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ABSTRACT

Fungi of the family Lycoperdaceae are an important component of forests ecosystem of both ecological and economic
value. Among the best known is the puffball fungus, Lycoperdon perlatum, which exhibits a wide range of phenotypic
variation and has a widespread distribution. In the current study, specimens of L. perlatum were collected from the soil
around the rhizospheric zone of pine trees in District Mansehra, Khyber Pakhtunkhwa, Pakistan. These samples were
examined using both traditional morphological approaches and modern molecular genetic techniques, combining both
traditional and advanced methods for a more comprehensive analysis. Basidiomata were initially off-white to yellow, after
maturity olivaceous-brown and pear-shaped. There are whitish warts on the exoperidium which can be easily rubbed off,
leaving a characteristic areolate pattern of small granules on the underlying endoperidium. The identification of species
was confirmed using DNA sequencing alongside detailed microscopic examination of the basidiomata, scanning electron
microscopy (SEM) of spores, and phylogenetic analysis. This combined approach provided a thorough description of L.
perlatum and confirmed its taxonomic placement. These findings add to the growing documentation of macrofungal
diversity in Pakistan and emphasize the important ecological roles of puffball fungi in supporting forest health and nutrient
cycling.
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INTRODUCTION

Moist temperate forests of Pakistan have been recognized as most important biodiversity hotspots, having a
variety of plant, fungal, and animal species that contribute a very significant role in the ecological balance of the region.
Although these areas are very important, they remained among the least studied biomes in the world in terms of diversity
of the macromycetes (Mirjam, 2010). Lycoperdaceae is a large family of puffballs with six genera: Apioperdon, Bovista,
Bovistella, Bryoperdon, Calvatia and Lycoperdon (Aman et al., 2022). Persoon defined Lycoperdon as a genus in 1796a
with Lycoperdon perlatum as type species. Members of this genus are distinguished by basidiomata ranging from
subglobose to pyriform, mostly with a prominent well-developed sterile base and spore dispersal through an apical pore.
This genus has been thoroughly studied by various mycologists (Ahmad, 1952; Demoulin, 1971; Hollos, 1904;
Kreisel, 1962; Perdeck, 1950) and is composed of 342 legitimate taxa in current use all over the world (Jeppson ez al. 2012;
Kirk et al. 2008; https://www.mycobank.org/). Phylogenetics have challenged this concept of the genus and sometimes
species from Bovistella, Handkea, Morganella, and Vascellum (Bates 2004; Bates et al. 2009; Gube 2009; Jeppson et
al. 2012; Kriiger et al. 2001; Larsson and Jeppson 2008) are included in a large genus Lycoperdon sensu lato. Currently
mose species of Lycoperdon subgenera Apioperdon, Bovistella, Lycoperdon, Morganella, Utraria and Vascellum are
mostly considered as separate genera.

In many cases, cryptic species occur that cannot be reliably distinguished by macro- or micromorphology alone
(Cao et al., 2012; Larsson and Jeppson 2008; Sotome et al, 2013). To address this issue, molecular identification has
become essential for resolving taxonomic relationships (Hibbett ez al., 1997; Larsson and Jeppson, 2008; Moncalvo et al.,
2002; Morgado et al., 2013). Molecular data have proven valuable in understanding phylogenetic relationships, taxonomic
diversity and morphological complexity in gasteroid fungi (Cui et al., 2015; Dentinger et al., 2010; Wu ef al., 2014).
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Climatic conditions in Pakistan favor the natural development and growth of gasteroid fungi. However, only 14
Lycoperdon species (L. atropureum, L. curtisii, L. echinella, L. excipuliforme, L. glabrescens, L. lahorense, L. molle, L.
perlatum, L. pratense, L. pseudocurtisii, L. rimulatum, L. setiferum, L. subterrania and L. umbrinum) have been reported
from localities such as Bahrain (Swat), Changla gali, Khanspur (Abbottabad), Mansehra, Patriata (Murree), Shogran, and
Sharan (Kaghan Valley) (Davis et al., 2012; Aman et al., 2022). Most of these identifications were based solely on
morphology, with limited molecular characterization and little phylogenetic discussion. Many species are difficult to
identify morphologically, especially in early developmental stages. Therefore, this study employs an integrated approach
combining morphological and molecular genetic analyses to achieve precise species identification. It is the first study of
L. perlatum by molecular means from Pakistan, validates previous morphological reports and contributes to filling a gap
in regional fungal biodiversity data.

