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Abstract

The of slate bolete Leccinum duriusculum is reported for the first time from Pakistan based on morphological, scanning electron
microscopical, ecological and phylogenetic evidences. Sampling was done from glacial rocky mountains of Hunza valley (Central
Karakorum), Gilgit, Northern Pakistan, dominated by Populus alba trees at their foothills. Populus trees are the ectomycorrhizal
partners of Leccinum duriusculum. A comprehensive description of the macro- and micro-morphological characteristics is included,
supplemented with color photographs of fresh basidiomata in their natural habitat and microscopic images with main anatomical
features. Phylogenetic analysis of the studied sample was conducted using internal transcribed spacer (ITS) and larger subunit (LSU)
sequences of nuclear ribosomal DNA. This analysis supports the taxonomic identification of Leccinum duriusculum and confirms its
phylogenetic position. Additionally, comparisons are made with closely related taxa that exhibit phenotypic and molecular genetic

similarities. To our knowledge, this represents the first record of this taxon occurring in Pakistan.
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Introduction

Leccinum is a diverse genus within the boletes. Many
species in this genus form ectomycorrhizal relationships
with different plants. Some of these species are popular
edible mushrooms, highlighting their ecological and
economic significance (Wang et al., 2023, Meng et al.,
2021). It features a whitish or yellowish hymenophore and
has a white to cream-colored flesh that remains the same or
changes to greenish blue or pale reddish when damaged.
The stem has brown to blackish tiny squamules, and the
basidiospores are relatively long and smooth (Den Bakker
& Noordeloos, 2005). Typically, species from this genus
are found across subarctic, boreal, temperate, and
Mediterranean zones, with some extending into the
neotropics (Den Bakker ef al., 2004a, 2004b). This genus
comprises roughly 150 species (Meng et al., 2021). North
America hosts the greatest species diversity of this genus,
with 118 species documented in this region (Thiers, 1971).
In Europe, Singer subdivided the genus in four sections
(Singer, 1986). In the Southern Hemisphere, four species
are known: one in New Zealand and three in Australia
(Watling, 2001; Segedin, 1987; Mcnabb, 1968).

Leccinum species have been identified in Asia,
specifically in Malaysia, Japan, and China, by examining their
morphological and molecular genetic characteristics (Mao et
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al., 2000; Meng et al., 2021). Despite that Northern Pakistan
has biodiversity-rich hotspots regarding fungi, limited
research has been done on Leccinum species and the species
diversity of this genus in Pakistan has not been well elucidated
yet. Until now only three Leccinum species, Leccinum
scabrum (Bull.) Gray, Leccinum ustale (Berk.) E. Horak, and
Leccinum versipelle (Fr. and Hok) Snell, have been reported
based on morphological analysis (Aman et al., 2022; Razaq &
Shahzad, 2017). In this research, we combined morphological
data with molecular genetic analysis, utilizing sequences from
the nuclear ribosomal internal transcribed spacer (ITS) and the
large subunit (LSU) of the nuclear ribosomal RNA. We aimed
to assess the phylogenetic relationships of Leccinum
duriusculum, marking its first confirmed occurrence in the
Hunza Valley, Gilgit.

Material and Methods
Site description and sampling

Sampling sites: During summer 2021, a survey of the
study area and macromycete collecting were conducted at
multiple locations within Hunza Valley. Situated 112
kilometers north of Gilgit, the study area lies on the western
bank of the Hunza River and is surrounded by numerous
steep peaks exceeding 7000 m s.m. This region has a
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temperate climate, with summer temperatures ranging
from a high of 27°C to a low of 14°C. During winter,
temperatures fluctuate between 10°C and —10°C. The
territory of Hunza spans about 7900 square kilometers at
an altitude of 3000 meters above sea level. In this valley,
the forested region spans approximately 17,028 hectares,
characterized mainly by montane dry temperate sub-alpine
vegetation. During the monsoon season, these forests
receive substantial rainfall. The average humidity in these
regions is around 57%, and the mean annual rainfall is 59.3
cm (Hussain, 1995). Macomorphological characters were
meticulously recorded from fresh basidiomata, alongside
with photographs capturing them in their natural settings.
The basidiomata were then dried using a fan heater and
stored in envelopes for further laboratory analysis.

