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Abstract: Morphology and phylogenetic analyses using the ITS and LSU regions of ntDNA were carried out on bolete collections
belonging to Boletus s. str., originating from the Himalayan region of Pakistan. The phylogenetic analysis outlined the existence of
previously unknown species of this genus. It is described here as Boletus himalayensis. Illustrations of the macroscopic characters and
the microscopic features of the new species are provided. The distinction of B. himalayensis from allied species is discussed.
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1. Introduction

The Himalayan region is considered a biodiversity-rich
hotspot and an ecosystem of global importance. Despite
its importance, this region is one of the least studied in
terms of the diversity of macrofungi (Mirjam, 2010). The
boletes are no exception. Bolete diversity from the entire
Himalayan region is only represented by some sporadic
publications (Ahmad et al., 1997; Das et al.,, 2012; Das,
2013a, 2013b; Das and Chakraborty, 2014; Sarwar et al.,
2011; 2012; 2014a, 2014b, 2014c, 2015, 2016; Hernandez-
Restrepo et al., 2016).

The present work is an attempt to determine the
diversity of the genus Boletus L. (Boletales, Boletaceae),
which is considered polyphyletic (Nuhn et al., 2013). In
this genus, all porcini (B. edulis and allies) form a group,
Boletus s. str., and the remaining species have instable state
(Dentinger etal., 2010a). Many species have been described
within Boletus s. str. based on morphological characters,
but all these characters are mostly like typical of fleshy
pored mushrooms and not unique to this group except a
stalk with an enlarged base and a raised netted pattern at
least over the uppermost portion, and a layer of tangled
white hyphae that covers the immature tubes (Dentinger
et al., 2010a); and hence the taxonomic and classification
status of species within this group is confusing (Wang and
Yao, 2005). The literature showed that species in Boletus s.
str. have a wide ecological range and a wide distribution
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pattern including Asia (importantly Pakistan, India, and
China) (Thiers, 1975; Bessette et al., 2000; Oria de Rueda
and Diez, 2002; Leonardi et al., 2005; Wang and Yao, 2005;
Agueda et al., 2006, 2008; Arora, 2008; Beugelsdijk et al.,
2008; Oria de Rueda et al., 2008). Recent research with
molecular data has been very useful in understanding
phylogenetic relationships and resolving taxonomic issues
within this group (Leonardi et al., 2005; Dentinger and
McLaughlin, 2006; Beugelsdijk et al., 2008; Dentinger et
al., 2010a; Wu et al., 2014; Cui et al., 2015).

The major goals of this study were assessing bolete
diversity in Pakistan and contributing to the knowledge on
boletes in this part of Asia by description of a new species
at molecular level and also highlighting the important
hidden diversity found in Pakistan.

2. Materials and methods

2.1. Collection of samples

Specimens were collected during 2011-2013 in early
summer (July) and the monsoon season, until the end
of September. Field notes were recorded from fresh
basidiomes and digital photographs were taken in their
habitat. Color codes were designated following Munsell
(1975). Basidiomata were then dried with hot air by
keeping them near a fan heater. After drying, specimens
were kept in paper bags for processing in the lab. Voucher
specimens were deposited in the Zahoor Memorial
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Herbarium (LAH), Department of Botany, University of
the Punjab, Quaid-e-Azam campus, Lahore, Pakistan.

2.2. Macromorphological and microscopic studies
Samples were studied macroscopically and microscopically
in the laboratory following the methods described by
Bessette et al. (2000), Ladurner and Simonini (2003), and
Muiioz (2005). The following morphological characters
were recorded from fresh fruiting bodies.

Pileus: Diameter, shape, color, ornamentation, texture,
color and bruising reaction of the context, margin color
and shape.

Stipe: Length and width, shape, color, ornamentation
and texture, color and bruising reaction of the context,
attachment of the stipe to the pileus, presence/absence of
annulus on stipe.

Hymenium: Color and size of pores and tubes, and
bruising reactions of the pore surface.

For plectological analysis, small tissues of each
specimen were mounted in lactic acid, KOH, Trypan blue,
and Melzer’s reagent and the length, width, shape, and
contents of cytoplasm of basidiospores, basidia, hymenial
cystidia, pileipellis and its terminal cells, and their color
reactions were recorded. For the spore dimensions, the
first values present the range of lengths and widths and
Qm is the mean of Q (=length/width ratio of an individual
spore). A total of 30 spores from each collection were
measured. Voucher specimens were deposited in the
Herbarium, Department of Botany, University of the
Punjab, Lahore, Pakistan (LAH).

