the ITS region.

Materials and methods

Collection sites and sampling

Studied specimens are deposited in ACAM, GB, H, IB, K, KW, L, LD, LE, MCVE, 
MICH, O, SAF, and TUR fungal collections (acronyms follow Index Herbariorum 
(Thiers 2025)) and in the personal fungaria (collectors’ numbers) “AB”, “AH”, “AL”, 
“AT”, “BD”, “EP”, “FP”, ‘‘GK’’, “GS”, “JAM”, ‘‘MG’’, and “VGy” maintained by Alona Yu. 
Biketova, Alan E. Hills, László Albert, Andy F.S. Taylor, Bálint Dima, Elias Polemis, 
Péter Finy, George Konstantinidis, Giampaolo Simonini, Jose A. Muñoz, Matteo 
Gelardi, and György Vrba, respectively. In the field, latitude, longitude, and eleva-
tion were determined with a Global Positioning System (GPS) receiver. Author ci-
tations follow the Authors of Fungal Names (Index Fungorum 2025). Taxonomic 
novelties and the epitype are registered in MycoBank (MycoBank 2025). The 
distribution range and data on occurrences have been checked in specialised 
literature, GBIF (GBIF 2024), iNaturalist (iNaturalist 2024), Mushroom Observer 
(Mushroom Observer 2024), and Botanical Collections (Botanical Collections 
2024). An asterisk (*) indicates disputed territories with partially recognised in-
dependence (not UN members). Abbreviation “GP” (genetically proven) indicates 
collections (as well as associated ectomycorrhizal partners and distribution of 
Hortiboletus species by countries), whose identification was verified using mo-
lecular methods and bioinformatics (BLAST and phylogenetic analyses). The 
metadata of the majority of studied collections is given as follows: COUNTRY, 
First-Order Administrative Division [or the Nature Region of Israel according to 
Zohary (1966)]: locality, coordinates (DMS), elevation in m (above sea level, if 
available), number of basidiomes and/or primordia collected, habitat with puta-
tive host plants, date (dd.mm.yyyy), leg. = legitur, det. = determinator, collection 
number (additional collection number; GP if available). “Ibid.” means that a spec-
imen was collected in the same administrative location as the previous collec-
tion with fully listed location data, but not necessarily in the same spot.

Morphological studies

A total of 242 collections representing the four European and Levantine species of 
Hortiboletus were studied. Macroscopic characteristics, macro-chemical spot-test 
reactions (Melzer’s reagent, 20% KOH, 25% NH4OH, 10% FeSO4, and 10% H2SO4) 
were examined on fresh basidiomes. For some collections, macro-morphological 
characteristics of the specimens were also assessed using Carl Zeiss Stemi DV4, 
Carl Zeiss Axio Zoom V.16, and Wild M3C stereomicroscopes. For characterisation 
of colour, three colour charts were used: Ridgway (1912) for the majority of collec-
tions of H. rubellus, H. engelii, and H. bubalinus, BFF (Anonymous 1969) and OAC 
(Anonymous 2004) for H. hershenzoniae. Microscopic features were observed 
from revived dried material using the following light microscopes: Carl Zeiss Axio-
star 1122-100, Jenaoptik Jenamed, Nikon Eclipse E200, Carl Zeiss Axioscope A1 
with AxioCam 1Cc 3 camera, Carl Zeiss AxioImager A2 under bright field and DIC 
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with AxioCam 305 colour camera, and Olympus BX43 with ADF PRO08 camera. 
Sections were rehydrated either in distilled water, L4 solution (according to Moser 
1983), 5% potassium hydroxide (KOH), 3% ammonia (NH3), or 1% Congo red (in am-
monia solution) for measurements of all structures. Colours and pigments were 
described after examination in water and 5% KOH. Measurements were made on 
dried material after soaking in 5% KOH for 5 min, at 1000× using a calibrated ocular 
micrometre as well as camera software with the appropriate calibration installed. 
Basidiospores (when possible at least 31 per collection) were measured from the 
hymenophore of mature basidiomes; dimensions of the average values are giv-
en as (minimum of the averages) average ± standard deviation (maximum of the 
averages), Q = (minimum of the averages) average quotient (length/width ratio) ± 
standard deviation of the averages (maximum of the averages), and average spore 
volume approximated as a rotation ellipsoid [Vm = (π.L.W2)/6 ± standard deviation 
of the averages]. Average sizes of terminal elements of pileipellis (calculated when 
possible at least on 31 elements) were also calculated for each collection; dimen-
sions are given as (minimum of the averages) average ± standard deviation of the 
averages (maximum of the averages) and Qm = average quotient (length/width 
ratio) ± standard deviation of the averages. The notation [n/m/p] indicates that 
measurements were made on “n” randomly selected structures from “m” basidi-
omes of “p” collections. Two couples of morphometric variables (length and width 
of the spores, length and width of the pileipellis terminal elements) were measured 
and statistically analysed as samples of a bivariate Gaussian distribution, through 
the isoprobability (confidence) ellipse method. In the field of the considered vari-
ables, the ellipse represents the locus where the pairs of the variables’ values have 
an identical probability (68%) to occur. All the points inside of the ellipse represent 
pairs of the variables having a probability of occurrence greater than 68%. The 
centre of the ellipse (the average value of length and width), represents the most 
probable value among the pairs of the variables.

As for the other microscopical elements, except for basidiospores and ter-
minal elements of pileipellis, dimensions are given as (minimum) average ± 
standard deviation (maximum) of the whole of the samples. The width of each 
cystidium and basidium was measured at the widest part and the length was 
measured from the apex (sterigmata excluded) to the basal septum. Sections of 
the pileipellis were taken mid-way between the centre and margin of the pileus 
and sections of the stipitipellis were taken between the upper third and the mid-
dle part along the longitudinal axis of the stipe. Iodine, metachromatic and cy-
anophilic reactions were tested by staining the basidiospores in Melzer’s reagent 
(Imler 1950), Brilliant Cresyl blue, and Cotton blue in lactophenol (Clémençon 
2009), respectively. To test the amyloidity according to Imler’s process (“amyloid 
reaction”, Imler (1950)), a sample of approx. 1 mm3, taken from the stipe base 
context, was soaked for 3 min in Melzer’s reagent and then washed carefully in 
a chloral hydrate solution. This procedure was repeated until the yellowish co-
lour of the Melzer’s solution disappears. Then the sampled tissue was carefully 
squeezed between slide and cover glass and observed under a light microscope. 
The result is called “amyloid” if a clear blue to blue-grey reaction was observed.

The basidiospores of selected collections (H. rubellus MCVE31743, H. engelii 
K-M000170238, H. hershenzoniae K-M001435594 and K-M001435706) were 
also analysed using scanning electron microscopes Zeiss Ultra-Plus VP FEG-
SEM (operated at 2 kV) equipped with an Oxford X-Max 80 mm2 SDD detector 
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and Zeiss Ultra-Plus FEG-SEM HR (operated at 4–5 kV) equipped with an Oxford 
EDS SDD detector. Small parts of the hymenophore material with basidiospores 
were mounted on a metal stub using carbon double adhesive tape, then coated 
with a thin layer of gold/palladium (60/40% alloy) using Polaron SEM Coating 
Unit E5150 (Polaron Equipment Ltd.), and analysed using the SEM.

DNA extraction, PCR amplification and DNA sequencing

Total genomic DNA was extracted from dried basidiomes using the NucleoSpin 
Plant II kit with minor modifications. The following primers were used: ITS1F, 
ITS1, ITS4B, and ITS4 for nuclear ribosomal internal transcribed spacer (ITS) 
(White et al. 1990; Gardes and Bruns 1993), LR0R, LR5, and LR7 for nuclear large 
subunit ribosomal DNA (LSU) (Vilgalys and Hester 1990; Cubeta et al. 1991; 
Hopple and Vilgalys 1999), EF1-983F and EF1-2218R for translation elongation 
factor 1-α gene (tef1-α) (Rehner and Buckley 2005), and bRPB2-6F and bRPB2-
7R for DNA-directed RNA polymerase II subunit 2 gene (rpb2) (Matheny 2005).

For ITS and LSU, PCR was carried out under the following parameters: initial de-
naturation at 95 °C for 5 min; followed by 35 cycles of denaturing at 95 °C for 30 s, 
annealing at 53 °C (or 55 °C for ITS1F and ITS4B) for 30 s, extension at 72 °C for 
1 min; and final extension at 72 °C for 7 min. For tef1-a: initial denaturation at 
95 °C for 3 min; then 8 cycles: 98 °C for 20 s, 60 °C for 40 s, 72 °C for 2 min; then 
36 cycles: 98 °C for 20 s, 53 °C for 1.30 min, 72 °C for 2 min; and a final extension 
step of 72 °C for 10 min. For rpb2: initial denaturation at 95 °C for 5 min; followed 
by 40 cycles: 95 °C for 30 s, 58 °C for 40 s, 72 °C for 1 min; and final extension 
step at 72 °C for 8 min. For generating ITS sequences of some H. rubellus and H. 
bubalinus collections, cloning with Invitrogen™ TOPO™ TA Cloning™ kit was used.

Sequences were manually edited and assembled using Sequencher 4.1.4 
and 5.4.6 (Gene Codes Corporation, Ann Arbor, Michigan, USA) and CodonCode 
Aligner 9.0.2 (CodonCode Corp., Centerville, Massachusetts, USA) software.

ITS, LSU, tef1-α, and rpb2 sequences of holotypes of Boletus campestris, B. 
harrisonii, B. flavorubellus, and B. rubellus var. flammeus were bioinformatically 
extracted from the genome assemblies published by Tremble et al. (2024) us-
ing PathRacer (Shlemov and Korobeynikov 2019) and BLASTn (Altschul et al. 
1990; Camacho et al. 2009).

A total of 133 collections were sequenced; however, not all sequences were 
of sufficient quality to be used in phylogenetic analysis, but sufficient for DNA-
based identification (indicated as “GP” in the list of examined material). Good 
quality sequences generated (both newly sequenced and bioinformatically ex-
tracted) for this study and used in phylogeny were submitted to GenBank or 
UNITE and their accession numbers are cited in Suppl. material 1: table S1.

Sequence alignment, phylogenetic analysis and species delimitation

A total of 479 sequences from 287 specimens (collections), including 170 
newly generated (117 ITS, 9 ITS-LSU, 12 LSU, 16 tef1-α, 15 rpb2) and 298 re-
trieved from INSDC and UNITE databases (126 ITS, 2 ITS-LSU, 72 LSU, 57 tef1-α, 
41 rpb2), were used in the phylogenetic analyses (Table 1). Imleria badia was 
chosen as an outgroup taxon for multilocus (ITS, LSU, tef1-α, and rpb2) and 
single-locus phylogenies.
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Four alignments were generated for ITS (algorithm E-INS-i), LSU (algo-
rithm G-INS-i), tef1-α (algorithm FFT-NS-i), and rpb2 (algorithm FFT-NS-i) 
datasets with MAFFT 7 (Katoh et al. 2019). Data for each locus were man-
ually adjusted and concatenated in MEGA 6.06 (Tamura et al. 2013) and 
SeaView 5 (Gouy et al. 2021). Single-character positions (predominantly re-
sults of sequencing errors) were manually removed: 35 in ITS, 8 in LSU, 5 in 
tef1-α, and 3 in rpb2 alignment (51 in total). Phylogenetic reconstructions 
were performed using the Maximum Likelihood (ML) and Bayesian Inference 
(BI) methods of analysis. In all ML and BI analyses, except the ITS ones, 
the general time reversible with rates that vary over sites according to the 
gamma model (GTR+G) was employed. In both ML and BI analyses of ITS, 
the GTR+G+I model was employed. For ITS and multilocus analyses of both 
ML and BI, partitioned models (ITS1, 5.8S, ITS2, LSU, tef1-α, and rpb2) have 
been applied.

The ML phylogenetic analyses were run in the raxmlGUI 2.0 (Edler et al. 
2020), which implements the search protocol of Stamatakis et al. (2014), esti-
mating unique model parameters for alignment and using 1000 rapid bootstrap 
replicates and branch lengths saved in the bootstrap trees (BS brL enabled).

BI analysis was performed with MrBayes 3.2.7a software (Ronquist et al. 
2012), under the described model. Analysis was performed with two parallel 
searches and four chains, with 5.75 mln generations for ITS, 4 mln for LSU, 
2 mln for tef1-α and rpb2, and 10 mln for multilocus phylogeny, as well as a 
sampling frequency of every 1000th generation. Tracer 1.6.0 (Rambaut et al. 
2014) was used to evaluate the quality of a sample from the posterior and the 
continuous parameters, using effective sample size (ESS). A burn-in of 25% for 
all analyses was applied.

Only bootstrap support (BS) over 50% and posterior probability (PP) val-
ues exceeding 0.8 are reported in the resulting trees. A clade was considered 
strongly supported if it received bootstrap support (BS) equal to or greater than 
90% and posterior probability (PP) equal to or greater than 0.99, a medium 
supported clade if BS = 70–89 and PP = 0.95–0.98, and a weakly supported 
clade if BS = 50–69 and PP = 0.80–0.94, respectively. Clades with strong and 
medium statistical support were considered as well supported. Branch lengths 
were estimated as mean values over the sampled trees. The final trees were 
edited in FigTree v.1.4.4 (Rambaut 2018), MEGA 12.00 (Kumar et al. 2024), and 
Inkscape v.1.3.2. Multilocus alignment and non-collapsed single-locus phylo-
genetic trees are available in Suppl. materials 2, 3.

The Genealogical Concordance Phylogenetic Species Recognition 
(GCPSR) method (Taylor et al. 2000) was employed to delimit phylogenetic 
species using three independently inherited loci (ITS-LSU, tef1-α, and rpb2). 
We followed the criteria of Dettman et al. (2003): a clade was recognized 
as an independent evolutionary lineage if it was well supported (when BS 
≥ 70% and PP ≥ 0.95) by at least one single-locus genealogy and was not 
contradicted by any other single-locus genealogy. When a well-supported 
independent evolutionary lineage had only a single locus or two inherited to-
gether loci (ITS and LSU) available for phylogenetic reconstruction, we con-
sidered it as a putative phylogenetic species. When designating independent 
evolutionary lineages as phylogenetic species, the concatenated four-locus 
analysis was also considered.
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Detection and characterisation of insertion sequences within ITS

Initially, long insertions within the ITS2 region of several species were visually 
detected after alignment. Then all ITS sequences, which were used in phyloge-
netic analysis and did not have more than 5% of non-ATGC bases in target re-
gions, were searched for the presence of more-or-less regular and continuous 
ITS tandem repeats using Tandem Repeats Finder (TRF) software v. 4.09 with 
default settings (alignment parameters 2-7-7: match = 2, mismatch = 7, indel = 
7) (Benson 1999). After this primary TRF search, we analysed only fragments of 
the ITS2 region containing the long insertion (position 770 until the end of ITS 
– 1169 in the alignment) using the same software with alignment parameters 
2-3-5 for more sensitive detection of tandem repeats.

The boundaries of the insertions were determined, based on the results of 
alignment and TRF analyses. Core consensus sequences (core motifs) detect-
ed with TRF were compared and analysed using the BLASTn algorithm (https://
blast.ncbi.nlm.nih.gov/).

Abbreviations

BFF: “Flora of British fungi: Colour identification chart” (Anonymous 1969); 
BI: Bayesian Inference; BS: bootstrap support; DNA: deoxyribonucleic acid; 
FEG: field emission gun; GCPSR: Genealogical Concordance Phylogenetic 
Species Recognition; INSDC: International Nucleotide Sequence Database 
Collaboration; ITS: nuclear ribosomal internal transcribed spacer; LSU: nu-
clear large subunit ribosomal DNA; ML: Maximum Likelihood; mln: million(s); 
min: minute(s); OAC: “The Online Auction Color Chart” (Anonymous 2004); 
Q: quotient (length/width) spore ratio; Qm: average quotient (length/width 
ratio); PP: posterior probability; rpb2: DNA-directed RNA polymerase II sub-
unit 2 gene; s: second(s); SDD: silicon drift detector; SEM: scanning electron 
microscope(y); tef1-α: translation elongation factor 1-α gene; TRF: Tandem 
Repeats Finder; UNITE: User-friendly Nordic ITS Ectomycorrhizal Database; 
Vm: average spore volume.

Results

Phylogenetic analysis and species delimitation

The aligned ITS matrix contained a total of 254 sequences from 241 specimens 
and a total of 1169 aligned bases with gaps, including 446 (38.2%) parsimo-
ny-informative sites. The LSU matrix contained 95 sequences from 94 speci-
mens and 929 aligned bases with gaps, including 125 (13.5%) parsimony-in-
formative sites. The tef1-α matrix contained 73 sequences from 73 specimens 
and 1100 aligned bases with gaps, including 229 (20.8%) parsimony-informa-
tive sites. The rpb2 matrix contained 56 sequences from 56 specimens and 777 
aligned bases with gaps, including 172 (22.1%) parsimony-informative sites. 
Additionally, a multilocus matrix was composed of 479 sequences (255 ITS, 95 
LSU, 73 tef1-α, 56 rpb2) from 287 specimens and 3975 aligned bases with gaps, 
including 972 (24.5%) parsimony informative sites (Suppl. material 2). The ML 
and BI analyses generated almost identical tree topologies for each of all five 

https://blast.ncbi.nlm.nih.gov/
https://blast.ncbi.nlm.nih.gov/
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phylogenies with minimal variation in statistical support values; thus, ML trees 
with both BS and PP values were selected for the purposes of display (Figs 1, 2).

In vast majority of phylogenetic reconstructions (multilocus as well as sin-
gle-locus ones: ITS, tef1-α, and rpb2), except the LSU analysis, the genus Hort-
iboletus is supported as monophyletic and its separation from Xerocomellus 
received high support (Figs 1, 2). Based on multilocus analysis, we recognised 
from 24 to 25 well-supported species-level terminal clades in Hortiboletus, 
which represent 17 previously described (including a newly-transferred spe-
cies), one newly-described, and six to seven unnamed/undescribed species 
(Fig. 1). Using the Genealogical Phylogenetic Species Recognition method, at 
least 19 phylogenetic species and eight putative phylogenetic species of the 
genus Hortiboletus can be delimited (Fig. 2). Terminal clades of Hortiboletus 
sp. 4 (Japan, South Korea), Hortiboletus sp. 5 (China, Japan), and Hortiboletus 
sp. 6 (USA), which are sister to H. bubalinus, are represented only by ITS se-
quences. Clade Hortiboletus sp. 1 (Pakistan) is represented by ITS and LSU 
sequences. Clade Hortiboletus sp. 7 (China) is represented by LSU, tef1-α, and 
rpb2 sequences of a single collection (HKAS 51292) and also cluster as a sis-
ter one to H. bubalinus. Therefore, Hortiboletus sp. 7 may be conspecific with 
Hortiboletus sp. 4 or Hortiboletus sp. 5. That is why we count from six to seven 
potentially new species-level clades.

In the present study, we further focus on the three European species and 
the description of one new species (H. hershenzoniae) from Israel and Leba-
non, which is a sister species of H. engelii. The two other European species, 
H. bubalinus and H. rubellus, are rather distant from each other and form sister 
relationships with other extralimital species (Figs 1, 2).

Characterisation of tandem repeat insertions within ITS

The ITS region is longer than expected in a number of Hortiboletus species (up 
to 913 bp in H. bubalinus and Hortiboletus sp. 5) due to an unusually long inser-
tion in the ITS2 region. In the Hortiboletus species where minisatellite-like inser-
tions were not detected, the length of the entire ITS region was 679–778 bp and, 
in those with insertions, 817–913 bp. The alignment also contained a short 
AC-reach insert (microsatellite) in the ITS1. These AC repeats have especially 
high intraspecific variability in H. rubellus and H. bubalinus, which vary in length 
within the species from 14 to 26 bp and even within the same genome (up to 
12 bp). TRF analysis was able to detect these repeats only when the minimal 
length was 26 bp (Table 1).

TRF analysis detected long tandem repeat insertions in the ITS2 region of ten 
species, namely H. amygdalinus, H. bubalinus, H. kohistanensis, H. rubellus, H. ru-
broreticulatus, H. rufosquamosus, H. rupicapreus, Hortiboletus sp. 4, Hortiboletus 
sp. 5, and Hortiboletus sp. 6, ranging from 133 to 253 bp with 2.0–3.2 copy number 
of continuous motifs in almost all cases (Table 1). These minisatellite-like inser-
tions in ITS2 region were highly conserved within each species, but divergent be-
tween species. In most cases, the core consensus sequences ranged from 56 to 
82 bp in length and they are homologous between species with 89–97% similarity. 
However, in one case of analysis with the ITS2 insertion of Hortiboletus sp. 6 (iNat-
uralist 55519315) when alignment parameters were 2-3-5, one of two identified 
tandem repeats was 103 bp with a core sequence of 18 bp and 5.3 copy number.
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 Hortiboletus engelii LM4728 FR (env)
 Hortiboletus engelii XRQ-VII-09 ME
 Hortiboletus engelii AT1994006 UK

 Hortiboletus engelii EP05-M224 GR
 Hortiboletus engelii AT1998032 DE
 Hortiboletus engelii AT1998037 DE
 Hortiboletus engelii MCVE18267 (GS1896) IT
 Hortiboletus engelii LM2599 RO (env)
 Hortiboletus engelii GS10410 IT

 Hortiboletus engelii JV92-887 DK
 Hortiboletus engelii LE F-332232 RU
 Hortiboletus engelii JV00-362 DK
 Hortiboletus engelii GS10273 IT
 Hortiboletus engelii SM333 (B210d) MT
 Hortiboletus engelii K-M000167206 UK
 Hortiboletus engelii K-M001435697 UA
 Hortiboletus engelii GK6124 GR
 Hortiboletus engelii JAM0605 ES
 Hortiboletus engelii GK11644 GR
 Hortiboletus engelii IB1997735 IT
 Hortiboletus engelii GK8287 GR
 Hortiboletus engelii AT2003001 SE
 Hortiboletus engelii MCVE18563 DE 
 Hortiboletus engelii GS961 IT
 Hortiboletus engelii K-M000167946 UK

 Hortiboletus engelii DB-2022-06-12-3 HU
 Hortiboletus engelii AL 21-73 HU
 Hortiboletus engelii iNaturalist 187446512 US
 Hortiboletus engelii AL 15-56 HU
 Hortiboletus engelii K-M000170839 UK
 Hortiboletus engelii GS10138 IT
 Hortiboletus engelii 3Me2 AT (env)
 Hortiboletus engelii GK9736 GR
 Hortiboletus engelii LD 1213132 SE
 Hortiboletus engelii FP-2016-06-06 HU
 Hortiboletus engelii Hal-BP-20 IT
 Hortiboletus engelii C.Napoli_clone 6 FR (env)
 Hortiboletus engelii K-M000170238 CZ
 Hortiboletus engelii SM333 (B210c) MT 

 Hortiboletus engelii GK8378 GR
 Hortiboletus engelii ACAM2012-105 GR
 Hortiboletus engelii ChL22 PL
 Hortiboletus engelii s0m001 IT (env)
 Hortiboletus engelii K-M000167271 UK
 Hortiboletus engelii GS10409 IT
 Hortiboletus engelii IB2004272 AT
 Hortiboletus engelii JAM0547 ES
 Hortiboletus engelii JAM0591 ES
 Hortiboletus engelii K-M001435694 RS
 Hortiboletus engelii GS10848 IT
 Hortiboletus engelii SAF1994 IT
 Hortiboletus engelii JAM0611 ES
 Hortiboletus engelii IB19970917 CR
 Hortiboletus engelii TUR-A 209577 IT
 Hortiboletus engelii TUR-A 209576 IT
 Hortiboletus engelii LAH0810 PK
 Hortiboletus engelii LAH0710 PK
 Hortiboletus hershenzoniae T1-1 LB
 Hortiboletus hershenzoniae K-M001435678 IL p
 Hortiboletus hershenzoniae K-M001435699 IL p
 Hortiboletus hershenzoniae K-M001435698 IL p
 Hortiboletus hershenzoniae K-M001435594 IL h
 Hortiboletus hershenzoniae K-M001435708 IL p
 Hortiboletus hershenzoniae K-M001435704 IL p
 Hortiboletus hershenzoniae K-M001435706 IL p
 Hortiboletus hershenzoniae K-M001436710 IL p

 Hortiboletus sp. 1 MJ47 PK
 Hortiboletus sp. 1 SWAT003365 PK

 Hortiboletus sp. 1 MM26 PK
 Hortiboletus flavorubellus MB03-033 US

 Hortiboletus flavorubellus B0072 CA
 Hortiboletus flavorubellus iNaturalist 173995916 US
 Hortiboletus flavorubellus iNaturalist 180076059 US
 Hortiboletus flavorubellus iNaturalist 66900805 CA
 Hortiboletus flavorubellus Mushroom Observer 497200 US

 Hortiboletus flavorubellus MO458368 US
 Hortiboletus flavorubellus Mushroom Observer 498828 US
 Hortiboletus flavorubellus Mushroom Observer 496814 US
 Hortiboletus flavorubellus iNaturalist 130825283 US
 Hortiboletus flavorubellus iNaturalist 173087417 US
 Hortiboletus flavorubellus DD614 US
 Hortiboletus flavorubellus iNaturalist 184339160 US

 Hortiboletus flavorubellus PBM4097 US
Hortiboletus flavorubellus iNaturalist 165432073 US

 Hortiboletus flavorubellus iNaturalist 134899881 US
 Hortiboletus flavorubellus FLAS-F-60513 US

 Hortiboletus flavorubellus FLAS F-61506 US
 Hortiboletus flavorubellus iNaturalist 186222765 US
 Hortiboletus flavorubellus iNaturalist 69895981 US
 Hortiboletus flavorubellus iNaturalist 173105912 US
 Hortiboletus flavorubellus iNaturalist 180935693 US

 Hortiboletus flavorubellus FLAS-F-60503 US
 Hortiboletus flavorubellus F:PRL5879MAN US
 Hortiboletus flavorubellus Mushroom Observer 373444 hapl 2 US
 Hortiboletus flavorubellus F:PRL5991MAN US
 Hortiboletus flavorubellus MO460889 US
 Hortiboletus flavorubellus Mushroom Observer 373444 hapl 1 US
 Hortiboletus flavorubellus TUE003274 CA (env)
 Boletus rubellus var. flammeus MICH10035 copy 1 US (h)
 Hortiboletus flavorubellus iNaturalist 176803372 US
 Hortiboletus flavorubellus iNaturalist 171101119 US
 Hortiboletus flavorubellus iNaturalist 174585624 US
 Hortiboletus flavorubellus U1Z_3 US (env)
 Hortiboletus flavorubellus goldie_U2LsC US (env)
 Hortiboletus flavorubellus iNaturalist 92226980 US
 Hortiboletus flavorubellus Mushroom Observer 299731 US
 Hortiboletus flavorubellus iNaturalist 91658700 US
 Hortiboletus flavorubellus MICH10015 US (h)
 Hortiboletus flavorubellus MICH KUO-09071204 US
 Hortiboletus flavorubellus MICH KUO-08240502 US
 Hortiboletus flavorubellus F:PRL5788MAN US
 Hortiboletus flavorubellus Mushroom Observer 418487 US
 Hortiboletus flavorubellus iNaturalist 180516778 US
 Boletus rubellus var. flammeus MICH10035 copy 2 US (h)
 Hortiboletus flavorubellus MICH KUO-06081002 US
 Hortiboletus flavorubellus MICH KUO-08101302 US
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Figure 1. ML phylogenetic tree of Hortiboletus generated from a multilocus (ITS + LSU + tef1-a + rpb2) dataset. BS values 
≥ 50% and PP values ≥ 0.8 indicated at nodes. Thickened branches indicate high statistical support (BS ≥ 70% and PP ≥ 
0.95). Species names of collections follow current identification, except original names of types of Boletus harrisonii and 
B. rubellus var. flammeus. Hortiboletus species present in Europe and Levant are indicated by light red-coloured fields. 
Collections with newly-generated sequences are indicated in bold. Two-letter country codes (ISO 3166-1 alpha-2) denote 
the origin of specimens. At the end of the annotations to some collections, abbreviations are indicated in brackets: 
e – epitype, h – holotype, p – paratype, env – environmental sample.
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Figure 1. (Continued).

H
or

ti
b

ol
et

u
s 

ru
b

el
lu

s

 Hortiboletus sp. 2 FHMU2113 CN
 Hortiboletus rufosquamosus BJTC FM2692 CN (p)
 Hortiboletus rufosquamosus BJTC FM2649 CN (p)
 Hortiboletus rufosquamosus BJTC FM2687 CN (h)
 Hortiboletus rufosquamosus BJTC FM2660 CN (p)
 Hortiboletus rufosquamosus BJTC FM2652 CN (p)
 Hortiboletus rufosquamosus BJTC FM2680 CN (p)
 Hortiboletus sinorubellus HMJAU68178 CN (p)
 Hortiboletus sinorubellus HMJAU68179 CN (p)
 Hortiboletus sinorubellus HMJAU68181 CN (p)
 Hortiboletus sinorubellus HMJAU68180 CN (p)
 Hortiboletus sinorubellus HMJAU68177 CN (h)
 Hortiboletus rubellus K-M000168971 clone 2 UK
 Hortiboletus rubellus K-M000168971 clone 1 UK
 Hortiboletus rubellus JV00-357 DK
 Hortiboletus rubellus LE F-265201 GE-AB
 Hortiboletus rubellus AT1998046 clone 3 DE
 Hortiboletus rubellus AT2004285 SE
 Hortiboletus rubellus MG781 IT
 Hortiboletus rubellus MCVE31743 IT (e)
 Hortiboletus rubellus K-M001435677 UA
 Hortiboletus rubellus JAM0556 ES
 Hortiboletus rubellus TL-4500 DK
 Hortiboletus rubellus O-F-168828 NO
 Hortiboletus rubellus K-M000168971 clone 3 UK
 Hortiboletus rubellus AT1998046 clone 2 DE
 Hortiboletus rubellus KR-M-0044796 DE
 Hortiboletus rubellus O-F-76041 NO
 Hortiboletus rubellus GS1424 clone 2 IT
 Hortiboletus rubellus VGy-2018-07-21-1 HU

 Hortiboletus rubellus GS10512 RU
 Hortiboletus rubellus K-M000167799 clone 1 UK
 Hortiboletus rubellus KR-M-0044799 DE
 Hortiboletus rubellus K-M000167799 clone 2 UK
 Hortiboletus rubellus GK6705 GR
 Hortiboletus rubellus AT2001124 SE
 Hortiboletus rubellus AL 13-125 HU
 Hortiboletus rubellus JAM0224 ES ITS
 Hortiboletus rubellus GK6074 GR
 Hortiboletus rubellus MCVE18231 (GS1894) IT
 Hortiboletus rubellus AT1998115 clone 2 DE
 Hortiboletus rubellus AT1998115 clone 1 DE
 Hortiboletus rubellus AT2005022 SE
 Hortiboletus rubellus AT1998046 clone 1 DE
 Hortiboletus rubellus DB-2022-06-29-3 HU
 Hortiboletus rubellus BR5020048420177 BE

 Hortiboletus rubellus K-M001435676 HU
 Hortiboletus rubellus IB19991021 ES

 Hortiboletus rubellus AT2003134 SE
 Hortiboletus rubellus GS1424 clone 1 IT

 Hortiboletus kohistanensis LAH35327 PK (h)
 Hortiboletus kohistanensis LAH35285 PK (p)
 Hortiboletus kohistanensis HKAS 51239 CN

 Hortiboletus amygdalinus HKAS 54242 CN (p)
 Hortiboletus amygdalinus HKAS 54166 CN (h)

 Hortiboletus tomentosus HMJAU68176 CN
 Hortiboletus tomentosus TNS KH-JPN17-483 JP

 Hortiboletus tomentosus HMJAU68173 CN
 Hortiboletus tomentosus BJTC FM2289-B CN (p)
 Hortiboletus tomentosus BJTC FM2289-A CN (h)
 Hortiboletus tomentosus HMJAU68174 CN
 Hortiboletus amygdalinus SFC20120725-43 KR

Hortiboletus amygdalinus NIBRFG0000502792 KR
 Hortiboletus amygdalinus TN201911 JP

 Hortiboletus indorubellus DC-14-002 IN (h)
 Hortiboletus indorubellus SS-13 PK
 Hortiboletus indorubellus LS15 PK
 Hortiboletus indorubellus SS-23 PK
 Hortiboletus indorubellus GS2407 PK
 Hortiboletus indorubellus GS08 PK

 Hortiboletus sp. 3 HKAS 50466 CN
 Hortiboletus subpaludosus HKAS 68158 CN
 Hortiboletus subpaludosus HKAS 52659 CN (e)
 Hortiboletus subpaludosus HKAS 59608 CN

 Hortiboletus napaeus FHMU3329 CN (p)
 Hortiboletus napaeus FHMU3326 CN (h)
 Hortiboletus napaeus FHMU3328 CN (p)
 Hortiboletus napaeus FHMU3327 CN (p)
 Hortiboletus napaeus FHMU3325 CN (p)

 Hortiboletus coccyginus iNaturalist 14291078 US
 Hortiboletus coccyginus JLF3093 US
 Hortiboletus coccyginus iNaturalist 34423971 US
 Hortiboletus coccyginus CFS111711 US
 Hortiboletus coccyginus NS110511 US

 Hortiboletus campestris Mushroom Observer 106649 US
 Hortiboletus campestris Mushroom Observer 327553 US
 Hortiboletus campestris iNaturalist 130550051 US
 Hortiboletus campestris MICH4999 US (h)
 Hortiboletus campestris Mushroom Observer 327973 US
 Hortiboletus campestris iNaturalist 91671059 US
 Hortiboletus campestris iNaturalist 91671838 US
 Boletus harrisonii MICH10011 US (h)
 Hortiboletus campestris iNaturalist 128603275 US

 Hortiboletus arduinus FHMU3323 CN (h)
 Hortiboletus arduinus FHMU3324 CN (p)

 Hortiboletus arduinus HKAS 76673 CN
 Hortiboletus arduinus HMJAU68183 CN
 Hortiboletus arduinus HMJAU68182 CN

 Hortiboletus sp. 4 YM1084 JP (env)
 Hortiboletus sp. 4 KA17-0560 KR
 Hortiboletus sp. 5 B1 CN
 Hortiboletus sp. 5 Nara_BoR_red1 JP

 Hortiboletus sp. 6 man22_soil_E04 US (env)
 Hortiboletus sp. 6 JMP0013 US
 Hortiboletus sp. 6 iNat 55519315 US
 Hortiboletus sp. 6 JLF6662 US
 Hortiboletus sp. 6 JLF6654 US
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Figure 1. (Continued).

