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SUMMARY 

 This work deals with the morpho-anatomical and molecular characterization and 

identification of those fungi which posses gills or slit like structures below their caps, 

from some sites of the Himalayan moist temperate forests of Pakistan‘ part Khyber 

Pakhtunkhwa Province (Khanspur-Ayubia, Kuzagali, Khairagali, Nathiagali, Kaghan 

Valley; Sheran) and northern part of Pakistan (Fairy meadows). Internal transcribed 

spacers (ITS) region of rNDA of fungi under investigation has been amplified, collected 

during monsoon 2009-2011.  

During this investigation, 85 species of fungi belonging to 36 genera of 19 

families were collected growing either in association with plants or from decaying logs. 

All these taxa have been described in detail on morphological, anatomical basis and ITS-

rDNA molecular marker data. The co-relationship among phenotypes and genotypes has 

been documented in the form of phylogeny.  

The treated taxa include six (6) species of Agaricus (Agaricus albus nom. prov., 

A. augustus, A. calvatus nom. prov., A. pakistanicus nom. prov., A. rhodofloridus nom. 

prov., Agaricus sp. SR101) one (1) species of Cystodermella (C. cinnabrina) six (6) 

species of Lepiota (L. acutesquamosa, L. brunneoincarnata, L. cristata, L. himalayensis 

sp.nov, L. subincarnata) seven (7) species of Amanita (A. flavoconiodes nom. prov., A. 

khanspurensis nom. prov., A. pakistanica, A. pantherina, A. pseudovaginata, A. 

rubescence, A. vaginatoides nom. prov.),  two (2) species of Paneolus (P. deosaiensis 

nom. prov., P.  sphinctrinus), one (1) species of Coprinus (C. comatus) Six (6) species of 

Cortinarius (C. brunneocarpus nom. prov., C. hyacinthifolius nom. prov., C. nigricans 

nom. prov., C. olivaceopictus, C.  virgafomus nom. prov.), one (1) species of Entoloma 

(E. pakistanica nom. prov.), one (1) species of Neolentinus (N. lepideus) one (1) species 

of Chroogomphus (C. roseolus), one species of Hygrophorus (H. chrysodon) two species 

of Hebeloma (H. mesophaeum, H. theobrominum) one (1) species of Timgrovea (T. 

descoleus nom. prov.), nine species of Inocybe (I. genticus nom. prov., I. impurus nom. 

prov., I.  leucoblema, I. nitidiuscula, I. obsoleta, I. pakistanica nom. prov., I. rimosa, 

Inocybe sp. SR-19, I. squamata), three (3) species of Gymnopus (Gymnopus sp. K-36,   

Gymnopus sp. K-38, Gymnopus sp. Kp-32), two species of Marasmius (M. 

albimyceliosus, M. oreades), one (1) species of Microphale (M. brassicolens), one (1) 

species of Mycena (M. pura) one (1) species Xerula (X. hispida), one (1) species of 

Hohenbuehelia (H. petaloides), two (2) species of Pluteus (P. subcervinus nom. prov., P. 
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pouzarianus) two (2) species of Lactarius (L. ahmedii nom. prov., L. sanguifluus), eleven 

(11) taxa of Russula (R. acrifolia, R. aurata, R. densifolia, R. foetenoides nom. prov., R. 

himalayca nom. prov., R. integriformis, R. khanspurensis nom. prov., R. laricina, R.  

laricina var. ahmedii, R. pectinatoides, R. pectinatoides var.  pakistanica), one (1) species 

of Gymnopilus (G. acortinus nom. prov.), one (1) species of Hypholoma (H. xanthofolia 

nom. prov.), two (2) species of Pholiota (P. cylindricus nom. prov., P. flavipes nom. 

prov.), one species of Armillaria (Armillaria sp KP-48), six (6) species of Clitocybe (C. 

abundans, C. alkaliviolascens, C. bresadolina, C. obscuritus nom. prov., Clitocybe sp. 1, 

C. vibecina), one (1) species of Clitocybula (C. himayalica), one species of Laccaria (L. 

ahmedii), two(2) species of Lyophyllum (L. connatum, L. microsporum nom. prov.), one 

species of Melanoleuca (M. angelesiana), one (1) species of Tricholoma (T. myomyces) 

and two (2) species of Tricholomopsis (T. flammula, T. rutilans). The morphological 

species concept and phylogenetic species concept when applied on local mycoflora 

collected from Himalayan moist temperate forests generated 39 species previously 

undescribed and 34 as new records for Pakistan. 

Mycoflora new record from this report include five (5) species of Agaricus, one 

(1) species of Lepiota, three (3) species of Amanita, five (5) species of Cortinarius, one 

(1) species of Entoloma, four (4) species of Inocybe, three (3) species of\ Gymnopus, one 

(1) species of Pluteus, one (1) species of Lactarius, five (5) species of Russula, one (1) 

species of Gymnopilus, one (1) species Hypholoma, two (2) species of Pholiota, one (1) 

species of Armillaria, two (2) species of Clitocybe, one (1) species of Clitocybula, one (1) 

species of Laccaria and one species of Lyophyllum. Genera Clitocybula, Cystodermella, 

Microphale, Neolentinus, and Xerula are five genera have been collected first time from 

Pakistan. 

This is the first serious attempt in Pakistan to characterize gilled fungi from 

Himalayan moist temperate forests of Pakistan using ITS-rDNA marker. The findings of 

this study indicate the occurrence of more than 40% species previously undescribed and 

about 24% are additions to the the local mycoflora. This confirms the previous hypothesis 

that Himalayan moist temperate forests are hotspots for fungal species diversity. Many 

attempts are required to give the floristic composition of these areas. 

The Published work out of this dissertation part has been appended as Annexure ‗A‘. 
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INTRODUCTION 

Pakistan is an oblong stretched land mass located in the north-western part of the South 

Asian subcontinent between 24  and 37  North latitudes and 61  and 75  East longitude. 

It is surrounded by India on its east and southeast side, by Afghanistan on north and 

northwest, by Iran on the west and the Arabian Sea locks it from the southern side. It is a 

diversified land with vast plains in the Indus basin, rocky plateaus in the southwest and 

ranges of mountains in the north with beautiful green valleys, white snow-covered peaks. 

Northern side of country has a junction of three mountain ranges, Himalaya, Hindukush 

and Karakorum and this mountainous topology covers almost 60% area of the country 

(Pakistan online encyclopedia, 2004). The Hindukush is a small range which extends 

from Afghanistan to Pakistan; Karakorum touches Pakistan, China and India while the 

Himalaya passes through whole Asia approximately (Bishop & Barry, 2012). These 

mountain ranges are major source of forests in Pakistan from its total 4.8% volume 

(Champion et al., 1968; Cronin & Pandya, 2009). Himalaya extends very deep in the 

country producing Himalayan forests characterized by vigorous arborescent vegetation 

dominated by conifers (Champion et al., 1968). 

Moist temperate forests lie between the dry temperate and sub alpine zone along 

the Himalaya range. These forests are found in Muree-Hazara hills, Kaghan valley, Swat, 

Lower Dir, Upper Dir, Upper reaches of Kurram Agency, moist parts of upper Swat and 

Gilgit-Baltistan. These forests receive a sufficient annual rainfall ranging from 650-1500 

mm and the rainy season starts in summer usually from July to September depending on 

southwestern monsoons winds (Gupta & Thomas, 2008). Winter snow fall is another 

source of precipitation and gradual melting of snow in early summer prolongs the season 

during which adequate moisture is available. The mean maximum temperature during 

winter months from December to February is 24.3 F–29.5 F. In summer these forests 

experience humidity up to 57%, sometimes relative humidity reaches up to 60% –70% 

and the temperature 86.3 °F (Khan, 1998). 

The Himalaya is included in one of the twenty-five hotspots for biodiversity 

(Myers et al., 2000). Himalayan moist temperate forests are more diversified in Pakistan 

side for animals, plants and fungi (Ahmad et al., 1997; Ahmed & Ann, 2011; Sultana et 

al., 2011; Razaq et al., 2012a). These forests are characterized by coniferous trees of 

Pinus wallichaina A. B. Jacks., Abies pindrow Royle, Cedrus deodara (Roxb. ex 
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Lambert) G. Don, Picea smithiana Boiss. and Taxus wallichaina Zucc. In these forests, 

some patches of broad leaved tree are also mixed with conifers like a number of oaks are 

quite common: Quercus incana Roxb., Q. dilatata Lindl., and Q. semicarpifolia Sm., 

Acer acuminatum Wall. ex. D. Don. Among the shrubs various species of Rosa L. and 

Rubus L. as well as Indigofera hebepetala Beuth. ex Baker, Viburnum cotinifolium D. 

Don., and Urtica dioica L., are common. (Saima et al., 2010). Fungal flora is another 

integral part of these forests which plays very important role in ecosystem dynamics and 

stability (Mueller et al., 2004). The total number of fungi ranges from 120,000 to 712,000 

species out of which 21,679 macrofungi are known (Hawksworth, 2001; Mueller & 

Schimit, 2007; Kirk et al., 2008). During rainy season the floor cover of these forests has 

different groups of macrofungi like non-gilled, gilled and tooth fungi. Among all these 

the largest group is of gilled fungi (Khalid, 1998, Niazi, 2008). 

Gilled fungi are characterized by possessing gills or lamellae beneath umbrella 

like cap, radiating from central stalk toward margins. Millions of spores are produced on 

these gills and fall downward, to be spread elsewhere on the wind. The fungal order 

Agaricales, comprises of gilled fungi (mushrooms), has some of the most familiar types 

of fungi. The order is very large with 33 families, 413 genera, and over 13000 described 

species (Kirk et al., 2008). According to Mueller et al., (2007) the total expected number 

of gilled fungi is 80,000 out of which only 13000 are known yet. Gilled fungi are so-

called mushrooms and toadstools, the largest clade of mushroom-forming fungi (Singer, 

1986; Kirk et al., 2008). These gilled mushrooms are very essential component of forest 

ecosystem. Among the forest communities these fungi are either saprotrophs on decaying 

wood and other dead plant material or symbiotic with the living cells of plant roots, 

forming mycorrhizal associations with trees. Others are parasites on living plants (Bruns 

et al., 1991; Brand, 1992; O‘Brien et al., 2005). 

Gilled fungi always attracted animals and human beings because of their 

medicinal and nutritional benefits. Various medicinal applications of mushrooms have 

been documented including managing heart diseases, various gastric digestive diseases, 

diabetes, obesity, tumour, immunomodulatory and lipid lowering effects. Over 2,000 

edible mushroom species have been characterized as food items (Manzi et al., 2001; 

Martin et al., 2004; Lian, et al., 2008). But some poisonous mushrooms (Toadstools) like 

Amanita phalloides (Vaill. ex Fr.) can cause even death when mistakenly eaten as food 

(Briiggemann et al., 1996). Gilled fungi also affect plant life as mostly plants depend 
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upon mycorrhizal fungi for nutrients and water uptake (Brundrett, 2009). Some gilled 

fungi are parasitic on the plants and cause serious damage to plants (Johannesson & 

Stenlid, 1999). This significance of fungi made people to collect these mushrooms for 

multipurpose and to identify different species for different uses (Sibounnavong et al., 

2008). These are easily available for collection and identification during the rainy season 

on humid spots of thick forest (Arora, 1991; Quimio, 1978; Pushpa & Purushothama, 

2012).  

Traditional aproaches for the identification of gilled fungi are based on the 

morphological characters like macroscopic feature of basidiocarps, hymnophore types –

gilled, poroid, ridged, veined, spinose, papillate and smooth, spore print colour (white, 

pink, brown, purple- brown and black) (Fries, 1821-1832; Fayod, 1889). Fries (1874) 

identified 12 genera of gilled mushrooms (agarics). His system was widely used because 

it was helpful that many genera could be identified on field characters like morphology. 

The system was relatively unchallenged until Fayod (1889) studied the anatomy and 

microscopic features of basidiocarps and consequently recognized 108 genera. In the next 

century, Singer (1962; 1986) combined Fayod‘s anatomic characters and Fries‘s 

macroscopic characters in reorganizing families and genera. He distinguished 230 genera 

of 18 families in his system. Usually the species recognition of fungi is based on 

morphological and anatomical characters, but the environmental factors make differential 

expression of same gene causing phenotypic differences which leads to misidentification 

and species complex and thus establishment of the artificial groups (Zhao et al., 2008).   

Only the basidiocarp form and appearance do not reflect the relationship well with other 

fungi (Hibbett et al., 1997). Therefore, an advanced method was needed to be developed 

for the identification of mushrooms (Lian et al., 2008). Even in the age of Singer, people 

have started realizing that solution to fungal identification lies in DNA analysis than 

morphological characterization (Kurtzman, 1985).   

During last two decades mycology has experienced golden age of molecular 

systematics. Gene sequences, particularly of the ribosomal RNA genes and spacers, have 

been determined from large numbers of fungi, compared ultimately to rework taxonomy 

and classification (Lee et al., 2006; Froslev et al., 2007). In an ecological context, 

molecular techniques are typically used for identification of individual genotypes, species 

and higher taxa (Bertini et al., 1998; Horton & Bruns, 2001; Bruns & Bidartondo, 2002; 

Peay et al., 2012). Molecular identification is performed by sequence analyses from the 
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ITS region of nuclear ribosomal RNA genes by PCR-RFLP or direct sequencing (Kaldorf 

et al., 2004; Godbold, 2005). The phylogenetic affiliation of fungi is evaluated by 

comparison of their ITS sequences with those deposited in the GenBank database or 

published sequences can also be retrieved from different databases (Iotti et al., 2005; 

Neves et al., 2012). The species identification depends upon the similarity of the known 

and unknown sequences. The base similarity more than 97% will not be identified as a 

new species but sometime this cut value may be meaningful even more than 98% for 

Agaricus or even a few base difference like in Cortinaius (Frøslev et al., 2007; Para, 

2008; Ryberg et al., 2008; Niskanen et al., 2009; Gao & Yang, 2010). Genetic variation 

in ITS region of the rDNA enables reliable identification of fungi up to species level 

(Riviere et al., 2007). The nuclear ribosomal ITS region (including ITS1, 5.8S and ITS2) 

is, therefore, used as a genetic marker for different groups of gilled fungi (Frøslev et al., 

2006; Hughes et al., 2007; Vellinga, 2003; 2007). 

The internal transcribed spacer (ITS) region contains two polymorphic/ variable 

non-coding regions that are nested within the rDNA repeat between the highly conserved 

small subunit (18S), 5.8S and large subunit (28S). This region has interspecific variable 

but intraspecific conserved sequences, high copy number, shorter size (650-900bp), 

conserved priming sites and a huge amount of sequence data (38,089-45,0000 accessions 

in the database) in the GenBank for comparison. These properties make this region more 

powerful tool for identification of fungi (Gardes & Bruns, 1993; Bruns & Bidartondo, 

2002; Bruns & Shefferson, 2004). With universal primers ITS-1 and ITS-4, the amplified 

region is sequenced and resultant sequence is aligned against those present in the 

GenBank for species identification (Gardes & Bruns, 1996; Hibbett et al., 1997; Koljalg 

et al., 2002). Dentinger et al., (2011) worked on 20,000 fungal specimens to develop a 

new barcoding markers. They compared mitochondrial cytochrome oxidase I gene (COI) 

with ITS-rDNA marker and found the latter more reliable for taxonomic resolution up to 

species level. 

Amplification of target DNA depends upon selection of the primer specific to 

desired fragment. Generally the universal pair of primers, ITS1 and ITS4, is used for the 

amplification of internal transcribed spacer. Gardes and Bruns (1993) introduced another 

pair of primer (ITS1-F / ITS4-B) specified for ITS region of basidiomycetes. Some 

special sets of primers like species-specific pair of primer are also considered important 

tools for reliable identification of mushrooms by using rDNA (Lian et al., 2008). Martin 
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et al., (2004) also tried to examine the genetic variability among the commercially 

available mushrooms to give an identifiable marker based on ITS region. 

Species which look morphologically distinct when they are analyzed on genetic 

basis prove two individuals of same species. As Yakhlef et al., (2009) re-identified the 

morphologically classified fungi and found morphologically two species of Russula (R. 

decipiens and R. straminea) as a same species on the basis of PCR-RFLP pattern of 87 

basidiocarps. Such examples have been reported by Matsumoto et al., (2003), who re-

evaluated the taxonomic position of gilled fungus, Pholiota nameko (T. Ito) in the genus 

Pholiota Fr. using RFLP and ITS sequencing method. On the basis of morphological 

similarities this species was closely related to subgenus Hemipholiota but the results 

based on molecular information of rDNA of P. nemeko suggest that this fungus is closely 

related to sub genus Pholiota.  

Molecular markers are not only used for the identification of fungi but also 

provide reliable way to distinguish edible and poisonous mushrooms (Maeta et al., 2008). 

Jan et al., (2008), from Abbotabad, Pakistan, reported that because of mushroom 

poisoning 18 patients were admitted out of them 13 expired due to hepatic and renal 

failure. The mistakenly eaten Amanita proved lethal for these patients. The most common 

reason for this misidentification is close morphological resemblance in two mushrooms 

looking similar but actually different. Misidentification is not only present in species level 

but higher taxonomic level may also be changed by molecular investigations. 

Shifting of species from one taxon to other is observed when molecular markers 

have been used for species identification. Gomes et al., (2002) used 26 isolate of fungi 

belonging to 8 genera and 19 species and examined their inter and intra specific variation 

on the basis of restriction with different endonuleases and the result obtained  made him 

to place unidentifiable five isolate of Rhizopogon into one group and two isolate of 

Lacaria into another taxon. Riviere et al., (2007) relied on molecular tools to investigate 

the molecular diversity from two different forests to evaluate the diversity of 

Basidiomycete using a fragment of the mitochondrial large subunit rRNA gene to type 

140 sporocarps. To evaluate taxonomic diversity, phylogenetic analyses were performed, 

and 40 sequences included from identified European specimens were used as taxonomic 

benchmarks. As far as genetic diversity of order Agaricales is concerned the classification 
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given by Singer gives a different look when it is analysed on genetic basis (Moncalvo et 

al., 2000). 

Singer in his system, which is based on morphological and anatomical studies, 

divided order Agaricales into three main groups: Agaricineae, Boletineae and Russulineae 

(Moncalvo et al., 2000). Molecular studies have also proved these groups as Agaricineae 

as the euagaric clades, Boletineae as bolete clade and Russulineae as russuloid clade 

(Moncalvo et al., 2000; Hibbett & Thorn, 2001). It means the higher taxonomic grouping 

in broader spectrum based on morphology and anatomy is same as determined by 

molecular structure. However, the deeper phylogenetic analysis of Singer‘s three groups 

has shown that the taxonomy purely based on the spore print color, fruiting body 

morphology and anatomical characters is not sufficient and it has led to the establishment 

of many artificial taxonomic groups (Taylor et al., 2000). Morphologically distinct groups 

have some very close phylogenetic relationship and similar phenotypes may have 

different molecular roots (Hibbett et al., 1997; Peintner et al., 2001; Matheny & Bougher, 

2006). Hibbett et al., (2004) have studied three morphologically different groups using 

their molecular basis. They have tested the phylogenetic relationship among different 

higher taxonomic groups like gilled fungi (Agaricales) and non-gilled (Aphyllophorales 

and gasteromycete) families using a data of nuclear and mitochondrial ribosomal DNA 

sequences. The data showed that fruiting body morphology and hymenophore type did 

not show the actual phylogenetic relationships among these morphologically segregated 

groups. 

 Moncalvo et al. (2000) investigated phylogenetic relationships within the order 

Agaricales based on nuclear large subunit ribosomal DNA sequences. In their work, they 

discovered polyphyletic higher taxonomic groups, such as in Cortinariaceae, 

Hygrophoraceae and Tricholomataceae, and the some of the polyphyletic genera, 

Marasmius, Clitocybe and Omphalina. Moncalvo et al., (2002) studied the phylogenetic 

euagaric clade using a broader sampling and revealed 117 monophyletic clades within 

Agaricales. The other important point of this study was the rejection of traditional 

artificial taxonomic groupings of some higher groups. Some non-gilled gasteroid 

resupinate and cyphelloid taxa were found to be members of the Agaricales on the basis 

of molecular marker studies (Binder & Bresinsky, 2002, Hallen et al., 2003, Larsson et 

al., 2004, Binder et al., 2005).  
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According to Schmit and Mueller (2007), the total species richness of macrofungi 

from temperate regions of Asia is 2675 and that of tropical areas is 400 while their 

expected estimates are 24750 and 3680 respectively. Stewart (1924) was first who 

collected wild mushrooms in late summer from Kashmir and reported 25 species of 

mushrooms, belonging to different genera. Ahmad (1956, 1980) listed 183 species 

belonging to 60 genera and 13 families of the order Agaricales. There is a great variety of 

saprophytic, mycorrhizal, edible, medicinal, toadstools gilled mushrooms which are the 

basic component of Pakistani forest ecosystem (Ahmad et al., 1997; Burni et al., 2006; 

Sultana & Qureshi 2007; Jan et al., 2008). The total reported agaricoid fungi are more 

than 600 from Pakistan (Ahmad et al.1997, Khan, 1962; Khanzada, 1978; Ahmad et 

al.1997; Khalid, 1998; Tulloss et al., 2001; Burni et al., 2006; Niazi et al., 2006, 2008; 

Razaq et al., (2012a; 2012b; 2012c; 2012d) but only 3-5% species have published 

descriptions. Khalid, (1998) has described fifty macrofungi in his dissertation. He used 

morphologicsl species concept for species recognization and it was first detail report on 

macrofungi from Himalayan moist temperate forest of Pakistan. Niazi (2008) also 

compiled a report of fourty ectomycorrhizal taxa associated with coniferous roots. 

Ectomycorrhizal nature of all these taxa was described using morphotyping and tracing 

methods. This work was also a unique because it was first detail report on 

ectomycorrhizal macrofungi. Razaq et al., (2012a; 2012b; 2012c; 2012d) published some 

new and records of gilled fungi from Himalyan moist temeperate forests of Pakistan using 

morpho anatomical and molecular approaches. He published these species with their 

diagnostic features, morpho anatomical comparisons and phylogenetic relationships. 

Before this work, morphological and anatomical characters have been taken into 

consideration for the identification of gilled fungi from Pakistan. This is first serious 

attempt to identify and generate a molecular data of different gilled fungi from Pakistan 

using molecular marker. 

In this project all the gilled fungi collected during study period from Himalayan 

moist temperate forests have been identified by investigating their rDNA regions. The 

genetic variation in ITS region of rDNA marker is a basic tool now for species 

identification (Dentinger et al., 2011, Razaq et al., 2012a, Vizzini et al., 2012). Sequences 

have been compared with those present in databases like the GenBank using (BLAST) 

analysis. All the taxa described in this project are analyzed on morphophological and 

phylogenetic species concepts and a corelation between morphology and phylogeny is 
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also interpreted. Molecular analysis of ribosomal DNA sequences has transfigured the 

circumscription of the gilled fungi in the past decade, reaffirming some ideas of earlier 

workers while shattering others. The evolutionary history of Pakistani flora is also figured 

out with respective to mostly European mycoflora. This work is first attempt which will 

provide local reference database for future research in molecular systematics.  
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AIMS AND OBJECTIVES 

Main objective of this work is to develop more accurate and authentic picture of the 

mycoflora (gilled mushrooms) of moist temperate forest of Pakistan following 

phylogenetic species concept which is based on molecular identification of species. 

Already data described is totally based on morphological species concept. Further, 

possible aims and objectives of this project are as mentioned below. 

 Molecular identification and characterization of gilled fungi from Pakistan and re-

investigation of already described taxa and their taxonomic status based on the 

analysis of genetic marker. 

 It is also aim of this project to deposit maximum sequences of local gilled fungi in 

international databases like GenBank, EMBL etc, to represent Pakistani 

mycoflora.  

 Genetic sequences of edible, poisonous, mycorrhizal, parasitic and medicinally 

important mushrooms will be available for future identification and their 

application. 

 Thi work will provide a baseline to develop our own data base of gilled fungi 

based on sequencing of ITS region of rDNA for future identification and 

comparison.  

 This local data generated in this project will provide reference sequences for 

phylogenetic study and evolutionary relationships among different groups of 

gilled fungi. This data would be helpful to determine global genetic diversity of 

any individual or group, community analysis of ectomycorrhizal and saprophytic 

fungi. 
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MATERIALS AND METHODS 

Sampling site 

Moist temperate forests lie between the dry temperate and sub alpine zone along 

the Himalaya range. These forests are dominated with luxurious coniferous vegetation 

with some mixed patches of deciduous trees. These comprise of Muree-Hazara hills, 

upper Dir, Swat and some areas of Gilgit-Baltistan. These forests receive a sufficient 

annual rainfall ranging from 650-1500mm and the rainy season starts in summer, usually 

from July to September depending on southwestern monsoons winds, the major source of 

precipitation. In summer these forests experience humidity up to 57% and the temperature 

86.3 °F. These environmental conditions trigger the fruiting of fungi from spores and 

mycelia in the soil. During rainy season the forest floor is covered with colourful fungal 

fruiting bodies notably more diversity of gilled mushrooms. 

Sampling strategy 

 Gilled fungi are conspicuous fruiting bodies or mushrooms which were collected 

from sampling sites with the help of sharp knife or sometime with auger. It was tried to 

collect at least two specimens of each mushroom. A small part of the specimen was stored 

in 2% CTAB buffer for DNA analysis. After proper labeling and packing, specimens 

were brought to lab for further analysis. 

Morpho anatomical characterization 

Morphological characters were noted on the spot in the form of field note. 

Photography was done in their natural habitats. The herbarium voucher specimen was 

dried with the help of fan heater. These specimens were dried to 5% total moisture 

contents. For microscopic examinations, free hand sections of lamellae were made. Small 

sharp needles were used for scratching of pileal and stipe covering. Different dyes and 

stains were used for different tissue examination. Sections from each basidiocarp were 

mounted in 5% KOH or mixture of 3-5% KOH+Phloxine for microscopic observations 

under a compound microscope (MX4300H, Meiji Techno Co., Ltd., Japan). These 

sections were also stained with Congo Red (benzidinediazo-bis-1-naphtylamine-4-

sulfonic acid) and Melzer‘s reagent (Chloral hydrate (100g) + Iodine (1.5) + Potassium 
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iodide (5g) in total 100ml). Twenty-five basidiospores and 20 each of basidia, 

cheilocystidia, pileal elements, and stipe elements were measured from one basidioma. 

Abbreviations include: avl = average length, avw = average width, Q = length / width of 

basidiospore. Drawings were made using a camera lucida attached to the compound 

microscope. 

Molecular characterization 

 The part of basiocarps of each specimen preserved in 2% CTAB buffer was used 

for molecular analysis. DNA was extracted from a basidiocarp of each taxon, amplified 

the target region especially ITS-rDNA and got sequenced for identification and 

phylogeny using different methods and protocols. 

DNA isolation 

c) General CTAB protocol 

 DNA was extracted from dried fungal specimens using CTAB extraction buffer 

following Gardes & Bruns (1993) with some modifications.  

Dried tissue (approx. 100mg) was macerated by pestle mortar using liquid nitrogen.  

 The macerated tissue was gently shifted in to 1.5ml centrifuge tube and 1ml of 2% 

CATB buffer was added; it was mixed gently. 

 All tubes were carefully incubated at 65
0
C for one hour in water bath but after 

each twenty minutes the tubes were inverted and mixed gently.  

 For removal of cellular junk or proteins, 600 µl of Isoamly alcohol: Chloroform 

(1:24) was added in each tube and gently vortex to mix all in the tubes. 

 The mixture was clarified by centrifugation for 10min at maximum speed.   

 The supernatant was taken in another tube by careful pipetting without touching 

the pellet between two layers. 

 The DNA was precipitated by adding 2/3 volume. of ice-cold Isopropanol or ½ 

volume 95% ethanol and placed at room temperature for a few minutes or in 

freezer for overnight.  

 DNA was collected by centrifugation at 15,000rpm and pellet was washed with 

70% ethanol or wash buffer.   
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 The final pellet was dried at room temperature or at 37
0
C in an oven  and 

dissolved in 50 µl TE buffer or distilled H2O. 

d) Extract-N-Amp Protocol 

The protocol of Extract-N-Amp (XNAP-2) plant kit (Sigma, St Louis, MO, USA) 

was followed for the extraction and amplification of fungal DNA with some 

modifications. There are the following steps which were used for fungal DNA 

isolation. 

 Add 10µl of Extraction Solution to tube containing tissue. 

 Dried material of basidiocarp (approx. 1 mg) was taken in small PCR tubes and 

briefly votex the tubes to settle down tissue piece in the solution. 

 Incubate at 65
o
C for 10 minutes and then heat at 95

o
C for 10 minutes in PCR 

thermocycler.  

 Add 10µl of Dilute Solution and vortex to mix and left for 1hour at room 

temperature.  

PCR Amplification of target DNA 

  The amount of DNA used vary based on the extraction method and dilution of the 

DNA.  Usually, 1-2 µl of direct extraction from the Sigma kit or CTAB method worked 

well. Otherwise 1/10 dilution was prepared and same quantity again used for 

amplification. Polymerase Chain Reaction (PCR) was carried out following Gardes & 

Bruns (1993), using the fungus-specific ITS1F primer and the eukaryotic ITS4 primer to 

amplify the nuclear ribosomal internal transcribed spacer region. The PCR reaction 

volume which generally used was 20 µl in 0.2 ml PCR tubes which contains 2 µl genomic 

DNA, 13.50 µl H2O, 2 µl 10X Taq buffer, 2µl 10X dNTP, 0.15 µl of forward primer (50 

µM), 0.15 µl of reverse primer (50 µM) and 0.2 µl of Taq enzyme. The thermocycler 

program for this PCR reaction is: initial denaturation at 94 C, 1 min followed 34 cycles 

of denaturation at 94 C, 1 min, at annealing 51 C-54 C, 1 min, extension at 72 C, 3 min 

and final extension at 72 C, 8 min and then at10 C, forever. 

The ready mix which was provided with kit used for Extract-N-Amp PCR reaction 

according to the instructions of manufacturers. The general PCR profile for the kit is:  3 

min at 95
o
C, followed by 30 cycles of 30 s at 94°C, 35 s at 53°C, 1:30 min + 5 s per cycle 

at 72°C, and finishing with 2 min at 72°C. The general PCR profile for manually 
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extracted DNA is 3 min at 95
o
C, followed by 34 cycles of 1 min  at 94°C, 1 min at 51°C, 

1 min at cycle at 72°C, and finishing with 8 min at 72°C. For size determination of the 

PCR products, all samples were run on 1-1.5% Agrose gel. The PCR products were 

visualized/quantified in gel by Gel Documentation System (UVtec, Avebury House, 

Cambridge CB4 1QB UK) using default settings. Then PCR products were directly sent 

to Macrogen, Korea, a sequencing company or sequence in Automatic Sequencer 3730 

(Applied Biosystems, Foster City, CA, USA) using folowning steps. 

PCR products purification 

  For the removal of extra dNTPs, primers and leftovers, the PCR product was 

always purified using ExoSap method. In this method 3.5 µl PCR product was mixed 

with 0.5µl ExoSap and 1 µl PCR H2O to reach 5µl final volume. All the tubes were 

incubated at 37°C for 45 min and then at 85°C for 15min. 

 Sequencing 

iii. Sequencing PCR 

BigDye reaction is usually prepared in 0.2ml PCR tubes or plate which contains 2.37 l 

ddH2O, 0.75 l BigDye 5X Buffer, 0.5 l BigDye, 0.37 l Primer (2 M) and 1µ ExoSap 

PCR template of total 5µl volume. A PCR is started for sequencing which consists of 25 

cycles and following thermocycler profile program mentioned below. 

1X (96°C 1:00min)  

15X (96°C 0.10 min, 55°C 0:05min, 60°C 1:15min) 

5X   (96°C 0:10min, 55°C 0:05min, 60°C 1:30min) 

5X  (96°C 0:10min, 55°C 0:05min, 60°C 2:00min) 

hold at 10°C. 

 

iv. Cleaning of sequencing PCR products 

For 5 L reactions: 

 Master mix (add 1.25 l of 125mM EDTA (pH8.0) and 15 l of 100% ethanol) 

was prepared for each reaction. The EDTA should precipitate in the ethanol.  
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 The 16.25 l volume from master was added in each tube or if using a plate, in 

every well and gently mix (invert 8 strip tubes or vortex on low for plate).  

 Incubated at room temperature for 15 minutes, usually in dark. 

 Then plate was centrifuge at 4,000 rpm for 30 minutes (at 4°C if possible).  

Remove from centrifuge immediately handling with utmost care for the remaining 

steps. 

 Again plate was inverted on a stack of paper napkins and centrifuged @ 700 rpm 

for 15 seconds. 

 A volume of 15 l of 70% ethanol was added to  each well and centrifuge the plate 

at 4,000 rpm for 15 minutes. 

 Plate gain inverted and stack of paper towels and centrifuged @ 700 rpm for 15 

seconds. 

 Removed from centrifuge and dried (air dry in the dark for 20 minutes or Speed-

Vac for 5-10 min at max 50°C). 

 Resuspended the samples in 12.5 L injection formamide (ABI deionized), and 

lightly vortex to dissolve DNA. Centrifuged everything down. 

 Denatured the samples by heating at 95°C for 5 minutes. Immediately pushed the 

plate into ice and allowed the plate to cool for 2-3 minutes. Then the plate is ready 

for sequencing and put in sequencer. 

Sequence assemblage and BLAST analysis 

Bidirectional sequences of each specimen were reassembled using Seqman II (DNA 

star, Lasergene Inc., USA) sotware for consensus sequence and contig formation. 

Sequences were analyzed by observing their peaks and manual edting is made where 

software missed reading. On both strands primer sequences are matched and the the extra 

regions from both 3‘ and 5‘ were trimmed and consensus was saved. Nucleotide sequence 

comparisons were performed with Basic Local Alignment Search Tool (BLAST) network 

services using National Center for Biotechnology Information (NCBI), USA database. 

Those hits which had bit score more than1000 were considered retrieval from databse for 

further analysis. In BLAST searches if the sequences in top 100 belong to same genus 

then the sequence was considered more reliable. Query coverage more than 90% and E 

value 0 are indicators of good sequence health. 
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Alignments and phylogenetic analysis 

For alignment analysis those sequences which are very close to local sequence 

were retrieved from the GenBank database. Usually, the preference was given to 

published sequences. Sequence alignments and phylogenetic analysis were performed 

using Molecular Evolutionary Genetics Analysis (MEGA) software (Tamura et al., 2011). 

All the sequences included in analysis are aligned using default settings. Following 

Dentinger et al. (2011) for complete ITS sequences, all sequences were trimmed with the 

conserved motifs 5‘-(...GAT) CATTA— and —GACCT (CAAA...)-3‘ and the alignment 

portion between them was included in analysis. Some ambigous positions from the 

alignments were removed and gaps are treated as data for construction of phylogeny. 

Maximum Likelihood (ML) method was based on the Jukes-Cantor model of nrITS 

sequences using Nearest-Neighbor-Interchange (NNI) as ML heuristic search method. 

The percentage of replicate trees in which the associated taxa clustered together in the 

bootstrap test (100-1000 replicates) are shown next to the branches. Initial trees for the 

heuristic search were obtained automatically when the number of common sites was less 

than 100 or less than one fourth of the total number of sites, the maximum parsimony 

method was used; otherwise BIONJ method with MCL distance matrix was used. A 

discrete Gamma distribution was used to model evolutionary rate differences among sites. 

Neighbour–joining and parsimony are also used in some cases instead of maximum 

likelihood analyze the topology of tree. 
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Scale: 1cm = 10 Km 

 

 

 

Fig. i. Map showing sampling sites of Himalayan Moist Temperate Forests of Pakistan, 

esterics show different sampling sites.  
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RESULTS 

This project deals the molecular identification of gilled fungi from the Himalayan moist 

temperate forests of Pakistan. The main emphasis of this work is on the generation of 

molecular data from local mucoflora using internal spacers (ITS) of rNDA as a molecular 

marker. During this poject different areas of Himalyan moist temperate forests were 

visted and gilled fungi belonging to different groups were collected. The largest group 

among them is family Tricholomataceae whose 15 taxa belonging to 7 differen genera 

have been described on morpho anatomical and molecular basis. Agaricaeae is the second 

largest family which has 12 different species of 3 genera. Russulaceae and Inocybaceae 

have almost equal number of species distributed in these forests according to survey. 

Cortinariaceae is another ectomycorrhizal family widly distributed among Abies and 

Pinus vegetation. Over all diversity of ectomycorrhizal fungi is more than wood decaying 

gilled fungi across these forests. All other groups are also represented here with their 

members less than the above families. It is commonly observed that species richness and 

abundance of ectomycorrhizal taxa is notable in Galyat region while saprophytes and 

wood decaying community is common in northern areas. 

There is a close relationship among the members of one particular group and 

almost this trend is also observed when these have been analyzed on molecular and 

phylogenetic basis. The details of all taxa treated in this project are given below. The 

morpho anatomical and ITS-rDNA sequence features of each species are provided in first 

part while the phylogentic relationships are described in phylogentic analysis part.  
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Agaricaceae 

          Agaricus 

  Agaricus albus  nom. prov. 

   Agaricus augustus 

   Agaricus calvitium  nom. prov. 

Agaricus pakistanicus  nom. prov. 

Agaricus rhodofloridus  nom. prov. 

Agaricus sp. SR-101 

                       Cystodermella  

    Cystodermella cinnabrina 

         Lepiota 

Lepiota acutesquamosa 

Lepiota brunneoincarnata 

Lepiota cristata 

Lepiota himalayensis 

Lepiota subincarnata 

 

1 
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1.1.1 Agaricus albus nom. prov.                                       (Plate 1, Figs. A-F) 

Morpho-anatomical characterization 

Pileus 9.5 cm wide, hemispherical when young, plano-convex at maturity, white 

to cream, surface fragile cracked, uniform coloration, prominent white scales on whole 

surface; context moderately thick, soft to firm, unchanging when bruised or cut; margins 

without striation. Lamellae free, crowded, pinkish brown to brown, edges entire, fleshy, 

lamellulae absent. Stipe  8.0 × 1.0 cm central, equal, white, thick fragile sheath which is 

cracked, context pale, slightly bulbous toward base or ovoid, thick annulus close to 

pileus. Odor and taste not recorded.  

Basidiospores 7.5–9.5× 6.5–8.5 µm, smooth, globular, pale brown to honey 

brown, with olive green contents in 5% KOH, thick walled. Basidia 23.5–35.4×8.73–

10.38 µm, two to four spored, clavate, hyaline. Cheilocystidia 23.6–37.76× 6.14–11.56 

µm, hyaline, clavate to cylindrical  clusttered, thin walled, oil droplets like green granules 

present.  

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification with universal 

primers pairs (ITS1&ITS4). Initial BLAST analysis of nucleotide sequences revealed that 

Pakistani collection matches maximum with Agaricus sp. GAL18885 (EF460358.1, USA) 

94%, Query coverage 100%, E-value 0. Other closely related sequences in the Blast 

below the closest sequence showed 100%, 98%, 98% and 99% with A. sp. GAL18890 

(GenBank accession # EF460357.1, USA),  A. campestris (GenBank accession # 

FJ223223.1, China),  A. aristocratus (GU234014.1, Netherland) and  A. californicus 

(FJ755229.1, China) respectively.The phylogenetic position ia analyzed in Fig.1 in 

phylogenetic portion. 

Habitat and Distribution: Pakistan: Gigit-Baltistan, Fairy Meadows, thick coniferous 

Forest (way to Bial camp and base to Nanga Purbat), on the ground rich soil under among 

the logs of coniferous vegetation, submitted to herbarium, Department of Botany, 

University of the Punjab, Lahore. Abdul Razaq, 05-07-2010. LAH. 05071024, GenBank 

accession # awaiting.  

Etymology: The specific epithet refers to white pileus coloration of the type. 
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Plate 1, Figs. A-F. Agaricus albus nom. prov. (Type) (A) Basidioma (B) Lamellar side 

of basidioma (C) Basidiospores (D) Basidia (E) Basidioles (F) Cheilocystidia.  Bar = A 

& B: 1.5cm, C: 4.75 μm, D: 9 μm, E: 8 μm, F: 7 μm. 
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1.1.2 Agaricus augustus  Fries Epicr. 212. 1838.               (Plate 2, Fig. A-C) 

Morpho-anatomical characterization 

Pileus 12 cm wide, cylindrical to hemispherical when young, plano-convex at 

maturity, pale white to light brown, surface densely scaled, scales dark brown to light 

brown, umbo portion more dark and fads towards margins, scales zonate, woody in 

texture; context moderately thick, firm, unchanging when bruised or cut; margins without 

striation, incurved when young, recurved at maturity. Lamellae free, crowded, cream to 

white, edges entire, fleshy, lamellulae absent. Stipe 5-12.5 × 2-3.5 cm central, equal with 

fine angles, light brown with white scaly pruina over whole surface, thick, context pale, 

bulbous or ovoid base; annulus ephemeral to absent. Odor and taste not recorded. 

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Agaricus augustus (GenBank accession # JF797193.1) 99%, Query coverage  99%, 

E-value 0. All the sequences in Blast analysis of my sequence belong to the same genus 

or different genus of the same family. The percentage base similarity is noted maximum 

with submitted from France. Other closely related sequences in the Blast below the 

closest sequence showed 99%, 99%, 99% and 98% with A. macrosporus (GenBank 

accession # JF432878.1, USA),  A. excellens (GenBank accession # AY484682.1, USA),  

A. Sp. GAL15786 (GenBank accession # EF460365.1, USA) and  A. arvensis (GenBank 

accession # JF797194.1, France) respectively. The phylogentic relation with other species 

is describe in Fig.1. 

Habitat and Distribution: Pakistan: Gigit-Baltistan, Fairy Meadows, thick coniferous 

Forest (way to Bial camp and base to Nanga Purbat), on the ground rich soil under among 

the logs of coniferous vegetation, submitted to herbarium, Department of Botany, 

University of the Punjab, Lahore. Abdul Razaq, SR.30, 04-07-2010. LAH. 04071030, 

GenBank accession # awaiting. 
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Plate 2, Figs. A-C. Agaricus augustus (A) Photograph of basidioma showing thick 

brown scales on pileus surface   (B) Photograph of basidioma showing thick annulus (C) 

Photograph of basidiomata of different stages Bar = A: 2cm,  B: 1.88cm. 
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1.1.3 Agaricus calvatus nom. prov.                                          (Plate 3, Figs. A-E) 

Morpho-anatomical characterization 

Pileus 7.5 cm wide, hemispherical when young, plano-convex at maturity, white 

to cream, surface smooth, uniform coloration, scales absent; context moderately thick, 

soft to firm, unchanging when bruised or cut; margins without striation, incurved. 

Lamellae free, crowded, dark brown gray, edges entire, fleshy, lamellulae absent. Stipe 

11.5 × 1.5 cm central, equal, light brown, thick, context pale, slightly bulbous toward 

base or ovoid, thick annulus close to pileus. Odor and taste not recorded. 

Basidiospores 6.5–9.0× 5.5–6.5 µm, smooth, ellipsoid, pale brown to honey 

brown, apiculate, moderately thick walled. Basidia 22.5–27.5 × 8.5–10.5 µm, two to four 

spored, clavate, hyaline; trama hyphal to cellular with broad cells. Cheilocystidia 28.0–

66.0× 12.0–19.5 µm, hyaline, clavate to rod like clustered, thin walled, green oil droplets 

contents  

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Agaricus californicus (GenBank accession # FJ755229.1, China) 92%, Query 

coverage 100%, E-value 0. Other closely related sequences in the Blast below the closest 

sequence showed 92%, 92%, 90% and 90% with A. sp. GAL18885 (GenBank accession # 

F460358.1, USA),  A. sp. GAL18890 (GenBank accession # EF460357.1, USA),  A. 

campestris (GenBank accession # FJ755230.1, China) and  A. cupreobrunneus (GenBank 

accession # AJ884630.1, Israel) respectively. The phylogentic position of A.calvatus is 

described in Fig.1. 

Habitat and Distribution: Pakistan: Gigit-Baltistan, Fairy Meadows, thick coniferous 

Forest (way to Bial camp and base to Nanga Purbat), on the ground among the logs of 

coniferous vegetation, submitted to herbarium, Department of Botany, University of the 

Punjab, Lahore. Abdul Razaq, 04-07-2010. LAH. 04071037, GenBank accession # 

awaiting. 

Etymology: The specific epithet refers to the smooth, scaleless pileus of the type. 
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Plate 3, Figs. A-E. Agaricus calvatus nom. prov. (Type)  (A) Basidioma  (B) Lamellar 

side of basidioma (C) Basidiospores (D) Basidia (E) Cheilocystidia.  Bars = A: 1.44cm, 

B: 1.25cm, C: 3 μm, D: 7 μm, E: 11 μm.  
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1.1.4 Agaricus pakistanicus nom. prov.                               (Plate 4, Figs. A-E) 

Morpho anatomical characterization 

Pileus 9 cm wide, cylindrical to hemispherical when young, plano-convex at 

maturity, dark brown to camel brown, surface smooth, uniform coloration, fine dark 

brown scales on whole surface; context thin to moderately thick, soft to firm, unchanging 

when bruised or cut; margins without striation. Lamellae free, close, edges entire, off 

white, fleshy, lamellulae absent. Stipe  15.5 × 3.0 cm central, equal with some angles, 

white and with white scaly pruina over whole surface, smooth, no cracking pattern that 

girdles the stipe, context pale-white, slightly bulbous toward base or ovoid. Annulus 

absent. Odor and taste not recorded.  

Basidiospores 7.5–9.5 × 5.0–7.5 µm, dark brown to rusty brown, broadly 

ellipsoid, thin-walled, smooth, apiculus sublateral, cylindrical; contents dominantly 

monoguttulate, with or without additional small granules, occasionally granular; color in 

deposit white. Basidia 26.0–29.5 × 9.5–10.5 µm, sub–clavate to club shaped, 4–spored, 

thin walled, hyaline; trama cellular. Cheilocystidia 23.5–28.5 × 7.5–10.5 µm, hyaline, 

clavate to cylindrical  clustered, thin walled, oil droplets like green granules present. 

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 750bp on amplification in PCR using 

ITS1&ITS4 primers. Initial BLAST analysis of nucleotide sequences revealed that 

Pakistani collection matches maximum with Agaricus augustus (JF797193.1, France) 

99%, Query coverage 99 %, E-value 0. Other closely related sequences in the Blast below 

the closest sequence showed 99%, 98%, 99% and 98% with  A. sp. GAL15786 

(EF4460365.1, USA), A. arvensis (JF797194.1, France), A. macrosporus (EF432478.1, 

USA) and  A. excellens (AY484682.1, USA) respectively. Phylogenetically this species is 

also analyzed (Fig.1). 

Habitat and Distribution:  Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur under Abies pindrow, submitted to herbarium, Department of Botany, 

University of the Punjab, Lahore. Abdul Razaq. LAH. 08081068, accession # awaiting. 

Etymology: The specific epithet refers to the general collection country of the type. 



 28 

     

 

 

                                    

Plate 4, Figs. A-E. Agaricus pakistanicus nom. prov. (Type) (A) Basidioma  (B) 

Lamellar side of basidioma (C) Basidiospores (D) Basidia (E) Cheilocystidia  Bars = A: 

2.5cm,  B: 2cm, C: 3.75 μm, D: 6.5 μm, E: 8 μm.  
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1.1.5 Agaricus rhodofloridus  nom. prov.                              (Plate 5, Fig. A-E) 

Morpho-anatomical characterization 

Pileus 3.5 cm wide, hemispherical to plano-convex at maturity, reddish brown to 

pinkish brown, umbonate, umbo reddish, smooth without scales, center towards margins, 

dark brown, uplifted scales on light brown to pinkish brown ground, uniform coloration; 

context thin to moderately thick, soft, unchanging when bruised or cut; margins without 

striation. Lamellae free, close, edges entire, pinkish brown, fleshy, lamellulae of different 

lengths alternating with lamellae. Stipe 2.5 × 0.7 cm central, equal with some angles, 

brown to dark brown with white pruina over whole surface, smooth, no cracking pattern 

that girdles the stipe, context light brown. Annulus absent. Odor and taste not recorded.  

Basidiospores 5.5–7.0 × 3.5–4. µm, dark brown to rusty brown, broadly ellipsoid, 

thin-walled, smooth, apiculus sublateral; contents dominantly monoguttulate, without 

additional small granules, occasionally granular; color in deposit brown. Basidia 21.5–

27.5 × 6.5–8.5 µm, sub–clavate to club shaped, 4–spored, thin walled, hyaline.  

Cheilocystidia 10.5–19.5 × 4.0–6.5 µm, hyaline, clavate to cylindrical clustered, thin 

walled, oil droplets like green granules present, some clamp coonections present. 

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 750bp in polymerase chain reaction 

(PCR) using with ITS1&ITS4 primers. Initial BLAST analysis of nucleotide sequences 

revealed that Pakistani collection matches maximum with Agaricus silvaticus (JF797178, 

France). Other top most four sequences in the Blast  below the closest sequence showed 

99%,93%,93,% and 93% with A. benesii, A. bohusii, A. fuscofibrillosus and A. 

microvolvatulus respectively. The phylogenetic position of this species also different 

from rest of Agaricus species (Fig.1). 

Habitat and Distribution:  Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur under Abies pindrow, 08. 8.2010, submitted to herbarium, Department of 

Botany, University of the Punjab, Lahore. Abdul Razaq. LAH. 08081027, GenBank 

accession # awaiting.  

Etymology: The specific epithet refers to the general reddish coloration of whole type. 
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Plate 5, Figs. A-E. Agaricus rhodofloridus nom. prov. (Type) (A) Basidioma (B) 

Lamellar side of basidioma (C) Basidiospores (D) Basidia (E) Cheilocystidia.  Bars = A: 

1cm, B: 0.8cm, C: 2.3 μm, D: 6.4 μm, E: 5 μm. 
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1.1.6 Agaricus sp. SR.101                                              (Plate 6, Fig. A-B) 

Morpho-anatomical characterization 

Pileus 4.0 cm wide, cylindrical to hemispherical when young, light brown to 

camel brown, surface smooth, uniform coloration, fibrillose surface; context moderately 

thick, soft, unchanging when bruised or cut; margins entire. Lamellae  free, close, edges 

entire, off white, fleshy, lamellulae absent. Stipe  6.5 × 1.0 cm, central, equal with some 

angles, smooth, no cracking pattern that girdles the stipe, context pale-white; bulbous or 

ovoid base. Annulus absent. Odor and taste not recorded. 