2.3. Molecular analyses

DNA was extracted from dried basidiomata by enzymatic
digestion and glass-fiber filtration (EDGF) protocol
following Dentinger et al. (2010b); for some samples, a
modified CTAB method was used (Bruns, 1995). The
nuclear ribosomal internal transcribed spacer (ITS)
region was amplified using the primers pairs ITS1F/ITS4
(White et al., 1990; Gardes and Bruns, 1993). For LSU
amplification, LROR as forward and LR5 as reverse primers
were used (Ge et al,, 2014). After purifying PCR products
and sequencing reactions, the sequencing chromatograms
obtained were edited by comparing overlapping reads
using BioEdit (Hall, 1999) and compared to GenBank
records (Table) using BLAST at NCBI (https://www.ncbi.
nlm.nih.gov/). Multiple sequences were aligned using
the Goldman Group Software-PRANK (Probabilistic
Alignment Kit) at the European Bioinformatics Institute
web (http://www.ebi.ac.uk/goldman-srv/webprank/).
Phylogenetic analyses were done with the maximum
likelihood algorithm and general time-reversible model
(Nei and Kumar, 2000) of sequences evolution using the
model testing feature of MEGAS5 software (Tamura et al.,
2011). Bootstrap consensus trees were inferred from 1000

replicates, and corresponding bootstrap values >50% are
cited in the tree (Figures 1 and 2).

3. Results

3.1. Taxonomy

Boletus himalayensis S. Jabeen, S. Sarwar & A. N.
Khalid sp. nov. Figures 3 and 4

MycoBank Number MB 820806

GenBank number: for ITS KJ131225; for LSU
MF288904

Etymology: The specific epithet refers to the Himalayan
range, from where the sample was first collected.

Holotype: =~ PAKISTAN. Khyber Pakhtunkhwa
Province, Malakand Division, Swat District, Mashkun,
2500 m asl, on soil under Cedrus deodara, 5 Sep 2013, Sana
Jabeen and Abdul Nasir Khalid SJ6 (LAH35028; GenBank
for ITS KJ131225; for LSU MF288904)

Diagnosis: This fungus resembles B. reticuloceps, B.
edulis, and B. sinoedulis B. Feng, Yang Y. Cui, J.P. Xu and
Zhu L. Yang, but is distinguished from all these species by
a narrow stipe base as compared to them and differences
in ITS region.

Description: Pileus up to 6.5 cm wide, convex to
plano-convex; surface dry, smooth, sometimes cracked,
whitish context visible between cracks, yellowish brown
(10YR7/8) to dark brown (10R6/16), margin entire,
rimose, incurved to straight. Tubes free, 11-18 mm deep,
oft white to yellowish brown (2.5Y7/6), pores rounded,
up to 3 per mm. Stipe up to 4.7 x 2.4 cm, base and apex
tapering up to 1 cm, central, stipe covered with well-
developed reticulum, reticulum off white on yellowish to
brownish background at the upper 1/3 of the stipe, basal
part off white, nonreticulated. Context whitish, no color
change to brownish upon exposure. Odor and taste not
distinctive.

Basidiospores (16.3) 17-19 (20.7) x (6) 7-8 um, Q_
= 2.7, ellipsoid, smooth, apiculus prominent. Basidia 21-
32 x 12-14 pm, clavate 4-spored, thin walled, guttulate,
hyaline 5% KOH. Cystidia, long, 21.5-31 x 6-8 um,
densely clustered at the edges of tubes, clavate to subclavate
or cylindrical, hyaline in 5% KOH. Bilateral tube trama
divergent from the central strand, thin walled, clamp
connections absent, sterile, very distinct, trama composed
of long dense cluster of cheilocystidioid elements that
often intermingle with the adjoining tubes to give distinct
hairy mat beyond tubes, terminal cells 25-60 um long,
cylindrical to lanceolate or ventricose with rounded,
fusoid to subfusoid, or slightly appendiculate apex, stuffed
pores, subhymenium pseudoparenchymatous. Pileipellis
of interwoven hyphae, protruding out in the form of
hyphal clusters, septate, terminal elements of hyphae erect,
hyaline in 5% KOH. Stipitipellis hyphae thin, filamentous,
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Table. Information of ITS and LSU sequences retrieved for phylogenetic purpose, their sequence accession number, country of origin,
host tree/habitat, and reference to published work where those sequences were obtained.