 Hortiboletus sp. 7 HKAS 51292 CN
 Hortiboletus bubalinus iNaturalist 174321101 US
 Hortiboletus bubalinus PDD 106682 NZ
 Hortiboletus bubalinus MCVE25582 (MG163) IT

 Hortiboletus bubalinus LE F-332075 RU
 Hortiboletus bubalinus L0069896 clone 1 NL

 Hortiboletus bubalinus AT2002036 SE
 Hortiboletus bubalinus iNaturalist 182899477 US
 Hortiboletus bubalinus BR5020031124846 BE 
 Hortiboletus bubalinus L0053449 clone 2 NL (h)
 Hortiboletus bubalinus K-M000172000 UK
 Hortiboletus bubalinus PDD 103177 NZ
 Hortiboletus bubalinus L0053449 clone 1 NL (h)

 Hortiboletus bubalinus PDD 106723 NZ
 Hortiboletus bubalinus TUR-A 209575 IT
 Hortiboletus bubalinus MB05-008 US

 Hortiboletus bubalinus LE F-332078 RU
 Hortiboletus bubalinus KR-M-0044351 DE
 Hortiboletus bubalinus NY04106745 US
 Hortiboletus bubalinus iNaturalist 185971387 US
 Hortiboletus bubalinus IB1997886 AT
 Hortiboletus bubalinus GS10506 RU
 Hortiboletus bubalinus LE F-315962 RU
 Hortiboletus bubalinus AL 22-91 HU
 Hortiboletus bubalinus AL 22-82 HU
 Hortiboletus bubalinus O-F-67109 NO
 Hortiboletus bubalinus O-F-248341 NO

 Hortiboletus bubalinus DB5078 HU
 Hortiboletus bubalinus DW101414 US

 Hortiboletus bubalinus AL 12-28 HU
 Hortiboletus bubalinus O-F-307797 NO

 Hortiboletus bubalinus O-F-254512 NO
 Hortiboletus bubalinus EM 16 DE (env)
 Hortiboletus bubalinus TUR-A 209574 IT
 Hortiboletus bubalinus TUR-A 209256 IT

 Hortiboletus bubalinus K-M000168095 DE
 Hortiboletus bubalinus H6032689 FI
 Hortiboletus bubalinus AL 22-75 HU
 Hortiboletus bubalinus LE F-254144 RU
 Hortiboletus bubalinus H6045679 FI
 Hortiboletus bubalinus L0069896 clone 2 NL
 Hortiboletus bubalinus LE F-315839 RU
 Hortiboletus bubalinus H6036888 FI
 Hortiboletus bubalinus GK3993 GR
 Hortiboletus bubalinus K-M001435682 RS
 Hortiboletus bubalinus LE F-315838 RU
 Hortiboletus bubalinus AL 14-19 HU
 Hortiboletus bubalinus LE F-332077 RU
 Hortiboletus bubalinus LE F-254151 RU
 Hortiboletus bubalinus O-F-204266 NO
 Hortiboletus bubalinus JAM0593 clone 1 ES
 Hortiboletus bubalinus O-F-270491 NO
 Hortiboletus bubalinus JAM0593 clone 3 ES

 Hortiboletus bubalinus GS10414 FR
 Hortiboletus bubalinus LE F-332080 RU

 Hortiboletus bubalinus LE F-332079 RU
 Hortiboletus bubalinus JAM0593 clone 2 ES

 Hortiboletus rupicapreus LE F-344055 VN
 Hortiboletus rupicapreus LE F-312678 VN (p)
 Hortiboletus rupicapreus LE F-312677 VN (h)

 Hortiboletus rubroreticulatus LE F-344054 VN (p)
 Hortiboletus rubroreticulatus LE F-344053 VN (h)

 Xerocomellus sp. HKAS 56311 CN
 Xerocomellus bolinii JAB 95 US (p)
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 Xerocomellus chrysenteron La Chaneaz CH

 Xerocomellus chrysenteron HKAS 56495 DE
 Xerocomellus porosporus AH ES

 Xerocomellus corneri HKAS 52503 CN
 Xerocomellus amylosporus JLF3498 US
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 Imleria badia HKAS 53502 DE
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In the ITS2 of H. rubroreticulatus, TRF analysis detected the same 66 bp-long 
core sequence by using both full-length ITS sequences with alignment parame-
ters 2-7-7 (match - mismatch - indel) and a partial ITS2 sequence contains mini-
satellite-like insertion with alignment parameters 2-3-5, but the differences were 
in a copy number of core sequence – 2 and 2.4, respectively and, therefore, in 
length of the entire insertion – 133 and 156 bp. The core sequence of H. rubrore-
ticulatus was not homological to those of other Hortiboletus species. In the case 
of Hortiboletus sp. 5, results of both types of analysis were the same. However, in 
most cases, both setting types of TRF analysis detected somewhat different core 
sequences and ITS2 insertions with difference in length ranging from 1 to 25 bp.
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In the ITS2 region of H. rufosquamosus and H. rupicapreus, TRF analysis was 
able to detect tandem repeats only when alignment parameters were set to 
2-3-5. Therefore, we see a necessity in running TRF analysis with a range of 
alignment parameters to obtain a more comprehensive evaluation of tandem 
repeats in each set of sequences.

H. engelii (56 seq.) Europe, Pakistan, USA

H. hershenzoniae (9 seq.) Israel, Lebanon
Hortiboletus sp. 1 (1 seq.) Pakistan

Hortiboletus sp. 2 (1 seq.) China
H. rufosquamosus (6 seq.) China

H. rubellus (36 seq.) Europe, South Caucasus

H. flavorubellus (41 seq.) North America

H. kohistanensis (2 seq.) Pakistan
H. amygdalinus (3 seq.) South Korea, Japan

H. indorubellus (5 seq.) India, Pakistan
H. napaeus (5 seq.) China

H. coccyginus (5 seq.) USA
H. campestris (9 seq.) USA

Hortiboletus sp. 4 (2 seq.) Japan, South Korea
Hortiboletus sp. 5 (2 seq.) China, Japan

H. bubalinus (50 seq.) Europe, New Zealand, USA

Hortiboletus sp. 6 (5 seq.) USA
H. rupicapreus (3 seq.) Vietnam

H. rubroreticulatus (2 seq.) Vietnam
Xerocomellus (10 seq.)

Imleria badia

90/1
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100/1

95/0.96

100/1

93/0.82
91/0.92
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H. engelii (6 seq.) Europe
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Hortiboletus sp. 2 (1 seq.) China
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H. rubellus (3 seq.) Europe
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H. subpaludosus (3 seq.) China
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H. rupicapreus (2 seq.) Vietnam

H. napaeus (4 seq.) China

H. arduinus (5 seq.) China

Hortiboletus sp. 7 (1 seq.) China
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H. campestris (2 seq.) USA
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99/157/0.87

66/0.89

82/1
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67/0.98
77/0.98

95/1
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57/0.89

61/0.93
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0.02

–/0.81

tef1-α
H. engelii (4 seq.) Europe

H. hershenzoniae (2 seq.) Israel

H. flavorubellus (6 seq.) USA

H. rubellus (2 seq.) Europe

H. rufosquamosus (6 seq.) China

H. sinorubellus (4 seq.) China
H. kohistanensis (1 seq.) China

H. amygdalinus (2 seq.) China

H. tomentosus (4 seq.) China
H. coccyginus (1 seq.) USA

Hortiboletus sp. 3 (1 seq.) China
H. subpaludosus (3 seq.) China

H. arduinus (3 seq.) China
Hortiboletus sp. 7 (1 seq.) China

H. bubalinus (5 seq.) Europe

H. campestris (2 seq.) USA
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Imleria badia
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89/0.97
61/0.88
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90/0.99
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96/1
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0.02

52/–

rpb2

38%

13%

22%21%

Figure 2. Phylogenetic trees of Hortiboletus from separate ML analyses of each locus: ITS, LSU, tef1-a, and rpb2. BS values ≥ 
50% and PP values ≥ 0.8 are indicated at nodes. Thickened branches indicate high statistical support (BS ≥ 70% and PP ≥ 0.95). 
Pie charts underneath each label are the percent of total characters in the alignment that are parsimony-informative.
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Taxonomy and distribution

Hortiboletus Simonini, Vizzini & Gelardi, in Vizzini, Index Fungorum 244: 1 
(2015), emend. Biketova, Simonini, Gelardi & Vizzini

Emended description. Basidiomes stipitate-pileate with tubular-poroid hymeno-
phore, epigeal, xerocomoid, small or medium-sized. Pileus surface dry, matt, sub-
tomentose to finely squamulose pileus, in some species, gradually cracking with 
age and becoming areolate-rimose along the margin or overall, exposing the pale 
or reddish context in the cracks, colours ranging from ochraceous, pinkish-red, 
scarlet red, vinaceous red, reddish-brown to brown, not showing a blue-green reac-
tion with NH3. Stipe fibrous, surface dry, pruinose or fibrillose, yellow to pinkish-red 
or brownish. Context whitish to light yellow, sometimes flesh pink or reddish-pink 
in the upper part of the pileus, pale to dull yellowish-brown in the stipe, usually 
bruising pale blue or, less frequently, deep blue in the pileus and the connection 
zone with the stipe; the stipe base context sometimes showing minute orange to 
orange-red dots. Taste mild. Spore print olive-brown. Pileipellis a palisadoderm or 
physalo-palisadoderm of more or less encrusted hyphae, or rarely a trichoderm. 
Basidiospores smooth, never striate nor truncate at apex, ellipsoid-fusiform, with 
an average spore quotient (Qm) lower than or up to 2.6. Hymenophoral trama 
bilateral divergent intermediate between the “Boletus-type” and the “Phyllopo-
rus-type”. Lateral stipe stratum absent or rarely present of the boletoid type. Fer-
tile caulohymenium. Hymenophore tissue and basidiospores inamyloid or with a 
fleeting amyloid reaction; and negative amyloid reaction at stipe base according 
to Imler’s procedure. Basidiomes grow preferably in light, grassy forests, forest 
edges, meadows, and disturbed places, such as urban or rural areas.

The etymology of the generic name Hortiboletus derives from the Latin word 
hortus (garden) and refers to the growth of these boletes in gardens.

Generic type. Boletus rubellus Krombh.
Notes. According to the original description, the genus Hortiboletus is close to 

Xerocomellus, differing by the smooth basidiospores without any ornamentation 
(both under light microscopy and SEM, see Fig. 3), the average spore quotient 
(Qm) that is lower than or equal to 2.5 and the presence of tiny carrot-orange to 
orange-red dots in the context at the stipe base (Vizzini 2015). Nevertheless, re-
cent studies show that not all representatives of the genus Hortiboletus share the 
aforementioned morphological features, based on which they were separated 
from Xerocomellus. For example, the average spore quotient of some collections 
of H. bubalinus and H. subpaludosus may be higher than 2.5 (Ladurner and Simo-
nini 2003; Wu et al. 2016). In addition, Hortiboletus species do not have peculiar 
microchemical reactions (iodine, metachromatic, cyanophilic). Amyloid reaction 
of the stipe base trama is negative according to Imler’s procedure (Imler 1950).

Possible and fickle appearance of orange-red dots (“ponctuation de Redeuilh”; 
Simonini (1998)) in the context of the stipe base is a feature which discriminates 
European and Levantine members of the genus Hortiboletus from those of Xero-
comellus and Rheubarbariboletus. However, it is probably a character shared by 
only a few species in this genus. For the majority of Asian and American Hortibo-
letus species, such as H. amygdalinus, H. arduinus, H. campestris, H. coccyginus, 
H. flavorubellus, H. napaeus, H. rubroreticulatus, H. rufosquamosus, H. rupica-
reus, H. sinorubellus, H. subpaludosus, and H. tomentosus, no red dots are re-
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ported to occur in the stipe base (Thiers and Smith 1966; Smith and Thiers 
1971; Wu et al. 2016; Frank et al. 2020; Xie et al. 2020; Lebeuf et al. 2021; Mao 
et al. 2023; Pham et al. 2024; Wang et al. 2024). Moreover, in many cases (es-
pecially in wet conditions), they are not observable even in H. rubellus, H. engelii, 
and H. hershenzoniae. In most specimens of H. hershenzoniae, they are visible 
only using a stereomicroscope. As already pointed out by Taylor and Eberhardt 
(2006) and Gelardi (2010), our present investigation shows that dispersed red 
dots may be rarely present in some collections of H. bubalinus.

Hortiboletus exsiccata, like those of Xerocomellus, gradually lose their bright 
colour becoming brownish upon drying; but red dots in the context of the stipe 
base, if present in fresh basidiomes, retain their bright colour for decades. In 
addition, the stipe base context in Rheubarbariboletus remains yellow-orange 
to orange. Probably there are similar pigments present in the stipe base of both 
genera, but further investigation will be necessary to confirm it.

Hortiboletus species have a palisadoderm or physalo-palisadoderm pileipel-
lis, as is the case in the genus Xerocomellus, although H. arduinus, H. camp-
estris, H. coccyginus, H. flavorubellus, and H. napaeus appear to display a 
trichoderm pileipellis (Thiers and Smith 1966; Smith and Thiers 1971; Frank et 

Figure 3. Scanning electron micrographs of Hortiboletus basidiospores: a H. rubellus (MCVE31743, epitype); b H. engelii 
(K-M000170238); c, d H. hershenzoniae (K-M001435594, holotype). Photos: (a) A. Yu. Biketova and Y. Pollak; (b) A. Yu. 
Biketova and B. Dobrić; (c, d) A. Yu. Biketova and M. Kalina.
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Figure 4. Distribution map of a H. rubellus and b H. bubalinus, based on the current study and sequence data from public 
repositories and associated publications.
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Figure 5. Distribution map of a H. engelii and b H. hershenzoniae, based on the current study and sequence data from 
public repositories and associated publications.
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al. 2020; Xie et al. 2020). According to literature and our current observations, 
the hymenophoral trama of Hortiboletus species is intermediate between the 
“Boletus-type” and the “Phylloporus-type” and an intermediate structure is also 
typical of stipitate-pileate Xerocomellus species (Šutara 2008; Vizzini 2015). 
When compressed under a cover glass, the lateral strata separate easily, as in 
the “Boletus-type” trama (Singer 1965). In the descriptions of H. arduinus, H. 
napaeus, H. rufosquamosus, H. rupicapreus and H. tomentosus, the trama is 
reported to be of the boletoid type (Xie et al. 2020; Lebeuf et al. 2021; Mao et al. 
2023). However, we assume that their trama is also intermediate, although the 
authors of these species likely did not recognise this transitional type.

Species of this genus develop ectomycorrhizal associations with plants of 
the families Betulaceae, Cistaceae, Corylaceae, Fagaceae, Malvaceae, Pinaceae, 
and Salicaceae, growing preferably in grassy forests, forest edges, meadows, 
riverbanks, and disturbed places in general, such as urban or rural areas (urban 
parks, public and private gardens, lawns, flowerbeds, ruderal places, pasture-
land, open heaths, abandoned agricultural fields, sport fields, parking lots, road-
sides, clearings, drainage ditches, etc.) (Ladurner and Simonini 2003; Gelardi 
2009; Das et al. 2016; Wu et al. 2016; Naseer et al. 2019; Frank et al. 2020; Leb-
euf et al. 2021). Hortiboletus species are edible, but similarly to other xeroco-
moid boletes, not particularly palatable. Accordingly, they do not have econom-
ic importance and are rarely collected for consumption by mushroom hunters.

Maps of distribution of four target species (H. rubellus, H. bubalinus, H. engelii, 
and H. hershenzoniae), based on the current study and sequence data from 
public repositories and associated publications, are given below (Figs 4, 5).

Hortiboletus rubellus (Krombh.) Simonini, Vizzini & Gelardi, in Vizzini, Index 
Fungorum 244: 1 (2015)
MycoBank No: MB551214
Figs 3a, 6–8

≡ Boletus rubellus Krombh., Naturgetr. Abbild. Beschr. Schwämme 5: 12 (1836)
≡ Suillus rubellus (Krombh.) Kuntze, Revisio generum plantarum 3(3): 536 (1898)
≡ Leucobolites rubellus (Krombh.) Beck, Z. Pilzk. 2(7): 142 (1923)
≡ Tubiporus rubellus (Krombh.) S. Imai, Trans. Mycol. Soc. Japan 8(3): 113 (1968)
≡ Xerocomellus rubellus (Krombh.) Šutara, Czech Mycol. 60(1): 50 (2008)
= Xerocomus rubellus Quél., Compt. Rend. Assoc. Franç. Avancem. Sci. 24(2): 

620 (1896) [1895]
= Boletus versicolor Rostk., in Sturm, Deutschl. Fl., 3 Abt. (Pilze Deutschl.) 5: 55 

(1844), nom. illegit., Art. 53.1 (Shenzhen), non Boletus versicolor L., Sp. Pl. 2: 
1176 (1753) = Trametes versicolor (L.) Lloyd (1921) [1920]

= Versipellis versicolor (Rostk.) Quél., Enchir. Fung.: 158 (1886), nom. illegit., Art. 
53.1 (Shenzhen)

= Versipellis pruinata var. versicolor Quél., Enchir. Fung.: 158 (1886), replaced 
synonym of Boletus versicolor Rostk. (1844)

? = Boletus sanguineus With., Syst. Arr. Brit. Pl., Edn 4 4: 313 (1801), nom. illegit., 
Art. 53.1 (Shenzhen), non Boletus sanguineus L., Sp. Pl., Edn 2 2(2): 1646 
(1763) = Pycnoporus sanguineus (L.) Murrill (1904)

https://www.mycobank.org/MB/MB551214
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? = Viscipellis sanguinea (With.) Quél., Enchir. Fung. (Paris): 156 (1886), nom. 
illegit., Art. 53.1 (Shenzhen)

? = Boletus rutilus Fr., in Fries & Hök, Boleti, Fungorum generis, illustratio: 5 (1835)

Holotype. CZECHIA • tab. XXXVI, figs 21–24 (Krombholz 1836).
Epitype designated here (MBT 10022257). ITALY • Emilia-Romagna: Reggio 

Emilia, Viano, Pulpiano, 44°30'23"N, 10°33'24"E, 507 m, several young to mature ba-
sidiomes growing in a cultivated field beside a track, close to a Quercus cerris and 
Q. pubescens wood, 19.06.2011, leg. & det. G. Simonini, MCVE31743 (GS10212 
– collector’s number, K-M001435705 – isoepitype), GenBank: ITS – PV094851.

Description. Basidiomes pileate-stipitate, xerocomoid, epigeal, small to me-
dium-small sized. Ontogenetic development gymnocarpic.

Pileus (2–)3.5–10(–15) cm broad, nearly hemispherical at first, then convex, 
pulvinate to applanate, also slightly depressed at centre, sometimes irregular-
ly shaped; surface matt, dry, ± finely tomentose to sometimes rugulose, but 
later smooth, sometimes areolate towards the peripheral zone or with minute 
to coarse cracks especially in dry weather and showing a yellowish or some-
what pinkish subcuticular layer resembling some areolate Xerocomellus spe-
cies; margin initially involute then extended, regular to wavy-lobed, acute and 
slightly exceeding the pileal context; rather variable in colours, but generally 
with bright red tints, initially blood red, wine red, cherry red, rose red, orange-red, 
pink, fading in mature basidiomes from ochraceous red, ochraceous pink to 
reddish-brown, with a margin at the very beginning whitish (due to a narrow 
band 1–2 mm broad), then gradually concolourous with age, unchanging or 
becoming slightly darker on handling or when injured.

Tubes up to 12 mm long, at first adnate, later emarginate or slightly decur-
rent with a tooth, initially lemon or chrome yellow, later greenish-yellow to olive 
brown, slightly bluing when injured.

Pores large, wider than 1 mm (up to 1.5–2 mm) in old basidiomes, roundish to 
angular, concolourous with the tubes, in mature basidiomes with orange-rusty 
tinges, weakly bluing when bruised and later becoming dirty brownish.

Stipe (2–)2.5–7(–12) × 0.4–2.5(–3.5) cm, usually as long as or slightly longer 
than pileus diameter, central or slightly off-centre, solid, firstly versiform, clavate 
or somewhat bulbous, later more cylindrical or sometime inflated in the lower 
part, always tapering at the very base and slightly rooting; surface with fine red-
dish punctuations or fibrils on an ochraceous yellow background, later often with 
rather coarse longitudinal striations; surface usually concolourous with the pile-
us or paler, but yellow or pale yellow at apex; sometimes the stipe can be entirely 
yellow or entirely red, or a mix of both colours; basal mycelium whitish-yellow.

Context rather firm when young, later soft, becoming fibrous in the stipe (up 
to 1.5 cm in the centre of the pileus); pale yellow, dirty ochraceous yellow in 
the lower half of the stipe and eventually pale pinkish underneath the cuticle; 
in the stipe base with a typical orange-red pigment in the form of small dots, 
which are sometimes scarce and hardly noticeable or conversely abundant and 
then visible as a large flame-orange area at the stipe base; light blue on expo-
sure, especially in the pileus-stipe connection zone, above the tubes and in the 
peripheral layers of the stipe, later fading to dirty yellow; discolouration less 
pronounced in dry and old basidiomes.

Spore print olive brown.

http://www.ncbi.nlm.nih.gov/nuccore/PV094851
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Figure 6. Hortiboletus rubellus basidiomes: a epitype collection MCVE31743; b MG781; c DB-2022-06-29-3; d AL 13-125, 
e LE F-316026; f K-M001435677; g basal mycelium of Vgy-2018-07-21-1; h orange-red dots in the stipe base context of 
GK6705. Photos: (a) G. Simonini; (b) M. Gelardi; (c) B. Dima; (d) L. Albert; (e) A. I. Ivanov; (f) A. Yu. Biketova; (g) G. Vrba; 
(h) G. Konstantinidis.
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Figure 7. Microscopical features of H. rubellus: a basidiospores of the epitype collection MCVE31743 in L4; b basidia in 
Congo red, left collection K-M001437348, right – MCVE31743; c pileipellis in Congo red, left collection MCVE31743, cen-
tre – GS10226, right – GS11020; d pleurocystidia in Congo red (K-M001437348); e cheilocystidia in Congo red (GS11020); 
f end cells of pileipellis in Congo red (GS10226). Scale bar: 10 μm. Photos: G. Simonini.
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Odour pleasantly mushroom-like to fruity or inconspicuous. Taste mild.
Macrochemical spot-test reactions: Melzer’s reagent: a weak fleeting-amy-

loid reaction in the stipe context and exceptionally also in the hymenophoral 
trama of dried basidiomes sometimes occurs, but most collections show a 
strong dextrinoid reaction in all tissues; 20% KOH: reddish-brown on pileus and 
hymenophore, pinkish on pileal context, bright orange on stipe surface and con-
text and progressively darker downwards; 25% NH4OH: negative to pale yellow 
everywhere; 10% FeSO4: sordid green everywhere, particularly on hymenophore.

Basidiospores [561/19/19] (10.3–)11.6 ± 0.6(–12.8) × (4.7–)5.0 ± 0.2(–5.5) μm, 
Q = (2.07–) 2.31 ± 0.12(–2.59), Vm = 155 ± 17 μm3, inequilateral, broadly ellipsoid 
or fusiform to ellipsoid-fusiform in side view, ellipsoid to amygdaliform or slightly 
fusiform in face view, smooth under both light microscope and SEM, apex round-
ed, with a short apiculus, usually with a weak to pronounced suprahilar depression 
and with a slightly pronounced adaxial swelling, moderately thick-walled (up to 
1 μm), straw yellow to honey yellow in water and 5% KOH, having one or two large 
oil droplets when mature, rarely pluri-guttulate, inamyloid and orthochromatic.

Basidia [17/4/4] (24.8–)33.9 ± 6.1(–46.3) × (7.8–)10.8 ± 1.3(–12.0) μm, sub-
clavate to clavate, predominantly 4-spored, sterigmata 3.1–5.0 μm, hyaline to 
yellowish in 5% KOH, and containing concolourous oil guttules; basidioles sub-
cylindrical to faintly clavate, similar in size to basidia.

Cheilocystidia [17/4/4] (26.0–)33.8 ± 7.0(–43.8) × (8.7–)9.3 ± 0.4(–10.0) μm, 
relatively common, scattered, slender, ventricose-fusiform, often with elongat-
ed straight or flexuous neck, with rounded tip, smooth, hyaline to pale yellowish 
in water and 5% KOH, without epiparietal encrustations. Pleurocystidia [10/2/2] 
(21.9–)37.8 ± 10.2(–51.3) × (6.0–)8.4 ± 0.7(–11.3) μm, infrequent, slender, ven-
tricose-fusiform, often with elongate neck, mostly hyaline, rarely with yellowish 
content in 5% KOH. Pseudocystidia not observed.

Figure 8. Size distributions of a spores and b terminal cells of pileipellis in Hortiboletus using the “isoprobability ellipse” 
method. The distributions of average spore sizes in collections are shown with one standard deviation.
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Hymenophoral trama bilaterally divergent, intermediate between the “Phyllo-
porus-type” and the “Boletus-type”: lateral strata consisting of poorly divergent, 
tightly arranged, non-gelatinous hyphae almost touching each other, hyaline to 
very pale yellow in water and 5% KOH; mediostratum consisting of tightly ad-
pressed, non gelatinous, parallel running hyphae; in Congo red the mediostra-
tum is slightly darker than the lateral strata.

Pileipellis a physalo-palisadoderm consisting of moderately long, more or 
less cylindrical, septate hyphae; terminal elements [539/15/15] (21.4–)25.6 ± 
4.2(–36.1) × (6.3–)8.6 ± 1.7(–12.1) μm, Q = (2.03–)3.12 ± 0.55(–4.19), versi-
form, mainly broadly cylindrical with rounded apex to cystidioid, sometimes 
also with elongate neck, but also slender, cylindrical, moderately clavate, slight-
ly tapering towards the tip, lageniform, utriform, acorn-shaped, sometimes bi-
furcate, apex mainly rounded-obtuse, but sometimes pointed, not encrusted 
(especially in young basidiomes) or poorly and finely encrusted (fine granular 
or rarely zebra-like epiparietal encrustations) at base, hyaline to pale yellow in 
water and 5% KOH; subterminal elements subcylindrical or somewhat inflated 
and then broader than terminal ones (up to 18 μm), sometimes branched, more 
frequently encrusted, pale yellowish-brown in 5% KOH. Subpileipellis elements 
usually distinctly encrusted by a fine, pale yellow, granular pigment (5% KOH).

Stipitipellis consisting of slender, subparallel to loosely interwoven, smooth-
walled, hyaline to pale yellow hyphae 3–5 μm broad, forming a partially devel-
oped caulohymenium; in the upper third of the stipe, bundles of caulohyme-
nium consist of clavate, hyaline to yellow caulobasidia (30–50 × 8–15 μm), 
caulobasidioles, and broadly ventricose-fusiform or clavate caulocystidia (24–
50 × 7–11 μm), with an often extremely elongated neck (to 30 μm long). Stipe 
texture formed of parallel running, ± hyaline, 2–4 mm broad hyphae; scattered 
to scarce orange-red crystals (hyphal excretions) dissolving in 5% KOH found in 
the stipe base context. Lateral stipe stratum under the caulohymenium poorly 
differentiated from the stipe trama, consisting of divergent, inclined and run-
ning towards the external surface, densely arranged hyphae.

Stipe trama inconspicuous, formed of parallel running, filamentous, 
4–13 μm broad hyphae, ± hyaline in water and 5% KOH, inamyloid.

Clamp connections absent in all tissues.
Ecology and phenology. Solitary, gregarious in small groups (2–3 basidi-

omes) or even subcaespitose, growing on bare soil, on litter or in the grass, 
often in anthropogenic environments, such as gardens, urban parks, lawns, 
meadows, disturbed roadsides, light grassy forest and planting edges, shrub-
lands, sometimes in undisturbed forests, mostly under broadleaved trees in-
cluding preferably Quercus spp. (Q. cerris, Q. coccifera, Q. faginea, Q. frainetto, 
Q. petraea, Q. pubescens, Q. pyrenaica, Q. robur), Castanea sativa, Fagus spp. 
(F. sylvatica, F. orientalis), and Tilia spp. (T. cordata, T. × europaea). It was also 
collected in mixed forest with the presence of Carpinus betulus, Corylus avel-
lana, Betula pendula, and sometimes Pinus sylvestris and Salix spp., but there 
are no reports in monodominant forests consisting of these species. There are 
some molecularly unconfirmed data (Engel et al. 1996; Ladurner and Simonini 
2003; Assyov in litt.; Klofac in litt.; pers. obs.) about a possible ectomycorrhizal 
association of H. rubellus with Abies, Alnus, Cedrus, Picea, Populus; however, 
they are not confirmed in the present study. The main fruiting period is spring 
(late April) to autumn (November to early December).
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Known distribution (see Fig. 4a). Proven area of this species distribution is Eu-
rope and Western Asia (Fig. 4a). Asia: Abkhazia* (this study, GP), Armenia (Nana-
gulyan 2008), Azerbaijan (Mustafabayli and Aghayeva 2019), and Turkey (Sesli 
and Denchev 2009); Europe: Austria (Breitenbach and Kränzlin 1991; Ladurner 
and Simonini 2003), Belgium (Vadthanarat et al. 2019, GP), Bulgaria (Assyov and 
Denchev 2004, 2010), Croatia (Tkalčec and Mešić 2003), Czechia (Pilát and Der-
mek 1974; Šutara et al. 2009; Mikšík 2017), Denmark (Knudsen and Taylor 2008, 
2012; Kjøller unpubl., GP), Finland (Ladurner and Simonini 2003; Knudsen and Tay-
lor 2008, 2012), France (Lannoy and Estadès 2001; Ladurner and Simonini 2003; 
Eyssartier and Roux 2011; this study), Germany (Engel et al. 1996; Ladurner and 
Simonini 2003; this study, GP), Greece (Zervakis et al. 1998; Konstantinidis 2014; 
this study, GP), Hungary (Dima et al. 2013, Kaposvári 2013; this study, GP), Italy 
(Alessio 1985; Simonini 1998a, 1998b; Lunghini and Perrone 2001; Papetti et al. 
2001; Taylor et al. 2001; Cazzoli 2002; Ladurner and Simonini 2003; Boccardo et 
al. 2008; Galli 2013; Vasquez 2014; this study, GP), Malta (Mifsud 2017; Sammut 
2021), Montenegro (Perič and Perič 2006; Kasom and Karadelev 2012), Nether-
lands (Ladurner and Simonini 2003; Noordeloos 2007), North Macedonia (Karade-
lev et al. 2007), Norway (Knudsen and Taylor 2008, 2012, this study, GP), Poland 
(Łuszczyński 2007), Portugal (Calzada Domínguez 2007), Romania (Pál-Fám and 
Benedek 2010), Russia (Bolshakov et al. 2021; this study, GP), Serbia (Uzelac 2009; 
Atlagić et al. 2013; Petrović et al. 2019), Slovakia (Vasas and Locsmándi 2013), 
Spain (Ladurner and Simonini 2003; Pardo et al. 2004; Calzada Domínguez 2007; 
Muñoz et al. 2008; this study, GP), Sweden (Taylor and Eberhardt 2006; Knudsen 
and Taylor 2008, 2012; this study, GP), Switzerland (Breitenbach and Kränzlin 
1991), Turkey (East Thrace) (Asan and Gücin 1990), Ukraine (Zerova and Rozhen-
ko 1988; Akulov and Prydiuk 2007; this study, GP), and United Kingdom (Watling 
and Hills 2005; Hills 2008; Kibby 2017; this study, GP). This species is also re-
corded in North Africa (Algeria, Morocco, Tunisia) (Singer 1967; Malençon and 
Bertault 1970; Bertault 1979; Haimed et al. 2013; Nounsi et al. 2014; Outcoumit et 
al. 2014; El Mokni and El Aouni 2019; Ouali et al. 2021; Youcef Khodja et al. 2021), 
Macaronesia (Canary islands) (Bañares Baudet 1988), East Asia (Russian Siberia, 
China, Japan, Thailand) (Chiu 1957; Singer 1967; Vasiljeva 1978; Bi et al. 1994; 
Engel et al. 1996; Nagasawa 1997; Zhuang 2001; Zang 2006; Mao 2009; Bolsha-
kov et al. 2021; Thongkantha et al. 2021); and North America (Guatemala, Mexico, 
USA) (Singer 1945, 1947, 1967; Smith and Thiers 1971; Grund and Harrison 1976; 
Both 1993; Bessette et al. 2000, 2016, 2019; García-Jiménez 2013; Flores Arzù 
2020; Saldivar 2021). However, extra-European and extra-Western Asian records, 
perhaps except for north African samples, may represent different Hortiboletus 
species and their identity should be verified by DNA sequencing. Based on the 
description and illustration (p. 101; Pl. 12, Fig. 2) of Binyamini and Avizohar-Her-
shenzon (1973), a record of this species (as Xerocomus rubellus) from Israel rep-
resents Xerocomellus redeuilhii A.F.S. Taylor, U. Eberh., Simonini, Gelardi & Vizzini.