Macro- and micromorphological studies: The sample
was examined both macro- and microscopically, based on
Zang (2006). The macroscopic features were documented
from fresh basidomata, including: 1) the shape, diameter,
texture, ornamentation, and surface color of the pileus,
along with any bruising reactions in the context, and the
color and shape of the margin; and 2) the width, length,
color, shape, texture, ornamentation, and attachment of the
stipe to the pileus, the presence or absence of an annulus
on the stipe, and any bruising reactions in the context; 3)
hymenium: color of lamellae, bruising reactions of the
hymenial surface. Microscopic examination was
conducted for examining the size, shape, cytoplasmic
contents, and color reactions of basidia, hymenial cystidia,
stipitipellis, pileipellis, basidiospores and terminal cells
following Den Bakker & Noordeloos (2005), and Meng et
al., (2021). Spore dimensions including length and width
of 30 spores were taken.

Molecular phylogenetic studies: Genomic DNA was
extracted using the GeneJET Plant Genomic DNA
Purification Kit from Thermo Scientific. Bands were
observed with the Bio-Rad Gel Doc™ 2000 system. PCR
was performed utilizing both fungus-specific and universal
primers (ITS1F, ITS4, and ITS4B) to amplify the internal
transcribed spacer (ITS) region of nuclear ribosomal DNA,
along with LROR and LRS5 primers for the large subunit
(LSU) region (White et al., 1990). The PCR products were
checked using the nanodrop technique and subsequently
cleaned with an enzymatic PCR cleanup method (Werle et
al., 1994) following the protocol detailed in Voglmayr &
Jaklitsch (2008). DNA sequencing was conducted utilizing
the ABI PRISM Big Dye Terminator Cycle Sequencing
Ready Reaction Kit v. 3.1 (Applied Biosystems, Warrington,
UK). This sequencing was carried out on an automated DNA
sequencer (ABI 3730xl Genetic Analyzer, Applied
Biosystems). The obtained sequences were analyzed using
BioEdit sequence alignment editor version 7.2.5 (Hall,
1999). The consensus sequence was then searched using
BLAST at NCBI (http://www.ncbi.nlm.nih.gov/). For
phylogenetic reconstruction, sequences from GenBank with
the closest match, as well as additional sequences from
Leccinum species, were selected (Table 1). The sequences
were aligned with the online MUSCLE tool at EMBL-EBI
(http://www.ebi.ac.uk/) and manually edited as needed using
BioEdit (Hall, 1999). MEGAI11 software (Tamura et al.,
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2021) was utilized to construct the phylogenetic tree. Initial
trees for the heuristic search were generated automatically
by employing the Neighbor-Joining and BioNJ algorithms
on a pairwise distance matrix estimated with the Jukes-
Cantor model, followed by the selection of the topology with
the highest log-likelihood value.

Results

Molecular phylogenetic characterization: The BLAST
results of ITS-LSU region revealed a concordance of
more than 98 % with Leccinum duriusculum (ITS
sequences with MT965822, 0Q550146 and LSU
sequences with MZ675541). The final ITS dataset
comprised 23 sequences and 1956 characters. Similarly,
the final aligned data set of nrLSU sequences included 25
sequences and 908 characters. Maximum Likelihood
method and Jukes-Cantor model (Jukes & Cantor, 1969)
was used for inferring the evolutionary history. The tree
with the highest log likelihood -5789.38 for ITS
phylogeny and -2217.47 for LSU phylogeny is shown
(Figs. 1, 2). Bootstrap consensus tree was determined
from 1000 replicates, and the corresponding bootstrap
values (> 50%) were mentioned in the tree. Leccinellum
albellum was used as outgroup.