Sequence accession number|
Taxon Location Host tree Reference
LSU ITS
Phylloporus pumilus JQ003627 Indonesia
Boletu's edylzs var. AY680985 | France: Montminal Leonardi et al. (2005)
pusteriensis
Italy: P 1la, .
B. edulis AY680987 | A+ Fattanela Leonardi et al. (2005)
Grosseto
B. edulis EU231981 |USA: CA Pinus muricata
B. edulis EU231982 | USA: OR Pinus contorta
B. venturii AY680989 | Austria Leonardi et al. (2005)
B. persoonii AY680986 | Italy Castanea sativa Leonardi et al. (2005)
B. pinetorum GU198992 | Finland Pinus sylvestris Korhonen et al. (2009)
B. aff. reticulatus GU198971 | Finland Quercus, Tilia, Korhonen et al. (2009)
Corylus, Betula
. . Fedosova and Kovalenko
B. edulis KC422610 | Russia (2014)
B. edulis DQ002921 | Spain Cistus ladanifer A’gueda et al. (2006)
B. edulis AB821447 | Japan Endo et al. (2014)
B. edulis var. clavipes EU231980 |Canada: ON
B. edulis var. clavipes EU231975 | USA:NY Picea abies
B. edulis sub sp. EU231978 | USA: MI
aurantioruber
B. chippewaensis EU231976 | USA: MI
B. chippewaensis NR119674 |USA
B. cf. edulis KC152072 | Mexico
B. cf. edulis KC152071 | Mexico
B. edulis EU231984 | USA: CO Picea sp.
B. rubriceps NR137806 |USA:NM Abies, Picea, Pinus Arora and Frank (2014a)
B. rubriceps KC900413 | USA: NM Abies, Picea, Pinus Arora and Frank (2014a)
Pseudotsuga menziesii,
Tsuga heterophylla,
B. fibrillosus EU231972 | USA: CA Abies grandis,
Notholithocarpus
densiflorus
Pseudotsuga menziesii,
Tsuga heterophylla,
B. fibrillosus EU231973 | wUSA: CA Abies grandis,
Notholithocarpus
densiflorus
Pinus ponderosa,
B. rex-veris EU231971 |USA: CA Pz‘nus lambertlana,.
Pinus contorta, Abies
concolor
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Pseudotsuga menziesii,
Picea engelmannii,

B. rexveris EU231969 | USA: WA Pinus ponderosa, Abies
sp.
B. regineus KC184484 |USA: OR, Williams | Arbutus Arora and Frank (2014b)
B. regineus EU231990 | USA:CA Quercus, Willits
B. variipes var. fagicola EU231963 | USA: PA g:ne;‘lzzz ZZ;;;{“;Z;ZS
B. variipes var. fagicola NR119673 | USA: Michigan Xi:ﬁ;i;?ufig;s’
B. variipes EU231961 | USA:NY Quercus, Castanea
Porphyrellus brunneus ]X889646 Australia: Queensland Halling et al. (2012)
Boletus edulis KF112455 Russia
B. edulis AF462353 Jarosch and Bresinsky (2000)
B. edulis AF462352 Jarosch and Bresinsky (2000)
B. edulis DQO071747 Garnica et al. (2007)
B. edulis AF291300 Germany z/;/(e)z)ﬁl )and Oberwinkler
B. edulis AF462354 Jarosch and Bresinsky (2000)
B. rubriceps KC900411 USA: AZ Arora and Frank (2014a)
B. edulis var. grandedulis | KC184482 USA: CA Arora and Frank (2014a)
B. edulis var. grandedulis | KC900423 USA: NM Arora and Frank (2014a)
B. rubriceps KC900408 USA: CO Arora and Frank (2014a)
B. rubriceps KC900407 USA: CO Arora and Frank (2014a)
B. rubriceps KC900412 USA: AZ Arora and Frank (2014a)
B. himalayensis MF288904 Pakistan Cedrus deodara
B. reticuloceps JN563843 Feng et al. (2012)
B. reticuloceps KF112454 China
B. fibrillosus KF030344 USA: CA Nuhn et al. (2013)
B. fibrillosus KF030343 USA: WA Nuhn et al. (2013)
B. aurantioruber KF030342 USA: MA Nuhn et al. (2013)
B. subcaerulescens KF030341 USA: NCES, NY Nuhn et al. (2013)
B. pinophilus AF462358 Jarosch and Bresinsky (2000)
B. subalpinus KF030340 Nuhn et al. (2013)
B. regineus KC184485 USA: OR Arora and Frank (2014b)
B. aereus KF030339 USA: CA Nuhn et al. (2013)
B. edulis AF071457 Grushiba et al. (2001)
B. pinophilus AF462359 Jarosch and Bresinsky (2000)
B. barrowsii KC184480 USA: NM Arora and Frank (2014b)
B. sp. JN563847 Feng et al. (2012)
B. cf. edulis AF462355 Turkey Jarosch and Bresinsky (2000)
B. sp. JN563852 Feng et al. (2012)
B. sp. JN563851 Feng et al. (2012)
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Figure 1. Molecular phylogenetic analyses based on ITS sequences. The percentage of trees in which the associated taxa clustered
together is shown next to the branches. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site.
Sequences generated during this study are marked with bullets. Red color represents holotype.
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Figure 2. Molecular phylogenetic analysis based on LSU sequences. The percentage of trees in which the associated taxa clustered
together is shown next to the branches. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site.
The sequence generated during this study is marked with a red bullet indicating holotype.
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Figure 3. Basidiomata of Boletus himalayensis. A-C. Basidiomata. A. LAH35028 (holotype); B & C. LAH35029. Bars: A = 1.5 cm; B &
C=12cm.
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Figure 4. Microscopic characters of Boletus himalayensis. A: Basidiospores, B & C: Basidia, D: Hymenal cystidia, E: Tube edges, F:
Pileipelis elements, G: Stipitipelis, H: Caulocystidia, A-D: 10 um, E: 50 um, F: 100 pm, G & H: 20 pm.
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branched, hyaline in 5% KOH, hyphal tips in stipitipellis
erect. Pileus context hyaline to yellowish in Melzer’s
reagent yellowish red in KOH.