MATERIALS AND METHODS

During mycological field expeditions across the Khyber Pakhtunkhwa (KPK) region of Pakistan, a Lycoperdon
specimen from moist temperate forests of Pakistan, mixed with coniferous trees was collected in August 2022. Field
observations were recorded for fresh basidiomata and digital photos were taken in situ. Colours were assigned according
to Munsell (1975). The basidiomata were air dried using a fan heater and then stored in paper bags for further lab analysis.

Macroscopic and microscopic analysis: Basidiomata were studied both macro- and microscopically following the
methods described by Stanek (1958) and Sunhede (1989, 2012). Fresh basidiomata were studied for shape and colour,
surface ornamentation of the exo- and endoperidium, gleba colour, presence of absence of subgleba, sterile base texture,
and rhizmorph morphology. Plectological examination was carried out using a CXRII, Labomed, Labo America Inc.
Fremont CA 94536 USA microscope. Small fragments of basidiomata were mounted in lactic acid, Melzer’s reagent,
Trypan-blue or KOH, and analyzed for basidiospore dimensions (length, width, shape, and cytoplasm contents), capillitium
hyphae, peridium, exoperidial elements, exoperidial hyphae, endoperidial hyphae including their colour reactions. Spore
measurements are based on 30 spores. Reported values indicate the minimium - maximum range of spore lengths and
width. Q denotes the length/width ratio calculated for each spore, while Qy, denotes the average of these ratios (length/width
ratio of an individual spore). Spore morphology was further analyzed using scanning electron microscopy (SEM) to
confirm surface ornamentation and fine structural details.

Molecular phylogenetic studies: Genomic DNA was extracted from the basidiomata with the Thermo Scientific GeneJET
Plant Genomic DNA Purification Kit. The integrity and quality of DNA was checked using agarose gel electrophoresis
and visualized with a Bio-Rad Gel Doc 2000 system. Nano-Drop spectrophotometer yielded a concentration of 502.9 ng/ul
and a 260/280 ratio of 2.01 and 260/230 ratio of 1.97 (Fig. 1). Internal transcribed spacer (ITS) region was amplified by
using the universal primers ITS1F, ITS4 and ITS4B whereas the large subunit (LSU) region was amplified using the
primers LROR and LRS (White et al., 1990; Khan and Javaid, 2021). PCR products were purified enzymatically using
ExoSAP IT, where exonuclease 1 removes residual primers and shrimp alkaline phosphate degrades excess dNTPs,
followed by heat inactivation of the enzymes (Voglmayr and Jaklitsch, 2008; Werle ef al., 1994). Sequencing was
performed with the assistance of experts at the Department of Botany and Biodiversity Research, University of Vienna,
using ABI PRISM Big Dye Terminator Cycle Sequencing Kit v. 3.1 (Applied Biosystems, Warrington, UK), and cycle
sequencing reactions were analyzed on an ABI 3730x1 Genetic Analyzer (Applied Biosystems). Consensus sequence was
assembled in BioEdit sequence alignment editor version 7.2.5 (Hall, 1999). Sequence identity was confirmed by BLAST
(http://www.ncbi.nlm.nih.gov/) search against the NCBI nucleotide database. For phylogenetic reconstruction, sequences
of closely related Lycoperdon species were retrieved from GenBank. Multiple sequence alignment was conducted using
the MUSCLE tool at EMBL-EBI (http://www.ebi.ac.uk/), followed by manual refinement in BioEdit (Hall, 1999) limited
to correcting clear misalignments and trimming ambiguous terminal regions, ensuring accurate positional homology.
Phylogenetic analysis was performed in MEGA11 (Tamura et al., 2021) using Maximum Likelihood method under the
Jukes-Cantor model (Jukes and Cantor, 1969). Bootstrap support was calculated from 1000 replicates, with values below
50% omitted from the final tree.
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RESULTS
Lycoperdon perlatum Pers. (Figures 2-5)

(reb )
- Les Faln
SEARCH NUCLEIC ACIDS BLANK READ

R ocona | rea ] oo ] Tite
enrs = =
2600m (10mm patn) [ 10,058 ] ava.