Additional examined material. ABKHAZIA* • Gagra District: near Pitsunda, 
vicinity of Ptitsefabrica, on a bank of Bzyb River near the mouth, 43°11'53.5"N, 
40°18'49.0"E, on soil near a path in mixed Quercus-Fagus forest, 02.10.2007, leg. 
A. Kiyashko, det. A. Kiyashko & T. Svetasheva, LE F-265201 (GP); FRANCE • Île-
de-France: Paris, Thoiry, 48°51'48"N, 10°31'09"E, 165 m, five basidiomes in the 
grass, under Quercus sp., 30.07.1993, leg. & det. G. Redeuilh, GS1116; GERMANY 
• Hesse: Giessen, old graveyard, under Quercus sp., 10.06.1998, leg. & det. A. Tay-
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lor, AT1998115 (GP); Rhineland-Palatinate: Mainz, Ober Olmer Wald, mixed wood-
land, but mainly Quercus sp., 05.08.1998, leg. & det. A. Taylor, AT1998046 (GP); 
GREECE • Central Greece: Trikala, Logga, 39°48'60"N, 21°55'54"E, under F. sylvatica, 
02.07.2012, leg. G. Konstantinidis, det. G. Konstantinidis, B. Dima & A. Biketova, 
GK6074 (GP); • West Macedonia: Kozani, Vouchorina, 40°12'34"N, 21°15'59"E, un-
der Quercus sp., 03.07.2012, leg. G. Konstantinidis, det. G. Konstantinidis, E. Polem-
is & A. Biketova, GK6705 (GP); HUNGARY • Csongrád-Csanád: Szeged, Elisabeth 
Park, 46°14'43.9"N, 20°09'49.6"E, on the ground in the grass, with various decidu-
ous trees in vicinity, five basidiomes, 19.07.2020, leg. A. Biketova & B. Dobrić, det. 
A. Biketova, K-M001435676 (AB B20-358; GP); • Somogy: Darány, under Q. robur, 
C. betulus, Tilia sp., 18.09.2013, leg. & det. L. Albert, AL 13-125 (GP); • Vas: Őrség 
NP, Szalafő, on a forest path in mixed forest dominated by Q. petraea, F. sylvatica, 
C. betulus, P. sylvestris, 29.06.2022, leg. & det. D. Varga & B. Dima, DB-2022-06-29-
3 (GP); • Komárom-Esztergom: Vértes Mts, Csákányospuszta, Mária-szakadék, in 
mixed forest with Quercus sp., F. sylvatica, C. betulus, 21.07.2018, leg. & det. Gy. 
Vrba, VGy-2018-07-21-1 (GP); ITALY • Emilia-Romagna: Reggio nell’Emilia, Carpin-
eti, Pantano, 44°29'23"N, 10°31'09"E, 670 m, a single basidiome at the edge of the 
wood, with Quercus pubescens and C. sativa, 23.10.1993, leg. & det. G. Simonini, 
GS1037; • Reggio nell’Emilia, Viano, Pulpiano, 44°30'35"N, 10°33'22"E, 515 m, nine 
basidiomes in a field cultivated with Medicago sativa, close to Q. cerris and Q. pu-
bescens wood, 03.07.1994, leg. & det. G. Simonini, MCVE17716 (GS1180); • ibid., 
44°30'33"N, 10°33'20"E, 512 m, four basidiomes in a field cultivated with M. sativa, 
close to a Q. cerris and Q. pubescens wood, 10.07.1994, leg. & det. G. Simonini, 
MCVE17717 (GS1196); • ibid., 44°30'31"N, 10°33'25"E, 526 m, two basidiomes 
in the path in the furrow of a tractor wheel, in Q. cerris and Q. pubescens wood, 
23.07.1994, leg. & det. G. Simonini, GS1206; • ibid., 44°30'30"N, 10°33'15"E, 507 m, 
five basidiomes in a field cultivated with M. sativa, close to a Q. cerris and Q. pu-
bescens wood, 30.07.1994, leg. & det. G. Simonini, MCVE17773 (GS1241); • ibid., 
44°30'37"N, 10°33'21"E, 517 m, several young to mature basidiomes growing on a 
lawn near a track, close to a Q. cerris and Q. pubescens wood, 31.08.1994, leg. & 
det. G. Simonini, MCVE17903 (GS1424; GP); • ibid., 44°30'32"N, 10°33'20"E, 511 m, 
several young to mature basidiomes growing in a ploughed meadow, close to a Q. 
cerris wood, 07.06.1998, leg. & det. G. Simonini, MCVE18231 (GS1894; GP); • ibid., 
44°30'35"N, 10°33'24"E, 516 m, 9 basidiomes in a cultivated field close to Q. cerris 
and Q. pubescens wood, 23.08.2015, leg. M. Comuzzi, det. G. Simonini, GS10226; 
• Lazio: Manziana (RM), Macchiagrande di Manziana, 42°07'24"N, 12°07'19"E, 
320 m, several young to mature basidiomes collected on acidic soil in a very moist 
grassy clearing bordering a mixed broadleaved woodland dominated by Q. cerris 
with the presence of Q. frainetto, Acer sp. and Crataegus sp., 12.10.2019, leg. M. 
Gelardi & F. Costanzo, det. M. Gelardi, F. Costanzo & A. Biketova, MG781 (GP); • Sic-
ily: Messina, Cesarò, Portella dei Bufali, 37°52'17"N, 14°41'17"E, 1196 m, five ba-
sidiomes in the grass close to Q. cerris and Quercus sp. trees, 21.10.2013, leg. G. 
Vasquez, det. leg. G. Vasquez & G. Simonini, K-M001437348 (GS10116); NORWAY 
• Ostfold Co.: Rygge, Fuglevikasen 12, 59°23'17.8"N, 10°39'29.8"E, 10.09.2014, leg. 
E.W. Hanssen & R. Braathen, det. B. Dima, O-F-76041 (GP); • Telemark Co.: Krag-
erø, Berg Museum, 58°53'02"N, 9°22'59"E, 06.08.2000, leg. T.E. Brandrud, det. B. 
Dima, O-F-168828 (GP); RUSSIA • Bryansk Oblast: Bryansky Forest Reserve, on 
soil in broadleaf forest dominated mostly by Q. robur, T. cordata, and Ulmus gla-
bra, 07.08.2015, leg. & det. T. Svetasheva, LE F-332230; • Penza Oblast: Gorodish-
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chensky District, vicinity of Nikonovo, floodplain Quercus forest, 30.07.2018, leg. 
A. Ivanov, det. A. Ivanov & T. Svetasheva, LE F-316026; • Tula Oblast: Shchekinsky 
District, Museum-estate of Lev Tolstoy “Yasnaya Polyana”, on a grassy edge in 
mixed Quercus-Tilia forest, 14.08.2002, leg. & det. T. Svetasheva, LE F-234797; • 
vicinity of Lesnoy township, “Tulskiye zaseki” broadleaved forest, on soil with Q. 
robur, T. cordata, Acer platanoides, U. glabra, and C. avellana, 27.06.2012, leg. & det. 
T. Svetasheva, LE F-332231; • Kurkinsky District, vicinity of Khvorostyanka, “Vody-
anoe pole” protected area, on soil in broadleaved forest with Q. robur, T. cordata, 
and B. pendula, 09.07.2001, leg. & det. T. Svetasheva, LE F-315853; • ibid., margin 
of a broadleaved forest, on soil in the grass, 17.07.2001, leg. & det. T. Svetashe-
va, LE F-332082; • Udmurt Republic: Votkinskji District, 4.6 km south of Perevoz-
noe, 56°51'36"N, 53°54'07"E, 75 m, on the ground in a Q. robur forest, with Salix, 
09.07.2015, leg. V. Kapitonov, det. V. Kapitonov & G. Simonini, GS10512 (GP); • Vot-
kinskji district, Perevoznoe, 56°53'13"N, 53°55'31"E, 98 m, on the ground in a Q. ro-
bur forest, 13.07.2015, leg. V. Kapitonov, det. V. Kapitonov & G. Simonini, GS11020; 
SPAIN • Bizkaia: Urduliz, Mendiondo, 43°21'23"N, 2°57'00"W, 100 m, under Q. robur, 
03.09.2005, leg. E. Fidalgo & J. Muñoz, det. J. Muñoz & A. Taylor, JAM0556 (GP); 
• Burgos: Valle de Mena, Barrasa, 43°06'16"N, 3°19'39"W, 430 m, locality of the 
holotype of Xerocomus erubescens, growing among the grass in a cleared area, 
under Q. faginea, 28.10.2001, leg. J. Muñoz, det. J. Muñoz, A. Taylor & A. Biketova, 
JAM0224 (BAR1997082010; GP); • Segovia: Boca del Asno, on humus soil, with P. 
sylvestris and Q. pyrenaica, 13.10.1999, leg. Soc. Micol. Madrid, det. H. Ladurner & 
A. Biketova, IB19991021 (GP); SWEDEN • Blekinge Co.; F. sylvatica and Quercus sp. 
forest, 04.09.2003, leg. A. Ryberg, det. A. Taylor, AT2003134 (GP); Stockholm Co.: 
Stockholm, 24.07.2001, leg. H.-G. Toresson, det. A. Taylor, AT2001124 (GP); • Up-
psala Co.: Nåsten, Fäbodarna, under Quercus sp., 30.07.2005, leg. & det. A. Taylor, 
AT2005022 (GP); • Västra Götaland Co.: Tanum, Greby, mixed forest, 06.09.2004, 
leg. J. Nilsson, det. A. Taylor, AT2004285 (GP); UKRAINE • Vinnytsia Region: Vin-
nytsia Forest Park, 50 m from the northern shore of Guralnya Lake, along a foot-
path, two mature basidiomes on ground near a fallen tree branch, in F. sylvatica 
and Q. robur forest, 09.08.2012, leg. A. Biketova & A. Zamorotskiy, det. A. Biketova, 
K-M001435677 (KW 60663F; GP); UNITED KINGDOM • England: Berkshire, Wind-
sor Great Park, Bishops gate area, SU975723, under T. × europaea, 23.08.2005, 
leg. A. Hills, det. A. Hills & A. Taylor, K-M000167799 (AH2005033; GP); • Hamp-
shire, New Forest Wormstall Wood, SZ350980, amongst grass under Quercus sp., 
28.07.2004, leg. P. Hills, det. A. Hills & A. Taylor, K-M000168971 (AH2004055; GP).

Notes. This species was first described and illustrated as Boletus rubellus 
by Krombholz (1836). The original description (in German) is here translated 
in English: “Reddish bolete. The pileus is plane-convex, slightly depressed in the 
centre, smooth, matt, red, with yellow, weakly adnexed hymenophore consisting 
of tubes having uniform length, medium-sized, with yellow, small pores, having 
uniform diameter and almost round; the stipe is slender, straight or curved, with 
round cross section, smooth, rarely longitudinally streaked, equal, slightly taper-
ing towards the base, having the same red colour of the pileus on a yellow-brown 
background. The pileus context is fleshy, soft, pale yellow, reddish in the middle 
part of the stipe, dark yellow at the base; no odour, no peculiar taste”.

A short Latin diagnosis follows: “Boletus pileo plano-convexo, medio subdepres-
so, laevi, glabro, opaco, rubro; hymenio luteolo, subadfixo, tubulis subaequalibus, 
mediocribus, ostiolis flavidis, minutis, aequalibus, subrotondis; stipite longo, 
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erecto flexuoso, tereti, glabro, rarius striato, aequalis, basi fuscescente, flavido; 
substantia carnosa, mollis, pilei pallide flava, stipitis medio et supra rubella, infra 
interne lutea. Odore nullo, sapore non speciali”.

The holotype of Krombholz’ species is an illustration (table 36, figs 21–24) 
showing four basidiomes, one of them cut in half. The drawings are very sche-
matic, they highlight the bright red pileus and stipe, the stipe tapering at the 
base and longitudinally streaked, the pale yellow context that is darker and red-
dish at the stipe base (Krombholz 1836).

Later in 1896, Lucien Quélet described Xerocomus rubellus. The diagnosis is 
here translated from French: “Stipe thin, velvety and red, pale-yellow-coloured at 
apex and at the base. Pileus convex (0.02–0.03 m), finely tomentose, bright blood 
red; context daffodil-like coloured (light yellow), then pink, blue and green, having 
an abundant green juice; taste fruity, smell sweet then sour. Tubes small, lemon 
creme; pores sinuate, pubescent, daffodil sulphur yellow, turning green similarly 
to the stipe. Spores fusoid (0.01–0.011 mm), pale lemon. (Pl. VI, fig. 11.).

Summer. – embankments and roads in grassy woods, Nivernais (Mme Daul-
noy), Maritime Alps (Barla); it is close to versicolor. The species having the same 
name by Krombholz is the same as sanguineus With. and rutilus Fr”.

Although the matter is debatable, we here traditionally assume that the orig-
inal material of Quélet’s X. rubellus is the drawing (Quélet (1896), T. XXIV Pl. VI 
fig. 11), constituted by a single basidiome. Quélet’s drawing is difficult to inter-
pret, the only emerging character being the tapering stipe base.

The combination “Xerocomus rubellus (Krombh.) Quél. 1896”, sometimes still 
used, does not comply with Art. 41 (ICN Shenzhen, Turland et al. (2018)) about 
the validity of new combinations, since no reference to a basionym is provided 
by Quélet. On the contrary, Quélet (1896: 620) wrote “L’espèce de mème nom de 
Krombholz est le mème que sanguineus, With. et rutilus, Fr.” (“The species with 
the same name by Krombholz is the same as sanguineus With. and rutilus Fr.”). 
Therefore, Quélet assumed that Boletus rubellus Krombh. is a synonym of both 
B. sanguineus With. and B. rutilus Fr., excluding “his” X. rubellus. Quélet’s stand-
point was also expressed in his previous work Enchiridion Fungorum (1886), 
where he formally assessed the synonyms of B. rubellus Krombh., namely 
B. sanguineus With. and B. rutilus Fr., and accommodated them in the genus 
Viscipellis, while the dry-pileus boletes were assigned to the genus Versipellis. 
According to Quélet, B. rubellus Krombh. is definitely different from X. rubellus 
(dry velvety pileus) and the latter is a valid name for a new species, having a 
different type from that of B. rubellus Krombh. The citation “Xerocomus rubellus 
(Krombh.) Quél. 1896” is a mistake introduced by some later authors and then 
multiplied and has, therefore, to be rejected (Redeuilh 1990).

However, by reading the original diagnosis of B. rubellus and X. rubellus and 
by looking at their respective illustrations, we observe no major differences be-
tween them. They both have a red pileus and stipe (the latter with a yellowish 
tint at the apex and at the base) and a matte, tomentose to velvety pileus sur-
face. Assuming that the identities of B. rubellus and X. rubellus are overlapping, 
Krombholz’ name would have priority, being the older of the two.

It is difficult to understand why Quélet interpreted B. rubellus Krombh. as a 
bolete with a viscid pileus. Some specimens collected in rainy conditions may 
effectively show a slight degree of gelatinisation or perhaps he confused them 
with Aureoboletus gentilis, placing it in “Viscipellis” and in synonymy with oth-



29IMA Fungus 16: e144731 (2025), DOI: 10.3897/imafungus.16.144731

Alona Yu. Biketova et al.: Revision of Hortiboletus in Europe and Levant

er boletes with a viscid pileus. Recently, B. rubellus Krombh. was assigned to 
Hortiboletus and designated as the type of the newly-established genus (Vizzini 
2015). Furthermore, we herein designate an epitype of Boletus rubellus comply-
ing with Krombholz’s description and holotype.

We sequenced the ITS region of Hortiboletus specimen JAM0224 
(BAR1997082010) growing in the type locality of Xerocomus erubescens 
Cadiñanos & Muñoz, which turned out to be conspecific with H. rubellus. Xe-
rocomus erubescens has the pinkish tint in the pileus context (Cadiñanos and 
Muñoz 1992), which is occasionally present in H. rubellus. It is worth noting, 
however, that X. erubescens superficially resembles H. engelii due to the lack 
of reddish tints on both pileus and stipe surfaces (except for very young speci-
mens), whereas the pinkish tinge of the upper pileus context and the pileipellis 
structure (Cadiñanos and Muñoz 1992) are much more reminiscent of the typi-
cal diagnostic features of H. bubalinus (Oolbekkink 1991). In addition, the typical 
orange-red pigment in the stipe base of H. rubellus and H. engelii is not described 
for X. erubescens, but this character is also often overlooked (Ladurner and Si-
monini 2003). Therefore, due to this and to the fact that at least two species of 
Hortiboletus can grow in the same locality, we cannot treat JAM0224 as a topo-
typical collection of X. erubescens. Unfortunately, multiple attempts to sequence 
(using Sanger sequencing) the holotype collection of X. erubescens have failed.

There are a number of intraspecific taxa of H. rubellus (namely twelve ac-
cording to Index Fungorum (2025)) that have been described from areas far 
away from the currently known geographic range of H. rubellus. However, most 
of them are likely to represent other species. This is the case with Boletus ru-
bellus var. flammeus, which is shown to be a synonym of Boletus (Hortiboletus) 
flavorubellus (see Extralimital taxa).

Based on the present multilocus phylogenetic analysis (Fig. 1), H. rubellus 
belongs to the crown clade of Hortiboletus and forms a well-supported terminal 
clade (BS = 97; PP = 0.97), which is sister to H. sinorubellus from China (BS = 100; 
PP = 1.00). However, this sister relationship was not shown in the rpb2 analysis (Fig. 
2). Using the ITS barcoding region for comparison, the closest European species to 
H. rubellus is H. engelii with a remarkable 9% dissimilarity (> 50 nucleotide and indel 
differences). The ITS of H. rubellus has been difficult to sequence with the classical 
Sanger method due to tandem repeat insertions in ITS: 1) short AC repeats in the 
ITS1 region that vary in length within the species from 14 to 26 bp and even within 
the same genome with maximum observed difference of 2 bp (in GS1424 and 
K-M000167799); and 2) long tandem repeats in the ITS2 estimated to be from 166–
167 bp (2-7-7) to 165–170 bp (2-3-5), based on different alignment parameters.

Hortiboletus bubalinus (Oolbekk. & Duin) L. Albert & Dima, Index Fungorum 
251: 1 (2015)
MycoBank No: MB551312
Figs 8–10

≡ Boletus bubalinus Oolbekk. & Duin, in Oolbekkink, Persoonia 14(3): 367 (1991)
≡ Xerocomellus bubalinus (Oolbekk. & Duin) Mikšík, Index Fungorum 182: 1 (2014)
≡ Xerocomus bubalinus (Oolbekk. & Duin) Redeuilh, Docums Mycol. 23(no. 89): 

62 (1993)

https://www.mycobank.org/MB/MB551312
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? = Xerocomus erubescens Cadiñanos & J.A. Muñoz, Belarra 9: 61 (1992)
? – ‘Boletus populinus’ Oolbekk. & Duin (1988), Coolia 31(1): 11, nom. illeg., 

nom. prov., Art. 53.1 (Shenzhen), non B. populinus Schumach., Enum. Pl. 2: 
384 (1803), q. e. Oxyporus populinus (Schumach.) Donk

Holotype examined here. NETHERLANDS • North Holland: Aerdenhout, A.W. 
dunes, near Ezelenvlak, on sandy soil, under Pinus and Populus, 14.10.1983, 
leg. G. Oolbekkink & W. van Duin, L0053449 (G. Oolbekkink & W. van Duin 145 – 
collector’s number), GenBank: ITS – PV094766 and PV094767.

Description. Basidiomes pileate-stipitate, xerocomoid, epigeal, small to me-
dium-small sized. Ontogenetic development gymnocarpic.

Pileus (2.9–)3.8–10.3(–13.5) cm broad, firstly hemispherical then persistently 
convex and finally broadly pulvinate-flattened, sometimes slightly depressed at 
centre, regularly to hardly unevenly shaped by shallow depressions, margin even 
to faintly wavy-lobed, initially involute then curved downwards or rarely com-
pletely plane, not or only a little extending beyond the tubes (up to 1 mm); surface 
matt, dry, but slightly greasy in aged basidiomes with moist weather, markedly 
wrinkled and finely pruinose in the early stage of development then tomentose 
with age, usually not cracked or occasionally areolate towards the peripheral 
zone; somewhat variable in colour, at first, dark garnet red or dark reddish-brown, 
but typically paler towards margin (pale orange to yellowish-orange), often later 
gradually fading to drab tinges and becoming orange ochraceous, sometimes 
with scattered pinkish hues, then evenly pale ochraceous brown, chamois ol-
ive to dull ochraceous buff, often retaining small and dispersed pale-reddish to 
ochraceous-orange zones (especially in the depressions) and with a thin, red-
dish-pink marginal band; aged basidiomes can completely lack reddish tones, 
although some basidiomes retain bright reddish tints with age; unchanging on 
handling or touching or when injured; subpellis layer pale pink to whitish buff.

Tubes up to 12 mm long, at first, thin in side view then increasingly wider with 
age and shorter than the thickness of the pileus context, easily separable from the 
context above, adnate, but soon depressed around the stipe apex and shortly de-
current with a tooth, bright yellow to olive yellow then olive brown, bluing on cutting.

Pores initially forming a concave or ascending surface, later flattening, at 
first very small then gradually wider with age (up to 2.0 mm in diameter), com-
pound, labyrinthine becoming angular at maturity, concolourous with the tubes; 
strongly bluing on bruising and later becoming dirty brownish.

Stipe (3.1–)4.3–7.3(–8.3) × 1.1–2.7(–3.2) cm, as long as the pileus diameter 
at maturity, otherwise slightly to moderately shorter or longer, central to slightly 
off-centre, solid, firm, dry, straight or faintly curved, at first ventricose or clavate al-
though tapering at the very base, later more or less cylindrical, sometimes remain-
ing inflated downwards or progressively tapering from apex down to the base, not 
or slightly rooting; surface smooth or with fine punctuations from apex down to 
the middle part, longitudinally fibrillose with age, without reticulum; usually bright 
yellow or somewhat reddish at the very apex, flesh pink, reddish-pink to wine 
red elsewhere, rarely yellow to pale yellow throughout, usually progressively and 
sometimes completely losing reddish tones with age similarly to the pileus sur-
face and eventually becoming dull buff; yellow ochraceous at the very base, some-
times with brownish-olive hues, occasionally with purplish patches; unchanging 
or faintly bluing on pressure and finally turning brownish; basal mycelium yellow.

http://www.ncbi.nlm.nih.gov/nuccore/PV094766
http://www.ncbi.nlm.nih.gov/nuccore/PV094767
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Figure 9. Hortiboletus bubalinus basidiomes: a holotype collection L 0053449; b AL12-28; c AL22-75; d MCVE25582; 
e TUR-A209256; f LE F-315962; g GS10842; h LE F-332081; i LE F-332077. Photos: (a) B. Dima; (b-c) L. Albert; (d) M. Gelardi; 
(e) S. Saitta; (f) O. V. Morozova; (g) E. Bizio; (h) T. Yu. Svetasheva; (i) E. S. Popov.
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Figure 10. Microscopical features of H. bubalinus: a basidiospores of collection MCVE18373 in L4; b basidia in Congo 
red (GS10414); c pileipellis in Congo red; d pleurocystidia in Congo red, left collection GS10072, others – GS10414; e tuft 
of cheilocystidia in Congo red (GS10414). Scale bar: 10 μm. Photos: G. Simonini.

Context firm and tough when young, later soft textured and eventually flabby 
in the pileus (up to 2.3 cm thick in the central zone, up to 1.5 mm thick halfway 
to margin and gradually becoming thinner towards the edge), fibrous in the stipe, 
pinkish-red in the pileus in very young to young basidiomes, but with a thin straw 
yellow to whitish layer above the tubes, becoming pale flesh pink at maturity and 
eventually fading to dull white in aged basidiomes or on drying; pale yellowish 
in the stipe, but progressively duller downwards, dirty yellow ochraceous at the 
very base and, as a rule, devoid of carrot-orange to orange-red dots, which can 
rarely be present; quickly bruising from light green-blue to blue on exposure, par-
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ticularly in the pileus-stipe connection zone, above the tubes and in the periph-
eral layers of the stipe; after a few minutes, the bluing extends quite intensely to 
the lower part of the stipe (particularly in young basidiomes) and later becomes 
drab yellowish-olive, unchanging in the pinkish-red zone underneath the pileus 
surface; the oxidation phenomenon is less intense in old fruiting bodies and can 
be absent in very old basidiomes; context pinkish in the areas eaten by slugs and 
brownish where eroded by maggots; subhymenophoral layer yellowish-white; ex-
siccate brownish and reddish tones completely disappear during drying process.

Spore print olive brown.
Odour strong, pleasant, fruit-like but with an “iron” component. Taste mild.
Macrochemical spot-test reactions: Melzer’s reagent: a weak fleeting-amyloid 

reaction on the hymenophoral trama and on the stipe and pileus context of fresh 
and dry basidiomes; 20% KOH: pale to bright orange on hymenophore and context, 
reddish-brown on pileus and stipe surface; 25% NH4OH: none; 10% FeSO4: none; 
10% H2SO4: none on context, orange on pileus and stipe surface and hymenophore.

Basidiospores [1020/35/35] (10.7–)11.7 ± 0.6(–13.3) × (4.3–)4.8 ± 0.2(–5.3) μm, 
Q = (2.26–) 2.46 ± 0.10(–2.70), Vm = 140 ± 20 μm3, sometimes abnormally large 
– up to 19.0 × 7.5 μm, inequilateral, fusiform to ellipsoid-fusiform in side view, nar-
rowly or moderately ellipsoid to amygdaliform in face view, smooth, apex round-
ed, with a short apiculus, usually with a distinct suprahilar depression and with a 
slightly pronounced adaxial swelling, moderately to decidedly thick-walled (up to 
1 μm), straw yellow to bright yellow-coloured in water and 5% KOH, having one, 
two or three large oil droplets when mature, rarely pluri-guttulate, inamyloid and 
with an orthochromatic reaction.

Basidia [101/7/7] (27.4–)36.1 ± 4.7(–44.2) × (8.8–)11.4 ± 1.4(–13.0) μm, 
subclavate to clavate, moderately thick-walled (0.5–0.7 μm), predominantly 
4-spored, sterigmata (1.5–)3.2 ± 0.8(–4.5) μm, hyaline to pale yellowish and 
containing straw-yellow oil guttules in water and 5% KOH; basidioles subcylin-
drical to faintly clavate, similar in size to basidia.

Cheilocystidia [20/3/3] (45.4–)56.7 ± 10.9(–72.3) × (6.9–)8.6 ± 1.8(–11.5) μm, 
relatively common, moderately slender, projecting straight to sometimes flexu-
ous, subcylindrical-fusiform, fusiform to ventricose-fusiform, with rounded tip, 
smooth, moderately thick-walled (0.5–1.0 μm), hyaline to pale yellowish in water 
and 5% KOH, without epiparietal encrustations. Pleurocystidia [38/3/3] (40.9–
)56.6 ± 8.0(–77.9) × (7.9–)11.8 ± 2.3(–16.5) μm, infrequent, shape, size, colour 
and chemical reactions similar to cheilocystidia. Pseudocystidia not observed.

Hymenophoral trama bilaterally divergent intermediate between the “Phyllo-
porus-type” and the “Boletus-type”, but quite closer to the former, with mod-
erately divergent and tightly arranged, non-gelatinous hyphae (lateral strata 
hyphae in transversal section touching or almost touching each other, 0–4 
(–5) μm apart), hyaline to very pale yellowish in water and 5% KOH, inamyloid 
in Melzer’s; mediostratum axially arranged, consisting of a tightly adpressed, 
non-gelatinous bundle of hyphae; in Congo red, the mediostratum is concolou-
rous with or slightly darker than the lateral strata.

Pileipellis a physalo-palisadoderm consisting of erect subparallel to parallel 
chains of short, stout, septate hyphae; terminal elements [1023/29/28] (17.5–
)28.7 ± 8.1(–58.5) × (7.1–)13.2 ± 3.1(–20.3) μm, Q = (1.63–) 2.31 ± 0.66(–4.84), 
versiform, usually more or less swollen, mainly bullet-shaped or acorn-shaped, 
less frequently broadly cylindrical, ventricose to ovoid or cystidioid, but also 
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globose or subglobose, sometimes mucronate, more rarely peanut-shaped, 
conical or utriform, occasionally lanceolate or filamentous and sinuous and 
then particularly long (up to 86 μm long), often bifurcate, apex rounded-obtuse 
or pointed, moderately thick-walled (up to 1 μm), hyaline to pale yellow in wa-
ter and 5% KOH; subterminal elements usually inflated, swollen to vesiculose 
and broader than terminal ones (up to 38 μm broad), often branched; pileipellis 
elements moderately to strongly ornamented by granular or zebra-like epipari-
etal encrustations, more evident and pronounced on subpellis hyphae, but also 
present on terminal cells surface, although less outlined, brownish in 5% KOH.

Stipitipellis a layer of slender, parallel to subparallel and longitudinally run-
ning, smooth-walled, adpressed hyphae, 5–14 μm broad, hyaline to pale yel-
lowish in water and 5% KOH; the stipe apex is covered by a well-developed 
caulohymenial layer consisting of sterile caulobasidioles, very sparse, predom-
inantly 2- and 4-spored, fertile caulobasidia and scattered projecting caulocys-
tidia, similar in shape and size to the hymenial cystidia; elsewhere, the stipe 
surface exhibits isolated clusters of cystidioid to clavate, sterile elements, 
4–9 μm broad. Lateral stipe stratum under the caulohymenium only rarely pres-
ent and obscurely differentiated from the stipe trama, of the “boletoid” type; 
at the stipe apex, a 20–30 μm thick layer consisting of divergent, inclined and 
running towards the external surface, densely arranged hyphae.

Stipe trama composed of subparallel to confusedly and densely arranged, 
loosely interwoven, filamentous, smooth, inamyloid hyphae, 2–8 μm broad.

Clamp connections absent in all tissues.
Ecology and phenology. solitary to gregarious or even subcaespitose, growing 

on litter, among grass or on bare soil, mainly in moist anthropogenic environments, 
such as public and private gardens, urban parks, or rural areas under a large array 
of ectomycorrhizal trees of the families Salicaceae, Malvaceae, Fagaceae, Betula-
ceae, Pinaceae, including preferably Populus spp. (P. alba, P. nigra, P. tremula, Pop-
ulus hybrids), Tilia spp. (T. cordata, T. × europaea, T. platyphyllos), Quercus spp. (Q. 
cerris, Q. ilex, Q. petraea, Q. robur), and Fagus sylvatica, but sometimes also Picea 
spp. (P. abies, P. × fennica, P. pungens), Betula spp. (B. pendula), Carpinus betulus, 
Corylus avellana, Castanea sativa, Carya ovata, and Pinus radiata; some collec-
tions of H. bubalinus have been found in mixed forest with the presence of Pinus 
spp. (P. nigra, P. pinea, P. sylvestris), Cedrus (C. atlantica, C. deodara), Larix decidua, 
Salix alba, and Alnus glutinosa, but there are no finds in monodominant forest 
communities formed by these tree species alone (Oolbekkink (1991); Ladurner 
and Simonini (2003); Albert (2004); Muñoz et al. (2008); Musumeci (2008); Assy-
ov and Stoykov (2011); Wilgan and Leski (2022), GP; Kasparavičius and Iršėnaitė 
(2023); Assyov in litt.; Cooper and Park in litt., GP; Klofac in litt.; Saar et al. unpubl., 
GP; pers. obs., GP). The main fruiting period is from spring (late April) to late 
autumn and early winter in Mediterranean area (November to early December).

Known distribution (see Fig. 4b). This is a species with a natural circumboreal 
distribution, widespread in Europe and Western Asia, also found in the USA and in-
troduced in New Zealand (based on sequences data from INSDC, see phylogenetic 
analysis), and much more frequent than previously assumed (Fig. 4b). Reported 
to date from Asia: Turkey (Allı et al. 2019); Australia and Oceania: New Zealand 
(GBIF 2024; Cooper and Park in litt., GP); Europe: Austria (Montag 2009; Šutara 
et al. 2009; Klofac in litt.; this study, GP), Belgium (Vadthanarat et al. (2019), as 
Xerocomellus porosporus, GP), Bulgaria (Assyov and Stoykov 2011), Czechia 
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(Šuhaj and Mikšík 2016; Mikšík 2017), Estonia (Saar unpubl., GP – UDB024777), 
Finland (this study, GP), France (Musumeci 2008; Péan and Mornand 2009; this 
study, GP), Germany (Kaldorf et al. (2004), as Uncultured Boletaceae, GP; Klofac 
(2007); this study, GP), Greece (this study, GP); Hungary (Albert 2004; Kaposvári 
2013; this study, GP), Italy (Gelardi 2009, 2010; this study, GP), Kosovo* (Ramshaj 
et al. 2021), Lithuania (Kasparavičius and Iršėnaitė 2023), Netherlands (Oolbek-
kink and van Duin 1988; Oolbekkink 1991; Ladurner and Simonini 2003; Noorde-
loos 2007; Noordeloos et al. 2018; this study, GP), Norway (Knudsen and Taylor 
2008, 2012; this study, GP), Poland (Wilgan and Leski (2022), as Xerocomellus 
chrysenteron, GP – ON129125), Portugal (Azores Islands, probably introduced) 
(Iglesias et al. 2021; Souto et al. 2024), Russia (Kapitonov (2013); Svetasheva et 
al. (2018); Bolshakov et al. (2021); Pham et al. (2024), GP; this study, GP), Serbia 
(Uzelac 2009; this study, GP), Slovakia (Mikšík in litt.), Spain (Muñoz et al. 2008; 
this study, GP), Sweden (Taylor and Eberhardt 2006; Knudsen and Taylor 2008, 
2012; Jeppson and Knuttson 2017; this study, GP), Switzerland (this study), Unit-
ed Kingdom (Hills 2008; Burnham and Kibby 2011; Ainsworth et al. 2013; Kibby 
2017; this study, GP); North America: USA (Nuhn et al. (2013), as Xerocomellus cf. 
rubellus, GP; Frank et al. (2020), as Hortiboletus sp., GP).