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Agaricus sp. GAL15786 (GenBank accession # JF460365.1) 99%, Query coverage 

88%, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the 

same genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from USA. Other closely related sequences in the Blast below 

the closest sequence showed 99%, 98%, 98% and 97% with A. sp. GAL6020 (GenBank 

accession # EF460362.1, USA),  A. arvensis (GenBank accession # JF797194.1, France),  

A. nivescens (GenBank accession # AY484670.1, USA) and  A. auguatus (GenBank 

accession # JF797193.1, France) respectively. Phylogeny of this species is unique (Fig.1). 

Habitat and Distribution: Pakistan: Gigit-Baltistan, Fairy Meadows, thick coniferous 

Forest (way to Bial camp and base to Nanga Purbat), on the ground rich soil under among 

the logs of coniferous vegetation, submitted to herbarium, Department of Botany, 

University of the Punjab, Lahore. Abdul Razaq, 04-07-2010. LAH. 040710101, GenBank 

accession # awaiting.  
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Plate 6, Figs. A-B. Agaricus sp.  SR. 101 (Type) (A) Basidioma   (B) Lamellar side Bars 

= A & B:1cm 
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2.1.1 Cystodermella cinnabarina (Alb. & Schwein.) Harmaja, Karstenia 42(2): 

45 (2002)                                                                              (Plate 7, Figs. A-E) 

Morpho anatomical characterization 

Pileus 2–6 cm across, hemispherical to broadly convex, orange brown to brick-

red, fleshy, surface uniform, granular to fine warts over whole surface centrally 

depressed, undulating, margins white, involute, striated; context white, soft, and upto 0.5 

cm thick at disc. Lamellae off white to cream, adnexed to the stipe, crowded, edges 

entire; partial veil orange-brown, entirely covering the gills in premature stages, drooping 

when mature. Stipe 2.0–5 × 0.5–1 cm, hollow, swollen, dry, white scales, white above the 

veil, dark orange brown on lower side.  

Basidiospores 4.0–6.0× 2.5–4.7 µm, smooth, globular, hyaline, with light green 

contents in 5% KOH, thin walled. Basidia 21.2–68.5× 5.5–7.5 µm, four spored, clavate, 

hyaline to pale yellow in 5% KOH. Cheilocystidia 47.2–59.472×5.9–6.8 µm, hyaline, 

clustered, thin walled, rod like. Trama consist of loosely arranged hyphae. 

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Cystoderma cinnabarinum (JF907975.1, Italy) 99%, Query coverage 99, E-value 0. 

Other closely related sequences in the Blast below the closest sequence showed 99%, 

99%, 99% and 99% with C. superbum  (JF907974.1, Italy), C. terrei (JF907973.1, Italy), 

Cystodermella cinnabarina (AM946515.1, Russia Northern Caucasus) and C. 

cinnabarina (AM946514.1, Estonia) respectively. Phylogenetic relationship of this 

species is described (Fig.2). 

Habitat and Distribution: Pakistan: Gigit-Baltistan, Fairy Meadows, thick coniferous 

Forest (way to Bial camp and base to Nanga Purbat), at 3306m, a.s.l.,  on the ground rich 

soil under among the logs of coniferous vegetation, submitted to herbarium, Department 

of Botany, University of the Punjab, Lahore. Abdul Razaq, SR.35, 04-07-2010. LAH. 

04071035, GenBank accession # HF559381.1.  
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Plate 7, Figs. A-E. Cystodermella cinnabarina (A) Basidiomata  (B) Lamellar side of 

basidioma (C) Basidiospores (D) Basidia (E) Cheilocystidia  Bars = A: 1.7cm,  B: 1.4cm, 

C: 3.5 μm, D: 13 μm, E: 9 μm.  
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1.3.1 Lepiota acutesquamosa Weinm., Syll. Pl. Nov. Ratisb. 1: 70. 1824.                            

                                                                                 (Plate 8, Figs. A-E) 

Morpho-anatomical characterization 

Pileus 6 cm across, fleshy, broadly convex, brittle, slightly umbonate to obtuse, 

fibrillose; fibrils brown, pyramidal, larger and denser in the centre while lighter in colour 

toward margins,  brown scales on white ground; margins entire; context white, soft, and 

up to 0.5 cm thick at disc and thin towards margins. Lamellae white to cream, free, 

crowded, edges entire, thin; lamellulae absent. Stipe 7.0 × 1 cm, hollow, equal, dry, 

smooth, white above the veil with brown warts on light brown ground, girdles surface; 

annulus membranous, white, entirely covering the gills in premature stages, drooping 

down when mature. 

Basidiospores, 7.5–10 × 3–4.5 µm average 8.5 × 4 µm Q=2.1, ellipsoidal, thin 

walled, light brown, smooth margins without ornamentation. Basidia, two spored, 8–15 × 

5–7 µm, light brown. Cheilocystidia clavate to sub-clavate, tapering toward base, some 

sub-cylidrucal and capitates, normally, size varies 29.5–39.5 × 8.5–16.5 µm, thin walled, 

hyaline to pale yellow in 5%KOH, with no contents. Macrochemical Tests spores in 

Melzer‗s reagent darkly brown, dextrinoid. 

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 600bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with L. acutesquamosa (GenBank accession # FJ998400). Sequences from GenBank 

database were retrieved for further alignment and phylogenetic analysis.In phylogenetic 

tree three clades were formed, all lepiotaceous fungi having hymniform pileus covering 

and of section Ovisprae clustered in clade I and those which have trichoderm separated in 

other two clades (Fig.3). Further details are available in Razaq et al., (2012d). 

Habitat and Distribution:Pakistan, Khyber Pakhtunkhwa, Himalayan Moist Temperate 

Forests, Khanspur, at 2250 m a.s.l., solitary, on moist ground under  Abies pindrow, 13 

August 2010, Abdul Razaq (KP-59) LAH.No.130859.‘ GenBank Accsession # 

HF542114.1. 
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Plate 8, Figs. A-E. Lepiota acutesquamosa (A) Basidiomata (B) Lamellae (C) 

Basidiospores (D) Basidia  (E) Chielocystidia   Bars = A & B: 1cm, C: 6.25 μm, D: 3.5 

μm, E: 8.3 μm.  
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1.3.2 Lepiota brunneoincarnata Chodat & C. Martin, Bull. Trav. Soc. Bot. 

Genève 5: 222, 1889.                                                         
                                                                       (Plate 9-10, Figs. A-G) 

Morpho-anatomical characterization 

Pileus 2.6cm across, fleshy, broadly convex to bell-shaped, creamy to golden 

brown from margin to centre, brittle, umbonate, fibrillose; fibrils off-white to light brown, 

pyramidal, larger and denser in the centre, on plate creamy ground. Flesh white, soft, and 

upto 0.5 cm thick at disc. Lamellae offwhite to cream color, adnexed to the stipe, 

crowded, edges entire; veil absent, lamellulae two different lengths:one marginal and 

other end at 1/4
th

 of entire gill length. Stipe 4.2 × 0.3 cm, hollow, equal, dry, smooth, with 

brown warts on light brown ground.  

Basidiospores 5.1–8.3 × 3.7–5.7 µm, avl × avw = 6.5–4.5 µm, Q= 1.4–1.5, 

ellipsoid to ovoid, colourless, brown in Melzer‘s reagent. Basidia 21.0–31.5 × 8–9.5 µm, 

4-spored, sub-clavate to clavate, hyaline to pale yellow in 5% KOH, thin walled, with oil-

like contents. Pleurocystidia absent. Cheilocystidia hyaline, narrowly clavate to clavate, 

18.5–31 × 8–10.5 µm. Pileus covering a trichodermium with erect or ascending clamped 

terminal elements, 90.5–253.5 × 7.5–13.5 µm, broadly clavate with fusoid sides, without 

any shorter elements at the base of longer ones, light brown to hyaline. Clamp 

connections present. 

Molecular characterization 

The target region of the fungal genomic DNA when amplified generated  

fragments of approximately 700bp. Initial BLAST analysis of nucleotide sequences 

revealed that maximum base matches were with sequences of L. brunneoincarnata 

Chodat & C. Martin (GenBank accession # FJ481017, FJ998395, AY176355). Published 

sequences from Genbank database were extracted for further alignment and phylogenetic 

analysis. Those taxa which have pileal covering composed of longer elements elements at 

the base of longer ones clustered together in a separate clade in Fig.3. 

Habitat and Distribution: Solitary, Pakistan: Khyber Pakhtonkhwa (KPK) Prov.—

Hazara Distr. -Ayubia-Khanspur, at 2400-2580 m a. s. l. ground floor. 13 August 2010 A. 

Razaq # K-40 (LAH), the GenBank accession # HE863668.1. 
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Plate 9, Figs. A-C. Lepiota brunneoincarnata  (A) Basidioma  (B) Lamellar side (C) 

Line drawings of fruiting bodies Bar = A & B: 0.6cm, C: 0.8cm.  
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Plate 10, Figs. D-G. Lepiota brunneoincarnata (D) Basidiospores (E) Basidiospores (F) 

Cheilocystidia (G) Pileus covering elements Bar = D: 7.5μm: 4 μm, F: 8 μm, G: 27 μm. 
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1.3.3 Lepiota cristata (Bolton: Fr.) P. Kumm., Fu¨hrer in die Pilzkunde:137. 1871. 
                                                                         (Plate11, Figs. A-E) 

Morpho-anatomical characterization 

Pileus 2.1cm across, fleshy, broadly plano-convex, brittle, umbonate, central 

umbo, orange-brown to pinkish brown, fibrillose; fibrils brown, pyramidal, larger and 

denser in the centre and reduce towards margins, uniformly distributed over white 

ground. Flesh white, soft and thick at disc margins dentate and fragile; remains 

unchanging on bruising or cut. Lamellae free, white, crowded, edges entire; veil white to 

light brown, entirely covering the gills in premature stages, drooping when mature. Stipe 

3.8 × 0.43cm, central, cylindrical, equal, dry, smooth, yellowish brown above the veil 

with brown warts and white below veil. Odor and taste: not recorded.  

Basidiospores 5.5–7.0 × 3–4.5µm; Q=1.7, smooth, strongly dextrinoid, 

distinctively shaped like a wedge or a bullet. Basidia 22–30 × 10–12µm, 4–spored, 

clavate, thin walled, hyaline. Pleurocystidia absent. Cheilocystidia 22–45 × 10–15µm, 

hyaline to pale yellow in 5% KOH, thin walled, broadly clavate, presnt in clusters.  

Molecular characterization 

The variable internal transcibed spacers (ITS) conserved 5.8S regiongs of rDNA 

when amplified using fungal universal primers pairs (ITS1&ITS4) generated  fragments 

of approximately 650bp. Initial BLAST analysis of nucleotide sequences revealed that 

Pakistani collection matches maximum with L. cristata (GenBank accession # EU081956, 

U85327, AJ 237628 etc;). Sequences from GenBank database were retrieved for further 

alignment and phylogenetic analysis. In alignment, it was noted that ITS region of local 

sequence is 50bp shorter to the GenBank sequences. Therefore, extra part of other 

sequences was removed from the analysis. Phylogenetic analysis based on all these 

sequences showed its clustering with L. cristata. Maximum Likelihood (ML) method was 

also conducted (Fig.3). Further details are provided in Razaq et al., (2012d). 

Habitat and Distribution: Pakistan, Khyber Pakhtunkhwa, Himalayan Moist Temperate 

Forests, Khanspur, at 2250 m a.s.l., solitary, on moist ground under  Abies pindrow, 23 

August 2010, Abdul Razaq (K-40) LAH.No.230809.‘ GenBank accsession # 

HF542115.1. 
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Plate 11, Figs. A-B. Lepiota cristata  (A) Basidiomata   (B) Lamellar side (C) 

Basidiospores (D) Basidia  (E) Chielocystidia Bars = A & B: 0.5cm, C: 5 μm, D: 5 μm, 

E: 7 μm.  
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1.3.4 Lepiota himalayensis Razaq & Khalid, Mycotaxon, 121, 2012.   
                                                                       (Plate 12-13, Figs. A-I) 

Morpho-anatomical characterization 

Pileus 4 cm diam., campanulate to plano-convex, cinnamon to umber with fibrillose 

surface and scaly covering; scales dark brown to blackish; central disc obtuse to slightly 

umbonate, distinguished from rest of pileus having black and prominent scales that are 

more or less uplifted and prominent; margins dentate, at maturity fragile and broken; 

context moderately thick, white. Lamellae free, crowded, white to cream, two tiers of 

lamellulae alternating with lamellae. Stipe 6.0 × 0.6 cm, centrally attached, cylindrical 

and slightly tapering towards apex, orange-brown; surface scaly, scales brown and more 

prominent on lower part of the stipe below the annulus, above annulus smooth; with 

white hyphal mass at the base, annulus rudimentary, non-persistent.Odor none.  

Basidiospores 6.7–8.3 × 3.0–4.0 µm, avl × avw = 7.4–3.5 µm, Q= 2.0–2.2, 

oblong, internal contents greenish, brown in Melzer‘s reagent. Basidia 23.5–27.7 × 8–9.7 

µm, clavate to tapering towards base, with oil-like contents. Pleurocystidia absent. 

Cheilocystidia hyaline, narrowly clavate to clavate, 19–28 × 5–10.5 µm. PILEUS covering 

a trichodermium with erect or ascending septate terminal elements, 53.5–99.5 × 2.5–7.5 

µm, narrowly clavate to clavate without any shorter elements at the base of longer ones, 

light brown to hyaline. STIPE covering a cutis with occasional trichodermial patches of 

clavate terminal elements 42.5–127.5 × 8.0–9.0 µm, hyaline. Clamp connections present. 

Molecular characterization 

The target region of the fungal genomic DNA of Lepiota himalayensis when 

amplified generated  fragments of approximately 750bp. Initial BLAST analysis of 

nucleotide sequences revealed that maximum base matches were with sequences of L. 

brunneoincarnata Chodat & C. Martin (FJ481017, FJ998395, AY176355). In the 

maximum likelihood method (Fig. 3). More details are avialble in Razaq et al., (2012a) in 

annuxture I. 

Habitat and Distribution: Solitary, Pakistan: Khyber Pakhtonkhwa (KPK) Prov.—

Hazara Distr. -Ayubia-Khanspur, at 2400-2580 m a. s. l. ground floor. 13 August 2010 A. 

Razaq # KP-63 (LAH) 13081063, GenBank accession # HE614898.1. 
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Plate 12, Figs: A-D. Lepiota himalayensis (A-B). Photographs of basidiomata with 

prominent pileus scales. (C-D). Line drawings of basidiomata. Scale Bars: A  & B = 1 

cm. 
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Plate 13, Figs. E-I. Lepiota himalayensis (E) Basidia   (F) Basidiospores (G) 

Cheilocystidia (H) Pileus covering elements  (I) Stipe covering elements Bar = E: 7 μm,  

F: 4 μm, G: 7 μm, H: 12 μm, I: 19 μm.  
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1.3.5 Lepiota subincarnata J.E. Lange, Fl. Agar. Dan. 5: V, 1940.  
                                                                      (Plate14-15, Figs. A-H) 

Morpho-anatomical characterization 

Pileus 4.0-4.2 cm diam., hemispherical to plano-convex, white, thick context, reddish-

brown to pinkish brown scales on white ground on central disc, fading to margins; central 

disc obtuse to slightly umbonate; margins smooth, at maturity sometimes may break. 

Lamellae free, crowded, adnate, white to cream, middle enlargement, edges entire, tiers of 

lamellulae alternating with lamellae. Stipe 5.5 × 0.8 cm, centrally attached, cylindrical, 

red-vine to pinkish-brown; surface smooth to scaly with fibrillose type scales, uniform 

thickness and colouration.  Odor  none. Taste not recorded.  

Basidiospores 6.0–7.5 × 3.5–5.0 µm, avl × avw = 6.6–4.3 µm, Q= 1.5–1.7, oblong 

ellipsoid to elliptical to ovoid, colourless, reddish brown in Melzer‘s reagent. Basidia 

19.5–28.5 × 7–8.5 µm, sub-clavate to cylindrical hyaline, thin walled. Pleurocystidia 

absent. Cheilocystidia hyaline, narrowly cylindrical to clavate, 18–35.5 × 7–11.5 µm. 

Pileus covering a trichodermium with erect or ascending clamped terminal elements, 

134.5–318.5 × 10.5–12.0 µm, cylindrical to narrowly clavate, apex thick, 11–20 µm; 

without any shorter elements at the base of longer ones, hyaline to light brown. Clamp 

connections present. 

Molecular characterization 

The target region of the fungal genomic DNA when amplified generated  

fragments of approximately 700bp. Initial BLAST analysis of nucleotide sequences 

revealed that Pakistani collection matches maximum with European collection of L. 

subincarnata (GenBank accession # AY176491). Published sequences from GenBank 

database were extracted for further alignment and phylogenetic analysis. In molecular 

analysis nrITS sequences our collection of L. subincarnata matches with European 

collection L. subincarnata (AY176491) submitted by Vellinga 2003. Both these 

collections have only longer cells in their pileal coverings and in the phylogenetic 

analysis both are most close to each other (Fig.3). 

Habitat and Distribution: Pakistan, Khyber Pakhtunkhwa, Himalayan Moist Temperate 

Forests, Khanspur, at 2250 m a.s.l., solitary, on moist ground under  Abies pindrow, 23 

August 2010, Abdul Razaq (KP-09) LAH.No.230809.‘ GenBank accsession # 

HE863669.1. 
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Plate 14, Figs. A-D  Lepiota subincarnata A-B. Photographs of basidiomata with 

prominent pileus scales and colour. C-D. Line drawings of basidiomata. Scale Bars: A-D 

= 1 cm. 
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Plate 15, Figs. E-H. Lepiota subincarnata (E) Cheilocystidia  (F) Basidiospores (G) 

Basidia  (H) Pileus trichoderm Bar = E: 8 μm, F: 5 μm, G: 6.5 μm, H: 50 μm.  
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2.1.1 Amanita flavoconiodes nom. prov.                  (Plate 16, Figs. A-F) 

Morpho anatomical characterization 

Pileus 5 cm diam., dominantly bright yellow to orange, dark orange towards the 

centre of the pileus at maturity, tan over disc, sulphur yellow towards margins, plano-

convex with decurved margin at maturity, smooth, dry, universal veil rare, prominent in 

the form of oblong yellowish warts; context: yellow, unchanging when bruised or cut; 

margins striate (radius is 25 mm and marginal striations 5 mm, incurved).  Lamellae: 

sinuate, close, sulphur yellow, not changing when damaged, upto 18-21 mm; some forked 

near stipe, with yellow-orange edges, not dentate or serulate, darkening on aging to 

orange brown; lamellulae truncate, frequent, evenly distributed, of diverse length, not 

present between every pair of lamellae. Stipe: 100 × 5–10 mm, striated, notably longer 

than pileus width, sulphur yellow to yellow below partial veil, dark yellow above, 

narrowing upward, minutely longitudinally striate; context white to off-white; unchanging 

when cut; partial veil superior, thick, membranous, moderately broad, skirt-like, 

persistent, with  dentate margins, orangish yellow to sulphur yellow towards margin, up 

to 12 mm long; universal veil present in the form of yellow to white patches on stipe, 

yellow above, whitish below, easily disappearing during collecting of the sporocarps, 

forming a thin yellow rim around the stipe; white, up to 13 × 5 mm, attenuate towards 

base; context white, solid – hollow.  

Basidiospores: (7.2–) 7.4–8.5 (–9.6) × (5.7–) 6.2–7.2 (–7.8) µm, colorless, 

hyaline, thin-walled, smooth, inamyloid, subglobose to ellipsoid; apiculus sublateral, 

cylindric; contents dominantly monoguttulate, with or without additional small granules, 

occasionally granular; color in deposit unknown. Basidia 18–24 × 8–10 µm, 2–4 

sterigmata, thin walled, clavate. Pileipellis cellular, basidia arising from very small 

inflated cells and these in turn arising in small clusters from surface of large inflated cells. 

Lamellar trama: divergent. Universal veil on pileus unbranched filamentous hyphae, 2.8-6 

µm in diam., downwards by inflated cells, 60–66 × 35–40 µm, similar on stipe base.  

 Molecular characterization 

  The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of   rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Amanita 
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flavoconioides showed very close relationship with A. flavoconia (GQ452058.1, 

EU819463.1), A. flavipes (AB015696.1, AY436455.1), A. franchetii (DQ822790.1), A. 

franchetii (GQ250398.1). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw (KPK), Abbotabad, Ayubia-

Khanspur (Halley pad side), at 2400-2580 m a. s. l. , on the ground rich soil under Abies 

pindrow vegetation, solitary, Abdul Razaq, 13-08-2010; submitted to herbarium, 

Department of Botany, University of the Punjab, Lahore.13081038 (LAH), GenBank 

accession # HE799690.1. 

Etymology: The specific epithet refers to the apparent similarity of the type with A. 

flavoconia. 
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Plate 16, Figs. A-F. Amanita flavoconoides nom. prov. (Type) (A-B) Basidiomata (C) 

Basidia with part of subhymenium (D) Basidiospores (E) Elements of partial veil (F) 

Elements of universal veil from pileus. Bar = A & B: 2cm, C: 4μm, D: 0.6 μm, E: 3.5 μm, 

F: 2.5 μm. 
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  2.1.2 Amanita khanspurensis nom. prov.                   (Plate 17, Figs. A-E) 

Morpho anatomical characterization 

Pileus 7–9cm wide, mouse grey, three zones over the cap, outer in form of gray 

striations forming a circle on margins, middle smooth and brown, inner zone small and 

dark brown, plane to uplifted, non viscid; context thin to moderately thick, soft to firm, 

unchanging when bruised or cut; margins without striation and uplifted. Lamellae free 

and approximate, close, edges entire, off white, fleshy, thin; lamellulae absent. Stipe  20-

24 × 1.2-2cm central, light brown to ash grey, smooth, no cracking pattern that girdles the 

stipe, narrowing upward slightly; context pale-white, slightly bulbous toward base or 

ovoid, with volval scales or zones, partial veil and universal veil absent. Volva present, 

sheathing volva on fusiform stipe base.  

Basidiospores 12.5–14.5 × 10.0–12.0 µm, colorless in 5% KOH, subglobose to 

ellipsoid, broadly ellipsoid, thin-walled, smooth, amyloid, apiculus sublateral, cylindrical; 

contents dominantly monoguttulate, with or without additional small granules, 

occasionally granular; color in deposit white. Basidia 43.5–55.5 × 15.5–19.5 µm, sub-

clavate to club shaped, 4-spored, thin walled, hyaline; trama cellular.  

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Amanita arenaria (GenBank accession # GQ925403.1) 81%, Query coverage 99. All 

the sequences in Blast analysis of Pakistani sequence belong to the same genus or 

different genus of the same family. The percentage base similarity is noted maximum 

with Amanita sp. submitted from Australia. Other top most four sequences in the Blast 

below the closest sequence showed 80%, 80%, 80% and 79% with A. vaginata (GenBank 

accession # AB458889.1, Thailand), A. vaginata (GenBank accession # AB451971.1, 

Thailand), A. fuligineodisca (GenBank accession# FJ890027.1, Colombia) and A. 

vaginata (GenBank accession # EU819489.1) respectively. 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad side),  on the ground humified soil under Abies pindrow-Pinus 
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wallichina vegetation, solitary to small groups, Abdul Razaq, 08-08-2010, 24-8-2010; 

submitted to herbarium, Department of Botany, University of the Punjab, Lahore. LAH. 

08081019 & 24081022, GenBank accession # awaiting. 

Etymology: The specific epithet refers to the general collection area of the type. 
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Plate 17, Figs. A-E. Amanita  khanspurensis nom. prov. (Type) (A) Basidiomata  (B) 

Lamellar side of basidiomata (C) Basidiospores (D) Basidia (E) Cystidia. Bars = A & B: 

2.2cm, C: 8μm, D: 18 μm, E: 12 μm. 
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2.1.3 Amanita pakistanica Tulloss, Iqbal & Khalid. Mycotaxon, 2001.  

                                                              (Plate 18, Fig. A-E) 

Morpho anatomical characterization 

Pileus 7.3-18.0 cm wide, white to cream color to pale tan  to pale brown, ovoid to 

campanulate at first, then convex to plane, depreesed umbonate, smooth, slightly 

wrinkled around umbo, moist; context orange, to yellow-orange to white towards 

lamellae, with white portion near gill attachment becoming grayish yellow to yellowish to 

yellowish grey when bruised or cut; margins striate somewhat inflexed at first. Lamellae 

free, close, pale yellow, up to 6 mm broad, with margin yellow-orange, occasionally 

dentate, serrate, darkening on aging, finally dark brown. Lamellulae truncate, common, 

evenly distributed, of diverse length, not present between every pair of lamellae. Stipe 

2.5–3.0 × 0.5–1.0 cm, pale yellow at first, pale below partial veil, ground color in mature 

material, narrowing upwards, decorated at maturity by bands of ochraceous squamulose 

fibrils; context white. Partial veil membranous, yellow to light brown. 

Basidiospores: (10.0–) 10.1–12.2 (–12.8) × (6.5–) 7.0 (–9.3) µm, hyaline, thin 

walled, smooth, inamyloid, broadly ellipsoid. Basidia: 40–49 µm, hyaline, smooth, long, 

4-spored. Cystidia clavate, thin walled, 55–60 × 5–10 µm. Lamellae trama bilateral.  

Molecular characterization. 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 750bp in PCR reaction with fungal 

universal primers pairs (ITS1&ITS4). Initial BLAST analysis of nucleotide sequences 

revealed that Pakistani collection matches maximum with Amanita pantherina 

(EU909452.1, USA) 96%, Query coverage 99, E-value 0. USA. Other top most three 

sequences in the Blast below the closest sequence showed 95%, 95% and 95% with A. 

subglobosa (JN943177.1, China), A. multisquamosa (AB080786.1, Japan) and A. 

gemmata (EU569282.1, Mexico) respectively. 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad side), at 2400-2580 m a. s. l. , under Abies pindrow-Pinus 

wallichina vegetation, solitary, Abdul Razaq, 13-08-2010; submitted to herbarium, 

Department of Botany, University of the Punjab, Lahore. LAH. 13081034, GenBank 

accession # awaiting. 
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Plate 18, Figs. A–E. Amanita pakistanica (A) Basidioma (B) Lamellar side of basidioma  

(C) Basidiospores (D) Basidia (E) Cystidia. Bars = A & B: 2.5cm, C: 6μm, D: 7.5 μm, E: 
8.5 μm. 
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2.1.4 Amaniata pantherina  (DC:Fries) Krombh. Abbild. 4: Pl. 29. 1936.                                     

                                                                           (Plate 19-20, Figs. A-G) 

Morpho anatomical characterization 

Pileus 3 to 5cm wide, light brown to camel brwon, smooth, some time with 

grayish yellow tones, campanulate to hemispheric in younger basidiocarps, shiny, 

uniform coloration, remnants of partial veils dispersed all over the cap; context 

moderately thick, soft to firm, white with light yellow, unchanging when bruised or cut; 

margins without entire and recurved at first, light gray striations on peripheral sides of 

pileus surface. Lamellae free to adnexed, crowded, white to yellowish white, edges entire, 

fleshy; lamellulae  absent. Stipe 7-9 × 1-1.5cm, light yellow to yellowish white, smooth, 

narrowing upward slightly; Context: pale-white, slightly bulbous toward base or ovoid, 

with volval scales or zones and membranous annulus ring. 

Basidiospores 6.5–11.5 × 4.5–8.5 µm, smooth, globular to rounded, Hyaline, 

with olive green contents in 5% KOH, thick walled. Basidia 47.0–68.5 × 11.0-14.5 µm, 

four spored, clavate, olive green contents, sterigmata 5.5–8.0 × 2.5-4.5 µm. Cystidia 

28.5–42.5 × 8.5–15.0 µm, hyaline, elongated, clustered, olive green contents.  

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp in PCR reaction using ITS1&ITS4 

primers. Initial BLAST analysis of nucleotide sequences revealed that Pakistani 

collection matches maximum with Amanita pantherina (EU909452.1, USA) 97%, Query 

coverage 99, E-value 0. Other top most three sequences in the Blast below the closest 

sequence showed 95%, 94% and 93% with A. subglobosa (JN943177.1, China), A. 

multisquamosa (AB080786.1, Japan) and A. qemmata (EU569282.1, Mexico), 

respectively (Fig.4.). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad side), at 2400-2580 m a. s. l. , under Abies pindrow, solitary, Abdul 

Razaq, 13-08-2010; submitted to herbarium, Department of Botany, University of the 

Punjab, Lahore. LAH. 13081065, LAH. 13081075, GenBank accession # awaiting. 



 58 

            

  

Plate 19, Figs. A-D. Amanita pantherina  Photographs of different collections 

showing morphological characteristics. Bars = A & B: 1cm, C & D: 1.2 cm. 
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Plate 20, Figs. A-C. Amanita pantherina. Line drawings of anatomical 

characteristics. (A) Basidiospore (B) Hymenium showing Basidia (C) Cystidia. Bars = 

A: 4 μm, B: 19 μm, C: 7μm.  
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2.1.5 Amanita pseudovaginata (Hongo) Wasser.,Ukrayins’k. Bot. Zhurn. 45(6): 

77.1988                                                                              (Plate 21, Fig. A-E) 

Morpho anatomical characterization 

Pileus 5.0-10.0 cm diam., grey to grey brown, glabrous, sticky when moist, ovoid 

to campanulate at first, then convex to plano-convex, umbonate, sometimes centrally 

depressed, margins decurved at first, plane to elevated at maturity, striated, striations up 

to1.5 cm long, sometimes with white remnants of universal veil in the form of patches or 

a single patch, at maturity veil patches disappearing. Context white to pale to grey, thick 

up to 10mm. Lamellae free, close, thin, up to 1 cm broad, white to off-white, occasionally 

fringed, grayish near the margin; lamellulae truncate, common, evenly distributed, of 

diverse length, up to 5-seried. Stipe  6.0–13.0 ×1.0–1.2 cm thick, equal with bulbous 

base, hollow, grey brown squamules, coarsely near the base; Universal veil as saccate 

volva, white, membranous, attached at stipe base, flaring gradually; partial veil absent.  

Basidiospores (9.5–) 10–13.5 (–14.8) × (8.5–) 9.5–12.2 (–14) µm, hyaline, 

colorless, thin walled, smooth, inamyloid, globose to subglobose, white in deposit. . 

Basidia 44–70 × 13–21 µm, tetra sterigmate, thin walled; Cystidia clavate, thin, hyaline, 

40–50 × 10–12 µm. Pileipellis 100–160 µm thick with gelatinized suprapellis lacking or 

25 µm thick, with ungelatinized subpellis, filamentous, undifferentiated hyphae.  

Molecular characterization 

The target DNA (ITS1 & ITS2) and 5.8S of rDNA was amplified usig polymerase 

chain reaction (PCR) with (ITS1F&ITS4) primer. In BLAST analysis, Pakistani 

collection matches with Amanita pseudovaginata (FJ441042.1, China) 97%, Query 

coverage 98. The top most four sequences in the Blast below the closest sequence showed 

94%, 93%, 91% and 90% with A. crocea  (JQ912665, Sweden), A. oblongispora 

(JF907762, Itlay), A. constricta (HQ650724.1, Canada) and A. vaginata (AB451971) 

respectively. Phylogenetically it clustered with sequences of same species from the rest of 

the world (Fig.4). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw (KPK), Abbotabad, 

Khanspur, 2400-2580m a.s.l. under Abies pindrow, solitary, Razaq,12-08-2010; submitted 

to herbarium, Department of Botany, University of the Punjab, Lahore.12081014, 

accession # awaiting. 
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Plate 21, Figs. A-E. Amanita pesudovaginata (A) Basidiomata  (B) Lamellar side of 

basidioma (C) Basidiospores (D) Basidia (E) Cheilocystidia. Bars = A & B: 2cm, C: 

4μm, D: 13 μm, E: 10 μm. 
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2.1.6 Amanita rubescence Pers., Tent. disp. meth. Fung.: 71. 1797.  

                                                                          (Plate 22, Fig. A-D) 

Morpho anatomical characterization 

Pileus 2.6 cm wide, hemispherical to convex, reddish brown with white remnants 

of partial veil, darker in middle and lighter towards margins of the pileus, smooth surface 

with ornamentation at some places, ornaments white, viscid when wet, slimy, shiny; 

context thin to moderately thick, soft to firm, white with light yellow, unchanging when 

bruised or cut; margins without striation or minutely striated and recurved at first, annulus 

present, white. Lamellae free to adnexed, white, crowded, fleshy to brittle, edges smooth 

or entire, thin; lamellulae  absent. Stipe 4.6 × 0.95 cm, light brown, smooth, narrowing 

upward; lighter upper, darker below; context  pale-white, slightly bulbous toward base or 

ovoid, without volval scales or zones and annulus ring.  

Basidiospores 5–8 × 5.5–7.0, colorless in 5% KOH, subglobose to ellipsoid, 

elongate to broadly ellipsoid, thin-walled, smooth, amyloid, apiculus sublateral, 

cylindrical; contents dominantly monoguttulate, with or without additional small 

granules, occasionally granular; color in deposit white. Basidia 18–24 × 8–10 µm, 2–4 

sterigmate, thin walled, clavate. 

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 750bp. Initial BLAST analysis of 

nucleotide sequences revealed that Pakistani collection matches maximum with Amanita 

rubescence (AJ889923.1, Denmark) 99%, Query coverage 100, E-value 0. Other top most 

four sequences in the Blast below the closest sequence showed 99%, 99%, 97% and 97% 

with A. rubescence (AJ889922.1, Denmark), A. rubescence (FJ890030.1, Colombia), A. 

novinupta (JF313650.1, USA ) and A. flavorubescence (GQ250403.1,USA) respectively. 

Phylogenetic analysis is also conducted (Fig.4). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw (KPK), Abbotabad, Ayubia-

Khanspur (Halley pad side), at 2400-2580 m a. s. l. , on the ground rich soil under Abies 

pindrow vegetation, solitary, Abdul Razaq, 13-08-2010; submitted to herbarium, 

Department of Botany, University of the Punjab, Lahore. LAH. 13081035, accession # 

awaiting. 
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Plate 22, Figs. A-D. Amanita rubescens (A) Basidioma  (B) Lamellar side of basidioma  

(C) Basidiospores (D) Basidia. Bars = A & B: 0.8cm, C: 2μm, D: 4 μm. 
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2.1.7 Amanita vaginatoides nom. prov.                  (Plate 23-24, Figs. A-I) 

Morpho anatomical characterization 

Pileus 5–10 cm diam., grey to grey brown, glabrous, sticky when moist, ovoid to 

campanulate at first, then convex to plano-convex, umbonate, some times centrally 

depressed, margins decurved at first, plane to elevated at maturity, striated, striations up 

to1.5 cm long, some times with white remnants of universal veil in the form of patches or 

a single patch, at maturity veil patches disappearing. Context: white to pale to grey, thick 

up to 10 mm. Lamellae: free, close, thin, up to 1 cm broad, white to off-white, 

occasionally fringed, grayish near the margin. Lamellulae truncate, common, evenly 

distributed, of diverse length, up to 5-seried. Stipe  6–11 ×0.9–1.3 cm thick, equal with o 

bulbous base, hollow, grey brown squamules, coarsely near the base; Universal veil as 

saccate volva, white, membranous, attached at stipe base, flaring gradually; partial veil 

absent.  

Basidiospores (6.5–) 7.5–9.5 (–10.5) × (6.0–) 6.5–7.5 (–8.5) µm, ovoid to broadly 

ellipsoid, monoguttulate, hyaline, smooth with prominent apiculus, thin walled, 

inamyloid, white in deposit. Basidia 35.5-40.5 × 9.0-10.5 µm, clavate, 4-spored, 

sterigmata stout up to 4.5 µm high, thin walled, hyaline with oily contents. Cystidia 34.5–

43.5 × 9.5–11.5 µm, clavate or capitate, thin, hyaline with oil contents. Lamellar trama 

regular, inflated cells numerous, globose to sub globose or ovoid, occasionally irregular, 

hyaline, smooth with garnnular contents.  Pileipellis composed of hyaline, smooth, 

sepatae and interwoven hyphae, not much thickened (1.2–2.1(–2.8) µm in diameter, 

vascular hyphae occasionally observed up to 3.8 µm wide, clamps absent. Universal veil 

at stipe with interwoven hyphae similar to thickness and shape to pillipellis, vascular 

hyphae moderately numerous, 2.4–6.6 µm thick, coiled and elongate with inflated regions 

along the length. Inflated cells less common, 13.5–63.5×12.5–38.5 µm, globose  to sub 

globose, surface appears granular, wall smooth. 

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4).Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 
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with Amanita pseudovaginata (GenBank accession # FJ441042.1) 87%, Query coverage 

95. All the sequences in Blast analysis of Pakistani sequence belong to the same genus or 

different genus of the same family. The percentage base similarity is noted maximum 

with Amanita pseudovaginata submitted from China. Other top most four sequences in 

the Blast below the closest sequence showed 88%, 87%, 84% and 84% with A. 

alboflavescens(GenBank accession # FJ441037, China), A. ovalispora (GenBank 

accession # FJ441041.1, China), A. constricta (GenBank accession # HQ650724.1, 

Canada) and A. vaginata (GenBank accession # AB451971.1, Thailand) respectively. 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw (KPK), Abbotabad, Ayubia-

Khanspur (Halley pad side), at 2400-2580 m a. s. l. , on the ground rich soil under Abies 

pindrow vegetation, solitary, Abdul Razaq, 13-08-2010; submitted to herbarium, 

Department of Botany, University of the Punjab, Lahore.13081046, 13081062, 12081054 

(LAH), accession # awaiting. 

Etymology: The specific epithet refers to phenotypic resemblance of the type with 

A.vaginata. 
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Plate 23, Figs. A-D. Amanita vaginatoides nom. prov. (Type) Photographs of different 

collections showing basic characteristics (A,C) Basidiomata (B, D) Lamellar sides of 

basidiomata. Bars = A, B,C & D: 3.8cm. 
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Plate 24, Figs. A-E. Amanita vaginatoides nom. prov. (Type) (E) Basidiospores (F) 

Basidia (G) Cystidia (H) Elements of partial veil (I) Elements of universal veil from 

pileus. Bar = E: 3 μm, F: 9 μm, G: 9μm, H: 1 μm, I: 3 μm. 
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Bolbitaceae 

Panaeolus 

Panaeolus deosaiensis nom. prov. 

Panaeolus  sphinctrinus 

 

3 
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3.1.1 Panaeolus deosaiensis nom. prov.                     (Plate 25, Figs. A-E) 

Morpho anatomical characterization 

Pileus is 2.3–3.5cm, cream to white, campanulate, glabrous with shiny surface, the 

margins are broken forming seriate curvature. Colour remains same over all. Gills are 

gray in colour, cowded, very prominent, margin of cap lies over them. Stipe 6–6.6 × 0.5–

0.65cm, central, equal, central, white, fragile, some girdle formations, with prominent 

annulus. 

Basidiospores 15.0–18.0 × 11.0–12.5 µm, avl × avw = 16.8–11.6 µm, Q= 1.36–

1.44, avQ= 1.41; apiculate, moderately thick walled, smooth, broadly ellipsoid to lemon 

shaped, proximal and distal poles taper, middle broad,  black 5% KOH, inamyloid, no 

colour change in Melzer‘s reagent. Basidia 23.5–33.0 × 11.5–15.5 µm, 4-sterigmata 3.0–

4.3 µm in length, septate bases, hyaline to pale yellow in 5% KOH, thin walled, clavate to 

sac like transparant. Cystidia 19.5–28.0 × 10.0–13.5 µm, hyaline, thin walled, clavate. 

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with P. antillarum (GenBank accession # JF908515.1, Italy) 100%, Query coverage 93%, 

E-value 0. Other closely related sequences in the Blast below the closest sequence 

showed 100%, 99%, 98% and 97% with P. fimicola (JF908514.1, Italy), P. semiovatus 

(GenBank accession # JF908517.1, Italy),  P. acuminatus (JF908518.1, Italy) and  P. 

foenisecii (JF908520.1, Italy) respectively. Phylogentic analysis of this species is also 

conducted (Fig.5). 

Habitat and Distribution: Pakistan: Gigit-Baltistan, Fairy Meadows, thick coniferous 

Forest (Fairy Meadows forest), on cow dung, submitted to herbarium, Department of 

Botany, University of the Punjab, Lahore. Abdul Razaq, SR-07, 05-07-2010. LAH. 

05071007, accession # awaiting. 

Etymology: The specific epithet refers to the type occurrence in Deosai plains, 
Pakistan. 
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Plate 25, Figs. A-E. Panaeolus deosaiensis nom. prov. (Type) (A) Basidioma   (B) 

Lamellar side  (C) Basidiospores (D) Basidia (E) Cystidia, Bars = A & B= 2.5cm, C– E= 

8 µm. 
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3.1.2 Panaeolus sphinctrinus (Fr.) Quél., Mém. Soc. Émul.Montbéliard, Sér. 2 5: 

151. 1872                                                                  (Plate 26, Figs. A-E) 

Morpho anatomical characterization 

Pileus 1.6 cm wide, bell-shaped to conical, brownish gray to blackish gray or 

olivaceaus grey, glabrous,  moist or sometimes more or less areolate when dry, central 

disc more darkened brown towards margins grayish,  the margins smooth, brittle, slightly 

incurved and appendiculate from fragments  of the veil. Context thin to moderately thick, 

very soft and fleshy, dark gray, unchanging when bruised or cut. Lamellae ascending –

adnate, seceding, subdistant, broad, at first grayish, becoming  mottled blackish, edges 

white –flocculose, shorter lamellae present. Stipe: 6.3×0.18cm, grayish, cylindrical, firm, 

smooth; thick , equal,  reddish brown with  a  grayish – pruinose covering , hollow, striate 

at the apex, Context grayish, dark brown under stipipellis, without volva and annulus 

ring, partial veil absent, Odor and taste: not recorded. Macrochemical Tests: none 

recorded. 

 Basidiospores 15.0–18.0 × 11.0–12.5 µm, avl × avw = 16.8–11.6 µm, Q= 1.36–

1.44, avQ= 1.41; apiculate, moderately thick walled, smooth, broadly ellipsoid to lemon 

shaped, proximal and distal poles taper, middle broad,  black 5% KOH, inamyloid, no 

colour change in Melzer‘s reagent. Basidia 23.5–33.0 × 11.5–15.5 µm, 4-sterigmata 3.0–

4.3 µm in length, septate bases, hyaline to pale yellow in 5% KOH, thin walled, clavate to 

sac like transparant. Cystidia 19.5–28.0 × 10.0–13.5 µm, hyaline, thin walled, clavate. 

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with P. sphinctrinus (GenBank accession # FJ755227.1) 99%, Query coverage 100%, E-

value 0. All the sequences in Blast analysis of Pakistani sequence belong to the same 

genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from China. Other closely related sequences in the Blast 

below the closest sequence showed 98%, 98%, 97% and 97% with P. rickenii (GenBank 

accession # JF908516.1, Italy), P. semiovatus (GenBank accession # JF908517.1, Italy),  

P. antillarum (GenBank accession # JF908515.1, Italy) and  P. fimicola (GenBank 
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accession # JF908514.1, Italy) respectively. Phylogenetic analysis is conducted to 

determine the clustering of this local species with other Asian collection (Fig.5).  

Habitat and Distribution: Pakistan: Khyber Pakhtonkhwa (KPK) Prov.—Hazara Distr. -

Ayubia-Khanspur, on decaying dried dung At 2400-2580 m a. s. l. ground flour. 13 

August 2010 A. Razaq # K-41 LAH13081041, the GenBank accession # HE819397.1. 

Further details of this local taxon is also available in Razaq et al., (2012c) 
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Plate 26, Figs. A–E. Panaeolus sphinctrinus A–B. Basidiomata  C. Basidiospores. D. 

Cheilocystidia E. Basidia Scale Bar = A & B= 3cm, C– E= 7 µm. 
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4.1.1 Coprinus comatus (O. F. Müll.:Fr.) Pers. Tentamen Disp. Meth Fungorum: 

62. 1797.   

                                                                                (Plate 27, Figs. A-E) 

Morpho anatomical characterization 

Pileus 7.8 cm in diam., fleshy, moist, egg-shaped to cylindrical, looking conical to  

bell-shaped, seldom expanded, surface entirely white, having long hair, shaggy, yellowish 

scales which are concentrated at apex, margins ribboned, denticulate. Lamellae cream 

white to pink, brown, then black, free, crowded, equal, margins entire. Stipe 4.8×0.23cm, 

creamy-white, smooth to slightly fibrillose or scaly, hollow, tapering towards apex, 

brittle, non-confluent, base slightly bulbous, annulus present.  

Basidiospores 11.0–14.5 × 5.2–7.0 µm, avl × avw = 12.3–6.4 µm, Q= 1.6–2.0, 

avQ= 1.9; prominently apiculate, smooth, broadly ellipsoid to round shaped in side view, 

apical germ pore present,  black to grey black in 5% KOH, inamyloid, black in Melzer‘s 

reagent. Basidia 26.5–47.5 × 10.5–15.0 µm, 4-sterigmata with prominent dark plugs 

inside them, septate bases, hyaline to pale yellow in 5% KOH, thin walled, clavate to sac 

like transparant. Cheilocystidia 27.5–48.0 × 16.0–28.5 µm, hyaline, thin walled, broadly 

clavate to clavate thin walled, hyaline to pale yellow in 5% KOH. 

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Coprinus comatus (GenBank accession # AF345803.1) 99%, Query coverage 92, E-

value 0. All the sequences in Blast analysis of Pakistani sequence belong to the same 

genus or different genus of the same family. The percentage base similarity is noted 

maximum with  C. comatus submitted from Republic of Korea. Other top most four 

sequences in the Blast below the closest sequence showed 97%, 97%, 97% and 94% with 

C. sterquilinus (GenBank accession  U326221.1, China), C. comatus (GenBank accession 

# JF907838.1, Italy ), C.comatus (GenBank accession # FJ501551.1, China) and C. 

vosoustii (GenBank accession # JF907844.1, Italy) respectively. Phylogenetic analysis is 
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conducted to determine the clustering of this local species with other European 

collections and Asian (Fig.6) 

Habitat and Distribution: Pakistan: Khyber Pakhtonkhwa (KPK) Prov.—Hazara Distr. -

Ayubia-Khanspur, on decaying dried dung At 2400-2580 m a. s. l. ground flour. 14 

August 2010 A. Razaq # K-53 LAH14081053 the GenBank accession # HE819398.1. 
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Plate 27, Figs. A-E. Coprinus comatus A-B. Basidiomata C. Basidiospores D. Basidia E. 

Cheilocystidia. Bars = A & B: 3.5cm, C: 9.3μm, D: 13.5 μm, E: 16 μm. 
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Corntinarius 

 Corntinarius brunneocarpus nom. prov. 

 Corntinarius hyacinthifolius nom. prov. 

            Corntinarius nigricans nom. prov. 
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5.1.1 Cortinarius brunneocarpus nom. prov.              (Plate 28, Figs. A-E) 

Morpho anatomical characterization 

Pileus 7.5cm wide, yellowish to light brown with central disc dark brown, smooth,  

grayish, fibrillose remanants of cortina are present , umbonate, shiny,  coloration not 

uniform; context thin to moderately thick, soft to moderately firm, light yellow to woody, 

unchanging when bruised or cut; margins wavy,  recurved. Lamellae adnate to sinuate, 

distant, brownish, edges entire, fleshy, thin; lamellulae three tiers aternating with 

complete lamellae. Stipe 6.1 × 1.09 cm, light yellow to yellowish white, smooth; context 

pale-white to brown, slightly bulbous toward base or ovoid, brownish to colouless 

remains of cortina present. Odor and taste not recorded.  

Basidiospores 8.5–11.5 × 6.0–8.5 µm, avl × avw = 10.0–7.1 µm, Q= 1.35–1.42, 

avQ= 1.4; apiculate, moderately thick walled, reticulated warty to fibrillose, dense 

ornamentation, ellipsoid to oblong, proximal poles broader than distal poles, rusty brown 

to reddish brown in 5% KOH, inamyloid, brown in Melzer‘s reagent. Basidia 30.5–38.0 × 

8.0–11.5 µm, 4-sterigmata 3.0–3.5 µm in height, septate bases, hyaline to light pale 

yellow in 5% KOH, thin walled, sub-clavate to clavate, transparent. Hymenium trama 

hyphal, irregular, hyphae 11.0–12.0 µm wide. Cheilocystidia (marginal cells) 19.0–36.5 × 

7.5–12.5 µm, rod like to broadly clavate, hyaline, thin walled, transparent, septate base. 

Clamp connections present.  

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Cortinarius hinnuleoarmillatus (GenBank accession #DQ499460.1) 98%, Query 

coverage 98, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong 

to the same genus or different genus of the same family. The percentage base similarity is 

noted maximum with   submitted from Finland. Other closely related sequences in the 

Blast below the closest sequence showed 98%, 97%, 97% and 97% with C. 

hinnuleoarmillatus  (GenBank accession DQ499462.1, Finland), C. helvolus (GenBank 

accession # AY669667.1, Germany ), C. casimiri (GenBank accession # HQ604710.1, 
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Canada) and C. subsertipes (GenBank accession # HQ604708.1, Canada) respectively. 

Phylogenetic analysis is conducted to determine the clustering of this local species with 

other species from world (Fig.7) 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad side), at 2400-2580 m a. s. l. , on the ground humified soil under 

Abies pindrow-Pinus wallichina vegetation, solitary, Abdul Razaq, 24-08-2010; 

submitted to herbarium, Department of Botany, University of the Punjab, Lahore. LAH. 

24081080, the GenBank accession # awaiting. 

Etymology: The specific epithet refers to the brown pileus of the type. 
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Plate 28, Figs. A-E. Cortinarius brunneocarpus nom. prov. (Type) (A) Basidiomata  (B) 

Lamellar side of basidiomata (C)   Basidiospores (D) Basidia (E) Cheilocystidia 

(marginal cells). Bars = A & B: 1.5cm, C: 5.5μm, D: 8.5 μm, E: 7.5 μm. 
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5.1.2 Cortinarius hyacinthifolius  nom. prov.               (Plate 29, Figs. A-E) 

Morpho anatomical characterization 

Pileus 5.14 cm wide, yellowish brown, smooth, remanants of partial veil are 

present, plano convex, very viscid or gelanitous, shiny, coloration is not uniform; context 

thin to moderately thick, soft to moderately firm, white to light pinkish white, unchanging 

when bruised or cut; margins without striation, incurved. Lamellae adnexed to adnate, 

crowded, purplish brown to white, edges entire, fleshy; lamellulae four tiers. Stipe 5.6 × 

1.6cm, white to light pinkish white, smooth to fibrilose surface; context white to pink, 

bulbous toward base or ovoid whose edges have similar fibrillose of cortina,  remnants of 

cotnina prominent in the form of purplish red fibrillose. Odor and taste not recorded.  