280nm (10mm patn) [ 4.984 ] avs.

230nm (10mm path) Abs

260/280 ratio 2.014

260/230 ratio l 1.974 ’

Fig. 1. Measurement of Nucleic Acid Absorbance using Nano-Drop Spectrophotometer.
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Fig. 3. A-D. Lycoperdon perlatum A, C-E. Basidiospores and capllltlal hyphae. B-E. Spores at 100x w1th oil
emersion. F-J. Exoperidial sphaerocysts. Bar: = 10 pm for A-E; 20 pm for F-J.
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Fig. 4. A-G. Lycoperdon perlatum, A. Exoperdial hyphée B. Capillitial hyphae. C-G. Endoperidial hyphae. Bar: =
10 pm for A and B, =20 pm for C-G.
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Fig. 5. Lycoperdon perlatum. Scanning Electron Microscope images showing ornamented basidiospores and hyphae.
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Fig. 6. Phylogenetic tree of Lycoperdon perlatum based on Maximum Likelihood (ML) analysis of nrITS sequences.
The Pakistan sample represented by (°).

GenBank: OR872185

Macroscopic features: Basidomata pyriform, off white to light brown above, light white to yellowish at base when
mature, consisting of apical spore head with gleba and lower short pseudostipe with subgleba, up to 30 mm wide and
62 mm high, gregarious or convivial, reclusive sometimes; not connected to the substratum through a mycelial cord.
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Dehiscence occurring through irregular rupturing of the apical part forming a pore of up to 9 mm diameter. Peridium
double. Exoperidium finally olivaceous and persistent (maybe due to dry weather conditions), completely covering the
endoperidium in both young and mature specimens, with small verrucae and larger pyramidal spines and presence of a
distinct areolation after dehiscence of the spines, endoperidium papery and brownish ochre. Gleba white when young,
becoming light greenish brown to pale with age; compact, cottony, more fluffy with age. Sterile base present, spongy and
compact, light yellowish-brown (Fig. 2).

Microscopic features: Basidiospores globose, thick-walled, brown green to olivaceous, 2.9—4.8 x 2.26—4.10 pm excluding
verrucae, verrucae up to 1.2 pm, yellowish in KOH (Fig. 3). Capillitium well developed, aseptate, yellowish, dichotomous
branching pattern, branches straight to slightly wavy (sub-undulate) with tapering ends, diameter of hyphae up to 4 pm,
encrusted, pores rare (Fig. 4). Exoperidium 57.5-69.5 um, hyaline (translucent), hyphae globose to subglobose.
Endoperidium hyaline, branched, aseptate, and hyphae crowded (Fig. 5).

Material examined: PAKISTAN: Khyber Pakhtunkhwa, District Mansehra, 09 Aug. 2022, gregarious, on ground, at 1225
meters above sea level, leg. S. Sarwar, SS99, (LCWUBOTHSS99).

Molecular phylogenetic characterization: BLAST analysis of the ITS region revealed >99% concordance with L.
perlatum sequences, confirming species identity. The final ITS dataset comprised 36 sequences and 689 aligned characters,
of which 532 were conserved, 152 variable, 87 parsimony informative. Phylogenetic reconstruction using Maximum
Likelihood method under the Jukes-Cantor model (Jukes and Cantor, 1969) produced the best tree with a log likelihood of
-2871.81 (Fig. 6). The Pakistani specimen clustered with other L. perlatum sequences, supported by high bootstrap values
(>90%), and grouped most closely with European and Asian reference sequences. Within this clade, branch lengths were
short, reflecting low intra-specific divergence and supporting the species cosmopolitan distribution. The robust support of
the L. perlatum cluster confirms the Pakistani specimen distinct identification and stability across regions.