Additional examined material. AUSTRIA • Tyrol: Innsbruck, Unikreuzung, un-
der Betula and Corylus, 31.07.1997, leg. H. Ladurner, det. A. Biketova, IB 1997886 
(GP); FINLAND • Nylandia: Helsinki, Elaeintarha, 60°11'17"N, 24°56'13"E, on 
lawn near P. tremula, 26.08.2013, leg. P. Hoeijer, det. A. Biketova & P. Hoeijer, 
H6045679 (GP); • Loviisa, Pernaja churchyard, 60°26'20"N, 26°02'46"E, under 
Q. robur, 09.09.2011, leg. P. Hoeijer, det. A. Biketova & P. Hoeijer, H6032689 
(GP); • Porvoo, Kirkkotori, near the church, 60°23'49"N, 25°39'36"E, in lawn un-
der T. × europaea, 16.08.2009, leg. P. Hoeijer, det. A. Biketova & T. Niskanen, 
H6036888 (GP); FRANCE • Île-de-France: Essonne, Massy, 48°39'22"N, 
2°29'34"E, 80 m, fourteen young to mature basidiomes in the grass close to 
Quercus sp. and other broadleaved tress, 03.06.1994, leg. G. Redeuilh, det. G. 
Simonini, GS1332; • Grand Est: Haut Rhin, Rixheim, 47°44'40"N, 7°23'49"E, 
253 m, twelve young to mature basidiomes in a grassy ground close to Betula 
tree, 07.10.2005, leg. E. Musumeci, det. G. Simonini, GS10414 (GP); GERMANY 
• Hesse: Giessen, Giessen Botanical Garden, next to the pond, mixed woodland, 
10.06.1998, leg. & det. A. Taylor, K-M000168095 (AT1998006; GP) and 
AT1998007; GREECE • Central Macedonia: Kilkis, Mt. Belles, 41°18'36"N, 
23°3'1"E, under F. sylvatica, 10.09.2009, leg. G. Konstantinidis, det. G. Konstan-
tinidis, E. Polemis, B. Dima & A. Biketova, GK3993 (GP); • ibid. (5 km away from 
GK3993 location), under F. sylvatica, 10.09.2009, leg. G. Konstantinidis, det. G. 
Simonini, GK3982 (GS10502); HUNGARY • Bács-Kiskun: Lakitelek-Tőserdő, in 
park under T. cordata, 02.10.2022, leg. & det. L. Albert, AL 22-82 (GP); • Tompa, 
in the garden next to St. Anne’s Church, 46°10'58"N, 19°32'05"E, under Quercus 
sp. and Acer sp., two young basidiomes, 22.06.2018, leg. & det. A. Biketova 
K-M001435679 (AB B18-287); • Budapest: Soroksár, Botancial Garden, under 
P. alba, 18.10.2022, leg. L. Albert & B. Nagy, det. L. Albert, B. Nagy L. & B. Dima, 
AL 22-91 (GP); • Csongrád-Csanád: Szeged, in front of the Ferenc Móra College, 
in road border, under Tilia sp., 08.06.2013, DB5078; • Szeged, near Fesu str. 11, 
46°14'35.3"N, 20°09'34.2"E, three mature basidiomes, under Q. robur and T. cor-
data, 06.06.2018, leg. & det. A. Biketova, K-M001435684 (AB B18-286); • Sze-
ged, next to the Institute of Biology of the University of Szeged, 46°14'45.7"N, 

http://www.ncbi.nlm.nih.gov/nuccore/ON129125
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20°10'03.6"E, under T. cordata, a single mature basidiome, 06.06.2018, leg. & 
det. B. Dima, K-M001435688 (AB B18-285); • Nógrád: Börzsöny Mts, near Diós-
jenő, 47°57'05.5"N, 18°59'21.0"E, under C. betulus, one young and one mature 
basidiome, leg. & det. L. Albert & A. Biketova, K-M001435711 (AB B18-399, AL 
18-73); • ibid., 47°57'37.7"N, 19°00'31.6"E, in Q. petrea, Q. cerris, and C. betulus 
forest, two mature basidiomes, 24.06.2018, leg. & det. A. Biketova & B. Dima, 
K-M001435709 (AB B18-398); • ibid., under C. betulus and S. alba, 11.09.2022, 
leg. L. Albert, det. L. Albert & B. Dima, AL 22-75 (GP); • Pest: Üllő, under Populus 
hybrids, 03.08.2012, leg. L. Albert, det. L. Albert & B. Dima, AL 12-28 (GP); • ibid., 
under Populus hybrids, 25.07.2012, leg. L. Albert, det. L. Albert & B. Dima, AL 
12-288 (GP); • ibid., 29.05.2014, leg. L. Albert, det. L. Albert & B. Dima, AL 14-19; 
• ibid., 04.09.2015, leg. L. Albert, det. L. Albert & B. Dima, AL 15-54 (GP); ITALY • 
Emilia-Romagna: Reggio nell’Emilia, parco del Popolo, 44°42'14"N, 10°37'49"E, 
53 m, two mature basidiomes in the grass, close to T. platyphyllos and P. alba 
trees, 17.05.1999, leg. & det. G. Simonini, MCVE18373 (GS2077); • ibid., 
44°42'12"N, 10°37'49"E, 53 m, a single young basidiome in the grass, close to 
P. alba trees, 05.06.2016, leg. & det. G. Simonini, GS10694; • Friuli-Venezia Gi-
ulia: Agordo, Belluno, Col di Foglia, 46°16'28"N, 12°02'39"E, 739 m, edge of a 
mixed forest, 30.07.2016, leg. E. Bizio, det. G. Simonini, GS10842 (GP); • Lazio: 
Rome, Via Appia Antica, 41°50'14"N, 12°32'20"E, 56 m, four very young to young 
basidiomes collected on loamy, very moist grassy soil under T. platyphyllos, 
Populus nigra var. italica, and Q. ilex, with the presence of C. deodara, Eriobotrya 
japonica, Cupressus sempervirens, and Fraxinus ornus in the garden of a private 
property, 23.10.2008, leg. & det. M. Gelardi, MG147; • ibid., a single mature ba-
sidiome (this basidiome belonged to the previous collection, but was left on the 
ground and collected five days after), 28.10.2008, leg. & det. M. Gelardi, MG147-
bis; • ibid., three mature and one aged basidiomes, 03.11.2008, leg. M. Gelardi, 
det. M. Gelardi & A. Biketova, MCVE25582 (MG163, GP); • ibid., five basidiomes 
in various developmental stages, 08.10.2009, leg. and det. M. Gelardi, MG257; 
• ibid., five middle-age basidiomes (three out of which growing connate at the 
very stipe base), 10.11.2009, leg. & det. M. Gelardi, MG284; • ibid., a single ma-
ture basidiome, 29.04.2010, leg. & det. M. Gelardi, MG300; • ibid., several very 
young to mature basidiomes, 21.09.2010, leg. & det. M. Gelardi, MG341; • ibid., 
several very young to mature basidiomes, 17.11.2011, leg. & det. M. Gelardi, 
MG451; • ibid., several very young to mature basidiomes, 15.10.2013, leg. & det. 
M. Gelardi, MG567; • Rome, Consorzio Olgiata, Isola 32 B3, 42°01'29"N, 
12°21'40"E, 133 m, several basidiomes in all developmental stages collected in 
loamy soil, on needle litter and among the grass under C. atlantica with the 
presence of T. platyphyllos and P. pinea in the garden of a private property, 
11.10.2022, leg. & det. M. Gelardi, MG950; • Liguria: La Spezia, Deiva Marina, 
44°13'16"N, 09°31'22"E, 12 m, artificially irrigated urban flowerbed, five young 
to mature basidiomes in the grass, soil pH = 7.5, close to T. cordata, 17.06.1994, 
leg. & det. G. Simonini, GS1138; • ibid., artificially irrigated urban flowerbed, 10 
young to mature basidiomes in the grass, soil pH = 6.9. close to T. cordata, 
18.06.1994, leg. & det. G. Simonini, MCVE17711 (GS1142); • ibid., artificially ir-
rigated urban flowerbed, 12 young to mature basidiomes in the grass, soil pH = 
6.9, close to T. cordata, leg. & det. G. Simonini, 20.06.1994, MCVE17712 
(GS1143); • Lombardia: Brescia, Valsaviore, Cevo, 46°04'49"N, 10°22'47"E, 
1190 m, on very dry, acid soil on a slight slope facing south, eleven very young 
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to mature basidiomes collected in the grass and on decomposed litter of nee-
dles and dry leaves, in a sub-alpine mixed broadleaved/conifer thicket dominat-
ed by C. avellana and P. abies with the presence of Juniperus sp., ferns and 
nettles near a grassy pasture, with trees of S. alba, Fraxinus sp., and Populus 
nigra standing in the middle of the pasture, all within 30 m from the place of 
collection, 16.08.2009, leg. M. Gelardi & S. Gelardi, det. M. Gelardi, MCVE25592 
(MG226); • ibid., a single mature basidiome, 20.08.2009, leg. & det. M. Gelardi, 
MG330; • ibid., 1230 m, a few hundred metres away from the previous collec-
tions, five middle-aged to mature basidiomes growing under a single young P. 
abies tree in the centre of a grassy clearing surrounded by a P. abies forest with 
the presence of L. decidua (without presence of broadleaved trees), 18.08.2009, 
leg. & det. M. Gelardi, MG231; • Sicily: Messina, Monti Peloritani, Mt. Dinnam-
mare, Sentiero Ziriò, 38°10'36.7"N, 15°28'12.1"E, 800 m, five young to mature 
basidiomes growing with Cedrus sp., Q. ilex, Pinus spp., Pseudotsuga menziesii, 
and Juglans regia, 25.09.2019, leg. & det. S. Saitta, TUR-A 209256 (GP); • ibid., 
several basidiomes, 24.09.2020, leg. & det. S. Saitta, TUR-A 209574 (GP) and 
TUR-A 209575 (GP); • Trentino-South Tyrol: Trentino, Lake Pudro, Pergine Val-
sugana, 46°04'42"N, 11°13'16"E, 510 m, several young to mature basidiomes 
growing along a trackside in a riparian environment under A. glutinosa, Populus 
nigra and P. tremula, 26.08.2010, leg. M. Floriani & M. Gelardi, det. M. Gelardi, 
MG338; • Veneto: Sacca Sessola lagoon island, Venezia, 45°24'17"N, 12°19'23"E, 
1 m, 14 basidiomes in the grass, close to Cedrus, other conifers and Populus, 
13.10.1990, leg. E. Bizio, det. G. Simonini, GS1125; NETHERLANDS • South Hol-
land: Leiden, Johan Wagenaarlaan, several partial fairy rings on lawn on sandy 
clay soil under Tilia, no other trees nearby, 05.09.1988, leg. & det. C. Bas, 
L0069896 (Bas C. 8633; GP); NORWAY • Oslo Co.: Oslo, Bygdoy, Ingstadasen, 
59°54'29.8"N, 10°41'15.1"E, under Tilia and Corylus, 31.08.2017, leg. E. Bendik-
sen, det. B. Dima, O-F-254512 (GP); • Oslo, Tøyen, Botanical Garden, 59°54'59.8"N, 
10°46'17.4"E, under Tilia, 06.07.2004, leg. A. Molia & E.W. Hanssen, det. A. Tay-
lor, O-F-270491 (GP); • ibid., 59°55'16"N, 10°46'55"E, 05.09.2001, leg. G. Gulden, 
det. B. Dima, O-F-73245 (GP); • ibid., under Tilia, 07.09.2004, leg. G. Gulden, det. 
A. Taylor, O-F-67109 (GP); • ibid., 59°54'58"N, 10°46'08"E, Picea abies dominat-
ed forest, 01.08.2014, leg. A.K. Wollan, det. A.K. Wollan, A. Taylor & B. Dima 
O-F-248341 (GP); • Østfold Co.: Moss, Melløsparken, 59°25'26"N, 10°40'05"E, 
under Fagus and Betula in park, 01.09.2019, leg. E.W. Hanssen & R. Braathen, 
det. B. Dima, O-F-307797 (GP); • Telemark Co.: Kragerø, Jomfruland, 58°52'52"N, 
9°36'40"E, under Corylus, Quercus, Pinus, and Salix, 01.10.2022, leg. B. Rian & 
M.S. Olsen, det. B. Dima, O-F-204266 (GP); RUSSIA • Pskov Oblast: Pushkino-
gorsky District, A.S. Pushkin Museum-Reserve “Mikhaylovskoe”, 57°03'08"N, 
28°55'04"E, on a grassy edge of mixed coniferous-deciduous forest, 11.09.2018, 
leg. O. Morozova, det. O. Morozova & T. Svetasheva, LE F-315962 (GP); • Tsevlo 
Village, remains of an abandoned park, on soil under old-growth T. cordata, 
07.09.2019, leg. & det. L.B. Kalinina, LE F-330285 (GP); • Saint-Petersburg: Sum-
mer Garden, central part, 59°56'42"N, 30°20'06"E, on a lawn under T. cordata, 
21.07.2017, leg. T. Svetasheva, det. A. Biketova & T. Svetasheva, LE F-332077 
(GP); • ibid., in an open lawn with a single T. cordata, 21.07.2017, leg. T. Sveta-
sheva, det. A. Biketova & T. Svetasheva, LE F-332078 (GP); • ibid., on a lawn 
under T. cordata and Acer platanoides, 14.07.2020, leg. O. Morozova, det. O. 
Morozova & T. Svetasheva, LE F-315839 (GP); • ibid., in a grassy site under 
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Q. robur, T. cordata and Sorbus aucuparia, 20.07.2017, leg. and det. T. Svetashe-
va, LE F-332081; • Summer Garden, northern part “Cross Arcade” bosquet, 
59°56'47.6"N, 30°20'01.2"E, on a lawn under P. abies (the nearest T. cordata tree 
being 10 m away), 21.07.2017, leg. T. Svetasheva & O. Morozova, det. A. Biketo-
va & T. Svetasheva, LE F-332079 (GP); • Summer Garden, between the central 
part and the “Cross Arcade” bosquet, 59°56'43"N, 30°20'07"E, under T. cordata 
and P. abies planting, among mosses on soil, 14.07.2020, leg. and det. T. Sveta-
sheva & O. Morozova, LE F-315852 (GP); • ibid., on a lawn ca. 10–15 m from 
P. abies, 21.07.2017, leg. T. Svetasheva & O. Morozova, det. A. Biketova & T. 
Svetasheva, LE F-332080 (GP); • ibid., under P. abies and T. cordata, 06.08.2020, 
leg. O. Morozova, det. O. Morozova & T. Svetasheva, LE F-315838 (GP); • Sum-
mer Garden, site 5, 59°56'48"N, 30°20'10"E, under T. cordata, 10.09.2015, leg. E. 
Shalakitskaya, det. T. Svetasheva, LE F-315840; • Peter the Great Botanical Gar-
den, near the building “Kizhi”, 59°58'9.4"N, 30°19'20.7"E, along a path, under T. 
cordata and C. avellana, 22.07.2011, leg. & det. O. Morozova & T. Svetasheva, LE 
F-254151 (GP); • Peter the Great Botanical Garden, near the Main Herbarium 
building, 59°58'9.7"N, 30°19'14.5"E, on a lawn under T. cordata, 21.07.2009, leg. 
& det. O. Morozova & T. Svetasheva, LE F-254144 (GP); • ibid., under T. cordata, 
21.09.2010, leg. O. Morozova, det. T. Svetasheva, LE F-332075 (GP); • Tatarstan 
Republic: Elabuzhsky District, “Bolshoy Bor”, site 26, 55°45'34"N, 52°16'57"E, 
mixed coniferous-deciduos forest, 29.08.2013, leg K. Potapov, det. T. Svetashe-
va, LE F-315842; • Kazan, Gorky Central Park, under Tilia and Betula planting, 
11.08.2015, leg. K. Potapov, det. T. Svetasheva, LE F-315844; • Zelenodolsky 
District, Volzhsko-Kamsky Nature Reserve, near “Dolgoye” bog, 55°54'54.0"N, 
48°46'37.2"E, a single basidiome on the soil in deciduous forest (Quercus, Tilia, 
Betula), 24.08.2016, leg. M. Djakov, det. T. Svetasheva & G. Simonini, LE 
F-311914 (GS10807; GP); • Tula Oblast, Tula, Platonovsky Park, 54°9'6"N, 
37°34'36"E, broadleaved forest, under Q. robur and T. cordata, 27.07.2016, leg. 
& det. T. Svetasheva, LE F-343931; • Udmurt Republic: Votkinskji District, 
2 km SW of Novyi, 56°48'13"N, 54°00'45"E, 95 m, on sandy ground on the road-
side, in P. tremula forest with T. cordata and U. glabra, 13.07.2014, leg. V.I. Kap-
itonov, det. G. Simonini, GS10506 (GP); • Izhevsk City, 56°52'32"N, 53°13'26"E, 
159 m, two mature basidiomes on needle litter, in a city park close to P. × fenni-
ca forest with T. cordata, Acer negundo and Populus sp., 21.09.2013, leg. V.I. 
Kapitonov, det. G. Simonini, GS10514 (GP); SERBIA • Central Serbia: Mačva Dis-
trict, Banja Koviljača, 44°30'40"N, 19°9'33"E, 167 m, two young to middle-aged 
basidiomes growing on the ground among grass and moss along a pathway, 
under T. cordata, in a mixed broadleaf forest dominated by C. betulus, F. sylvat-
ica, and Q. cerris, 08.08.2020, leg. A. Biketova & B. Dobrić, det. A. Biketova & B. 
Dima, K-M001435682 (AB B20-368; GP); SPAIN • Cantabria: Valle de Cabuérni-
ga, Los Tojos, 43°09'34"N, 4°14'56"W, 399 m, three specimens growing on acid-
ic soil, in a short slope close to C. avellana and Populus nigra, 06.09.2005, leg. 
J. Muñoz, det. J. Muñoz & A. Taylor, JAM0593 (GP); SWEDEN • Södermanland 
Co.: Stjärnhov, Solbacka Golf Course, under a single Betula sp., 14.07.2002, leg. 
& det. A. Taylor, AT2002036 (GP); SWITZERLAND • Zurich: Schwamendingen, 
47°23'48"N, 8°34'14"E, 550 m, in the grass in an urban wood, close to P. abies 
and F. sylvatica, 20.08.1985, leg. C. Lavorato, det. G. Simonini, GS1541; UNITED 
KINGDOM • England: Berkshire, Silwood Park near Ascot, SU 946686, under 
Carpinus, Tilia, and Cornus, 27.09.2006, leg. A. Hills, det. A. Taylor, K-M000172000 
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(AH2006071; GP); • Greater London, Richmond, RBG Kew, along the way from 
Elizabeth Gate to Jodrell Lab, 51°29'01.3"N, 0°17'28.5"W, two mature basidi-
omes, among grass on the open lawn, in vicinity of Magnolia spp., Q. ilex, and 
Pinus nigra var. maritima, 19.10.2021, leg. A. Biketova, det. A. Biketova & G. 
Kibby, K-M001435675 (AB B21-381; GP).

Notes. This bolete does not pose any problem from both the nomenclatural 
and taxonomic viewpoint. Originally described as a member of Boletus, it was 
then recombined in Xerocomus (Redeuilh 1993), in Xerocomellus (Mikšík 2014), 
and, finally, in Hortiboletus (Dima 2015).

This species was introduced by G. T. Oolbekkink and W. W. van Duin in a 
publication by Oolbekkink (1991) dealing with the ornamentation of Xerocomus 
basidiospores observed at SEM. The colour picture of X. bubalinus in Ladurn-
er and Simonini (2003) refers to a topotypical collection; however, the picture 
was published with overexposed red tones, whereas the original image is much 
more brownish. A collection with features consistent with the original concept 
by Oolbekkink and Duin was described in detail from France (Alsace), in asso-
ciation with Betula on sandy soil (Musumeci 2008).

Based on the extended original description (Oolbekkink 1991) and our data, 
the basidiospore size of H. bubalinus is unusual for Hortiboletus, with a very high 
Q value = 2.46 ± 0.10 in average (up to 2.7) when compared with those of H. rubel-
lus – 2.31 ± 0.12. Robinson et al. (2011) indicated frequent bifurcating or even tri-
furcating terminal elements of pileipellis. This feature was also highlighted in the 
line drawings of the pileipellis in Gelardi (2010). In addition, pileipellis subterminal 
elements are often wider than terminal ones, with typically inflated, branched and 
sometimes broadly rounded cells up to 30 μm broad (Gelardi 2009, 2010).

Based on the original diagnosis of X. erubescens Cadiñanos and Muñoz (1992), 
it shares with H. bubalinus some morphological features: the pinkish pileal con-
text, the pileipellis structure, lack of reddish tints on both pileus (which is some-
times present in H. bubalinus) and stipe surfaces, and lack of orange-red dots in 
the stipe base. However, spores of X. erubescens are significantly larger [15.4–
19.0(–20.3) × 5.7–7.2(–7.7) μm] according to the original diagnosis (Cadiñanos 
and Muñoz 1992), but they were re-analysed (isotype collection IB19920820 
(BAR 1656/92) and IB19980600) by Ladurner and Simonini (2003), who obtained 
significantly smaller sizes [(11.0–)13.4 ± 1.04(–15.5) × (4.4)5.0 ± 0.31(–5.9) μm], 
when compared with spore sizes of some H. bubalinus collections (e.g. holotype 
L 0053449). Moreover, abnormally large spores (up to 19.0 × 7.5 μm) occur in 
some H. bubalinus collections, including its holotype (L 0053449).

In our multilocus analysis (Fig. 1), H. bubalinus forms a highly-supported 
terminal clade (BS = 94, PP = 1.00). In both ML and BI trees, it clusters in a 
highly-supported subgeneric clade (BS = 99, P P = 1.00), together with H. ar-
duinus and three to four undescribed species: one from North America (USA) 
and two to three from Asia (China, Japan, and South Korea). However, there are 
minor differences in topology of this subgeneric clade in multilocus ML and 
BI trees. In multilocus ML phylogeny, H. bubalinus clusters as a sister clade to 
Hortiboletus sp. 7 (represented by LSU, tef1-α, and rpb2 sequences of a single 
collection HKAS 51292) with weak statistical support (BS = 61). In multilocus 
BI phylogeny, H. bubalinus clusters together with a common branch of Hortibo-
letus sp. 4, Hortiboletus sp. 5, and Hortiboletus sp. 7 (all represented by only ITS 
sequences) with weak support (PP = 0.89).
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Based on multilocus and four single-locus sequence data, two other 
European Hortiboletus species are significantly distant from H. bubalinus 
(Figs 1, 2). The closest species are H. engelii and H. hershenzoniae with a con-
sistent, ca. 13% dissimilarity (> 100 nucleotide and indel differences). The ITS 
of H. bubalinus has been difficult to sequence with the classical Sanger method 
due to frequent polymorphisms, particularly in short insertion of AC repeats 
in ITS1 region, which vary in length within the species from 14 to 26 bp and 
even within the same genome with maximum observed difference of 12 bp (in 
JAM0593). Therefore, in some cases, cloning has been performed to obtain 
full ITS sequences (e.g. the holotype). Furthermore, H. bubalinus has one of the 
longest tandem repeats in the ITS2 region among other Hortiboletus species 
(see Table 1). Based on different alignment parameters of TRF analysis, the 
length of this long tandem repeat is estimated to be from 225–228 bp (2-7-7) 
to 231–253 bp (2-3-5). All species in H. arduinus/H. bubalinus subgeneric clade 
are characterised by such long minisatellite-like insertion in the ITS 2 region.

Hortiboletus engelii (Hlaváček) Biketova & Wasser, Index Fungorum 257: 1 
(2015)
MycoBank No: MB551542
Figs 3b, 8, 11–12

≡ Boletus engelii Hlaváček, Mykologický Sborník 78: 67 (2001)
≡ Xerocomus engelii (Hlaváček) Gelardi, Boll. Assoc. Micol. Ecol. Romana 24–

25(75–76): 18 (2009) [2008]
≡ Xerocomellus engelii (Hlaváček) Šutara, Czech Mycol. 60(1): 49 (2008)
= Xerocomus quercinus H. Engel & T. Brückn., in Engel, Dermek, Klofac, Ludwig 

& Brückner, Schmier- und Filzröhrlinge s.l. in Europa: 205 (1996), nom. inval., 
nom. prov., Arts 36.1(a), 39.1, 40.1 (Shenzhen)

? = Boletus communis Bull., Herb. Fr. 9: tab. 393 (1789), s. auct.
= Xerocomus communis (Bull.) Bon, Docums Mycol. 14(56): 16 (1985) [1984], 

s. auct.
= Ceriomyces communis (Bull.) Murrill, Mycologia 1(4): 155 (1909), s. auct.
= Boletus communis Sowerby, Coloured Figures of English Fungi 2: 94, pl. 225 

(1799), nom. illeg., s. auct.
? = Boletus subtomentosus subsp. declivitatum C. Martín, Matériaux pour la 

Flore Cryptogamique de la Suisse 2(1): 18 (1904), s. auct.
= Boletus declivitatum (C. Martín) Watling, Edinb. J. Bot. 61(1): 43 (2004), s. auct.
= Xerocomus declivitatum (C. Martín) Klofac, Öst. Z. Pilzk. 16: 258 (2007), s. auct.

Holotype. GERMANY • Thuringia: Gera, MTB 5138/1, Weinberg (vineyard), on 
the ground, 250 m, 1989, leg. T. Brückner.

Description. Basidiomes pileate-stipitate, xerocomoid, epigeal, small to me-
dium-small sized. Ontogenetic development gymnocarpic.

Pileus (4–)5–13(–15) cm broad, nearly hemispherical at first, then convex, 
pulvinate to applanate, also slightly depressed at centre, sometimes irregular-
ly shaped; surface matt, dry, ± finely tomentose to sometimes rugulose, fine-
ly areolate towards the peripheral zone or with minute to coarse cracks over 
the whole surface especially with dry weather and showing a yellowish or 

https://www.mycobank.org/MB/MB551542
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Figure 11. Hortiboletus engelii basidiomes: a JAM0547; b epitype collection MCVE18563; c MCVE18267; d GS10273; 
e GS10848; f AL21-73; g TUR-A209577; h orange-red dots in the stipe base context of GK6124. Photos: (a) J. A. Muñoz; 
(b) A. F. S. Taylor; (c) G. Simonini; (d) A. Mua; (e) M. Raumi; (f) L. Albert; (g) S. Saitta; (h) G. Konstantinidis.
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Figure 12. Microscopical features of H. engelii: a basidiospores in L4; b basidia in Congo red; c pileipellis in Congo red; 
d pleurocystidia in Congo red; e tuft of cheilocystidia in Congo red. All photos from collection GS10409. Scale bar: 10 μm. 
Photos: G. Simonini.

somewhat pinkish subpellis layer resembling some areolate Xerocomellus spe-
cies (Simonini 1998b); margin initially involute then extended or even uplifted, 
regular to wavy-lobed, acute and slightly exceeding the pileal context, whitish at 
the very beginning for a thin strip, but soon concolourous; of extremely variable 
colours, but generally dark brown up to black-brown at the beginning, then fad-
ing to ochraceous, ochraceous yellow, buff, yellowish-brown, olivaceous brown, 
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greyish-brown, olive grey, grey or also pinkish-red, orange-red, ochraceous red, 
ochraceous pink, reddish-brown, typically fading in age, although some basid-
iomes maintain a carmine red tint over the entire life-cycle; unchanging or be-
coming slightly darker on handling or when injured.

Tubes up to 15 mm long, at first adnate, later emarginate or slightly decur-
rent with a tooth, initially lemon or chrome yellow, later greenish-yellow to olive 
brown, unchangeable to weakly bluing when injured.

Pores large, wider than 1 mm (up to 1.5–3 mm) in old basidiomes, round-
ish to angular, concolourous with the tubes, in mature basidiomes with or-
ange-rusty spots, unchangeable to weakly bluing when bruised and later be-
coming dirty brownish.

Stipe (2–)2.5–7(12) × 0.6–3.5(–4.5) cm, usually as long as the pileus diameter 
or slightly longer, central or slightly off-centre, solid, firstly versiform, clavate or 
somewhat bulbose, later more or less cylindrical or sometime inflated in the low-
er part, not infrequently stout, bulbose to ventricose-subfusiform, always taper-
ing at the very base and slightly rooting; surface with very fine fibrils or scales or, 
occasionally, very finely ribbed, which may be reddish on an ochraceous-yellow 
background or concolourous with the background, later often with rather coarse 
longitudinal striations; yellow at apex; sometimes the stipe can be entirely yellow, 
entirely red, or a mix of both colours; some basidiomes exhibit a thin, lemon-yel-
low cortex shaded of carmine red at base; unchangeable or very slowly bruising 
pale brown on handling; basal mycelium whitish-yellow, rarely bright yellow.

Context rather firm when young, later soft in the pileus (up to 2.4 cm thick in 
the central zone, up to 1.0 cm thick halfway to margin and gradually becoming 
thinner towards the edge), becoming fibrous in the stipe; generally pale yellow, 
but dirty ochraceous yellow in the lower half of the stipe and eventually (es-
pecially in collections recorded late in the season and with low temperatures) 
reddish for a few mm underneath the cuticle, in the stipe base with a typical 
carrot-orange or orange-red pigment in the form of small dots (“ponctuation de 
Redeuilh”), which are sometimes scarce and hardly noticeable or conversely 
abundant (especially in dry conditions) and then visible as a large flame-orange 
area at the stipe base; light blue on exposure, especially in the pileus-stipe con-
nection zone, above the tubes and in the peripheral layers of the stipe, later 
fading to dirty yellow; discoloration less pronounced in dry and old basidiomes.

Spore print olive brown.
Odour pleasantly fungoid to fruity or inconspicuous. Taste mild.
Macrochemical spot-test reactions: Melzer’s reagent: a weak fleeting-amyloid 

reaction in the stipe context and exceptionally also in the hymenophoral trama 
of dried basidiomes sometimes occurs, but most collections show a strong dex-
trinoid reaction in all tissues; 20% KOH: reddish-brown on pileus and hymeno-
phore, pinkish on pileus context, bright orange on stipe surface and context and 
progressively darker downwards; 25% NH4OH: none to pale yellowish every-
where; 10% FeSO4: sordid green everywhere, particularly on the hymenophore.

Basidiospores [1691/62/61] (10.0–)12.1 ± 0.8(–14.2) × (4.7–)5.1 ± 0.3(–5.9) μm, 
Q = (2.04–) 2.35 ± 0.13(–2.57), Vm = 171 ± 30 μm3, inequilateral, broadly ellipsoid 
or fusiform to ellipsoid-fusiform in side view, narrowly ellipsoid to amygdaliform 
or subfusiform in face view, smooth under light microscope, apex rounded, with 
a short apiculus, usually with a weak to pronounced suprahilar depression and 
with a slightly pronounced adaxial swelling, moderately thick-walled (up to 1 μm), 
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straw yellow to honey yellow in water and 5% KOH, having one or two large oil 
droplets when mature, rarely pluri-guttulate, inamyloid and orthochromatic.

Basidia [153/7/7] (22.9–)36.6 ± 5.4(–54.8) × (8.6–)11.3 ± 1.3(–15.2) μm, subclav-
ate to clavate, predominantly 4-spored, sterigmata (1.5–)3.2 ± 1.1(–5.0) μm long, 
hyaline to yellowish in 5% KOH and containing concolourous oil guttules, without 
basal clamps; basidioles subcylindrical to faintly clavate, smaller than basidia.

Cheilocystidia [18/2/2] (49.0–)69.8 ± 9.7(–85.8) × (7.7–)10.0 ± 2.2(–
16.0) μm, scattered, slender, ventricose-fusiform, often with elongated straight 
or flexuous neck, with rounded tip, smooth, mostly hyaline to pale yellowish in 
water and 5% KOH. Pleurocystidia [87/8/8] (39.1–)65.5 ± 13.6(–99.3) × (7.5–
)10.3 ± 1.9(–15.9) μm, infrequent, slender, ventricose-fusiform, often with an 
elongated straight neck, with rounded tip, smooth, mostly hyaline to pale yel-
lowish in water and 5% KOH. Pseudocystidia not observed.

Hymenophoral trama bilaterally divergent, intermediate between the “Phyllo-
porus-type” and the “Boletus-type”: lateral strata consisting of poorly divergent, 
tightly arranged, non-gelatinous hyphae almost touching each other, hyaline to 
very pale yellowish in water and 5% KOH; mediostratum consisting of tightly 
adpressed, non-gelatinous, parallel running hyphae; in Congo red, the medio-
stratum is slightly darker than the lateral strata.

Pileipellis a physalo-palisadoderm consisting of moderately long, more or 
less cylindrical, septate hyphae; terminal elements [660/22/22] (24.7–)36.5 ± 
11.0(–63.3) × (8.4–)11.3 ± 2.2(–17.3) μm, Q = (1.93–)3.47 ± 1.58(–7.46), ver-
siform, mainly broadly cylindrical with rounded apex to cystidioid, sometimes 
also with elongated neck, but also slender, narrowly cylindrical, moderately clav-
ate, slightly tapering towards the tip, utriform, acorn-shaped, apex mainly round-
ed-obtuse, but sometimes pointed, finely encrusted, more intensely and coarse-
ly downwards (with fine granular or rarely zebra-like epiparietal encrustations), 
hyaline to yellowish in water and 5% KOH; subterminal elements subcylindrical, 
clearly restricted at septa, equal or broader than terminal ones, more frequent-
ly and coarsely encrusted, yellowish-brown in 5% KOH. Subpileipellis elements 
usually distinctly encrusted by a fine, yellowish, granular pigment (5% KOH).

Stipitipellis consisting of slender, subparallel, smooth walled, hyaline to 
pale-yellow hyphae in 5% KOH, 4.5–6(–9) μm broad, caulohymenium hardly 
observable and not well developed; in the upper third of the stipe, infrequent 
bundles of clavate caulobasidia (25–35 × 8–13 μm), hyaline to yellow in 5% 
KOH and broadly ventricose to spherical caulobasidioles with a thin neck, (8–
)9–12(–15) μm broad are usually present; furthermore, finely encrusted, hya-
line, cylindrical, broad terminal cells with a round tip, (8–)10–12(–14) μm, sim-
ilar to those of the pileipellis appearing here and there. Stipe texture apparently 
not differentiated from the stipe trama. Lateral stipe stratum not observed.

Stipe trama consisting of parallel running hyphae, 5.0–8.5 μm broad, ± hya-
line in water and 5% KOH, inamyloid; infrequent thromboplerous hyphae 6.0–
8.5 μm broad are observed.

Clamp connections absent in all tissues.
Ecology and phenology. solitary, gregarious in small groups or even subcaespi-

tose, growing on bare soil, on litter or in the grass, often in anthropogenic environ-
ments, shrublands, less frequently in undisturbed forests, under a large array of ec-
tomycorrhizal broadleaved trees and shrubs, including preferably Quercus spp. (Q. 
cerris, Q. coccifera, Q. frainetto, Q. ilex, Q. incana, Q. robur, Q. petraea, Q. pubescens, 
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Q. suber), Fagus sylvatica, Tilia spp. (T. cordata, T. platyphyllos), Carpinus spp. (C. 
betulus, C. orientalis), sometimes also Betula spp., Castanea sativa, Corylus avel-
lana, Halimium halimifolium, Pinus spp. (P. halepensis, P. pinea, P. sylvestris, P. wal-
lichiana), and Populus spp. (P. alba, P. tremula) (Engel et al. (1996); Ladurner and 
Simonini (2003); Peintner et al. (2003), GP; Krpata et al. (2008), GP; Sarwar et 
al. (2016), GP; Leonardi et al. (2020), GP; pers. obs., GP). Some collections of H. 
engelii have been found in mixed forests with the presence of Picea abies and 
Ostrya carpinifolia, but there are no findings in monodominant forest communities 
formed by these tree species alone. Moreover, there are some indications of a 
possible association with Cedrus deodara (Kjøller in litt.; Szmidla et al. in litt.; pers. 
obs.), but these data have not yet been confirmed by molecular studies nor by our 
examined material. The main fruiting period is spring (late April) to autumn and 
early winter in the Mediterranean area (November to early December).