Basidiospores 10.5–14.0 × 7.0–9.5 µm, avl × avw = 12.2–7.8 µm, Q= 1.47–1.56, 

avQ= 1.48; apiculate, moderately thick walled, warty to fibrillose, dense ornamentation, 

ellipsoid to oblong, proximal and distal poles taper, middle broad, rusty brown to reddish 

brown in 5% KOH, inamyloid, brown in Melzer‘s reagent. Basidia 28.5–41.5 × 10.5–12.5 

µm, 4-sterigmata 3.5–4.0 µm in height, septate bases, hyaline to light pale yellow in 5% 

KOH, thin walled, sub-clavate to clavate, transparent. Hymenium trama irregular, 

cellular. Cheilocystidia 8.0–18.5 × 7.0–10.0 µm, broadly clavate, hyaline, thin walled, 

transparent, septate base. Clamp connections absent.  

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Cortinarius calochrous (GenBank accession #FJ039639.1) 92%, Query coverage 

100, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the 

same genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from Canada. Other closely related sequences in the Blast 

below the closest sequence showed 92%, 91%, 91% and 91% with C. cf. calochrous   

(GenBank accession FJ157118.1, Canada), C. casesiocane (GenBank accession # 

FJ039642.1, Canada ), C. magnivelatus (GenBank accession # EU056976.1, Germany) 

and C. pinetorum (GenBank accession # FJ039641.1, Canada) respectively. Phylogenetic 
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analysis is conducted to determine the clustering of this local species with other species 

from different regions of the world (Fig.7) 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad side), at 2400-2580 m a. s. l. , on the ground humified soil under 

Abies pindrow-Pinus wallichina vegetation, solitary, Abdul Razaq, 23-08-2010; 

submitted to herbarium, Department of Botany, University of the Punjab, Lahore. LAH. 

13081070, the GenBank accession # awaiting. 

Etymology: The specific epithet refers to the beautiful purple lamellae of the type. 
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Plate 29, Figs. A-E. Cortinarius hyacinthifolius nom. prov. (Type) (A) Basidioma  (B) 

Lamellar side of basidioma (C) Basidiospores (D) Basidia (E) Cheilocystidia (marginal 

cells). Bars = A & B: 0.8cm, C: 3μm, D: 13 μm, E: 4.5 μm. 
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5.1.3 Cortinarius nigricans   nom. prov.                         (Plate 30, Figs. A-C) 

Morpho anatomical characterization 

Pileus 2.5cm wide, chestnut brown to brwosnish black, smooth, hemispheric or 

pulvinate, shiny,  coloration is  uniform; context thin to moderately thick, soft to 

moderately firm, white to light pinkish brown, unchanging when bruised or cut; margins 

without striation, incurved. Lamellae distant, smooth, thick adnate to sinuate, lamellulae 

absent. Stipe 6.5cm, brownish pink, smooth to fibrilose surface; context light pink to 

woody texture, cylindrical with remains of cortina in fibrils form.Odor and taste not 

recorded. Macrochemical Tests: greenish in 5% KOH and moderately corressive effect. 

Basidiospores 11–13 × 5–8.5 µm, smooth, ellipsoid, brown, moderately thick 

walled. brown in Melzer‘s reagent and 5% KOH. Basidia 26.0–30.5 × 7.0–11.8µm, four 

spored, clavate, hyaline, thin walled, transparent, smooth, basidoles, hyaline, 23.5–28.32 

× 7.0–9.5µm. Cheilocystidia (marginal cells) 38-41×11.8-13µm, hyaline, clustered, thin 

walled.  

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 600bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Cortinarius erythrinus (GenBank accession # AY669690.1) 99%, Query coverage 

99, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the 

same genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from Germany. Other closely related sequences in the Blast 

below the closest sequence showed 99%, 99%, 99% and 99% with C. vernus    (GenBank 

accession JF907866.1, Canada), C. helobius (GenBank accession # DQ102686.1,  

Sweden), C. vernus (GenBank accession # HQ604728.1, Canada) and C. casimiri 

(GenBank accession # GQ159814.1, Canada) respectively. Phylogenetic analysis is 

conducted to determine the clustering of this local species with other species from 

different regions of the world (Fig.7) 

 



 86 

Habitat and Distribution: Pakistan: Gigit-Baltistan, Fairy Meadows, thick coniferous 

Forest (way to Bial camp and base to Nanga Purbat), on the ground rich soil under among 

the logs of coniferous vegetation, submitted to herbarium, Department of Botany, 

University of the Punjab, Lahore. Abdul Razaq, 05-07-2010. LAH. 05071036, the 

GenBank accession # awaiting. 

Etymology: The specific epithet refers to the black pileus of the type. 
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Plate 30, Figs. A-C. Cortinarius nigricans nom. prov. (Type) (A) Basidioma   (B) 

Lamellar side of basidioma.  (C) Basidia. Bar = A: 0.6cm, B: 14μm, C: 12 μm. 
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5.1.4 Cortinarius olivaceopictus Ammirati & A.H. Sm., Mycotaxon,5(2):387, 

1977.                                                                                     
                                                                          (Plate 31, Figs. A-B) 

Morpho anatomical characterization 

Pileus 4.2 cm wide, light yellowish brown,  with margins wavy and recurved, 

smooth,  grayish  viscid, whitish remanants of cortina are present, cup like, shiny,  

coloration uniform; context: thin to moderately thick, soft to firm, light yellow, 

unchanging when bruised or cut. Lamellae free to adnexed, not much crowded, brownish, 

edges entire, fleshy, thin; lamellulae three types are observed. Stipe 6.7 × 1.24 cm, white 

to yellowish white, smooth, Context: pale-white, slightly bulbous toward base or ovoid, 

whitish remains of cortina are present, without annulus ring. Odor and taste not recorded.  

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Cortinarius olivaceopictus (GenBank accession # HQ604654.1) 99%, Query 

coverage 72, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong 

to the same genus or different genus of the same family. The percentage base similarity is 

noted maximum with Cortinarius olivaceopictus submitted from Canada. Other closely 

related sequences in the Blast below the closest sequence showed 93%, 93%, 94% and 

93% with C. stephanopus    (GenBank accession AY669603.1, Germany), C. 

semisanguineus (GenBank accession # FJ039598.1, Canada ), C. idahoensis (GenBank 

accession # FJ039597.1, Canada) and C. cinnamomeus (GenBank accession # 

HQ604653.1, Canada) respectively. 

Habitat and Distribution: Pakistan: Gigit-Baltistan, Fairy Meadows, thick coniferous 

Forest (way to Bial camp and base to Nanga Purbat), on the ground rich soil under among 

the logs of coniferous vegetation, submitted to herbarium, Department of Botany, 

University of the Punjab, Lahore. Abdul Razaq, 05-07-2010. LAH. 05071038, accession 

# awaiting. 
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Plate 31, Figs. A-D. Cortinarius olivaceopictus (A) Basidiomata (B) Lamellar side of 

basidiomata. Bars = A & B: 4.5cm 
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5.1.5 Cortinarius virgafomus nom. prov.                       (Plate 32, Figs. A-E) 

Morpho anatomical characterization 

Pileus 7.5cm wide, yellowish to light brown with central disc dark brown, smooth,  

grayish, fibrillose remanants of cortina are present, umbonate, shiny, coloration not 

uniform; context thin to moderately thick, soft to moderately firm, light yellow, 

unchanging when bruised or cut; margins  wavy, recurved. Lamellae adnexed to sinuate, 

sub-distant to moderately crowded, yellowish brown, edges entire, fleshy, thin; lamellulae 

three tiers alternating with complete lamellae. Stipe 6.1 × 1.09 cm, light yellow to 

yellowish white, smooth, Context: pale-white, slightly bulbous toward base or ovoid, 

brownish remains of Cortina are present,without annulus ring; Odor and taste: not 

recorded.  

Basidiospores 11.0–13.5 × 5.0–8.5 µm, avl × avw = 12.2×7.2 µm, Q= 1.5–2.2, 

avQ= 1.7; apiculate, moderately thick walled, reticulated warty to fibrillose, dense 

ornamentation, ellipsoid to oblong, proximal poles broader than distal poles, rusty brown 

to reddish brown in 5% KOH, not colour change in Melzer‘s reagent. Basidia 30.5–38.0 × 

8.0–11.5 µm, 4-sterigmata 3.0–3.5 µm in height, septate bases, hyaline to light pale 

yellow in 5% KOH, thin walled, sub-clavate to clavate, transparent. Hymenium trama 

hyphal, irregular, clamped hyphae 11.0–12.0 µm wide. Cheilocystidia (marginal cells) 

19.0–36.5 × 7.5–12.5 µm, rod like to broadly clavate, hyaline, thin walled, transparent, 

septate base. Clamp connections present.  

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Cortinarius varius (GenBank accession # AY174792.1) 97%, Query coverage 98, E-

value 0. All the sequences in Blast analysis of Pakistani sequence belong to the same 

genus or different genus of the same family. The percentage base similarity is noted 

maximum with C. varius submitted from Germany. Other top most four sequences in the 

Blast below the closest sequence showed 97%, 97%, 96% and 96% with C. varius 

(GenBank accession  AY174790.1, Germany), C. variosimilis (GenBank accession # 
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FJ717601.1, Canada), C .variosimilis (GenBank accession # FJ717600.1, Canada) and C. 

variosimilis (GenBank accession # FJ717597.1, Canada) respectively. Phylogenetic 

analysis is conducted to determine the clustering of this local species with other species 

from different regions of the  world (Fig.7) 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad side), at 2400-2580 m a. s. l. , on the ground humified soil under 

Abies pindrow-Pinus wallichina vegetation, solitary, Abdul Razaq, 23-08-2010; 

submitted to herbarium, Department of Botany, University of the Punjab, Lahore. LAH. 

13081067, the GenBank accession # awaiting. 

Etymology: The specific epithet refers to rod like marginal cells the lamellae of the type. 
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Plate 32, Figs. A-E. Cortinarius virgafomus nom. prov. (Type) (A) Basidioma (B) 

Lamellar side of basidioma (C)   Basidiospores (D) Basidia (E) Cheilocystidia (marginal 

cells). Bars = A & B: 1.2cm, C: 6.5μm, D: 8.4 μm, E: 7.2 μm. 
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Entolomataceae 
Entoloma 

Entoloma pakistanica nom. prov. 
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6.1.1 Entoloma pakistanica nom. pov.                          (Plate 33-34, Figs. A-F) 

Morpho anatomical characterization 

Pileus 3.6 cm diam. plano-convex with central broad umbo, grayish brown to 

blackish on brown groung, uniform over whole surface, surface smooth, silky, ciliated 

texture sensation, margins light gray, smooth, curved, undulating. Lamellae free, whitish 

gray, prominent, distant, broad in middle, margins, undulating, entire, tiers of lamellulae 

alternating with lamellae. Stipe is 12.5 × 0.54 cm, eccentric in attachment, tapering 

toward apex, hyphae twisting like threads of a rope, remains of white pruina over whole 

surface. 

Basidiospores 8.5–11.0 × 7.5–9.5 µm, avl × avw = 9.7–8.5 µm, Q= 1.4–1.16, 

avQ=1.15 almost isodiametric, many angled, thick wall, 1.4–2 µm, pale yellowin 

5%KOH, Melzer‘s reagent corrosive reaction with hymenium but spores dextrinoid. 

Basidia 42.5–50.0 × 6.5–13.5 µm, 4-spored, clavate to versiform, hyaline to pale yellow 

in 5% KOH, thin walled, with oil-like contents. Pleurocystidia absent. Cheilocystidia 

21.0–38.0 × 4.5–7.5 µm, pale yellow to light brown in 5%KOH, narrowly clavate to 

clavate, cylindrical to ventricose. Pileus covering  ixocutis pileal hyphae 7.0–13.5 µm 

upto189.0 µm,  cylindrical, branched, light brown with pigmentation, a thin layer 

overlying a subpellis composed of inflated, transparent elements 60.0–106.5 × 17.0–31.5 

µm. Clamp connections absent. 

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Entoloma chalybaeum (GenBank accession # EU784214.1) 93%, Query coverage 

86, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the 

same genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from England. Other closely related sequences in the Blast 

below the closest sequence showed 93%, 91%, 91% and 94% with Nolanea sericea  

(GenBank accession AF357021.2, Switzerland), E. sericeum (GenBank accession # 

AF357020.2, Switzerland), E. clandestnum  (GenBank accession # EU784216.1, 
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England) and  E. setratum (GenBank accession # EU784213.1, England ) respectively. 

Phylogenetic analysis is conducted to determine the clustering of this local species with 

other species from different regions of the world (Fig.8) 

 Habitat and Distribution: Pakistan: Gigit-Baltistan, Fairy Meadows, thick coniferous 

Forest (way to Bial camp and base to Nanga Purbat), on the ground rich soil under among 

the logs of coniferous vegetation, submitted to herbarium, Department of Botany, 

University of the Punjab, Lahore. Abdul Razaq, 06-07-2010. LAH. 05071005, the 

GenBank accession # awaiting. 

Etymology: The specific epithet refers to the country of the type. 
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Plate 33, Figs. A-D. Entoloma pakistanica nom. prov. (Type) (A) Basidioma  (B) 

Lamellar side of basidioma (C) Basidiospores (D) Basidia. Bars = A & B: 0.7cm, C: 

5μm, D: 9 μm. 
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Plate 34, Figs. E-F. Entoloma pakistanica nom. prov. (Type) (E) Cheilocystidia  (F) 

pileus covering. Bar = E: 11 μm, F: 17 μm. 
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7.1.1 Neolentinus lepideus (Fr.) Redhead & Ginns, Transactions of the 

Mycological Society of Japan, 26:357, 1985.                      (Plate 35, Figs. A-E) 

Morpho anatomical characterization 

Pileus 6 cm diam., cream white to light pink with light brown scales in the centre, 

concentrated at the centre and less towards the margins, plane, expanding, straight, non 

viscid when wet; context moderately thick, firm, cream to pale yellow, unchanging when 

bruised or cut; margins entire, undulating. Lamellae sub-decurrent to decurrent, crowded, 

narrow, light pinkish to pale cream, edges dentate, fleshy, thin; lamellulae, diverse in 

length, not equally distributed between each pair of lamellae, mostly marginal. Stipe 17× 

0.76 cm, cream white with light orange brown scales, striped  and zoned, base brown, 

rooty, without cracking pattern, tapering towards the base; Context pale yellow brown, 

firm, woody texture, volval scales or zones absent. Odor and taste not recorded.  

Basidiospores 7.0–12.0 × 4.5–6.0 µm, avl × avw = 8.7–5.5 µm, Q= 1.6–2.0, avQ= 

1.57; apiculate, thin walled, rod to cylidrical to oblong, colourless to pale yellow in 5% 

KOH, amyloid, bluish tint in Melzer‘s reagent. Basidia 18.5–38.5 × 6.0–9.5 µm, 2–4-

spored, four spored rare, hyaline to pale yellow in 5% KOH, thin walled, sub-clavate to 

rod like with oil like contents. Hymenium trama hyphal, regular, parallel. Pleurocystidia 

absent. Cheilocystidia hyaline to light green in 5% KOH, cylindrical to narrowly clavate, 

clamped, two types, longer 21.0–30.5 × 5.0–7.5 and shorter, 18.0–23.5 × 5.0–7.5 µm. 

Clamp connections present.  

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Neolentinus lepideus (GenBank accession # AB615456.1) 96%, Query coverage 98, 

E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the same 

genus or different genus of the same family. The percentage base similarity is noted 

maximum with Neolentinus lepideus submitted from Japan. Other closely related 

sequences in the Blast below the closest sequence showed 96%, 94%, 88% and 88% with 

Aureobasidium mansonii  (GenBank accession AF121280.1, Korea), N. ponderosus 
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(GenBank accession # FJ235147.1, USA ),  Gloeophyllum sepiarium (GenBank accession 

# JN182924.1, China) and Gloeophyllum sepiarium (GenBank accession # FJ903356.1, 

Lativia ) respectively. Phylogenetic analysis is conducted to determine the clustering of 

this local species with other species from different regions of the world (Fig.9) 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad side), at 2400-2580 m a. s. l. , on the ground humified soil under 

Pinus wallichina vegetation, solitary, Abdul Razaq, KP-36, 24-08-2010; submitted to 

herbarium, Department of Botany, University of the Punjab, Lahore. LAH. 13081036, the 

GenBank accession # awaiting. 
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Plate 35, Figs. A-E. Neolentinus Lepideus (A) Basidioma  (B) Lamellar side of 

basidioma (C)   Basidia (D) Basidiospore (E) Cheilocystidia. Bars = A & B: 2.7cm, C: 

12μm, D: 4 μm, E: 5 μm.  
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Gomphidiaceae 
Chroogomphus 

Chroogomphus roseolus 
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8.1.1 Chroogomphus roseolus Yan C. Li & Zhu L. Yang, fungal Divers.38, 2009.   

                                                                                    (Plate 36 -37, Figs. A-F) 

Morpho anatomical characterization 

Pileus 3.0–6.5cm wide, plano-covex to plane, orange brown, uniform over whole 

surface, smooth to fibrillose, soft, shiny; margins dentate, flexuous, fragile; context 

moderately thick, firm, orange brown, unchanging when bruised or cut. Lamellae 

concolorus to pileus, broad, arched, decurrent, subdistant, fleshy to brittle, thin, edges 

entire; lamellulae two different lengths, one marginal other end in the middle of the cap. 

Stipe 1.5–2 × 0.3–0.42 cm, concolorous with pileus, smooth to fibrilose, striated, 

cylindrical with mid part tapered; context orange, without volval scales or zones and ring. 

Odor and taste not recorded. 

Basidiospores 15.0–19.6 × 6.5–8.8 µm, avl × avw = 17.5–7.8 µm, Q= 2.23–2.3, 

avQ= 2.25; apiculate, thin walled, ellipsoid to oblong, hyaline to pale yellow in 5% KOH, 

inamyloid, yellow in Melzer‘s reagent, smooth, entire, distal and proximal ends broader 

less than middle. Basidia 35.5–43.5 × 9.5–13.0 µm, 4-spored, sharp ended sterigmata, 

hyaline to pale yellow in 5% KOH, thin walled, sub-clavate to clavate with oil like 

contents. Hymenium trama hyphal, regular, parallel. Pleurocystidia 83.0–110.5 × 14.0–

17.5 µm, thin walled, hyaline, broadly clavate, olive green grunnules concentrated on 

different spots, septate base. Cheilocystidia is same as Pleurocystidia. Pileus covering a 

cutis with erect or ascending, interwoven, hyaline, branched hyphae, terminal elements, 

77.0–108.5 × 6.0–11.5 µm, light brown pigmentation.  

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1f &ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Chroogomphus roseolus (GenBank accession # EU706329.1) 99%, Query coverage 

100, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the 

same genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from China. Other closely related sequences in the Blast 

below the closest sequence showed 98%, 98%, 94% and 93% with C. helveticus   
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(GenBank accession AF205642.1, USA ), C. helveticus (GenBank accession # 

AF205650.1, Germany), C. rutilus (GenBank accession # GQ367894.1, Canada) and C. 

filiformis (GenBank accession # FJ513327.1, China) respectively. Phylogenetic analysis 

is conducted to determine the clustering of this local species with other species from 

different regions of the world (Fig.10) 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad side), at 2400-2580 m a. s. l. , on the ground humified soil under 

Abies pindrow-Pinus wallichina vegetation, solitary, Abdul Razaq, KP-56, 23-08-2010; 

submitted to herbarium, Department of Botany, University of the Punjab, Lahore. LAH. 

13081056, , the GenBank accession # awaiting. 
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Plate 36, Figs. A-C. Chroogomphus roseolus (A) Basidiomata (B) Lamellar side of 

basidioma (C) Basidiospores. Bars = A & B: 2cm, C: 7μm. 
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Plate 37, Figs. D-F. Chroogomphus roseolus (D) Basidia (E) Cystidia (F) Pileus 

covering elements. Bar = D: 13μm, E: 12.6 μm, F: 16 μm. 
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Hygrophoraceae 
Hygrophorus 

Hygrophorus chrysodon 
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9.1.1 Hygrophorus chrysodon (Fr.) Fr. Epicr. Myc. p. 320. 1838.  

                                                                       (Plate 38-39, Fig. A-F)                         

Morpho anatomical characterization 

Pileus 2.5.0–3.0 cm wide, white with yellowish brown central disc which fads 

over margins in the form of yellowish brown patches, convex to plano-convex, non viscid 

and dry, deep umbonate to umbilicate; context moderately thick, firm, white to pale 

yellow, unchanging when bruised or cut; margins striated; yellowish brown in the form of 

patches. Lamellae sinuate to sub-decurrent, spaced to moderately close, white to 

yellowish white, denticulate, fleshy, thick; lamellulae truncate, of two types length wise, 

distributed between each pair of lamellae. Stipe 4.5–5.6 × 0.56–0.65 cm, white, smooth, 

fragile, cylidrical; woody texture, context thick, white slightly swollen base; partial veil 

and universal veil absent; odor and taste  not recorded. 

Basidiospores 8.5–12.5 × 4.0–5.5 µm, avl × avw = 10.5–4.75 µm, Q= 2.13–2.27, 

avQ= 2.2; apiculate, thin walled, ellipsoid to oblong, proximal poles less broad than distal 

poles, hyaline to light green in 5% KOH, inamyloid, yellow in Melzer‘s reagent. Basidia 

34.5–38.5 × 7.5–8.5 µm, 4-sterigmata, septate bases, hyaline to pale yellow in 5% KOH, 

thin walled, sub-clavate to rod like with oil like contents. Hymenium trama hyphal. 

Cheilocystidia 22.0–35.5 × 7.0–9.0 µm, thin walled, hyaline, variable shapes: rod to 

cylindrical, ventricose, flexuous, utriform. Pileus covering a cutis of broader elements 

71.0–140.5 × 24.0–35.5 µm, hyaline , thin walled, hyaline. Clamp connections absent.  

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 600bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Hygrophorus chrysodon (GenBank accession # DQ974809.1, USA) 96%, Query 

coverage 81 %, E-value 0. All the sequences in Blast analysis of Pakistani sequence 

belong to the same genus or different genus of the same family. The percentage base 

similarity is noted maximum with   submitted from USA. Other closely related sequences 

in the Blast below the closest sequence showed 87%, 85%, 85% and 84% with H. 

capreolarius (GenBank accession # JF908074.1,Italy ), H. eburneus (GenBank accession 

# DQ367904.1, Canada ), H. roseobrunneus (GenBank accession # EF559268.1, USA) 
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and H. discoxanthus (GenBank accession # AY463486.1, Sweden ) respectively. 

Phylogenetic analysis is conducted to determine the clustering of this local species with 

other species from different regions of the world (Fig.11). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad side), at 2400-2580 m a. s. l. , on the ground humified soil under 

Abies pindrow-Pinus wallichina vegetation, solitary, Abdul Razaq, KP-72,  23-08-2010; 

submitted to herbarium, Department of Botany, University of the Punjab, Lahore. LAH. 

13081072, the GenBank accession # awaiting. 
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Plate 38, Figs. A-D. Hygrophorus chrysodon (A) Basidiomata  (B) Lamellar side of 

basidioma (C)   Basidiospores (D) Hymenium with basidia & basidia. Bars = A & B: 

0.85cm, C: 5.6μm, D: 7 μm. 
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Plate 39, Figs. E-F. Hygrophorus chrysodon (E) Cheilocystidia (F) Pileus covering 

elements. Bar = E: 6 μm, F: 4.2 μm. 
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                Hebeloma mesophaeum 

Hebeloma theobrominum 

Timgrovea 

       Timgrovea descoleus nom.  prov. 
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10.1.1  Hebeloma mesophaeum Quélet, L., Mémoires de la Société d'Émulation 

de Montbéliard 5: 128.1872                                                (Plate 40, Figs. A-E) 

Morpho anatomical characterization 

Pileus 2.5cm diam, hemispherical to plano-convex, obtuse umbonate; dark brown 

in the centre fading towards margin, camel brown at margin, fibrillose,margin entire; 

surface smooth, shiny, viscid. Lamellae creamy to brown, distant, adnate to adnexed, 

broad, margin entire to somewhat crenuate. Stipe 6.5 × 0.3 cm, cylindrical, central in 

attachment, woody in texture; reddish brown, veil remnants present. Basidiospores 7.5–

12.5 × 4–5.7, elliptical, obtuse, prominent apiculus, hyaline to pale yellow, cell wall loses 

it colour in Melzer‘s regeant. Basidia 26–33 × 7–10 µm, subcylidrical to subclavate, 

hyaline to pale yellow in KOH. Cheilocystidia 35–61.5 × 9–15µm fusoid-ventricose, 

sudutriform, succate, clavate and filamentous types are present, hyaline to yellowish in 

KOH.  

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 750bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Hebeloma 

species (H. mesophaeum, SR-108) in Blast analysis showed its maximum base percentage 

similarity 99% and query coverage 100% with H. mesophaeum (GenBank accession # 

EF091826.1, EF451057.1, EF644106.1). Phylogenetic analysis is conducted to determine 

the clustering of this local species with other species from different regions of the world 

(Fig.12). 

Habitat and Distribution: Pakistan: Gigit-Baltistan, Fairy Meadows, thick coniferous 

Forest (way to Bial camp and base to Nanga Purbat), on the ground rich soil under among 

the logs of coniferous vegetation, submitted to herbarium, Department of Botany, 

University of the Punjab, Lahore. Abdul Razaq, SR-108, 06-07-2010. LAH. 050710108, 

the GenBank accession # HE649369.1. 

 

 



 114 

 

 

 

 

Plate 40, Figs. A-E. Hebeloma mesophaeum (A) Basidioma  (B) Line drawings of  

basidioma (C)   Basidiospores (D) Basidia (E) Cheilocystidia. Bar = A: 1.4cm, B: 

0.67cm, C: 7μm, D: 12 μm, E: 17 μm. 
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10.1.2  Hebeloma theobrominum Quadr., Mycotaxon 30: 311.1987 
                                                                      (Plate 41-42 Figs. A-F) 

Morpho anatomical characterization 

Pileus 3.0-5.5cm diam., plano-convex, broadly umbonate, undulating surface, 

deep cinnamon to red–brown to dark brick, central disc darker, in mature specimens 

surface zonate, surface smooth, viscid, shiny, cap margin clearly white to cream with 

dentate processes, involute. Context moderately thick, white, remaining unchanged on 

bruising. Lamellae broad, adnate to adnexed, white, margin entire, crowded in younger 

specimens, at maturity two zones, outer crowded with several tiers of lamellulae while 

inner has distant to sub-distant arrangement without lamellulae. Stipe 3–5×0.7-1 cm, 

cylindrical, centrally attached, dry, silky, fibrillose texture, light brown  with overall 

white pruina. 

Basidiospores 8.55–11 × 4.5–6µm, Q= 1.8–1.84 or ≥ 1.8, elliptical with prominent 

apiculus, rounded at the distal end, smooth to poorly ornamented; yellowish brown to 

brown, with oily drops, highly dextrinoid (deep reddish brown) in Melzer‘s reagent. 

Basidia 4–sterigmate, 24–30 × 7–8.5 µm, cylindrical to clavate, pale yellow with oil 

drops, basal septa or clamps rarely present. Cheilocystidia 30–36.5 × 8(9), hyaline to pale 

yellow in 5% KOH, polymorphic with the following forms observed: subcylindrical, 

clavate, fusoid-ventricose and clavate with flexuous sides. 

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 750bp on amplification in PCR using 

fungal universal primers pairs (ITS1&ITS4). Initial BLAST analysis of nucleotide 

sequences revealed that Pakistani collection matches maximum with H. theobrominum 

(FJ816623.1, Belgium) 99%, Query coverage 100 %, E-value 0. The top most sequences 

were of H. theobrominum (FJ816623.1, FJ816621.1, FJ816619.1). Phylogenetic analysis 

is conducted to determine the clustering of this local species with other species (Fig.12). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur, at 2400-2580 m a. s. l., under Abies pindrow, gregarious, Abdul Razaq, K-74, 

23-08-2010; submitted to herbarium, Department of Botany, University of the Punjab, 

Lahore. LAH. 13081074, the GenBank accession # HE649368.1. 
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Plate 41, Figs. A-C. Hebeloma theobrominum (A) Basidiomata  (B) Lamellar side of 

basidiomata (C)   Line drawings of bassdiomata. Bars = A & B: 1.3cm, C & D: 0.78 cm. 
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Plate 42, Figs. D-F. Hebeloma theobrominum (A) Basidiospores (B) Basidia (C) 

Cheilocystidia. Bars = D: 4μm, E: 8 μm, F: 6.3 μm. 
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10.2.1 Timgrovea descoleus nom. prov.                       (Plate 43, Fig. A-E) 
Morpho anatomical characterization 

Pileus 4.5 cm wide, hemispherical to plano-convex at maturity, greyish brown to 

blackish brown, surface flexuous, uniform coloration; dark brown scales on greyish 

brown ground; magins entire, incurved, light brown; context moderately thick, soft to 

firm, unchangin. Lamellae free, crowded, pinkish grey, edges entire, fleshy, of different 

lengths, anastomosing towards stipe; lamellulae absent. Stipe  7.5 × 1.0 cm central to 

slightly eccentric, apex and base lighter than middle, twisting pattern like rope, yellowish 

brown, thick, context pale, slightly bulbous toward base or ovoid, woody annulus close to 

pileus. Odor and taste not recorded. 

Basidiospores 13.5–16.5× 8.5–12.0 µm, smooth, ellipsoid, both proximal and 

distal ends sharpe as compared to middle, pale brown, apiculate, moderately thick walled, 

ornamnted with warts. Basidia 15.0–50.5 × 8.0–19.0 µm, 2–spored, sterigmata, 2.5–5 

µm, truncated like cow horns,  clavate, hyaline. Cystidia 25.0–42.5 × 9.5–15.5 µm, 

hyaline, clavate to club shaped,  clustered, thin walled, oil droplets like green granules 

present.  

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 600bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Timgrovea sp. H4204 (GenBank accession # DQ328167.1) 90%, Query coverage 

100%, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the 

same genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from Australia. Other closely related sequences in the Blast 

below the closest sequence showed 84%, 85%, 84% and 84% with Timgrovea 

ferrugionea (GenBank accession # DQ328128.1, Australia), Descolea recedens 

(GenBank accession # AF325650.1, USA),  Setchelliogaster. sp (GenBank accession # 

DQ 32 8174.1, Australia) and Setchelliogaster australiansis (GenBank accession # 

AF325628.1, Australia, USA), respectively. Phylogenetic analysis is conducted to 

determine the clustering of this local species with other species from different regions of 

the world (Fig.13). 
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Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad side), at 2400-2580 m a. s. l. , on the ground humified soil under 

Abies pindrow vegetation, solitary to gregarious, Abdul Razaq, K-95,  23-08-2010; 

submitted to herbarium, Department of Botany, University of the Punjab, Lahore. LAH. 

13081095, the GenBank accession # awaiting. 

Etymology: The specific epithet refers to is close resmblance with genus Descolea. 
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Plate 43, Figs. A-E. Timgrovea descoleus nom. prov. (Type) (A) Basidioma  (B) 

Lamellar side of basidioma (C) Basidiospores (D) Basidia (E) Cheilocystidia. Bars = A & 

B: 1cm, C: 7.5μm, D: 12 μm, E: 9 μm. 
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Inocybaceae 

Inocybe 

Inocybe genticus nom. prov. 

Inocybe impurus nom. prov. 
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Inocybe pakistanica nom. prov. 
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11.1.1 Inocybe genticus nom. prov.                                (Plate 44, Figs. A-E)  

Morpho anatomical characterization 

Pileus 3.0 cm is light brick red in colour, with warty ornamentation ,fragile and 

broken, umbonate, colour and ornamentation is over all same ,margins are not smooth 

dentate. Gills are distant, light brown in colour, very prominent and adnate to the stipe. 

Stipe (2.5 × 0.76cm) is cylindrical, fibrillose, no base was bulbous or tuberous colour is 

same of those gills.  

Basidiospores 17.5–20.5× 23.6–33.04 µm, ellipsoid, light brown, with olive green 

contents in 5% KOH, thin walled. Basidia 41.3–50.74×10.62–11.8 µm, four spored, 

clavate, olive green droplets in 5% KOH. Pleurocystidia, 25.96–30.92×8.97–40.24 µm, 

hyaline, olive green contents in 5% KOH. Cheilocystidia 16.52–25.96× 5.9–8.97 µm, 

hyaline/pale yellow, clustered, thin walled. Peileipellis loosely arranged hyphae, light 

yellowish-brown.  

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Inocybe gymnocarpa (GenBank accession # JF908161.1) 93%, Query coverage 

100%, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the 

same genus or different genus of the same family. The percentage base similarity is noted 

maximum with Inocybe gymnocarpa ( submitted from Italy. Other closely related 

sequences in the Blast below the closest sequence showed 93%, 87%, 85% and 86% with  

I. dulcamara (GenBank accession # AM882865.1, Sweden),  Mallocybe sp. JV5968 

(GenBank accession # HM209794.1, Sweden),  I. cf. squarrosoannulata (GenBank 

accession # GU980607.1, Sweden) and  I. terrigena (GenBank accession # JF908091.1, 

Sweden), respectively. Phylogenetic analysis is conducted to determine the clustering of 

this local species with other species from different regions of the world (Fig.14). 
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Habitat and Distribution: Pakistan: Gigit-Baltistan, Fairy Meadows, thick coniferous 

Forest (way to Bial camp and base to Nanga Purbat), on the ground rich soil under among 

the logs of coniferous vegetation, submitted to herbarium, Department of Botany, 

University of the Punjab, Lahore. Abdul Razaq, SR-09, 06-07-2010. LAH. 05071009, the 

GenBank accession # awaiting. 

Etymology: The specific epithet refers its national or local existence from Pakistan. 
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Plate 44, Figs. A-E. Inocybe genticus nom. prov. (Type) (A) Basidioma  (B) Lamellar 

side of basidioma (C) Basidiospores (D) Basidia (E) Pleurocystidia & Cheilocystidia. 

Bars = A & B: 0.5cm, C: 5.8μm, D: 8.5 μm, E: 6.5 μm. 
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11.1.2 Inocybe impurus nom. prov.                            (Plate 45, Figs. A-E)  

Morpho anatomical characterization 

Pileus convex to conical, dark brown color and the disc is blackish brown with 

shiny surface having some warty ornamentation. The pileus width ranges from 1.7-2cm. 

Cap is fleshy with margin seriate and slightly inward enrolled. Gills are light brownish in 

colour, adnate in attachment, crowded and continuous from margin to stipe alternating 

with short gills starting from margins. Stipe 3-9 ×  0.6 cm is central from cylindrical to 

clavate. A special character of stipe is deposition of powdery material on the surface 

which is whitish in colour and the slimy nature adhere to the soil particles. 

Basidiospores 10.0–12.5× 6.0–8.0 µm, smooth, ellipsoid, light brown, with olive 

green contents in 5% KOH, thick walled. Basidia 36.0–47.5×11.5–15.5 µm, four spored, 

sterigmata 18–26 µm long, clavate, olive green droplets in 5% KOH. Cheilocystidia 

26.0–38.5× 5.0–15.5 µm, hyaline, clustered, thin walled. peileipellis loosely arranged 

hyphae,  light yellowish-brown, 7–9 µm wide.  

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1f & ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Inocybe arthrocystis (GenBank accession # GU980655.1) 90%, Query coverage 94 

%, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the 

same genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from Sweden. Other closely related sequences in the Blast 

below the closest sequence showed 90%, 90%, 89% and 89% with  Mallocybe dulcamara 

(GenBank accession # HQ604787.1, Canada),  I. malenconii (GenBank accession # 

AM882867.1, Sweden),  M terrigena (GenBank accession # HQ650752.1, Canada) and  

M . agardhii (GenBank accession # HM209790.1, Sweden) respectively.  

Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.14). 
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Habitat and Distribution: Pakistan: Gigit-Baltistan, Fairy Meadows, thick coniferous 

Forest (way to Bial camp and base to Nanga Purbat), on the ground rich soil under among 

the logs of coniferous vegetation, submitted to herbarium, Department of Botany, 

University of the Punjab, Lahore. Abdul Razaq, SR-02, 06-07-2010. LAH. 05071002, the 

GenBank accession # awaiting. 

Etymology: The specific epithet refers its uncleaned habit and clinging to dust nature. 
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Plate 45, Figs. A-E. Inocybe impurus nom. prov. (Type) (A) Basidiomata  (B) Lamellar 

side of basidioma (C) Basidiospores (D) Basidia (E) Cheilocystidia. Bars= A & B: 

0.5cm, C: 4.2μm, D: 11 μm, E: 9.6 μm. 
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11.1.3 Inocybe leucoblema Kühner, Bulletin de la Société Mycologique de France, 

71(3):170, 1956                                                                                (Plate 46, Figs. A-F)  

Morpho anatomical characterization 

Pileus 2.2 cm wide, plane to upwards with thick flesh, light brown camel brown, 

whitish covering in the form of patches, gelatinous, shiny; margins ribboned, white, 

smooth to finely seriated curvature, upwards enrolled forming cup like outline. Lamellae 

light brown to camel brown, concolorous with pileus, middle broad, crowded, thick, 

fleshy, margins denticulate. Stipe 2.4 × 0.3cm , eccentric, cylindrical, equal, white pruina 

over whole surface, rough,  concolrous with lamellae, context thick, light brown, no volva 

and annulus.  

Basidiospores 9.5–12.5 × 7.5–8.5 µm, avl × avw = 11.7–7.8 µm, Q= 1.27–1.47, 

avQ= 1.5; apiculate, thin to moderately walled, ellipsoid to oblong, pear shaped, rusty 

brown in 5% KOH, inamyloid, brown in Melzer‘s reagent. Basidia 28.5–47.5 × 9.5–12.5 

µm, 4-sterigmata, 4.0–5.2 µmin length, clamped bases, hyaline to pale yellow in 5% 

KOH, thin walled, sub-clavate to rod. Hymenium trama hyphal, irregular. Pleuro- 

cheilocystidia 23.5–50.5 × 7.0–12.0 µm, thin walled, hyaline, broadly clavate to clavate, 

clamped base. Pileus covering a cutis of regular hyphal elements 59.0–99.5 × 6.0–10.0 

µm, hyaline, thin walled. Clamp connections abundantly present.  

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Mallocybe leucoblema (GenBank accession # HQ232481.1) 99%, Query coverage 

100%, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the 

same genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from Italy. Other closely related sequences in the Blast below 

the closest sequence showed 93%, 87%, 85% and 86% with  I. dulcamara (GenBank 

accession # AM882865.1, Sweden),  Mallocybe sp. JV5968 (GenBank accession # 

HM209794.1, Sweden),  I. cf. squarrosoannulata (GenBank accession # GU980607.1, 

Sweden) and  I. terrigena (GenBank accession # JF908091.1, Sweden) respectively.  
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Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.14). 

Habitat and Distribution: Pakistan: Gigit-Baltistan, Fairy Meadows, thick coniferous 

Forest (way to Bial camp and base to Nanga Purbat), on the ground rich soil under among 

the logs of coniferous vegetation, submitted to herbarium, Department of Botany, 

University of the Punjab, Lahore. Abdul Razaq, SR-03, 06-07-2010. LAH. 05071003, the 

GenBank accession # awaiting. 
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Plate 46, Figs. A-F. Mallocybe leucoblema  (A) Basidioma  (B) Lamellar side of 

basidioma (C) Basidiospores (D) Basidia (E) Cheilocystidia (F) Pileus covering. Bars = 

A & B: 0.4cm, C: 7.3μm, D: 15 μm, E: 13.6 μm, F: 34 μm. 
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11.1.4 Inocybe nitidiuscula  (Britzelmayr) Saccardo, Syll. Fung. 11:53, 1895.  

                                                                                                         (Plate 47, Figs. A-E) 

Morpho anatomical characterization: 

Pileus 2.2 cm broad, dark brown to light brown, conical when young and at 

mature stage, sharply umbonate, shiny, at very centre smooth or minutely woolly, 

umbonate part dark brown to blackish, outwards radially fibrous, uniformly aligned 

brown fibrils move toward margins which lighten in colour, margins not smooth 

somewhat dentate. Gills cream to light brown, sinuate in attachment to stipe, dentate 

margins, two types of lamellulae. Stipe 3.4–5.4 × 0.35 long, light brown, smooth, 

cylindrical, central, slightly swollen at base. Taste and smell not recorded. Spore oval 

shaped without distinct apex, thick walled, inside spore wall ornamentation in the form of 

striation radiating from poles more evident. 

 Basidiospores 10–11.5× 6.5–8 µm, smooth, ellipsoid, light brown, with olive 

green contents in 5% KOH, thin walled. Basidia 29–31×8.9–10.3 µm, four spored, 

clavate, olive green droplets in 5% KOH. Pleurocystidia, 47.2–70.8×11.8–17.23 µm, 

hyaline, olive green contents in 5% KOH. Cheilocystidia 38–41×11.8–13 µm, hyaline, 

clustered, thin walled. Peileipellis loosely arranged hyphae, light yellowish-brown, 7–9 

µm wide.  

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Inocybe nitidiuscula (GenBank accession # FN550920.1) 98%, Query coverage 

100%, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the 

same genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from France. Other closely related sequences in the Blast 

below the closest sequence showed 94%, 94%, 94% and 94% with  I. nitidiuscula 

(GenBank accession # HQ604085.1, Canada),  I. pseudodestricta (GenBank accession # 

HQ604083.1, Canada),  I. flocculosa (GenBank accession # HQ604084.1, Canada) and  I. 

rufuloides (GenBank accession # DQ067579.1, Italy) respectively.  
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Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.14). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad side), at 2400-2580 m a. s. l. , on the ground humified soil under 

Abies pindrow-Pinus wallichina vegetation, solitary, Abdul Razaq, KP-17, 23-08-2010; 

submitted to herbarium, Department of Botany, University of the Punjab, Lahore. LAH. 

13081017, the GenBank accession # HE862959.1. 
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Plate 47, Figs. A–E. Inocybe nitidiuscula (A) Basidiomata  (B) Lamellar side of 

basidiomata (C) Basidiospores (D) Basidia (E) Pleurocystidia & Cheilocystidia. Bars = A 

& B: 1cm, C: 5.5μm, D: 8 μm, E: 11 μm. 
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11.1.5 Inocybe obsoleta Romagn., Bull. trimest. Soc. mycol. 74: 145.1958 

                                                                                                           (Plate 48, Fig. A-F)  

Morpho anatomical characterization 

Pileus 2.1-3.3 cm wide, brown to dark brown, campanulate in mature 

basidiocarps, not expanding, surface dried fibrilose, central umbo dark brown to balck, 

smooth to fibrlose; context moderately thick, firm, white with light yellow, unchanging 

when bruised or cut; margins slightly wavy and incurved, white to light brown. Lamellae 

subdistant, free, white to yellowish white, edges entire, concolor, fleshy to brittle, thin,; 

lamellulae absent. Stipe 0.7 × 1.0 cm, white, rough, cracking pattern that girdles the stipe, 

narrowing upward slightly; context white, without volval scales or zones; partial and  

universal veil absent. 

Basidiospores 8.5-11.5 × 5.5-6.5 µm, smooth, ellipsoid, light brown, with olive 

green contents in 5% KOH, thin walled. Basidia  23.6-31.152×10.62-13.45 µm, four 

spored, clavate, olive green droplets in 5% KOH. Pleurocystidia, 23.6-36.58×7.08-13.22 

µm, hyaline, olive green contents in 5% KOH. Cheilocystidia 47.2-58.82× 9.4-14.16 µm, 

hyaline, clustered, clavate to rod like, thin walled. Peleipellis loosely arranged hyphae,  

light yellowish-brown. Cheilocystidia beak like, 33.04-43.66× 9.44-14.868. 

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Inocybe obsoleta (GenBank accession # AM882769.1) 97%, Query coverage 99 %, 

E-value 0. All the sequences in Blast analysis of local sequence belong to the same genus 

or different genus of the same family. The percentage base similarity is noted maximum 

with   submitted from Sweden. Other closely related sequences in the Blast below the 

closest sequence showed 88%, 93%, 85% and 85% with  I. perlata (GenBank accession # 

AM882771.1, Sweden),  I. aurora (GenBank accession # HQ201337.1, Canada),  I. 

dulcamaroides (GenBank accession # FJ904127.1, Sweden) and  I. sororia (GenBank 

accession # HQ604626.1, Canada) respectively.  
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Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.14). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad side), at 2400-2580 m a. s. l. , on the ground humified soil under 

Abies pindrow-Pinus wallichina vegetation, solitary, Abdul Razaq, K-18, 23-08-2010; 

submitted to herbarium, Department of Botany, University of the Punjab, Lahore. LAH. 

23081018, the GenBank accession # awaiting. 
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Plate 48, Figs. A-F. Inocybe obsoleta (A) Basidioma  (B) Lamellar side of basidioma (C) 

Basidiospores (D) Basidia (E) Cheilocystidia (E)  Pleurocystidia. Bars = A & B: 0.6cm, 

C: 6μm, D: 6.5 μm, E: 14.5 μm, F: 7.4 μm. 
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11.1.6 Inocybe pakistanica  nom. prov.                    (Plate 49-50, Figs. A-M)    

Morpho anatomical characterization 

  Pileus 2–3.5 cm, light brown to dark brown, pyramidal to companulate to 

palnoconvex at maturity, sharply umbonate, smooth, shiny, fibrillose surface, margins 

dentate thin flesh. Lamellae white to cream, dark brown at maturity, entire, crowded, free, 

no lamellulae. Stipe 5–8×0.6–0.7 cm, creamy, cylindrical, centrally attached, surface 

smooth, fibrillose discontinuous, flesh white, firm, woody texture. 

Basidiospores 10.5–15.5× 7.5–9.5 µm, ellipsoid, light brown, with olive green contents in 

5% KOH, thin walled. Basidia 31–39.5×10–15.5 µm, four spored, clavate, olive green 

droplets in 5% KOH. Pleurocystidia, 29.5–35×10–13 µm, hyaline, olive green contents in 

5% KOH. Cheilocystidia 43.5–56×13–21 µm, hyaline, clustered, thin walled. peileipellis 

loosely arranged hyphae,  light yellowish-brown, 7–9 µm wide. Caulocystidia 55.5–66.5× 

11–20 µm, clavate, blunt ended, hyaline, abundant on upper part of stipe. 

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1f &ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Inocybe cf. microfastigiata (GenBank accession # FA904156.1) 93%, Query 

coverage 99 %, E-value 0. All the sequences in Blast analysis of Pakistani sequence 

belong to the same genus or different genus of the same family. The percentage base 

similarity is noted maximum with   submitted from Sweden. Other closely related 

sequences in the Blast below the closest sequence showed 91%, 89%, 89% and 97% with  

I. rimosa (GenBank accession # AM882766.2, Sweden),  I. arenicola (GenBank 

accession # JF908110.1, Italy),  I. melliolens (GenBank accession # FJ904148.1, sweden) 

and  I. sororia (GenBank accession # HQ604621.1, Canada) respectively.  

Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.14). 
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Material examined:  Holotype1 under Pinus wallichaina trees, Himalayan 

moist temperate forest, Fairy Meadow, Gilgit-Baltistan, Pakistan. 21
st
 July, 2010. at 

3306m, a.s.l., Abdul Razaq SR-67, Hebarium # LAH 210710.GenBank accession 

#awaiting. Syntype I: ‗Pakistan, Khyber Pakhtonkhaw, Khanspur, at 1373 m a.s.l., on 

ground under Pinus wallichaina, 23 August 2010, Abdul Razaq K-07 LAH.No.230810. 

syntype II: ‗Pakistan, Khyber Pakhtonkhaw, Khanspur, at 1373 m a.s.l., on ground under 

Pinus wallichaina, 23 August 2010, Abdul Razaq K-08 LAH.No.230810.Syntype III: 

‗Pakistan, Khyber Pakhtonkhaw, Nathiagali, at 1373 m a.s.l., on ground under Pinus 

wallichaina, 23 August 2010, Abdul Razaq K-07 LAH..230810, the GenBank accession # 

awaiting.  

Etymology: The specific epithet refers to the country of the type. 
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Plate 49, Figs. A-H. Photographs of Inocybe pakistanica nom. prov. (Type) (A) 

Basidiomata SR-67 (B) Lamellar side SR-67 (C) Basidiocarp K-7 (D) Lamellar side 

K-7 (E) Basidiocarp K-8 (F) Lamellar side K- 8 (G) Basidiocarp K-83 (H) Lamellar 

side K-83. Bar: 2.5cm.    
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Plate 50, Figs. A-E. Inocybe pakistanica nom. prov. (Type) (I) Basidiospores  (J) 

Basidia (K) Caulocystida. (L) Pileipellis.  (M) Cheilocystidia. Bar = I: 8.75μm, J: 13 μm, 

K: 36 μm, L: 5 μm, M: 18.6 μm. 
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11.1.7 Inocybe rimosa Kummer, P. Der Führer in die Pilzkunde: 1-146. 1871.    

                                                                                          (Plate 51, Figs. A-E)  

Morpho anatomical characterization 

Pileus 3.0 cm wide, deep yellow, brown some time with yellow tones, 

campanulate in mature basidiocarps, not expanding, papillate, viscid when wet; context: 

thin to moderately thick, soft to firm, white with light yellow, unchanging when bruised 

or cut; margins slightly wavy and incurved; white to light brown; Lamellae subdistant, 

yellowish white to light yellow, edges entire, concolor, fleshy to brittle, thin, upto 23 mm; 

lamellulae absent. Stipe: 8.0 × 1.3 cm, white, rough, cracking pattern that girdles the stipe 

specially in its lower half, narrowing upward slightly; context white, without volval scales 

or zones; partial and  universal veil absent. Odor and taste not recorded. 

Basidiospores 12–14.5× 6.5–8.5 µm, smooth, ellipsoid, apiculate, light brown, 

with olive green contents in 5% KOH, thin walled. Basidia 31–40.5×13.0–15.5 µm, four 

spored, clavate, thin walled, hyaline, olive green droplets in 5% KOH. Cheilocystidia 28–

37.5×15.0–21.5 µm, hyaline, clustered, thin walled, clavate. Peileipellis loosely arranged 

hyphae, light yellowish-brown, 4.5–6 µm wide.  