Habitat and distribution:
Pakhtunkhwa Province, moist
coniferous forests.

Additional specimens examined: Pakistan, Khyber
Pakhtunkhwa Province, Malakand Division, Swat District,
Kalam, 2400 m asl, on soil under Cedrus deodara, 3 Sep
2013, Sana Jabeen SJ55 (LAH35286; GenBank for ITS:
MF288903); Mashkun, 2500 m asl, on soil under Cedrus
deodara, 5 Sep 2013, Sana Jabeen & Abdul Nasir Khalid
SJ7 (LAH35029; GenBank for ITS: KJ131226); Sana
Jabeen SJ58 (LAH35287; GenBank for ITS: MF288902),
Ishtiag Ahmad (LAH-ISP080-2013; GenBank for ITS:
KJ828812); Hazara Division, Mansehra, Sharan (Kaghan
Valley), 2011 m asl, under Pinus wallichiana A.B. Jack., 15
Aug 2011, Samina Sarwar and Abdul Nasir Khalid (LAH-
TA63-0811; GenBank for ITS: KJ131224).

3.2. Molecular phylogenetic analyses Figures 1 and 2
Sequencing of the PCR products of the ITS region of
Boletus himalayensis consisted of 790-811 base pairs by
using ITSIF and ITS4 primers. The consensus sequence
of 698 and 701 base pairs was obtained by trimming the
motifs at conserve sites. Sequences obtained were BLAST
searched at NCBI and showed maximum similarity with
Boletus reticuloceps (M. Zang, M. S. Yuan & M. Q. Gong)
Q. B. Wang and Y. J. Yao sequences from China (JN563882,
JN563882 and JN563885-JN563887) with 89%-99% query
cover and 0.0 E-value. Sequencing of the PCR products of
LSU yielded 936-948 base pairs by using LROR and LR5
primers. A sequence of 948 base pairs from LROR primer
was BLAST searched at NCBIL It showed maximum
similarity with Boletus fibrillosus Thiers (KF030343 and
KF030344) from USA and Boletus reticuloceps (JN563843
and KF112454) from China. Porphyrellus E.-]. Gilbert was
chosen as outgroup. Phylogenetic estimations were done
by employing the maximum composite likelihood (MCL)
criteria. Subsequently the topology with the uppermost log
likelihood value was selected. Number of substitutions per
site was used for scaling the tree. Evolutionary affiliations
of the taxa analyzed were represented by selecting the
bootstrap consensus tree inferred from 1000 replicates.
Both coding and noncoding positions were included in the
analysis. Those positions in which data were missing were
not taken into account. The sequences generated from ITS

Pakistan, Khyber
and dry temperate
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clustered with similar taxa from China forming a clade of
their own with strong bootstrap value. Sequences from the
LSU region clustered in a same clade with Chinese taxa but
form their own lineage with a valuable bootstrap.