Known distribution (see Fig. 5a). Asia: Pakistan (Sarwar et al. (2016), as 
H. rubellus, GP); Europe: Austria (Engel et al. (1996), as X. quercinus; Krpata et 
al. (2008), as X. rubellus, GP; Gelardi (2009)), Bulgaria (Assyov in litt.), Croatia 
(Peintner et al. (2003), as X. rubellus, GP; this study, GP), Czechia (Hagara et al. 
1999; Šutara et al. 2009; Mikšík 2017; this study, GP), Denmark (Kjöller unpubl., 
as X. communis, GP), France (Engel et al. (1996); Lannoy and Estadès (2001), as 
X. quercinus; Suz et al. (2014), as Boletus sp., GP; Van Vooren et al. (2023), as X. 
communis; this study); Germany (Engel and Brückner (1989); Engel et al. (1996), 
both as X. quercinus; Engel (1999), as X. communis; this study, GP), Greece (Kon-
stantinidis 2014; this study, GP), Hungary (Albert (2003); Dima et al. (2013), both 
as X. communis; this study, GP), Italy (Simonini (1998a); Consiglio and Papetti 
(2001); Taylor et al. (2001); Cazzoli (2002); Galli (2013); Vasquez (2014), all as X. 
communis; Ladurner and Simonini (2003), included in X. rubellus; Leonardi et al. 
(2020), as H. rubellus, GP; this study, GP), Netherlands (Noordeloos 2007), Mal-
ta (Mifsud and Mifsud unpubl., GP), Montenegro (Lazarevic et al. unpubl., as X. 
rubellus, GP), Norway (Knudsen and Taylor 2008), Poland (Szmidla et al. unpubl., 
as B. rubellus, GP), Romania (Suz et al. (2014), GP); Russia (this study, GP), Ser-
bia (Uzelac (2009), as X. communis; this study, GP), Spain (Calzada Domínguez 
(2007); Muñoz et al. (2008), both as X. communis; this study, GP), Sweden (Taylor 
and Eberhardt (2006); Knudsen and Taylor (2008), all as X. communis; this study, 
GP), Ukraine (this study, GP), United Kingdom (Taylor et al. (2002); Hills (2008), 
both as X. communis; Watling and Hills (2005); Hills (2007), both as Boletus de-
clivitatum; Ainsworth et al. (2013), as B. declivitatum; Kibby (2017); Ainsworth et 
al. (2024), as Hortiboletus, GP; this study, GP); North America: USA (Murrill 1909; 
D’Elia et al. unpubl., GP). Records from eastern Asia (Zang 2006), usually referred 
to as Xerocomus communis or B. communis should be carefully re-evaluated.

Examined material. CROATIA • Lošinj: Veli Lošinj, under Q. ilex and Olea euro-
paea, 08.10.1999, leg. H. Ladurner, det. E. Polemis & A. Biketova, IB19990917 (GP); 
CZECHIA • South Moravian Reg.: Brno, hills above Dubnany, on soil under Quercus 
sp., 12.08.2008, leg. A. Hills, det. A. Biketova, K-M000170238 (AH2008092; GP); 
FRANCE • Auvergne-Rhône-Alpes: Allier, Montluçon, the city park, 46°20'11"N, 
02°37'01"E, 240 m, three young to mature basidiomes close to Quercus sp. trees, 
10.10.1986, leg. G. Redeuilh, det. G. Simonini, MCVE17457 (GS1121); • Bretagne: 
Côtes-d’Armor, Plévenon, Cap Fréhel, 48°39'30"N, 02°19'17"E, 58 m, five mature 
basidiomes among the grass under Q. robur, 02.08.1987, leg. G. Reduilh, det. G. 
Simonini, GS1117; • Île-de-France: Paris, Pré Catelan, 48°51'53"N, 02°15'09"E, 44 m, 
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a group of young and mature basidiomes close to Quercus sp., 22.08.1984, leg. G. 
Redeuilh, det. G. Simonini, MCVE17456 (GS1118); • Yvelines, Achères, forest east 
of the city, 48°57'42"N, 02°04'33"E, 27 m, three mature basidiomes in the grass at 
the edge of the Quercus sp. forest, 25.07.88, leg. G. Redeuilh, det. G. Simonini, 
GS1122; • Yvelines, Versailles, Château de Versailles, 48°48'10"N, 02°07'57"E, 
133 m, a couple of one young and one mature basidiome, in the grass, under Quer-
cus sp., 18.07.1993, leg. G. Redeuilh, det. G. Simonini, MCVE17679 (GS1123); • 
Essonne, Massy, Parc de la Tuilerie, 48°43'36"N, 02°16'28"E, 70 m, one basidiome 
in the grass close to Quercus sp. trees, 03.06.1994, leg. G. Redeuilh, det. G. Simo-
nini, MCVE 17836 (GS1338); • Nouvelle Aquitaine: Creuse, Guéret, the city park, 
46°09'46"N, 01°51'50"E, 544 m, in the grass, close to Quercus sp. trees, 11.10.1986, 
leg. G. Reduilh, det. G. Simonini, MCVE17458 (GS1120); GERMANY • Hesse: Gies-
sen, old graveyard, under Quercus sp., 30.05.1998, leg. & det. A. Taylor, AT1998122 
(GP); • Wiesbaden, Park “Unter den Eichen”, 50°05'42.2"N, 08°13'05.9"E, 212 m, one 
mature basidiome under old Quercus sp. tree, 18.06.1998, leg. & det. A. Taylor, 
MCVE18563 (AT1998001, GS2230; GP); • Rhineland-Palatinate: Mainz, Ober Olmer 
Wald, mixed woodland, but mainly Quercus, 26.06.1998, leg. & det. A. Taylor, 
AT1998032 (GP); • Mainz, Kloster Ebersbach, under Quercus, 28.06.1998, leg. & 
det. A. Taylor, AT1998037 (GP); GREECE • Attica: Tatoi, 38°09'39"N, 23°47'47"E, 
500 m, under Q. ilex and Q. coccifera, on calcareous soil, 10.11.2012, leg. E. Polem-
is, det. E. Polemis & A. Biketova, ACAM2012-105 (GP); • Ionian Islands: Corfu, 
Sinies, 39°46'16"N, 19°56'38"E, under Quercus, 17.11.2018, leg. G. Konstantinidis, 
det. G. Konstantinidis, E. Polemis, B. Dima & A. Biketova, GK11644 (GP); • South 
Aegean: Cyclades, Amorgos Island, 36°50'57"N, 25°53'30"E, 300 m, under Q. coc-
cifera, on acidic soil with goat manure, 06.12.2005, leg. E. Polemis, det. E. Polemis 
& A. Biketova, EP05-M224 (GP); • West Macedonia: Grevena Town, 40°4'25"N, 
21°25'42"E, under C. orientalis and Robinia pseudoacacia, 28.09.2009 and 
06.10.2015, leg. G. Konstantinidis, det. G. Konstantinidis, E. Polemis, B. Dima & A. 
Biketova, GK4141 (GP) and GK8378 (GP); • Grevena, Gorgiani, 39°56'41"N, 
21°18'17"E, under Q. frainetto, 02.07.2012 and 24.09.2015, leg. G. Konstantinidis, 
det. G. Konstantinidis, E. Polemis & A. Biketova, GK6124 (GP) and GK8287 (GP); 
• Grevena, 1 km from Grevena to Elato, 40°5'45"N, 21°26'50"E, under C. orientalis, 
R. pseudacacia and C. avellana, 04.10.2016, leg. G. Konstantinidis, det. G. Konstan-
tinidis, E. Polemis, B. Dima & A. Biketova, GK9736 (GP); HUNGARY • Bács-Kiskun: 
Tompa, 46°10'10"N, 19°32'28"E, under Q. robur, growing together with Russula sp., 
10 basidiomes, 22.06.2018, leg. A. Biketova & Z. Merényi, det. A. Biketova, 
K-M001435691 (AB B18-288); • Csongrád-Csanád: Sándorfalva, under P. alba, 
08.06.2013, leg. & det. B. Dima, DB5077 (GP); • ibid., 46°23'34"N 20°07'36"E, under 
Q. robur and R. pseudoacacia, 06.06.2018, leg. & det. A. Biketova & B. Dima, 
K-M001435680 (AB B18-284); • Fejér: Velence, in park under C. avellana, 06.06.2016, 
leg. P. Finy., det. B. Dima, FP-2016-06-06 (GP); • Heves: Tarnalelesz, under C. betu-
lus, 06.09.2015, leg. & det. L. Albert, AL 15-56 (GP); • Komárom-Esztergom: Vértes 
Mts, Tatabánya, under Q. cerris and Q. petraea, 12.06.2022, leg. & det. A. Nagy, B. 
Dima & Gy. Vrba, DB-2022-06-12-3 (GP); • Pest: Visegrád Mts, Pilisszentlászló, un-
der C. betulus, 15.08.2021, leg. & det. L. Albert, AL 21-73 (GP); ITALY • Emilia-Ro-
magna: Reggio nell’Emilia, Parco San Lazzaro, 44°41'20"N, 10°39'36"E, 48 m, more 
than 20 basidiomes from young to mature, under the monumental Q. robur, 
13.09.1993, leg. & det. G. Simonini, MCVE17470 (GS986); • Reggio nell’Emilia, city 
centre, Viale Umberto I, 44°41'25"N, 9°49'58"E, 80 m, seven young to mature 
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specimens under T. platyphyllos, 05.10.1990, leg. unknown, det. G. Simonini, 
GS760; • Reggio nell’Emilia, Viale Isonzo, 44°42'13"N, 10°37'43"E, 51 m, two mature 
basidiomes in a flower bed close to T. platyphyllos trees, 27.08.1995, leg. A. Nuc-
cio, det G. Simonini, MCVE17905 (GS1417); • ibid., 44°42'14"N, 10°37'52"E, 69 m, 
five young to mature basidiomes growing in an urban flower bed, under T. platy-
phyllos, 21.06.1998, leg. & det. G. Simonini, MCVE18267 (GS1896; GP); • Reggio 
nell’Emilia, Parco del Popolo, 44°42'09"N, 10°37'52"E, 52 m, one large mature ba-
sidiome under Q. robur, 11.09.1993, leg. R. Meschieri, det. G. Simonini, MCVE17468 
(GS973); • ibid., 44°42'13"N, 10°37'49"E, 53 m, in the grass close to T. platyphyllos 
and P. alba, 22.08.2015, leg. & det. G. Simonini, GS10138 (GP); • Reggio nell’Emilia, 
via Emilia San Maurizio, close to pharmacy “Caravita”, 44°41'37"N, 10°38'42"E, 
54 m, six large mature basidiomes in a flower bed, under P. abies and T. platyphyl-
los, 28.06.1992, leg. & det. G. Simonini, GS885; • ibid., one mature basidiome in a 
flower bed, under P. abies and T. platyphyllos, 17.05.1993, leg. G. Fontana, det. G. 
Simonini, GS938; • ibid., 11 young to mature basidiomes in a flower bed, under P. 
abies and T. platyphyllos, 16.06.1995, leg. G. Fontana, det. G. Simonini, MCVE17838 
(GS1370); • Reggio nell’Emilia, residential district “Pappagnocca”, 44°40'54"N, 
10°38'38"E, 64 m, a single huge basidiome among the grass, under Q. robur trees, 
15.10.1991, leg. unknown, det. G. Simonini, MCVE21790 (GS857); • Reggio 
nell’Emilia, Viale Ramazzini, 44°42'09"N, 10°38'14"E, 51 m, one young and one ma-
ture large basidiomes, among the grass in a garden in urban area near a young Q. 
cerris tree, 13.06.1992, leg. M. Comuzzi, det. G. Simonini, GS869; • ibid., four young 
to mature basidiomes among the grass in a garden in urban area, near a young Q. 
cerris tree, 24.05.1993, leg. M. Comuzzi, det. G. Simonini, GS939; • ibid., four ma-
ture basidiomes with cracked cuticle, among the grass in a garden in an urban area 
near a young Q. cerris tree, 04.09.1993, leg. M. Comuzzi, det. G. Simonini, GS958; • 
ibid., three young to mature basidiomes, among the grass in a garden in an urban 
area near a young Q. cerris tree, 05.09.1993, leg. M. Comuzzi, det. G. Simonini, 
GS961 (GP); • ibid., three mature basidiomes, among the grass in a garden in an 
urban area near a young Q. cerris tree, 07.09.1993, leg. & det. G. Simonini, 
MCVE17463 (GS964); • Reggio nell’Emilia, Cadelbosco di Sopra, Cadelbosco di 
Sotto, 44°48'19"N, 10°37'06"E, 25 m, urban green areas, in the grass close to Quer-
cus sp. trees, 10.11.1996, leg. G. Candiani, det. G. Simonini, MCVE18151 (GS1759); 
• Albinea, Ca’ de Caroli, via Mattaiano, 44°35'14"N, 10°38'03"E, 350 m, five mature 
basidiomes at the edge of the cart track, close to Quercus trees, 17.10.1993, leg. & 
det. G. Simonini, GS1030; • Bergogno, via Bergogno, 44°33'02"N, 10°29'14"E, 590 m, 
two mature basidiomes at the road edge, close to C. sativa wood, 19.09.03, leg. & 
det. G. Simonini, GS1006; • Case Bigi, Parco del Rio Coviola, 44°40'55"N, 10°32'59"E, 
70 m, in the mixed broadleaved wood along a small river, eight basidiomes from 
mid-age to mature, close to Q. cerris, 18.10.1998, leg. & det. G. Simonini, MCVE18353 
(GS2028); • Codemondo, Parco del Rio Coviola, 44°40'42"N, 10°32'56"E, 94 m, in 
the mixed broadleaved wood along a small river, two mature basidiomes, close to 
Quercus sp., 24.08.95, leg. L. Vescovi, det. G. Simonini, MCVE17904 (GS1410); • 
Gattatico, Praticello di Gattatico, 44°48'25"N, 10°28'21"E, 37 m, five mature basidi-
omes under Q. robur trees, 7.10.1983, leg. G. Bramini, det. G. Simonini, MCVE17231 
(GS71); • ibid., 44°48'17"N, 10°28'18"E, 35 m, green urban area, three mature basid-
iomes in the grass, close to Q. robur trees, 12.10.1998, leg. G. Donelli, det. G. Simo-
nini, GS2009; • ibid., 44°48'21"N, 10°27'58"E, 25 m, six mature big basidiomes in the 
grass, green urban area close to Acer campestre and Q. robur, 12.10.1998, leg. G. 
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Bramini, det. G. Simonini, MCVE18346 (GS2022); • ibid., 44°48'21"N, 10°27'55"E, 
36 m, three mature basidiomes grown in an orchard (Rosaceae), apparently far 
from Tilia or Fagales, 01.11.2001, leg. G. Donelli, det. G. Simonini, GS2148; • Quat-
tro Castella, Parco di Roncolo, 44°37'16"N, 10°29'04"E, 360 m, eleven partially de-
hydrated mature basidiomes, in a Q. pubescens wood, on calcareous soil, 
20.06.1992, leg. & det. G. Simonini, GS874; • ibid., 44°37'24"N, 10°22'23"E, 350 m, 
two mature basidiome, in a Q. pubescens wood on calcareous soil, 21.06.1992, 
leg. & det. G. Simonini, GS878; • ibid., 44°37'17"N, 10°29'11"E, 380 m, one mature 
basidiome, in a Q. pubescens wood, on calcareous soil, 21.06.1992, leg. & det. G. 
Simonini, GS879; • ibid., 44°37'27"N, 10°29'24"E, 320 m, five mature basidiomes in 
the Q. pubescens wood, calcareous soil, 19.09.1993, leg. & det. G. Simonini, 
GS1009; • ibid., 44°37'28"N, 10°29'24"E, 315 m, three young to mature basidiomes 
in mixed broadleaved wood, close to Q. pubescens trees, 12.10.1996, leg. & det. G. 
Simonini, MCVE18129 (GS1714); • ibid., 44°37'19"N, 10°29'15"E, 399 m, six basidi-
omes mid-age to mature, in two co-grown tufts, in a wood of Q. pubescens and 
O. carpinifolia on calcareous soil, 20.10.2010, leg. & det. G. Simonini, GS11010; 
• ibid., 44°37'22"N, 10°29'14"E, 359 m, a single mature basidiome grown in the 
grass at the edge of a wood of Q. pubescens and O. carpinifolia on calcareous soil, 
09.10.2010, leg. & det. G. Simonini, GS11011; • Reggio nell’Emilia, Quattro Castella, 
Rocca di Monte Lucio, 44°37'36"N, 10°27'56"E, 250 m, six mature basidiomes in 
the grass, close to Q. pubescens trees, 26.09.1994, leg. L. Vescovi, det. G. Simonini, 
MCVE17775 (GS1278); • ibid., 44°37'35"N, 10°27'49"E, 280 m, seven mature basid-
iomes in the grass, close to Q. pubescens trees, 26.09.1994, leg. L. Vescovi, det. G. 
Simonini, MCVE17769 (GS1279); • Parma, Sala Baganza, Carrega Woods Regional 
Park, near Lago della Svizzera, 44°43'49"N, 10°12'16"E, 153 m, a single isolated 
basidiome on the shore of the lake, with C. betulus and Q. petraea, 09.10.2015, leg. 
T. Svetasheva, det. G. Simonini, GS10409 (GP); • ibid., 44°43'47"N, 10°12'16"E, 
154 m, a single isolated decayed basidiome on the shore of the lake, with C. betu-
lus, Q. petraea, and Taxodium distichum, 09.10.2015, leg. T. Svetasheva, det. G. Si-
monini, GS10410 (GP); • Lazio: Rome, Via Appia Antica, 41°50'14"N, 12°32'20"E, 
56 m, a single mature basidiome and a primordium collected on loamy, very moist 
grassy soil under Q. ilex and Ligustrum lucidum with the presence of bamboo 
sticks in the garden of a private property, 14.07.2009, leg. & det. M. Gelardi, MG205; 
• Liguria: La Spezia, Deiva Marina, 44°13'16"N, 09°31'22"E, 12 m, two mature basid-
iomes in the grass in an urban flowerbed artificially irrigated, close to T. cordata 
trees, soil pH = 6.9, 20.06.1994, leg. & det. G. Simonini, MCVE17713 (GS1144); • La 
Spezia, Portovenere, Muzzerone, 44°03'25"N, 9°49'58"E, 250 m, three large basidi-
omes, from mid-age to mature, in a sparse forest of Q. ilex, Q. cerris, P. halepensis, 
and Erica arborea, 18.10.1987, leg. C. Fantuzzi, det. G. Simonini, MCVE21796 
(GS530); • Lombardia: Milan, Paderno Dugnano, the city park “Emilio de Marchi”, 
45°34'28"N, 09°09'47"E, 165 m, three young to mature basidiomes close to Q. ilex 
and Q. robur, together with many other broadleaved and conifer trees, 19.09.1993, 
leg. G. Pina, det. G. Simonini, GS1166; • ibid., ten and seven young to mature basid-
iomes, 06.09.1987 and 15.07.1989, leg. G. Pina, det. G. Simonini, GS1154 and 
GS1159; • ibid., one mature basidiome, 17.10.1990 and 28.07.1993, leg. G. Pina, 
det. G. Simonini, GS1163 and GS1165; • three basidiomes, 04.07.1993. leg. G. Pina, 
det. G. Simonini, GS1164; • Sardinia: Sassari, Calangianus, “Le Grazie”, under 
Q. suber, 05.09.1997, leg. M. Contu, det. A. Biketova, IB1997735 (GP); • Cagliari, 
Sinnai, Casula Mua Sanna, city park, 39°18'08"N, 9°12'11"E, 141 m, five young to 
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mature basidiomes growing among the grass close to Q. ilex and Cupressus hori-
zontalis, 01.12.2014, leg. A. Mua, det. G. Simonini, GS10273 (GP); • Sicily: Messina, 
Monti Peloritani, Mt. Dinnammare, Colle S. Rizzo, 38°13'03.9"N, 15°30'30.2"E, 
450 m, seven young basidiomes growing with Q. ilex, P. pinea, and R. pseudoacacia, 
14.10.2020, leg. & det. S. Saitta, TUR-A 209576 (GP); • Messina, Monti Peloritani, 
Mt. Dinnammare, Portella Armacera, 38°11'54.4"N, 15°29'28.9"E, 700 m, six young 
basidiomes growing with Q. ilex and P. pinea, 14.10.2020, leg. & det. S. Saitta, 
TUR-A 209577 (GP); • Ragusa, Monterosso Almo, Bosco Canalazzo, 37°05'12"N, 
14°44'14"E, 690 m, four young to mature small basidiomes among grass in clear-
ings, close to Q. ilex, Q. pubescens trees, 09.11.2016, leg. G. Vasquez, det. G. Simo-
nini, GS10924; • Palermo Prov., Cinisi, Piano Margi, under Q. ilex, 06.11.2003, leg. G. 
Venturella, det. A. Biketova, SAF 1994 (GP); • Tuscany: Grosseto, Monte Argentario, 
Poggio Le Piane, Residence “il Mascherino”, 42°25'49"N, 11°10'28"E, 43 m, ten 
young to mature basidiomes, in sparse Q. suber forest, 30.10.1993, leg. & det. G. 
Simonini, GS1044; • Grosseto, Monte Argentario, Poggio Le Piane, road towards 
the Residence “il Mascherino”, 42°25'19"N, 11°09'55"E, 161 m, four large mature 
basidiomes, in the Q. ilex wood, 31.10.1993, leg. G. Nuccio, det. G. Simonini, 
GS1048; • Livorno, Collesalvetti, near Agriturismo Tenuta Vallelunga, 43°34'36"N, 
10°23'45"E, 68 m, in a wood of Q. cerris, Acer sp., O. carpinifolia, and F. ornus, 
03.10.2016, leg. M. Raumi, det. G. Simonini, GS10848 (GP); • Veneto: Camping Vil-
lage “Cavallino”, Venezia, 45°27'24"N, 12°30'11"E, 3 m, four mature basidiomes 
growing among the grass and the needles, under Pinus pinea, 20.08.2009, leg. F. 
Golzio, det. G. Simonini, GS2475; RUSSIA • Krasnodarski Krai: Sochi City District, 
vic. of Mamedova Shchel Village, gorge of Lel River, 43°56'47"N, 39°18'23"E, mixed 
Fagus-Carpinus-Quercus forest along the river, on soil and litter, 31.08.2022, leg. T. 
Svetasheva, det. T. Svetasheva & E. Malysheva, LE F-332232 (GP); SERBIA • Central 
Serbia: Mačva District, Krupanj Municipality, Mala Gornja Village, near the peak of 
Mt. Kostajnik, 44°25'43"N, 19°17'16"E, 600 m, under F. sylvatica and Q. petrea, one 
basidiome, 02.08.2020, leg. A. Biketova & B. Dobrić, det. A. Biketova, K-M001435694 
(AB B20-362, GP); SPAIN • Bizkaia: Laukiz, Talleri, 43°21'28"N, 2°55'10"W, 29 m, 
under Q. robur, in a roadside, 02.09.2005, leg. E. Fidalgo, det. J. Muñoz & A. Taylor, 
JAM0605 (GP); • Cantabria: Saja, Cambilla, 43°06'33"N, 4°16'14"W, 759 m, under F. 
sylvatica, in a roadside, 31.08.2005, leg. J. Muñoz, det. J. Muñoz & A. Taylor, 
JAM0547 (GP); • Ucieda, Río Bayones, 43°14'04"N, 4°13'01"W, 268 m, under 
Q. robur, growing among the grass in a cleared area, 06.09.2005, leg. J. Muñoz, det. 
J. Muñoz & A. Taylor, JAM0591 (GP); • Navarra: Lekunberri, Puerto de Uitzi, 
43°03'01"N, 1°55'01"W, 850 m, under F. sylvatica, in a roadside, 09.09.2005, leg. M. 
Babace, J. Cadiñanos, E. Benguría, E. Fidalgo. A. Meléndez, M. Maguregui & J. 
Muñoz, det. J. Muñoz & A. Taylor, JAM0611 (GP); SWEDEN • Scania Co.: Lomma, 
Alnarpsparken, 55°39'04"N, 13°03'53"E, under Quercus sp., on clayey and base rich 
soil, 03.09.2000, leg. I. Goa, det. A. Taylor, LD 1213132 (GP); • Stockholm Co.: 
Stockholm, Ulriksdahl, growing in greenhouse, probably associated with Tilia, 
16.04.2003, leg. & det. A. Taylor, AT2003001 (GP); • Västra Götaland Co.: Bohuslän, 
Hjälteby, Sundsbyvägen, Sundsby, 58°04'13.4"N, 11°41'22.5"E, in deciduous forest 
on shell gravel ground, 12.09.1994, leg. S. Jacobsson, det. A. Taylor, GB-0017989 
(AT1994026, S. Jacobsson 94026; GP); UKRAINE • Vinnytsia Region: Vinnytsia For-
est Park, one young basidiome growing among moss, under F. sylvatica, with pres-
ence of P. sylvestris and C. betulus, 07.09.2014, leg. & det. A. Biketova, K-M001435697 
(AB B14-246; GP); UNITED KINGDOM • England: Berkshire, near Ascot, Silwood 
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Park, 07.11.1996 and 29.08.2006, leg. A. Hills, det. A. Taylor, K-M000167946 
(AH1996033; GP) and K-M000168799 (AH2006031; GP); • Oxfordshire, Bagley 
West Wood, sawmill area, 25.08.2004, leg. A. Hills, det. A. Biketova, K-M000167271 
(AH2004100, GP); • Oxfordshire, Oxford, St Thomas the Martyr Churchyard, 
SP507603, with Q. ilex, 17.08.2004, leg. A.E. Hills, det. A. Hills & A. Taylor, 
K-M000167206 (AH2004079; GP); • Oxfordshire, near Wallingford, Oakley Wood, 
under Q. robur, 14.10.1998, leg. A.L. Warland, det. A. Hills & A. Taylor, K-M000170839 
(AH1998100; GP); • Oxon, near Henley, Crowsley Park, 31.11.1996, leg. A. Hills, det. 
A. Hills & A. Taylor, AH1996031 (GP); • South Yorkshire, Sheffield, Norfolk Park, 
under Q. cerris, 08.08.1994, leg. C. Hobart, det. A. Taylor, AT1994006 (GP).

Notes. Hortiboletus engelii is based on Boletus engelii Hlaváček 2001, which is, 
in turn, to be based on the earlier description of the invalid Xerocomus quercinus 
H. Engel & T. Brückn. nom. prov. The validating paper of J. Hlaváček (2001) is 
not free from mistakes; the new species is cited as a “nom. nov.”, whilst it is a 
“sp. nov.” and the earlier X. quercinus H. Engel & T. Brückn. nom. inval. (Engel 
and Brückner 1989; Engel et al. 1996) is cited as a basionym, on the type of 
which the new species had to be based. However, X. quercinus does not have 
any designated holotype, but only a list of findings. One of them is from the fun-
garium of Thomas Brückner, collected on an unknown date in 1989 in Thürin-
gen, Gera, Weinberg, MTB 5138/1 and was chosen as the holotype by Hlaváček 
(2001). In this case, “MTB” is an abbreviation of “Messtischblatt”, which means 
“survey table sheet” or “topographical code” that was often used in Germany. 
Therefore, there is no voucher specimen indicated in the typification, but that is 
not compulsory, based on Art 40.6. and 40.7 of the ICN (Turland et al. 2018). Ad-
ditionally, there is no evidence that Hlaváček ever studied the original material 
of X. quercinus himself. Despite all inconsistencies, the publication of B. engelii 
Hlaváček 2001 basically complies with the rules of the ICN (typification, diagno-
sis (Turland et al. 2018)) and, therefore, this name is valid and legitimate.

We attempted to find the type of B. engelii and locate the private collection 
of T. Brückner, but have not succeeded yet. We found out that the private col-
lection of Heinz Engel was relocated to the Bavarian Natural History Collec-
tions (SNSB); however, none of the X. quercinus specimens listed in Engel and 
Brückner (1989) and Engel et al. (1996) is stored there. In Engel and Brückner 
(1989), there is a citation that the listed specimens were preserved not only in 
their private collections, but also in Edinburgh, likely referring to the herbarium 
of the Royal Botanic Garden Edinburgh (RBGE), because it was mentioned that 
they sent dry material to Roy Watling for verification. However, R. Watling and 
current curators of RBGE were unable to locate these specimens.

The use of the old name Boletus communis Bull. (Bulliard 1789) for the taxon, 
which we here describe under the name H. engelii, would be potentially possible 
(Redeuilh and Simonini 1999b) through the designation of a lectotype chosen 
among the basidiomes depicted in the original plate (pl. 393). However, there 
are several nomenclatural and taxonomic reasons which should be taken into 
consideration to discourage this alternative. As far as the nomenclatural rea-
sons are concerned, we have to consider that J.B.F.P. Bulliard (1789), in a page 
of Herbier de la France (p. 328) belonging to a volume different from the one 
in which the original diagnosis of B. communis was firstly published, included 
the description and plates of B. communis under the newly-described species 
Boletus chrysenteron: “Il faut aussi rapporter à cette espèce les individus dont 
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nous avons donné la figure, pl. 393, sous le nom vulg. de BOLET COMMUN...”. Fur-
thermore, in the description of B. chrysenteron, the author explicitly cites again 
the plate 393 earlier referred to B. communis. Accordingly, part of the pl. 490 (in-
cluding its caption) is referred to as B. chrysenteron, while in the description of 
B. chrysenteron, the French author cites both pl. 393 and pl. 490. In conclusion:

1)	Boletus communis Bull. 1789 is validly and legitimately published, having 
both a potential lectotype (to be chosen among pictures in pl. 393) and 
description (caption of pl. 393).

2)	Pl. 393 contains the potential lectotype of B. communis, but it might also 
contain a possible lectotype of B. chrysenteron.

Since both B. communis and B. chrysenteron were published before 1 Jan 
1953, the uniqueness of the type does not invalidate either B. communis or 
B. chrysenteron (Art. 36.3 of the ICN (Turland et al. 2018)). Moreover, since B. 
chrysenteron is a valid, but illegitimate name (cf. also Hansen and Knudsen 
(1992) and Redeuilh and Simonini (1995)), choosing a shared lectotype (i.e. the 
basidiome in the lower right of pl. 393) for B. communis and B. chrysenteron 
could lead to their homotypic and indisputable synonymy and, consequently, 
to the use of the name B. communis as a substitute for the illegitimate name 
B. chrysenteron. Summing up, this is a nomenclatural case hard to unravel 
and potentially provoking nomenclatural instability in case of a proposal for 
a putative recombination of Hortiboletus communis in substitution of the later 
H. engelii, since the same epithet could be used for two different taxa.

From the taxonomic standpoint, we have to outline that the original plate of B. 
communis by Bulliard (pl. 393) could represent two different species, if not three; 
the five basidiomes labelled “B” (on the top) could correspond to X. subtomento-
sus (coarse interconnecting ribs are clearly visible on the upper half of the stipe of 
all individuals); three out of the four basidiomes labelled “A” (below, lower left and 
centre) look much like H. bubalinus, whereas the single basidiome on the lower 
right might well be an additional H. bubalinus (although with an unusual areolate 
pileus) or more probably a member of the Xerocomellus chrysenteron/X. cisalpi-
nus complex. The pileus of a half basidiome labelled “C” (on the right side of the 
plate) could be any of the European xerocomoid fungi and it appears to be nearly 
impossible to identify. Accordingly, not one of the specimens reproduced in this 
plate can be considered an indisputable H. engelii as it is currently delimited and, 
thus, B. communis can only be doubtfully considered contaxic with the former 
species. Therefore, B. communis should be regarded as a nomen confusum.

The taxonomic status of the heterotypic synonym Boletus subtomentosus sub-
sp. declivitatum (Martín 1904) is also in need of further clarification. The original 
plate of this subspecies, traditionally considered as conspecific with H. engelii, 
could well depict a mixture of different species. Elements 1 and 2 could be prob-
ably considered as H. bubalinus, while elements 6 and 7 are likely H. rubellus. The 
remaining sketches are unclear and very difficult to recognise. However, as it is 
the case for B. communis, it appears that there are no specimens in the original 
plate of B. subtomentosus subsp. declivitatum that can be linked with certainty 
to the current concept of H. engelii and, therefore, it should also be considered a 
nomen confusum. Anyway, being the epithet “declivitatum” proposed at the rank 
of variety, it does not compete with “engelii” at the rank of species.
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Hortiboletus engelii belongs to the crown clade of Hortiboletus in our mul-
tilocus phylogenetic analysis (Fig. 1) as a well-supported (BS = 70, PP = 1.00) 
sister species of H. hershenzoniae (see below). They differ by 15 nucleotides 
and indel positions (3% dissimilarity). They both form a weakly-supported clade 
(multilocus: PP = 0.80) sister to the undescribed Hortiboletus sp. 1 from Paki-
stan (common clade in the multilocus tree: BS = 98, PP = 1.00).

Hortiboletus hershenzoniae Biketova & Wasser, sp. nov.
MycoBank No: MB847434
Figs 3c, d, 8, 13–15

Diagnosis. Basidiomes pileate-stipitate, xerocomoid, epigeal, small to medi-
um-small-sized. Young basidiomes usually have a red pileus and yellow stipe, 
but with age, the colour of the pileus can fade to various tints of brown or grey-
ish-brown and the stipe surface develops a dark-red tint (red scales or fibrils on a 
yellow background). Pileus up to 10 cm in diam., dry, finely tomentose, sometimes 
alveolate-rugose or with small cracks. Tubes adnate to slightly decurrent, initially 
pale yellow to lemon yellow and becoming olivaceous-brown with age, slightly blu-
ing when cut. Pores angular, uneven and denticulate in mature basidiomes, con-
colourous with tubes, only weakly bluing when bruised. Stipe up to 12 cm long, 
central or slightly off-centre, usually slender especially in young basidiomes, cylin-
drical, curved, somewhat tapering towards the base and slightly rooting. Context 
firm to soft in the pileus, fibrous and brittle in the stipe; pale yellow to lemon yellow, 
sometimes from pale pink to vinaceous underneath the pileus surface in old basid-
iomes, usually with minute dots of orange-red or vermilion-red pigment in the stipe 
base (sometimes dots are absent in young basidiomes); only erratically and slight-
ly bluing when exposed to air. Basidiospores 11.4–13.9 × 6.0–6.6 µm, Qm = 2.02 
± 0.17, broadly elliptical to broadly fusiform, smooth. Pileipellis a palisadoderm, of 
long, parallel, smooth or sometimes encrusted hyphae; terminal elements 20.0–
48.2 × 9.0–13.8 μm, mostly cylindrical and somewhat tapering towards the apex.