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Inocybe rimosa (GenBank accession # HQ604622.1) 97%, Query coverage 99 %, E-

value 0. All the sequences in Blast analysis of Pakistani sequence belong to the same 

genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from Canada. Other closely related sequences in the Blast 

below the closest sequence showed 89%, 89%, 87% and 90% with  I. bulbosissima 

(GenBank accession # FJ904160.1, Sweden),  I. godfrinioides (GenBank accession # 

JF908099.1, Italy),  I. umbrinella (GenBank accession # FJ904165.1, Sweden) and  I. 

rimosa (GenBank accession # AJ889957.1, Denmark) respectively.  
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Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.14). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur, at 2400-2580 m a. s. l. , on the ground humified soil under Abies pindrow-

Pinus wallichina vegetation, solitary, Abdul Razaq, KP-04, 23-08-2010; submitted to 

herbarium, Department of Botany, University of the Punjab, Lahore. LAH. 13081004, the 

GenBank accession # awaiting. 
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Plate 51, Figs. A-E. Inocybe rimosa  (A) Basidioma  (B) Lamellar side of basidioma (C) 

Basidiospores (D) Basidia (E) Cheilocystidia. Bars = A & B: 0.5cm, C: 7μm, D: 10.5 μm, 

E: 8 μm. 
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11.1.8 Inocybe squamata J.E. Lange, Dansk botanisk Arkiv, 2(7):39, 1917. 

                                                                                                           (Plate 52, Fig. A-E)       

Morpho anatomical characterization 

Pileus 2.4-6.8 cm wide, orangish pink, plane, expanding, plano-convex to plane in 

age, deep central zone, viscid when wet; context: thin to moderately thick, soft to firm, 

white, unchanging when bruised or cut; margins without striation or minutely striated and 

incurved. Lamellae: free and approximate, subdistant, white to light yellow, edges entire, 

fleshy, thin; lamellulae truncate, diverse in length, not equally distributed between each 

pair of lamellae. Stipe: 3.7-4.9cm, light yellow to deep yellow above the partial veil, 

yellow to yellowish, white below, smooth, some time with cracking pattern that girdles 

the stipe specially in its upper half, narrowing upward slightly; Context: pale-white, 

sometimes yellow under stipipellis, slightly bulbous toward base or ovoid, with volval 

scales or zones, without rim; partial veil superior, thick, membranous, moderately broad, 

skirt-like, persistent, becoming cream, collapsing and tearing, up to 10 mm long; 

universal veil present in the form of white or pale yellow flakes on lower side of the stipe, 

lost during collecting the sporocarp; Lamella trama bilateral. 

Basidiospores 9.8-12× 5.6–6.2 µm, amygdaliform with acute apex, yellowish 

brown, with olive green contents in 5% KOH, thin walled. Basidia 23.6–33.04 × 8.26–

15.34 µm, four spored, clavate, olive green droplets in 5% KOH. Pleurocystidia absent. 

Cheilocystidia 28.32–37.76 × 9.91–17.23 µm, hyaline, clustered, thin walled. Peileipellis 

loosely arranged hyphae, light yellowish-brown, 7-9 µm wide.  

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Inocybe squamata (GenBank accession # FJ904136.1) 99%, Query coverage 98 %, 

E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the same 

genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from Sweden. Other closely related sequences in the Blast 

below the closest sequence showed 95%, 95%, 95% and 93% with  I. rimosa (GenBank 
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accession # HQ604624.1, Canada),  I. flavella (GenBank accession # JQ724025.1, 

Sweden),  I. hygrophorus (GenBank accession # FJ904137.1, Sweden) and  I. spuria 

(GenBank accession # FJ904139.1, Sweden) respectively.  

Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.14). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad side), at 2400-2580 m a. s. l. , on the ground humified soil under 

Abies pindrow vegetation, solitary, Abdul Razaq, KP-23, 23-08-2010; submitted to 

herbarium, Department of Botany, University of the Punjab, Lahore. LAH. 13081023, the 

GenBank accession # awaiting. 
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Plate 52, Figs. A-E. Inocybe squamata (A) Basidioma (B) Basidiospores (C) Basidia (D) 

Cheilocystidia. Bar = A: 1cm, B: 5μm, C: 8.6 μm, D: 10.5 μm. 
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11.1.9 Inocybe sp. SR-19                                               (Plate 53, Figs. A-C)  

Morpho anatomical characterization 

Pileus 2.0-2.5 cm broad, dark brown to gray, plano-convex, obtuse umbonate, 

shiny, radially fibrous, uniformly aligned gray black fibirills all over the surface, margins 

not smooth somewhat dentate. Lamellae white to cream, sinuate in attachment to stipe, 

entire, lamellulae truncate of different lengths. Stipe 3.0–4.5 × 0.5 cm, white, smooth, 

cylindrical, central. Taste and smell not recorded.  

 Basidiospores 9.0–12.5× 6.0–8.5 µm, smooth, ellipsoid, light brown, with olive 

green contents in 5% KOH, thin walled. Basidia 35–48.5×10.0–12.5 µm, four spored, 

clavate, olive green droplets in 5% KOH. Pleurocystidia, 57.0–87.5 × 14.0–20.0 µm, 

hyaline, olive green contents in 5% KOH. Peileipellis loosely arranged hyphae, light 

yellowish-brown, 6–7.5 µm wide.  

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Inocybe nitidiuscula (GenBank accession # HQ604090.1) 99%, Query coverage 94 

%, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the 

same genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from Canada. Other closely related sequences in the Blast 

below the closest sequence showed 90%, 89%, 89% and 85% with  I. lacera (GenBank 

accession # HQ604089.1, Canada),  I. cf. pruinosa  (GenBank accession # HQ604087.1, 

Canada),  I. cf. griseovelata (GenBank accession # AM882975.2, Sweden) and  I. exilis 

(GenBank accession # FN550919.1, Denmark) respectively.  
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Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.14). 

Habitat and Distribution: Pakistan: Gigit-Baltistan, Fairy Meadows, thick coniferous 

Forest (way to Bial camp and base to Nanga Purbat), on the ground rich soil under among 

the logs of coniferous vegetation, submitted to herbarium, Department of Botany, 

University of the Punjab, Lahore. Abdul Razaq, SR-19, 06-07-2010. LAH. 05071019, the 

GenBank accession # awaiting. 
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Plate 53, Figs. A-C. Inocybe sp. SR-19 (Type) (A) Basidiomata (B) Basidiospores (C) 

Pleurocystidia. Bar = A: 0.6cm, B: 4μm, C: 13.5 μm. 
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12.1.1 Gymnopus sp. K-36                                       (Plate 54, Figs. A-B) 

Morphological characterization 

Pileus 2.3-3cm wide, conical to bell-shaped, pale brown, globular, brownish 

yellow to orangish, umbonate, smooth, shiny, for the most part concentrated over the disc, 

no striation on margins context: thin to moderately thick, very soft and fleshy, white with 

light yellow, unchanging when bruised or cut; margins without striation,. Lamellae: free 

to adnexed, crowded, white, edges entire, thin, fleshy to brittle; lamellulae absent. Stipe: 

5.5-6.5 ×0.35cm, transparent to muddy brown, cylindrical, central-eccentric, fleshy, 

smooth; Context: brown-white, some times muddy brown under stipipellis, without volval 

scales or zones, annulus ring, partial veil absent. 

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with G. readiae (AF505773.1) 76%, Query coverage 100 %, E-value 0. All the sequences 

in Blast analysis of Pakistani sequence belong to the same genus or different genus of the 

same family. The percentage base similarity is noted maximum with   submitted from 

New Zealand. Other closely related sequences in the Blast below the closest sequence 

showed 76%, 76%, 76% and 76% with G. dryophilus  (GenBank accession # 

AY256698.1, USA), Gymnopus confluens (HQ533036.1, USA), G. indoctus 

(AY263440.1, USA) and  G. biformis (AF505775.1, Costarica) respectively. 

Phylogenetic analysis is conducted to determine the clustering of this local species with 

other species from different regions of the world (Fig.15). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad side), at 2400-2580 m a. s. l.  on the ground under Abies pindrow-

Pinus wallichina vegetation, solitary, Abdul Razaq, K-36, 23-08-2010; submitted to 

herbarium, Department of Botany, University of the Punjab, Lahore. LAH. 23081036, the 

GenBank accession # awaiting. 
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Plate 54, Figs. A-B. Gymnopus sp K-36 (A) Basidiomata   (B) Lamellar side of 

basidiomata Bar = 1.5cm 
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12.1.2 Gymnopus sp. K-38                                     (Plate 55, Fig. A-B) 

Morphological characterization 

Pileus 2.4 cm wide, bell-shaped to conical, off-white to pale brown, umbonate, 

smooth, shiny, central disc more darkened, margins minutely striated, brittle, at maturity 

expand upwards, context: thin, very soft and fragile, white with light yellow, unchanging 

when bruised or cut; lamellae: free to adnexed, crowded, white, edges entire, thin, brittle; 

lamellulae absent. Stipe: 3.3-×0.27cm, dark brown, cylindrical, firm, smooth; Context: 

brown-white, some times dark brown under stipipellis, without volva and annulus ring, 

partial veil absent, Odor and taste: not recorded.Macrochemical Tests: none recorded. 

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Gymnopus confluens (GenBank accession # AF505773.1) 76%, Query coverage 100 

%, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the 

same genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from USA. Other closely related sequences in the Blast below 

the closest sequence showed 76%, 76%, 76% and 76% with G. dryophilus  (GenBank 

accession # AY256698.1, USA), G. readiae (GenBank accession # HQ533036.1, New 

Zealand ), G. indoctus (GenBank accession # AY263440.1, USA ) and  G. biformis 

(GenBank accession # AF505775.1, Costarica) respectively. Phylogenetic analysis is 

conducted to determine the clustering of this local species with other species from 

different regions of the world (Fig.15). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad tract hospital side), at 2400-2580 m a. s. l. , on the ground humified 

soil under Abies pindrow-Pinus wallichina vegetation, solitary, Abdul Razaq, K-38, 13-

08-2010; submitted to herbarium, Department of Botany, University of the Punjab, 

Lahore. LAH. 13081038, the GenBank accession # awaiting. 



 154 

 

 

Plate 55, Figs. A-B. Gymnopus sp K-38.  (A) Basidiomata  (B) Lamellar side of 

basidiomata Bar = 1.2cm. 
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12.1.3 Gymnopus sp. KP-32                                        (Plate 56, Fig. A-B) 

Morphological characterization 

Morphologically this specis look ver close to Gymnopus sp. K-38 but 

phylogenetically and molecularly seems different. 

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Gymnopus confluens (GenBank accession # AF505773.1) 76%, Query coverage 100 

%, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the 

same genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from USA. Other closely related sequences in the Blast below 

the closest sequence showed 76%, 76%, 76% and 76% with G. dryophilus  (GenBank 

accession # AY256698.1, USA), G. readiae (GenBank accession # HQ533036.1, New 

Zealand), G. indoctus (GenBank accession # AY263440.1, USA ) and  G. biformis 

(GenBank accession # AF505775.1, Costarica) respectively. Phylogenetic analysis is 

conducted to determine the clustering of this local species with other species from 

different regions of the world (Fig.15). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad tract hospital side), at 2400-2580 m a. s. l. , on the ground humified 

soil under Abies pindrow-Pinus wallichina vegetation, solitary, Abdul Razaq, KP-32, 23-

08-2010; submitted to herbarium, Department of Botany, University of the Punjab, 

Lahore. LAH. 23081032, the GenBank accession # awaiting. 
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Plate 56, Figs. A-B. Gymnopus  sp. KP-32 (A) Basidiomata Bar = 0.7 cm. 
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12.2.1 Marasmius albimyceliosus Corner, Beih.Nova. Hedwigia. 11:28. 1996.  

                                                                                         (Plate 57, Figs. A-G)  
Morpho anatomical characterization 

Pileus 3.6 cm wide, creamy to brown, hemispheric to campanulate, viscid when 

wet; context: thin to moderately thick, soft to firm, white, unchanging when bruised or 

cut; margins completely entire and deflexed. Lamellae free and approximate, subdistant, 

concolor, edges entire, 3-6 mm broad, fleshy to brittle, thin; lamellulae truncate, diverse 

in length, distributed between every pair of lamllae. Stipe  50-60 × 6-7 mm, light brown, 

smooth, narrowing upward slightly; Context: off white, slightly bulbous toward base or 

ovoid, with volval scales or zones; partial veil absent, universal veil present in the form of 

white colar. Odor and taste not recorded. 

Basidiospores 7–8.5 × 4.0–5.0 µm, smooth, pear shaped, hyaline, with olive green 

contents in 5% KOH, thin walled. Basidia 27.0–35.5× 7.5–8.7 µm, 4–spored, clavate, 

light yellow, granules like oil contents in 5% KOH.  Basidioles  23.5–28.5× 5.19–6.5 µm, 

clavate, pale yellow, olive green content in KOH. Pleurocystidia, 30.0–43.5 × 8.0–

12.8µm, hyaline, fusiform, thick walled. Cheilocystidia 13.0–21.5 × 6.5–8.5µm, variable 

in shape, clavate, clustered, thin-walled. Pleurocystidia 15.5–23.5 × 11.0–12.5 µm, 

clavate, hyaline, thin walled. Stipe covering is composed of interwoven hyphae 141-165× 

5.54-10µm.  

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with M. albimyceiliosus (GenBank accession # EU935544.1, Thailand) 97%, Query 

coverage 89 %, E-value 0. All the sequences in Blast analysis of Pakistani sequence 

belong to the same genus or different genus of the same family. The percentage base 

similarity is noted maximum with   submitted from Thailand. Other closely related 

sequences in the Blast below the closest sequence showed 89%, 87%, 83% and 92% with 

Marasmius brunneospermus (GenBank accession # FJ904966.1, Korea),  M. oreades 

(GenBank accession # JN943604.1, Republic of Korea),  M. maximus (GenBank 
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accession # FJ904977.1, Republic of Korea) and  M. corneri (GenBank accession # 

EU935483.1, Thailand) respectively.  

Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.16). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad side), at 2400-2580 m a. s. l. , on the ground rich soil under Abies 

pindrow vegetation, solitary, Abdul Razaq, KP-13, 13-08-2010; submitted to herbarium, 

Department of Botany, University of the Punjab, Lahore. LAH. 13081013, the GenBank 

accession # awaiting. 
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Plate 57, Figs. A-G. Marasmius albimyceliosus (A) Basidioma  (B) Lamellar side of 

basidioma (C) Basidiospores (D) Cheilocystidia (E) Pileocystidia (F) Basidia (G) stipe 

covering. Bars = A & B: 0.75cm, C: 4.7μm, D: 12 μm, E: 19 μm, F: 12 μm, G: 19 μm. 
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 12.2.2 Marasmius oreades  (Bolt.: Fries) Fries Epicr. Myc. 375. 1838 

                                                                                     (Plate 58, Figs. A-E) 

Morpho anatomical characterization 

Pileus 3.0–5.5 cm wide, pink to off white, darker at the margins, fading towards 

margins, plane, straight or flaring, non viscid; context: fragile to thin, soft, unchanging 

when bruised or cut; margins without striation or minutely striated and slightly recurved 

sometimes; Lamellae: adnate and horizontal, subdistant, off white to light pink, edges 

entire, concolor, dry, thin, 33mm; lamellulae  absent. Stipe: 6.0 × 0.38 cm, off white just 

below pileus, darker with age, light brown towards the base, smooth, no cracking pattern, 

narrowing downward slightly; Context: pale brown, uniform, not bulbous toward base, 

without volval scales or zones, without rim; universal veil absent; Odor and taste: not 

recorded. 

Basidiospores 7.5–9.5 × 2.6–5.5 µm, ellipsoid-fusoid, fusoid, smooth, hyaline, 

smooth. Basidia 35–48 × 7.0–9.5 μm, 4-spored, clavate.  Basidioles  33.0–41.5× 6.0–9.5 

µm, cylindrical, clavate or Subfusoid.  Pleurocystidia, 30.0–43.5 × 7.8 –12.7µm, hyaline, 

fusiform, thick walled. Cheilocystidia 35.5–82.5× 8.9–17.0µm, variable in shape, clavate, 

fusoid, subcylindrical, mostly irregular, lobate, branched to coralloid, thin-walled. 

Pleurocystidia absent. Pileipellis is hymeniderm composed of cells 18.8–35.4×12.5–20.0 

μm, clavate or pyriform, regular, irregular or with scattered projections, thin- to slightly 

thick-walled, smooth, hyaline to pale yellowish in KOH.  

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Marasmius oreades (GenBank accession # FJ481042.1) 99%, Query coverage 100 

%, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the 

same genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from China. Other closely related sequences in the Blast 

below the closest sequence showed 90%, 89%, 88% and 87% with M. maximus 

(GenBank accession # FJ904977.1, Republic of Korea),  M. nivicola (GenBank accession 
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# FJ904973.1, Republic of Korea ),  M. wynneae (GenBank accession # FJ904979.1, 

Republic of Korea) and M. graminum (GenBank accession # JN943595.1, Denmark) 

respectively.  

Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.16). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad side),  on the ground humified soil under Pinus wallichina 

vegetation, solitary to small groups, Abdul Razaq, KP-03, 18-08-2009,  submitted to 

herbarium, Department of Botany, University of the Punjab, Lahore. LAH. 18080903, the 

GenBank accession # HF546217.1. 
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Plate 58, Figs. A-E. Marasmius oreades  (A) Basidiomata  (B) Lamellar side of 

basidiomata (C) Basidiospores (D) Cheilocystidia (E) Hymenium with basidia (F) 

Pleurocystidia. Bars = A & B: 2.5cm, C: 3.7μm, D: 27 μm, E: 16 μm, F: 7μm. 
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12.3.1 Microphale brassicolens Romagn., Bulletin de la Société Mycologique de 

France, 68:139, 1952                                                            (Plate 59, Figs. A-D)  

Morpho anatomical characterization 

Pileus 2.2–3.5cm wide, plano-convex to plane, orange brown to brick red, central 

disc, more concentrated than margins, which is reddish brown, central disc lower, 

umbonate to umbilicate, surface smooth to fibrillose forming wrinkled reticulate, soft and 

shiny when young, wrinkled at maturity; margins undulating to recurved towards pileus, 

entire; context thin to moderately thick, soft, orange, unchanging when bruised or cut. 

Lamellae white, narrow, adnate, subdistant, fleshy to brittle, thin, edges entire; lamellulae 

two different lengths, one marginal other end in the middle of the cap. Stipe 2.5–3 × 0.4–

0.65cm, light brown to dirty gray to black in lower part, smooth, cylindrical but tapers 

towards base, middle broad; selender,hollow without volval scales or zones and ring. 

Basidiospores 5.5–9.0 × 3.5–5.5 µm, avl × avw = 7.0–4.25 µm, Q= 1.6–1.65, 

avQ= 1.64; apiculate, thin walled, ellipsoid to oblong, hyaline to pale yellow in 5% KOH, 

inamyloid, smooth. Basidia 18.0–28.5 × 5.0–6.5 µm, 4-spored, hyaline to pale yellow in 

5% KOH, thin walled, sub-clavate to rod like with oil like contents. Cheilocystidia 16.5–

23.5 × 5.5–6.0 µm, rod like to ventricose, thin walled hyaline. 

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1f&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Microphale brassicolens (GenBank accession # DQ449989.1) 97%, Query coverage 

98 %, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the 

same genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from Russia. Other closely related sequences in the Blast 

below the closest sequence showed 93%, 91%, 91% and 93% with  Gymnopus dysodes 

(GenBank accession # DQ449987.1, USA),  G. iocephalus (GenBank accession # 

DQ449986.1, USA), M. foetidum (GenBank accession # AF505780.1, Austria) and G. 

impudicus (GenBank accession # AF505779.1, Costarica) respectively. 
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 Phylogenetic analysis is conducted to determine the clustering of this local 

species with other species from different regions of the world (Fig.17). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad side),  on the ground humified soil under coniferous vegetation, 

solitary to small groups, Abdul Razaq, KP-47, 24-08-2009,  submitted to herbarium, 

Department of Botany, University of the Punjab, Lahore. LAH. 24081047, the GenBank 

accession # waiting. 
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Plate 59, Figs. A-D. Micromphale brassicolens (A) Basidiomata  (B) Basidiospores (C) 

Basidia (D) Cheilocystidia. Bars = A: 0.8cm, B: 5μm, C: 8 μm, D: 9.4 μm. 
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13.1.1 Mycena pura (Fries) Quélet Champ. Jura et Vosges, p. 103. 1872.  

                                                                                                           (Plate 60, Fig. A-B) 

Morphological characterization 

Pileus 1.4 cm wide, whitish pink to light brown, smooth, globose to hemispheric  

in younger basidiocarps, shiny,  coloration  not  uniform but central disk is darkly colored 

; context: thin to moderately thick, soft to firm, white , unchanging when bruised or cut; 

margins without striation or minutely striated and recurved at first, remnants of the partial 

veils are not prominent. Lamellae: free to adnexed, not crowded, white to pinkish , edges 

not entire, fleshy to brittle, thin; lamellulae   observed. Stipe: 1.5× 0.2cm, white to 

pinkish, smooth, hollow, regular throughout the length, darkly colored toward base 

Context: ; Odor and taste: not recorded.  

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1f&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Mycena pura (GenBank accession # FN394597.1) 86%, Query coverage 88%, E-

value 0. All the sequences in Blast analysis of Pakistani sequence belong to the same 

genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from Germany. Other closely related sequences in the Blast 

below the closest sequence showed 85%, 85%, 82% and 82% with  M. rosella (GenBank 

accession # JF908473.1, Spain),  M. flavoalba (GenBank accession # JF908436.1),  M. 

rosea (FN394548.1, Denmark, New Zealand) and  M. dura (FN394560.1, Austria) 

respectively. Phylogenetic analysis is conducted to determine the clustering of this local 

species with other species from different regions of the world (Fig.18). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad side),  on the ground humified soil under mixed vegetation, solitary 

to small groups, Abdul Razaq, KP-61, 21-8-2010; submitted to herbarium, Department of 

Botany, University of the Punjab, Lahore. LAH. 21081061, the GenBank accession # 

awaiting. 
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Plate 60, Figs. A-B. Mycena pura (A) Basidiomata (B) Lamellar side of badioma Bar = 

0.46cm.  
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 14.1.1 Xerula hispida  Halling & G.M. Muell., Mycotaxon 71:105,1999.    

                                                                              (Plate 61, Figs. A-F)                                         

Morpho anatomical characterization 

Pileus  2–4.5cm diam., camel brown, grey fibrillose or fine scales over pileus, 

plano-convex to plane, margins extended upwards forming some concave shape, 

depressed broadly umbonate, central disc yellowish brown, smooth devoiding grey scales, 

margins smooth to dentate; thin to moderately thick context, soft to firm, white, 

unchanging when bruised or cut; without striation on pileus surface. Lamellae  adnate to 

adnexed, sub distant, cream to white, fleshy, edges entire, centrally swollen, one tier of 

lamellulae alternating with lamellae. Stipe 3.5–12×0.3–0.5 cm yellowish brown, central, 

cylindrical, tapering base, firm and woody, fragile especially when dried apparently  but 

bairs present under steriomicroscope, context  pale yellow to pale brown, without volva 

or zones. Odor and taste not recorded. 

Basidiospores 13.0–18.0×11.5–13.5µm, sub-globose to broadly ellipsoid, hyaline, 

pale yellow to in 5% KOH, olive green granules sometimes observed, thin walled, with 

prominent apiculus 1.9–3µm, non-amyloid and non-dextrinoid. Basidia 28.5–40.12× 

10.0–13.0µm, 4–spored, hyaline, clavate, hyaline to olive green granules or oil droplets in 

5% KOH.  Pleurocystidia 101.5–118.0 × 19.0–26.0 µm, hyaline to pale yellow and walls 

dark brown in 5% KOH, thick walled, 3-5 µm, fusiform, ventricose, with bluntly ended 

apex,crystals like structures deposited on apices of some pleurocystidia, sepatae. 

Cheilocystidia 57.5–81.0×13–19 µm, utriform, fusiform, broadly clavate, thin wall, 

hyaline, some cheilocystidia are thick wall similar to pleurocystidia. Peillipellis loosely 

arranged hyphae,  light yellowish-brown, pilocystidia 33.5–105.0×23.5–33.0µm, thin 

walled, broadly clavate, hyaline and pileosetae 71.0–166.0 × 13.5–15.5 µm, thick walled, 

light brown, cylindrical to fusiform, tapering endings filled with granules like contents. 

Molecular characterization                                                 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1f&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 



 171 

with Xerula hispida (GenBank accession # EF321485.1) 97%, Query coverage 100%, E-

value 0. All the sequences in Blast analysis of Pakistani sequence belong to the same 

genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from China. Other closely related sequences in the Blast 

below the closest sequence showed 95%, 94%, 94% and 94% with X. pudens (GenBank 

accession # AF321489.1, Papua New Guinea),  X. longipes (GenBank accession # 

HM005161.1, Russia),  X. melanotricha (GenBank accession # HM005162.1, Poland) 

and  X. hispida (GenBank accession # HM005164.1, Costarica) respectively. 

Phylogenetic analysis is conducted to determine the clustering of this local species with 

other species from different regions of the world (Fig.19). 

Habitat and Distribution: Pakistan, Khyber Pakhtunkhwa, Himalayan Moist Temperate 

Forests, Khanspur (34.0167° N, 73.4167° E), at 2250 m a.s.l., solitary, on moist ground 

near a mixed vegetation of  Abies pindrow, Pinus wallichaina and Quercus incana,  24 

August 2010, Abdul Razaq, KP-06, LAH.No.240806, the GenBank accession # waiting. 
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Plate 61, Figs. A-F.  Xerula hispida (A, B) Basidiomata. (C) Basidiospores (D) Basidia  

(E) Pleurocystidia (F) Cheilocystidia. Bars = A & B: 1.8cm, C: 12μm, D: 12 μm, E: 20 

μm, F: 21μm. 
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15.1.1 Hohenbuehelia petaloides  (Bull.) Schulz.Verh. zool.-bot. Ges. Wein. 16: 

45. 1866.                                                                                          (Plate 62, Figs. A-E) 

Morpho anatomical  characterization 

Pileus 12 cm wide, fan-shaped to petaloid, margin incurved, undulating, splitting 

in dry weather; cream to light brown to camel brown, surface flexuous, smooth, uniform 

coloration but margins white to cream, scales absent; context moderately thick, soft to 

firm, unchanging when bruised or cut; margins without striation. Lamellae decurrent, so 

crowded that lokk like goat whool, thin, cream to white, edges entire, lamellulae absent. 

Stipe very small, 2.5 × 0.8 cm eccenticl, cone like, light brown fibilrlose on white ground, 

thick, context pale cream. Odor and taste not recorded. 

Basidiospores 5.0–6.0× 4.0–4.5 µm, smooth, ellipsoid, light brown, apiculate, thin 

walled. Basidia 18.5–27.0 × 5.5–6.5 µm, two to four spored, clavate, hyaline; trama 

hyphal. Cheilocystidia absent. Pleurocystidia 47.0–60.5 × 12.0–19.5 µm, hyaline, 

metuloid, thick walled, clavate fusiform, cenrtal protoplasmic part transparent.  

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp in PCR using ITS1f&ITS4 pair. 

Initial BLAST analysis of nucleotide sequences revealed that Pakistani collection matches 

maximum with Hoenobuehelia petaloides (GQ142023.1, China) 95%, Query coverage 

100 %, E-value 0. Other closely related sequences in the Blast below the closest sequence 

showed 95%, 95%, 94% and 94% with H. angustata (142027.1, China), H. petalodes  

(EF409730.1,  Costa-Rica), Nematoctonus geogenius (EF409733.1, Costa-Rica) and  H. 

auriscalpium (EF409725.1, UK) respectively. Phylogenetic analysis is conducted to 

determine the clustering of this local species with other species from different regions of 

the world (Fig.20). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad tract), at 2400-2580 m a. s. l. , on the ground rich soil under Abies 

pindrow vegetation, solitary, Abdul Razaq, K-100, 14-08-2009; submitted to herbarium, 

Department of Botany, University of the Punjab, Lahore. LAH. 140809100, LAH. 

13081075, the GenBank accession # waiting. 
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Plate 62, Figs. A-E. Hohenbuehelia petaloides (A) Basidioma (B) Lamellar side of 

basidioma (C) Basidiospores (D) Basidia (E) Cystidia. Bars = A & B: 2cm, C: 3μm, D: 

6.75 μm, E: 10 μm. 
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Pluteus pouzarianus 

        Pluteus subcervinus nom. prov. 
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16.1.1 Pluteus pouzarianus Singer, Sydowia 36: 283. 1983. 

                                                            (Plate 63, 64, 65. Figs. A-F) 

Morpho anatomical characterization 

Pileus 5.5-7cm wide, hemispheric when young, plano-convex to concave at 

maturity, camel brown to light brown fiblills to scales which ascend upwards near margin 

of pileus on white ground, central umbonate disc dark brown, surface wrinkled reticulate, 

dry, shiny. context: moderately thick, firm, cream to pale yellow, unchanging when 

bruised or cut; margins entire  to minutely denticulate, become fragile and brittle at 

maturity. Lamellae: free, centrally broad, crowded with tiers of lamellulae alternating 

with lamellae, white cream to pinkish white, edges entire, fleshy, moderately thick. Stipe: 

cm, white when young, camel brown to light brown, smooth, dry,  striated, cylindrical to 

slightly tapering toward apex, central in attachment; Context white to pale yellow, 

slightly bulbous toward base, woody and firm texture. Odor and taste: not recorded.  

Basidiospores 7.5–11.5 × 5.0–8 µm, avl × avw = 9.2–6.0 µm, Q= 1.4–1.5, avQ= 

1.5 ellipsoid to oblong, apiculate, light brown to pale yellow in 5% KOH with large oil 

droplet, thin walled, yellowish brown in Melzer‘s reagent, inamyloid. Hymenium is 

regular with convergent hyphal trama. Basidia 21.0–33.5 × 7–13.5 µm, 4-spored, 

versiform to clavate, hyaline to pale yellow in 5% KOH, thin walled, with oil-like 

contents inside. Metuloid pleurocystidia 47.0–80.0 × 20–25.5 µm, 15.0–27.0 µm thick, 

dark brown wall, light brown with fine olive green fine refractive granules, fusiform to 

versiform  middle more broad than base and tip, apex ornamented with different 

arrangements of prongs which may be up to six, septate base. Cheilocystidia are of two 

types: hyaline thin walled and metuloid light olive green. Cheilocystidia broadly clavate 

to balloon shaped, 20.0–23.0 × 12.0–16.5 µm, hyaline, transparent,thin walled, clustered 

around metuloid cheilocystidia. Metuloid cheilocystidia similar to pleurocystidia but 

apices without prongs or small vestigial. Pileus covering a cutus septate terminal 

elements, 70.0–240.5 × 13.0–33.5 µm, thin walled, hyaline , variable shapes; cylindrical 

to clavate, ventricose, capitates. 

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 
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chain reaction (PCR) using fungal universal primers pairs (ITS1f&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Pluteus pouzarianus (GenBank accession # HM562170.1) 98%, Query coverage 99 

%, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the 

same genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from Germany. Other closely related sequences in the Blast 

below the closest sequence showed 98%, 98%, 98% and 96% with P. brunneidiscus 

(GenBank accession # HM562042.1, Spain), P. spegazzinianus (GenBank accession # 

HM562194.1, Argentina), P. scrvinus (GenBank accession # JN021072.1, Canada) and P. 

nothopellitus (GenBank accession # HM562063.1, Spain) respectively.  

Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.21). 

Habitat and Distribution: Pakistan: Gigit-Baltistan, Fairy Meadows, thick coniferous 

Forest (way to Bial camp and base to Nanga Purbat), on the ground rich soil under among 

the logs of coniferous vegetation, submitted to herbarium, Department of Botany, 

University of the Punjab, Lahore. Abdul Razaq, SR-60, 06-07-2010. LAH. 05071060, the 

GenBank accession # waiting. 
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Plate 63, Figs. A-D. Pluteus pouzarianus (A) Basidioma (B) Lamellar side of basidioma 

(C)   Basidiospores (D) Basidia. Bars = A & B: 2.5cm, C: 5.7μm, D: 6.7 μm.  
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Plate 64, Figs. E-F.  Pluteus pouzarianus  (E) Pleurocystidia  (F) Cheilocystidia. Bars = 

E: 9.4 μm, F: 10μm. 
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Plate 65, Fig. G. Pluteus pouzarianus (G) Pileal elements Bar = G : 13μm. 
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16.1.2 Pluteus subcervinus nom. prov.                (Plate 66–68 Figs. A-G) 
Morpho anatomical characterization 

Pileus 3.5-6cm wide, campalunate to globose to hemispheric when young, plano-

convex to concave at maturity, camel brown to dark brown to grey brown, central 

umbonate disc gray to black, surface with grey brown scales over whole pileus when 

young, glabrous to slimy at maturity, highly viscid when wet; context thin to moderately 

thick, soft to firm, cream to pale yellow, unchanging when bruised or cut; margins entire 

when young, at maturity become fragile. Lamellae free, centrally broad, crowded with 

lamellulae alternating with lamellae, white, edges entire to minutely crenuate, fleshy to 

brittle. Stipe 3-8 × 0.7-1 cm, white when young, light brown to brown, concolorous with 

pileus ground at maturity, smooth, viscid when wet with fibrillose, striated, cylindrical, 

central in attachment; Context white to pale yellow, slightly bulbous toward base 

Basidiospores 7.5–10.0 × 6.5–8.5 µm, avl × avw = 9.25–7.3 µm, Q= 1.15–1.2, 

avQ= 1.27 subglobose to broadly ellipsoid to ovoid, light brown with large oil droplet, 

wall is prominent, apiculate, pale yellow in Melzer‘s reagent, inamyloid. Hymenium is 

regular with convergent hyphal trama. Basidia 33.0–47.5 × 8–10.5 µm, 4-spored, rod to 

sub-clavate, hyaline to pale yellow in 5% KOH, thin walled, with oil-like contents inside. 

Pleurocystidia are of two types: metuloid, light brown and thin walled hyaline. Metuloid 

pleurocystidia 77.5–100.0 × 16.5–23.5 µm, 1.8–2 µm thick, light brown with fine olive 

green fine granules, fusiform to versiform, middle more broad than base and tip, apex 

ornamented with different arrangements of slits forming multiple angles, septate base. 

Thin walled pleurocystidia similar to be found on the edges of lamellae. Cheilocystidia 

thin walled, cylindrical to clavate, 50.5–141 × 9.5–18.5 µm, hyaline with some fine olive 

green refractive granules. Pileus covering a trichodermium with erect or ascending 

clamped terminal elements, 70.5–236.5 × 6.5–15.0 µm, thin walled, light brown to 

grayish brown, cylindrical to narrowly clavate, attenuate to clavate apices, clamp 

connections present. 

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1f&ITS4). Initial BLAST 



 183 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with P. spegazzinianus (GenBank accession # HM562194.1) 98%, Query coverage 99 %, 

E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the same 

genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from Argentina. Other closely related sequences in the Blast 

below the closest sequence showed 98%, 98%, 98% and 96% with P. brunneidiscus 

(GenBank accession # HM562042.1, Spain), Pluteus pouzarianus (GenBank accession # 

HM562170.1, Germany), P. scrvinus (GenBank accession # JN021072.1, Canada) and P. 

nothopellitus (GenBank accession # HM562063.1, Spain) respectively.  

Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.21). 

Habitat and Distribution: Pakistan: Gigit-Baltistan, Fairy Meadows, thick coniferous 

Forest (way to Bial camp and base to Nanga Purbat), on the ground rich soil under among 

the logs of coniferous vegetation, submitted to herbarium, Department of Botany, 

University of the Punjab, Lahore. Abdul Razaq, SR-40, 05-07-2010. LAH. 05071040, the 

GenBank accession # waiting. 

Etymology: The specific epithet refers superficial resemblance of the type with 

P.cervinus. 
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Plate 66, Figs. A-C. Pluteus subcervinus nom. prov. (Type) (A) Basidiomata (B) 

Lamellar side of basidiomata (C) Basidiospores. Bars = A & B: 1cm, C: 3μm. 
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Plate 67, Figs. D-F. Pluteus subcervinus nom. prov. (Type) (D) Cheilocystidia (E) 

Hymenium with basidia (F) Trichoderm pileus covering. Bar = D: 17.6 μm, E: 16 μm, F: 

36μm. 
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Plate 68, Fig. G. Pluteus subcervinus nom. prov. (Type) (G) Pronged Pleurocystidia Bar 

= G: 7μm. 
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                   Lactarius ahmedii nom. prov. 

                   Lactarius sanguifluus Lactarius 

                      Russula 
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Russula aurata 
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Russula himalayca nom. prov. 

Russula integriformis 

Russula khanspurensis nom. prov. 

Russula laricina 

Russula laricina var.ahmedii nom. prov. 
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17.1.1 Lactarius ahmedii nom. prov.                        (Plate 69, Figs. A-E)  

Morpho-anatomical chracterization                   

Pileus  2.5cm wide, orangish brown, reddish brown to orangish, darker in the 

centre and lighter at margins, umbilicate, depressd central broad umbo, plano-convex, 

expanding, faintly umbonate, fibrilose; context: thin to moderately thick, soft to firm, 

orangish to pink, unchanging when bruised or cut, confluent; margins without striation 

and incurved. Lamellae  uncinate to sub-decurrent, subdistant to close, pinkish, edges 

entire, fleshy to brittle, thin, 10 mm; lamellulae truncate, frequent, of three types. Stipe 35 

× 6 mm, concolorous, centrally attached, cylindrical, slightly tapers toward pileus, darker 

at lower side and lighter upside, smooth, uniform; Context: pink-white, without volval 

scales or zones.  

Basidiospore 6.0–8.5×5.0–7.6 µm, (Q=1.064) rounded to ovoid, light yellow, 

ornamentation amyloid, rounded warts and ridges ranging 0.76–2.12 µm, partial to 

complete reticulum. Basidia 26–31.5×9.5–11µm, sub-clavate-clavate, oil droplet like 

contents, 4-spored, sterigma up to 7 µm long with rounded ends. Pleuromacrocystidia 

31–57×8.7–10µm, many types fusiform, swollen apex, beaked, lanceolate, hook like 

apical endings. Pleuropseudocystidia clavate, numerous, rounded at apex. Pilipellis 

composed of irregulary shape cells with some special cells having some contents. 

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1f&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Lactarius atlanticus (GenBank accession # JF908297.1) 95%, Query coverage 99 %, 

E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the same 

genus. The percentage base similarity is noted maximum with Lactarius atlanticus 

submitted from USA. Other closely related sequences in the Blast below the closest 

sequences showed 94%, 92%, 92% and 92% with L. subserifluus (GenBank accession # 

EU819486.1,USA), L. cf. rubidus (GenBank accession # DQ822820.1,USA),  L. 

camphoratus (GenBank accession # EU819480.1,USA) and L. helvus (GenBank 

accession # AY606946.1, Sweden ) respectively.  
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Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.22). 

 Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad side), at 2400-2580 m a. s. l. , on the ground humified soil under 

Abies pindrow vegetation, solitary, Abdul Razaq, KP-12, 04-09-2011; submitted to 

herbarium, Department of Botany, University of the Punjab, Lahore. LAH. 04091112, the 

GenBank accession # awaiting. 

Etymology: The specific epithet refers the renowned Pakistani, Dr. Sultan Ahmad.  
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Plate 69, Figs. A-E. Lactarius ahmedii nom. prov. (Type) (A) Basidioma (B) Lamellar 

side of basidioma (C) Basidia (D) Basidiospores (E) Macrocystidia. Bars = A & B: 

0.45cm, C: 9.8μm, D: 6 μm, E: 19 μm. 
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17.1.2 Lactarius sanguifluus (Paulet) Fr. in Epicr. Syst. Mycol.: 341: 1838.  

                                                                                                         (Plate 70, Figs. A-E) 

Morpho anatomical characterization 

Pileus 7.5cm wide, convex, central, wide umbo with depressed circular zone 

around, surface smooth, viscid, vinaceos red colour, orange  buff, pinkish buff in an 

irregular pattern, margin of pileus  decurved, slightly brown. Context firm, thick, fresh 

red vinaceous. Lamellae vinaceous red, margins pale brown, entire, slightly decurrent, 

crowded, forked or anastomosing near stipe, sometimes gills also anastomos with each 

other. Stipe 7×1.3cm, vinaceous red colour, whitish toward base, a white ring (ribbon 

shaped) very prominent and uniform under the gills attachment region, more or less 

cylindrical, surface smooth and shiny. Stipe hollow with brick red context.  

Basidiospores globose to subglobose, 8–9 × 7.31 μm, ornamented, ridges 

prominent, thick reticulum formed. Basidia 44–53×7–8.2 μm, four spores, subcylidrical 

to Clavate with oil-like droplets. Pleuromacrocystidia 37.8–47.5×8.7–9.4 μm, tapering 

towards apex, pseudocystidia common.  

 Molecular characterization 

Genomic DNA from sporocarp was amplified generating a fragment approx. 

750bp consisting of internal transcribed spacers (ITS) regions and 5.8S region of rDNA. 

After assembling and cleaning the sequences, results of sequencing with same pair of 

primers, nucleotide sequence comparisons were performed with Basic Local Alignment 

Search Tool (BLAST) network services using National Center for Biotechnology 

Information (NCBI), USA database and it matches 99% with Lactarius sanguifluus 

(FJ858746, AF249289). Pakistani sequence showed 100% similarity with two sequences 

(AY33254, AY332547) submitted from Belgium and two sequences (FJ858746, 

AF249289) submitted from Europe. Maximum similarity in Lactarius vinosus is 99.4% 

(AY332551, AY332552).  
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Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.22). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Koza 

gali, at 2125-2400 m a. s. l. , on the ground humified soil under Abies pindrow-Pinus 

wallichina vegetation, solitary, Abdul Razaq, K-76, 11-08-2010; submitted to herbarium, 

Department of Botany, University of the Punjab, Lahore. LAH. 11081076, the GenBank 

accession # HF559378.1.  
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Plate 70, Figs A-E. Lactarius sanguifluus (A) Basidiomata (B) Lamellar side of 

basioma (C) Basidiospores (D) Basidia (E) Macrocystidia. Bars = A & B: 1.25cm, C: 

4μm, D: 11 μm, E: 10 μm.  
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17.2.1 Russula acrifolia Romagn., Documents Mycologiques, 26(104):32, 1997                                      

                                                                                    (Plate 71, Figs. A-D) 

Morpho anatomical characterization 

Pileus 5.5–7.5, plano-convex, centrally depressed, umber to chestnut to ashy gray 

uniformly, glabrous, viscid when wet, gelatinous, frequently with adhering debris, thick, 

removable cuticle, context thick, margins smooth, incurved. Lamellae, adnate, adnexed, 

to subdecurrent, white, crowded, moderately broad, brittle. Stipe 4.5–6.0× 2.0–2.5 cm 

centrally in attachment, cylindrical,slightly tapering to base, thick, glabrous surface. 

Basidiospores 8.55–9.5 × 6.65–8.075µm, ornamented with small spines, globular 

to subglobular, hyaline to green yellow in 5% KOH, thick walled. Basidia 34.22–40.12 × 

9.44–12.744 µm, four spored, hyaline, fusiform, pink in 5% KOH+ Phloxine, without 

sterigmata,  pleurocystidia 47.5–66.5× 6.0–8.5 µm, hyaline to pale yellow, olive green 

granules, clustered, thin walled, cylindrical with attenuate apex. 

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1f&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Russula acrifolia (GenBank accession # DQ421998.1, Sweden) 99%, Query 

coverage 99 %, E-value 0. Other closely related sequences in the Blast below the closest 

sequence showed 83%, 82%, 81% and 82% with R. adusta (AB291768.1, Japan),  R. 

nigricans (GenBank accession # EU819428.1, USA), R. anthracina (JF908673.1, Italy) 

and R. densifolia (HQ439176.1, China) respectively. Phylogenetic analysis is conducted 

to determine the clustering of this local species with other species from different regions 

of the world (Fig.23). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (halley pad forest tract) at 2400–2580 m a. s. l. , on the ground under Pinus 

wallichaina tree, solitary, Abdul Razaq, KP-65, 22-08-2010; submitted to herbarium, 

Department of Botany, University of the Punjab, Lahore. LAH. 220810065, accession # 

awaiting.  
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Plate 71, Figs. A-D. Russula acrifolia (A-B) Basidiomata (C) Basidiospores (D) Basidia. 

Bars = A & B: 2cm, C: 2.4μm, D: 8 μm. 
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17.2.2 Russula aurata Fr., Epicr. syst. mycol. (Upsaliae): 360:1838.                                                      

                                                                                                 (Plate 72, Figs. A-E)  

Morpho anatomical characterization 

Pileus 5.5–6 cm broad, plano-convex to expanded, reddish orange surface, central 

disc depressed, more darker fading to margins becoming yellow, viscid when wet, shiny, 

glabrous, margins striated. Gills, pale yellow,conchorous with stipe, crowded, adnate, 

lamallulae absent. Stipe, yellow, cylindrical, centrally attached, glabrous surface. 

Basidiospores 8.5–11.5 × 7.5–9.5µm, echinulated, globular to subglobular, 

hyaline to pale yellow in 5% KOH, partially reticulum between isolated warts, apiculous 

prominent, thick walled, echines 0.9-1.1 µm long. Basidia 27.0–42.5 × 12.0–15.5 µm, 

four spored, honey brown, clavate and slightly more broader, thin walled, with sterigmata 

6.5–8.5 µm long, pleurocystidia 28.0–40.5 × 13.0-17.5 µm, hyaline to pale yellow in 5% 

KOH, thin walled. 

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1f&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Russula aurata (GenBank accession # AY061659.1, USA) 97%, Query coverage 

98%, E-value 0. Other closely related sequences in the Blast below the closest sequence 

showed 95%, 89%, 85% and 84% with R. flavida (GenBank accession # EU598170.1, 

USA),  R. lutea (GenBank accession # HQ604848.1, Canada), R. torsi (GenBank 

accession # EF530935.1, Canada) and  R. murillii (GenBank accession # HQ604850.1, 

USA) respectively. Phylogenetic analysis is conducted to determine the clustering of this 

local species with other species from different regions of the world (Fig.23). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad side), at 2400-2580 m a. s. l. , on the ground Pinus wallichina 

vegetation, solitary, Abdul Razaq, K-21, 12-08-2010; submitted to herbarium, 

Department of Botany, University of the Punjab, Lahore. LAH. 12081021, GenBank 

accession # awaiting.  
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Plate 72, Figs. A-E. Russula aurata (A & B) Basidiomata (C) Basidiospores (D) Basidia  

(E) Pleurocystidia. Bars = A & B: 1.3 cm, C: 2.8 μm, D: 9 μm, E: 18.5 μm, F: 10 μm. 
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17.2.3 Russula densifolia   Gillet Champ. Fr. 231. 1876. (Plate 73, Fig. A-E)                                     

Morpho anatomical characterization 

         Pileus 6-7.5 cm broad, plano-convex, dark grayish-golden brown, central part in 

grayish black and darker than margins, margins smooth and slightly incurved inside, 

surface smooth, shiny and sticky, slimy material on surface. Gills white, crowded, 

lamellulae absent, free, smooth margins, start from margins and end near stipe. stipe 

central, cylindrical tapering towards base, white, smooth. 

                    Basidiospores 8.0–12.5 × 7.0–10.5µm, echinulated partially reticulated, 

globular to subglobular, hyaline, hyaline to pale yellow in 5% KOH, thin walled. Basidia 

40.0–53.5× 11.5-13.5 µm, 4–spored, hyaline, clavate, hyaline, pink in Phloxine+5% 

KOH, with sterigmata, pleurocystidia 40.0–84.5 × 6.5–8.5 µm, hyaline to pale yellow in 

5% KOH, thin walled.  

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1f&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with R. densifolia (GenBank accession # HQ439176.1, China) 98%, Query coverage 99 

%, E-value 0. Other closely related sequences in the Blast below the closest sequence 

showed 93%, 92%, 91% and 92% with R. adusta (GenBank accession # AB291768.1, 

Japan),  R. nigricans (GenBank accession # EU819428.1, USA), R. anthracina (GenBank 

accession # JF908673.1, Italy) and Russula acrifolia (GenBank accession # DQ421998.1, 

Sweden), respectively.  Phylogenetic analysis is conducted to determine the clustering of 

this local species with other species from different regions of the world (Fig.23). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur, at 2400-2580 m a. s. l., on the ground under Abies pindrow-Pinus wallichina 

vegetation, solitary, Abdul Razaq, KP-50, 24-08-2010; submitted to herbarium, 

Department of Botany, University of the Punjab, Lahore. LAH. 24081050,GenBank 

accession # awaiting.  
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Plate 73, Figs. A-E. Russula densifolia (A) Basidioma (B) Lamellar side of basidioma 

(C) Basidiospores (D) Basidia  (E) Pleurocystidia. Bars = A & B: 1.5 cm, C: 4.6 μm, D: 

9.6 μm. E: 11.7 μm. 
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17.2.4 Russula foetenoides nom. prov.       (Plate 74-75, Figs. A-K)                               

Morhpo-anatomical characterization  

            Pileus 4-7cm across, spherical-hemispherica when young, at maturity plano-

convex, yellowish-brown, with chestnut brown patches, glabrous, gelatinous, heavily 

viscid when wet surface, dark, grayish brown and constricted central disc, margin smooth, 

downwards, without any striation. Context. thick, white, unchanging on bruising. 

Lamellae: white, adnate to adnexed, crowded, margins entire, lamellulae absent. Stipe 6-8 

× 2-3 cm, centrally attached, fibrillose, firm, white but some brown spots present on 

lower side,  ovoid and bulbous at early stage but cylindrical, thick, firm, hollow at 

maturity.  

Basidiospores 7.7–11 × 7-8–9.5 µm, echinolate, spines and warts, 1.5–2 µm, with 

many of line connections among warts, globose to subglobose, Q=1.5–1.3 with 

ornamentation of warts and ridges, whitish to yellow, 1.7–2 µm in height, apiculate, 

apiculus; 2–2.9 µm, hyaline looks originating from intine. Basidia 47–53.5 × 8–13 µm, 4–

spored, thin walled, hyaline, clavate to sharply tapering towards base. Hymenial Cystidia 

47–53 × 7–9 µm, hyaline, clavate, slightly swollen apex. Pleurocystidia: hymenial 

pseudocystidia 47.0–101.5 × 8–9 µm impregnated with contents, either pointed at one end 

or constricted while blunt at other, usually cylindrical to fusiform. Pileus covering 

composed of two layers, subpellis is a loose cutis of interwoven, filamentous hyphae, 

1.41–3.06 µm in diam, lying above the sphaerocytes, hyaline to light yellow, suprapellis 

well developed, composed of thick, less frequently septate hyphae, 5.15 – 10.62 (–11.8 in 

diam) µm, mostly running parallel, terminal cells mostly clavate, with obtuse apex, 

occasionally fusoid with acute apex, pointed and hirsute endings, impregnated with light 

brown granules. Stipipellis composed of interwoven hyphae, 4.5 – 9.5 µm wide, hyaline 

to light yellow in 5% KOH. 