4. Discussion

In the present account, Boletus himalayensis has been
reported as a new taxon, in Boletus s. str. This species
is characterized by tapering stipe base, cracked pileus,
reticulated stipe, at least in apical part, whitish context
with no color change upon bruising, and whitish pore
surface in young stages. The most closely related species,
both morphologically and phylogenetically, are B. edulis,
B. reticuloceps, and B. sinoedulis (Thiers, 1975; Wang and
Yao, 2005; Cui et al., 2015). Among these taxa, the closest
one is B. reticuloceps, but the characters that differentiate
B. himalayensis from the former is rugulose pileus,
gradually broader stipe base, and smaller basidiospores in
the former as compared to narrow base stipe and larger
sized basidiospores in the latter (Wang and Yao, 2005).
Boletus himalayensis looks somewhat like B. sinoedulis.
However, the former differs from the latter by its yellowish
to brownish stipe with reticulations often only on the
upper half (Cui et al., 2015). This species also resembles
B. edulis, but a difference is the whitish pileus margin in
the latter. Plectologically, like other Boletus s. str. species,
B. himalayensis has sterile tube edges having a long, dense
cluster of cheilocystidioid elements and trichoderm,
pileipellis composed of a layer of long, erect cylindrical
branched hyphae. Molecular phylogenetic analyses based
on ITS and LSU also provide strong support for the
distinction of B. himalayensis from closely related species
and confirm this entity as a new taxon.

Acknowledgments

Thanks to the Higher Education Commission (HEC),
Pakistan, for providing financial support to Dr Samina
Sarwar for this research work, and Jodrell Laboratories,
Royal Botanic Gardens Kew, for providing facilities for
molecular work. Financial support by HEC was also
provided to Dr Sana Jabeen under Indigenous PhD
Fellowships for 5000 Scholars, (Phase-II) and International
Research Support Initiative Program (IRSIP). Sincere
thanks to Prof Donald H Pfister for providing the
opportunity to work in hislab at Department of Organismic
and Evolutionary Biology, Harvard University, MA, USA.



SARWAR et al. / Turk ] Bot

References

Agueda B, Parlade ], de Miguel AM, Martinez-Pena F (2006).
Characterization and identification of field ectomycorrhizae of
Boletus edulis and Cistus ladanifer. Mycologia 98: 23-30.

Agueda B, Parlade ], Fernandez-Toiran LM, Cisneros O, de Miguel
AM, Modrego MP, Martinez-Pena F, Pera ] (2008). Mycorrhizal
synthesis between Boletus edulis species complex and rockroses
(Cistus sp.). Mycorrhiza 18: 443-449.

Ahmad S, Igbal SH, Khalid AN (1997). Fungi of Pakistan. Sultan
Ahmad Mycological Society of Pakistan Department of Botany,
University of the Punjab Quaid-e-Azam Campus, pp. 1-248.

Arora D (2008). California porcini: three new taxa, observations on
their harvest, and the tragedy of no commons. Econ Bot 62:
356-375.

Arora D, Frank JL (2014a). Boletus rubriceps, a new species of porcini
from the southwestern USA. N American Fungi 9: 1-11.

Arora D, Frank JL (2014b). Clarifying the butter Boletes:
Butyriboletus, is  established  to
accommodate Boletus sect. Appendiculati, and six new species
are described. Mycologia 106: 464-480.

Bessette A, Roody WC, Bessette AR (2000). North American Boletes:
a Color Guide to the Fleshy Pored Mushrooms. Syracuse, NY,
USA: Syracuse University Press.

Beugelsdijk DCM, van der Linde S, Zuccarello GC, den Bakker HC,
Draisma SGA, Noordeloos ME (2008). A phylogenetic study of
Boletus section Boletus in Europe. Persoonia 20: 1-7.

a new genus,

Bruns TD (1995). Thoughts on the processes that maintain local
species diversity of ectomycorrhizal fungi. Plant Soil 170: 63-
73.

Cui YY, Feng B, Wu G, Xu J, Yang ZL (2015). Porcini mushrooms
(Boletus sect. Boletus) from China. Fungal Divers 81: 1-24.