Description of the Pakistani specimen
Leccinum duriusculum (S. Schulz.) Singer - Figs. 3-4

Basidiomata medium-sized. Pileus about 5 cm in
diameter, sub-hemispherical to convex, surface dry,
yellowish brown, brown squamulose all over, small
patches towards margins, context white to pale.
Hymenophore poroid, adnexed to narrowly adnate,
creamy; pores rounded, small, extremely dense. Stipe
measuring 5-6 x 1.4-3 cm, noticeably swollen
(ventricose) and tapering towards the base, with slight
rooting; covered by fine greyish to blackish squamules on
a pale background, forming a net-like structure in the
upper part. Whitish at both the top and base, solid, and
centrally located. The squamules becoming larger
towards the base, often arranged in longitudinal rows or
ridges. In some cases, especially in the upper part of the
stipe, merging into a reticulate pattern and rupturing at
maturity. Context and mycelium white. Basidiospores
12-16 x 4—6 um, fusiform to subfusiform, slightly thick-
walled, smooth, with conical apex. Basidia 19-33 x 5.0—
9.0 um, clavate, and 4-spored. Cystidia 35-55 x 8-12
pm, with a subfusiform to fusiform shape.
Hymenophoral trama  boletoid, with hyphae
subcylindrical and 4-10 um wide. Hymenial cystidia
abundant, 23-81 x 6-17 um, lageniform, often with a
long, tapering neck. Pileipellis a cutis-like structure made
up of septate hyphae, with terminal elements measuring
10-85 x 2.7-8 pm. These elements irregularly cylindrical
and containing intracellular  granular  pigment.
Stipitipellis also displaying a cutis arrangement,
characterized by narrow, cylindrical hyphae ranging from
3.4— 9.0 pm in width. Caulocystidia 23—-105 x 4.5-12
pm, lageniform or fusiform, with either thin or thick
walls. Clamp-connections absent.
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Fig. 1. Phylogenetic tree of Leccinum duriusculum represented by (*) Fig. 2. Phylogenetic tree of Leccinum duriusculum represented by (*)
based on Maximum Likelihood (ML) analysis of nrITS sequences. based on Maximum Likelihood (ML) analysis of nrLSU sequences.

Fig. 4. Microscopic features of Leccinum duriusculum. (A-C) Basidia
and cystidia (D) Pileipellis (E-F) Stiptipellis and terminal hyphae (G)
Fig. 3. Habit of Leccinum duriusculum. Bar =1 cm. Basidiospores. (Bar = 10 um), (H) SEM photograph of basidiospores.
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Material examined: Pakistan, Hunza Valley, Gilgit-
Baltistan, from rocky mountains, 12-08-2021, leg. S.
Sawar, LCWUBOT. SS-12-PakFM04082021 (Herbarium,
Dept. of Botany, LCWU, Lahore). (Genbank no. PP660354
for nrITS and PP660355 for nrLSU).

Discussion

One of our specimens found during the mycological
survey of Hunza Valley was revealed as Leccinum
duriusculum and is the first record for Pakistan. Previously,
only three species of this genus were known from Pakistan
but without molecular and phylogenetic analysis (Aman et
al., 2022). Leccinum duriusculum was analyzed macro-
and microscopically, as well as by sequencing ITS and
LSU regions (Figs. 1-2). In both phylogenetic trees, our
sequences form a clade with Leccinum duriusculum
reported from other countries with high bootstrap value.

Leccinum duriusculum can be identified by its
yellowish-brown pileus, distinguishing it from the closely
related L. nigellum, which has a dark, almost blackish pileus
(Den Bakker et al., 2004b). While L. parascabrum also has
similar pileus and hymenophore colors and a slender stipe,
L. duriusculum stands out with its yellowish-brown pileus,
white flesh, relatively small spores, and genetic distinctions
(Horak, 2011). Leccinum cyaneobasileucum has a context
turning blue near the stipe base, and L. versipelle features a
more orange pileus and bruises blue-green at the stipe base.

Leccinum duriusculum forms an ectomycorrhizal
association with Poulus alba and P. tremula (Selosse, 2003;
Jarzynska and Falandysz, 2012). Different species of
Leccinum are associated with specific trees i.e., L.
cyaneobasileucum, L. scabrum and L. albostipitatum found
in association with Betula. Leccinum cyaneobasileucum
has a bluing stipe base, and its white flesh turns pink when
cut, then slowly blue. The mycorrhizal partner and the
smaller size reveal its difference from Slate Bolete. The
context of Leccinum scabrum remains white after being
cut, and its stipe base does not stain blue. Leccinum
albostipitatum has a bright orange to brick colored pileus
which makes it easy to separate.

