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Abstract 

The District Mansehra, situated in the Hazara division of Pakistan's Province Khyber Pakhtunkhwa is 
characterized by moist temperate conditions and is one of the regions with a high macrofungal diversity. 
The genus Pseudoomphalina is rare in Pakistan with P. khanspurensis as the only species known. We 
present a second record of P. khanspurensis described in detail and illustrated based on basidiomata 
collected during a mycological field trip across various forests in District Mansehra, Pakistan. The study 
uses an integrative approach with morphology, scanning electron microscopy, and maximum likelihood 
phylogeny of nrITS and LSU sequence data. Molecular genetic analyses revealed the sample as P. 
khanspurensis. We consider some minor phenotypic differences, when compared to the previously reported 
P. khanspurensis specimens, to lie within the species range, further completing the knowledge about its 
morphological variation. 

Keywords: ITS Regions, LSU Region, SEM, Morphology, Taxonomy.  

 
INTRODUCTION 

Pseudoomphalina is a genus of the family Tricholomataceae comprising species that are 
widespread in northern temperate regions. Various morphological and molecular genetic 
studies have addressed the systematic position of different members of the genus 
Pseudoomphalina (Singer, 1936; Singer, 1948; Ballero & Contu, 1993; Kuyper, 1995; 
Bon, 1997; Contu, 2003; Consiglio et al., 2006; Knudsen, 2008; Lavorato et al., 2015; 
Malysheva et al., 2011; Singer, 1986; Voitk et al., 2020).  
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The genus is characterized by small yellowish, brownish to pinkish or dark purplish 
basidiomata, convex, later umbilicate smooth or finely scaly pileus, thin flexuous stipe, 
decurrent lamellae, pileipellis as a cutis, cystidia mostly absent, rarely present, clamp 
connections, and amyloid ovoid to ellipsoid spores; terricolous and saprotrophic 
(Malysheva et al., 2011; Agerer 2018; Voitk et al., 2020). Currently, around 16 
Pseudoomphalina species are known in North America, Asia and Europe (Malysheva et 
al., 2011; Voitk et al., 2020; Rani et al., 2023). 

In the course of an ongoing investigation of the funga of Pakistan, a collection of 
Pseudoomphalina Singer was found in the Pakistani District Mansehra in the Khyber 
Pakhtunkhwa Province. The region, comprising Mansehra, Balakot, and Oghi tehsils and 
covering an area of 5959 km2 (Shah& Khan, 2006), includes high mountains, lakes, 
valleys, plains, and diverse trees within a northern mountain system.  

The district experiences seasonal periods of rainfall, snowfall, and drought in a moist 
temperate environment (Mustafa, 2003). The district's forests are rich in trees including 
Blue Pine, Chirr, Cherry, Deodar, Kao, Poplar and Walnut sustaining a wide variety of 
macrofungi, particularly during the monsoon season (SMEDA, 2009).  
 
MATERIAL AND METHODS 

Site description and sampling  

During fungal field surveys in the District Mansehra in the Hazara civil division of Khyber 
Pakhtunkhwa (KPK) region, we collected Pseudoomphalina basidiomata from the forests 
of the district in monsoon season. Field notes were prepared from fresh basidiomata and 
photographs were taken in their natural habitat. Basidiomata were dried by a fan heater 
and then placed in envelops for further processing in the laboratory. 

Macro- and micromorphological studies  

The sample was studied macro- and microscopically following Zang (2006). Macroscopic 
characters were recorded from fresh fruiting bodies: 

1)  Pileus shape, diameter, texture, ornamentation, surface color and bruising reaction 
of the context, margin color and shape. 

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

3)  Hymenium: color of lamellae, bruising reactions of the hymenial surface.  

Microscopic examination was conducted in lactic acid, KOH, or Congo red, examining the 
size, shape, cytoplasmic contents, and color reactions of basidia, hymenial cystidia, 
stipitipellis, pileipellis, basidiospores and terminal cells following Osemwegie et al. (2006). 
Spore dimensions are given as range of lengths and widths and average length/width 
ratio of an individual spore. A total of 30 spores from two basidiomata were measured. 
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Figure 1:  Map of District Mansehra (Ullah et al. 2019) 

Molecular phylogenetic studies 

DNA was isolated by using a Thermo Scientific GeneJET Plant Genomic DNA Purification 
Kit. Bands were visualized using the Bio-Rad Gel Doc™ 2000 gel documentation system. 
Polymerase Chain Reaction (PCR) was carried out using the fungus specific as well as 
universal primers (ITS1F, ITS4 and ITS4B) to amplify the nuclear ribosomal internal 
transcribed spacer (ITS) region, and LR0R and LR5 for the larger subunit (LSU) region 
(White et al., 1990).  PCR products were confirmed with the nanodrop technique and 
cleaned using an enzymatic PCR cleanup (Werle et al., 1994) as described in Voglmayr 
& Jaklitsch (2008). DNA was cycle-sequenced using the ABI PRISM Big Dye Terminator 
Cycle Sequencing Ready Reaction Kit v. 3.1 (Applied Biosystems, Warrington, UK).  