Das K (2013a). Boletus rubripes Thiers, a new record of wild mush-
room from Sikkim (India). Taiwania 58: 136-139.

Das K (2013b). New distributional record of Retiboletus
ornatipes (Peck) Binder & Bresinsky (Boletaceae) from North
and West districts of Sikkim. Indian Journal of Plant Sciences 2:
1-5.

Das K, Chakraborty D (2014). Three interesting species of wild
mushrooms from Sikkim (India). Indian Journal of Plant
Sciences 3: 101-108.

Das K, Sharma JR, Mishra D (2012). Tylopilus pseudoscaber
(Secretan) Smith & Thiers -an addition to Indian
mycoflora. Nelumbo 54: 269-272.

Dentinger BTM, Ammirati JF, Both EE, Desjardin DE, Halling RE,
Henkel TW, Moreau PA, Nagasawa E, Soytong K, Taylor AF
et al. (2010a). Molecular phylogenetics of porcini mushrooms
(Boletus section Boletus). Mol Phylogenet Evol 57: 1276-1292.

Dentinger BTM, Margaritescu S, Moncalvo JM (2010b). Rapid and
reliable high-throughput methods of DNA extraction for use
in barcoding and molecular systematic of mushrooms. Mol
Ecol Resour 10: 628-633.

Dentinger BTM, McLaughlin DJ (2006). Reconstructing the
Clavariaceae using nuclear large subunit rDNA sequences, and
a new genus segregated from Clavaria. Mycologia 98: 746-762.

Endo N, Kawamura F, Kitahara R, Sakuma D, Fukuda M, Yamada
A (2014). Synthesis of Japanese Boletus edulis ectomycorrhizae
with Japanese red pine. Mycoscience 55: 405-416.

Fedosova AG, Kovalenko AE (2014). Section Boletus of the genus
Boletus in Russia: species diversity, morphology, ecology and
phylogeny. Mikol Fitopatol 48: 86-106.

Feng B, Xu ], Wu G, Zeng NK, Li YC, Tolgor B, Kost GB, Yang ZL
(2012). DNA sequence analyses reveal abundant diversity,
endemism and evidence for Asian origin of the Porcini
mushrooms. PloS One 7: €37567.

Gardes M, Bruns TD (1993). ITS primers with enhanced specificity
for Basidiomycetes: application to the identification of
mycorrhizae and rusts. Mol Ecol 2: 113-118.

Garnica S, Weiss M, Walther G, Oberwinkler F (2007). Reconstructing
the evolution of agarics from nuclear gene sequences and
basidiospore ultrastructure. Mycol Res 111: 1019-1029.

Ge C, Cui YN, Jing PY, Hong XY (2014). An alternative suite of
universal primers for genotyping in multiplex PCR. PloS One
9: €92826.

Hall TA (1999). BioEdit: a user-friendly biological sequence
alignment editor and analysis program for Windows 95/98/
NT. Nucl Acid S 41: 95-98.

Halling RE, Nuhn M, Osmundson TW, Fechner NA, Trappe JM,
Soytong K, Arora D, Hibbett DS, Binder M (2012). Affinities of
the Boletus chromapes group to Royoungia and the description
of two new genera, Harrya and Australopilus. Aust Syst Bot 25:
418-431.

Hernandez-Restrepo M, Schumacher RK, Wingfield MJ, Ahmad I,
Cai L, Duong TA, Edwards ], Gené ], Groenewald JZ, Jabeen
S et al. (2016). Fungal systematics and evolution: FUSE 2.
Sydowia 68: 193-230.

Jarosch M, Bresinsky A (2000). Identifizierung von Trockenpilzen
durch DNA-Analytik. Zeitschrift fir Mykologie 66: 193-200.

Korhonen M, Liimatainen K, Niskanen T (2009). A new boletoid
fungus, Boletus pinetorum, in the Boletus section Boletus from
Fennoscandia (Basidiomycota, Boletales). Karstenia 49: 41-60.

Ladurner H, Simonini G (2003). Xerocomus s. 1. Fungi Europaei.
Edizioni Candusso, Vol. 8. Alassio, Italy: Edizioni Candusso,
p. 527.

Leonardi M, Paolocci F, Rubini A, Simonini G, Pacioni G (2005).
Assessment of inter- and intra-specific variability in the
main species of Boletus edulis complex by ITS analysis. FEMS
Microbiol Lett 243: 411-416.