Molecular characterization 

Partial sequence of 18S and 28S region, complete sequence of ITS1, 5.8S and 

ITS2 of ribosomal DNA was amplified. Sequence results shows similarity with R. foetens 

(AY061677, AY061677, DQ422023) and its other allies of Russula sect. Ingratae sub-

sect. Foetentinae. (DQ822824, AY061732, GU222258, HQ604830, JF908651, 

EU598190, AY061736, EU598187, JF9086722 etc.,). Sequence was compared and 
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aligned with sequences of Foetentinae members especially with that of R. foetents. 

Russula foetenoides showed 5.53% sequence bases different from R. foetens, the central 

part of both sequences (5.8S) (175-367=192) is conserved while the variability exists in 

both side regions(ITS1 & ITS2).In former region 13/174=7.23% variability is present and 

in latter part 24/301=7.97% bases are mismatched. The first variable region is smaller 

than the second.  

Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.23). 

Habitat and Distribution: Pakistan, Khyber Pakhtonkhwa (KPK) Prov., 

Khanspur-Ayubia, (North-Western forest) at 2400-2580 m a. s. l.,  under Abies pindrow, 

August 14, 2006, A. Razaq, K-23 & KP-34 . Dried specimen was deposited to Herbarium 

of department of Botany, Punjab University Lahore. (LAH) 14081023 & (LAH) 

23081034 the GenBank accession # HE647707.1, HE647708.1.  

Etymology: The specific epithet refers superficial resemblance of the type with R. 

foetens. 
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Plate 74, Figs. A–C: Russula foetenoides nom. prov. (Type) (A) Basidiomata (B) 

Surface view of basidiomata (C) Pileus margins and lamellae view. Bar = 1cm. 

A 
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Plate 75, Figs. A–H: Russula foetenoides nom. prov. (Type)  (D) Basidiocarp (E) 

Reverse view of basidiocarps (F) Basidiospores (G) Hymenidial pseudocystidia 

(Macrocystidia) (H) Hymenium part (I) Basidia (J) Pileus covering (K) Stipe covering, 

Scale. Bars = D & E: 1.8cm, F: 5.5μm, G: 26.5 μm, H: 16.5 μm, I: 14.7 μm,  J: 3.5 μm, K: 

7.3 μm.  
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17.2.5 Russula himalayca nom. prov.                          (Plate 76, Figs. A-E)  

Morpho anatomical characterization 

Pileus  7.0 cm wide, orange to red, hemispheric, expanding, viscid when wet; 

context thin to moderately thick, soft to firm, white with light yellow, unchanging when 

bruised or cut; margins without striation or minutely striated and recurved at first; yellow 

to deep yellow or floccose patches, for the most part concentrated over the disc. Lamellae 

free and approximate, close, offwhite, edges entire, fleshy to brittle; lamellulae absent. 

Stipe 8.0 × 1.75 cm, white to light brown, smooth, hollow, some time with cracking 

pattern that girdles the stipe specially in its lower half, uniform diameter throughout the 

length; Context: brown, sometimes pale brown under stipipellis, slightly bulbous toward 

base or ovoid, with volval scales or zones; partial veil absent; universal veil present in the 

form of collar. Odor and taste not recorded. Macrochemical Tests none recorded. 

Basidiospores 7.0–15.65× 6.0–7.6µm, echinulated partially reticulated, globular to 

subglobular, hyaline, Pink in Pholoxine in 5% KOH, thin walled, spines 2.5–3.8 µm. 

Basidia 28.0–40.5× 10.0–13.0 µm, four spored, hyaline, clavate, hyaline to olive green in 

5% KOH, sterigmata 4.7–5.5µm, pleurocystidia 56.0–75.5 × 8.5–14.0 µm, hyaline to pale 

yellow in 5% KOH, thin walled.  

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1f&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Russula foetens (GenBank accession # AF418613.1) 91%, Query coverage 93 %, E-

value 0. All the sequences in Blast analysis of Pakistani sequence belong to the same 

genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from Germany. Other closely related sequences in the Blast 

below the closest sequence showed 90%, 89%, 89% and 91% with R. laurocerasi 

(GenBank accession # JF908651.1, Italy),  R. pulverulenta (GenBank accession # 

EU598186.1, USA), R. insignis (GenBank accession # AY061700.1, USA) and R. 

livescens (GenBank accession # JN836553.1, Pakistan) respectively.  
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Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.23). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Nathia gali 

(Governor house), on ground under Pinus wallichina vegetation, solitary, Abdul Razaq, 

KP-15, 24-08-2010; submitted to herbarium, Department of Botany, University of the 

Punjab, Lahore. LAH. 13081015, the GenBank accession # awaiting. 

Etymology: The specific epithet refers area of collection of the type. 
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Plate 76, Figs. A-E. Russula himalayca nom. prov. (Type) (A) Basidioma   (B) Lamellar 

side of basidioma (C) Basidiospores (D) Pleurocystidia  (E) Basidia. Bars = A & B: 1.4 

cm, C: 5.2 μm, D: 12 μm, E: 10 μm. 
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  17.2.6 Russula integriformis Sarnari, Bolletino dell'Associazione Micologica ed 

Ecologica Romana, 33:21, 1994                                               

                                                                               (Plate 77, Figs. A-B) 

Morpho anatomical characterization 

Pileus 5.5cm wide, plano-covex, but at maturity became expanded,central disc 

depressed forming curve, disc more dark and margins light orange, context; moderately 

thick, white, remain unchanging on bruising or cutting, minutely striated margins 

Lamellae white to light yellow, adnate to adnexed, distant, entire margins lamellulae 

absent. Stipe 5.5 × 1.6 cm, white, equal, cylindrical, annulus and volva absent, context 

white, firm.  Odor and taste not recorded. Macrochemical Test none recorded. 

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1f&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with R. integriformis (GenBank accession # AY061684.1) 97%, Query coverage 98%, E-

value 0. All the sequences in Blast analysis of Pakistani sequence belong to the same 

genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from USA. Other closely related sequences in the Blast below 

the closest sequence showed 94%, 94%, 93% and 92% with, Russula integra (GenBank 

accession # HM189840.1, Germany), R. flaviceps (GenBank accession # JF834371.1, 

USA), R. chameleontina (GenBank accession # JF834357.1, USA) and R. ponicea 

(GenBank accession # JF834344.1, USA) respectively.  

Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.23). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur, at 2400–2580 m a. s. l. , associated with Pinus wallichaina tree, solitary, 

Abdul Razaq, K-17, 12-08-2010; submitted to herbarium, Department of Botany, 

University of the Punjab, Lahore. LAH. 12081017, the GenBank accession # awaiting. 
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Plate 77, Figs. A-B. Russula  integriformis (A) Basidioma  (B) Lamellar side of basioma  

Bars = A & B: 2.85cm 
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17.2.7 Russula khanspurensis nom. prov.                         (Plate 78, Figs. A-F)

   

Morpho anatomical characterization 

Pileus 5.2 cm diam., hemispherical to plano-convex, green to light green, darker 

in centre and slightly depressed forming a central  grove, surface not uniform, margin 

smooth, downwards in young but expanded upwards at maturity context thick, white, 

unchanging on bruising. Lamellae white, adnate to adnexed, crowded, margins entire, 

lamellulae absent. Stipe 4.8 × 1.2 cm, white, equal, cylindrical, young ovoid and bulbous, 

thick, firm, without universal ring and volva. 

Basidiospores 7.0–8.5×5.7–6.5µm, echinulated, clavate to subclavate, tapering 

toward base, hyaline, Pink in Pholoxine in 5% KOH, thin walled. Basidia 35.5–45.0× 

10.5–12.0 µm, 4–spored, hyaline to yellow in 5% KOH,  with sterigmata 2.8–3.54µm. 

pleurocystidia 58.0–92.5 × 11.5–18.0 µm, hyaline to pale yellow in 5% KOH, thin 

walled.  

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1f&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Russula faustiana (GenBank accession # JF908705.1) 93%, Query coverage 97%, E-

value 0. All the sequences in Blast analysis of Pakistani sequence belong to the same 

genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from USA. Other closely related sequences in the Blast below 

the closest sequence showed 96%, 88%, 84% and 84% with R. parazurea (GenBank 

accession # HQ604836.1, Canada),  R. aeruginea (GenBank accession # JQ711921.1, 

Canada), R. inochlora (GenBank accession # HM189874.1, Germany) and  R. grisea 

(GenBank accession # AY061679.1, USA) respectively. 

Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.23). 
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Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad side), at 2400-2580 m a. s. l. , on the ground under Abies pindrow-

Pinus wallichina vegetation, solitary, Abdul Razaq, 10-08-2010; submitted to herbarium, 

Department of Botany, University of the Punjab, Lahore. LAH. 10081024, the GenBank 

accession # awaiting. 

Etymology: The specific epithet refers collection localtiy of the type. 
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Plate 78, Figs. A-F. Russula khanspurensis nom. prov. (Type) (A) Basidiomata   (B) 

Lamellar sideof basidioma (C) Basidiospores (D) hymenium with basidia  (E) 

Pleurocystidia (F) Basidia.  Bars = A & B: 1.3 cm, C: 2.8 μm, D: 9 μm, E: 18.5 μm, F: 10 

μm 
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17.2.8 Russula laricina Velenovský, J., Ceske Houby. 1:1-200.1920                                                  

                                                                                          (Plate 79, Figs. A-F) 

Morpho anatomical characterization 

Pileus 3cm wide, convex, yellowish green, slimy surface with adhering soil 

particles, margins smooth and fragile. Stipe accentric, 4.0 × 1.50 cm, white, lower part 

swollen and tapering toward the cap, Annulus absent. volva, outgrowth of some 

mushrooms is attached on lower part of the stipe. Gills white, densely crowded, margins 

entire, not directly attached to stipe. 

Basidiospores 11.5–14.0 × 9.0–10.5µm, echinolate with spines like structure 

which are isolated or partially reticulate, apiculate, globular to subglobular, hyaline to 

pale yellow, amyloid. Basidia 50.0–54.5 × 7.5–18.0 µm, four spored, hyaline, clavate to 

sub-clavate, pink in 5% KOH+ Phloxine, without sterigmata.  Pseudo hymenial 

pleurocystidia 65.5–88.5× 8.0–16.5 µm, hyaline to pale yellow, olive green granules, 

clustered, thin walled, cylindrical with attenuate apex. Cheilocystidia 20.5–47.5× 7.0–

21.5 µm, hyaline, narrowly clavate to clavate. 

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 750bp in PCR reaction with 

ITS1f&ITS4. Initial BLAST analysis of nucleotide sequences revealed that Pakistani 

collection matches maximum with R. laricina (AY061685.1, USA) 98%, Query coverage 

88 %, E-value 0. Other closely related sequences in the Blast below the closest sequence 

showed 97%, 97%, 97% and 97% with Russula aff. cessans (JF834345.1,USA),  R. 

murrillii (JF834352.1, USA), R. abietina (HQ650754.1, Canada) and R. nauseosa ( 

JF908642.1, Italy) respectively. Phylogenetic analysis is conducted to determine the 

clustering of this local species with other species from different regions of the world 

(Fig.23). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur at 2400–2580 m a. s. l., under Pinus wallichaina tree, solitary, Abdul Razaq, K-

5, 18-08-2010; submitted to herbarium, Department of Botany, University of the Punjab, 

Lahore. LAH. 18081005, , the GenBank accession # awaiting. 
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Plate 79, Figs. A-F. Russula laricina (A) Basidioma (B) Lamellar side of basioma (C) 

Basidiospores (D) Basidia  (E) Cheilocystidia (F) Pleurocystidia.  Bars = A & B: 0.6cm, 

C: 5.6μm, D: 12 μm, E: 11.8 μm, F: 16 μm. 
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17.2.9 Russula laricina var. ahmedii nom. prov.          (Plate 80, Figs. A-C)                                            

Morpho anatomical characterization 

Pileus 4-6.3cm broad, plano-convex when young, expanded in cup shape when 

mature, blackish-red to mahroon, darker the whole surface,glabrous, viscid when wet, 

shiny, gelatinous, margins convoluted, curved to the disc of the cap. Lamellae, white, 

distantly crowded, adnext to adnate, no lamullulae present. Stipe white to pinkish, 

cylindrical, centrally in attachment, smooth. 

                Basidiospores 7.0–9.5 × 6.5–8.5µm, echinulated, globular to subglobular, 

hyaline to pale yellow in 5% KOH, isolated warts, sometimes a partial reticulum formed, 

apiculus prominent, thick walled, echines 0.9–1.15 µm long. Basidia 45.0–51.5 × 8.5–

18.0 µm, 4–spored, hyaline, clavate to sub-clavate, pale yellow in 5% KOH, without 

sterigmata. Cheilocystidia 21.5–44.5× 8.0–20.5 µm, hyaline, narrowly clavate to clavate. 

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1f&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with R. laricina (GenBank accession # AY061685.1 97%, Query coverage 97%, E-value 

0. Other closely related sequences in the Blast below the closest sequence showed 97%, 

97%, 97% and 97% with Russula aff. cessans (JF834345.1), USA),  R. murrillii 

(JF834352.1, USA), R. abietina (HQ650754.1, Canada) and R. nauseosa (JF908642.1, 

Italy) respectively. Phylogenetic analysis is conducted to determine the clustering of this 

local species with other species from different regions of the world (Fig.23). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad side), at 2400-2580 m a. s. l. , on the ground associated with Abies 

pindrow tree, solitary, Abdul Razaq, 08-08-2010; submitted to herbarium, Department of 

Botany, University of the Punjab, Lahore. LAH. 08081049, the GenBank accession # 

awaiting.  

Etymology: The specific variety epithet refers to Dr. Sultan Ahmed. 
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Plate 80, Figs. A-C. Russula laricina var. ahmedii nom. prov. (Type) (A) Basidioma (B) 

Lamellar side of basiomata (C) Basidiospores Bars = A & B: 1.2 cm, C: 2.37 μm. 
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17.2.10 Russula pectinatoides  Peck, Bulletin of the New York State Museum, 

116:43, 1907                                                                         (Plate 74, Figs. A-F) 

Morpho anatomical characterization  

Pileus 6.4 cm wide, broadly convex becoming nearly plane or centrally depressed, 

brownish, yellowish brown or cinereus brown, sometimes darker in the center, globose to 

convex in younger basidiocarps, expanding, plano-convex to plane in age, central 

depressed part expanded upwards, viscid when moist, yellow to deep yellow or floccose 

patches, for the most part concentrated over the disc; context: thin to moderately thick, 

soft to firm, white with light yellow, unchanging when bruised or cut; margins widely 

tuberculose striated. Lamellae: free to adnexed, crowded, yellowish white to white, edges 

entire, fleshy to brittle, thin; lamellulae  absent. Stipe: 4.6×1.5cm, white, smooth, some 

time with cracking pattern that girdles the stipe especially in its upper half, narrowing 

upward slightly; Context: white.  

Basidiospores 6–7×5–6 µm, light yellowish orange, globose-sub-globose, 

echinolate, surface warts and ridges forms partial reticulum, apiculate; apiculus, 1.2–

1.4µm. Basidia, 4-spored, 36–42×8–9.4µm, clavate, sterigmata, 3–3.5×1–1.5 µm. 

Cystidia, 24–40 × 6.5–7.5µm clavate. Macrocystidia or Hymenial pseudocystidia 42.5–65 

× 8–13 µm, emergent, capitates, sharply tapering endings, swollen apex.   

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1f&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Russula pectinatoides (GenBank accession # EU819493.1) 94%, Query coverage 

95%, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the 

same genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from USA. Other closely related sequences in the Blast below 

the closest sequence showed 93%, 93%, 92% and 93% with R. amoenolens (GenBank 

accession # GQ166870.1, USA),  R. cerolens (GenBank accession # JN681168.1, USA), 
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R. sororia (GenBank accession # AB211275.1, Japan) and  R. foetens (GenBank 

accession # AF414613.1, Germany) respectively.  

Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.23). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Ayubia National Park) at 2400–2580 m a. s. l. , on the associated with Pinus 

wallichaina tree, solitary, Abdul Razaq, K-6, 21-08-2010; submitted to herbarium, 

Department of Botany, University of the Punjab, Lahore. LAH. 21081006, , the GenBank 

accession # awaiting. 
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Plate 81, Figs. A-F. Russula pectinatoides (A) Basidioma  (B) Lamellar side of 

basidioma (C) Basidiospores (D) Basidia  (E) Macrocystidia (F) Cystidia. Bars = A & B: 

1cm, C: 3μm, D: 8.75 μm, E: 15 μm, F: 9.5 μm. 
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17.2.11 Russula pectinatoides var. pakistanica nom. prov.  

                                                                                                           (Plate82, Figs.A-D) 

Morhpo-anatomical characterization  

Pileus 4.5 cm in diam., expanded, depress in the centre, slippery in appearance, 

thin transparent and gills are evident from the upper side, buff to light brown. Lamellae: 

gills white, adnate to adnexed, complete to incomplete. Stipe: 5.0 × 1.2 cm, whitish to 

buff centered, cylindrical. 

Basidiospores robust basidiocarps with many connections, globose to sub-globose 

to rounded, ornamented, echinulated, 5.19–6.14 × 5.19–6.14 µm, apiculate, apiculus; 1-2 

µm. Basidia: 2-4 Sterigmata, clavate, 25–31 × 6–8 µm; Cystidia: Having two types of 

cystidia: typical subulate Pileocystidia; 24–28 × 6–8 µm, hyaline, clavate; pleurocystidia; 

52–55 × 5–6 µm, hyaline, cylindrical. 

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1f&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Russula pectinatoides (GenBank accession # EU819493.1) 93%, Query coverage 

93%, E-value 0. Other closely related sequences in the Blast below the closest sequence 

showed 92%, 92%, 92% and 92% with R. amoenolens (GenBank accession # 

GQ166870.1, USA),  R. cerolens (GenBank accession # JN681168.1, USA), R. sororia 

(AB211275.1, Japan) and  R. foetens (AF414613.1, Germany) respectively. Phylogenetic 

analysis is conducted to determine the clustering of this local species with other species 

from different regions of the world (Fig.23). 

Habitat and Distribution:  Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (halley pad forest) at 2400–2580 m a. s. l. , on the ground under Abies pindrow 

tree, solitary, Abdul Razaq, K-13, 18-08-2010; submitted to herbarium, Department of 

Botany, University of the Punjab, Lahore. LAH. 18081013, the GenBank accession # 

awaiting. 

 Etymology: The specific variet epithet refers country of the type. 
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Plate 82, Figs. A-D. Russula pectinatoides var. pakistanica nom. prov. (Type) (A) 

Basidiomata (B) Basidia with basidioles (C) Basidiospores (D) Pleurocystidia. Bar = A: 

1cm, B: 8.8μm, C: 3 μm, D: 8.8 μm. 

 

A 

D 

C 

B 



 221 

 

 

 

 

 

 

 

                                               

 

 

 

 

 

 
      

Strophariaceae 
                  Gynmopilus 

                     Gymnopilus acortinus nom. prov. 

            Hypholoma 

                           Hypholoma xanthofolia nom. prov. 

                    Pholiota 

        Pholiota cylindricus nom. prov. 

                           Pholiota flavipes nom. prov. 

 

 

18 



 222 

18.1.1 Gymnopilus acortinus nom. prov.               (Plate 83, Figs. A-E) 

Morpho anatomical characterization 

Pileus 3.0-4.5 cm wide, orange with thin membranous patches all over the cap, 

globose in younger basidiocarps, convex to hemispheric in age, nonviscid when wet; 

context thin to moderately thick, soft to firm, white to pale yellow, unchanging when 

bruised or cut; margins without striation in younger basidiocarp and deeply striated in 

older basidiocarp, and deflexed; orange to deep orange or floccose patches, for the most 

part concentrated over the disc. Lamellae sinuate, close, yellowish white to light yellow, 

edges entire, fleshy, thick; lamellulae truncate, diverse in length, distributed between each 

pair of lamellae. Stipe 4.5–5.8 × 0.6–1.0 cm, orange, smooth, no cracking pattern, 

tapering upward; striated, woody texture, context thick, yellow orange slightly swollen 

base; partial veil and universal veil absent; odor and taste  not recorded. 

Basidiospores 8.0–10 × 4.0–6.0 µm, avl × avw = 9.0–5.0 µm, Q= 1.67–2.0, avQ= 

1.84; apiculate, moderately thick walled, warty to fibrillose in ornamentation, broadly 

ellipsoid to oblong, proximal and distal poles taper, middle broad, rusty brown to reddish 

brown 5% KOH, inamyloid, yellow in Melzer‘s reagent. Basidia 19.0–26.5 × 6.0–7.5 µm, 

4-sterigmata 2.0–2.8 µm in length, septate bases, hyaline to pale yellow in 5% KOH, thin 

walled, sub-clavate to clavate with oil like contents. Hymenium trama hyphal. Cystidia 

absent. Pileus covering atrichodrem with erect or ascending clamped termianal elements, 

75.5–85.5 × 7.5–11.5 µm, tapering apices to attenuate endings, hyaline to light brown to 

hyaline. Clamp connections abundantly present. 

 Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Gymnopilus decipiens (GenBank accession # AF325660.1) 97%, Query coverage 

98%, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the 

same genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from USA. Other closely related sequences in the Blast below 

the closest sequence showed 98%, 98%, 98% and 96% with G. penetrans (GenBank 
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accession AF325663.1, USA), G. turficola (GenBank accession # AF325669.1, Austria ), 

G. odini (GenBank accession # AF325659.1, USA)  and G. moabus (GenBank accession 

# AF501551.1, Australia) respectively.  

Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.24). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad forest), at 2400-2580 m a. s. l. , on the ground humified soil under 

Abies pindrow-Pinus wallichina vegetation, solitary, Abdul Razaq, KP-19, 21-08-2010; 

submitted to herbarium, Department of Botany, University of the Punjab, Lahore. LAH. 

21081019, the GenBank accession # awaiting. 

Etymology: The specific epithet refers stipe without any annulus or cortina like structure. 
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Plate 83, Figs. A-E. Gymnopilus acortinus nom. prov. (Type) (A) Basidiomata  (B) 

Lamellar side of basidioma (C)   Basidiospores (D) Basidia (E) Pileus covering. Bars = A 

& B: 0.9 cm, C: 5.2 μm, D: 9 μm, E: 15.5 μm. 
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18.2.1 Hpholoma xanthofolia  nom. prov.                  (Plate 84-85, Figs. A-H) 
Morpho anatomical characterization 

Pileus 1.5–2.8cm diam., hemispherical to convex, obtuse to broadly umbonate at 

maturity, reddish-orange to brick red-orange, uniform on the whole surface in younger 

specimens, margins faded and turn yellowish-orange at maturity, gelatinous, smooth, 

shiny,  fleshy; margins incurve, curvature entire. Lamellae yellow, distant to moderately 

crowded, free to sinuate, broad, margins entire, lamellulae 2-3 tiers alternate with 

lamellae. Stipe 4.0–5.5 × 0.45–0.6 cm, white, central in attachment, cylindrical to 

undulating sides, firm and woody texture, hollow, confluent, surface uneven, smooth 

texture, white mycellial mat on base, a long rhizomorph thread continues from base of the 

stipe.  

Basidiospores 4.0–6.0 × 3.0–4.5 µm, avl × avw = 5.2–3.6 µm, Q= 1.3–1.4, avQ= 

1.4; apiculate, thick walled,  broadly ellipsoid, light brown to yellow brown in 5% KOH, 

inamyloid, yellow in Melzer‘s reagent. Basidia 21.0–29.5 × 5.0–7.5 µm, 4-spored, 

hyaline to pale yellow in 5% KOH, thin walled, sub-clavate to clavate with flexuous sides 

and oil like contents. Hymenium trama hyphal. Pleurocystidia, 33.0–42.5 × 8.5–15.0 µm, 

abundant, thin walled, light brown, clavate to fusiform ventricose. Cheilocystida similar 

to pleurocystidia. Pileus covering a cutis with erect or ascending clamped straight and 

branched hyphae, 48.0–74.5 × 2.8–4.5 µm, light brown to hyaline. Clamp connections 

abundantly present. Stipe covering, cutis of interwoven hypahe, hyaline, clamped cells, 

43.0–72.0 × 2.5–3.5 µm. 

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Hypholoma capnoides (GenBank accession # GU067745.1) 93%, Query coverage 

98 %, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the 

same genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from Finland. Other closely related sequences in the Blast 

below the closest sequence showed 92%, 92%, 92% and 92% with H. fasciculare 
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(GenBank accession # HQ604749.1, Canada), H. myosotis  (GenBank accession # GU 

234243.1, The Netherlands ),  H. disperum (GenBank accession # HQ604747.1, Canada) 

and H. sublateritium (GenBank accession # AY818349.1, USA) respectively.  

Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.25). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Khaira gali tract side), at 2400-2580 m a. s. l., on the ground under Pinus 

wallichina vegetation, solitary, Abdul Razaq, KP-66, 24-08-2010; submitted to 

herbarium, Department of Botany, University of the Punjab, Lahore. LAH. 24081066, the 

GenBank accession # awaiting. 

Etymology: The specific epithet refers yellow colour of lamellae of the type. 
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Plate 84, Figs. A-D. Hypholoma xanthofolia nom. prov. (Type) (A) Basidiomata  (B) 

Lamellar side of basidiomata (C)   Basidiospores (D) Basidia. Bars = A & B: 1.12 cm, C: 

4.6 μm, D: 7.4 μm. 
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Plate 85, Figs. E-H. Hypholoma xanthofolia (E) Basidia (F) Pleurocytidia (G) Pileus 

covering (H) Stipe covering. Bar = E: 6.5 μm, F: 7.7 μm, G: 14.8 μm, H: 13.8 μm. 
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18.3.1 Pholiota cylindricus nom. prov.                     (Plate 86-87, Figs. A-F) 

Morpho anatomical characterization 

Pileus 3.5 cm in diam., hemispherical to campanulate to convex, rusty brown to 

dark brown, dark brown central obtuse to umbonate disc, dry, surface scaly, broad scales 

of light yellow brown; margins incurved, entire; surface dry, shiny, uneven look, uniform 

coloration. Lamellae dark brown, adnate, crowded,  margins, entire, fleshy, thin ; tires of 

lamellulae of various lengths among lamellae. Stipe 4.5-6.5 × 0.5-0.7 cm, concolorous 

with pileus, cylindrical, striated, fibrous, remains of annulus light brown close to 

lamellae, base bulbous, white hyphal mat.  

Basidiospores 6.5–8.5 × 4.0–6.0 µm, avl × avw = 7.5–4.86 µm, Q= 1.4–1.6, avQ= 

1.5; apiculate, thin walled, ellipsoid to pear shape, rusty brown in 5% KOH, inamyloid, 

brown in Melzer‘s reagent, smooth or poorly ornamented. Basidia 26.0–31.5 × 7.0–9.0 

µm, 4-spored, sterigmata up to 2.0–3.5 µm, hyaline to pale yellow in 5% KOH, thin 

walled, sub-clavate to clavate with oil  contents. Hymenium trama hyphal. Pleurocystidia, 

44.5–60.5 × (6.5–11.5) – (10.0–16.5) µm, abundant, thin walled, ventricose with broader 

base (10.0–16.5)  and less broad neck (6.0–9.0)   to fusiform, dark brown middle part 

hyaline to pale yellow in 5%KOH. Cheilocystida similar to pleurocystidia.  

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Pholiota spumosa (GenBank accession # JF908577.1) 99%, Query coverage 97%, 

E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the same 

genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from Italy. Other closely related sequences in the Blast below 

the closest sequence showed 99%, 99%, 94% and 94% with P. flavida (GenBank 

accession # JF908576.1, Italy), P. alabamensis (GenBank accession # JF961356.1, 

China),  P. carbonaria (GenBank accession # GU934596.1, Lithuania) and P. lubrica 

(GenBank accession # AB301612.1, Japan) respectively.  



 230 

Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.26). 

Habitat and Distribution: Pakistan: Gigit-Baltistan, Fairy Meadows, thick coniferous 

Forest (Fairy Meadow forest), on the ground under coniferous vegetation, submitted to 

herbarium, Department of Botany, University of the Punjab, Lahore. Abdul Razaq, SR-4, 

04-07-2010. LAH. 04071014, the GenBank accession # awaiting. 

Etymology: The specific epithet refers cylindrical stipe of the type. 
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Plate 86, Figs. A-D. Pholiota cylindricus nom. prov. (Type) (A) Basidiomata  (B) 

Lamellar side of basidioma (C)   Basidiospores (D) Basidia. Bars = A & B: 0.8 cm, C: 2.8 

μm, D: 8 μm. 
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Plate 87, Figs. E-F. Pholiota cylindricus nom. prov. (Type) (E) Pleurocystidia (F) 

Cheilocystidia. Bar = E: 7 μm, F: 8 μm. 
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18.3.2 Pholiota flavipes nom. prov.                              (Plate 88, Figs. A-F) 

Morpho anatomical characterization 

Pileus 4 cm in diam., hemispherical to convex, lemon yellow to light brown, dark 

brown central obtuse to broadly umbonate disc, viscid, surface fibrillose; margins 

incurved, entire with fine dark brown denticulation. The surface is slimy when wet and 

looks glabrous but on drying it gives warty and uneven look. Lamellae cream to light 

yellow brown, adnate, subdistant to crowded, anostomosing, margins, smooth to finely 

dentate, fleshy, thick ; tires of lamellulae of various lengths among lamellae. Stipe 5.0-6.0 

× 0.6 cm, off white to light yellowish brown, cylindrical, striated, fibrous, remains of 

annulus light brown close to lamellae, base bulbous, white hyphal mat.  

Basidiospores 7.0–9.0 × 4.0–5.5 µm, avl × avw = 8.1–4.8 µm, Q= 1.64–1.75, 

avQ= 1.7; apiculate, moderately thick walled, ellipsoid to oblong pear shape, rusty brown 

in 5% KOH, inamyloid, brown in Melzer‘s reagent. Basidia 23.5–29.5 × 8.0–10.0 µm, 4-

spored, sterigmata up to 2.3 µm, hyaline to pale yellow in 5% KOH, thin walled, sub-

clavate to clavate with oil like contents. Hymenium trama hyphal. Pleurocystidia, 52.5–

68.5 × (6.0–9.0) – (10.0–16.5) µm, abundant, thin walled, ventricose with broader base 

(10.0–16.5)  and less broad neck (6.0–9.0)   to fusiform, neck or above hymenial part, 

yellowish brown, basal part hyaline to pale yellow in 5%KOH. Cheilocystida similar to 

pleurocystidia. Pileus covering a cutis with erect or ascending clamped terminal cells, 

33.0–70.5 × 5.0–9.5 µm, light brown to grayish brown. Clamp connections abundantly 

present. Stipe covering, cutis of interwoven hypahe, hyaline, clamped. 

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Pholiota flavida (GenBank accession # JF908576.1) 99%, Query coverage 98%, E-

value 0. All the sequences in Blast analysis of Pakistani sequence belong to the same 

genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from Italy. Other closely related sequences in the Blast below 

the closest sequence showed 99%, 99%, 94% and 94% with P. spumosa (GenBank 
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accession # JF908577.1, Italy), P. alabamensis (GenBank accession # JF961356.1, 

China),  P. carbonaria (GenBank accession # GU934596.1, Lithuania) and P. lubrica 

(GenBank accession # AB301612.1, Japan) respectively. 

 Phylogenetic analysis is conducted to determine the clustering of this local 

species with other species from different regions of the world (Fig. 26). 

Habitat and Distribution: Pakistan: Gigit-Baltistan, Fairy Meadows, thick coniferous 

Forest (Fairy Meadow forest), on the ground under coniferous vegetation, submitted to 

herbarium, Department of Botany, University of the Punjab, Lahore. Abdul Razaq, SR-4, 

03-07-2010. LAH. 03071036, the GenBank accession # awaiting. 

Etymology: The specific epithet refers pale colouration of pileus of the type. 
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Plate 88, Figs. A-F. Pholiota flavipes nom. prov. (Type) (A) Basidiomata  (B) Lamellar side 

of basidioma (C)   Pleurocystidia (D) Cheilocystidia (E) Basidia (F) Basidiospores. Bars = A & 

B: 1.14 cm, C: 11.4 μm, D: 11 μm, E: 6.5 μm, F: 4.5 μm 
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19.1.1 Armillaria sp KP-48                                      (Plate 89, Figs. A-E) 

Morpho anatomical characterization 

Pileus 6 cm wide, plano-convex, yellowish brown to honey brown, depressed 

umbonate or broad umbricate, central disc lower, light yellow to pale centre, more darker 

towards the margins, surface glabrous to convanulate, soft, peripheral margins shiny, 

undulating, finely striated; margins flexuous, decurved, striated; context moderately thick, 

soft, pale, unchanging when bruised or cut. Lamellae creamy to white, equal size, adnex 

to slightly decurrent, subdistant to moderately crowded, fleshy, edges entire; lamellulae 

absent.. Stipe 7 × 1.2 cm, brown with bright yellow pruina, undulating, club shaped, 

flattend, tapeing towards apex, hollow, bulbous base, very prominent yellow annulus. 

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Armillaria sp. CMW 8096 (GenBank accession # AY554331.1) 99%, Query 

coverage 99. All the sequences in Blast analysis of Pakistani sequence belong to the same 

genus or different genus of the same family. The percentage base similarity is noted 

maximum with Armillaria sp. CMW 8096 submitted from Bhutan. Other top most four 

sequences in the Blast below the closest sequence showed 99%, 99%, 99% and 99% with 

Armillaria sp. CMW10581(GenBank accession # AY554329.1, Bhutan), Armillaria 

gallica (GenBank accession # JN657456.1, Ukraine), A. gallica (JN657455.1, Ukraine) 

and A. cepistipes (JN657451.1, Ukraine) respectively. Phylogenetic analysis is conducted 

to determine the clustering of this local species with other species from different regions 

of world (Fig. 27). 

Habitat and Distribution:  Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad forest), at 2400-2580 m a. s. l., under Abies pindrow, solitary, 

Abdul Razaq, KP-48, 23-08-2010; submitted to herbarium, Department of Botany, 

University of the Punjab, Lahore. LAH. 23081048, the GenBank accession # awaiting. 
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Plate 89, Figs. A-B. Armillaria sp. KP-48 (A) Basidioma (B) Lamellar side of 

basidioma. Bar = 1.5cm 
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19.2.1 Clitocybe  abundans (Peck) Singer, Sydowia, 15(1-6):53, 1962  

                                                                                          (Plate 90, Figs. A-E) 

Morpho anatomical characterization 

Pileus 3.5–4.5cm wide, plano-convex, light brown to camel brown, uniform over 

whole surface, depressed umbonate, central disc lower, uniform coloration centre towards 

margins, surface glabrous, soft, shiny, undulating, finely striated on margins; margins 

flexuous,striated; context moderately thick, soft, white, unchanging when bruised or cut. 

Lamellae creamy to white, narrow, equal size, decurrent, subdistant to crowded, fleshy, 

thin, edges entire; tiers of lamellulae of different lengths, marginal to ending in the middle 

of the cap. Stipe 2.0–3.5 × 0.6–1cm, light brown, smooth,  cylindrical to flattend, hollow, 

selender, concolorous with pileus; context pale-white to light brown. 

Basidiospores 5.0–6.7 × 3.5–5.0 µm, avl × avw = 6.0–4.0 µm, Q= 1.3–1.4, avQ= 

1.45; apiculate, thin walled, broadly ellipsoid, no tetrad after detachment, hyaline to pale 

yellow in 5% KOH, amyloid, blue in Melzer‘s reagent, smooth to finely ornamented. 

Basidia 18.0–25.0 × 6.0–7.0 µm, 4-spored, hyaline to pale yellow in 5% KOH, thin 

walled, cylindrical to sub-clavate with oil like contents, clamped base. Hymenium trama 

hyphal, regular, convergent. Pleurocystidia and cheilocystidia absent. Clamp connections 

present. 

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Hypsizygus marmoreus (GenBank accession # HM561971.1) 87%, Query coverage 

99 %, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the 

same genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from Malaysia. Other closely related sequences in the Blast 

below the closest sequence showed 85%, 86%, 86% and 86% with Lyophyllum shimiji 

(GenBank accession # HM572534.1, Sweden),  H. ulmarius (GenBank accession # 

FR686561.1, Germany ), Tricholoma unifactum (GenBank accession # AF241514.1, 
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South Korea) and Clitocybe subditopoda (GenBank accession # EU852800.1, Portland) 

respectively.  

Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.33). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad forest), at 2400-2580 m a. s. l., on the ground under Abies pindrow-

Pinus wallichina vegetation, solitary, Abdul Razaq, KP-29, 24-08-2010; submitted to 

herbarium, Department of Botany, University of the Punjab, Lahore. LAH. 24081029, the 

GenBank accession # awaiting. 
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Plate 90, Figs. A-E. Clitocybe abundans (A) Basidiomata (B) Lamellar side of 

basidiomata (C) Basidiospores (D) Hymenium with sub hymenium elements (E) Basidia. 

Bars = A & B: 0.8 cm, C: 4.5 μm, D: 7 μm, E: 7 μm. 
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19.2.2 Clitocybe alkaliviolascens  Bellù, Beih. Sydowia 10: 29,1995. 

                                                                                   (Plate 91, Figs. A–E) 

Morpho anatomical characterization 

Pileus 5.3cm wide, funnel shaped, light brown to camel brown, uniform over 

whole surface, umbonate, central disc lower, dark brown, fading away towards margins, 

smooth to fibrillose, soft, shiny; margins flexuous, fragile; context thin to moderately 

thick, soft, white, unchanging when bruised or cut. Lamellae creamy to white, narrow, 

decurrent, subdistant, fleshy to brittle, thin, edges entire; lamellulae two different lengths, 

one marginal other end in the middle of the cap. Stipe 3.7 × 0.4cm, light brown, smooth, 

striated, cylindrical; context pale-white, without volval scales or zones and ring. Odor and 

taste not recorded. 

Basidiospores 6.0–9.0 × 4.0–5.5 µm, avl × avw = 8.7–5.3 µm, Q= 1.5–1.64, avQ= 

1.61; apiculate, thin walled, ellipsoid to oblong, clustered in tetrad after detachment, 

hyaline to pale yellow in 5% KOH, inamyloid, yellow in Melzer‘s reagent, smooth to 

finely ornamented. Basidia 18.0–25.0 × 6.0–7.0 µm, 4-spored, hyaline to pale yellow in 

5% KOH, thin walled, sub-clavate to clavate with oil like contents. Hymenium trama 

hyphal, regular, convergent. Pleurocystidia and cheilocystidia absent. Clamp connections 

present. 

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Clitocybe alkaliviolascens (GenBank accession # JF907807.1) 99%, Query coverage 

97, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the 

same genus or different genus of the same family. The percentage base similarity is noted 

maximum with Clitocybe alkaliviolascens submitted from Italy. Other top most four 

sequences in the Blast below the closest sequence showed 91%, 90%, 87% and 87% with 

Infundibullicybe  mediterranea (GenBank accession #HM631724.1, Italy), C. bresadolina 

(GenBank accession # JF907810.1, Italy), I. gibba (GenBank accession # AB301608.1, 

Japan) and I. gibba (GenBank accession # GU188436.1, USA) respectively.  
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Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.33). 

Habitat and Distribution:  

 Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-Khanspur (PU suites), at 

2400-2580 m a. s. l. , on the ground humified soil under Pinus wallichina vegetation, 

solitary, Abdul Razaq, K-28, 07-08-2010; submitted to herbarium, Department of Botany, 

University of the Punjab, Lahore. LAH. 07081028, the GenBank accession # awaiting. 
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Plate 91, Figs. A-E.  Clitocybe alkaliviolascens (A) Basidioma (B) Lamellar side of 

basidioma (C)   Basidiospores (D) Hymenium with sub-hymenium elements (E) Basidia. 

Bars = A & B: 1 cm, C: 4.5 μm, D: 7 μm, E: 6 μm.  
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19.2.3 Clitocybe bresadoliana Singer, Revue de Mycologie 2(6):228, 1937. 

                                                                                   (Plate 92-93, Figs. A-F) 

Morpho anatomical characterization 

Pileus 2.7 cm diam, infundibuliform, carrot colour to orange brown, uniform on 

the whole surface, fleshy with umbllicate centre, finely wrinkled-reticulate with some 

scribiculate appearances darkened brown context decreased from center to margins, 

margins flexuous with entire curvature. Lamellae white, distant to moderately crowded, 

sub-decurrent, lamellulae alternate with lamellae. Stipe 2.8–3.2 × 0.5 cm, eccentric, 

concolorous with pileus surface, hollow, confluent, surface  uneven, smooth texture.  

Basidiospores 7.0–10.5 × 5.0–6.5 µm, avl × avw = 8.8–5.7 µm, Q= 1.4–1.6, avQ= 

1.55; apiculate, thin walled, finely ornamented, ellipsoid to oblong, colourless to pale 

yellow in 5% KOH, inamyloid, yellow in Melzer‘s reagent. Basidia 26.0–38.5 × 7.5–9.0 

µm, 2–4-spored, four spored rare, hyaline to pale yellow in 5% KOH, thin walled, sub-

clavate to clavate with oil like contents. Hymenium trama hyphal, hyphal width 4.5–5.5 

µm, regular, convergent. Pleurocystidia absent. Cheilocystidia hyaline, narrowly clavate 

to cylindrical with oil contents of olive green colour, 38.0–61.5 × 6.5–7.5 µm. Pileus 

covering a cutis with erect or ascending clamped terminal elements, 55.0–98.5 × 7.0–10.5 

µm, branched hyphae,  light brown to hyaline. Clamp connections present.  

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Clitocybe bresadolina (GenBank accession # JF907810.1) 97%, Query coverage 93, 

E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the same 

genus or different genus of the same family. The percentage base similarity is noted 

maximum with Clitocybe bresadolina submitted from Italy. Other top most four 

sequences in the Blast below the closest sequence showed 95%, 92%, 91% and 92% with 

Infundibullicybe  mediterranea (GenBank accession #HM631724.1, Italy), Omphalina 

rivulicola (GenBank accession # GU234109.1, Netherland), C. alkaliviolascens 
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(GenBank accession # JF907807.1, Italy) and C. lateritia (GenBank accession # 

U66431.1, USA) respectively.  

Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.33). 

Habitat and Distribution: Pakistan: Gigit-Baltistan, Fairy Meadows, thick coniferous 

Forest (way to Bial camp and base to Nanga Purbat), on the ground rich soil under among 

the logs of coniferous vegetation, submitted to herbarium, Department of Botany, 

University of the Punjab, Lahore. Abdul Razaq, SR-1, 03-07-2010. LAH. 03071001, the 

GenBank accession # awaiting. 
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Plate 92, Figs. A-C. Clitocybe bresadoliana (A) Basidiomata (B) Lamellar side of 

basidioma (C) Pileus covering Bars = A & B: 0.6 cm, C: 15 μm. 
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Plate 93, Figs. D-F. Clitocybe bresadolina (D) Basidiospores (E) Basidia (F)   

Cheilocystidia. Bar = D: 4 μm, E: 7 μm, F: 10 μm 
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19.2.4 Clitocybe obscuritus  nom. prov.                         (Plate 94, Figs. A-D) 

Morpho anatomical characterization 

Pileus 4.5–5.5cm wide, orangish brown, uniform coloration, plano-convex to 

plane, depressed umbo, dry, flexuous surface; context thin, soft to firm, pale brown, 

unchanging when bruised or cut; margins smooth or minutely striated and incurved. 

Lamellae free and approximate, close, light brown, edges seriated, fleshy, thin; lamellulae 

truncate, diverse in length,  equally distributed between each pair of lamellae. Stipe 4–

4.5×0.4–0.6 cm, orange  brown, concolorous with pileus, cylindrical, eccentric in 

attachment, hollow, smooth, confluent, soft; context orange, unchanging on cutting.  

Basidiospores 7.0–9.5 × 4.5–6.5 µm, avl × avw = 7.9–5.4 µm, Q= 1.46–1.56, 

avQ= 1.47; apiculate, thin walled, ellipsoid to oblong, hyaline to pale yellow in 5% KOH, 

inamyloid, yellow in Melzer‘s reagent. Basidia 21.0–31.5 × 8.0–13.0 µm, 4-spored, 

hyaline to pale yellow in 5% KOH, thin walled, sub-clavate to clavate with oil like 

contents. Hymenium trama hyphal, regular, convergent. Pleurocystidia and cheilocystidia 

absent. Clamp connections present. 

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Clitocybe sp. UBCF16297 (GenBank accession # U4864440.1) 84%, Query 

coverage 63. All the sequences in Blast analysis of Pakistani sequence belong to the same 

genus or different genus of the same family. The percentage base similarity is noted 

maximum with  Clitocybe sp. UBCF16297 submitted from Canada. Other top most four 

sequences in the Blast below the closest sequence showed 84%, 83%, 83% and 83% with 

C. vibecina (GenBank accession # JF907821.1, Italy), Lepista sordida (GenBank 

accession # JF420892.1, China), L. sordida (GenBank accession # FJ501575.1, China) 

and L. sordida (GenBank accession # FJ501574.1, China) respectively.  

Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig.33). 
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Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (PU suites), at 2400-2580 m a. s. l. , on the ground humified soil under Pinus 

wallichina vegetation, solitary, Abdul Razaq, KP-26, KP-37, 07-08-2010, 24-8-2010; 

submitted to herbarium, Department of Botany, University of the Punjab, Lahore. LAH. 

07081026 &  24081037, the GenBank accession # awaiting. 

Etymology: The specific epithet refers dark coloration of pileus.  
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Plate 94, Figs. A-D. Clitocybe obscuritus nom. prov. (Type) (A) Basidioma  (B) 

Lamellar side of basioma (C) Basidiospores (D) Hymenium with basidia. Bars = A & B: 

0.78 cm, C: 4.5 μm, D: 9 μm.  
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19.2.5 Clitocybe sp 1                                                        (Plate 95, Figs. A-B) 

Morpho anatomical characterization 

Pileus 4.9-6.5 cm broad cinnamon to light brown toward centre, disc more darker, 

flat to slightly convex depressed in the centre, funnel shaped wrinkled, margins deceived; 

surface shiny, slimy partial veil remnants absent context: moderately thick, soft, white, 

unchanging when bruised or cut; margins without striation, uniform coloration, for the 

most part concentrated over the disc; Lamellae decurrent  with stipe, crowded, white, 

edges entire, fleshy to brittle, thin; lamellulae truncate, two different lengths. Stipe 3.8-7.0 

× 0.7 cm light brown same colour of pileus surface, smooth, narrowing upward slightly; 

Context: white, slightly base ovoid, without volval scales or zones and ring. 

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Clitocybe alkaliviolascens (GenBank accession # JF907807.1) 96%, Query coverage 

99 %, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the 

same genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from Italy. Other closely related sequences in the Blast below 

the closest sequence showed 90%, 90%, 88% and 87% with Infundibulicybe 

mediterranea (HM631724.1, Italy),  C. bresadoliana (JF907810.1, Italy),  I. jibba 

(AB301608.1, USA) and I. catinus (HM631720.1, Italy) respectively. Phylogenetic 

analysis is conducted to determine the clustering of this local species with other species 

from different regions of the world (Fig.33). 

Habitat and Distribution:  

 Pakistan: Khyber Pakhtankhaw, Abbotabad, Donga Gali, at 2400-2580 m a. s. l. , 

on the ground Pinus wallichina vegetation, solitary, Abdul Razaq, K-12, 13-08-2010; 

submitted to herbarium, Department of Botany, University of the Punjab, Lahore. LAH. 

13081012, the GenBank accession # awaiting. 
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Plate 95, Figs. A-B. Clitocybe sp. 1 (A-B) Basidioma (B) Lamellar side of basidioma 

showing white decurrent gills. Bars = A & B: 0.65 cm. 
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19.2.6 Clitocybe vibecina (Fr.) Quél., Mémoires de la Société d'Émulation de 

Montbéliard, 5:318, 1872                                                           (Plate 96, Figs. A-G) 

Morpho anatomical characterization 

Pileus is 2.1cm, convex, umbonate, brown in colour in young stage while older 

becomes chocolate brown, disc darker and towards the margins the colour fades, mature 

cap looks over all brown and surface is smooth. Margins of the cap are smooth usually 

but sometimes broken forming dentate curvature. Gills are cream to white in colour, look 

decurrent, crowded, not free and very prominent. Stipe 4.6-5cm central, cylindrical, , light 

brown in colour, white powder like material is dispersed over the surface of stipe ,more 

close to gills and reduces towards base. Mushrooms are united from base forming cluster.  

Basidiospores 6.0–8.5 × 4.5–5.5 µm, avl × avw = 7.6–5.4 µm, Q= 1.3–1.45, avQ= 

1.37; apiculate, thin walled, subglobose to broadly ellipsoid, circular in side view, hyaline 

to transparent in 5% KOH, inamyloid, colourless in Melzer‘s reagent. Basidia 27.0–33.5 

× 7.0–8.5 µm, 4-spored, hyaline to pale yellow in 5% KOH, thin walled, sub-clavate to 

clavate with oil like contents. Hymenium trama hyphal, regular, parallel. Pleurocystidia 

absent. Cheilocystidia 22.0–28.5 × 5.0–9.5 µm, hyaline, clavate to rod like, ventricose, 

attenuate apices, oil contents of olive green colour, Pileus covering a cutis with erect or 

ascending, clamped interwoven hypahe, terminal elements swollen to look like clavate, 

42.0–97.5 × 4.5–6.5 µm,  light brown to hyaline. Clamp connections present. 

Molecular characterization 

The target region copmrising of internal transcibed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 750bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Clitocybe vibesina (GenBank accession # JF907821.1) 98%, Query coverage 100 %, 

E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the 

different genus of the same family. Other closely related sequences in the Blast below the 

closest sequence showed 97%, 96%, 96% and 96% with Lyophyllum sp. (GenBank 

accession # GU234137.1), C. vibesina (GenBank accession # GU234041.1), Lepista 
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sordid (GenBank accession # JQ293095.1, C) and Collybia cirrhata (GenBank accession 

# DQ830805.1, ) respectively. 

 Phylogenetic analysis is conducted to determine the clustering of this local 

species with other species from different regions of the world (Fig.33). 

Habitat and Distribution: Pakistan: Gilgit-Baltistan, Fairy Meadows, Pine forest of 

Himalayan moist temperate region, distributed among the coniferous trees during late 

summer, at 3306 m a.s.l., on decaying logs of coniferous tree, 21
st
 July, 2010, A Rrazaq, 

SR-6  LAH 21071006, , the GenBank accession # awaiting.  
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Plate 96, Figs. A-G. Clitocybe vibecina (A-C) Basidiomata (D) Basidispores (E) 

Cheilocystidia  (F) Basidia (G) Pileus covering. Bars = A, B & C: 0.84 cm, D: 4 μm, E: 

7.5 μm, F: 9.5 μm, G: 27 μm 
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19.3.1 Clitocybula himalayaca  nom. prov.                      (Plate 97, Figs. A-G)  

Morpho anatomical characterization 

Pileus  3.8 cm diam., pyramid to companulate, dark gray on middle disc with light 

gray towards the margins, dry, striated from disc to margins; context thin to moderately 

thick, soft to firm, margins entire, slightly deflexed. Lamellae adnate to sinuate, sub 

distant, pale cream to white, edges entire, faces ribbed, fleshy, thick, bifurcate at margins, 

tiers of lamellulae; lamellulae truncate, diverse in length, distributed between every pair 

of lamellae, smaller at margins. Stipe 2.2 × 0.40 cm, gray to off white, smooth, cracking 

pattern that girdles the stipe specially in its lower part, tapering upward; context grayish 

white,  without volval scales or annular zones. 