Sequencing was performed on an automated DNA sequencer (ABI 3730xl Genetic 
Analyzer, Applied Biosystems). BioEdit sequence alignment editor version 7.2.5 (Hall, 
1999) was used for analyzing the obtained sequences. Consensus sequence was BLAST 
searched at NCBI (http://www.ncbi.nlm.nih.gov/). To reconstruct phylogeny, sequences 
from GenBank with closest match and additional Pseudoomphalina species were 
selected (Table 1). All sequences were aligned by using online MUSCLE tool at EMBL-
EBI (http://www.ebi.ac.uk/) and manually modified where required in BioEdit (Hall, 1999).  

http://www.ncbi.nlm.nih.gov/
http://www.ebi.ac.uk/
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Table 1: GenBank accession numbers and geographical origins of taxa used for the phylogenetic analysis 

 
Note: Sequences generated for this study are shown in bold. 

Taxa Voucher/isolate Origin 
GenBank accession number 

Reference 
ITS nrLSU 

Pseudoomphalina angelesiana 
 

MushroomObserver.or
g/319024 

USA MH459165 - Unpublished 

Pseudoomphalina angelesiana 
JLF9366 iNaturalist # 

81790365 
USA - OQ891234 Unpublished 

Pseudoomphalina umbrinopurpurascens MCVE 28275 China NR_158907 - Lavorato et al., 2015 

Pseudoomphalina umbrinopurpurascens C. Lavorato 091101-11 China - KP987563 Lavorato et al., 2015 

Pseudoomphalina compressipes DAOM11115 Canada MK982246 - Voitk et al., 2020 

Pseudoomphalina compressipes CMMF002076 Canada - MK400232 Voitk et al., 2020 

Pseudoomphalina_kalchbrenneri TU114963 Switzerland MK982241 - Voitk et al., 2020 

Pseudoomphalina_kalchbrenneri TU109855 Estonia - MK400229 Voitk et al., 2020 

Pseudoomphalina intermedia MICH10152 USA MN326458 - Voitk et al., 2020 

Pseudoomphalina intermedia MICH55730  USA - MN326460 Voitk et al., 2020 

Pseudoomphalina anticostica MIN956134  USA MK982247 - Voitk et al., 2020 

Pseudoomphalina khanspurensis 
LCWUBOT. 
SS.08082212 

Pakistan OR528637 OR528639 - 

Pseudoomphalina khanspurensis LAH37779 Pakistan OQ550146 - Rani et al., 2023 

Pseudoomphalina khanspurensis LAH37777 Pakistan OQ550145 - Rani et al., 2023 

Pseudoomphalina khanspurensis LAH37778 Pakistan - OQ550151 Rani et al., 2023 

Pseudoomphalina khanspurensis LAH37777 Pakistan - OQ550149 Rani et al., 2023 

Pseudoomphalina cokeri TENN 012963 USA NR_121485 - Unpublished 

Clitocybe nebularis ZMU129_ITS China MW724242 - Unpublished 

Clitocybe nebularis GLM 45883 Germany - AY207222 Walther et al., 2005 

Clitocybe cokeri TENN:012963 USA - HQ179663 Unpublished 

Pseudoomphalina felloides DAOM11115 USA - AF261442 Moncalvo et al., 2002 

Clitocybe vibecina GLM 45888 Germany - AY207160 Walther et al., 2005 
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MEGA11 software was used to reconstruct the phylogenetic tree (Tamura et al., 2021).  
Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-
Join and BioNJ algorithms to a matrix of pairwise distances estimated using the Jukes-
Cantor model, and then selecting the topology with superior log likelihood value.  
 
RESULTS 

Molecular phylogenetic characterization 

The BLAST results of ITS-LSU region revealed a concordance of more than 99 % with 
Pseudoomphalina khanspurensis A.K. Rani, A. Izhar, Usman & Khalid (ITS sequences 
with OQ550146, OQ550146 and LSU sequences with OQ550151, OQ550149), a species 
described from Pakistan recently. The final ITS dataset comprised 12 sequences and 737 
characters. Similarly, the final aligned data set of nrLSU sequences included 11 
sequences and 1134 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 -2698.53 for ITS phylogeny and -3960.34 for LSU phylogeny is 
shown (Figs. 2, 3). Bootstrap consensus tree was determined from 1000 replicates, and 
the corresponding bootstrap values (> 50%) was mentioned in the tree.  