Etymology. Named in honour of the late Zehara Avizohar-Hershenzon, who 
was one of the pioneers of the mycological science and investigations of mac-
rofungi in Israel.

Holotype (MTB 10011371). ISRAEL • Sharon Plain: Zikhron Ya’akov, 
32°34'28"N, 34°58'33"E, under Quercus calliprinos, 01.12.2012, leg. R. 
Kuznetsov, K-M001435594 (AB B12-071 – collector’s number), GenBank: 
ITS+LSU – PV030528, tef1-α – PV088300, and rpb2 – PV088311.

Description. Basidiomes pileate-stipitate, xerocomoid, epigeal, small to 
medium-small-sized. Sometimes basidiomes grow fused together, forming 
one common pileus originating from two different stipes. Ontogenetic devel-
opment gymnocarpic.

Pileus 1.9–10 cm diam., initially nearly hemispherical, then convex, applanate 
to almost flattened, slightly depressed at centre, sometimes irregularly shaped, 
dry, finely tomentose, sometimes alveolate-rugose or with fine or coarse cracks 
especially in dry weather, with cream or yellowish (basidiomes with red pileus) 
or also vinaceous-red (basidiomes with brownish pileus) context in the cracks; 
pileus surface very variable in colour, initially with different tints of red (blood 
red, cherry red, rose red, vinaceous-red: BFF 41; OAC 600–605, 607, 621–623) 

https://www.mycobank.org/MB/MB847434
http://www.ncbi.nlm.nih.gov/nuccore/PV030528
http://www.ncbi.nlm.nih.gov/nuccore/PV088300
http://www.ncbi.nlm.nih.gov/nuccore/PV088311
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Figure 13. Hortiboletus hershenzoniae basidiomes: a, b holotype collection K-M001435594; c K-M001435695; 
d K-M001435706; e, f pileus surface of collections: e K-M001435695 and f K-M001435706. Scale bars: 2 mm. Photos: 
(a, b) R. Kuznetsov; (c–f) A. Yu. Biketova.

and then usually slowly fading to various tints of brown or greyish-brown and 
ochraceous (hazel, clay buff, sepia, milky coffee, cigar brown, greyish-ochra-
ceous: BFF 16, 17, 26- 8, 32; OAC 770, 771, 778, 736, 743, 745), especially in 
dry weather; cap margin slightly inrolled in young basidiomes and then straight, 
acute, sometimes obtuse gibbous-corrugate, somewhat (sometimes signifi-
cantly) paler than the central part of the pileus in young basidiomes.

Tubes up to 15 mm long, at first adnate, later emarginate or slightly decur-
rent with a tooth, initially straw yellow, lemon yellow or greenish-yellow (BFF 50, 
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Figure 14. Details of macroscopical features of H. hershenzoniae: a uneven, denticulate hymenophoral surface of col-
lection K-M001436710; b–d context of the stipe base: b without orange-red dots in a young basidiome (K-M001436710), 
c with sporadic orange-red dots in young basidiome (K-M001435695), and d collapsed and dispersed orange-red dots 
throughout the whole stipe base context of a mature basidiome (K-M001435695); e stipe surface with reddish fibrils on 
light-yellow ground in a brown-pileus basidiome of K-M001436710; f stipe surface with light-yellow ground in a red-pileus 
basidiome of K-M001435695. Scale bars: 2 mm (a, e, f); 1 mm (b–d). Photos: A. Yu. Biketova.

54, 57, 64; OAC 1, 3, 896, 897), later greenish-yellow, citrine olivaceous to olive 
brown (OAC 801, 817, 832, 838, 894); slightly bluing when injured.

Pores angular, uneven and denticulate in mature basidiomes, pale yellow, 
lemon or greenish-yellow (BFF 54, 57, 64; OAC 3, 856, 894, 896, 897) in young 
basidiomes and citrine olivaceous to olive brown with rusty tint (OAC 804, 848, 
825, 839, 838, 785) with age, only weakly bluing when bruised.
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Figure 15. Microscopical features of H. hershenzoniae: a basidiospores of collection K-M001435693 in L4; b basidia in 
Congo red, left collection K-M001435710, right – K-M001435695; c pileipellis in Congo red, left collection K-M001435693, 
centre – K-M001435686, right – K-M001435594 (holotype); d pleurocystidia in Congo red, from left to right collections 
K-M001435710, K-M001435695 – twice, and K-M001435710; e cheilocystidia in Congo red of K-M001435710. Scale bar: 
10 μm. Photos: G. Simonini.

Stipe 4–11.5 × 0.7–3.7 cm, versiform, central or slightly off-centre, usually 
slender especially in young basidiomes, cylindrical, curved, somewhat tapering 
towards the base and slightly rooting, dry, initially smooth or slightly fibrillose 
and straw or lemon yellow throughout (BFF 50; OAC 1, 3, 853, 855, 856, 898) in 
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wet weather, then becoming ornamented with vinaceous-red and brownish-red 
scales or fibrils (BFF 17, 19, 20; OAC 657, 635, 601, 602, 622) in the upper or 
middle part of the stipe and sometimes towards the base especially in dry con-
ditions. Basal mycelium yellow or dirty yellow (OAC 1, 3-5, 853, 856, 847).

Context firm to soft in the pileus, fibrous and brittle in the stipe; pale yellow, 
sulphur yellow to lemon yellow (BFF 55; OAC 1, 858), slowly fading on drying 
especially in the pileus, sometimes from pale pink to vinaceous (BFF 76, OAC 
578, 599, 611) underneath the cuticle in old basidiomes, usually with minute 
dots of red-orange or orange-red (OAC 630, 649, 677) pigment in the stipe base 
that is mostly visible only under a stereomicroscope and sometimes absent in 
young basidiomes; sometimes only slightly bluing in the pileus and/or in the 
upper and middle part of the stipe (in wet weather) when exposed to air.

Spore print olive brown (OAC 831, 832).
Odour inconspicuous. Taste mild.
Macrochemical spot-test reactions: Melzer’s reagent: a weak fleeting-amy-

loid reaction on the hymenophoral trama and on the stipe and pileus context of 
fresh and dry basidiomes; 25% NH4OH: fading of pinkish pigment of the pileus 
context under cuticle; 10% FeSO4: olivaceous (BFF 62; OAC 866, 868, 832, 882) 
to bluish-grey on the context in the stipe base and pale olivaceous (OAC 850) 
to olivaceous-black (OAC 36, 37) on the pileus context; 10% H2SO4: sienna to 
light yellow ochre and (OAC 706, 707, 810–813) on pileus surface, yellow ochre 
(OAC 810–812) on pores, and olive-ochraceus to yellow ochre (OAC 803, 811, 
818, 825) on the stipe context.

Basidiospores [336/10/10] (10.8–)12.4 ± 0.9(–13.9) × (5.5–)6.2 ± 0.3(–6.6) µm, 
Qm = (1.90–)2.01 ± 0.08(–2.22), Vm = 251 ± 40 µm3, broadly elliptical to broadly 
fusiform, smooth, with a weak suprahilar depression in profile, yellowish ochra-
ceous, with 1–3 large guttules when mature. Basidia 28–42 × 9–13 μm, generally 
four-spored, clavate, hyaline to yellowish, guttulate, without basal clamp.

Basidia [51/2/2] (32.5–)48.4 ± 8.2(–74.0) × (11.8–)14.2 ± 1.9(–19.5) μm, 
subclavate to clavate, predominantly 4-spored, sterigmata (2.5–)3.2 ± 1.7(–
6.7) μm long, hyaline to yellowish in 5% KOH and containing concolourous 
oil guttules, without basal clamps; basidioles subcylindrical to faintly clavate, 
smaller than basidia.

Cheilocystidia [11/2/2] (45.0–)52.7 ± 6.3(–65.0) × (8.2–)12.4 ± 2.9(–16.2) μm, 
slender, ventricose-fusiform, often with elongated neck, with rounded tip, smooth, 
mostly hyaline to pale yellowish, some with intracellular yellowish oil content, in 
water and 5% KOH. Pleurocystidia [30/2/2] (38.0–)56.5 ± 8.1(–70.0) × (10.0–
)13.6 ± 2.2(–19.5) μm, slender, ventricose-fusiform, often with elongated neck, 
with rounded tip, smooth, mostly hyaline to pale yellowish, some with intracel-
lular yellowish oil content, in water and 5% KOH. Pseudocystidia not observed.

Hymenophoral trama bilaterally divergent, intermediate between the “Phyllo-
porus-type” and the “Boletus-type”: lateral strata consisting of poorly divergent, 
tightly arranged, non-gelatinous hyphae almost touching each other, hyaline 
to very pale yellow in water and 5% KOH; mediostratum consisting of tightly 
adpressed, non-gelatinous, parallel running hyphae; in Congo red, the medio-
stratum is slightly darker than the lateral strata.

Pileipellis a palisadoderm of long, parallel, septate, smooth or encrusted (by 
granular pigment) hyphae; terminal elements [322/10/10] (25.2–)32.6 ± 5.9(–
44.2) × (7.3–)10.9 ± 2.1(–13.9) μm, Qm = (2.32–)3.03 ± 0.43(–3.61), encrusted, 
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mostly cylindrical and somewhat tapering towards the apex, obtusely triangu-
lar, acorn-shaped.

Stipitipellis consisting of slender, subparallel, smooth walled, round tip, 
pale-yellow in 5% KOH hyphae, (3.0–)3.5–4.5(–6.5) μm broad. Bundles of a cau-
lohymenium, constituted of clavate caulobasidioles (23.0–)31.0–35.2(–42.5) × 
(8.0–)9.3–12.1(–14.5) μm, hyaline to pale yellow in 5% KOH are observed in the 
upper part of the stipe; fertile caulobasidia not observed. Confused, intermixed, 
sometimes ramified 4.4–6.0 μm hyphae from which caulobasidioles arise were 
observed, not constituting a true lateral stratum.

Stipe trama consisting of parallel running, (5.5–)6.7–7.1(–8.0) μm broad, 
sometimes restricted to septa hyphae, hyaline in 5% KOH, inamyloid; infrequent, 
versiform thromboplerous hyphae are observed here and there.

Clamp connections absent in all tissues.
Ecology and phenology. Solitary, in small groups, or caespitose, in Mediter-

ranean thermophilous forests, growing with Quercus calliprinos (Sleiman et al. 
(2021), as H. engelii, GP; pers. observ., GP), possibly also with Q. ithaburensis on 
calcareous soil, common in its habitat. There are some molecularly unconfirmed 
data referring to a putative association with Pinus halepensis. The main fruiting 
period starts after the first prolonged and heavy rains and goes from late Octo-
ber to December, sometimes continuing until the last rains in April.

Known distribution (see Fig. 5b). So far known from Israel (this study, GP) 
and Lebanon (Sleiman et al. (2021), as H. engelii, GP). It likely grows in other 
countries of the eastern Mediterranean region.

Additional examined material. ISRAEL • Carmel Mount: Mt. Carmel National 
Park, Nahal Oren valley, Henyon Ha’Agam, 32°43'26"N, 35°00'55"E, 260 m, under Q. 
calliprinos, four from young to mature basidiomes, 13.11.2012, leg. Y. Cherniavsky 
& O. Godorova, det. A. Biketova, K-M001435678 (AB B12-024, GP); • the same local-
ity, two aged basidiomes, 17.11.2012, leg. O. Godorova & A. Biketova, det. A. Bike-
tova, K-M001435686 (AB B12-046); • Mt. Carmel National Park, near the crossroad 
Damon, 32°44'03"N, 35°02'22"E, 505 m, under Q. calliprinos, several from young 
to mature basidiomes, 30.10.2015, leg. S. Tam, Y. Gruntman, N. Bar, Y. Segal, T. 
Schlesinger, E. Baum, Y. Ingel & A. Biketova, det. A. Biketova, K-M001436710 (AB 
B15-261; GP) and K-M001435695 (AB B15-263); • Dereh Nof HaCarmel, under Q. 
calliprinos, two mature basidiomes, 20.11.2014, leg. Y. Cherniavsky, det. A. Bike-
tova, K-M001435698 (AB B14-217, GP); • ibid., under Q. calliprinos, 09.12.2014, 
three mature basidiomes (two infected by Hypomyces cf. chrysospermus), leg. 
R. Kuznetsov, det. A. Biketova, K-M001435700 (AB B14-235); • Nesher, not far 
from the University of Haifa, near the road 672, close to the Cave, 32°45'23.1"N, 
35°01'39.6"E, under Pistacia lentiscus with P. halepensis in vicinity, one mature ba-
sidiome, 28.10.2015, leg. A. Biketova & A. Berqi, det. A. Biketova, K-M001435702 
(AB B15-252); • Lower Galilee: HaSolelim Forest Reserve, near the intersection of 
highway 77 and the road to Hoshaya, 32°46'07"N, 35°17'38"E, in Q. calliprinos and 
Q. ithaburensis forest, one to two mature basidiomes in each specimen, 14.12.2012, 
leg. Z. Shafranov & A. Rotenberg, det. A. Biketova, K-M001435681 (AB B12-112), 
K-M001435683 (AB B12-113), K-M001435685 (AB B12-114), K-M001435687 
(AB B12-117), and K-M001435689 (AB B12-118); • Sharon Plain: Zikhron Ya’akov, 
near Israel National Trail, 32°34'29"N, 34°58'33"E, under Q. calliprinos, one ma-
ture basidiome (infected by Hypomyces cf. chrysospermus), 20.11.2014, leg. R. 
Kuznetsov, det. A. Biketova, K-M001435704 (AB B14-218, GP); • ibid., 32°34'28.5"N, 
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34°58'33.2"E, under Q. calliprinos and Q. ithaburensis, two mature basidiomes (one 
infected by Hypomyces cf. chrysospermus), 07.04.2014, leg. R. Kuznetsov, det. A. 
Biketova, K-M001435703 (AB B14-189); • ibid., 32°34'13.0"N, 34°58'26.9"E, under 
Q. calliprinos, one mature basidiome, 05.12.2014, leg. R. Kuznetsov, det. A. Biketo-
va, K-M001435708 (AB B14-228, GP); • Zikhron Ya’akov, near Israel National Trail, 
near the ravine, 32°34'29.3"N, 34°58'32.4"E, under Q. calliprinos, 05.12.2014, leg. R. 
Kuznetsov, det. A. Biketova, K-M001435706 (AB B14-227, GP, one mature and one 
aged basidiome) and K-M001435707 (AB B14-229, two mature basidiomes), re-
spectively; • Zikhron Ya’akov, Ramat Menashe, near Israel National Trail, one imma-
ture basidiome, under Q. calliprinos and Q. ithaburensis, one very young basidiome, 
10.01.2014, leg. R. Kuznetsov, det. A. Biketova, K-M001435696 (AB B14-238); • the 
forest near Zikhron Ya’akov, under Q. calliprinos, four young to mature basidiomes, 
22.04.2015, leg. R. Kuznetsov & Y. Cherniavsky, det. A. Biketova, K-M001435710 
(AB B15-248; GP); • Upper Galilee: Goren Park, 33°03'22"N, 35°13'48"E, under Q. 
calliprinos, two mature basidiomes, 01.12.2012, leg. Z. Shafranov, det. A. Biketova, 
K-M001435693 (AB B12-067); • ibid., under Quercus sp., one mature basidiome, 
11.12.2014, leg. B. Gal, det. A. Biketova, K-M001435692 (AB B14-237); • Hanita 
Forest, 33°04'44"N, 35°09'57"E, 160 m, under Q. calliprinos, five mature to old ba-
sidiomes,18.05.2013, leg. Z. Shafranov, det. A. Biketova, K-M001435701 (AB B13-
153); • Shomera, 33°04'47.1"N, 35°16'45.3"E, under Q. calliprinos, near P. lentiscus 
and Laurus nobilis, one mature basidiome and two primordia, 26.10.2015, leg. Y. 
Segal, det. A. Biketova, K-M001435699 (AB B15-260, GP).

Notes. In the present study, a new species, H. hershenzoniae is described. 
It is very similar to H. engelii and H. rubellus, but well distinguished from them 
based on morphology, phylogeny (Fig. 1), ecology, and distribution (Figs 4, 5). 
Basidiomes of these three species are very variable in colour. Young specimens 
of H. hershenzoniae usually have a red pileus and yellow stipe, but with age, 
especially in dry conditions, the colour of the pileus usually fades to various 
tints of brown or greyish-brown and the stipe surface develops a dark-red tint 
(red scales or fibrils). Such transition of red pigments causes a high chromatic 
variation, which is also a common feature in H. engelii. We can call this phenom-
enon “migration of red pigments from the pileus surface to the stipe surface”. 
In contrast, H. rubellus usually has a red-coloured stipe surface even in young 
basidiomes with red pileus, which is not observed in the specimens of H. her-
shenzoniae. Hortiboletus hershenzoniae has orange-red or vermilion-red dots in 
the context of the stipe base, but they are mostly visible only under a stereo-
microscope or are totally absent in young basidiomes (see Figs 13b, 14b–d), 
unlike the clearly visible vermilion-red dots of H. engelii and H. rubellus (see 
Figs 6h, 11h) (Engel et al. 1996; Taylor et al. 2002; Hills 2008; Muñoz et al. 2008).

The basidiospores of H. hershenzoniae are significantly broader (aver-
age width 6.2 μm, Qm = 2.01) than those of H. engelii (average width 5.1 μm, 
Qm = 2.35), H. rubellus (average width 5.0 μm, Qm = 2.31), and H. bubalinus 
(average width 4.8 μm, Qm = 2.46) (Fig. 8a). Terminal elements of the pileipel-
lis are encrusted, mainly cylindrical, somewhat tapering towards the apex, and 
sometimes obtusely triangular. Their size and shape are more similar to those of 
H. engelii (Fig. 8b). The current phylogenetic analysis shows that H. hershenzoni-
ae clusters in a strongly-supported clade in our multilocus analysis (BS = 91; PP 
= 1.00) and it is closely related to H. engelii (see above and Fig. 1). Sleiman et al. 
(2021) reported this species in Lebanon under the name H. engelii (T1-1). Based 
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on a BLASTn analysis of the ITS sequence MZ088076 with those of our Israeli 
specimens (99.6–99.9% similarity), as well as on the current phylogenetic recon-
struction, the Lebanese specimen unequivocally belongs to H. hershenzoniae.

Key to the European and Levantine species of Hortiboletus

1	 Pileus variable in colour, often showing a paler, faded marginal zone; con-
text in the pileus and upper part of the stipe usually turning intensely blue 
when cut and often contrasting with an innate flesh pink hue underneath 
pileus surface; orange-red dots in stipe base context usually absent, if 
present sporadic, never abundant; basidiospores with an average length/
width ratio Qm ≥ 2.5; pileipellis terminal (20.6–36.8 × 10.1–16.3 μm, Qm 
= 2.31 ± 0.66) and subterminal elements rather short and swollen, moder-
ately to strongly encrusted.........................................................H. bubalinus

–(2)	 Pileus variable in colour, but pigments usually distributed evenly on the sur-
face; context in the pileus and upper part of the stipe turning blue or nearly 
unchanging when cut, without (or only occasionally) with an innate flesh-
pink hue underneath pileus surface; orange-red dots in stipe base context 
evident and abundant; basidiospores with an average length/width ratio 
Qm < 2.4; pileipellis terminal elements mainly cylindrical or cystidioid........2

2	 Pileus and at least the lower half of stipe surface bright red in young spec-
imens, retaining this tint over time or fading when mature; pileipellis termi-
nal elements in mature specimens generally smooth.................H. rubellus

–(3)	 Pileus and stipe surface never red simultaneously; stipe never red at the base, 
but sometimes becoming reddish in the upper part at maturity; pileipellis ter-
minal elements in mature specimens weakly to prominently encrusted.........3

3	 Basidiospores with an average length/width ratio higher than 2.2; if lower 
or equal, then average width lower than 6.0 μm; widely distributed in Eu-
rope and also occurring in Pakistan and the USA.......................... H. engelii

–	 Basidiospores with an average length/width ratio lower than or equal to 
2.2; growing in association with thermophilic oaks (Quercus calliprinos, 
Q. ithaburensis) in the Mediterranean area; presently known only from Is-
rael and Lebanon.................................................................H. hershenzoniae

Extralimital taxa

Species presented in this section are from North America and their study was 
not included in the main tasks of our current research.

Hortiboletus campestris (A.H. Sm. & Thiers) Biketova & Wasser, Index Fungorum 
257: 1 (2015)
MycoBank No: MB551543

≡ Boletus campestris A.H. Sm. & Thiers, Boletes of Michigan: 266 (1971)
= Boletus harrisonii A.H. Sm. & Thiers, Boletes of Michigan: 267 (1971)

Examined material. USA • Michigan: Washtenaw Co., Ann Arbor, 42°16'31"N, 
83°43'51"W, gregarious on lawn, 16.07.1966, leg. & det. A.H. Smith, MICH4999 

http://www.ncbi.nlm.nih.gov/nuccore/MZ088076
https://www.mycobank.org/MB/MB551543
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(A.H. Smith 72961 – collector’s number, holotype), GenBank: ITS – PV036230, 
LSU – PV036235, tef1-α – PV106168, and rpb2 – PV106172; • Washtenaw 
Co., Ann Arbor, 42°16'31"N, 83°43'51"W, gregarious on lawn near Picea sp., 
01.07.1967, leg. K.A. Harrison, det. A.H. Smith, MICH10011 (K.A. Harrison 9504 
– collector’s number, holotype of Boletus harrisonii), GenBank: ITS – PV036229, 
LSU – PV036234, tef1-α – PV106169, and rpb2 – PV106173).

Notes. Conspecificity of H. campestris and B. harrisonii was proven by phylo-
genetic multilocus and four single-locus analyses of their holotypes MICH4999 
and MICH10011, respectively (Figs 1, 2). In the phylogenomic tree of Tremble 
et al. (2024), they also cluster together in one species-level clade. In the cur-
rent multigene phylogeny, H. campestris occupies a rather isolated position in 
the crown clade of Hortiboletus and forms a strongly-supported terminal clade 
(BS = 100; PP = 1.00).

There is a lot of confusion in field recognition and identification of this spe-
cies. Based on the sequence data from INSDC and connected collection data 
from publications (Frank et al. 2020; Kuo and Ortiz-Santana 2020), as well 
as iNaturalist (2024), all specimens identified as H. campestris (MICH KUO-
08240502 (based on the tef1-α sequence MK721094 and rpb2 – MK766302), 
F:PRL5991MAN, F:PRL5879MAN, and iNaturalist 66900805), Hortiboletus sp. 
‘campestris’ (DD614), or B. harrisonii (MICH KUO-09071204 and PBM4097) 
actually belong to Hortiboletus flavorubellus (see below). Moreover, the LSU 
sequence of the MICH KUO-08240502 collection identified as H. campestris, 
actually belongs to another collection and species – Xerocomus tenax Nuhn 
& Halling. Additionally, there are no H. campestris collections represented by 
their ITS sequences in INSDC, which are correctly identified to the species level 
(see Fig. 1 and Suppl. materials 1, 3). Further studies on the morphology and 
distribution of H. campestris are really needed.

Hortiboletus flavorubellus (Thiers & A.H. Sm.) Biketova & Tremble, comb. nov.
MycoBank No: MB855845

Boletus flavorubellus Thiers & A.H. Sm., Michigan Bot. 5(3): 117 (1966). Basionym.
= Boletus rubellus var. flammeus A.H. Sm. & Thiers, Boletes of Michigan: 269 (1971)
? = Boletus subfraternus Coker & Beers ex Meyers & Van T. Cotter, Index Fungo-

rum 412: 1 (2019).

Material examined. USA • Michigan: Washtenaw Co., Ann Arbor, 42°16'31"N, 
83°43'51"W, on wet soil in woods, 11.08.1960, leg. & det. A.H. Smith, MICH10015 
(A.H. Smith 62872 – collector’s number, holotype), GenBank: ITS – PV036233, 
LSU – PV036238, tef1-α – PV106170, and rpb2 – PV106174; • Washtenaw Co., 
west of Ann Arbor, Saginaw Forest on Liberty Road, 42°16'12"N, 83°48'25"W, 
scattered on humus in mixed forest of Quercus sp. and Pinus sp., 02.08.1966, 
leg. & det. A.H. Smith, MICH10035 (A.H. Smith 73026, holotype of Boletus rubel-
lus var. flammeus), GenBank: ITS – PV036231 and PV036232, LSU – PV036236 
and PV036237, tef1-α – PV106171, and rpb2 – PV106175.

Notes. Present phylogenetic analysis, which included sequences of holo-
types of B. flavorubellus MICH10015 and B. rubellus var. flammeus MICH10035, 
proved that these two taxa are conspecific and allowed us to propose a new 

http://www.ncbi.nlm.nih.gov/nuccore/PV036230
http://www.ncbi.nlm.nih.gov/nuccore/PV036235
http://www.ncbi.nlm.nih.gov/nuccore/PV106168
http://www.ncbi.nlm.nih.gov/nuccore/PV106172
http://www.ncbi.nlm.nih.gov/nuccore/PV036229
http://www.ncbi.nlm.nih.gov/nuccore/PV036234
http://www.ncbi.nlm.nih.gov/nuccore/PV106169
http://www.ncbi.nlm.nih.gov/nuccore/PV106173
http://www.ncbi.nlm.nih.gov/nuccore/MK721094
http://www.ncbi.nlm.nih.gov/nuccore/MK766302
https://www.mycobank.org/MB/MB855845
http://www.ncbi.nlm.nih.gov/nuccore/PV036233
http://www.ncbi.nlm.nih.gov/nuccore/PV036238
http://www.ncbi.nlm.nih.gov/nuccore/PV106170
http://www.ncbi.nlm.nih.gov/nuccore/PV106174
http://www.ncbi.nlm.nih.gov/nuccore/PV036231
http://www.ncbi.nlm.nih.gov/nuccore/PV036232
http://www.ncbi.nlm.nih.gov/nuccore/PV036236
http://www.ncbi.nlm.nih.gov/nuccore/PV036237
http://www.ncbi.nlm.nih.gov/nuccore/PV106171
http://www.ncbi.nlm.nih.gov/nuccore/PV106175
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taxonomic combination Hortiboletus flavorubellus. These two type specimens 
also cluster together in the same species-level clade in the phylogenomic tree 
of Tremble et al. (2024). In the current multigene phylogeny, H. flavorubellus 
forms a strongly-supported terminal clade (BS = 100, PP = 1.00), sister to the 
H. engelii/H. hershenzoniae/Hortiboletus sp. 1 subclade (BS = 85, PP = 1.00).

This species, described by Thiers and Smith in 1966, is not yet understood by 
both mycologists and citizen scientists. Based on the sequence data from INSDC, 
connected publications (Nuhn et al. 2013; Frank et al. 2020; Kuo and Ortiz-San-
tana 2020), as well as records in iNaturalist (2024) and Mushroom Observer 
(2024), there are no collections identified either as B. flavorubellus or B. rubellus 
var. flammeus (see Fig. 1 and Suppl. materials 1, 3). A few of the collections 
are identified as H. rubellus (e.g. FLAS-F-60513) or Xerocomellus cf. rubellus 
(MB03-033), a synonym of which B. rubellus var. flammeus is considered, based 
on Index Fungorum (2025). However, most of H. flavorubellus collections were 
either not identified to the species level or misidentified as H. campestris (e.g. 
iNaturalist 66900805), B. harrisonii (e.g. PBM4097), and B. subfraternus (MICH 
KUO-08101302) (see Fig. 1 and Suppl. materials 1, 3). However, there is a pos-
sibility that B. subfraternus is the actual synonym of this species; therefore, it is 
necessary to conduct its type study, including analysis of their DNA sequences.

Discussion

Tandem repeat insertions in ITS region

Minisatellite-like insertions within the ITS region are rare in fungi, but have pre-
viously been observed in the Boletaceae subfamily Leccinoideae, particularly in 
Leccinum – 240–749 bp (both ITS1 and ITS2 regions, den Bakker et al. (2004)), 
Octaviania (ITS2 region, Orihara et al. (2012)), Rossbeevera – 199–366 bp (ITS2 
region), and Turmalinea – 272–603 bp (ITS2 region, Orihara et al. (2016)). Here, 
such insertions were first reported not only in the ITS region in Hortiboletus, 
but also in the entire subfamily Boletoideae. It is possible that minisatellite-like 
repeats are present in other Boletaceae genera as well, but they have not been 
detected and characterised yet.

Short microsatellite AC repeats (up to 26 bp) observed in ITS1 region have es-
pecially high variability in H. rubellus and H. bubalinus, with intraspecific and in-
trageneric difference in length up to 12 bp. Moreover, the ITS2 region of ten Hort-
iboletus species has long tandem repeat (minisatellite) insertion ranging from 
(103) 133 to 253 bp with 2.0–3.2(–5.3) copy number of repeats (see Table 1).

Similar to Rossbeevera and Turmalinea (Orihara et al. 2016), minisatellite-like 
insertions in the ITS2 region of Hortiboleus spp. are highly conserved within 
each species ((95–)97–100% similarity), but divergent between species, which 
is a result of concerted evolution. Using a relatively small fragment of DNA 
sequence with this insertion, for BLASTn search against INSDC and UNITE da-
tabases, helps significantly reduce the number of “sequences producing signif-
icant alignments” to those that belong only to the target species and closely-re-
lated species of Hortiboletus. Therefore, those minisatellite-like insertions are 
very informative and can, thus, be used efficiently for DNA barcoding.

Due to frequent intragenomic polymorphisms especially within these inser-
tions, the ITS region of both H. rubellus and H. bubalinus has been difficult to 
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sequence with the classical Sanger method and cloning has been performed to 
obtain full ITS sequences of some collections in the current study.

Den Bakker et al. (2004) conducted TRF analysis of the ITS region of Lecci-
num using default parameters with alignment settings 2-7-7 (match - mismatch 
- indels), while Orihara et al. (2016) used alignment settings 2-3-5 for analysis in 
Rossbeevera and Turmalinea. In the present study, we ran TRF analysis of each 
subset of sequences using various alignment settings and gave results only of 
2-7-7 and 2-3-5 settings in Table 1 as the most distinct. In most cases, results 
(including the core sequence, period size of repeats, and the length of detected 
insert) differ depending on the alignment settings. These settings characterise 
weights for match, mismatch and indels – with lower weights allowing align-
ments with more mismatches and indels. In summary, it is important to test 
each set of sequences with a range of alignment parameters in TRF analysis 
for more comprehensive evaluation of tandem repeats.

Phylogeny, taxonomy, morphology and geography

According to Nuhn et al. (2013), in their inclusive multilocus phylogenetic anal-
ysis of the family Boletaceae, the “rubellus” clade is nested in the “anaxobole-
tus group”, which is congruent to the major clade of the subfamily Boletoideae 
as proposed in the study by Wu et al. (2014). Our analyses also revealed the 
obvious separation of the genus Hortiboletus from the morphologically closely 
related Xerocomellus and Imleria (Figs 1, 2).

In the present study, we have performed the most comprehensive molecular 
phylogenetic reconstruction of the genus Hortiboletus with the inclusion of 168 
new sequences by using four genetic markers. It forms a strongly-supported 
generic clade (multilocus: BS = 100, PP = 1.0) and includes 24 to 25 different 
species-level clades, among which are 17 previously described, one newly de-
scribed and from six to seven undescribed species (Fig. 1).

We clarified the position of H. rubroreticulatus that has not been fully re-
solved in Pham et al. (2024). It forms the most basal clade of Hortiboletus 
in the multilocus (BS = 100, PP = 1.00), ITS and tef1-α phylogenies, but clus-
ters between two distinct Xerocomellus lineages in the LSU phylogeny. The 
next basal clade represents H. rupicapreus in the multilocus and ITS trees 
(both: BS = 100, PP = 1.00), which is also rather distant to other Hortiboletus 
species. However, in LSU, tef1-α, and rpb2 trees, H. campestris occupies this 
basal position (all: BS = 100, PP = 1.00). The further basal branch (multilocus: 
BS = 99, PP = 1.00) belongs to H. bubalinus, H. arduinus, and, potentially, three 
to four unknown species. In tef1-α phylogeny, H. napaeus clusters together 
with this branch with weak statistical support (BS = 57, PP = 0.89). The rest 
of species cluster in the main crown clade (multilocus: no statistical support; 
ITS: BS = 94, PP = 1.00) with minor differences in the topology of branches 
between multilocus and single-gene trees mainly due to the lack of some 
sequenced loci for several species and also due to variations in species de-
limitation resolution, as well as number and percentage of parsimony infor-
mative sites between loci.

The geographical distribution of the 18 Hortiboletus species, currently known 
worldwide, includes the following continents: Europe (3 species), Asia (14 spe-
cies), Australia (1 species), and North America (5 species). Most of the taxa 
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appear to be restricted to a single continent, except of the three predominantly 
European species: H. rubellus which is also known from Asia (Abkhazia*, GP; 
Armenia, Azerbaijan, and Turkey, not GP), H. engelii which is also known from 
Asia (Pakistan) and North America (USA, based on a single genetically proven 
collection that was likely introduced there: https://www.inaturalist.org/obser-
vations/187446512), as well as H. bubalinus which has been recorded in Asia 
(Turkey, not GP) and North America (USA), but also in New Zealand, where this 
species was introduced (Figs 4, 5). To better understand the diversity, distri-
bution patterns, ecological requirements, host specificity as well as taxonomy 
and phylogeny of the genus Hortiboletus, more extensive research will be nec-
essary on continental as well as on a global scale in the future.

The main distinguishing morphological, ecological, and biogeographic char-
acters of the four target species from Europe and Levant are summarised in 
the Table 2.