 Basidiospores 6.0–7.5 × 4.0–6.0 µm, avl × avw = 6.7–5.2 µm, Q= 1.25–1.5, 

avQ= 1.26; sub-globose to globose to ovoid, circular in side view, apiculate, thin walled, 

smooth, colourless to pale yellow in 5% KOH, amyloid, blue in Melzer‘s reagent. Basidia 

19.0–31.5 × 5.0–7.5 µm, 2–4-spored, four spored rare, hyaline to pale yellow in 5% 

KOH, thin walled, sub-clavate to clavate with olive green oil contents. Hymenium trama 

hyphal, hyphal width 4.5–5.5 µm, regular, convergent. Pleurocystidia absent. 

Cheilocystidia 28.0–48.5 × 6.5–9.5 µm, hyaline, clamped, narrowly clavate to clavate 

with oil contents of olive green colour,. Pileus covering a cutis with erect or ascending 

clamped terminal elements, 82.0–95.5 × 28.5–33.5 µm, light brown to hyaline. Stipe 

covering, cutis, caulocytida 31.5–35.0 × 8.5–10.0µm, clavate, thin walled, hyaline to 

transparent. Clamp connections present in all tissue. 

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Clitocybula oculus (GenBank accession # DQ192178.1) 86%, Query coverage 98, 

E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the same 

genus or different genus of the same family. The percentage base similarity is noted 

maximum with  Clitocybula oculus submitted from USA. Other top most four sequences 

in the Blast below the closest sequence showed 86%, 85%, 86% and 83% with C. 
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aff.lacerata (GenBank accession  FJ596916.1, USA), C. familia (GenBank accession # 

JF730328.1, Czech Republic ), C. atroalba (GenBank accession # DQ192179.1, USA) 

and C. familia (GenBank accession # JF730327.1, Czech Republic) respectively.  

Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig. 28). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Nathia Gali, at 

2400-2580 m a. s. l. , on the ground coniferous vegetation, solitary, Abdul Razaq, K-16, 

23-08-2010,20-08-2010; submitted to herbarium, Department of Botany, University of 

the Punjab, Lahore. LAH. 23081016 & 20081025, the GenBank accession # awaiting 

Etymology: The specific epithet refers the locality of the type. 
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Plate 97, Figs. A-G. Clitocybula himalayaca nom. prov.(Type) (A) Basidioma  (B) 

Lamellar side of basidioma (C) Cheilocystidia (D)Basidia (E) Basidiospores (F) 

Pileocystidia (G) Caulocystidia. Bars = A & B: 0.7 cm, C: 12 μm, D: 8 μm, E: 6 μm, F: 

16.7 μm, G: 10 μm. 
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19.4.1 Laccaria ahmedii nom. prov.                (Plate 98- 99 Figs. A-E) 
Morpho anatomical characterization: 

Pileus 2.5–4.5cm across, hemispherical to plano-convex, apricot to orange brown, 

umbonate when young, umbilicate at maturity, flesh thin, glabrous, striation of gills 

visible, margins dentate, fexuous. Lamellae concolorous with pileus, distant, arched to 

sub-decurrent, anostomosing, broad, fleshy, lamellulae one between two consective 

lamellae. Stipe 3.5–6× 0.57–0.70 central in attachment when young, eccentric at maturity, 

slender, smooth, shining, cylindrical when young, at maturity become angular and 

striated.  

Basidiospores 7.6–11.5 × 7.3–10.5 µm, echinolate, spines 0.5-0.7 µm, with no line 

connections among warts, rounded to subglobose, Q=1.0-1.1 with ornamentation of warts 

and ridges, hyaline to yellow, apiculate; apiculus hyaline looks originating from intine. 

Basidia 31–38.5 × 10–13.5 µm, clavate to sac like, 4-spored, sterigmata, rounded and 

apically obtuse or blunt, 6–7 µm high. Pleurocystidia 35–47.5 × 6.5–15 µm hyaline, 

variable shapes, clavate to sub-clavate, rod to cylindrical with flexuous sides, ventricose, 

fusiform.  

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification with fungal 

primers, ITS1f&ITS4. Initial BLAST analysis of nucleotide sequences revealed that 

Pakistani collection matches maximum with Laccaria pumila (GU234161.1, Netherlands) 

95%, Query coverage 100 %, E-value 0. Other closely related sequences in the Blast 

below the closest sequence showed 95%, 95%, 95% and 95% with Laccaria sp. H39 

(JX029946.1, Czech Republic), Laccaria sp. P195 (FN669224.1, Estonia), Laccaria sp. 1 

SGT-2012  (JX030237.1, USA) and  L. amethystina (HM189774.1, Germany) 

respectively. 

Phylogenetic analysis is conducted to determine the clustering of this local species 

with other species from different regions of the world (Fig. 29). 
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 Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur, at 2400-2580 m a. s. l. , on the ground under coniferous vegetation, solitary, 

Abdul Razaq, KP-60, 23-08-2010; submitted to herbarium, Department of Botany, 

University of the Punjab, Lahore. LAH. 23081060, the GenBank accession # awaiting.  

Etymology: The specific epithet refers the name of great late mycologist from Pakistan 

worked on gilled fungi first time. 
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Plate 98, Figs. A-C. Laccaria ahmedii nom. prov. (Type) (A) Basidiomata  (B) Lamellar 

side of basidiomata. (C) Basidiospores. Bars = A & B: 1.4 cm, C: 4.6 μm.  
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Plate 99, Figs. A-B. Laccaria ahmedii nom. prov. (Type) (D) Basidia   (E) 

Pleurocystidia. Bars = D: 7 μm, E: 7.5 μm.  
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19.5.1 Lyophyllum connatum (Schumach.) Singer, Schweiz. Z. Pilzk. 17: 55, 

1939.  

                                                                                 (Plate 100, Figs. A-D) 

Morpho anatomical chractrization 

Pileus 3-5 cm diam, hemispherical when young, becoming convex with an incurved margin; 

eventually plane and often irregularly undulating; surface moist  when fresh, smooth, off-white  to gray-

white, flesh moderately thick, white, cartilaginous. Lamellae white when young to pale white, distant, 

decurrent to subdecurrent,some foeked, edges smooth; 3-tiers of lamellulae present. Stipe 3.5–8×0.7–2 cm 

thick; smooth; equal to tapered at the base, dry, whitish, sometimes becoming brownish toward the base, 

without partial veil, Context: white, firm, not changing on exposure. 

Basidiospores 4–7 × 5–6 µm, Broadly clavate to ovoid, circular in side view, hyaline, transparant 

to whitish, smooth, inamyloid, colourless in Melzer‘s reagent,  apiculate. Basidia 26.0–30 × 4.5–6.0 µm, 4-

spored, clavate to cylindric, hyaline to pale yellow in 5% KOH, oil contents present, sterigmata sharp, 

clamp connections at basidial base; Cystidia absent.  

Molecular characterization 

Target region of fungal genomic DNA was amplified generating a fragment 

approx. 750bp consisting of internal transcribed spacers (ITS) regions and 5.8S region of 

rDNA. Nucleotide sequence was compared against the sequences present in National 

Center for Biotechnology Information (NCBI), USA database using Basic Local 

Alignment Search Tool (BLAST) network services and it matches 99% with L. connatum 

(GenBank accession # HM119488, EF421104, JF908332). Phylogenetic analysis is 

conducted to determine the clustering of this local species with other species from 

different regions of the world (Fig.33). 

 Habitat and Distribution: Pakistan, Gilgit-Baltistan, Fairy Meadows (34.400570°S 

150.891738°E),  Pine forest of Himalayan moist temperate region, distributed along road 

side in sandy soil among the coniferous trees during late summer, at 3306 m a.s.l., on 

decaying logs of coniferous tree, 21
st
 July, 2010, A Razaq, AN Khalid & S Ilyas, SR-32 

(Herbarium # LAH 21071032), GenBank accession # HE819396.1. 
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Plate 100, Figs. A-D. Lyophyllum connatum (A) Basidiomata (B) Lamellar side of 

basidiomata (C) Basidiospores (D) Basidia Bars = A & B= 2.5cm, C= 3.8cm, D= 7.5cm. 
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19.5.2 Lyophyllum microsporus nom. prov.                   (Plate 101, Figs. A-E) 

Morpho anatomical chractrization 

Pileus 3 cm hemispheric when young, broad and plano-convex when mature, 

white to light gray to green  in colour, shiny, margins dentate and convulated, surface 

glabrous, uneven thickness of flesh, moderately thick, remain unchanged on bruising, 

context white. Lamellae light off-white to light pink in colour, adnate, densely crowded, 

margins entire, confluent, complete covering the entire length of cap. Stipe 4.5–6.7cm × 

0.8–0.9 cm, light gray in colour, woody in nature, angular, appearance cylindrical overall, 

in mature specimen stipe forked near pileus, no annulus, no volva, smooth in texture.  

Basidiospores, 4.8–4.9  × 2.7-3 µm average 2.85× 4.85 µm Q=1.7–1.8, ellipsoidal, 

thin walled, light brown, smooth margins without ornamentation. Basidia, four spored, 23  

× 6 µm, light brown, oil doplets like structures prominent. Cystidia sub–cylidrical to 

clavate, tapering toward base, 18–22  × 3.8-5.4 µm, thin walled, light brown with some 

oil-droplet like contents. 

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Tricholoma scalpratum (AY573536.1, Germany) 99%, Query coverage 96 %, E-

value 0. Other closely related sequences in the Blast below the closest sequence showed 

94%, 92%, 91% and 91% with Clitocybe subditopoda (EU852800.1, USA), Hypsizygus 

marmorius (FJ609271.1, China),  Lyophylum scmitale (HM572552.1, Sweden) and  

Lepista nebularis (DQ149728.1, Slovenia) respectively. Phylogenetic analysis is 

conducted to determine the clustering of this local species with other species from 

different regions of the world (Fig. 33). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad tract), at 2400-2580 m a. s. l. , under Pinus wallichina, solitary, 

Abdul Razaq, KP-85, 23-08-2010; submitted to herbarium, Department of Botany, 

University of the Punjab, Lahore. LAH. 23081085, the GenBank accession # awaiting. 
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Plate 101, Figs. A-E. Lyophyllum microsporus nom. prov. (Type) (A) Basidiomata (B) 

Lamellar side of basioma. (C) Basiospores  (D) Cheilocystidia (E) Basidia. Bars = A: 

1cm, C: 2.8 μm, D: 4.4 μm, E: 4 μm.  
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19.6.1 Melanoleuca angelesiana A.H. Sm., Mycologia, 36(3):252, 1944. 

                                                                                                   (Plate 102, Figs. A-E) 

Morpho anatomical chractrization 
Pileus 7.0 cm convex to plano-concave, central depressed umbo; margin at first incurved, then 

decurved, wavy, fragile; surface moist, glabrous, brown to orangish brown, umbo more dark to marginal 

sides; context pale-white, firm, up to 1.0 cm thick, unchanging. Lamellae notched, sometimes with a 

decurrent tooth, crowed, at white to cream; lamellulae in four to five series of unequal lengths. Stipe 6.5 cm 

long, × 1.0 cm thick, more or less equal to enlarged at base, stuffed at maturity; surface fibrillose, striated, 

the fibrils whitish over a greyish-brown background in youth, white, sticky mycelium at the stipe base 

Basidiospores 6.5–8.0 × 4.5–6.5 µm apiculate, thin walled, broadly ellipsoid, 

hyaline to pale yellow in 5% KOH, smooth to finely ornamented. Basidia 23.5–51.05 × 

11.5–18.5 µm, 4-spored, sterigmata 3–3.5 µm high, hyaline to pale yellow, thin walled, 

clavate to club shape with some fusiform base of sterigmata, with oily contents. 

Hymenium trama hyphal, regular, convergent. Pleurocystidia and cheilocystidia absent. 

Basidioles or cystidia 27.0–48.0 × 9.5–14.0 µm, clavate, hyaline, smooth, thin walled. 

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification with ITS1&ITS4 

primers. Initial BLAST analysis of nucleotide sequences revealed that Pakistani 

collection matches maximum with Melanoleuca angelesiana (JN616421.1, Italy) 97%, 

Query coverage 95 %, E-value 0. Other closely related sequences in the Blast below the 

closest sequence showed 97%, 93%, 93% and 94% with M. melaleuca (HM6222669.1, 

Italy),  M. pseudopaedida (JF908363.1, Italy), Melanoleuca sp.( JN616477.1, Italy) and 

M. paedida (JN616453.1, Italy) respectively. Phylogenetic analysis is conducted to 

determine the clustering of this local species with other species from different regions of 

the world (Fig.30). 

Habitat and Distribution: Pakistan: Gigit-Baltistan, Fairy Meadows, thick 

coniferous Forest, on the ground among the logs of coniferous tree, submitted to 

herbarium, Department of Botany, University of the Punjab, Lahore. Abdul Razaq, SR-

91, 05-07-2010. LAH. 05071091, the GenBank accession # awaiting. 



 269 

       

 

                                     

Plate 102, Figs. A-E. Melanoleuca angelesiana (A) Basidioma  (B) Lamellar side of 

basidioma. (C) Basidiospores (D) Basidioles (E) Basidia. Bars = A & B: 1 cm, C: 1.2 μm, 

D: 11 μm, E: 13 μm. 
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19.7.1 Tricholoma myomyces (Pers.) J.E. Lange, Dansk botanisk Arkiv, 8(3):21, 

1933.                                                                                              (Plate 103, Figs. A-E) 

Morpho anatomical chractrization 
Pileus width 1.5–2.5 cm , plano-covex, but at maturity became expanded, 

umbonate, umbo grayish black, central zone light gray and margins ash colour, apparently 

surface smooth but give warty sensation on touching context; moderately thick, ash to 

white, remain unchanging on bruising or cutting, minutely striated margins. Lamellae 

ash-white, adnate to adnexed, distant, entire margins lamellulae of three different lengths. 

Stipe 4.5 × 0.56 cm light grayish, equal, cylindrical, annulus and volva absent, context 

grayish white and dark brown under stipipellis, firm. 

 Basidiospores (4.0–) 5.5–5.5 (–5.7) × (3.8–) 4.0–4.5(–4.5) µm, Q=1.2–1.3, 

ellipsoid, smooth, yellowish white. Basidia 35-50 × 7-13 µm, cylindrical to clavate, 

hyaline, 4-spored. Cheilocystidia  35-45 × 6-12 µm hyaline, clavate to sub-clavate, size 

similar to Basidial.  

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 700bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Tricholoma myomyces (FJ845443.1) 98%, Query coverage 95 %, E-value 0. The 

percentage base similarity is noted maximum with T. myomyces  submitted from USA. 

Other closely related sequences in the Blast below the closest sequence showed 98%, 

94%, 94% and 93% with T. moseri (AF377211.1, Canada), T. terrium (AF377212.1, USA 

),  T. scalpturatum (EU160589.1, France) and  T. singulatum (AF349617.1, Netherlands) 

respectively. Phylogenetic analysis is conducted to determine the clustering of this local 

species with other species from different regions of the world (Fig.31). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur, at 2400-2580 m a. s. l. , on the ground under Pinus wallichina vegetation, 

solitary to small groups, K-42, A. Razaq, 06-09-2009; submitted to herbarium, 

Department of Botany, University of the Punjab, Lahore. LAH. 06090942, GenBank 

accession # HF546219.1. 
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 Plate 103, Figs. A-E. Tricholoma myomyces (A) Basidiomata (B) Lamellar side of 

basidiomata (C)   Basidiospores (D) Cheilocystidia (E) Basidia. Bars = A & B: 0.7 cm, C: 

2.75μm, D: 10 μm, E: 12.5 μm.  
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19.8.1 Tricholomopsis flammula Métrod ex Holec, Journal of the National 

Museum (Prague), Natural History Series 178: 8 (2009)                        

                                                                             (Plate104 , Figs. A-F) 

Morpho anatomical characterization 

Pileus 3.0–4.3 cm wide, pale brown with dark violet to brownish all over the cap, 

hemispheric to convex when young, then plano-convex to convex obtuse, rough, viscid 

when wet; pileus context thin to moderately thick, soft to firm, white to light yellow, 

unchanging when bruised or cut; margins without striation in younger basidiocarp and 

serrated in older basidiocarp, incurved; yellow to deep yellow with floccose patches, for 

the most part concentrated over the disc. Lamellae adnate and horizontal crowded to sub-

distant, entire, white to pale yellow; Lamellulae varied in length, equally distributed 

between each pair of lamellae. Stipe  3.4 –7.8 × 0.8 –1.2 cm, creamy to pale yellow, 

sometimes light brown, smooth, without scales or zones, cylindrical. Stipe context 

whitish; partial veil absent.  

 Basidiospores 6–7 × 3–4 µm, ovoid to ellipsoidal, elliptical-phasioliform in side 

view, oil contents, smooth, thin walled, inamyloid, pale yellow in Melzer‘s regeant. 

Basidia 23–31× 4.5–6 µm, 4-sterigmata, clavate to narrowly clavate, hyaline to pale 

yellow in KOH, oil droplets or granular contents. Pleurocystida 31.5–55 × 7–11 µm, 

generally clavate to cylidrical, fusiform, thin walled, hyaline to pale yellow in KOH, 

sometimes granulate. Cheilocysitidia 40× 74–17–28 µm, sterile clusters, very abundant, 

variable in size and shape, generally clavate to sub–clavate hyaline to pale yellow to 

brownish in KOH.  

Molecular characterization  

Target region of genomic DNA was amplified generating a fragment approx. 

570bp consisting of internal transcribed spacers (ITS) regions and 5.8S region of rDNA. 

Sequence comparisons were performed with Basic Local Alignment Search Tool 

(BLAST) network services using National Center for Biotechnology Information (NCBI), 

USA database and it matches 100% with T. flammula (FN554897, FN554896). With 

other closely related species it shows percentage similarity 92.9% and 79.7% with T. 

rutilans (FN554892) and two sequences of T. decora (FN554890, FN554891), respectively. 

Further details are available in Razaq et al., (2012b).  
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Plate 104, Figs. A-F. Tricholomopsis flammula (A-B) Basidiomata (C) Basiospores (D) 

Basidia (E). Cheilocystidia. (F) Pleurocystidia. Bars = A & B = 1.7cm, C = 3.5µm, for D: 

9 µm,  E = 12.3, F: 3.8 µm.  
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19.7.2 Tricholomopsis rutilans (Fr.) Singer, Schweiz. Zeitschr. Pilzk. 17:56. 

1936.  

                                                                                  (Plate105-106, Figs. A-F)  

Morpho anatomical characterization 

Pileus 3.0–6.0 cm wide, purplish-red with squamules all over cap on yellow 

ground, broadly campanulate to hemispheric to convex when young, then plano-convex 

to convex obtuse at matrurity with incurved, ribbed, white margins, a strong yellow 

ground on which bright squamules for a thick mat; context moderately thick, firm, cream 

to pale yellow, unchanging when bruised or cut; margins finely dentate, white, incurved, 

undulating or flexuous. Lamellae pale yellow to cream white, adnate to adnexed, 

crowded, white to pale yellow, margins heavily beaded; lamellulae rare. Stipe 2.0 –6.5 × 

0.8 –2.5 cm, obese to swollen, tapering toward apex, purplish fibrils  on yellow ground, 

smooth textured, pale yellow to yellow brown.  

 Basidiospores 6.5–8.5 × 4.5–6.2 µm, broadly ellipsoid to ovoid, circular in side 

view, transparent, smooth, thin walled, amyloid, bluish green in Melzer‘s regeant. Basidia 

19–42.5 × 5.5–11.0 µm, 4-sterigmata, clavate to narrowly clavate, hyaline to pale yellow 

in KOH, oil droplets or granular contents. Pleurocystida 29.5–47.5 × 5.0–7.5 µm, 

ventricose with flexuous side, rod like, narrwoly clavate to cylidrical, fusiform, thin 

walled, hyaline to pale yellow in KOH, refractive oil contents. Cheilocysitidia 70.5× 

141.5–10.5–26.0 µm, sterile clusters, very abundant, clamped, clavate to sub–clavate, 

hyaline to pale yellow in KOH.  

Molecular characterization 

The target region comprising of internal transcribed spacers (ITS1 & ITS2) and 

5.8S of rDNA gave fragments of approximately 750bp on amplification in polymerase 

chain reaction (PCR) using fungal universal primers pairs (ITS1&ITS4). Initial BLAST 

analysis of nucleotide sequences revealed that Pakistani collection matches maximum 

with Tricholomopsis rutilans (GenBank accession # HE649946.1) 91%, Query coverage 

100%, E-value 0. All the sequences in Blast analysis of Pakistani sequence belong to the 

same genus or different genus of the same family. The percentage base similarity is noted 

maximum with   submitted from Czech Republic. Other closely related sequences in the 

Blast below the closest sequence showed 90%, 89%, 88% and 88% with T. osiliensis 
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(GenBank accession # HE649945.1, Slovakia),  T. flammula (GenBank accession # 

FR822742.1, Pakistan),  T. decora (GenBank accession # HE69442.1, Slovakia) and  T. 

cf. decora (GenBank accession # AY329597.1, USA) respectively. Phylogenetic analysis 

is conducted to determine the clustering of this local species with other species from 

different regions of the world (Fig.32). 

Habitat and Distribution: Pakistan: Khyber Pakhtankhaw, Abbotabad, Ayubia-

Khanspur (Halley pad), at 2400-2580 m a. s. l. , on the ground humified soil under Abies 

pindrow-Pinus wallichina vegetation, gregaroius, Abdul Razaq, 19-08-2010; submitted to 

herbarium, Department of Botany, University of the Punjab, Lahore. LAH. 19081018, the 

GenBank accession # awaiting. 
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Plate 105, Figs. A-B. Tricholomopsis rutilans (A) Basidiomata with various sizes and 

shapes (B) closer vision of lamellae & context. Bar = A: 1.5cm, B: 1cm. 
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Fig.106. A-D. Tricholomopsis rutilans Anatomical characters. (A) Basidia. (B) 

Basidiospores (C) Pleurocystidia (D) Cheilocystidia. Bars = A: 11 µm, B = 1.7µm, C: 8 

µm, D = 19 µm.  
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1. Phylogenetic analysis of Agaricus 

The phylogenetic analysis of Agaricus L. species collected from Pakistan was carried 

out using maximum likelihood method.  The sequences included in this analysis had 1642 

characters, from which 706 characters were used in final analysis after trimming the 

alignment from both 5‘ and 3‘ sides. In phylogenetic analysis gaps are treated as data. A 

total 66 sequences of Agaricus species were included in phylogenetic analysis out of 

which six collected from Pakistan. To clarify the phylogenetic position of each Pakistani 

collection, sequences of different sections of the genus were retrieved from the GenBank 

database. There are five major clades formed in the phylogenetic tree which have been 

labeled by Section as closely related. Out of six, three Pakistani collections lie in sect. 

Arvenses clade (Fig.1) two in sect. Agaricus clade while only one species lies in sect. 

Sanguinolenti clade (Fig.1). The other two clades in the phylogenetic tree are sect. 

Bivelares (Kauffman) L.A. Parra and sect. Xanthodermatei Singer.  Pakistani species 

included in this study were not found in these two clades. Species which lie in sect. 

Arvenses Konrad & Maubl., Agaricus pakistanicus and Agaricus sp. SR-101 are closely 

clustered to unidentified Agarius species sequences (EF460362.1, EF460365.1, 

EF460373.1) and this sub-clade is a sister clade to Agarius macrosporus (Möller et 

Schäffer) Pilát. Pakistani Agaricus agustus (SR-30) forms a clade with Agaricus blazei 

Murrill (AJ131129.1, AY484697.1) and Agaricus augustus Fries (JF797193.1, 

AY484671.1, AY484672.1). Agaricus albus nom. prov. clustered with unidentified 

Agaricus sp. GAL18885 (EF460358.1) and Agaricus sp. GAL18890 (EF460357.1) 

(Fig.1, sect. Agaricus clade). This sub-clade is also sister clade to another Pakistani 

collection sequence like Agaricus calvatus nom. prov. Other Pakistani species Agaricus 

rhodfloridus forms a clade with Agaricus silvaticus Schaeff (JF797178.1, JN204434.1) 

under a significant bootstrap value (93%) in sect. Sanguinolenti Jul. Schäff. & Møller ex 

L.A. Parra. 
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 AY484694.1 Agaricus bisporus

 AY484694.1 Agaricus bisporus

 AY484693.1 Agaricus bisporus 

 AY484692.1 Agaricus bisporus

 AF465401.1 Agaricus bisporus var. burnettii

 AF465401.1 Agaricus bisporus var. burnettii 

 AF465399.1 Agaricus bisporus var. eurotetrasporus

 AY484698.1 Agaricus subfloccosus

 AF432887.1 Agaricus subfloccosus

 AF432891.1 Agaricus bridghami 

 AF432890.1 Agaricus bridghami

 AY484695.1 Agaricus bitorquis

 AY484696.1 Agaricus bitorquis 

 AF432902.1 Agaricus vaporarius

 AF432901.1 Agaricus vaporarius

Sect.  Bivelares

 AF432904.1 Agaricus cupressicola

 AF432903.1 Agaricus cupressicola

 AY484679.1 Agaricus californicus

 AF482830.1 Agaricus californicus

 U85308.1 Agaricus pocillator

 AF432879.1 Agaricus placomyces

 AY484689.1 Agaricus xanthodermus

 AF059222.1 Agaricus xanthoderma

Sect. X anthodermatei

 AF059219.1 Agaricus sylvaticus

 JF797179.1 Agaricus benesii

 Agaricus rhodofloridus Pakistan

 JF797178.1 Agaricus silvaticus

 JN204434.1 Agaricus silvaticus

Sect. Sanguinolenti

 AY484699.1 Agaricus langei 

 AY484680.1 Agaricus cupreobrunneus

 FJ755230.1 Agaricus campestris

 EU244585.1  Agaricus sp. GAL12215

 U85307.1 Agaricus campestris

 Agricus albus Pakistan 

 EF460358.1 Agaricus sp. GAL18885

 EF460357.1  Agaricus sp. GAL18890

 Agaricus calvatus Pakistan

 FJ755229.1 Agaricus californicus

 HQ446471.1 Agaricus campestris

 AF432877.1 Agaricus campestris

 DQ182533.1  Agaricus campestris

 FJ223222.1 Agaricus campestris

 FJ223223.1 Agaricus campestris

 AJ884630.1 Agaricus cupreobrunneus

 AJ884629.1 Agaricus cupreobrunneus

Sect. Agaricus

 AY484688.1 Agaricus subrutilescens

 AF482832.1 Agaricus subrutilescens

 AY484681.1 Agaricus diminutivus

 AF482831.1 Agaricus diminutivus

 AJ133390.1 Agaricus semotus

 AY484690.1 Agaricus arvensis 

 AY484691.1 Agaricus arvensis

 AY484671.1 Agaricus augustus

 AY484672.1 Agaricus augustus

 JF797193.1 Agaricus augustus

 AY484697.1 Agaricus blazei

 AJ131129.1 Agaricus blazei 

 Agaricusaugustus Pakistan

 AY484686.1 Agaricus macrocarpus

 AY484687.1 Agaricus macrosporus 

 AF432878.1 Agaricus macrosporus 

 EF460365.1 Agaricus sp. GAL15786

 EF460362.1 Agaricus sp. GAL6020

 EF460373.1 Agaricus sp. GAL13951

 Agaricus pakistanicus Pakistan

 Agaricus sp. SR-101 Pakiistan

Sect. Arvenses
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Fig.1. Phylogenetic relationship of Pakistani Agaricus species with their allies inferred by using the 

maximum likelihood method based on the Jukes-Cantor model using nr ITS-rDNA data. The analysis 

involved 66 nucleotide sequences. There were a total of 704 positions in the final dataset. Species collected 

from Pakistan have been labeled with a box ( ). 
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2. Phylogenetic analysis of Cystodermella Spp. 

The phylogenetic analysis of Cystodermella species collected from Pakistan was 

carried out using Maximum likelihood method.  The sequences included in this analysis 

had initially 1332 characters, from which 701 characters were used in final analysis after 

trimming the alignment from both 5‘ and 3‘ sides. In phylogenetic analysis gaps are 

treated as data. A total 27 sequences were included in this analysis, which clustered into 

two major clades: Cystodermella clade and Cystoderma Fayod clade (Fig.2). One species 

of Cytodermella cinnabarina (Alb. & Schwein.: Fr.) which have been collected from 

Himalayan moist temperate forests of Pakistan lies among the sequences of 

Cystodermella cinabarina (AM946513.1, AM946512.1, AM946514.1, AM946515.1) and 

Cystoderma cinnabarinum (Alb. & Schwein.: Fr.) (JF907975.1) under a significant 

bootstrap value. The presence of  cheilocystidia and inamyloid spores make the species 

identified as Cystodermella cinnabarina. Both C. cinnabarina and C. cinnabarinum are 

synonyms 

 AM946514.1 Cystodermella cinnabarina

 AM946512.1 Cystodermella cinnabarina

 AM946515.1 Cystodermella cinnabarina

 AM946513.1 Cystodermella cinnabarina

 Cystodermella cinnabarina SR-35

 JF907975.1 Cystoderma cinnabarinum

 JF907974.1 Cystoderma superbum

 AM946521.1 Cystoderma papallactae

 AM946511.1 Cystodermella adnatifolia

 AM946510.1 Cystodermella adnatifolia

 AM946516.1 Cystodermella ambrosii

 AM946517.1 Cystodermella ambrosii

 AM946519.1 Cystodermella granulosa

 AM946520.1 Cystodermella granulosa

 AM946518.1 Cystodermella granulosa

Cystodermella

 AM946489.1 Cystoderma clastotrichum

 AM946490.1 Cystoderma clastotrichum

 AM946479.1 Cystoderma amianthinum

 AM946478.1 Cystoderma amianthinum

 AM946480.1 Cystoderma amianthinum 

 AM946502.1 Cystoderma subvinaceum

 AM946505.1 Cystoderma tuomikoskii

 AM946507.1 Cystoderma tuomikoskii 

 AM946506.1 Cystoderma tuomikoskii

 AM946508.1 Cystoderma tuomikoskii

Cystoderma

 GU227705.1 Coprinellus bisporus

 GU227704.1 Coprinellus bisporus
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Fig.2. Phylogenetic analysis Cystodermella cinnabarina using maximum likelihood method based on the 

Jukes-Cantor model and nrITS-rDNA data. The analysis involved 27 nucleotide sequences. Species 

collected from Pakistan have been labeled with a box ( ). 
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3. Phylogenetic analysis of Lepiota  

The phylogenetic analysis of lepiotaceous fungi collected from Himalayan moist 

temperate forest of Pakistan was carried out using maximum likelihood method.  The 

sequences included in this analysis had initially 930 characters, from which 724 

characters were used in final analysis after trimming the alignment from both 5‘ and 3‘ 

sides. There were 328 conserve sites, 378 variable characters were uninformative. In 

phylogenetic analysis all gaps are given equal weight age as letter data. A total 44 

sequences of Lepiota (Pers.) Gray species were included in phylogenetic analysis out of 

which eight are collected from Pakistan. Those sequences which are labeled are of those 

specimens which particularly collected from Himalayan moist temperate forests. To 

clarify the phylogenetic position of each Pakistani collection, sequences of different 

sections of the genus were retrieved from GenBank database. Major four clades are 

formed in the phylogenetic tree (Fig.3) which have been labeled as clade I, clade II, clade 

III and clade IV. The same and closely related species clustered together in a specific 

clade or these lie section wise. In clade I that comprises of sect. Lepiota Singer not any 

species lies while clade II has one commonly found species L. acutesquamosa from 

Pakistan which matches more than 99% with its sequences from GenBank (FJ998400.1, 

U85328.1). The other species which has bullet shapes spores lies in clade III; L. cristata 

that matches 95% with its sequences retrieved from GenBank (U85327.1, JN944090.1, 

EU081950). This species is famous for intraspecific variation in ITS-rDNA region. Clade 

IV has three species collected from Pakistan: L. brunneoincarnata Chodat & C. Martin, L. 

subincarnata J.E. Lange and L. himalayensis Razaq & Khalid. The former two species lie 

among the sequences of the same species under a significant bootstrapping values but the 

latter formed a sister clade to unidentified sequence of Lepiota sp. Vellinga 2461 

(AY176478.1) and L. farinolens (AY176368.1) under a notable bootstrap. Generally the 

members of this clade belong to section Ovisporae (J. E. Large) Kuhner and have 

ellipsoid spore and only longer pileal elements. 
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 AF391005.1 Lepiota magnispora

 AY176470.1 Lepiota erminea

 AY176490.1 Lepiota subgracilis

 U85330.1 Lepiota felina

 AY176370.1 Lepiota forquignonii

 AY176366.1 Lepiota echinella

 AY176405.1 Lepiota xanthophylla

 U85329.1 Lepiota subincarnata

Clade I

 AY176377.1 Lepiota hystrix

 Lepiota acutesquamosa KP-59 Pakistan

 FJ998400.1 Lepiota acutesquamosa

 JN224820.1 Lepiota cf. aspera

 AY176354.1 Lepiota aspera

 U85328.1 Lepiota acutesquamosa

 FJ596853.1 Lepiota acutesquamosa

Clade II

 FJ998394.1 Lepiota lilacea

 GQ203822.1 Lepiota lilacea

 AY176379.1 Lepiota lilacea

 GQ203821.1 Lepiota lilacea

 AF391057.1 Lepiota castaneidisca

 AY176464.1 Lepiota castaneidisca

 1 Lepiota cristata K-43 Pakistan

 U85327.1 Lepiota cristata

 JN944090.1 Lepiota cristata

 EU081950.1 Lepiota cristata

 EU081944.1 Lepiota cristata

 AF391048.1 Lepiota cristata

 AJ 237628.1 Lepiota cristata

 AF391042.1 Lepiota cristata

 EU081956.1 Lepiota cristata

 GQ203806.1 Lepiota cristata

Clade III

 FJ998395.1 Lepiota brunneoincarnata

 J481017.1 Lepiota brunneoincarnata

 Lepiota brunneoincarnata K 40 Pakistan

 AY176355.1 Lepiota brunneoincarnata

 AF482875.1 Lepiota brunneoincarnata

 AY176491.1 Lepiota subincarnata

 Lepiota subincarnata KP 09 Pakistan

 HE614898.1 Lepiota himalayensis Kp 63 Pakistan

 AY176478.1 Lepiota sp. Vellinga 2461

 AY176368.1 Lepiota farinolens

 HE974764.1 Lepiota vellingaiana MR-09 Pakistan

 HE974765.1 Lepiota vellingaiana MR-52 Pakistan

 HE974766.1 Lepiota vellingaiana MR-63 Pakistan

Clade IV
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Fig.3. Phylogenetic relationship of Pakistani Lepiota species with their allies inferred by using the 

maximum likelihood analysis based on the Tamura-Nei model. The analysis involved 44 nucleotide 

sequences. The tree with the highest log likelihood (-3569.6244) is shown. Species collected from Pakistan 

have been labeled with a box ( ). 
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4. Phylogenetic analysis of Amanita  

The phylogenetic analysis of Amanitas from Pakistan was carried out using neighbor-

Joining method.  The sequences included in this analysis had initially 839 characters, 

from which 646 characters were used in final analysis after trimming the alignment from 

both 5‘ and 3‘ sides. There were 422 parsimony informative sites, 148 conserve sites, 479 

variable characters were parsimony uninformative. In phylogenetic analysis gaps are 

treated as missing data. A total 43 sequences of Amanita Pers. species were included in 

phylogenetic analysis out of which fourteen sequences are of those collections which 

belong to Himalayan moist temperate area of Pakistan. To clarify the phylogenetic 

position of each Pakistani collection, sequences of different sections of the genus were 

retrieved from GenBank database. There are major three clades in the phylogenetic tree 

(Fig.4) which have been labeled section wise as closely related species clustered together 

for example clade I is labeled as sect. Amanita, clade II is as sect.Vaginatae (Fr.) Quél. 

and clade III is as sect. Validae (Fr.) Quél. From Pakistan two species (A. panthrina and 

A. pakistanica) belong to sect. Amanita. Former shows maximum 98% base similarity 

with A. pantherina (EU525997.1, AY436466.1, EU569283.1) while the latter has also 

base similarity less than 96% with same sequences because the sequences of A. 

pakistanica are not present in GenBank. In sect. Vaginatae, one collection of A. 

pseudovaginata matches 98% with its sequence in GenBank and it clustered with its 

respective sequences in cladogram. Three isolates of A. vaginatoides formed a sister clade 

to A. vaginata and A. pseudovaginata under a significant bootstrap value (64%). Amanita 

khanspurensis also formed a sub-clade to the rest of the members of sect.vaginatae but 

the bootstrap value is not highly supportive. In clade sect. Validae, A. flavoconoides 

(JF715211.1, HE799690.1) formed a sister clade to the rest of the members of 

sect.Validae. One collection of A. rubescens clustered with its respective sequences 

(AB015682.1, EU819464.1). 
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 AY436467_Amanita parvipantherina

 AY436469_Amanita parvipantherina

 AY436468_Amanita parvipantherina

 EU525997 .1 Amanita pantherina

 AY436466_Amanita cf. pantherina

 EU569283 .1 Amanita pantherina

 Amanita pantherina K-34

 Amanita Pakistanica K-2

 Amanita Pakistanica KP-57

 Amanita pantherina K-65

 Amanita pantherina KP-75

Sect. Amanita

 AY436446_Amanita atrofusca

 AY436478_Amanita umbrinolutea

 HQ650725.1 Amanita pachycolea

 AB015691_Amanita vaginata 

 Amanita pseudovaginata K-14

 AY436470_Amanita pseudovaginata

 Amanita vaginatoides KP-54

 Amanita vaginatoidesKP-46

 Amanita vaginatoidesKP-62

  Amanita khanspurensis KP-22

 Amanita khanspurensis K-19 

Sect. Vaginatae

 AB015678_Amanita longistriata

 AY436479_Amanita yuaniana
Sect. Caesareae

 AB015681_Amanita volvata

 AY436447 Amanita avellaneosquamosa 
Sect. Amidella

 AB015676_Amanita virosa

 AY436454_Amanita exitialis

 AY436458_Amanita fuliginea

 AB015677_Amanita porphyria

 AY436471_Amanita porphyria

 AB015679_Amanita citrina

 AY436457_Amanita fritillaria

 AY436473_Amanita sepiacea

 AY436456_Amanita flavoconia

 JF715211.1 Amanita flavoconoides

 HE799690.1Amanita flavoconoides KP-38

 AB015696_Amanita flavipes

 AY436453_Amanita excelsa 

 EU819464.1 Amanita rubescens

 AB015682_Amanita rubescens

  Amanita rubescens K-35

Sect. Validae

 AY436480_Limacella glioderma
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Fig.4. Phylogenetic analysis of Amanitas of Pakistan inferred using the neighbor-joining method and Jukes-

Cantor model. Bootstrapping value mentioned on each node is based on 1000 replicates. The analysis 

involved 43 nucleotide sequences. There were a total of 205 positions in the final dataset. Species collected 

from Pakistan have been labeled with a box ( ). 
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 Panaeolus deosaiensis-22

 Panaeolus deosaiensis SR-7

 JF908517.1 Panaeolus semiovatus

Clade I

 HE819397.1 Panaeolus sphinctrinus K-41

 FJ755227.1 Panaeolus sphinctrinus
Clade I I

 JF908523.1 Panaeolus rickenii

 JF908522.1 Panaeolus campanulatus

 DQ182503.1 Panaeolus sphinctrinus

Clade I I I

 JF908520.1 Panaeolus foenisecii

 DQ403253.1 Panaeolus sp.
Clade IV

 FJ478119.1 Panaeolus retirugis

 JF961370.1 Panaeolus subbalteatus
Clade V

 EU834287.1 Panaeolus cyanescens

 AB158633.1 Panaeolus cambodginiensis

 HM035084.1 Panaeolus cyanescens

Clade VI

 AY251302.1 Pholiota squarrosa

 GU234123.1 Galerina arctica

 AJ519801.1 Psilocybe semilanceata

 AJ519800.1 Psilocybe semilanceata

Out group

100

100

37

100

100

99

100

99

99

93

93

97

82

48

99

36

5. Phylogenetic analysis of Panaeolus 

The phylogenetic analysis of Panaeolus (Fries) Quél. species collected from Pakistan 

was carried out using maximum likelihood method.  The sequences included in this 

analysis had initially 2124 characters, from which 630 characters were used in final 

analysis after trimming the alignment from both 5‘ and 3‘ sides. There were 132 293 

conserve sites, 161 variable characters. In phylogenetic analysis gaps are treated as data. 

In the phylogenetic tree small six clades were formed. Out of total sequences three 

labeled are from Pakistan (Fig.5). All the species clustering in clade I have a ring on their 

stipes and two isolates of P. deosaii formed a sister clade to P. semiovatus (Sowerby: 

Fries) S. Lundell & Nannfeldt under a significant bootstrap value (99%). Pakistani 

collection of P. sphintrinus Fr. (HE819397.1) clustered with same Asian species 

sequence (FJ755227.1) submitted from China. The species sequences clustering in Clade 

III, clade IV, clade V and clade VI also are also base on common characters with respect 

to members of each clade. Intraspecific variation in nrITS-rDNA is also evident in this 

genus. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5. Phylogenetic analysis of Panaeolus species of Pakistan based on neighbor-joining method and Jukes-

Cantor model inferred using nr ITS-rDNA. Bootstrapping value mentioned on each node is based on 100 

replicates. The analysis involved 43 nucleotide sequences. There were a total of 155 positions in the final 

dataset. Species collected from Pakistan have been labeled with a box( ). 
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6. Phylogenetic analysis of Coprinus Spp. 

The phylogenetic analysis of Coprinus (Fries) Quél. species collected from Pakistan 

was carried out using maximum likelihood method.  This analysis is based on fungal 

sequences of ITS1&ITS2 and 5.8 S of rDNA marker. The sequences included in this 

analysis had initially 768 characters, from which 662 characters were used in final 

analysis after trimming the alignment from both 5‘ and 3‘ sides. In phylogenetic analysis 

gaps are treated as data. In the phylogenetic tree small six clades were formed. In analysis 

thirteen sequences of Parasola species (FM163207.1, FM163208.1, FM163206.1, 

FM163204.1, FM163205.1, FM163189.1, FM163187.1, FM163188.1, FM163192.1, 

FM163193.1, FM163190.1, FM163191.1, FJ478115.1) were included and all these 

sequences clustered together in single clade: Parasola clade (Fig. 6). Eight sequences of 

Coprinopsis P. Karst.  (FJ478115.1, FM163181.1, FM163182.1, FM163180.1, 

FM163179.1, FM878014.1, FN396123.1, HQ847046.1) and two sequences of 

Coprinellus P. Karst.  (FM163177.1, FM163178.1) and Coprinopsis species clustered 

together in a single clade while in Coprinellus clade two species of Coprinopsis also 

clustered. But in the analysis sixteen Coprinus Pers. species were included out of which 

eleven sequences are of Coprinus commatus (O.F.Müll.) Pers. (AF345803.1, 

EU168101.1, EU168100.1, AY854066.1, AY176346.1, U85334.1, JF907838.1, 

FJ501551.1, EU520190.1, EU520139.1). Pakistani collection of C. commatus 

(HE819398.1) clearly clustered with the sequences of the same species retrieved from the 

GenBank under a significant bootstrap value. 
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 FM163207.1 Parasola megasperma

 FM163208.1 Parasola megasperma

 FM163206.1 Parasola megasperma

 FM163204.1 Parasola aff. lilatincta

 FM163205.1 Parasola aff. lilatincta

 FM163189.1 Parasola hemerobia

 FM163187.1 Parasola galericuliformis

 FM163188.1 Parasola galericuliformis

 FM163192.1 Parasola leiocephala

 FM163193.1 Parasola leiocephala

 FM163190.1 Parasola hercules

 FM163191.1 Parasola kuehneri

 FM163209.1 Parasola miser

Parasola

 FJ478115.1 Coprinopsis atramentaria

 FM163177.1 Coprinellus impatiens

 FM163178.1 Coprinellus heptemerus

Coprinellus 

 FM163181.1 Coprinopsis pseudonivea

 FM163182.1 Coprinopsis poliomallus

 FM163180.1 Coprinopsis narcotica

 FM163179.1 Coprinopsis lagopus

 FM878014.1 Coprinopsis atramentaria

 FN396123.1 Coprinopsis atramentaria

 HQ847046.1 Coprinopsis acuminata

Coprinopsis

 AY521245.1 Coprinus sp.

 JF907844.1 Coprinus vosoustii

 AF345821.1 Coprinus sterquilinus

 JF907843.1 Coprinus sterquilinus

 AF345803.1 Coprinus comatus

 HE819398.1 Coprinus commatus K-53

 EU168101.1 Coprinus comatus

 EU168100.1 Coprinus comatus

 AY854066.1 Coprinus comatus

 AY176346.1 Coprinus comatus

 U85334.1 Coprinus comatus

 JF907838.1 Coprinus comatus

 FJ501551.1 Coprinus comatus

 EU326221.1 Coprinus sterquilinus

 EU520190.1 Coprinus comatus

 EU520139.1 Coprinus comatus

Coprinus

97

99

100

46

40

100

98

99

80
100

61

98

63

42

54

100

100

88

82

100

98

92

60

40

30

26

65
96

0.05  

 

 

Fig.6. Phylogenetic analysis of Coprinus comatus collected from Pakistan based on neighbor-joining 

method and Jukes-Cantor model inferred using nr ITS-rDNA. Bootstrapping value mentioned on each node 

is based on 100 replicates All ambiguous positions were removed for each sequence pair.  The analysis 

involved 39 nucleotide sequences. Species collected from Pakistan have been labeled with a box ( ). 
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7. Phylogenetic analysis of Cortinarius  

The phylogenetic analysis of Cortinarius (Pers.) Gray species collected from 

Pakistan was carried out using maximum likelihood method.  The sequences included in 

this analysis had 1329 characters, from which 528 characters were used in final analysis 

after trimming the alignment from both 5‘ and 3‘ sides between two basidiomycetes 

motifs (CATTA & GACCT). In phylogenetic analysis gaps are treated as data. A total 41 

sequences of Cotinarius species were included in phylogenetic analysis possibly those 

which have some close relationships to sequences included from Pakistan. Total four 

species belonging to this genus were collected from Pakistan and their sequences were 

analyzed in the phylogenetic tree (Fig. 7). To clarify the phylogenetic position of each 

Pakistani collection, sequences of different sections of the genus were retrieved from the 

GenBank database. There are five major clades formed in the phylogenetic tree (Fig.7) 

which have been labeled by Section as closely related. Out of four, two Pakistani 

collections lie in sect. Telamonia clade (Fig.7) one lie in sect. Phlegmaciodes clade 

(Fig.1) while the other one species lies in sect.Chaochroi clade (Fig.1). The other two 

clades in the phylogenetic tree are sect. Myxacium (Kauffman) L.A. Parraand sect. 

Democybe Singer.  Pakistani species were not found in these two clades. Species which 

lie in sect. Telamonia Konrad & Maubl., Cortinarius brunneocarpus is sister clade to 

eight sequences of two species Cortnarius hinnuleus Fr. (AY083183.1, AY083184.1, 

AY669665.1) and C. hinnuleoamillatus Reumaux (DQ499460.1, DQ499461.1, 

DQ499462.1, DQ499463.1, DQ499464.1) under a significant bootstrap value (79%). The 

other species from Pakistan, C. nigricans nom.prov. clustered among C. vernus H. 

Lindstr. & Melot (JF907896.1, FN429006.1), C. helobius (DQ102686.1) and C. 

badiolaevis (HM017846.1, HM017847.1). Both these Pakistani collections lie separately 

among the two clades which are sister clade to each other.  The other species from 

Pakistan lies Cortinarius virgafomus among the members of sect. Phlegmaciodes (Fig.7, 

sect. sect. Phlegmaciodes clade). It forms a sister clade to the rest of species of the same 

section under a bootstrap value (72%). The other fourth Pakistani species C. 

hyacinthifolius nom. prov. belongs to sect. Chalchroi, it separates with C. magnivelatus 

(EU056976.1) from the rest of species under 88% bootstrap value and branch length is 

also significantly different. 
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 DQ499463.1 Cortinarius hinnuleoarmillatus

 DQ499464.1 Cortinarius hinnuleoarmillatus

 DQ499462.1 Cortinarius hinnuleoarmillatus

 DQ499461.1 Cortinarius hinnuleoarmillatus

 DQ499460.1 Cortinarius hinnuleoarmillatus

 AY083183.1 Cortinarius hinnuleus

 AY083184.1 Cortinarius hinnuleus

 AY669665.1 Cortinarius hinnuleus

 Cortinarius brunneocarpus Pakistan

 DQ102686.1 Cortinarius helobius

 JF907896.1 Cortinarius vernus

 Cortinarius nigricans Pakistan

 AY669690.1 Cortinarius erythrinus

 FN429006.1 Cortinarius vernus

 HM017846.1 Cortinarius badiolaevis

 HM017847.1 Cortinarius badiolaevis

Telamonia

 AF182799.1 Cortinarius vernicosus

 AF182797.1 Cortinarius absarokensis

 AF182798.1 Cortinarius favrei 

 AF182796.1 Cortinarius trivialis

 AF182801.1 Cortinarius mucosus

 AF182800.1 Cortinarius muscigenus

Myxacium

 JN114084.1 Cortinarius phoeniceus

 JN114085.1 Cortinarius phoeniceus

 FJ039598.1 Cortinarius semisanguineus

 AY669585.1 Cortinarius olivaceofuscus

 HQ604653.1 Cortinarius cinnamomeus

Dermocybe

 FJ717598.1 Cortinarius variosimilis

 FJ717601.1 Cortinarius variosimilis

 FJ717599.1 Cortinarius variosimilis

 FJ717602.1 Cortinarius variosimilis

 Cortinarius virgafomus Pakistan

 JF907907.1 Cortinarius chamaesalicis

Phlegmaciodes

 AY174801.1 Cortinarius balteatocumatilis

 DQ663433.1 Cortinarius subgracilis

 EU655658.1 Cortinarius subgracilis

 EU056976.1 Cortinarius magnivelatus

 Cortinarius hyacinthifolius Pakistan

 FJ039638.1 Cortinarius sodagnitus

 FJ039639.1 Cortinarius calochrous

 FJ157118.1 Cortinarius cf.calochrous

Chalochroi

41

68

40

72

59

100

44

99

97

97

100

62

98

100

10

100

57

31

100

100

36

97

8

99

99

63

79

59

75

0.05  

Fig.7. Phylogenetic analysis of Cortinarius species collected from Pakistan using nrITS-rDNA region. 