In conclusion, after morphological and molecular
genetic analysis, the Slate Bolete Leccinum duriusculum is
reported here for the first time for Pakistan from Hunza
Valley's glacial rocky mountains.

Acknowledgements

The authors would like to express their sincere
gratitude to the Austrian Academy of Science for funding
this research through the JESH postdoctoral fellowship by
the Joint Excellence in Science and Humanities (JESH).
We also appreciate the University of Vienna's Department
of Botany and Biodiversity Research for providing the
facilities and opportunities to conduct our research. We
extend our heartfelt thanks to Mag. Dr. Michael Barfuss
from the University of Vienna, Department of Botany and
Biodiversity Research, Division of Systematic and
Evolutionary Botany, for his invaluable assistance with the
lab work. Additionally, we are grateful to Mag. Dr. Silvia
Ulrich from the University of Vienna, Department of
Botany and Biodiversity Research, Division of Structural
and Functional Botany, for her support in SEM analysis.

779

References

Aman, N., A.N. Khalid and J.M. Moncalvo. 2022. A compendium
of macrofungi of Pakistan by ecoregions. Myco-Keys, 89:
171-233. doi: 10.3897/mycokeys.89.81148.

Binder, M. and H. Besl. 2000. 28S rDNA sequence data and
chemotaxonomical analyses on the generic concept of
Leccinum (Boletales). In: Associazone Micologica Bresadola,
ed. Micologia 2000. Brescia Italy: Grafica Sette. P. 75-86.

Binder, M. and D.S. Hibbett. 2006. Molecular systematics and
biological diversification of Boletales. Mycologia, 98: 971-981.

den Bakker, H.C. and M.E. Noordeloos. 2005. A revision of
European species of Leccinum Gray and notes on
extralimital species. Persoonia-Mol. Phylog. Evol. Fungi,
18(4): 511-574.

den Bakker, H.C., B. Gravendeel and Th. W. Kuyper. 2004a. An
ITS phylogeny of Leccinum and an analysis of the evolution
of minisatellite-like sequences within ITS 1. Mycologia, 96:
102-118.

den Bakker, H.C., G.C. Zuccarello, Th. W. Kuyper and M.E.
Noordeloos. 2004b. Evolution and host specificity of the
ectomycorrhizal genus Leccinum. New Phytol., 163: 201-215.

Geml, J., I. Timling, C. H. Robinson, N. Lennon, H.C. Nusbaum,
C. Brochmann, M.E. Noordeloos and D.L. Taylor. 2012. An
arctic community of symbiotic fungi assembled by long-
distance dispersers: phylogenetic diversity of ectomycorrhizal
basidiomycetes in Svalbard based on soil and sporocarp DNA.
J. Biogeograph., 39: 74-88.

Hall, T.A. 1999. BioEdit: a user—friendly biological sequence
alignment editor and analysis program for Windows
95/98/NT. Nucl. Acids Symp. Series, 41: 95-98.

Horak, E. 2011. Revision of Malaysian species of Boletales sl
(Basidiomycota) described by EJH Corner (1972, 1974).
Malayan Forest Records, 51: 1-283.

Hussain, S.S. 1995. Pakistan manual of plant ecology. Mirror
Press Ltd., Karachi. pp.161-162.

Jarzynska, G. and J. Falandysz. 2012. Trace elements profile of Slate
Bolete (Leccinum duriusculum) mushroom and associated
upper soil horizon. J. Geochem. Explor., 121: 69-75.

Jukes, T.H. and C.R. Cantor. 1969. Evolution of protein
molecules. In: Mammalian Protein Metabolism, (Ed.):
Munro, H.N. pp. 21-132, Academic Press, New York.

Kalucka, 1.L., A.M. Jagodzinski and M. Nowinski. 2016.
Biodiversity of ectomycorrhizal fungi in surface mine spoil
restoration stands in Poland-first time recorded, rare, and
red-listed species. Acta Mycol., 51(2): 1-36. https://doi.org/
10.5586/am.1080

Kuo, M. and B. Ortiz-Santana. 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

Li, Y.C. and Z.L. Yang. 2021. The Boletes of China: Tylopilus s.1.
New York, NY: Springer. doi: 10.1007/978-981-16-2986-0

Mao, X.L. 2000. The Macrofungi of China; Henan Science and
Technology Press: Zhengzhou, China; pp. 10719.