Mirjam M (2010). Mountains of the world - ecosystem services in
a time of global and climate change: seizing opportunities
- meeting challenges. ICIMOD.
publications/index.php/search/publication/708.

http://www.icimod.org/

799


https://www.pnwfungi.org/index.php/pnwfungi/index

SARWAR et al. / Turk ] Bot

Muioz JA (2005). Boletus s.l. (excl. Xerocomus). — Fungi Europaei 2.
Alassio, Italy: Edizioni Candusso, Alassio.

Munsell AH (1975). Munsell Soil Color Charts. Baltimore, MD,
USA: Munsell Color.

Nei M, Kumar S (2000). Molecular Evolution and Phylogenetics.
New York, NY, USA: Oxford University Press.

Nuhn ME, Binder M, Taylor AF, Halling RE, Hibbett DS (2013).
Phylogenetic overview of the Boletineae. Fungal Biol-UK 117:
479-511.

Oria de Rueda JA, Diez ] (2002). Guia de Arboles y Arbustos de
Castilla y Le6n. Palencia, Spain: Calamo.

Oria de Rueda JA, Martin-Pinto P, Olaizola ] (2008). Bolete
productivity of cistaceous scrublands in northwestern Spain 1.
Econ Bot 62: 323-330.

Sarwar S, Hanif M, Khalid AN, Guinberteau J (2011). Diversity
of Boletes in Pakistan, focus on Suillus brevipes and Suillus
sibiricus. In: Proceedings of the Seventh International
Conference on and Mushroom
Products. Savoie JM, Foulongne MO, Largeteau M, Barroso G.,
editors. INRA, France: 1: 123-133. http://www.wsmbmp.org/
Previous_Conference_7.html.

Mushroom  Biology

Sarwar S, Jabeen S, Khalid AN, Dentinger BM (2016). Molecular and
phylogenetic analysis of fleshy pored mushrooms: Neoboletus
luridiformis and Hortiboletus rubellus from western Himalayan
range of Pakistan. Pak J Bot 48: 2077-2083.

Sarwar S, Khalid AN (2014b). Boletus pakistanicus sp. nov.
from coniferous forests of Pakistan based on molecular
characterization. Int ] Agric Biol 16: 663-667.

Sarwar S, Khalid AN (2014c). Diversity and phylogeny of genus
Suillus (Suillaceae, Boletales) from coniferous forests of
Pakistan (Asia). Int ] Agric Biol 16: 489-497.

800

Sarwar S, Khalid AN, Hanif M, Niazi AR (2012). Suillus flavidus
and its ectomycorrhizae with Pinus wallichiana in Pakistan.
Mycotaxon 121: 225-232.

Sarwar S, Khalid AN, Niazi AR (2014a). Tylopilus: a new species and
a new record from Pakistan. Mycotaxon 128: 1-10.

Sarwar S, Saba M, Khalid AN, Dentinger BM (2015). Suillus
marginielevatus, a new species and S. triacicularis, a new record
from Western Himalaya, Pakistan. Phytotaxa 203: 169-177.

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S
(2011). MEGAS5: Molecular evolutionary genetics analysis
using maximum likelihood, evolutionary distance, and
maximum parsimony methods. Mol Biol Evol 28: 1731-1739.

Thiers HD (1975). California Mushrooms: A Field Guide to the
Boletes. New York, NY, USA: Hafner Press.

Wang QB, Yao Y] (2005). Boletus reticuloceps, a new combination for
Aureoboletus reticuloceps. Sydowia 57: 131-136.

Weif3s M, Oberwinkler F (2001). Phylogenetic relationships in
Auriculariales and related groups-hypotheses derived from
nuclear ribosomal DNA sequences. Mycol Res 105: 403-415.

White TJ, Bruns TD, Lee S, Taylor J (1990). Amplification and direct
sequencing of fungal ribosomal RNA genes for phylogenetics.
In: Innis MA, Gelfand DH, Sninsky JJ, White TJ, editors. PCR
Protocol, a Guide to Methods and Applications. San Diego,
CA, USA: Academic Press, pp. 315-322.

Wu G, Feng B, Xu J, Zhu XT, Li YC, Zeng NK, Hosen MI, Yang ZL
(2014). Molecular phylogenetic analyses redefine seven major
clades and reveal 22 new generic clades in the fungal family
Boletaceae. Fungal Divers 69: 93-115.