Phylogenetic tree is based on maximum likelihood method using JC+G model. The analysis involved 41 

nucleotide sequences. All ambiguous positions were removed for each sequence pair and gaps are treated as 

data. Species collected from Pakistan have been labeled with a box ( ). 
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8. Phylogenetic analysis of Entoloma Spp. 

The phylogenetic analysis of Entoloma (Bull.) P. Kumm. species collected from 

Pakistan was carried out using maximum likelihood method.  The sequences included in 

this analysis had 1231 characters, from which 670 characters were used in final analysis 

after trimming the alignment from both 5‘ and 3‘ sides between two basidiomycetes 

motifs (CATTA & GACCT). In phylogenetic analysis gaps are treated as data. A total 34 

sequences of Entoloma species were included in phylogenetic analysis, possibly those 

which have some close relationships to sequences included from Pakistan. Only one 

species belonging to this genus was collected from Pakistan and its sequence has been 

analyzed in the phylogenetic tree (Fig. 8). To clarify the phylogenetic position of this 

Pakistani collection, sequences of different sections of the genus were retrieved from the 

GenBank database. Most commonly, the sequences of following species have been 

included in analysis which formed different clades (Fig.8). Clade I contains E. sepium 

(Noulet & Dass.) (AB520856.1, AB520855.1, JF908001.1, JF908000.1), E. clypeatum 

 (L. ex Fr.) Kummer (AB520853.1, AB520854.1), E. aprile (Britzelm.) Sacc. 

(JF907994.1, EU784203.1), E. niphoides Noordel. (JF907999.1), E. plebejum (Kalchbr.) 

Noordel. (JF908002.1), E. nitidum Quel. (JF907989.1, AY228340.1, AF335449.1). Clade 

II has the following species clustered together in this group  E. undatum (Gillet) M.M. 

Moser (JF908007.1) E. platyphylloides (Romagn.) (JF908003.1), E. byssisedum (Pers.) 

Donk (EU784209.1), Entoloma sp. src741 (DQ974695.1), E. sericeonitidum (P.D. Orton) 

Arnolds (EF421108.1), E. abortivum (Berk. & M.A. Curtis) Donk (FJ940730.1, 

FJ596870.1, GQ166906.1, AF357019.2). E. sericeoides (J.E. Lange) Noordel. 

(JF908006.1), E. infundibuliforme Hesler (HQ179671.1) clutered in clade III (Fig.8) 

while E. cuspidiferum Noordel. (EU784218.1), Nolanea strictia Peck (EF421109.1, 

DQ494680.1) are in clade IV. Pakistani species clustered with N. sericea (Bull.) P.D. 

Orton (AF357021.2), E. sericeum (Bull ex Merat) Quel. (AF357020.2), E. chalybaeum 

(Pers.Fr.) Noordel. (EU784214.1) and this sub-clade is sister clade to species E. 

clandestinum  (Fr.) Noordel (EU784216.1), E. alboumbonatum Hesler (HQ179670.1), E. 

hebes (Romagn.) Trimbach (JF907997.1), E. cetratum (Fr.) M.M. Moser (EU784213.1, 

GQ397990.1). E. pakistanica is clustering in clade V under a significant bootstrap value 

(100%) with extra ordinary long branch length. 
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 AB520856.1 Entolomasepium

 AB520853.1 Entoloma clypeatum

 AB520855.1 Entoloma sepium

 JF908001.1 Entoloma sepium

 JF907994.1 Entoloma aprile

 JF907999.1 Entoloma niphoides

 JF908000.1 Entoloma sepium

 AB520854.1 Entoloma clypeatum f. hybridum

 EU784203.1 Entoloma aprile

 JF908002.1 Entoloma plebejum

 JF907989.1 Entoloma nitidum

 AY228340.1 Entoloma nitidum

 AF335449.1 Entoloma nitidum

Clade I

 JF908007.1 Entoloma undatum

 JF908003.1 Entoloma platyphylloides

 EU784209.1 Entoloma byssisedum

 DQ974695.1 Entoloma sp. src741

 EF421108.1 Entoloma sericeonitidum

 FJ940730.1 Entoloma abortivum

 FJ596870.1 Entoloma abortivum

 GQ166906.1 Entoloma abortivum

 FJ770404.1 Clitopilus abortivus

 AF357019.2 Entoloma abortivum

Clade II

 JF908006.1 Entoloma sericeoides

 JF907991.1 Collybia hariolorum

 HQ179671.1 Entoloma infundibuliforme

CLade III

 EU784218.1 Entoloma cuspidiferum

 EU669311.1 Nolanea cf. verna

 EF421109.1 Nolanea strictior

 DQ494680.1 Nolanea strictia

Clade IV

 AF357021.2 Nolanea sericea

 AF357020.2 Entoloma sericeum

 EU784214.1 Entoloma chalybaeum

 Entoloma pakistanica 

 EU784216.1 Entoloma clandestinum

 HQ179670.1 Entoloma alboumbonatum

 JF907997.1 Entoloma hebes

 EU784213.1 Entoloma cetratum

 GQ397996.1 Coltricia perennis

 GQ397990.1 Entoloma cetratum

Clade V

99

99

64

100

76

100

100

100

83

99

100

93

100

59

82

69

67

100

75

96

100

52

65

100
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0.004

0.008

0.011

0.037

0.000

0.016

0.002

0.068

0.009

0.002

0.039

0.000

0.000

0.002

0.000

0.002

0.018

0.002

0.000

0.000

0.054

0.004

0.055

0.000

0.000

0.052

0.005

0.002

0.004

0.040

0.041

0.004

0.000

0.000

0.000

0.000

0.000

0.000

0.141

0.045

0.013

0.003

0.070

0.024

0.074

0.059

0.065

0.007

0.046

0.020

0.040

0.058

0.013

0.033

0.004

0.007

0.014

0.020

0.033

0.043

0.013

0.007

0.005

0.005

0.057

0.004

0.002

0.027

0.02  

 Fig.8. Phylogenetic analysis of Entoloma pakistanica collected from Pakistan based on nrITS-rDNA 

regions. This tree is based on maximum likelihood method using Jukes-Cantor model. The values given 

above branches is bootstrap while below branches are branch lengths. Species collected from Pakistan have 

been labeled with a box ( ). 
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9. Phylogenetic analysis of Neolentinus Spp. 

The phylogenetic analysis of Neolentinus Redhead & Ginns species collected 

from Pakistan was carried out using maximum likelihood method.  The sequences 

included in this analysis had 2065 characters, from which 599 characters were used in 

final analysis after trimming the alignment from both 5‘ and 3‘. In phylogenetic analysis 

gaps are treated as data. A total 20 sequences of Neolentinus species were included in 

phylogenetic analysis possibly those which have some close relationships to sequence 

included from Pakistan. Only one species belonging to this genus was collected and 

sequenced from Pakistan and its sequence was analyzed in this phylogenetic tree (Fig. 9).     

Mostly sequences included in this analysis belong to Gloeophyllum P. Karst., and 

Neoletinus; which separated into two clades as mentioned in figure 9. Clade I has only 

Gloeophyllum species; G. sepiarium (Wulfen) P. Karst. (FJ903356.1, GU067756.1, 

JN182924.1, AY497555.1, HM536091.1), G. trabeum (Pers.) Murrill (HM536094.1, 

GQ337913.1) and G. abietinum (Bull.) P. Karst (EU826081.1, EU826082.1, 

EU826080.1). In this clade no Pakistani species exists. Clade II is Neolentinus clade or it 

has Neolentinus species, especially N. lepideus Redhead & Ginns (HM536098.1, 

AB615456.1, GQ337914.1, EF524039.1). Pakistani collection lies in clade II under a 

significant bootstrap value (100%). This collection behaves slightly different and seems 

to be forming sister clade to three isolates (AB615456.1, GQ337914.1, EF524039.1) but 

at the same time the fourth one isolate behaving in the same ways as mine but it is yet 

identified as N. lepideus. This behavior of the species isolates may be because of 

intraspecific variation in ITS region. 
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 FJ903356.1 Gloeophyllum sepiarium

 GU067756.1 Gloeophyllum sepiarium

 JN182924.1 Gloeophyllum sepiarium

 AY497555.1 Gloeophyllum sepiarium

 HM536091.1 Gloeophyllum sepiarium

 HM536094. Gloeophyllum trabeum

 GQ337913.1 Gloeophyllum trabeum

 EU826081.1 Gloeophyllum abietinum

 EU826082.1 Gloeophyllum abietinum

 EU826080.1 Gloeophyllum abietinum

Gloeophyllum

 HM536095.1 Heliocybe sulcata

 HM536098.1 Neolentinus lepideus

 Neolentinus lepideus KP-36

 AB615456.1 Neolentinus lepideus

 GQ337914.1 Neolentinus lepideus

 EF524039.1 Neolentinus lepideus

Neolentinus

 EF524038.1 Lentinus cyathiformis

 FJ627257.1 Gloeophyllum carbonarium

 EU118619.1 Columnocystis abietina

 HM536100.1 Veluticeps fimbriata

100

51

100

100

100

99

38

99

100

100

73

79

75

86

64

100

0.02  

 

Fig.9. Phylogenetic analysis of Neolentinus lepideus species collected from Pakistan based on nrITS-rDNA 

regions. This tree is based on maximum likelihood method using Jukes-Cantor model. The values given 

above branches represent bootstraps while values below 50% are not shown. Species collected from 

Pakistan have been labeled with a box ( ). 
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10 Phylogenetic analysis of Chroogomphus Spp. 

The phylogenetic analysis of Chroogomphus (Singer) O.K. Mill. species collected 

from Pakistan was carried out using maximum likelihood method.  The sequences 

included in this analysis had 1195 characters, from which 703 characters were used in 

final analysis after trimming the alignment from both 5‘ and 3‘. In phylogenetic analysis 

gaps are treated as data. A total 36 sequences of Chroogophus species were included in 

phylogenetic analysis possibly those which are published and have some close 

relationships to sequence included from Pakistan. Only one species belonging to this 

genus was collected and sequenced from Pakistan and its sequence was analyzed in this 

phylogenetic tree (Fig. 10).  Almost all sequences included separate into two major clade 

which were labeled as sections. The species which share common conserve region on 

their ITS-rDNA are clustered together in Chroogomphus clade. Generally the species of 

sect. Chroogomphus clade are: Chroogomphus rutilus (HM049561.1, HM049562.1, 

HM049563.1, HM049564.1, EU791582.1, EU791580.1), C. orientirutilus (EU706326.1, 

EU706327.1, EU706328.1, EU706325.1), C. purpurascens (FJ481128.1, EU706330.1, 

EU706331.1, EU706332.1, EU706333.1, FJ652072.1), C. filiformis (EU706323.1, 

EU706324.1, FJ513326.1, FJ513327.1) and C. confusus (EF423623.1, EF423622.1, 

EF423621.1). In this clade no Pakistani collection lies.  Pakistani species lies among the 

members of sect. Floccigomphus (S. Imai) O.K. Mill. clade (Fig.10). This clade contains 

C. leptocystis (Singer) O. K. Mill. (AF205644.1), C. helveticus (Singer) M.M. Moser 

(GU187514.1, AF205642.1, AF205650.1, FJ652070.1) and C. sibericus (Singer) O.K. 

Mill. and C. roseolus Yan C. Li & Zhu L.Yang (EU706329.1, EF423620.1, EU791579.1) 

are all together in a clade with high bootstrap support (FIG. 10). C. helveticus and C. 

roseolus form sister clade to each other while the Pakistani collection very clearly 

clustered with isolates of C. roseolus. No doubt the bootstrapping is not well supported 

yet the reshuffling of the sequence may remain inside the same clade. 
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 HM049564.1 Chroogomphus rutilus

 HM049563.1 Chroogomphus rutilus

 HM049561.1 Chroogomphus rutilus

 HM049562.1 Chroogomphus rutilus

 EU791582.1 Chroogomphus rutilus

 EU791580.1 Chroogomphus rutilus

 EU706328.1 Chroogomphus orientirutilus

 EU706325.1 Chroogomphus orientirutilus

 EU706326.1 Chroogomphus orientirutilus

 EU706327.1 Chroogomphus orientirutilus

 EU706331.1 Chroogomphus purpurascens

 EU706333.1 Chroogomphus purpurascens

 FJ481128.1 Chroogomphus purpurascens

 EU706330.1 Chroogomphus purpurascens

 EU706332.1 Chroogomphus purpurascens

 FJ652072.1 Chroogomphus purpurascens

 EU706324.1 Chroogomphus filiformis

 EU706323.1 Chroogomphus filiformis

 FJ513327.1 Chroogomphus filiformis

 FJ513326.1 Chroogomphus filiformis

 EF423623.1 Chroogomphus confusus

 EF423622.1 Chroogomphus confusus

 EF423621.1 Chroogomphus confusus

Sect. Chroogomphus

 AF205644.1 Chroogomphus sibiricus

 FJ157000.1 Chroogomphus leptocystis

  Chroogomphus roseolus KP-56

 EU791579.1 Chroogomphus roseolus

 EF423620.1 Chroogomphus roseolus

 EU706329.1 Chroogomphus roseolus

 GU187514.1 Chroogomphus helveticus

 AF205642.1 Chroogomphus helveticus

 AF205650.1 Chroogomphus helveticus

 FJ652070.1 Chroogomphus helveticus

Sect. Floccigomphus

 EU706334.1 Chroogomphus pseudotomentosus

 AF205668.1 Chroogomphus loculatus

 AF205648.1 Chroogomphus tomentosus

100

69

98

54

97

97

95

50

89

77

74

87

90

86

77

54

70

97

100  

 

Fig.10. Phylogenetic analysis of Chroogomphus roseolus collected from Pakistan based on nrITS-rDNA 

regions. This tree is based on maximum likelihood method using Jukes-Cantor model. The values given 

above branches represent bootstraps. The species collected from Pakistan have been labeled ( ). 
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11 Phylogenetic analysis of Hygrophorus Spp. 

The phylogenetic analysis of Hygrophorus Fr. species collected from Pakistan 

was carried out using maximum likelihood method.  The sequences included in this 

analysis had 2293 characters, from which 598 characters were used in final analysis after 

trimming the alignment from both 5‘ and 3‘ sides. In phylogenetic analysis gaps are 

treated as data. A total 37 sequences of Hygrophorus species were included in 

phylogenetic analysis out of which one collected from Pakistan. To clarify the 

phylogenetic position of Pakistani collection, sequences of different sections of the genus 

were retrieved from the GenBank database. There are four major clades formed in the 

phylogenetic tree (Fig.11) which have been labeled as clade I, clade II, clade II and clade 

IV. Pakistani collection lies only in clade IV and none of collection from the country does 

not represent other three clades (clade I, clade II & clade III). The clade IV has the 

sequences of Hygroporous chrysodon (Fr.) Fr. (DQ974809.1, HQ650730.1), H. saxatilis 

(FJ845407.1), H. pustulatus (Pers.) Fr. (FJ845412.1), Hygrocybe xanthochroa (P.D. 

Orton) M.M. Moser (EU784356.1) and H. citrinopallida (A.H. Sm. & Hesler) 

(GU234145.1, U66435.1). Pakistani collection clustered with sequences of H. crysodon 

under a significant BS value (66%) and branch length is also same as for H. chrysodon 

which means Pakistani collection is also H. chrysodon. In general almost all the nodes in 

the phylogenetic tree have received BS (bootstrap) values more than 50% that indicates 

the good health of the tree. The sub-clade in which Pakistani collection lies has BS value 

(98%) but the sequences of the same species show some intraspecific variation evident 

from the orientation of the sequences in the sub-clade (Fig.11).   
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 EF559268.1 Hygrophorus roseobrunneus

 DQ974727.1 Hygrophorus roseobrunneus

 AY242857.1 Hygrophorus unicolor

 AY463486.1 Hygrophorus discoxanthus

 AY242853.1 Hygrophorus discoxanthus

 DQ367904.1 Hygrophorus eburneus var. eburneus

 AY463490.1 Hygrophorus hedrychii

 DQ974729.1 Hygrophorus eburneus

 EF559291.1 Hygrophorus eburneus

 AY463484.1 Hygrophorus eburneus

 AY463485.1 Hygrophorus eburneus

 AY242855.1 Hygrophorus eburneus

Clade I

 FJ845410.1 Hygrophorus olivaceoalbus

 JN021046.1 Hygrophorus olivaceoalbus

 JF908073.1 Hygrophorus olivaceoalbus

 FJ845408.1 Hygrophorus pudorinus

 JN021047.1 Hygrophorus pudorinus

 JN021049.1 Hygrophorus pudorinus

 JN021048.1 Hygrophorus pudorinus

Clade II

 JF908066.1 Hygrophorus arbustivus

 JF908072.1 Hygrophorus limacinus

 JF908074.1 Hygrophorus capreolarius

 FJ845411.1 Hygrophorus piceae

 FJ845409.1 Hygrophorus hypothejus

 JF908076.1 Hygrophorus aureus

 JF908075.1 Hygrophorus pudorinus

 JF908077.1 Hygrophorus russula 

 JF908065.1 Hygrophorus russula

Clade III

 JF899557.1 Hygrophorus piceae

 FJ845412.1 Hygrophorus pustulatus

 FJ845407.1 Hygrophorus saxatilis

 DQ974809.1 Hygrophorus chrysodon

 Hygrophorus chrysodon KP-72

 HQ650730.1 Hygrophorus chrysodon

 EU784356.1 Hygrocybe xanthochroa

 GU234145.1 Hygrocybe citrinopallida

 U66435.1 Hygrocybe citrinopallida

Clade IV

58

100

100

100

100

68

100

100

58
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56

100

100

100

74

100
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82

80

98

94

92

98

100

86

  

Fig.11. Phylogenetic analysis of Hygrophorus chrysodon collected from Pakistan using nrITS-rDNA 

regions data. This tree is based on maximum likelihood method using Jukes-Cantor model. The values 

given above branches is bootstrap. There were a total of 198 positions in the final dataset. Species collected 

from Pakistan have been labeled with a box ( ). 
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12 Phylogenetic analysis of Hebeloma 

The phylogenetic analysis of Hebeloma (Fr.) P. Kumm species collected from 

Pakistan was carried out using maximum likelihood method.  The sequences included in 

this analysis had 1254 characters, from which 690 characters were used in final analysis 

after trimming the alignment from both 5‘ and 3‘ sides. In phylogenetic analysis gaps are 

given as weightage as the other letters. A total 24 sequences of Hebeloma species were 

included in phylogenetic analysis out of which two belong to Pakistan. To clarify the 

phylogenetic position of each Pakistani collection, sequences of different sections of the 

genus were retrieved from the GenBank database. There are two major clades formed in 

the phylogenetic tree (Fig.12) which have been labeled by clade names. Out of two, each 

Pakistani collection lies separately in separate clade (Fig.12). 

In Clade I, only the species of Hebeloma section Theobromina Vesterholt are 

present (HE649368.1, FJ816619.1, FJ816621.1, FJ816622.1, FJ816623.1, FJ816624.1, 

FJ816625.1, EU570180.1, EU570181.1, EU570182.1, FJ816629.1, FJ816631.1, 

FJ816638.1), but our specimen (HE649368.1) distinctly separated with the H. 

theobrominum Quadr.  sub-clade in clade I under a notable bootstrap value (64%) with a 

supportive branch length. This means that Pakistani collection is also a real member of 

this sub-clade and it is H. theobrominum from different geographical area. This sub-clade 

formed a sister sub-clade with its closely related H. vesterholtii Beker & U. Eberh.  

In the Clade II of the phylogenetic tree; all the sequences of H. mesophaeum 

(Pers.) Quél. (HE649369.1, EF091826.1, EF451056.1, EF451057.1, EF644106.1, 

HQ453395.1, AB211272.1, AY312980.1, AY311521.1) are present among which our 

specimen (HE649369.1) clustered under a significant bootstrap value (87%). This clade 

formed a sister clade to another closely related species H. cistophilum R.Maire 

(EU570177.1, EU570178.1). 
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 FJ816619.1_Hebeloma_theobrominum

 FJ816625.1_Hebeloma_theobrominum

 FJ816622.1_Hebeloma_theobrominum

 EU570180.1_Hebeloma_theobrominum

 EU570181.1_Hebeloma_theobrominum

 EU570182.1_Hebeloma_theobrominum

 FJ816621.1_Hebeloma_theobrominum

 FJ816623.1_Hebeloma_theobrominum

 HE649368_Hebeloma_theobrominum_Pakistan

 FJ816624.1_Hebeloma_theobrominum

 FJ816631.1_Hebeloma_vesterholtii

 FJ816629.1_Hebeloma_vesterholtii

 FJ943238.1_Hebeloma_vesterholtii

Clade I

 EU570178.1_Hebeloma_cistophilum

 EU570177.1_Hebeloma_cistophilum

 AY311521.1_Hebeloma_mesophaeum_var._crassipes

 AY312980.1_Hebeloma_psammophilum

 AB211272.1_Hebeloma_mesophaeum

 EF091826.1_Hebeloma_mesophaeum

 HE649369_Hebeloma_mesophaeum_Pakistan

 EF451057.1_Hebeloma_mesophaeum

 EF451056.1_Hebeloma_mesophaeum_var._crassipes

 EF644106.1_Hebeloma_mesophaeum

 HQ453395.1_Hebeloma_mesophaeum

Clade I I

62

26
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87

63

99
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0.005  

 

Fig.12. Phylogenetic analysis of Hebeloma species collected from Pakistan using nrITS-rDNA regions data. 

This tree is based on maximum likelihood method using Jukes-Cantor model. The values given above 

branches is bootstap. There were a total of 198 positions in the final dataset. Species collected from 

Pakistan have been labeled with a box ( ). 
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13 Phylogenetic analysis of Timgrovea Spp. 

The phylogenetic analysis of Timgrovea Bougher & Castellano species collected 

from Pakistan was carried out using maximum likelihood method.  The sequences 

included in this analysis had 876 characters, from which 680 characters were used in final 

analysis after trimming the alignment from both 5‘ and 3‘ sides. In phylogenetic analysis 

gaps are treated as data. A total 39 sequences of Timgrovea species were included in 

phylogenetic analysis out of which one is collected from Pakistan. To clarify the 

phylogenetic position of Pakistani collection (Timgrovea descoleus), sequences of 

different sections of the genus were retrieved from the GenBank database. There are two 

major clades formed in the phylogenetic tree (Fig.13) which have been labeled by section 

as closely related: Descolea-like and Cortinarius-like. The former clade has further two 

sub-clades: sub-clade I is Setchelliogaster- Timgrovea clade while sub-clade II is 

Descomyces-Timgrovea clade but Descolea species are distributed in both these sub 

clades. Cortinarius-like clade has mostly unknown species of Quadrispora Bougher & 

Castellano and Thaxterogaster species without any further genus demarcation. None of 

Pakistani collection lies in latter clade. 

In Descolea-like clade mostly the species are unknown either they belong to 

Timgrovea Bougher & Castellano or Setchelliogaster Pauzor. Timgrovea and 

Setchelliogaster arefurther separated into two sub-clades as shown in figure 13. 

Timgrovea descoleus clustered with five unknown species of Timgrovea (DQ328167.1, 

DQ328108.1, DQ328180.1, DQ328195.1, DQ328109.1) under a 100% Bootstrap (BS) 

value in sub-clade I of the Descolea-like clade (Fig.13). Pakistani collection forms a sister 

clade to that unknown sequences. Branch length is also different for Pakistani collection 

as compared to rest of the sequences clustering with local sequence. 

 



 302 

 DQ328174.1 Setchelliogaster sp. TRAPPE14262

 AF325625.1 Setchelliogaster australiensis

 DQ328214.1 Setchelliogaster sp. TRAPPE14281

 AF325628.1 Setchelliogaster australiensis

 DQ328139.1 Setchelliogaster sp. TRAPPE14252

 DQ328202.1 Setchelliogaster sp. H4234

 AF325626.1 Setchelliogaster australiensis

 AF325627.1 Setchelliogaster australiensis

 DQ328087.1 Setchelliogaster sp. H6806

 AF325652.1 Descoleam gunnii

 GU222269.1 Descolea gunnii

 AF325653.1 Descolea gunnii

 Timgrovea descoleus K-95

 DQ328167.1 Timgrovea sp. H4204

 DQ328108.1 Timgrovea sp. H4170

 DQ328180.1 Timgrovea sp. H4162

 DQ328195.1 Timgrovea sp. H6171

 DQ328109.1 Timgrovea sp. H4167

Sub-clade I

 DQ328058.1 Descomyces angustisporus

 DQ328193.1 Setchelliogaster_sp. MEL2063434

 HQ728543.1 Descolea phlebophora

 HQ533035.1 Descolea phlebophora

 AF325647.1 Descolea antarctica

 DQ328161.1 Timgrovea sp. H5643

 DQ328219.1 Timgrovea sp. H5655

 DQ328128.1 Timgrovea ferruginea

 DQ328083.1 Timgrovea ferruginea

 DQ328116.1 Timgrovea ferruginea

 DQ328129.1 Descomyces sp. H0733

 DQ328115.1 Descomyces sp. H0717

 DQ328065.1 Descomyces sp. H0733

 DQ328082.1 Descomyces sp. H0717

 DQ328176.1 Descomyces sp. H6810

Sub-clade I I

DESCOLEA-LIKE

 DQ328194.1 Quadrispora sp. H4136

 DQ328186.1 Thaxterogaster sp. H5791

 DQ328098.1  Thaxterogaster sp. H5185

 DQ328092.1 Thaxterogaster sp. H1006

 DQ328196.1 Thaxterogaster campbellae

 DQ328096.1 Quadrispora sp. H5092 

CORTINARIUS-LIKE
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Fig.13. Phylogenetic analysis of Timgrovea descoleus collected from Pakistan using nrITS-rDNA region. 

Phylogenetic tree is based on maximum likelihood method using JC+G model. The analysis involved 39 

nucleotide sequences. All ambiguous positions were removed for each sequence pair and gaps are treated as 

data. Species collected from Pakistan have been labeled with a box ( ). 
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14 Phylogenetic analysis of Inocybe 

The phylogenetic analysis of Inocybe species collected from Pakistan was carried 

out using maximum likelihood method.  The sequences included in this analysis had 1023 

characters, from which 773 characters were used in final analysis after trimming the 

alignment from both 5‘ and 3‘ sides. In phylogenetic analysis gaps are treated as data. A 

total 76 sequences of Inocybe species were included in phylogenetic analysis out of which 

fourteen sequences belong to Pakistan. To clarify the phylogenetic position of each 

Pakistani collection, sequences of different sections of the genus were retrieved from the 

GenBank database. There are three major clades formed in the phylogenetic tree (Fig.14) 

which have received strong support, labeled by Section as closely related species 

clustered in each clade. These three clades are: Rimosae sensu strict, Mallocybe and I. 

nitidiuscula and allies. Out of 14, seven Pakistani sequences  lie in Rimosae sensu strict 

clade (Fig.14) three lie in Mallocybe clade while seven sequences lies in I. nitiduiscula 

and allies clade (Fig.1). 

All the species or sequences which belong to sect. Rimosae have received a 

significant support. One sequence of I. rimosa from Pakistan lies with sequences of same 

species (FJ904146.1, FJ904144.1, AM882762.2, FJ904147.1, JF908111.1, FJ904152.1, 

JF908118.1, HQ604622 .1). The other four sequences of I. pakistanica form sister clade 

to a closely related species, I. microfastigiata (FJ904157.1) (FIG.14a). This sub-clade 

received a significant BS value (99%). The branch length of this clade when compared 

with its sister species gives a significant difference.  

Other Pakistani collection of Himalayan forests lies with I. obsoleta (K-18) 

(JF908256.1, AM882769.2) receiving a 96% BS value and no branch length difference. 

All the species which cluttered in this sub-clade are closely related genetically but also 

morpho-anatomically. I. squamata (KP-23) is another species which purely clustered with 

other sequences of European collections of I. squamata (AM882785.2, AM882783.2, 

FJ904136.1, FJ904132.1, AM882780.2, JF908162.1) proving its distribution to Europe to 

Asia (FIG.14a). 

In Mallocybe clade Pakistani I. leucoblema (SR-3) clustered with Mallocybe 

leucoblema (HM209789.1, GU980631.1, GU980630.1, FN550936.1, HQ232481.1). This 

clade has significant BS value (63%) while branch length is also supportive. Phylogeny of 
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Pakistani collection is in accordance to the maximum base similarity as well during Blast 

searches 

Other two import species (I. genticus nom.prov. SR-2 & I. impurus nom. prov.SR-

9) of this clade which have been collected first time from Pakistan clustered 

independently (Fig.14b). The closely relate species are Mallocybe dulcamara (Alb. & 

Schw. ex Pers.) Kummer Lange (HQ604787.1, HQ604784.1, AM882863.1, GU234082.1, 

GU234129.1), I. gymnocarpa Kühner (HQ604785.1) and I. terrigena (Fr.) Kühner 

(AM882864.2, HQ650752.1, HQ604779.1, HQ604783.1, HQ604780.1, HQ604781.1).  

Both these species are closely related but the BS value which separate them is more than 

70% and the branch length is also significantly different. 

Pakistani collection I. nitidiusclua (KP-17) also clustered with same collections 

belonging to Europe and Japan (AB244791.1, JF908249.1, JF908176.1, JF908088.1). The 

remaining collections of this species from Pakistan are ectomycorrhizal sequences (SD-4 

& SD-5).  

Inocbye sp-SR-19 which lies among the sequences of I .nitidiuscula but it forms a 

clade under 89% BS value. It also has shorter branch length as compared to other 

Pakistani collection of I. nitidiuscula, (Fig.14b). 
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 Inocybe rimosa

 FJ904152.1 Inocybe cf.rimosa

 JF908118.1 Inocybe rimosa

  Inocybe rimosa KP 4

 DQ974802.1 Inocybe cf. sororia

 FJ904157.1 Inocybe cf. rimosa EL-2010a

 FJ904156.1 Inocybe cf. microfastigiata EL113

  Inocybe pakistanica K 7

 Inocybe pakistanica K 83 rev

 Inocybe pakistanica K 8

 Inocybe pakistanica SR 67

 HQ604622 .1 Inocybe rimosa

 HQ445610.1 Inocybe cf. fastigiata

 FJ904159.1 Inocybe bulbosissima

 FJ904160.1 Inocybe bulbosissima

 AM882765.2 Inocybe bulbosissima

 FJ904158.1 Inocybe bulbosissima

 FJ904161.1 Inocybe bulbosissima

 FJ904166.1 Inocybe umbrinella

 FJ904164.1 Inocybe umbrinella

 FJ904163.1 Inocybe umbrinella

 FJ904165.1 Inocybe umbrinella

 JF908116.1 Inocybe umbrinella

 Inocybe obsoleta K 18

 JF908256.1 Inocybe obsoleta

 AM882771.2 Inocybe perlata

 AM882772.2 Inocybe perlata

 AM882769.2 Inocybe obsoleta

 FJ904133.1 Inocybe arenicola

 FJ904134.1 Inocybe arenicola

 FJ904124.1 Inocybe mimica

 AM882781.2 Inocybe mimica

 FJ904127.1 Inocybe dulcamaroides

 FJ904126.1 Inocybe dulcamaroides

 AM882785.2 Inocybe squamata

 AM882783.2 Inocybe squamata

  Inocybe squamata KP-23

 FJ904136.1 Inocybe squamata

 FJ904132.1 Inocybe squamata

 AM882780.2 Inocybe squamata

 JF908162.1 Inocybe squamata
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 Fig.14a. Phylogenetic analysis of Inocybe species (Rimosae sensu stricto) collectaed from Pakistan based 

on nrITS-rDNA regions. This tree is based on maximum likelihood method using Jukes-Cantor model. 

Above each node the bootstrap values are given while the values below branches represent branch length. 

Species collected from Pakistan have been labeled with a box ( ). 
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 RIMOSAE sensu stricto

 HQ604787.1 Mallocybe dulcamara

  Inocybe genticus SR 9

 Inocybe impurus SR 2

 AM882864.2 Inocybe terrigena

 HQ604784.1 Mallocybe dulcamara

 AM882863.1 Inocybe dulcamara

 HQ604785.1 Inocybe gymnocarpa

 GU234082.1 Mallocybe dulcamara

 GU234129.1 Mallocybe dulcamara

 HM209789.1 Mallocybe leucoblema

 GU980631.1 Mallocybe leucoblema

 GU980630.1 Mallocybe leucoblema

 FN550936.1 Mallocybe leucoblema

 HQ232481.1 Mallocybe leucoblema

 Mallocybe leucoblema SR 3 Pakistan 

 HQ650752.1 Mallocybe terrigena

 HQ604779.1 Mallocybe terrigena

 HQ604783.1 Mallocybe terrigena

 HQ604780.1 Mallocybe terrigena

 HQ604781.1 Mallocybe dulcamara

Mallocybe

 Inocybe sp. SR 19

 Inocybe nitidiuscula SD 5

 Inocybe nitidiuscula SD 4

  Inocybe nitidiuscula KP 17

 AB244791.1 Inocybe nitidiuscula

 JF908249.1 Inocybe nitidiuscula

 JF908176.1 Inocybe nitidiuscula

 JF908088.1 Inocybe nitidiuscula

I. nitidiuscula and Allies
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Fig.14b. Phylogenetic analysis of Inocybe species (Mallocybe & I .nitidiuscula and allies) collected from 

Pakistan based on nrITS-rDNA regions. This tree is based on maximum likelihood method using Jukes-

Cantor model. Above each node the bootstrap values are given while the values below branches represent 

branch length. Species collected from Pakistan have been labeled with a box ( ). 

 

 

 

 



 307 

15 Phylogenetic analysis of Gymnopus 

The phylogenetic analysis of Gymnopus (Pers.) Rousselspecies collected from 

Pakistan was carried out using maximum parsimony method. The sequences included in 

this analysis had 1570 characters, from which 706 characters were used in final analysis 

after trimming the alignment from both 5‘ and 3‘ sides. In phylogenetic analysis gaps are 

treated as data. A total 57 sequences of Gymnopus species were included in phylogenetic 

analysis out of which three were collected from Pakistan. To clarify the phylogenetic 

position of each Pakistani collection, sequences of different sections of the genus were 

retrieved from the GenBank database. There are three major clades formed in the 

phylogenetic tree (Fig.15) which have been labeled as clade I, clade II and clade III. All 

the collections included from Pakistan lie among the members of clade I and these are 

forming sister clade to Gymnopus dichrous (Berk. & M.A. Curtis) Halling (FJ596783.1, 

JF313695.1, FJ596782.1). This sub-clade received a significant BS value. Gymnopus sp. 

K-36 and Gymnopus K-38 both separated from Gymnopus sp. KP-32.  These species 

behaved differently when compared with their Blast search results. On the basis of 

phylogeny, these three species either may be different individual of same species with 

intraspecific variation or very closely related morpho-anatomical and ecologically. 
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 AF505767.1 Gymnopus biformis

 DQ450038.1 Gymnopus subcyathiformis

 DQ450040.1 Gymnopus subcyathiformis

 DQ450039.1 Gymnopus subcyathiformis

 DQ450037.1 Gymnopus subcyathiformis

 DQ450042.1 Gymnopus subcyathiformis

 AF505770.1 Gymnopus alnicola

 JN182864.1 Gymnopus menehune

 AY263444.1 Gymnopus menehune

 AY263426.1 Gymnopus menehune

 DQ450043.1 Gymnopus menehune

 AY263450.1 Gymnopus tamblinganensis

 AY263439.1 Gymnopus indoctus

 AY263440.1 Gymnopus indoctus

 AY263441.1 Gymnopus indoctus

 AF505768.1 Gymnopus mesoamericanus

 DQ450036.1 Gymnopus mesoamericanus

 DQ450035.1 Gymnopus mesoamericanus

 AF505769.1 Gymnopus neotropicus

Clade I

 DQ450062.1 Gymnopus parvulus

 DQ450060.1 Gymnopus parvulus

 DQ450061.1 Gymnopus parvulus

 AF505774.1 Gymnopus parvulus

 DQ450058.1 Gymnopus villosipes

 AF505772.1 Gymnopus collybioides

 HQ533036.1 Gymnopus readiae

 DQ450034.1 Gymnopus readii

 AF505773.1 Gymnopus confluens

 AY256698.1 Gymnopus dryophilus

 AY256697.1 Gymnopus confluens

 DQ450045.1 Gymnopus confluens

 DQ450048.1 Gymnopus confluens

 DQ450051.1 Gymnopus confluens

 DQ450049.1 Gymnopus confluens

 DQ450047.1 Gymnopus confluens

 HM240527.1 Gymnopus confluens

 DQ450050.1 Gymnopus confluens

Clade II

 AY256699.1 Gymnopus biformis

 DQ450054.1 Gymnopus biformis

 AF505771.1 Gymnopus biformis

 DQ450055.1 Gymnopus biformis

 DQ450056.1 Gymnopus biformis

 GU234141.1 Gymnopus alkalivirens

 GU234022.1 Gymnopus alkalivirens

 AY256696.1 Gymnopus cylindricus

 AF505776.1 Gymnopus cylindricus

 DQ450057.1 Gymnopus cylindricus

  Gymnopus sp.K-38

  Gymnopus sp. K-36

  Gymopus sp. KP-32 

 FJ596783.1 Gymnopus dichrous

 JF313695.1 Gymnopus dichrous

 DQ480115.1 Gymnopus dichrous

 FJ596782.1 Gymnopus dichrous

Clade III

 AB512321.1 Gymnopus sp.

 AY781255.1 Gymnopus sp.

 AY263445.1 Gymnopus nonnullus var. attenuatus
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Fig.15. Phylogenetic analysis of Gymnopus species collected from Pakistan based on nrITS-rDNA regions. 

This tree is based on maximum parsimony method. The percentage of the taxa which clustered together is 

given on node of each clade. Species collected from Pakistan have been labeled with a box ( ). 
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16 Phylogenetic analysis of Marasmius 

The phylogenetic analysis of Marasmius Fr. species collected from Pakistan was 

carried out using maximum likelihood method.  The sequences included in this analysis 

had 1031 characters, from which 749 characters were used in final analysis after trimming 

the alignment from both 5‘ and 3‘ sides. In phylogenetic analysis gaps are treated as data. 

A total 28 sequences of Marasmius species were included in phylogenetic analysis out of 

which two have been collected from Pakistan. To clarify the phylogenetic position of 

each Pakistani collection, sequences of different sections of the genus were retrieved from 

the GenBank database. There are two major clades in the phylogenetic tree (Fig.16) 

which have been labeled as clade I and clade II. All the Pakistani species lie in clade II of 

the tree and none clustered in clade I. The Clade II contains some closely related species 

like Marasmius albimyceliosus (EU935544.1), M. brunneospermus (FJ904966.1, 

FJ904967.1, FJ904968.1, FJ904969.1), M. oreades (FJ481042.1) and M. maximus 

(FJ904974.1, FJ904975.1, FJ904976.1, FJ904977.1).  

Pakistani collection M. oreades KP-3 purely clustered with sequence of same 

species (FJ481042.1). Microscopic and morphological examination makes it very close to 

M.  maximus but phylogenetic analysis could not supported it because it clustered with M. 

oreades instead of M. maximus. Pakistani collection received a significant bootstrap 

support (97%) of clustering with M. oreades and branch length of both taxa is also 

similar. It means that Pakistani species is also distributed in Chinese territory with 

identical ITS-rDNA.  

Marasmius albimyceliosus (KP-13) is another species which has been collected 

and included in this phylogenetic analysis which clustered with sequence of same species 

(EU935544.1). The bootstrap of this of clustering with the same sequence is 100% even 

though the sub clade received insignificant support. The branch length of both Pakistani 

and European collections sharing a common node varies very insignificantly. This branch 

length may be because of either different sequences lengths or some nucleotide bases 

difference in ITS region of both isolates as these belong to two different geographical 

areas and ecological conditions. 
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 FJ917621.1 Marasmius brunneoaurantiacus

 HQ607376.1 Marasmius graminicola

 FJ917617.1 Marasmius graminicola

 EU935522.1 Marasmius bambusiniformis

 EU935521.1 Marasmius bambusiniformis

 EU935483.1 Marasmius corneri

 EU935482.1 Marasmius corneri

 HQ665550.1 Marasmius haematocephalus

 HQ607374.1 Marasmius confertus var. tenuicystidiatus

 HQ665549.1 Marasmius sullivantii

 EU935500.1 Marasmius aff. pallescens

 HQ607384.1 Marasmius siccus

 EU935552.1 Marasmius guyanensis

 EU935525.1 Marasmius haematocephalus

 EU935489.1 Marasmius xestocephalus

 EU935488.1 Marasmius xestocephalus

Clade I

  HF546218.1 Maramius albimyceliosus KP-13 Pakistan 

 EU935544.1 Marasmius albimyceliosus

 FJ904967.1 Marasmius brunneospermus

 FJ904968.1 Marasmius brunneospermus

 FJ904969.1 Marasmius brunneospermus

 FJ904966.1 Marasmius brunneospermus

 HF546217.1 Marasmius oreades KP-3 Pakistan

 FJ481042.1 Marasmius oreades

 FJ904977.1 Marasmius maximus

 FJ904975.1 Marasmius maximus

 FJ904974.1 Marasmius maximus

 FJ904976.1 Marasmius maximus

Clade II
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Fig.16. Phylogenetic analysis of Marasmius species collectaed from Pakistan based on nrITS-rDNA 

regions. This tree is based on maximum likelihood method using Jukes-Cantor model. The bootstrap values 

are given above branches. Species collected from Pakistan have been labeled with a box ( ). 
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17 Phylogenetic analysis of Microphale Spp. 

The phylogenetic analysis of Microphale species collected from Pakistan was 

carried out using maximum likelihood method.  The sequences included in this analysis 

had 994 characters, from which 580 characters were used in final analysis after trimming 

the alignment from both 5‘ and 3‘ sides. In phylogenetic analysis gaps are treated as data. 

A total 28 sequences of Microphale  and species of other closely related genera have been 

included in phylogenetic analysis out of which single species belong to Pakistan. To 

clarify the phylogenetic position of each Pakistani collection, maximum sequences of the 

same species were retrieved from the GenBank database. There are two major clades  

formed in the phylogenetic tree (Fig.17) which have been labeled clade I and clade II. 

Clade I contains Gymnopus (AF505778.1, DQ449987.1, AF505779.1, DQ480109.1, 

DQ449984.1, DQ449985.1, DQ449986.1) and Microphale species while the clade II 

comprises of Gymnopus vitellinipes (AY263453.1, AY263429.1), G. dryophilus 

(GU256226.1, FJ596766.1, FJ596767.1) and Marasmius androsaceus (GU234007.1, 

AF519893.1, N943605.1, FR717227.1, DQ444314.1, DQ444312.1). Former clade 

accommodates Pakistani collection clustering with Microphale brassicolens sequences 

(DQ449991.1, DQ449989.1, DQ449990.1) under BS value than 90 %. Pakistani 

collection also formed a terminal independent clade from Microphale sequences taken 

from the GenBank under a significant BS value (63%). No doubt, Pakistani collection is 

very closely related to the Microphale sequences present in the Genbank until the more 

sequences of this genus are not available for comparison and phylogeny. 
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 AF505778.1 Gymnopus dysodes

 DQ449987.1 Gymnopus dysodes

 AF505779.1 Gymnopus impudicus

 DQ480109.1 Gymnopus impudicus

 DQ449986.1 Gymnopus iocephalus

 DQ449985.1 Gymnopus iocephalus

 DQ449984.1 Gymnopus iocephalus

 Micromphale brassicolens KP-47

 DQ449991.1 Micromphale brassicolens

 DQ449989.1 Micromphale brassicolens

 DQ449990.1 Micromphale brassicolens

 DQ480092.1 Gymnopus sp.

 FJ596894.1 Gymnopus polyphyllus

 FJ596895.1 Gymnopus polyphyllus

 AY256695.1 Gymnopus polyphyllus

Clade I

 GU234007.1 Marasmius androsaceus

 AF519893.1 Marasmius androsaceus

 N943605.1 Marasmius androsaceus

 FR717227.1 Marasmius androsaceus

 DQ444314.1 Marasmius androsaceus

 DQ444312.1 Marasmius androsaceus

 AY263453.1 Gymnopus vitellinipes

 AY263429.1 Gymnopus vitellinipes

 DQ480112.1 Gymnopus alkalivirens

 DQ449982.1 Gymnopus aff. nivalis

 GU256226.1 Gymnopus dryophilus

 FJ596767.1 Gymnopus dryophilus

 FJ596766.1 Gymnopus dryophilus

Clade II
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Fig.17. Phylogenetic analysis of Microphale brassicolens collected from Pakistan based on nrITS-rDNA 

regions. This tree is based on maximum likelihood method using Jukes-Cantor model. The bootstrap values 

are given above branches. Species collected from Pakistan have been labeled with a box ( ). 
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18 Phylogenetic analysis of Mycena Spp. 

The phylogenetic analysis of Mycena species collected from Pakistan was carried 

out using maximum likelihood method.  The sequences included in this analysis had 883 

characters, from which 472 characters were used in final analysis after trimming the 

alignment from both 5‘ and 3‘ sides. In phylogenetic analysis gaps are treated as data. A 

total 26 sequences of Mycena species were included in phylogenetic analysis out of which 

six collected from Pakistan. To clarify the phylogenetic position of each Pakistani 

collection, sequences of different sections of the genus were retrieved from the GenBank 

database. There are two major clades formed in the phylogenetic tree (Fig.18) which have 

been labeled as  Mycena clade  and Gymnopus clade. Pakistani collection of Mycena pura 

lies among the same sequences (FN394601.1, JN182202.1, FN394596.1, HM240535.1, 

FN394603.1, FN394579.1, FN394581.1, FN394580.1, FN394565.1, FN394594.1, 

FN394583.1, FN394584.1, FN394589.1, FN394590.1) in Mycena clade under 41% BS 

value. 

  Mycena pura KP-61

 FN394601.1 Mycena_pura

 JN182202.1 Mycena pura

 FN394596.1 Mycena pura

 HM240535.1 Mycena pura

 FN394603.1 Mycena pura f. lutea

 JF908473.1 Mycena rosella

 FN394579.1 Mycena pura

 FN394581.1 Mycena pura

 JF908436.1 Mycena flavoalba

 FN394580.1 Mycena pura

 FN394565.1 Mycena pura

 FN394594.1 Mycena pura

 FN394583.1 Mycena pura f. multicolor

 FN394589.1 Mycena pura f. ianthina

 FN394590.1 Mycena pura f. ianthina

 FN394584.1 Mycena pura

Mycena 

 AY263453.1 Gymnopus vitellinipes

 AY263429.1 Gymnopus vitellinipes

 DQ449985.1 Gymnopus iocephalus

 DQ449984.1 Gymnopus iocephalus

 DQ449986.1 Gymnopus iocephalus

 AF505778.1 Gymnopus dysodes

 DQ449987.1 Gymnopus dysodes

 AF505779.1 Gymnopus impudicus

 DQ480109.1 Gymnopus impudicus

Gymnopus

57

41

99

80

30

36

77

0.5  

Fig.18. Phylogenetic analysis of Mycena pura collected from Pakistan based on nrITS-rDNA regions. This 

tree is based on maximum likelihood method using Jukes-Cantor model. The bootstrap values are given 

above branches. Species collected from Pakistan have been labeled with a box ( ). 
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19 Phylogenetic analysis of Xerula Spp. 

The phylogenetic analysis of Xerula Maire species collected from Pakistan was 

carried out using maximum likelihood method.  The sequences included in this analysis 

had 736 characters, from which 704 characters were used in final analysis after trimming 

the alignment from both 5‘ and 3‘ sides. In phylogenetic analysis gaps are treated as data. 

A total 43 sequences of Xerula species were included in phylogenetic analysis out of 

which one sequence was included from Pakistan. To clarify the phylogenetic position of 

Pakistani collection, sequences of different species of the genus were retrieved from the 

GenBank database. Major two clades are formed in the phylogenetic tree (Fig.19), which 

have been labeled clade I and clade II. Pakistani collection lies in clade I which contains 

X. hispida (HM005164.1, AF321486.1, AF321485.1), X. pudens (Pers.) Fr. (AF321490.1, 

AF321489.1, HM005159.1, AF321487.1, AF321488.1), X. melanotricha Dörfelt, 

(HM005160.1, HM005156.1, HM005157.1, HM005158.1, HM005162.1, HM005163.1) 

and X. longipes (P. Kumm.) Maire (HM005161.1). Clade II consists of Strobilurus 

species (GQ892800.1, GQ892803.1, GQ892804.1, GQ892805.1, GQ892806.1, 

GQ892809.1, GQ892816.1, GQ892817.1, GQ892818.1). Xerula hispida collected from 

Pakistan clustered together with sequences of X. hispida (HM005164.1, AF321486.1, 

AF321485.1) under a 100% BS value. Secondly the branch length difference between 

Pakistani collection and other isolates is also not different. This sub-clade purely consists 

of X. hispida collections but this clade has received slightly less significant BS value 

(44%). Pakistani collection also has very close agreement with isolates of X. hispida not 

only on the basis of nucleotide base identity but also morphologically and anatomically. 



 315 

 HM005163.1 Xerula melanotricha

 AF321487.1 Xerula pudens

 HM005157.1 Xerula melanotricha

 AF321488.1 Xerula pudens

 HM005162.1 Xerula melanotricha

 HM005158.1 Xerula melanotricha

 HM005156.1 Xerula melanotricha

 HM005161.1 Xerula longipes

 HM005160.1 Xerula melanotricha

 HM005159.1 Xerula pudens

 AF321489.1 Xerula pudens

 AF321490.1 Xerula pudens

 AF321485.1 Xerula hispida

 Xerula hispida KP-6 Pakistan

 HM005164.1 Xerula hispida

 AF321486.1 Xerula hispida

Clade I

 HM005154.1 Xerula pudens

 HM005155.1 Xerula pudens

 AF321493.1 Xerula pudens

 HM005153.1 Xerula pudens

 AF321492.1 Xerula pudens

 AF321491.1 Xerula pudens

 GQ892803.1 Strobilurus albipilatus

 GQ892804.1 Strobilurus albipilatus

 GQ892800.1 Strobilurus tenacellus

 GQ892817.1 Strobilurus tenacellus

 GQ892816.1 Strobilurus tenacellus

 GQ892812.1 Strobilurus tenacellus

 GQ892821.1 Strobilurus conigenoides

 GQ892807.1 Strobilurus conigenoides

 GQ892811.1 Strobilurus conigenoides

 GQ892819.1 Strobilurus conigenoides

 GQ892814.1 Strobilurus conigenoides

 JF908753.1 Strobilurus esculentus

 GQ892818.1 Strobilurus albipilatus

 GQ892801.1 Strobilurus esculentus

 AY354227.1 Xerula sp.