DISCUSSION

Biodiversity in Pakistan remains underexplored, especially for gasteroid fungi, that play a significant role in
forests ecosystems. Reporting species such as L. perlatum provides important taxonomic foundations for strengthening
regional baseline data, informs species conservation planning, and contributes to global phylogenetic datasets. Lycoperdon
perlatum, the type species of the genus Lycoperdon, is widespread across the globe (Sarasini, 2005; Bates et al., 2009),
yet its presence in Pakistan had not been confirmed using molecular evidence. Our study provides this validation, thereby
filling an important gap in knowledge of local fungal diversity. Morphologically, it has pyriform basidiomata, a verruculose
and areolate exoperidium pattern, consistent with previous descriptions (Breitenbach and Krinzlin, 1986; Bates et al.,
2009), confirming our specimen as L. perlatum. This congruence between morphology and molecular evidence indicates
the reliability of integrative approaches in fungal taxonomy.

Lycoperdon perlatum can confused with similar species such as L. nettyanum, which forms more adherent
granules (Ramsey, 1980) and is very rare known from the US only (no sequence available yet), L. umbrinum, that develops
a purplish gleba and has a different exoperidium ornamentation, lacking areoles after spines are rubbed off (Davis et al.,
2012), and L. foetidum (now Fuscospina nigrescens (Pers.) R.L. Zhao & J.Xin Li, in Li, Cao, Phurbu, He, Zhu, Parra &
Zhao 2024), that becomes darker brown when mature and has a different basidiospore ornamentation (Bates ef al., 2009).
Another species, Lycoperdon excipuliforme (= Utraria excipuliformis (Scop.) Quél.), has significantly larger non-areolate
basidiomata (Yousaf et al., 2012).

In addition to morphology, our ITS sequences cluster within the L. perlatum clade with high bootstrap support,
and are highly similar to sequences from Europe, Asia, and North America (Bates et al., 2009; Kim et al., 2016; Yousaf
et al, 2012). A similar phylogeographic pattern has been observed in Pakistan and Israel (Krakhmalnyi et al., 2023),
supporting the cosmopolitan distribution of L. perlatum. Although some minor haplotype variation occurs in regional
surveys, the broad molecular uniformity across continents indicates that morphological uniformity is associated with
genetic consistency.

Combined morphological and molecular data place our specimen in a broader biogeographical context and
strengthen the view that L. perlatum is a widely distributed, phylogenetically stable lineage within Lycoperdaceae. No
detailed molecular or ultrastructural analyses of Pakistani material have previously been documented for L. perlatum,
although it has a long history and was first described by Persoon in Obsevationes Mycologicae (1796). This study therefore
provides the first molecular and SEM examination of L. perlatum in Pakistan. Our specimen clustered within a well-
supported L. perlatum clade, as found in previous research from Europe and North America (Larsson and Jeppson, 2008;
Bates et al., 2009). This congruence supports the worldwide distribution of the species and confirms the utility of ITS
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markers to resolve gasteroid taxa. The areolate ornamentation of the exoperidium and verrucose surface features were
confirmed by SEM and match those reported by Breitenbach and Krénzlin (1986).

These findings support the idea that integrative approaches combining genetic and morphological data enhance
species delimitation and reduce taxonomic uncertainty. Notably, the DNA confirmation of L. perlatum in Pakistan fills a
gap in records of gasteroid fungi in underexplored habitats. Such efforts are essential for setting conservation priorities
and for understanding the biological significance of these species in forest ecosystems.

Conclusion: This study demonstrates the value of integrating morphological and molecular approaches for accurate fungal
identification. By documenting the characteristics of L. perlatum from District Mansehra, Khyber Pakhtunkhwa, we
contribute to the growing knowledge of Pakistan’s macrofungal diversity. These findings highlight the ecological
importance of gasteroid fungi and underscore the need for continued biodiversity assessments to support conservation of
forests ecosystems.
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