 

Figure 2: Phylogenetic tree of Pseudoomphalina khanspurensis represented by 
(•) based on Maximum Likelihood (ML) analysis of nrITS sequences 
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Figure 3: Phylogenetic tree of Pseudoomphalina khanspurensis represented by 
(•) based on Maximum Likelihood (ML) analysis of nrLSU sequences 

Description of the Pakistani specimen 

Pseudoomphalina khanspurensis A. K. Rani, A. Izhar, Usman, & Khalid Figures 4-5  

 

Figure 4: Basidiomata of Pseudoomphalina khanspurensis. (A) Pileus, (B) 
Hymenium (C) Stipe. Bar = 1 cm 
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Figure 5: Microscopic features of Pseudoomphalina khanspurensis. (A-B) Basidia 
& Cystidia Bar = 10 μm, (C) Pileipellis Bar = 15 μm, (D) Stiptipellis Bar = 15 μm, (E-

F) SEM photographs of Basidiospores 

Macroscopic features  

Pileus 3–4 cm in diameter, smooth, convex to broadly convex, center depressed, 
umbonate, overall brownish pink, margin incurved when young, highly wavy to irregular 
at maturity. Lamellae sub-decurrent to decurrent, regular, concolorous with pileus 
surface, 2-3 lamellulae, dicho- to polytomously branched towards margin. Stipe 5–6 × 
0.6–1.0 cm, smooth, hollow, central, equal, cylindrical to slightly tapering upward, sub-
bulbous, brownish pink with whitish to off-white background. Annulus and volva absent. 
Basidiospores 6–9.5 × 2.5–5 µm, avl × avw= 5.53 × 4.72 µm, oblong to globose, hilar 
appendix well-developed with suprahilar depression, thin-walled, guttulate, weakly 
amyloid, hyaline in 5% KOH. Basidia 25-50 × 4.5–6 µm, long, 2-4 spored thick-walled, 
clavate, clamp connections present, cytoplasmic content dense, hyaline in KOH. 
Hymenophoral trama irregular, hyphae thin-walled, hyaline in 5% KOH. Cheilocystidia 26-
55× 4-5 µm, cylindrical-clavate, sometimes cylindrical and fasciculate, thin-walled, 
hyaline. Pileipellis a filamentous cut is made up of narrow thin-walled, cylindrical-clavate 
or cylindrical hyphae with rounded ends, hyaline, clamp connections present, intricate to 
irregular. Stipitipellis hyphae thin-walled, septate, parallel, cylindrical to clavate, 
branched, hyaline, clamp connections present. 

https://www.mushroomexpert.com/glossary.html#basidia
https://www.mushroomexpert.com/glossary.html#pileipellis
https://www.mushroomexpert.com/glossary.html#clamps
https://www.mushroomexpert.com/glossary.html#clamps
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Material examined: Pakistan, Khyber Pakhtunkhwa province, District Mansehra at 1122m 
a.s.l, on soil, in mixed conifers tree stand, 08-08-2022, leg. S. Sawar, LCWUBOT. 
SS.08082212 (Herbarium, Dept. of Botany, LCWU, Lahore). (Genbank no. OQ550148 
for nrITS and OQ550151 for nrLSU).  
 
DISCUSSION 

Pseudoomphalina khanspurensis was described from Pakistan by Rani et al. (2023) 
being the first record of this genus for the country. One of our specimens found during the 
mycological survey of the district Mansehra was revealed to belong to this species, when 
analyzing it macro- and microscopically, as well as by sequencing ITS and LSU regions 
(Figs. 2-3). In both phylogenetic trees, our sequences form a clade with P. khanspurensis 
with high bootstrap value. There are some phenotypic differences from P. khanspurensis 
as described by Rani et al. (2023).  

They expand the morphological range of this species. Our basidiomata showed brownish-
pink color, an irregular pileus margin when overmature, and more branched lamellae 
compared to the reddish-purple color of the pileus and dichotomously branched lamellae 
mentioned in the original publication by Rani et al. (2023). These differences are 
attributed to the higher age of the basidiomata. Interpretation of the cystidia as 
unequivocal is difficult in our sample, because they look very similar to immature basidia. 
Most Pseudoomphalina species do not have cystidia, but flagellate pseudocystidia are 
known to occur (Ludwig, 2012). 

Pseudoomphalina khanspurensis is placed together with P. cokeri (Hesler) Vizzini, Contu 
& Z.W. Ge in one subclade. The latter is distinct by its stouter habit, a stipe covered with 
white fibrils and geographically, being a strictly North American species (Lavorato et al., 
2015; Smith & Hesler, 1943).  
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