Table 2. Main distinguishing characters of the studied Hortiboletus species.

Character H. bubalinus H. engelii H. hershenzoniae H. rubellus

Pileus colour Very variable in colour; from bright-
red or dark-red tones (garnet, cherry, 
beetroot) to beige, cappuccino 
colour, ocher, chamois olive; most 
often firstly reddish-brown, but 
typically paler towards margin, 
later usually fading to drab tinges, 
somewhat ochraceous buff with 
pinkish patches.

Extremely variable colours, 
generally dark brown when 
young, later fading to ochraceous, 
buff, olivaceous brown, but also 
various shades of red (pinkish-red, 
orange-red, reddish-brown etc); 
sometimes persistently carmine 
red in all developmental stages

Various shades of red when 
young, later fading brown, 
greyish-brown or ochraceous, 
but sometimes retaining reddish 
colours

Usually, with bright-red tints, blood 
red, wine red, cherry red, rose-red, 
orange red, pink, fading or not 
with age

Pileus surface Markedly wrinkled-rugulose and 
finely pruinose when young, usually 
not cracked or occasionally areolate 
towards the peripheral zone

Finely tomentose to sometimes 
rugulose, later finely areolate 
towards the peripheral zone or 
with minute to coarse cracks with 
dry weather

Finely tomentose, sometimes 
alveolate-rugulose or with small 
cracks with dry weather

Finely tomentose to sometimes 
rugulose when young, but later 
smooth, sometimes areolate 
towards the peripheral zone

Stipe colour Variable, mostly with pinkish-
reddish-brown tones, but yellow or 
sometimes reddish at very apex; 
as a rule reddish tones tend to 
disappear with age

Usually reddish on an ochraceous 
yellow background or 
concolourous with it; sometimes 
entirely yellow or red, but never red 
at the base.

Straw or lemon yellow 
throughout when young, later 
dark red due to red scales or 
fibrils on a yellow background 
(similar to those in H. engelii)

Usually red over most of the 
surface or at least in the lower 
part, yellow at apex; sometimes 
entirely yellow or red.

Context colour and 
colour change on 
exposure

Pale yellow, but dirty ochraceous 
yellow in the lower half of the stipe; 
in young specimens, flesh pink for a 
few mm underneath pileus surface; 
turning light blue above the tubes 
and also bluing in the peripheral 
layers of the stipe

Pale yellow, but dirty ochraceous 
yellow in the lower half of the 
stipe; usually turning very light 
blue, mostly in the pileus-stipe 
connection zone, above the tubes 
and in the peripheral layers of 
the stipe

Pale yellow, sulphur yellow 
to lemon yellow; usually only 
slightly bluing in the pileus and/
or in the upper and middle part of 
the stipe (wet weather)

Pale yellow, but dirty ochraceous-
yellow in the lower half of 
the stipe; turning light blue 
(sometimes rather intensive), 
especially in the pileus-stipe 
connection zone, peripheral layers 
of the stipe, and above the tubes

Orange-red dots 
in the stipe base 
context

Usually absent or rarely present, but 
then scattered.

Present, scattered to abundant Present in mature specimens, 
scattered and minute, usually 
visible under stereomicroscope

Present, usually clearly visible, 
often abundant.

Average spore size 
(μm), Qm, Vm (μm3)

11.7 ± 0.6 × 4.8 ± 0.2, Qm = 2.46 ± 
0.10, Vm = 140 ± 20

12.1 ± 0.8 × 5.1 ± 0.3, Qm = 2.35 ± 
0.13, Vm = 171 ± 30

12.4 ± 0.9 × 6.2 ± 0.3, Qm = 2.01 
± 0.08, Vm = 251 ± 40

11.6 ± 0.6 × 5.0 ± 0.2, Qm = 2.31 ± 
0.12, Vm = 155 ± 17

Pileipellis terminal 
elements; shape, 
size (μm), Qm

Variable, usually more or less 
swollen, mainly bullet-shaped 
or acorn-shaped, sometimes 
subglobose; moderately to strongly 
encrusted; 28.7 ± 8.1 × 13.2 ± 3.1, 
Qm = 2.31 ± 0.66

Mainly broadly cylindrical with 
rounded apex to cystidioid, 
sometimes also with elongated 
neck; finely encrusted, more 
intensely downwards; 36.5 ± 11.0 
× 11.3 ± 2.2, Qm = 3.47 ± 1.58

Mainly cylindrical and somewhat 
tapering towards the apex, 
encrusted; 32.6 ± 5.9 × 10.9 ± 2.1, 
Qm = 3.03 ± 0.43

Mainly broadly cylindrical with 
rounded apex to cystidioid, 
sometimes also with elongated 
neck; not encrusted (especially in 
young specimens) or poorly and 
finely encrusted; 25.6 ± 4.2 × 8.6 ± 
1.7, Qm = 3.12 ± 0.55

Ectomycorrhizal 
association (based 
on GP specimens)

Preferably Tilia, Populus, Quercus, 
Fagus, sometimes, Betula, Carpinus, 
Corylus, Castanea, Carya, Picea, 
Pinus, also in mixed forests with 
Cedrus, Larix, Salix, and Alnus

Preferably with Quercus, Fagus, 
Tilia, Carpinus, sometimes Betula, 
Castanea, Corylus, Halimium, 
Populus, Pinus, and in mixed 
forests with Picea

Thermophilic evergreen Quercus 
species – Q. calliprinos

Preferably with Quercus, Fagus 
and Tilia, but also in mixed forests 
with Castanea, Betula, Carpinus, 
Corylus, and Pinus

Distribution (based 
on GP specimens)

Europe, USA, and New Zealand Europe, Pakistan, and USA Levant (Israel and Lebanon) Europe and South Caucasus

https://www.inaturalist.org/observations/187446512
https://www.inaturalist.org/observations/187446512


64IMA Fungus 16: e144731 (2025), DOI: 10.3897/imafungus.16.144731

Alona Yu. Biketova et al.: Revision of Hortiboletus in Europe and Levant

Acknowledgements

The authors are very grateful to our friends and colleagues who provided collec-
tions (or participated in mycological forays), supplied data (including photos) and 
helped with identification of collections: Heidi Ladurner (University of Innsbruck, 
Austria); Guy Redeuilh† (France); Ursula Eberhardt (University of Tübingen, Germa-
ny); George Konstantinidis (Greece); Zsolt Merényi (Biological Research Center of 
the Eötvös Loránd Research Network, Hungary), Péter Finy, Angelina Nagy, and 
György Vrba (Hungary); Bruria Gal (Steinhardt Museum of Natural History, Isra-
el), Roman Kuznetsov, Yonah Cherniavsky, Olga Godorova, Zohar Shafranov, Yaniv 
Segal, Nir Bar, Ester Baum, Yael Gruntman, Yotam Ingel, Alexey Rotenberg, Toby 
Schlesinger, and Susanne Tam (Israel); Giuseppe Venturella (University of Paler-
mo, Italy), Guido Bramini, Enrico Bizio, Giacomo Candiani†, Mauro Comuzzi, Marco 
Contu, Federica Costanzo, Giuseppe Donelli†, Carlo Fantuzzi, Giuliano Ferrarese, Gi-
uliano Ferisin, Giovanni Fontana, Samuele Gelardi, Francesco Golzio, Renato Mes-
chieri†, Alberto Mua, Enzo Musumeci, Alberto Nuccio†, Giancarlo Pina†, Marco Rau-
mi, and Gianrico Vasquez (Italy); Tor Erik Brandrud (Norwegian Institute for Nature 
Research, Norway); Alexander I. Ivanov (Penza State Agricultural Academy, Rus-
sia), Ludmila B. Kalinina and Evgeny S. Popov (Komarov Botanical Institute of the 
RAS, Russia), Vladimir I. Kapitonov (Tobolsk Complex Scientific Station of the Ural 
Branch of the RAS, Russia), and Kim O. Potapov (Kazan Federal University, Russia); 
Borislav Dobrić (Serbia); Miguel Babace, Jose Antonio Cadiñanos, Eduardo Ben-
guría†, Eduardo Fidalgo, Antton Meléndez, Mauro Maguregui (Spain); Jan Nilsson, 
Arne Ryberg, and Hans-Göran Toresson (Sweden); Alan E. Hills†, Carol Hobart, and 
Geoffrey Kibby (British Mycological Society, UK); and Ablet Berqi (China). We wish 
to express our gratitude to Lee Davies, Roseina Woods, and Isabella Miles-Bunch 
(Fungarium, Royal Botanic Gardens, Kew, Richmond, UK; K-M); Gianni Robich and 
Raffaella Trabucco (Natural History Museum of Venice, Venice, Italy; MCVE); Tuula 
Niskanen (Finnish Museum of Natural History, Helsinki, Finland; H), Ursula Peint-
ner and Regina Kuhnert-Finkernagel (University of Innsbruck, Innsbruck, Austria; 
IB); Machiel E. Noordeloos (Naturalis Biodiversity Center, Leiden, Netherlands; L); 
Jukka Vauras (University of Turku, Turku, Estonia; TUR); Katrina Bendiksen (Natu-
ral History Museum, University of Oslo, Oslo, Norway; O); Stig Jacobsson (Univer-
sity of Gothenburg, Gothenburg, Sweden; GB); and Giuseppe Venturella (University 
of Palermo, Palermo, Italy; SAF) for depositing and databasing of some our col-
lections, as well as for providing collections on loan and permission for molecular 
study. We also thank Yulia Pollak (University of Haifa, Israel), Michael Kalina (Tech-
nion – Israel Institute of Technology), Innes Clatworthy (National History Museum, 
UK), and Borislav Dobrić (Serbia) for assistance in preparing specimens and SEM 
photography. We are also very grateful to Tuula Niskanen (Finnish Museum of 
Natural History, Finland) for providing sequences of Finnish collections. Savvas 
Christodoulou and Vassiliki Fryssouli (Agricultural University of Athens, Greece), 
Csilla Gergely and Frida Stinner (Eötvös Loránd University, Hungary), Ludmila B. 
Kalinina and Ekaterina F. Malysheva (Komarov Botanical Institute of the RAS, Rus-
sia), as well as Frances Pitsillides (Royal Botanic Gardens, Kew, UK) are acknowl-
edged for generating sequences of some Greek, Hungarian, Russian, and Spanish 
specimens, respectively; Roseina Woods (Royal Botanic Gardens, Kew, UK) and Al-
exander J. Bradshaw (Clark University, USA) are acknowledged for help with DNA 
extraction and with numerous attempts to obtain sequences from the holotype 



65IMA Fungus 16: e144731 (2025), DOI: 10.3897/imafungus.16.144731

Alona Yu. Biketova et al.: Revision of Hortiboletus in Europe and Levant

of X. erubescens. We would like to express our sincere gratitude to Duncan White 
(James Hutton Institute, UK) for help with cloning of ITS region of some Hortibole-
tus specimens in order to obtain clearer sequences; as well as to Keaton Tremble 
(Duke University, USA) for providing sequences of holotypes of B. campestris, B. 
flavorubellus, B. harrisonii, and B. rubellus var. flammeus from his phylogenomic 
study. We are very grateful to Dmitry V. Ageev (Novosibirsk, Russia) for help with 
making species distribution maps; and to Stefano Restocchi (Gruppo Micologico 
AMB Agrate Brianza, Italy) for contributing by taking photographs of microstruc-
tures. We thank Wolfgang Klofac (Austrian Mycological Society, Austria), Roy Wat-
ling, Christopher Knowles, Heleen Plaisier (Royal Botanic Garden Edinburgh, UK; 
RBGE), Anze Zerdoner Calasan (Bavarian Natural History Collections, Germany; 
SNSB), and Jan Borovička (Institute of Geology of the CAS, Czechia) for clarify-
ing the situation with the location of type material of X. quercinus and B. engelii. 
We are grateful to Thomas W. Kuyper (Wageningen University, the Netherlands) 
for helping us clarify some nomenclatural issues; and to Jerry Cooper (Landcare 
Research, New Zealand) for his comments about distribution of H. bubalinus in 
New Zealand and discussion about introduced and invasive species. Additionally, 
we would like to express our sincere gratitude to Boris Assyov (Institute of Biodi-
versity and Ecosystem Research of the BAS, Bulgaria) and Roy Halling (New York 
Botanical Garden, USA) for reviewing our manuscript and their very valuable com-
ments; to all editors of IMA Fungus journal and Pensoft Publishers for editing and 
improving quality of our manuscript.

Additional information
Conflict of interest
The authors have declared that no competing interests exist.

Ethical statement
No ethical statement was reported.

Adherence to national and international regulations
All the fungal strains used in this study have been legally obtained, respecting the Con-
vention on Biological Diversity (Rio Convention).

Funding
The work of AYuB, EN and SPW was supported in part by the University of Haifa (Israel). 
The work of AYuB and MG was also supported by the Royal Botanic Gardens, Kew (UK), and 
funded in part by the Evolution and Education Trust (EET, UK) as part of the Discovering the 
Fungal Tree of Life project (FToL), and the Department for Environment, Food & Rural Af-
fairs (DEFRA, UK) as part of the Fungarium Sequencing Project  (FSP). The work of BD was 
supported by the János Bolyai Research Scholarship of the Hungarian Academy of Scienc-
es; the ÚNKP-23-5 New National Excellence Program of the Ministry for Culture and Innova-
tion from the source of the National Research, Development and Innovation Fund, the OTKA 
FK-143061 and the ELTE Institutional Excellence Program 2020 (TKP2020-IKA-05), both fi-
nanced by the National Research, Development and Innovation Office of Hungary. The work 
of OVM was carried out in the framework of an institutional research project of the Komarov 
Botanical Institute RAS (№124020100148-3), using the equipment of the Core Facility Cen-
tre “Cell and Molecular Technologies in Plant Science” of the mentioned Institute.



66IMA Fungus 16: e144731 (2025), DOI: 10.3897/imafungus.16.144731

Alona Yu. Biketova et al.: Revision of Hortiboletus in Europe and Levant

Author contributions
AYuB, GS, TYuS, BD, AFST, and AV conceived and conceptualised the study; AYuB, 
AFST, BD, GS, EP, JAM, LA, MG, OVM, SS, and TYuS carried out sample collection; 
AFST, AYuB, BD, OVM, and TYuS performed molecular studies; GS, AYuB, EP, JAM, 
MG, SS, and TYuS performed microscopic analysis; GS performed statistical analysis 
of microstructures; TYuS and AYuB collected data and performed distribution analy-
sis; BD and AYuB performed phylogenetic analyses; AYuB performed Tandem Repeat 
Finder analysis; SPW, EN, GIZ, AFST, AV, AYuB, BD, GS, OVM, SS, and TYuS provided 
funds and/or acquired funding; AYuB, GS, TYuS, MG, and BD drafted the manuscript; 
AV, GS, AYuB, and BD prepared figures; all authors read, edited, and approved the final 
version of the manuscript.

Author ORCIDs
Alona Yu. Biketova  https://orcid.org/0000-0003-0801-0660
Tatyana Yu. Svetasheva  https://orcid.org/0000-0001-8968-9518
Andy F. S. Taylor  https://orcid.org/0000-0003-0727-8171
Giampaolo Simonini  https://orcid.org/0009-0006-1695-1443
Matteo Gelardi  https://orcid.org/0009-0008-0903-852X
Olga V. Morozova  https://orcid.org/0000-0002-7329-528X
Elias Polemis  https://orcid.org/0000-0002-2728-7350
José A. Muñoz  https://orcid.org/0009-0009-8445-263X
László Albert  https://orcid.org/0000-0003-4505-3010
Salvatore Saitta  https://orcid.org/0000-0003-0185-8765
Solomon P. Wasser  https://orcid.org/0009-0009-3521-2576
Eviatar Nevo  https://orcid.org/0000-0002-4884-2499
Georgios I. Zervakis  https://orcid.org/0000-0002-2892-098X
Alfredo Vizzini  https://orcid.org/0000-0001-8390-6446
Bálint Dima  https://orcid.org/0000-0003-2099-3903

Data availability
All of the data that support the findings of this study are available in the main text or 
Supplementary Information.

References

Ainsworth AM, Fortey R, Biketova AYu et al. (2024) Chapter 5: Fungi (excluding lichens). 
In: The biodiversity and natural history of Blenheim’s High Park / Ed. Farjon A. Exeter: 
Pelagic Publishing, 94–113. https://doi.org/10.53061/OZOM2670

Ainsworth AM, Smith JH, Boddy L et al. (2013) Red List of Fungi for Great Britain: Bole-
taceae – A pilot conservation assessment based on national database records, fruit 
body morphology and DNA barcoding. Species Status 14. Joint Nature Conservation 
Committee, Peterborough, 37 pp.

Akulov OYu, Prydiuk MP (2007) The preliminary checklist of boletoid fungi of Ukraine. 
Pagine di Micologia 27: 117–144.

Albert L (2003) Colour Pages: Xerocomus communis (Bull.) Bon. Mikológiai Kö-
zlemények, Clusiana 42(3): 53–54.

Albert L (2004) Colour Pages: Xerocomus bubalinus (Oolbekk. et Duin) Redeuilh. Mikoló-
giai Közlemények, Clusiana 43(1–3): 87–88.

Alessio CL (1985) Boletus Dill. ex L. Fungi Europaei 2 Giovanna Biella, Saronno, 705 pp.

https://orcid.org/0000-0003-0801-0660
https://orcid.org/0000-0001-8968-9518
https://orcid.org/0000-0003-0727-8171
https://orcid.org/0009-0006-1695-1443
https://orcid.org/0009-0008-0903-852X
https://orcid.org/0000-0002-7329-528X
https://orcid.org/0000-0002-2728-7350
https://orcid.org/0009-0009-8445-263X
https://orcid.org/0000-0003-4505-3010
https://orcid.org/0000-0003-0185-8765
https://orcid.org/0009-0009-3521-2576
https://orcid.org/0000-0002-4884-2499
https://orcid.org/0000-0002-2892-098X
https://orcid.org/0000-0001-8390-6446
https://orcid.org/0000-0003-2099-3903
https://doi.org/10.53061/OZOM2670


67IMA Fungus 16: e144731 (2025), DOI: 10.3897/imafungus.16.144731

Alona Yu. Biketova et al.: Revision of Hortiboletus in Europe and Levant

Allı H, Tevlim G, Şen İ (2019) A new record for Turkey’s mycobiota from an interesting 
habitat in the Mugla Province: Hortiboletus bubalinus (Oolbekk. & Duin) L. Albert 
& Dima. Mugla Journal of Science and Technology 5(1): 114–118. https://doi.
org/10.22531/muglajsci.537081

Altschul SF, Gish W, Miller W et al. (1990) Basic local alignment search tool. Journal of 
Molecular Biology 215(3): 403–410. https://doi.org/10.1016/S0022-2836(05)80360-2

Anonymous (1969) Flora of British Fungi: Colour Identification Chart. Her Majesty’s Sta-
tionery Office, Edinburgh, 3 pp.

Anonymous (2004) The Online Auction Color Chart. The Online Auction Color Chart 
Company, Stanford, 12 pp.

Asan A, Gücin F (1990) Some macrofungi determinated on the Istıranca mountains 
(Trakya). In: Çakır A, Özyurt S, Salman S, Özkan M (Eds) X. Ulusal Biyoloji Kongresi. 
Atatürk Üniversitesi, Erzurum, 155–162. [In Turkish]

Assyov B, Denchev CM (2004) Preliminary checklist of Boletales in Bulgaria. Mycologia 
Balcanica 1: 195–208.

Assyov B, Denchev CM (2010) Checklist of the larger basidiomycetes in Bulgaria. Myco-
taxon 111(1): 279–282. https://doi.org/10.5248/111.279

Assyov B, Stoykov DY (2011) Boletus bubalinus (Boletaceae). A new addition to the my-
cota of Bulgaria and the Balkans. Comptes Rendus de l’Académie Bulgare des Sci-
ences 64: 1585–1589.

Atlagić M, Koturov J, Floigl K (2013) Contribution to the knowledge of macromycetes 
of Cer mountain with special emphasis on protected species. In: Rajković D, Petrović 
Đ, Rajkov S (Eds) Second student conference-EkoBioMorfa. NIDSBE “Josif Pančić”, 
Novi Sad, 11–21.

Bañares Baudet Á (1988) Hongos de los Pinares de Tamadaba (Gran Canaria). Instituto 
de Estudios Canarios, La Laguna, 280 pp.

Benson G (1999) Tandem repeats finder: A program to analyze DNA sequences. Nucleic 
Acids Research 27(2): 573–580. https://doi.org/10.1093/nar/27.2.573

Bertault R (1979) Bolets du Maroc. Bulletin Trimestriel de la Société Mycologique de 
France 95(3): 297–318.

Bessette AE, Roody WC, Bessette AR (2000) North American Boletes. A Color Guide to 
the Fleshy Pored Mushrooms. Syracuse University Press, Syracuse, 396 pp.

Bessette AE, Roody WC, Bessette AR (2016) Boletes of Eastern North America. Syra-
cuse University Press, Syracuse, 504 pp.

Bessette AE, Bessette AR, Lewis DP (2019) Mushrooms of the Gulf Coast States: A Field 
Guide to Texas, Louisiana, Mississippi, Alabama, and Florida. University of Texas 
Press, Austin, 632 pp.

Bi ZS, Zheng GY, Li TH (1994) Macrofungus flora of Guangdong Province. The Chinese 
University Press, Hongkong, 756 pp.

Biketova AYu (2015) Nomenclatural novelties. Index Fungorum 257: 1.
Binyamini N, Avizohar-Hershenzon Z (1973) Boletaceae of Israel. II. Gyroporus, Xero-

comus and Boletus. Transactions of the British Mycological Society 60(1): 99–105. 
https://doi.org/10.1016/S0007-1536(73)80064-6

Boccardo F, Traverso M, Vizzini A et al. (2008) Funghi d’Italia. Zanichelli, Bologna, 624 pp.
Bolshakov S, Kalinina L, Palomozhnykh E et al. (2021) Agaricoid and boletoid fungi of Rus-

sia: the modern country-scale checklist of scientific names based on literature data. 
Communications Biology 66(4): 316–325. https://doi.org/10.21638/spbu03.2021.404

Botanical Collections (2024) Botanical Collections. https://www.inaturalist.org/ 
[Accessed on 30.11.2024]

https://doi.org/10.22531/muglajsci.537081
https://doi.org/10.22531/muglajsci.537081
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.5248/111.279
https://doi.org/10.1093/nar/27.2.573
https://doi.org/10.1016/S0007-1536(73)80064-6
https://doi.org/10.21638/spbu03.2021.404
https://www.inaturalist.org/


68IMA Fungus 16: e144731 (2025), DOI: 10.3897/imafungus.16.144731

Alona Yu. Biketova et al.: Revision of Hortiboletus in Europe and Levant

Both EE (1993) The boletes of North America. A compendium. Buffalo Museum of 
Science, Buffalo, 436 pp.

Breitenbach J, Kränzlin F (1991) Fungi of Switzerland. Vol. 3. Boletes and Agarics 1. 
Verlag Mykologia, Luzern, 361 pp.

Bulliard JBFP (1789) Herbier de la France, ou Collection Complete des Plantes Indigènes 
de ce Royaume. Vol. 9. Leblanc, Paris, 362 pp.

Burnham A, Kibby GG (2011) Fungi associated with poplars: Agarics and boleti occurring with 
poplars. Field Mycology 12(2): 59–64. https://doi.org/10.1016/j.fldmyc.2011.03.007

Cadiñanos JA, Muñoz JA (1992) Un Xerocomus nuevo o interesante del norte peninsu-
lar: X. erubescens sp. nov. Belarra 9: 61–66.

Calzada Domínguez AC (2007) Guía de los Boletos de España y Portugal. Náyade Edito-
rial, Medina del Campo, 408 pp.

Camacho C, Coulouris G, Avagyan V et al. (2009) BLAST+: architecture and applications. 
BMC Bioinformatics 10: 421. https://doi.org/10.1186/1471-2105-10-421

Cazzoli P (2002) Micologia di Base – Approccio al genere Xerocomus. Rivista di Mico-
logia 45(4): 291–310.

Chiu WF (1957) Atlas of the Yunnan Boletes – Bolete Flora of Yunnan. Science Press, 
Beijing, 154 pp. [In Chinese]

Clémençon H (2009) Methods for Working with Macrofungi. IHW-Verlag, Eching, 88 pp.
Consiglio G, Papetti C (2001) Atlante Fotografico dei Funghi d’Italia. Vol II. AMB Centro 

Studi Micologici, Vicenza, 501–1000.
Cubeta MA, Echandi E, Abernethy T et al. (1991) Characterization of anastomosis groups 

of binucleate Rhizoctonia species using restriction analysis of an amplified ribosomal 
RNA gene. Phytopathology 81(11): 1395–1400. https://doi.org/10.1094/Phyto-81-1395

Das K, Chakraborty D, Baghela A et al. (2016) New species of xerocomoid boletes 
(Boletaceae) from Himalayan India based on morphological and molecular evidence. 
Mycologia 108(4): 753–764. https://doi.org/10.3852/15-206

den Bakker HC, Gravendeel B, Kuyper TW (2004) An ITS phylogeny of Leccinum and an 
analysis of the evolution of minisatellite-like sequences within ITS1. Mycologia 9(1): 
102–118. https://doi.org/10.1080/15572536.2005.11833001

Dettman JR, Jacobson DJ, Taylor JW (2003) A multilocus genealogical approach to phy-
logenetic species recognition in the model eukaryote Neurospora. Evolution 57(12): 
2703–2720. https://doi.org/10.1111/j.0014-3820.2003.tb01514.x

Dima B (2015) Nomenclatural novelties. Index Fungorum 251: 1.
Dima B, Pál-Fám F, Takács K (2013) Macrofungi investigation at the Fekete Hill near 

Szentbékkálla (Hungary). Folia Musei Historico-Naturalis Bakonyiensis 29: 17–28.
El Mokni R, El Aouni MH (2019) Hidden diversity of wild macrofungi in oak (Quercus 

spp.) forests of Kroumiria (northern west of Tunisia): occurrence, rarity and new 
records. Nova Hedwigia 108(1–2): 101–172. https://doi.org/10.1127/nova_hedwi-
gia/2018/0494

Engel H (1999) Xerocomus quercinus Engel & Brückner 1996 ad int. ist Xerocomus com-
munis (Bulliard 1789) M. Bon 1985. Beitrage zur Kenntnis der Pilze Mitteleuropas 12: 
57–62.

Engel H, Brückner T (1989) Xerocomus quercinus nom. prov. Die Pilzflora Nord-westob-
erfrankens 13(A): 75–78.

Engel H, Dermek A, Klofac W et al. (1996) Schmier- und Filzröhrlinge s.l. in Europa. 
Weidhausen, Coburg, 268 pp.

Estadès A, Lannoy G (2004) Les bolets européens. Bulletin de la Fédération Mycologique 
Dauphinée-Savoie 174(3): 3–79.

https://doi.org/10.1016/j.fldmyc.2011.03.007
https://doi.org/10.1186/1471-2105-10-421
https://doi.org/10.1094/Phyto-81-1395
https://doi.org/10.3852/15-206
https://doi.org/10.1080/15572536.2005.11833001
https://doi.org/10.1111/j.0014-3820.2003.tb01514.x
https://doi.org/10.1127/nova_hedwigia/2018/0494
https://doi.org/10.1127/nova_hedwigia/2018/0494


69IMA Fungus 16: e144731 (2025), DOI: 10.3897/imafungus.16.144731

Alona Yu. Biketova et al.: Revision of Hortiboletus in Europe and Levant

Eyssartier G, Roux P (2011) Le Guide des Champignons – France et Europe. Belin, Paris, 
1184 pp.

Flores Arzù R (2020) Diversity and importance of edible ectomycorrhizal fungi in Guate-
mala. In: Pérez-Moreno J, Guerin-Laguette A, Flores Arzù R, Yu FQ (Eds) Mushrooms, 
humans and nature in a changing world – Perspectives from ecological, agricultural 
and social sciences. Chapter 4. Springer Nature Switzerland, Cham, 101–139. https://
doi.org/10.1007/978-3-030-37378-8_4

Frank J, Siegel N, Schwarz CF et al. (2020) Xerocomellus (Boletaceae) in western North 
America. Fungal Systematics and Evolution 6: 265–288. https://doi.org/10.3114/
fuse.2020.06.13

Galli R (2013) I Boleti, Atlante Pratico-Monografico per la Determinazione dei Boleti. 4th 
ed. Micologica, Vergiate, 296 pp.

García-Jiménez J (2013) Diversidad de Macromicetos en el Estado de Tamaulipas, 
México. PhD Thesis, Universidad Autónoma de Nuevo León, Linares, México.

Gardes M, Bruns TD (1993) ITS primers with enhanced specificity for basidiomycetes 
– application to the identification of mycorrhizae and rusts. Molecular Ecology 2: 
113–118. https://doi.org/10.1111/j.1365-294X.1993.tb00005.x

GBIF (2024) GBIF. https://www.gbif.org/ [Accessed on 30.11.2024]
Gelardi M (2009) First record of Xerocomus bubalinus in Italy and the generic placement 

of Xerocomus engelii comb. nov. Bollettino dell’Associazione Micologica ed Ecologi-
ca Romana 75–76(3–1): 11–20.

Gelardi M (2010) Additional data and iconography concerning Xerocomus bubalinus 
from central and northern Italy. Bollettino dell’Associazione Micologica ed Ecologica 
Romana 80–81(2–3): 13–21.

Gouy M, Tannier E, Comte N et al. (2021) Seaview Version 5: A multiplatform software for 
multiple sequence alignment, molecular phylogenetic analyses, and tree reconciliation. 
In: Katoh K (Ed.) Multiple Sequence Alignment. Methods in Molecular Biology 2231. 
Humana, New York, NY, 241–260. https://doi.org/10.1007/978-1-0716-1036-7_15

Grund DW, Harrison AK (1976) Nova Scotian Boletes. J. Cramer, Vaduz, 283 pp.
Hagara L, Antonín V, Baier J (1999) Houby. Aventinum, Praha, 416 pp.
Haimed M, Nmichi A, Touhami AO et al. (2013) Bibliographic inventory of Moroccan 

Central Plateau fungi. Journal of Animal & Plant Sciences 18(2): 2723–2749.
Hansen L, Knudsen H, Dissing H [Eds] (1992) Nordic Macromycetes. Vol. 2. Polyporales, 

Boletales, Agaricales, Russulales. Nordsvamp, Copenhagen, 474 pp.
Hills AE (2007) Boletus in the British Isles. Updating British species. Pagine di Micologia 

27: 21–25.
Hills AE (2008) The genus Xerocomus. A personal view, with a key to the British species. 

Field Mycology 9(3): 77–96. https://doi.org/10.1016/S1468-1641(10)60416-1
Hlaváček J (2001) Přehled našich hub hřibotvarých (Boletales). Mykologický Sborník 

78(2): 65–71.
Hopple JS, Vilgalys R (1999) Phylogenetic Relationships in the mushroom genus 

Coprinus and dark-spored allies based on sequence data from the nuclear gene cod-
ing for the large ribosomal subunit RNA: Divergent domains, outgroups, and mono-
phyly. Molecular Phylogenetics and Evolution 13(1): 1–19. https://doi.org/10.1006/
mpev.1999.0634

Iglesias P, Fernandéz J, Oyarzabal M et al. (2021) Aportaciones al catálogo micológico 
de la isla de Terceira (Islas Azores; Portugal) (Macaronesia). Errotari 18: 159–276.

Imler L (1950) Recherches sur les bolets. Bulletin de la Société Mycologique de France 
66(4): 177–203.

https://doi.org/10.1007/978-3-030-37378-8_4
https://doi.org/10.1007/978-3-030-37378-8_4
https://doi.org/10.3114/fuse.2020.06.13
https://doi.org/10.3114/fuse.2020.06.13
https://doi.org/10.1111/j.1365-294X.1993.tb00005.x
https://www.gbif.org/
https://doi.org/10.1007/978-1-0716-1036-7_15
https://doi.org/10.1016/S1468-1641(10)60416-1
https://doi.org/10.1006/mpev.1999.0634
https://doi.org/10.1006/mpev.1999.0634


70IMA Fungus 16: e144731 (2025), DOI: 10.3897/imafungus.16.144731

Alona Yu. Biketova et al.: Revision of Hortiboletus in Europe and Levant

iNaturalist (2024) iNaturalist. https://www.inaturalist.org/ [Accessed on 30.11.2024]
Index Fungorum (2025) Index Fungorum. http://www.indexfungorum.org/ [Accessed on 

30.01.2025]
Jeppson M, Knuttson T (2017) Sopp-Nytt 1. Aureoboletus projectellus, Hortiboletus 

bubalinus och Xerocomellus cisalpinus. Svensk Mykologisk Tidskrift 3(3): 36–45.
Kaldorf M, Renker C, Fladung M et al. (2004) Characterization and spatial distribution 

of ectomycorrhizas colonizing aspen clones released in an experimental field. 
Mycorrhiza 14: 295–306. https://doi.org/10.1007/s00572-003-0266-1

Kapitonov VI (2013) The finds of new (for Udmurtia) species of macromycetes. Bulletin 
of Udmurt University, Series Biology, Earth Sciences 4: 9–24. [In Russian]

Kaposvári L (2013) Mycological investigations in Népkert (Miskolc, Hungary). Mikológiai 
Közlemények, Clusiana 52(1–2): 5–19.

Karadelev M, Rusevska K, Spasikova S (2007) The family Boletaceae s.l. (excl. Boletus) 
in the Republic of Macedonia. Turkish Journal of Botany 31: 539–550.

Kasom G, Karadelev M (2012) The family Boletaceae s.l. (excluding Boletus) in Montenegro. 
Turkish Journal of Botany 36: 566–579. https://doi.org/10.3906/bot-1011-36

Kasparavičius J, Iršėnaitė R (2023) A new addition to the Mycota of Lithuania. Botanica 
29(1): 1–8. https://doi.org/10.35513/Botlit.2023.1.1

Kibby J (2017) British Boletes with Keys to Species (8th ed). Published by the author, 
London, 78 pp.

Kim M, Lee JS, Park JY et al. (2021) First report of six macrofungi from Daecheongdo 
and Socheongdo Islands, Korea. Mycobiology 49(5): 454–460. https://doi.org/10.10
80/12298093.2021.1970957

Klofac W (2007) Schlussel zur Bestimmung von Frishfunden der europäischen Arten 
der Boletales mit röhrigen Hymenophor. Österreichische Zeitschrift für Pilzkunde 16: 
187–279.