Mcnabb, R. 1968. The Boletaceae of New Zealand. New Zealand
J. Bot., 5: 532-547.

Meng, X., G.S. Wang, G. Wu, PM. Wang, Z.L. Yang and Y.C. Li.
2021. The genus Leccinum (Boletaceae, Boletales) from
China based on morphological and molecular data. J. Fungi,
7: 732. https://doi.org/ 10.3390/j0f7090732

Orihara, T., M. Ohmae and K. Yamamoto. 2016. First report of
Chamonixia caespitosa (Boletaceae, Boletales) from Japan
and its phylogeographic Significance. Mycoscience, 57: 58-
63. https://doi.org/10.1016/j.myc.2015.08.005

Porter, T.M., J.E. Skillman and J.M. Moncalvo. 2008. Fruiting
body and soil rDNA sampling detects complementary
assemblage of Agaricomycotina (Basidiomycota, Fungi) in
a hemlock-dominated forest plot in southern Ontario. Mol.
Ecol., 17: 3037-3050, 10.1111/j.1365-294X.2008.03813.x


https://doi.org/%2010.5586/am.1080
https://doi.org/%2010.5586/am.1080
https://doi.org/10.1080/00275514.2019.1685351
https://doi.org/10.1016/j.myc.2015.08.005
https://doi.org/10.1111/j.1365-294X.2008.03813.x

780

Razaq, A. and S. Shahzad. 2017. Additions to the diversity of
mushrooms in Gilgit-Baltistan. Pak. J. Bot., 49(SI): 305-309.

Segedin, B.P. 1987: An annotated checklist of agarics and boleti
recorded from New Zealand. New Zealand J. Bot., 25(2):
185-215.

Singer, R. 1986. The Agaricales in modern taxonomy (4th ed., p.
981). Koeltz Scientific Books.

Selosse, M.A. 2003. Founder effect in a young Leccinum
duriusculum (Schultzer) Singer population. Mycorrhiza, 13:
143-149.

Tamura, K., G. Stecher and S. Kumar. 2021. MEGA 11: Molecular
Evolutionary Genetics Analysis Version 11. Mol. Biol. Evol.,
38(7): 3022-3027. https://doi.org/10.1093/molbev/msab120.

Thiers, H.D. 1971. California boletes: IV. The genus Leccinum.
Mycologia, 63(2): 261-276. doi:10.2307/3757759.

Voglmayr, H. and W.M. Jaklitsch. 2008. Prosthecium species with
Stegonsporium anamorphs on Acer. Mycol. Res., 112: 885-
905. doi: 10.1016/j.mycres.01.020.

FARWA BATOOLET AL.,

Wang, PM., X. Meng, Z.L. Yang and Y.C. Li. 2023. New species
of Leccinum from Southwest China. Mycol. Prog.,21: 1.

Watling, R. 2001. The relationships and possible distributional
patterns of boletes in south-east Asia. Fung. Biol., 105:
1440-1448. doi: 10.1017/S0953756201004877.

Werle, E., C. Schneider, M. Renner, M. Volker and W. Fiehn.
1994. Convenient single-step, one tube purification of PCR
products for direct sequencing. Nucl. Acids Res., 22(20):
4354-4358.

White, T.J., T.D. Bruns, S. Lee and J. Taylor. 1990. Amplification
and direct sequencing of fungal ribosomal RNA genes for
phylogenetics. In: (Eds.): Innis, M.A., D.H. Gelfand, J.J.
Sninsky & T.J. White. PCR Protocol, a Guide to Methods
and Applications. San Diego, CA, USA: Academic Press, pp.
315-322.

Zang, M. 2006. Boletaceae (I). Flora Fungorum Sinicorum,
Science Press, Beijing, 22: 205.


https://doi.org/10.1093/molbev/msab120
http://www.cybertruffle.org.uk/cyberliber/59350/0063/002/0261.htm
http://www.cybertruffle.org.uk/cyberliber/59350/0063/002/0261.htm
http://www.cybertruffle.org.uk/cyberliber/59350/0063/002/0261.htm
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.2307%2F3757759