Klofac W, Krisai-Greilhuber I (2020) Revised key for the determination of fresh collec-
tions of European species of Boletales with tubulate hymenophore. Österreichische 
Zeitschrift für Pilzkunde 27: 81–303.

Knudsen H, Taylor AFS (2008) Xerocomus Quél. In: Knudsen H, Vesterholt J (Eds) Funga 
Nordica – Agaricoid, boletoid and cyphelloid genera. Nordsvamp, Copenhagen, 174–179.

Knudsen H, Taylor AFS (2012) Xerocomus Quel. In: Knudsen H, Vesterholt J (Eds) Funga 
Nordica, 2nd ed (2-volume set) – Agaricoid, boletoid and cyphelloid genera, vol 1. 
Nordsvamp, Copenhagen, 228–233.

Konstantinidis G (2014) Mushrooms: the Mushroom Collector’s Photo Guide (2nd ed). 
Published by the author, Grevena, 559 pp. [In Greek]

Krombholz von JV (1836) Naturgetreue Abbildungen und Beschreibungen der essbaren, 
schädlichen und verdächtigen Schwämme. Vol 5. J.G. Calve’schen Buchhandlung, Praha.

Krpata D, Peintner U, Langer I et al. (2008) Ectomycorrhizal communities associated with 
Populus tremula growing on a heavy metal contaminated site. Mycological Research 
112(9): 1069–1079. https://doi.org/10.1016/j.mycres.2008.02.004

Kumar S, Stecher G, Suleski M et al. (2024) MEGA12: Molecular Evolutionary Genetics 
Analysis version 12 for adaptive and green computing. Molecular Biology and Evolu-
tion 41: 1–9. https://doi.org/10.1093/molbev/msae263

Kuo M, Ortiz-Santana B (2020) Revision of leccinoid fungi, with emphasis on North 
American taxa, based on molecular and morphological data. Mycologia 112(1): 197–
211. https://doi.org/10.1080/00275514.2019.1685351

Ladurner H (2001) The Xerocomoideae of Europe. PhD Thesis, Leopold-Franzens-Univer-
sität, Innsbruck, Austria.

https://www.inaturalist.org/
http://www.indexfungorum.org/
https://doi.org/10.1007/s00572-003-0266-1
https://doi.org/10.3906/bot-1011-36
https://doi.org/10.35513/Botlit.2023.1.1
https://doi.org/10.1080/12298093.2021.1970957
https://doi.org/10.1080/12298093.2021.1970957
https://doi.org/10.1016/j.mycres.2008.02.004
https://doi.org/10.1093/molbev/msae263
https://doi.org/10.1080/00275514.2019.1685351


71IMA Fungus 16: e144731 (2025), DOI: 10.3897/imafungus.16.144731

Alona Yu. Biketova et al.: Revision of Hortiboletus in Europe and Levant

Ladurner H, Simonini G (2003) Xerocomus s.l. Fungi Europaei, vol 8. Edizioni Candusso, 
Alassio, 527 pp.

Lannoy G, Estadès A (2001) Flore Mycologique d’Europe 6 – Les Bolets. Documents 
Mycologiques Mémoire hors série 6, Lille, 163 pp.

Lebeuf R, Alexandrova AV, Cerna-Mendoza A et al. (2021) Fungal Systematics and Evo-
lution: FUSE 8. Sydowia 74: 193–249.

Leonardi M, Furtado ANM, Comandini O et al. (2020) Halimium as an ectomycorrhizal 
symbiont: new records and an appreciation of known fungal diversity. Mycological 
Progress 19: 1495–1509. https://doi.org/10.1007/s11557-020-01641-0

Lunghini D, Perrone L (2001) Contributo allo studio e al monitoraggio delle Boletaceae 
del litorale laziale. 1. Micologia e Vegetazione Mediterranea 16(2): 120–132.

Łuszczyński J (2007) Diversity of Basidiomycetes in various ecosystems of the Góry 
Świętokrzyskie Mts. Monographiae Botanicae 97: 1–220. https://doi.org/10.5586/
mb.2007.001

Malençon G, Bertault R (1970) Flore des champignons supérieurs du Maroc. Faculté de 
Sciences, Rabat, 601 pp.

Mao N, Zhao TY, Zhang YX et al. (2023) Boletaceae from Shanxi Province of northern 
China with descriptions of ten new species. Mycosphere 14(1): 2013–2091. https://
doi.org/10.5943/mycosphere/14/1/24

Mao XL (2009) Macromycetes of China. Science Press, Beijing, 816 pp. [In Chinese]
Martín CE (1904) (“1903”) Le “Boletus subtomentosus” de la région Gènevoise, Matéri-

aux pour la Flore Cryptogamique de la Suisse 2(1): 1–39.
Matheny PB (2005) Improving phylogenetic inference of mushrooms with RPB1 and 

RPB2 nucleotide sequences (Inocybe; Agaricales). Molecular Phylogenetics and Evo-
lution 35(1): 1–20. https://doi.org/10.1016/j.ympev.2004.11.014

Mifsud S (2017) Contribution to the mycobiota and myxogastria of the Maltese Islands: 
Part 1 (2014–2016). Micologia e Vegetazione Mediterranea 32(1): 3–58.

Mikšík M (2014) Nomenclatural novelties. Index Fungorum 182: 1.
Mikšík M (2017) Hřibovité Houby Evropy. Svojtka & Co., Praha, 512 pp.
Montag K (2009) Rotfußröhrlinge. Der Tintling 59(2): 72–75.
Moser M (1983) Röhrlinge und Blätterpilze. 5. Aufl. Kleine Kryptogamenflora Mitteleuro-

pas. Bd. 2b/2. Gustav Fischer, Stuttgart, 533 pp.
Muñoz JA, Cadiñanos Aguirre JA, Fidalgo E (2008) Contribución al catálogo corológico 

del género Xerocomus en la Peninsula Iberica. Boletín de la Sociedad Micológica de 
Madrid 32: 249–277.

Murrill WA (1909) The Boletaceae of North America – II. Mycologia 1(4): 140–160. 
https://doi.org/10.1080/00275514.1909.12020585

Mushroom Observer (2024) Mushroom Observer. https://mushroomobserver.org/ 
[Accessed on 30.11.2024]

Mustafabayli EH, Aghayeva DN (2019) New records of mushrooms for the mycobiota of 
Azerbaijan. Ukrainian Botanical Journal 76(4): 356–361. https://doi.org/10.15407/
ukrbotj76.04.356

Musumeci E (2008) Xerocomus bubalinus. http://www.naturamediterraneo.com/forum/
topic.asp?TOPIC_ID=43308 [Accessed on 20.11.2021]

MycoBank (2025) MycoBank. https://www.mycobank.org/ [Accessed on 30.01. 2025]
Nagasawa E (1997) A preliminary checklist of the Japanese Agaricales. I. The Boletineae. 

Reports of the Tottori Mycological Institute 35: 39–78.
Nanagulyan SG (2008) Cap fungi of Armenia (agaricoid Basidiomycetes). YSU Press, 

Yerevan, 121 pp. [In Russian]

https://doi.org/10.1007/s11557-020-01641-0
https://doi.org/10.5586/mb.2007.001
https://doi.org/10.5586/mb.2007.001
https://doi.org/10.5943/mycosphere/14/1/24
https://doi.org/10.5943/mycosphere/14/1/24
https://doi.org/10.1016/j.ympev.2004.11.014
https://doi.org/10.1080/00275514.1909.12020585
https://mushroomobserver.org/
https://doi.org/10.15407/ukrbotj76.04.356
https://doi.org/10.15407/ukrbotj76.04.356
http://www.naturamediterraneo.com/forum/topic.asp?TOPIC_ID=43308
http://www.naturamediterraneo.com/forum/topic.asp?TOPIC_ID=43308
https://www.mycobank.org/


72IMA Fungus 16: e144731 (2025), DOI: 10.3897/imafungus.16.144731

Alona Yu. Biketova et al.: Revision of Hortiboletus in Europe and Levant

Naseer A, Sarwar S, Khalid AN et al. (2019) Hortiboletus kohistanensis: a new species 
from temperate and subalpine oak forests of Pakistan. Phytotaxa 388(3): 239–246. 
https://doi.org/10.11646/phytotaxa.388.3.3

Noordeloos ME (2007) Hoe raakik thuis in de boleten – 7. De fluweelboleten (Xeroco-
mus) van Nederland. Coolia 50(1): 1–20.

Noordeloos ME, den Bakker HC, van der Linde S (2018) Order Boletales. In: Noordeloos 
ME, Kuyper TW, Somhorst I, Vellinga S (Eds) Flora Agaricina Neerlandica, vol 7. 
Candusso Editrice, Origgio, 632 pp.

Nounsi A, Outcoumit A, Selmaoui K et al. (2014) Inventaire des champignons ectomy-
corhiziens du Maroc. Journal of Applied Biosciences 79: 6826–6854. https://doi.
org/10.4314/jab.v79i1.10

Nuhn ME, Binder M, Taylor AFS et al. (2013) Phylogenetic overview of the Boletineae. 
Fungal Biology 117(7–8): 479–511. https://doi.org/10.1016/j.funbio.2013.04.008

Oolbekkink GT (1991) The taxonomic value of the ornamentation of spores in the Xero-
comus group of Boletus. Persoonia 14(3): 245–273.

Oolbekkink GT, van Duin WW (1988) De taxonomische betekenis van de hoedhuid-typen 
in Xerocomus. Coolia 31(1): 1–11.

Orihara T, Smith ME, Shimomura N et al. (2012) Diversity and systematics of the 
sequestrate genus Octaviania in Japan: Two new subgenera and eleven new species. 
Persoonia 28: 85–112. https://doi.org/10.3767/003158512X650121

Orihara T, Lebel T, Ge Z-W et al. (2016) Evolutionary history of the sequestrate genus 
Rossbeevera (Boletaceae) reveals a new genus Turmalinea and highlights the utility 
of ITS minisatellite-like insertions for molecular identification. Persoonia 37: 173–
198. https://doi.org/10.3767/003158516X691212

Ouali Z, Boudagga S, Sbissi I et al. (2021) Updated checklist of macromycetes of Tunisia. 
Plant Biosystems 155(4): 691–699. https://doi.org/10.1080/11263504.2020.1779838

Outcoumit A, El Kholfy S, Ouazzani TA et al. (2014) Bibliographic Inventory of Tangier 
Fungi: Catalogue of the Basidiomycetes Fungal Flora. International Journal of Plant, 
Animal and Environmental Sciences 4(1): 205–256.

Pál-Fám F, Benedek L (2010) Boletes from Székelyföld, Transylvania (Boletus, Leccinum, 
Chalciporus, Gyroporus, Porphyrellus, Strobilomyces). Occurrence and habitat charac-
terisation. Moeszia 7–8: 12–15.

Papetti C, Consiglio G, Simonini G (2001) Atlante Fotografico dei Funghi d’Italia. Vol I. 
AMB Centro Studi Micologici, Vicenza, 511 pp.

Pardo FMV, Maqueda SM, Pimienta ABL et al. (2004) Aproximación al Catálogo de las 
especies del Orden Boletales (Basidiomycetes, Fungi) en Extremadura (España). 
Revista de Estudios Extremeños 40(3): 1255–1291.

Péan R, Mornand J (2009) Le bolet du peuplier en Anjou – Xerocomus bubalinus. Cahiers 
Mycologiques Nantais 21: 8–10.

Peintner U, Ladurner H, Simonini G (2003) Xerocomus cisalpinus sp. nov., and the deli
mitation of species in the X. chrysenteron complex based on morphology and rDNA–
LSU sequences. Mycological Research 107(6): 659–679. https://doi.org/10.1017/
S0953756203007901

Perič B, Perič O (2006) Contribution to the study of the genus Boletus s.l. in Montenegro. 
Mycologia Montenegrina 9: 35–54.

Petrović NN, Kosanić MM, Ranković BR (2019) The diversity of macromycetes in the 
territory of Batočina (Serbia). Kragujevac Journal of Science 41: 117–132. https://
doi.org/10.5937/KgJSci1941117P

https://doi.org/10.11646/phytotaxa.388.3.3
https://doi.org/10.4314/jab.v79i1.10
https://doi.org/10.4314/jab.v79i1.10
https://doi.org/10.1016/j.funbio.2013.04.008
https://doi.org/10.3767/003158512X650121
https://doi.org/10.3767/003158516X691212
https://doi.org/10.1080/11263504.2020.1779838
https://doi.org/10.1017/S0953756203007901
https://doi.org/10.1017/S0953756203007901
https://doi.org/10.5937/KgJSci1941117P
https://doi.org/10.5937/KgJSci1941117P


73IMA Fungus 16: e144731 (2025), DOI: 10.3897/imafungus.16.144731

Alona Yu. Biketova et al.: Revision of Hortiboletus in Europe and Levant

Pham THG, Popov E, Alexandrova A et al. (2024) New data on Boletaceae (Agaricomy-
cetes, Basidiomycota) from central Vietnam with description of two new species and 
creation of a new combination based on morphological and phylogenetic evidence. 
Journal of Fungi 10: 223. https://doi.org/10.3390/jof10030223

Pilát A, Dermek A (1974) Hríbovité huby. Československé hríbovité a sliziakovité huby 
(Boletaceae – Gomphidiaceae). Veda, Bratislava, 207 pp.

Quélet L (1896) [1895] Quelques espèces critiques ou nouvelles de la Flore Mycologique 
de la France, Comptes Rendus de l´Association Française pour l´Avancement des 
Sciences 24(2): 616–622.

Rambaut A (2018) FigTree v1.4.4. Institute of Evolutionary Biology, University of Edin-
burgh. http://tree.bio.ed.ac.uk/software/figtree [Accessed on 15.04.2024]

Rambaut A, Suchard M, Xie D et al. (2014) Tracer v. 1.6. Institute of Evolutionary Biology, 
University of Edinburgh. http://beast.bio.ed.ac.uk/Tracer [Accessed on 16.12.2023]

Ramshaj Q, Rusevska K, Tofilovska S et al. (2021) Checklist of macrofungi from oak 
forests in the Republic of Kosovo. Czech Mycology 73(1): 21–42. https://doi.
org/10.33585/cmy.73102

Redeuilh G (1990) Etudes nomenclaturales sur les bolets. VI – Corrections, additions 
et commentaires aux études I – V (in D. M. fasc. 72: 13–49, 1988). Documents 
Mycologiques 20(79): 1–22.

Redeuilh G (1993) Xerocomus bubalinus. Documents Mycologiques 23(89): 62.
Redeuilh G, Simonini G (1995) Comitato Internazionale per l’unificazione dei nomi dei 

boleti europei – Schede del Gruppo II (Xerocomus). Pagine di Micologia 3: 35–73.
Redeuilh G, Simonini G (1999a) [1998]: Comitato per l’unificazione dei nomi dei boleti 

europei – Schede del Gruppo IV (Revisione delle schede “Gruppo edulis”, Xerocomus 
e Suillus s. lato). In: Atti VIII Seminario Russulales, Boletales e funghi ipogei. Pagine 
di Micologia 12: 95–128.

Redeuilh G, Simonini G (1999b) Comité pour l’unification des noms de bolets européens, 
Bulletin Trimestriel de la Société Mycologique de France 115(4): 435–453.

Rehner SA, Buckley E (2005) A Beauveria phylogeny inferred from nuclear ITS and EF1-α 
sequences: evidence for cryptic diversification and links to Cordyceps teleomorphs. 
Mycologia 97(1): 84–89. https://doi.org/10.1080/15572536.2006.11832842

Ridgway R (1912) Color Standards and Color Nomenclature. Privately published, Wash-
ington DC, 44 pp. https://doi.org/10.5962/bhl.title.62375

Robinson K, Burnham A, Kibby G et al. (2011) Fungi associated with poplars. Field My-
cology 12(2): 56–67. https://doi.org/10.1016/j.fldmyc.2011.03.007

Ronquist F, Teslenko M, van der Mark P et al. (2012) MrBayes 3.2: Efficient bayesian 
phylogenetic inference and model choice across a large model space. Systematic 
Biology 61(3): 539–542. https://doi.org/10.1093/sysbio/sys029

Saldivar ÁE, García Jiménez J, Herrera Fonseca MJ et al. (2021) Listado actualizado y 
nuevos registros de Boletaceae (Fungi, Basidiomycota, Boletales) en Jalisco, México. 
Polibotánica 52: 25–49. https://doi.org/10.18387/polibotanica.52.3

Sammut C (2021) Further additions to the Mycobiota of Malta. Ecologia Mediterranea 
47(2): 85–135. https://doi.org/10.3406/ecmed.2021.2132

Sarwar S, Jabeen S, Khalid AN et al. (2016) Molecular phylogenetic analysis of fleshy 
pored mushrooms: Neoboletus luridiformis and Hortiboletus rubellus from Western 
Himalayan range of Pakistan. Pakistan Journal of Botany 48(5): 2077–2083.

Sesli E, Denchev CM (2009) Checklists of the myxomycetes, larger ascomycetes, and 
larger basidiomycetes in Turkey. Mycotaxon 106: 65–67 [(1–136)].

https://doi.org/10.3390/jof10030223
http://tree.bio.ed.ac.uk/software/figtree
http://beast.bio.ed.ac.uk/Tracer
https://doi.org/10.33585/cmy.73102
https://doi.org/10.33585/cmy.73102
https://doi.org/10.1080/15572536.2006.11832842
https://doi.org/10.5962/bhl.title.62375
https://doi.org/10.1016/j.fldmyc.2011.03.007
https://doi.org/10.1093/sysbio/sys029
https://doi.org/10.18387/polibotanica.52.3
https://doi.org/10.3406/ecmed.2021.2132


74IMA Fungus 16: e144731 (2025), DOI: 10.3897/imafungus.16.144731

Alona Yu. Biketova et al.: Revision of Hortiboletus in Europe and Levant

Shlemov A, Korobeynikov A (2019) PathRacer: Racing profile HMM paths on assembly 
graph. In: Holmes I, Martín-Vide C, Vega-Rodríguez MA (Eds) Algorithms for Com-
putational Biology, Lecture Notes in Computer Science. AlCoB 2019. Lecture Notes 
in Computer Science. Vol. 11488. Springer International Publishing, Cham, 80–94. 
https://doi.org/10.1007/978-3-030-18174-1_6

Simonini G (1994) Delimitazione di alcuni Xerocomus, con l’ausilio dell’esame della 
struttura cuticolare e delle spore. Atti Giornate CEMM Oliena 2: 45–72.

Simonini G (1998a) Qualche specie rara o poco conosciuta della famiglia Boletaceae. 
Fungi non Delineati 6. Edizioni Candusso, Alassio, 56 pp.

Simonini G (1998b) Xerocomus chrysenteron e X. rubellus: delimitazione e casi di sim-
ulazione. Micologia e Vegetazione Mediterranea 13(1): 69–89.

Singer R (1945) New Boletaceae from Florida (a preliminary communication). Mycologia 
37(6): 792–799. https://doi.org/10.1080/00275514.1945.12024031

Singer R (1947) The Boletoideae of Florida. The Boletineae of Florida with notes on 
extralimital species III. The American Midland Naturalist 37(1): 1–135. https://doi.
org/10.2307/2421647

Singer R (1965) Die Röhrlinge Teil I. Die Boletaceae (ohne Boletoideae). Die Pilze Mit-
teleuropas Band V. Verlag Julius Klinkhardt, Bad Heilbrun, 131 pp.

Singer R (1967) Die Röhrlinge. Teil II. Die Boletoideae und Strobilomycetaceae. Die Pilze 
Mitteleuropas Band VI. Verlag Julius Klinkhardt, Bad Heilbrunn, 151 pp.

Sleiman S, Bellanger J-M, Richard F et al. (2021) First molecular-based contribu-
tion to the checklist of Lebanon macrofungi. Mycotaxon 136(3): 687. https://doi.
org/10.5248/136.687

Smith AH, Thiers HD (1971) The Boletes of Michigan. University of Michigan Press, Ann 
Arbor, 438 pp.

Souto M, Raposeiro PM, Balibrea A et al. (2024) Checklist of Basidiomycota and new 
records from the Azores Archipelago. Diversity 16: 170. https://doi.org/10.3390/
d16030170

Šuhaj J, Mikšík M (2016) Finding of Hortiboletus bubalinus in Bohumín and notes on its 
ecology in the Czech Republic. Acta Carpathica Occidentalis 7: 51–55. https://doi.
org/10.62317/aco.2016.007

Šutara J (2008) Xerocomus s.l. in the light of the present state of knowledge. Czech 
Mycology 60(1): 29–62. https://doi.org/10.33585/cmy.60104

Šutara J, Mikšík M, Janda V (2009) Hřibovité Houby. Academia, Praha, 294 pp.
Suz LM, Barsoum N, Benham S et al. (2014) Environmental drivers of ectomycorrhizal 

communities in Europe’s temperate oak forests. Molecular Ecology 23(22): 5628–
5644. https://doi.org/10.1111/mec.12947

Svetasheva TYu, Simonini G, Kapitonov VI (2018) A new look at boletes. Proceedings of 
the All-Russian Conference with International Participation “Mycology and Algology 
of Russia. XX – XXI Century: Change of Paradigms”, Moscow, November 2018. Pero 
Publishing House, Moscow, 215. [In Russian]

Taylor AFS, Eberhardt U (2006) The genus Xerocomus in Sweden. Svensk Mykologisk 
Tidskrift 27(3): 35–48.

Taylor AFS, Hills A, Simonini G (2002) A fresh look to xerocomoid fungi. Field Mycology 
3(3): 89–110. https://doi.org/10.1016/S1468-1641(10)60161-2

Taylor AFS, Jonsson L, Jonsson M et al. (2001) Species delineation within European 
species of Xerocomus using Internal Transcriber Spacer sequence data. Micologia e 
Vegetazione Mediterranea 16(2): 171–192.

https://doi.org/10.1007/978-3-030-18174-1_6
https://doi.org/10.1080/00275514.1945.12024031
https://doi.org/10.2307/2421647
https://doi.org/10.2307/2421647
https://doi.org/10.5248/136.687
https://doi.org/10.5248/136.687
https://doi.org/10.3390/d16030170
https://doi.org/10.3390/d16030170
https://doi.org/10.62317/aco.2016.007
https://doi.org/10.62317/aco.2016.007
https://doi.org/10.33585/cmy.60104
https://doi.org/10.1111/mec.12947
https://doi.org/10.1016/S1468-1641(10)60161-2


75IMA Fungus 16: e144731 (2025), DOI: 10.3897/imafungus.16.144731

Alona Yu. Biketova et al.: Revision of Hortiboletus in Europe and Levant

Taylor JW, Jacobson DJ, Kroken S et al. (2000) Phylogenetic species recognition and 
species concepts in fungi. Fungal Genetics and Biology 31(1): 21–32. https://doi.
org/10.1006/fgbi.2000.1228

Thiers B (2025) Index Herbariorum: A Global Directory of Public Herbaria and Associ-
ated Staff. New York Botanical Garden’s Virtual Herbarium. https://sweetgum.nybg.
org/science/ih/ [Accessed on 30.01.2025]

Thiers HD, Smith AH (1966) An undescribed bolete in the B. rubellus group. Michigan 
Botanist 5: 117–118.

Thongkantha S, Thongklam S, McKenzie EHC et al. (2021) Diversity and molecular phy-
logeny of some boletes from three conserved forests in Chiang Mai, with four new 
records. Chiang Mai Journal of Science 48(3): 867–883.

Tkalčec Z, Mešić A (2003) Preliminary checklist of Agaricales from Croatia. III. Families 
Boletaceae, Gomphidiaceae and Paxillaceae. Mycotaxon 87: 255–282.

Tremble K, Henkel T, Bradshaw A et al. (2024) A revised phylogeny of Boletaceae using 
whole genome sequences. Mycologia 116(3): 392–408. https://doi.org/10.1080/00
275514.2024.2314963

Turland NJ, Wiersema JH, Barrie FR et al. [Eds] (2018) International Code of Nomenclature 
for algae, fungi, and plants (Shenzhen Code) adopted by the Nineteenth International 
Botanical Congress Shenzhen, China, July 2017. Glashütten: Koeltz Botanical Books, 
254 pp. (Regnum Vegetabile 159: 1–254). https://doi.org/10.12705/Code.2018

Uzelac B (2009) Gljive Srbije i Zapadnog Balkana. BGV Logik, Beograd, 462 pp.
Vadthanarat S, Lumyong S, Raspé O (2019) Cacaoporus, a new Boletaceae genus, with 

two new species from Thailand. MycoKeys 54: 1–29. https://doi.org/10.3897/my-
cokeys.54.35018

Van Vooren N, Bidaud A, Cochard H et al. (2023) Liste rouge des champignons menacés 
d’Auvergne-Rhône-Alpes. Fédération mycologique et botanique Dauphiné-Savoie, 
Annemasse, 212 pp.

Vasas G, Locsmándi Cs (2013) New records of macrofungi for the environs of Jablonca 
and Szádalmás (Gömör-Torna Karst, SE Slovakia). Mikológiai Közlemények, Clusiana 
52(1–2): 79–94.

Vasiljeva LN (1978) Edible Mushrooms of the Far East. Far Eastern Publishing House, 
Vladivostok, 240 pp. [In Russian]

Vasquez G (2014) Indagini micologiche sulle Boletales epigee del territorio siciliano – 
mappatura e censimento delle specie. PhD Thesis, Università degli Studi di Catania, 
Catania, Italy.

Vilgalys R, Hester M (1990) Rapid genetic identification and mapping of enzymatically 
amplified ribosomal DNA from several Cryptococcus species. Journal of Bacteriology 
172: 4238–4246. https://doi.org/10.1128/jb.172.8.4238-4246.1990

Vizzini A (2015) Nomenclatural novelties. Index Fungorum 244: 1.
Wang Y, Ma YH, Wu G et al. (2024) Polyphasic taxonomy clarifies the relationships bet

ween Butyriboletus and Exsudoporus, and new taxa and reports of Boletaceae from 
China. Mycosphere 15(1): 881–953. https://doi.org/10.5943/mycosphere/15/1/7

Watling R, Hills AE (2005) Boletes and their allies – Boletaceae, Strobilomycetaceae, 
Gyroporaceae, Paxillaceae, Coniophoraceae, Gomphidiaceae (revised and enlarged 
edition). In: Henderson DM, Watling R (Eds) British Fungus Flora, Agarics and Boleti. 
Vol 1. HMSO, Edinburgh, 173 pp.

White TJ, Bruns T, Lee S et al. (1990) Amplification and direct sequencing of fungal 
ribosomal RNA genes for phylogenetics. In: Innis MA, Gelfand DH, Sninsky JJ, White 

https://doi.org/10.1006/fgbi.2000.1228
https://doi.org/10.1006/fgbi.2000.1228
https://sweetgum.nybg.org/science/ih/
https://sweetgum.nybg.org/science/ih/
https://doi.org/10.1080/00275514.2024.2314963
https://doi.org/10.1080/00275514.2024.2314963
https://doi.org/10.12705/Code.2018
https://doi.org/10.3897/mycokeys.54.35018
https://doi.org/10.3897/mycokeys.54.35018
https://doi.org/10.1128/jb.172.8.4238-4246.1990
https://doi.org/10.5943/mycosphere/15/1/7


76IMA Fungus 16: e144731 (2025), DOI: 10.3897/imafungus.16.144731

Alona Yu. Biketova et al.: Revision of Hortiboletus in Europe and Levant

TJ (Eds) PCR protocols: a guide to methods and applications. Academic Press, New 
York, 315–322. https://doi.org/10.1016/B978-0-12-372180-8.50042-1

Wilgan R, Leski T (2022) Ectomycorrhizal assemblages of invasive Quercus rubra L. and 
non-invasive Carya Nutt. trees under common garden conditions in Europe. Forests 
13(5): 676 [(1–16)]. https://doi.org/10.3390/f13050676

Wu G, Feng B, Xu J et al. (2014) Molecular phylogenetic analyses redefine seven major 
clades and reveal 22 new generic clades in the fungal family Boletaceae. Fungal Di-
versity 69(1): 93–115. https://doi.org/10.1007/s13225-014-0283-8

Wu G, Li YC, Zhu XT et al. (2016) One hundred noteworthy boletes from China. Fungal 
Diversity 81: 25–188. https://doi.org/10.1007/s13225-016-0375-8

Xie HJ, Lin WF, Jiang S et al. (2020) Two new species of Hortiboletus (Boletaceae, 
Boletales) from China. Mycological Progress 19(11): 1377–1386. https://doi.
org/10.1007/s11557-020-01634-z

Youcef Khodja L, Rahmania F, Courtecuisse R et al. (2021) First check-list with the oc-
currence of new records of Agaricomycetes (Fungi, Basidiomycota) in Babors Kabylia 
(Northern Algeria). Ecologia Mediterranea 46(2): 5–25. https://doi.org/10.3406/ec-
med.2020.2105

Zang M (2006) Boletaceae (I). Flora Fungorum Sinicorum 22. Science Press, Beijing, 215 
pp. [In Chinese]

Zerova MYa, Rozhenko GL (1988) Atlas of Edible and Poisonous Fungi. Radyanska 
Shkola, Kiev 40 pp. [In Russian]

Zervakis GI, Dimou DM, Balis C (1998) A checklist of the Greek macrofungi including 
hosts and biogeographic distribution: I. Basidiomycotina. Mycotaxon 46: 273–336.

Zhuang WY (2001) Higher fungi of tropical China. Mycotaxon, Ithaca, 485 pp.
Zohary M (1966) Flora Palaestina. V.1 Part 1: Equisetaceae to Moringaceae. 

Israel Academy of Science and Humanities, Jerusalem, 346 pp. https://doi.
org/10.1163/9789004630260

Supplementary material 1

Specimens used in molecular phylogenetic studies and their INSDC and 
UNITE accession numbers

Authors: Alona Yu. Biketova, Tatyana Yu. Svetasheva, Andy F. S. Taylor, Giampaolo Simo-
nini, Matteo Gelardi, Olga V. Morozova, Elias Polemis, José A. Muñoz, László Albert, 
Salvatore Saitta, Solomon P. Wasser, Eviatar Nevo, Georgios I. Zervakis, Alfredo Vizz-
ini, Bálint Dima

Data type: docx
Explanation note: table S1. Specimens used in molecular phylogenetic studies and 

their INSDC and UNITE accession numbers. Newly-generated sequences are in bold. 
Sequences submitted in public repositories, but not used in phylogeny are marked 
with asterisk (*).

Copyright notice: This dataset is made available under the Open Database License 
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/imafungus.16.144731.suppl1

https://doi.org/10.1016/B978-0-12-372180-8.50042-1
https://doi.org/10.3390/f13050676
https://doi.org/10.1007/s13225-014-0283-8
https://doi.org/10.1007/s13225-016-0375-8
https://doi.org/10.1007/s11557-020-01634-z
https://doi.org/10.1007/s11557-020-01634-z
https://doi.org/10.3406/ecmed.2020.2105
https://doi.org/10.3406/ecmed.2020.2105
https://doi.org/10.1163/9789004630260
https://doi.org/10.1163/9789004630260
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/imafungus.16.144731.suppl1


77IMA Fungus 16: e144731 (2025), DOI: 10.3897/imafungus.16.144731

Alona Yu. Biketova et al.: Revision of Hortiboletus in Europe and Levant

Supplementary material 2

Aligned and concatenated dataset of Hortiboletus sequences (ITS, 
LSU, tef1-α, rpb2) and closely-related genera used for phylogenetic 
reconstruction

Authors: Alona Yu. Biketova, Tatyana Yu. Svetasheva, Andy F. S. Taylor, Giampaolo Simo-
nini, Matteo Gelardi, Olga V. Morozova, Elias Polemis, José A. Muñoz, László Albert, 
Salvatore Saitta, Solomon P. Wasser, Eviatar Nevo, Georgios I. Zervakis, Alfredo Vizz-
ini, Bálint Dima

Data type: fas
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/imafungus.16.144731.suppl2

Supplementary material 3

Non-collapsed ML and BI phylogenetic trees: ITS, LSU, tef1-α, and rpb2

Authors: Alona Yu. Biketova, Tatyana Yu. Svetasheva, Andy F. S. Taylor, Giampaolo Simo-
nini, Matteo Gelardi, Olga V. Morozova, Elias Polemis, José A. Muñoz, László Albert, 
Salvatore Saitta, Solomon P. Wasser, Eviatar Nevo, Georgios I. Zervakis, Alfredo Vizz-
ini, Bálint Dima

Data type: pdf
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/imafungus.16.144731.suppl3

http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/imafungus.16.144731.suppl2
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/imafungus.16.144731.suppl3

	Morphological and molecular re-assessment of European and Levantine species of the genus Hortiboletus (Boletaceae)
	Abstract
	Introduction
	Materials and methods
	Collection sites and sampling
	Morphological studies
	DNA extraction, PCR amplification and DNA sequencing
	Sequence alignment, phylogenetic analysis and species delimitation
	Detection and characterisation of insertion sequences within ITS
	Abbreviations

	Results
	Phylogenetic analysis and species delimitation
	Characterisation of tandem repeat insertions within ITS

	Taxonomy and distribution
	Hortiboletus Simonini, Vizzini & Gelardi, in Vizzini, Index Fungorum 244: 1 (2015), emend. Biketova, Simonini, Gelardi & Vizzini
	Hortiboletus rubellus (Krombh.) Simonini, Vizzini & Gelardi, in Vizzini, Index Fungorum 244: 1 (2015)
	Hortiboletus bubalinus (Oolbekk. & Duin) L. Albert & Dima, Index Fungorum 251: 1 (2015)
	Hortiboletus engelii (Hlaváček) Biketova & Wasser, Index Fungorum 257: 1 (2015)
	Hortiboletus hershenzoniae Biketova & Wasser, sp. nov.
	Key to the European and Levantine species of Hortiboletus
	Extralimital taxa
	Hortiboletus campestris (A.H. Sm. & Thiers) Biketova & Wasser, Index Fungorum 257: 1 (2015)
	Hortiboletus flavorubellus (Thiers & A.H. Sm.) Biketova & Tremble, comb. nov.

	Discussion
	Tandem repeat insertions in ITS region
	Phylogeny, taxonomy, morphology and geography

	Acknowledgements
	Additional information
	References