 GQ892809.1 Strobilurus albipilatus

 GQ892805.1 Strobilurus albipilatus

 GQ892806.1 Strobilurus albipilatus

Clade II

 GQ892815.1 Strobilurus stephanocystis

 GQ892822.1 Strobilurus esculentus

 JF908751.1 Strobilurus stephanocystis
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Fig.19. Phylogenetic analysis of Xerula hispida collected from Pakistan based on nrITS-rDNA regions. 

This tree is based on maximum likelihood method using Jukes-Cantor model. The bootstrap values are 

given above branches only shown which are above 40% at least. Species collected from Pakistan have been 

labeled with a box ( ). 
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20 Phylogenetic analysis of Hoenobuehelia Spp. 

The phylogenetic analysis of Hoenobuehelia Schulzer species collected from 

Pakistan was carried out using maximum likelihood method.  The sequences included in 

this analysis had 1342 characters, from which 504 characters were used in final analysis 

after trimming the alignment from both 5‘ and 3‘ sides. In phylogenetic analysis gaps are 

treated as data. A total 66 sequences of Hoenobuhelia species were included in 

phylogenetic analysis out of which six collected from Pakistan. To clarify the 

phylogenetic position of Pakistani collection, sequences of different species of the genus 

were retrieved from the GenBank database. There are three major clades formed in the 

phylogenetic tree (Fig.20) which have been labeled as clade I, clade II, clade III.  All the 

species of all clade are closely related but of my most concern is clade I in which 

Pakistani Hoenobuhelia species clustered with its closely related species. 

The clade I contains sequences of Hohenbuehelia petaloides (GQ142023.1, 

EF409730.1, EF409731.1, EU486437.1, EF409729.1, AF139956.1, GQ142026.1), H. 

angustata (GQ142027.1), H. tremula (Schaeff.) Thorn & G.L. Barron (EF409728.1), H. 

auriscalpium (Maire) Singer (EF409725.1), Nematoctonus geogenius Thorn & G.L. 

Barron (EF409726.1, EF409727.1). Pakisatni collection (H. petaloides K-100) clusterd 

with sequences of same species under a 89% BS values. The whole sub-clade also 

received significant BS (89%) and the branch length also same as other sequences of that 

species. But Pakisatni collection forms an idependant cluster with two H. petalodes and 

H. angustata (Berk.) Singer (GQ142023.1 & GQ142027.1) in the same way as H. 

auriscalpium (EF409725.1) forming with two sequences of H. petalodes (EF409729.1& 

AF139956.1). It means that local specimen may also be treated as different or the genetic 

variation of ITS-rDNA in this genus is high that same population individuals behave in a 

different way. 
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 GQ142023.1 Hohenbuehelia petaloides

 GQ142027.1 Hohenbuehelia angustata

 Hohenbuehelia petaloides K-100

 EF409730.1 Hohenbuehelia petalodes

 EF409731.1 Hohenbuehelia petalodes

 EU486437.1 Hohenbuehelia petalodes

 EF409728.1 Hohenbuehelia tremula

 EF409729.1 Hohenbuehelia petalodes

 AF139956.1 Hohenbuehelia petalodes

 EF409725.1 Hohenbuehelia auriscalpium

 EF409727.1 Nematoctonus geogenius

 EF409726.1 Nematoctonus geogenius

 GQ142026.1 Hohenbuehelia petaloide

Clade I

 EF409738.1 Nematoctonus leiosporus

 EF409739.1 Nematoctonus leiosporus

 EF409740.1 Nematoctonus leiosporus

 EF409741.1 Nematoctonus leiosporus

 EF409742.1 Nematoctonus leiosporus

 EF546659.1 Nematoctonus leiosporus

Clade II

 EF409759.1 Nematoctonus robustus

 EF409757.1 Nematoctonus robustus

 EF409758.1 Nematoctonus robustus

 EF409753.1 Nematoctonus pachysporus

 EF409751.1 Nematoctonus pachysporus

 EF409752.1 Nematoctonus pachysporus

 EF409736.1 Hohenbuehelia mastrucata

 EF409737.1 Hohenbuehelia mastrucata

 EF409735.1 Hohenbuehelia mastrucata

 EF409734.1 Hohenbuehelia mastrucata

Clade III

 JQ806417.1 Pleurotus cystidiosus

 JF908619.1 Pleurotus ostreatus
Out group
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Fig.20. Phylogenetic analysis of Hoenobuhelia petaloides collected from Pakistan based on nrITS-rDNA 

regions. This tree is based on maximum likelihood method using Jukes-Cantor model. The bootstrap values 

are given above branches only shown. Species collected from Pakistan have been labeled with a box ( ). 
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21 Phylogenetic Analysis of Pluteus  

The phylogenetic analysis of Pluteus Fr. species collected from Pakistan was 

carried out using maximum likelihood method.  The sequences included in this analysis 

had 1330 characters, from which 675 characters were used in final analysis after trimming 

the alignment from both 5‘ and 3‘ sides. In phylogenetic analysis gaps are treated as data. 

A total 43 sequences of Pluteus species were included in phylogenetic analysis out of 

which two collected from Pakistan. To clarify the phylogenetic position of each Pakistani 

collection, sequences of different sections of the genus were retrieved from the GenBank. 

There are three major clades  formed in the phylogenetic tree (Fig. 21) which have been 

labeled as clade I, clade II and clade III.  

Clade II (Sect. Celluloderma Fayod) and clade III (Sect. Hispidoderma Fayod) are 

smaller clade with a fewer species because none of Pakistani collection falls in these 

clade. The species of these two clade are characterized by having non-metuloid 

pleurocystidia reverse to the species of clade I.  

Clade I comprises of Pluteus species which can be differentiated from the rest of 

the genus by their metuloid pleurocystida. This clade contains species Pluteus cervinus 

(HM562134.1, HM562165.1, HM562166.1, HM562104.1, JF908614.1, HM562034.1, 

JN021073.1), P. spegazzinianus (HM562194.1), P. pouzarianus (HM562096.1, 

HM562170.1, JF908632.1, HM562154.1, HM562050.1, HM562096.1), P. brunneidiscus 

(HM562042.1), Pluteus cf. subcervinus (HM562217.1, HM562068.1, HM562095.1, 

HM562093.1), P. atromarginatus (EF530926.1, DQ494687.1, FJ774075.1). Pakistani 

collection P. pouzarianus SR-60 clustered among sequences of the same species in P. 

pouzarianus sub-clade under 88% BS value and branch length is also more or less same. 

The second Pakistani collection Pluteus sucervinus (SR-40) falls in the same clade 

because it shares some basic common characters with species of this clade. It clustered 

with P. spegazzinianus (HM562194.1) under a BS value 69 % with almost same branch 

length but this clade received only 28% BS support. 
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 HM562134.1 Pluteus cervinus

 JQ775567.1 Pluteus sp.

 HM562166.1 Pluteus cervinus

 HM562165.1 Pluteus cervinus

 JF908614.1 Pluteus cervinus

 HM562104.1 Pluteus cervinus

 HM562104.1 HM562104

 HM562034.1 Pluteus aff. cervinus

 HM562063.1 Pluteus nothopellitus

 HM562168.1 Pluteus aff. cervinus

 HM562101.1 Pluteus aff. cervinus

 HM562100.1 Pluteus aff. cervinus

 JN021073.1 Pluteus cervinus

  Pluteus subcervinus (SR-40) Pakistan

 HM562194.1 Pluteus spegazzinianus

 HM562156.1 Pluteus aff.pouzarianus

 HM562167.1 Pluteus aff. pouzarianus

 Pluteus pouzarianus SR-60 Pakistan

 HM562096.1 Pluteus pouzarianus

 HM562042.1 Pluteus brunneidiscus

 HM562170.1 Pluteus pouzarianus

 JF908632.1 Pluteus pouzarianus

 HM562154.1 Pluteus pouzarianus

 HM562050.1 Pluteus pouzarianus

 HM562217.1 Pluteus cf. subcervinus

 HM562068.1 Pluteus cf. subcervinus

 HM562097.1 Pluteus cf. subcervinus

 HM562095.1 Pluteus cf. subcervinus

 HM562094.1 Pluteus cf. subcervinus

 HM562093.1 Pluteus cf. subcervinus

 EF530926.1 Pluteus atromarginatus

 DQ494687.1 Pluteus atromarginatus

 FJ774075.1 Pluteus atromarginatus

Clade I

 HM562138.1 Pluteus phlebophorus

 HM562137.1 Pluteus phlebophorus

 HM562117.1 Pluteus phlebophorus

 HM562125.1 Pluteus chrysophlebius

 HM562088.1 Pluteus chrysophlebius

Clade II

 HM562091.1 Pluteus fenzlii

 HM562111.1 Pluteus fenzlii 

 HM562183.1 Pluteus romellii

 HM562123.1 Pluteus romellii

 HM562054.1 Pluteus romellii

Clade III
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Fig.21. Phylogenetic analysis of Pluteus species collected from Pakistan based on nrITS-rDNA regions. 

This tree is based on maximum likelihood method using Jukes-Cantor model. The bootstrap values are 

given above branches only shown. Species collected from Pakistan have been labeled with a box ( ). 
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22 Phylogenetic analysis of Lactarius 

The phylogenetic analysis of Lactarius species collected from Pakistan was 

carried out using maximum likelihood method.  The sequences included in this analysis 

had 1754 characters, from which 704 characters were used in final analysis after trimming 

the alignment from both 5‘ and 3‘ sides. In phylogenetic analysis gaps are treated as data. 

A total 66 sequences of Lactarius species were included in phylogenetic analysis out of 

which two collected from Pakistan. To clarify the phylogenetic position of each Pakistani 

collection, sequences of different sections of the genus were retrieved from the GenBank. 

There are two major clades formed in the phylogenetic tree (Fig.22) which have been 

labeled as clade I and clade II. Out of two, one Pakistani collection falls in clade I and 

other in clade II of sect. Deliciosi (Fr.: Fr.) Redeuilh, Verbeken & Walleyn. 

In clade I, L. ahmedii clustered with species like L. subserifluus Longyear 

(EU819486.1), L. atlanticus (JF908297.1) and an uncultured Lactarius (HQ204687.1). 

All these species share a common ancestor and this sub-clade received 68% BS. L. 

ahmedii differes from the rest of three species by forming a sister clade to them under 

strong BS value (94%) and branch length is also different for this species. 

 L. sanguifluus (K-76) clustered in clade II among the sequences of L. sanguifluus 

forming a sub-clade under a significant BS value (71%). The branch length is also same 

as for other sequences of this species present in this sub-clade (Fig.22). 
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 DQ822820.1 Lactarius cf.rubidus

 GU180303.1 Uncultured Lactarius OTU:KGP102

 AY332558.1 Lactarius serifluus

 DQ658878.1 Lactarius subumbonatus

 EU819480.1 Lactarius camphoratus

 GU550113.1 Lactarius camphoratus

 AY606945.1 Lactarius camphoratus

  Lactarius ahmedii KP-12 Pakistan

 EU819486.1 Lactarius subserifluus

 JF908297.1 Lactarius atlanticus

 HQ204687.1 Uncultured Lactarius

 JF273529.1 Lactarius quietus

 DQ658876.1 Lactarius quietus

 FJ596871.1 Lactarius chrysorrheus

 HM146833.1 Uncultured Lactarius clone

 GU553369.1 Uncultured Lactarius clone lac1320

 AY606946.1 Lactarius helvus

 EF493300.1 Lactarius helvus

Clade I

 EF685051.1 Lactarius deliciosus

 EF685050.1 Lactarius deliciosus

 AF096990.1 Lactarius deliciosus

 DQ658872.1 Lactarius semisanguifluus

 AF140268.1 Lactarius semisanguifluus

 AY332556.1 Lactarius semisanguifluus

 JF908302.1 Lactarius vinosus

 AY332552.1 Lactarius vinosus

 AY332551.1 Lactarius vinosus

 AY953420.1 Lactarius vinosus

 AY332549.1 Lactarius vinosus

  Lactarius sanguifluus K-76 Pakistan

 HE615155.1 Lactarius sanguifluus

 AY332548.1 Lactarius sanguifluus

 JQ685723.1 Lactarius sanguifluus

 FJ858746.1 Lactarius sanguifluus

 AF249289.1 Lactarius sanguifluus

Clade II
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Fig.22. Phylogenetic analysis of Lactarius species collected from Pakistan based on nrITS-rDNA regions. 

This tree is based on maximum likelihood method using Jukes-Cantor model. The bootstrap values are 

given above branches only shown which are above 50%. Species collected from Pakistan have been labeled 

with a box ( ). 
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23 Phylogenetic analysis of Russula  

The phylogenetic analysis of Russula Pers. species collected from Pakistan was 

carried out using maximum likelihood method.  The sequences included in this analysis 

had 1358 characters, from which 706 characters were used in final analysis after trimming 

the alignment from both 5‘ and 3‘ sides. In phylogenetic analysis gaps are treated as data. 

A total 36 sequences of Russula species were included in phylogenetic analysis out of 

which eleven taxa belong to moist temperate area of Pakistan. To clarify the phylogenetic 

position of each Pakistani collection, sequences of different sections of the genus were 

retrieved from the GenBank database. There are five major clades formed in the 

phylogenetic tree (Fig.23) which have been labeled by Section wise: sect. Ingratae 

(Quél.) Maire, sect. Heterophyllae Fr., sect.Compactae Fr., sect. Rigidae and sect. 

Tenellae Quél. All the Pakistani collections distributed in all clades of the phylogenetic 

tree.  

Four taxa clustered with sequences of sect. Intgratae especially the sub-sect. 

Foetentinae; one sequences of R. pectinoides Peck (K-6) and one sequences of R. 

pectinoides var. pakistanica (K-13) clustered with R. pectinoides sequences 

(EU819500.1, JF908639.1, AB211276.1) under a significant BS (73%) and branch length 

is also more or less same. Both Pakistani sequences clustered forming a small sister clade 

to European collections and further these both sequences also show genetic variation 

which is determinable by their branch length difference and but the actual factors are their 

different morphological characters. Two other collections R. foetenoides nom. prov. 

(HE647707.1, HE647708.1) clustered independently forming a sister clade to R. 

pectinoides and R. foetens Pers. sequences (JF908679.1, AY061677.1, DQ422023.1, 

AF230895.1) proving its different identity from both these species. In the same clade the 

forth taxon is R. himalayca nom. prov. which shares common origin with R. foetens by 

receiving a significant BS support (63%) and it forms a sister clade to all sequences of R. 

foetens included in analysis. The branch length is also significantly longer. 

In sect. Heterophyllae a few sequences were included which were very close to R. 

khanspurensis nom.prov. like R.  parazurea Jul. Schäff. (HQ604836.1), R. aeruginea Fr. 

(JQ711921.1) and R. faustiana (JF908705.1). All these species share a common origin 

with a BS value 100% while R. khanspurensis shares some additional characters with 

both latter. R. faustiana separate from both by having significant BS value (78%) with 
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branch length more or less same to that of R.  parazurea. But R. khanspurensis has 

significantly long branch length than both of these taxa with BS value (50%). 

In sect.Compactae and sect. Rigidae have two Pakistani collections (R. densifolia 

KP-50) & (R. aurata K-21) respectively. Both these collections received significant 

support and more or less same branch length values as their respective sequences (Fig. 

23). 

In sect. Tenellae there are three Pakistani taxa clustering with their closely related 

sequences for example one Himalayan R. integriformis clustered with the same species 

(AY061684.1) under a significant BS value (79%) but the branch length differs. The 

other two taxa (R. laricina and R. laricina var. ahmedii) from Pakistan cluster together 

with each other and with R. laricina (JN944008.1) Russula aff. cessans (JF834345.1) and 

Russula cf. cyanoxantha (EU526011.1) but the latter sequence is misidentified as the 

published sequence of R. cyanoxantha (Schaeff.) Fr. (AF418608.1) clustered in sect. 

Heterophyllae. Both Pakistani sequences behave in different way because of genetic 

variation which they have, even though these have same geographical area and ecological 

conditions but morphology is different. 
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 Russula pectinatoides K-6

 Russula pectinatoides var pakistanica K-13

 EU819500.1 Russula pectinatoides

 JF908639.1 Russula pectinatoides

 AB211276.1 Russula pectinatoides

 HE647707.1 Russula foetenoides

 HE647708.1 Russula foetenoides

 Russula himalayca. KP-15 

 JF908679.1 Russula foetens

 AY061677.1 Russula foetens

 DQ422023.1 Russula cf. foetens

 AF230895.1 Russula foetens

 JF908651.1 Russula laurocerasi

 AF418614.1 Russula laurocerasi

Sect. Ingratae

 AF418608.1 Russula cyanoxantha

 JQ711921.1 Russula aeruginea

 JF908705.1 Russula faustiana

 Russula khanspurensis K-24

 HQ604836.1 Russula parazurea

Sect.Heterophyllae

 AF418607.1 Russula nigricans

 AF418606.1 Russula densifolia

 Russula densifolia KP-50

Sect.Compactae

 Russula aurata K-21

 AY061659.1 Russula aurata

 EU598170 .1 Russula flavida

 EU598171.1 Russula flavida

Sect. Rigidae

 Russula intergriformis K-17

 AY061684.1 Russula integriformis

 AF418636.1 Russula integra

 HM189840.1 Russula integra

 Russula laricina var. ahmedii K-49

 Russula laricina K-5 

 JN944008.1 Russula laricina

 JF834345.1 Russula aff. cessans

 EU526011.1 Russula cf. cyanoxantha 

sect. Tenellae

 DQ922540.1 Lactarius sanguifluus
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Fig.23. Phylogenetic analysis of Russula species collected from Pakistan based on nrITS-rDNA regions. 

This tree is based on maximum likelihood method using Jukes-Cantor model (JC+G). The bootstrap values 

are given above branches only shown which are above 40% at least. Species collected from Pakistan have 

been labeled with a box ( ). 

 

 

 

 

 



 325 

24 Phylogenetic analysis of Gymnopilus Spp. 

The phylogenetic analysis of Gymnopilus P. Karst. species collected from 

Pakistan was carried out using maximum likelihood method.  The sequences included in 

this analysis had 730 characters, from which 522 characters were used in final analysis 

after trimming the alignment from both 5‘ and 3‘ sides. In phylogenetic analysis gaps are 

treated as data. A total 29 sequences of Gymnopilus species were included in 

phylogenetic analysis out of which one collection belong to northeastern areas of 

Pakistan. To clarify the phylogenetic position of Pakistani collection, sequences of 

different sections of the genus were retrieved from the GenBank. There are four major 

clades formed in the phylogenetic tree (Fig.24) which have been labeled by Section wise; 

aeruginosus-luteofolius clade, spectabilis-imperialis clade, underwoodii-validipes clade, 

nevadensis-penetrans clade and one independent clade which share common ancestory 

with aeruginosus-luteofolius clade receiving a significant BS support (64%).  

G. acortinus nom. prov. clusters in last clade with G. odini (AF325659.1), G. 

decipiens (AF325660.1) and G. turficola (AF325669.1). Pakistani collection forms a 

sister clade to latter three species under BS 100% and the branch length is also very 

different from this three species sister clade (Fig.24). these three sequences have BS 

100% while their branch length is so reduced that these lie almost at same level and yet 

these have different names.This trend is also commonly observed in all remaining four 

clades too. 
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 AY280985.1 Gymnopilus hispidus

 AY281016.1 Gymnopilus subpurpuratus

 AY280993.1 Gymnopilus cf. punctifolius

 AY280992.1 Gymnopilus luteofolius

 AY280983.1 Gymnopilus hispidellus

 AY280977.1 Gymnopilus aeruginosus

 AY280994.1 Gymnopilus medius

 EU401709.1 Gymnopilus ochraceus

aeruginosus-luteofolius clade

 Gymnopilus acortinus KP-19

 AF325659.1 Gymnopilus odini

 AF325660.1 Gymnopilus decipiens

 AF325669.1 Gymnopilus turficola

 EU518418.1 Gymnopilus sp.

 EU518419.1 Gymnopilus sp.

 AF501549.1 Gymnopilus junonius

 AY280987.1 Gymnopilus junonius

 AY280988.1 Gymnopilus junonius

 AF325662.1 Gymnopilus spectabilis

 AY281008.1 Gymnopilus spectabilis

 AY281009.1 Gymnopilus spectabilis

spectabilis-imperialis clade.

 AY281017.1 Gymnopilus underwoodii

 AY281018.1 Gymnopilus validipes
underwoodii-validipes clade.

 AF501556.1 Gymnopilus penetrans

 AY280999.1 Gymnopilus penetrans

 AY281000.1 Gymnopilus penetrans

 AY281001.1 Gymnopilus penetrans

 AY281002.1 Gymnopilus penetrans

 AY925213.1 Gymnopilus penetrans

 FJ481026.1 Gymnopilus penetrans

nevadensis-penetrans clade
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Fig.24. Phylogenetic analysis of Gymnopilus acortinus collected from Pakistan based on nrITS-rDNA 

regions. This tree is based on maximum likelihood method using Jukes-Cantor model (JC+G). The 

bootstrap values are given above branches only shown which are above 50% at least while the branch 

length is mentioned below each line. Species collected from Pakistan have been labeled with a box ( ). 
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25 Phylogenetic analysis of Hypholoma Spp.  

The phylogenetic analysis of Hypholoma (Fr.) P. Kumm. species collected from 

Pakistan was carried out using maximum likelihood method.  The sequences included in 

this analysis had 1337 characters, from which 646 characters were used in final analysis 

after trimming the alignment from both 5‘ and 3‘ sides. In phylogenetic analysis gaps are 

treated as data. A total 28 sequences of Hypholoma species were included in phylogenetic 

analysis out of which H. xanthofolia nom. prov. from Pakistan. To clarify the 

phylogenetic position of Pakistani collection, sequences of different sections of the genus 

were retrieved from the GenBank. There are four major clades formed in the phylogenetic 

tree (Fig.25) which have been labeled by Section wise or clustering species wise. The 

clade, Sublateritium has sequences H. sublateritium (JF692743.1, JF692738.1, 

JF692742.1, JF692744.1, JF692745.1, AY818349.1) and one independent clade which is 

sister clade to Sublateritium clade consisting of H. dispersum (HQ604747.1), Hypholoma 

sp. (AF335450.1) and H. xanthofolia from Pakistan. Capnoides Clade consists of only 

sequences of H. capnoides (HQ604748.1, EF530927.1, AJ236080.1, AY618255.1, 

U067745.1, JF961368.1, FJ596780.1, AY805610.1) and Australe- fasciculare Clade has 

two species; H. australe (HQ832446.1) and H. fasciculare (DQ320134.1, EU486442.1, 

FJ481020.1, FJ481034.1, FJ687277.1).  

Hypholoma xanthofolia nom. prov. shares common ancestors with H. 

sublateritium but its numerical BS support calculated is slightly less significant (42%). 

Former species forms a sister clade with one unknown species (AF335450.1) and H. 

dispersum (HQ604747.1) under a significant BS value (77%). Branch length is almost 

equal to sub-clade of two species (Fig.25). This type of same relationship is also noted in 

Australe- fasciculare Clade, in which H. australe (HQ832446.1) forms sister clade to H. 

fasciculare (DQ320134.1, EU486442.1, FJ481020.1, FJ481034.1, FJ687277.1) in the 

same way as H. xanthofolia. 
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 JF692743.1 Hypholoma sublateritium

 JF692738.1 Hypholoma sublateritium

 JF692742.1 Hypholoma sublateritium

 JF692744.1 Hypholoma sublateritium

 AY818349.1 Hypholoma sublateritium

 JF692745.1 Hypholoma sublateritium

Sublateritium

 Hypholoma xanthofolia Pakistan

 HQ604747.1 Hypholoma dispersum

 AF335450.1 Hypholoma sp.

 HQ604748.1 Hypholoma capnoides

 EF530927.1 Hypholoma capnoides

 AJ236080.1 Hypholoma capnoides

 AY618255.1 Hypholoma capnoides

 U067745.1 Hypholoma capnoides

 JF961368.1 Hypholoma capnoides

 FJ596780.1 Hypholoma capnoides

 AY805610.1 Hypholoma capnoides

Capnoides Clade

 HQ832446.1 Hypholoma australe

 DQ320134.1 Hypholoma fasciculare

 EU486442.1 Hypholoma fasciculare

 FJ481020.1 Hypholoma fasciculare

 FJ481034.1 Hypholoma fasciculare

 FJ687277.1 Hypholoma fasciculare

Australe- fasciculare Clade
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Fig.25. Phylogenetic analysis of Hypholoma xanthofolia collected from Pakistan based on nrITS-rDNA 

regions. This tree is based on maximum likelihood method using Jukes-Cantor model (JC+G). The 

bootstrap values are given above branches only shown. Species collected from Pakistan have been labeled 

with a box ( ). 
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26 Phylogenetic analysis of Pholiota 

The phylogenetic analysis of Pholiota species collected from Pakistan was carried 

out using maximum likelihood method.  The sequences included in this analysis had 1642 

characters, from which 647 characters were used in final analysis after trimming the 

alignment from both 5‘ and 3‘ sides. In phylogenetic analysis gaps are treated as data. A 

total 40 sequences of Pholiota species were included in phylogenetic analysis out of 

which two collected from Pakistan. To clarify the phylogenetic position of each Pakistani 

collection, sequences of different species of the genus were retrieved from the GenBank. 

There are four major clades formed in the phylogenetic tree (Fig.26) which have been 

labeled as clade I, clade II, clade III and clade IV.  

Clade I comprises of the species like Pholiota spumosa (JF908577.1, JN021067.1, 

JN021068.1, JN021069.1), P. flavida (JF908576.1), P. alabamensis (JF961356.1), P. 

highlandensis (JF440578.1), P. mixta (EU715686.1), P. carbonaria (GU934596.1, 

AY251301.1) and two Pakistani species Pholiota cylindricus nom. prov. & Pholiota 

flavipes nom.prov.. Both these species form a sister clade to Pholiota spumosa 

(JF908577.1) and P. flavida (JF908576.1) under a significant BS value (67%). The 

positions of both Pakistani collections is as same as the Pholiota spumosa (JF908577.1) 

and P. flavida (JF908576.1) in the phylogenetic tree (Fig.26).  

Species of clade II belong to Pholiota sect. Lubricae (Fr.) Singer emend. Holec 

while of clade III sect. Pholiota and of Pholiota sect. Scambae Jacobsson are present in 

clade IV. 
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 Pholiota cylindricus Pakisatn

 Pholiota flavipes  Pakistan

 JF908577.1 Pholiota spumosa

 JF908576.1 Pholiota flavida

 JN021067.1 Pholiota cf. spumosa

 JN021069.1 Pholiota cf. spumosa

 JN021068.1 Pholiota cf. spumosa

 JF961356.1 Pholiota alabamensis

 JF440578.1 Pholiota highlandensis

 EU715686.1 Pholiota mixta

 GU934596.1 Pholiota carbonaria

 AY251301.1 Pholiota carbonaria

Clade I

 HQ222029.1 Pholiota virescentifolia

 FJ717493.1 Pholiota sp.

 JQ411813.1 Pholiota sp.

 JF961363.1 Pholiota sp.

 AB301612.1 Pholiota lubrica

 JF961353.1 Pholiota lubrica

 JF961351.1 Pholiota adirondackensis

 JF908582.1 Pholiota lenta

 JF908578.1 Pholiota lubrica

 AY805621.1 Pholiota spumosa

 AY281022.1 Pholiota lenta

 AY618246.1 Pholiota spumosa

Clade II

 JF908579.1 Pholiota squarrosa

 DQ494683.1 Pholiota squarrosa

 JF961352.1 Pholiota squarrosa

 JQ283959.1 Pholiota squarrosa

 JQ765683.1 Pholiota squarrosa

 JN230706.1 Pholiota squarrosa

 FR686575.1 Pholiota squarrosa

 AY251302.1 Pholiota squarrosa

Clade III

 JF908585.1 Pholiota scamba

 FJ596862.1 Pholiota sp.

 HQ533029.1 Pholiota multicingulata

 HQ832449.1 Pholiota multicingulata

Calde IV

 AY251306.1 Pholiota lucifera

 AF182798.1 Cortinarius favrei 

 AF182801.1 Cortinarius mucosus

 AF182800.1 Cortinarius muscigenus
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Fig.26. Phylogenetic analysis of Pholiota species collected from Pakistan based on nrITS-rDNA regions. 

This tree is based on maximum likelihood method using Jukes-Cantor model. The bootstrap values are 

given above branches only shown. Species collected from Pakistan have been labeled with a box ( ). 
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27 Phylogenetic analysis of Armellaria Spp. 

The phylogenetic analysis of Armellaria species collected from Pakistan was 

carried out using maximum likelihood method.  The sequences included in this analysis 

had 1761 characters, from which 786 characters were used in final analysis after trimming 

the alignment from both 5‘ and 3‘ sides. In phylogenetic analysis gaps are treated as data. 

A total 15 sequences of Armellaria species were included in phylogenetic analysis out of 

which one species is collected from Pakistan. To clarify the phylogenetic position of 

Pakistani collection, sequences of different species the genus were retrieved from the 

GenBank database. There are two major clades formed in the phylogenetic tree (Fig.27). 

Armellaria sp. KP-48 clustered with Armillaria cepistipes (HQ232288.1, AY848939.1, 

GU934598.1, AY213582.1, AY213581.1, AY213583.1), A. gallica (JF907778.1, 

AJ250054.1, AY190247.1, EU784169.1) and most importantly one unknown Asian 

Armillaria sp. CMW_8096 (AY554331.1). Pakistani species clustered with this unknown 

species forming almost similar branch length but the BS support which this node received 

is not very significant. 

 HQ232288.1 Armillaria cepistipes

 AY848939.1 Armillaria cepistipes

 JF907778.1 Armillaria gallica

 AY554329.1 Armillaria sp. CMW 10581

 AY554331.1 Armillaria sp. CMW_8096

  Armillaria sp. KP-48

 FJ501582.1 Armillaria mellea

 AJ250054.1 Armillaria gallica

 GU934598.1 Armillaria cepistipes

 AY190247.1 Armillaria gallica

 EU784169.1 Armillaria gallica

 AY213582.1 Armillaria cepistipes

 AY213581.1 Armillaria cepistipes

 AY213583.1 Armillaria cepistipes

 HQ232287.1 Armillaria borealis
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Fig.27. Phylogenetic analysis of Armellaria sp. KP.48 collected from Pakistan based on nrITS-rDNA 

regions. This tree is based on maximum likelihood method using Jukes-Cantor model. Above each node the 

bootstrap values are given while the values below branches represent branch length. Species collected from 

Pakistan have been labeled with a box ( ). 
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28 Phylogenetic analysis of Clitocybula 

The phylogenetic analysis of Clitocybula species collected from Pakistan was 

carried out using maximum likelihood method.  The sequences included in this analysis 

had 1639 characters, from which 537 characters were used in final analysis after trimming 

the alignment from both 5‘ and 3‘ sides. In phylogenetic analysis gaps are treated as data. 

A total 49 sequences of Clitocybula species were included in phylogenetic analysis out of 

which two were collected from Pakistan. To clarify the phylogenetic position of Pakistani 

collections, sequences of different species of the same genus and of closely related genera 

were retrieved from the GenBank. There are four major clades formed in the phylogenetic 

tree (Fig. 28) which have been labeled as clade I, clade II, clade III and clade IV. All 

clade received significant BS values more than 50%. 

Clade I comprises of Clitocybula lacerata (HM191747.1, HM191746.1, 

JF908760.1, HM191748.1, FJ596916.1), Clitocybula sp. (EU623635.1, EU623636.1), C. 

oculus (DQ192178.1) and C. familia (JF730327.1, JF730328.1). These species formed a 

sister clade with two isolates of Pakistani species C. himalayaca sharing a common 

ancestors whose significance can be determined by BS value (90%). This clade I consists 

of purely Clitocybula species. 

Species of other closely related genera also included in this phylogenetic analysis 

(clade II, clade III & clade IV) to determine the position and evolutionary relationship of 

C. himalayaca but it clustered only with Clitocybula clade (clade I) very distinctly. 
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 HM191747.1 Clitocybula lacerata

 HM191746.1 Clitocybula lacerata

 JF908760.1 Clitocybula lacerata

 HM191748.1 Clitocybula lacerata

 EU623636.1 Clitocybula sp.

 EU623635.1 Clitocybula sp.

 FJ596916.1 Clitocybula aff. lacerata

 EU623637.1 Clitocybula sp.

 DQ192178.1 Clitocybula oculus

 JF730328.1 Clitocybula familia

 JF730327.1 Clitocybula familia

 Clitocybula himayalica   KP-16

 Clitocybula himayalica KP-25

Clade I

 JQ657797.1 Gerronema sp.

 JQ694117.1 Gerronema sp. waikanaensis

 EU623642.1 Gerronema sp.

 DQ192179.1 Clitocybula atroalba

 U66434.1 Gerronema subclavatum

 EU883592.1 Gerronema nemorale

 EU883594.1 Gerronema nemorale

 EU883593.1 Gerronema nemorale

Clade II

 HM191744.1 Clitocybula flavoaurantia

 HM191733.1 Clitocybula lignicola

 HM191736.1 Clitocybula lignicola

 HM191731.1 Clitocybula lignicola

 HM191737.1 Clitocybula lignicola

 HM191732.1 Clitocybula lignicola

 JF908448.1 Mycena dura

 JF908489.1 Mycena capillaripes

 JF908381.1 Mycena alba

 JF908444.1 Mycena hiemalis

 GU234134.1 Mycena galopus

 JF908413.1 Mycena maurella

 JF908414.1 Mycena maurella

 JF908395.1 Mycena speirea

 JF908396.1 Mycena speirea

Clade III

 FN396132.1 Psathyrella spadicea

 AM712289.1 Psathyrella variata

 FN396134.1 Psathyrella spadicea

 JF908635.1 Psathyrella spadicea

 AM712288.1 Psathyrella spadicea

 AM712287.1 Psathyrella cernua

 AM712280.1 Psathyrella multipedata

 AM712279.1 Psathyrella multipedata

 JN943133.1 Coprinellus congregatus

 JN159550.1 Coprinellus congregatus

 JN943131.1 Coprinellus congregatus

 JN159552.1 Coprinellus congregatus

 JN159551.1 Coprinellus congregatus
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Fig.28. Phylogenetic analysis of Clitocybula himalayica collected from Pakistan based on nrITS-rDNA 

regions. This tree is based on maximum likelihood method using Jukes-Cantor model (JC+G). The 

bootstrap values are given above branches only shown which are above 45% at least below branches branch 

length is given. Species collected from Pakistan have been labeled with a box ( ). 
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29 Phylogenetic analysis of Laccaria 

The phylogenetic analysis of Laccaria species collected from Pakistan was carried 

out using maximum likelihood method.  The sequences included in this analysis had 1277 

characters, from which 628 characters were used in final analysis after trimming the 

alignment from both 5‘ and 3‘ sides. In phylogenetic analysis gaps are treated as data. A 

total 38 sequences of Laccaria species were included in phylogenetic analysis out of 

which one species is collected from Pakistan. To clarify the phylogenetic position of 

Pakistani collection, sequences of different species of the genus were retrieved from the 

GenBank. There are three major clades formed in the phylogenetic tree (Fig.29) which 

have been labeled as clade I, clade II and clade III.  

Clade I comprises of Laccaria montana (DQ149860.1, DQ149866.1), L. pumila 

(DQ149864.1, GU234161.1, GU234157.1), Laccaria sp. H39 (JX029946.1), Laccaria 

sp.P195 (FN669224.1), L. amethystina (AM113953.1, AM113954.1, AM113955.1, 

HM189774.1, HM189773.1). Pakistani collection, L. ahmedii nom. prov. clustered in 

clade I (Fig.28) with sub-clade which have sequences of L. pumila. This collection share 

common ancestor with latter as it forms sister clade to rest of species present in sub-clade 

under a BS value 51%. 

In remaining two clades (clade II& clade III), none of Pakistani collection lies. 
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 JQ888177.1 Laccaria sp.DG05-05

 DQ149860.1 Laccaria montana

 GU234158.1 Lactarius obscuratus

 DQ149864.1 Laccaria pumila

 GU234161.1 Laccaria pumila

 GU234157.1 Laccaria pumila

 Laccaria ahmedii KP-60

 DQ149866.1 Laccaria montana

 JX029946.1 Laccaria sp. H39

 FN669224.1 Laccaria sp.P195

 AM113953.1 Laccaria amethystina

 AM113955.1 Laccaria amethystina

 HM189774.1 Laccaria amethystina

 AM113954.1 Laccaria amethystina

 HM189773.1 Laccaria amethystina

 JQ888178.1 Laccaria sp. DG05-50

Clade I

 HM355999.1 Laccaria cf.laccata

 HM189792.1 Laccaria cf.laccata BB-2010

 EU486434.1 Laccaria montana

 HM189786.1 Laccariacf.laccata

 HM189793.1 Laccaria cf.laccata BB-2010

 HM189790.1 Laccaria cf.laccata

 HM189788.1 Laccariacf.laccata

 HM356000.1 Laccaria cf.laccata BB-2010

 FN669225.1 Laccaria sp.B091

Clade II

 JX030237.1 Laccaria sp.1 SGT-2012

 DQ097876.1  Cortinarius callisteus

 GQ267477.1 Laccaria proxima

 GU931707.1 Laccaria proxima

 EU819478.1 Laccaria laccata var.pallidifolia

 DQ822818.1 Laccaria cf.proxima

 DQ367906.1 Laccaria bicolor

 AF204814.1 Laccaria laccata

 JQ753771.1 Laccaria bicolor

 JQ229683.1 Laccaria sp.AT2006

 JX029958.1 Laccaria sp. K10

 AF006596.1 Laccaria laccata

 JQ888179.1 Laccaria sp.DG21

Clade III
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Fig.29. Phylogenetic analysis of Laccaria ahmedii collected from Pakistan based on nrITS-rDNA regions. 

This tree is based on maximum likelihood method using Jukes-Cantor model (JC+G). The bootstrap values 

are given above branches only shown. Species collected from Pakistan have been labeled with a box ( ). 
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30 Phylogenetic analysis of Melanoleuca Spp. 

The phylogenetic analysis of Melanoleuca species collected from Pakistan was 

carried out using maximum likelihood method.  The sequences included in this analysis 

had 1639 characters, from which 537 characters were used in final analysis after trimming 

the alignment from both 5‘ and 3‘ sides. In phylogenetic analysis gaps are treated as data. 

A total 49 sequences of Melanoleuca species were included in phylogenetic analysis out 

of which two were collected from Pakistan. To clarify the phylogenetic position of 

Pakistani collection, sequences of different species of the same genus were retrieved from 

the GenBank. There are five major clades formed in the phylogenetic tree (Fig. 30) which 

have been labeled as clade I, clade II, clade III, clade IV and clade V. All clade received 

significant BS values more than 50%. 

Clade I consists of the species like Melanoleuca exscissa (JN616431.1, 

JN616432.1, JN616433.1, JN616434.1, JN616435.1, JN616436.1), M. iris (JN616446.1), 

M. substrictipes var. sarcophyllum (JN616475.1), M. substrictipes (JF908345.1, 

JN616474.1), M. diverticulata (JN616429.1), M. grammopodia (JF908351.1, 

JN616440.1, JN616441.1, JN616442.1), M. curtipes (JF908350.1) etc;. This clade 

received 100% BS value but in this clade no Pakistani collection falls. 

Clade II is independent clade which received 99% BS value and this clade 

comprises of M. melaleuca (HM622269.1) and M. angelesiana (JN616420.1, 

JN616421.1). Pakistani collection (M. angelesiana SR-91) also clustered with these two 

species but morphological details match with M. angelesiana. Therefore this sequence is 

identified as M. angelesiana. 

Clade III, clade IV and clade V also received significant BS values but no 

Pakistani collection lies in them 
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 JN616434.1 Melanoleuca exscissa

 JN616433.1 Melanoleuca exscissa

 JN616446.1 Melanoleuca iris

 JN616436.1 Melanoleuca exscissa

 JN616435.1 Melanoleuca exscissa

 JN616475.1 Melanoleuca substrictipes var. sarcophyllum

 JF908345.1 Melanoleuca substrictipes

 JF908359.1 Melanoleuca strictipes

 JN616474.1 Melanoleuca substrictipes

 JN616432.1 Melanoleuca exscissa

 JN616431.1 Melanoleuca exscissa

 JN616429.1 Melanoleuca diverticulata

 JN616461.1 Melanoleuca rasilis

 JF908344.1 Melanoleuca cognata

 JF908351.1 Melanoleuca grammopodia

 JF908349.1 Melanoleuca turrita

 JF908350.1 Melanoleuca curtipes

 JN616440.1 Melanoleuca grammopodia

 JN616441.1 Melanoleuca grammopodia

 JN616442.1 Melanoleuca grammopodia f.macrocarpa

 JN616443.1 Melanoleuca grammopodia f.macrocarpa

Clade I

 JN616462.1 Melanoleuca robertiana

 JN616438.1 Melanoleuca graminicola

 JF908357.1 Melanoleuca sp.

 Melanoleuca angelesiana SR-91

 HM622269.1 Melanoleuca melaleuca

 JN616421.1 Melanoleuca angelesiana

 JN616420.1 Melanoleuca angelesiana

Clade II

 JF908360.1 Melanoleuca cognata

 JN616425.1 Melanoleuca cognata

 JF908353.1 Melanoleuca cognata

 JN616427.1 Melanoleuca decembris

 JN616428.1 Melanoleuca decembris

 JF908363.1 Melanoleuca pseudopaedida

 JF908348.1 Melanoleuca microcephala

 JN616426.1 Melanoleuca decembris

 JF908346.1 Melanoleuca pseudoluscina

 JN616460.1 Melanoleuca pseudopaedida

Clade III

 JN616449.1 Melanoleuca microcephala

 JN616452.1 Melanoleuca paedida

 JN616477.1 Melanoleuca sp.

 JN616453.1 Melanoleuca paedida

 JN616430.1 Melanoleuca electropoda

Clade IV

 JF908347.1 Melanoleuca sp.

 JN616455.1 Melanoleuca pseudoluscina

 JN616456.1 Melanoleuca pseudoluscina

 JF908362.1 Melanoleuca phaeopodia

 JF908355.1 Melanoleuca rasilis

 JN616459.1 Melanoleuca pseudoluscina

 JN616457.1 Melanoleuca pseudoluscina

 JF908361.1 Melanoleuca malenconii

Clade IV
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 Fig.30. Phylogenetic analysis of Melanoleuca angelesiana collected from Pakistan based on nrITS-rDNA 

regions. This tree is based on maximum likelihood method using Jukes-Cantor model (JC+G). The 

bootstrap values are given above branches only shown and branch length is given below each branch. 

Species collected from Pakistan have been labeled with a box ( ). 
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31 Phylogenetic analysis of Tricholoma Spp. 

The phylogenetic analysis of Tricholoma species collected from Pakistan was 

carried out using maximum likelihood method.  The sequences included in this analysis 

had 1253 characters, from which 705 characters were used in final analysis after trimming 

the alignment from both 5‘ and 3‘ sides. In phylogenetic analysis gaps are treated as data. 

A total 29 sequences of Tricholoma species were included in phylogenetic analysis out of 

which one collection belongs to Pakistan. To clarify the phylogenetic position of 

Pakistani collection, sequences of different sections of the genus were retrieved from the 

GenBank. There are three major clades formed in the phylogenetic tree (Fig. 31) which 

have been labeled as clade I, clade II and clade III. Clade has sequences T. myomyces 

(DQ825428.1, AF377210.1, AF349699.1, FJ845443.1) and T. terrium (AF377212.1, 

AY573540.1, GU060289.1, GU060288.1). Pakistani collection of T. myomyces clustered 

purely with sequences of T. myomyces retrieved from the GenBank. Both T. myomyces 

and T. terrium form a sub-sister clade with each in clade I and there is fully separation 

between two species which can be determined by strong BS value (83%) on the node 

which makes them separate. It means that T. terrium sequences represents one species 

while those of T. myomyces represents another species because there is no intermixing of 

the sequences which may be concluded that both species are synonyms of each other. 

Pakistani collection also matches with T. myomyces sequences during BLAST 

searches and the phylogeny also proves its identity as T. myomyces rather T. terrium by 

clustering with T. myomyces sequences only. 
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 AF377210.1 Tricholoma myomyces

 AF349699.1 Tricholoma myomyces var. cystidiotum

 FJ845443.1 Tricholoma myomyces

 Tricholoma myomyces K-42 Pakistan

 DQ825428.1 Tricholoma myomyces

 AF377212.1 Tricholoma terreum

 AF377214.1 Tricholoma sp.

 GU060289.1 Tricholoma terreum

 AY573540.1 Tricholoma terreum

 GU060288.1 Tricholoma terreum

Clade I

 AF349697.1 Tricholoma cingulatum

 EU160589.1 Tricholoma scalpturatum

 GU060275.1 Tricholoma argyraceum

 EU160588.1 Tricholoma scalpturatum

 HQ184103.1 Tricholoma argyraceum

 EU160585.1 Tricholoma scalpturatum

 GU060269.1 Tricholoma argyraceum

 EU160587.1 Tricholoma scalpturatum

 HQ184104.1 Tricholoma argyraceum

 HQ184102.1 Tricholoma argyraceum

Clade II

 AF062608.1 Tricholoma imbricatum

 AF062626.1 Tricholoma equestre

 AF062625.1 Tricholoma equestre

 AF062628.1 Tricholoma vaccinum

 AF062627.1 Tricholoma batschii

 AF062629.1 Tricholoma vaccinum 

 AF062615.1 Tricholoma vaccinum

Clade III

 AF062619.1  Cortinarius atrovirens

 AF062631.1 Cortinarius hercynicus
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Fig.31. Phylogenetic analysis of Tricholoma myomyces species collected from Pakistan based on nrITS-

rDNA regions. This tree is based on maximum likelihood method using Jukes-Cantor model (JC+G). The 

bootstrap values are given above branches. Species collected from Pakistan have been labeled with a box 

( ). 
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32 Phylogenetic analysis of Tricholomopsis 

The phylogenetic analysis of Tricholomopsis species collected from Pakistan was 

carried out using maximum likelihood method.  The sequences included in this analysis 

had 1639 characters, from which 537 characters were used in final analysis after trimming 

the alignment from both 5‘ and 3‘ sides. In phylogenetic analysis gaps are treated as data. 

A total 23 sequences of Tricholomopsis species were included in phylogenetic analysis 

out of which two were collected from Pakistan. To clarify the phylogenetic position of 

each Pakistani collection, sequences of different sections of the genus were retrieved from 

the GenBank. There are three major clades formed in the phylogenetic tree (Fig.32) 

which have been labeled as clade I, clade II and clade III. All clade received significant 

BS values more than 50%. 

Clade I consists of only sequences of T. flammula (HE649939.1, HE649940.1, 

HE649941.1, FN554896.1, FN554892.1, FN554893.1, FN554894.1). This clade receives 

97% BS value and all sequences have almost same branch length showing identity of all 

isolates. Pakistani collection of T. flammula (FR822742.1) also clustered among the 

sequences of this species in clade I. 

Clade II contains sequences of T. rutilans (EF530929.1, HE649946.1, 

AB509563.1, FN554895.1) having intraspecific variation in their ITS regions. Pakistani 

collection of T. rutilans(KP-18) also clustered in this clade but slightly more different 

way, perhaps it has more genetic variation in its ITS region as compared to other 

sequences. It can be treated as a new species if morphological characters also support it. 

Clade III has sequences of other closely related sequences of T. decora 

(EF530924.1, AY329597.1, DQ404384.1, HE649942.1, FN554890.1, FN554891.1, 

JN021111.1). No Pakistani collection lies in this clade. 
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 HE649939.1 Tricholomopsis flammula

 HE649940.1 Tricholomopsis flammula

 FN554896.1 Tricholomopsis flammula

 Tricholomopsis flammula SR-12

 HE649941.1 Tricholomopsis flammula

 FN554892.1 Tricholomopsis flammula

 FN554897.1 Tricholomopsis flammula

 FR822742.1 Tricholomopsis flammula

 FN554894.1 Tricholomopsis flammula

 FN554893.1 Tricholomopsis flammula

Clade I

 EF530929.1 Tricholomopsis rutilans

 HE649946.1 Tricholomopsis rutilans

 FN554895.1 Tricholomopsis rutilans

Clade II

 AB509563.1 Tricholomopsis rutilans

 Tricholomopsis rutilans KP-18

 AY329597.1 Tricholomopsis cf.decora

 EF530924.1 Tricholomopsis decora

 DQ404384.1 Tricholomopsis decora

 HE649942.1 Tricholomopsis decora

 FN554890.1 Tricholomopsis decora

 FN554891.1 Tricholomopsis decora

 JN021111.1 Tricholomopsis decora

Clade III

 HQ604726.1 Cortinarius fulvescens

46

100

100

100

96

69

96

61

100

97

0.05   

 

 

Fig.32. Phylogenetic analysis of Tricholomopsis species collected from Pakistan based on nrITS-rDNA 

regions. This tree is based on maximum likelihood method using Jukes-Cantor model (JC+G). The 

bootstrap values are given above branches only shown which are above 45% at least below branches branch 

length is given. Species collected from Pakistan have been labeled with a box ( ). 
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33 Phylogenetic analysis of Clitocybe and Lyophyllum 

The phylogenetic analysis of Clitocybe and Lyophyllum species collected from 

Pakistan was carried out using maximum likelihood method.  The sequences included in 

this analysis had 1849 characters, from which 716 characters were used in final analysis 

after trimming the alignment from both 5‘ and 3‘ sides. In phylogenetic analysis gaps are 

treated as data. A total 42 sequences of Tricholomoid fungi like Lyophyllum, Clitocybe, 

Hypsizygus, Lepista, Infundibulicybe and Omphalina species were included in 

phylogenetic analysis out of which eight were collected from Pakistan. To clarify the 

phylogenetic position of each Pakistani collection, sequences of different from different 

genera were retrieved from the GenBank. There are four major clades formed in the 

phylogenetic tree (Fig.33) which have been labeled as clade I, clade II, clade III and clade 

IV. All clade received significant BS values more than 50%. 

Clade I has the sequences of Lyophyllum species like L. shimeji (HM572531.1, 

HM572534.1, HM572535.1, HM572536.1), L. sykosporum (AF357050.2), L. semitale 

(AF357049.2), L. connatum (HE819396.1, EF421104.1), L. microsporus nom.prov. (KP-

85) and two sequences of Clitocybe abundans (JN020999.1 & KP-29, Pakistan). This 

clade has three sequences from Pakistani region: L. connatum (HE819396.1),  L. 

microspores (KP-85) and  Clitocybe abundans. L. connatum and L. microsporum are 

closely related sharing a common origin with BS value 69% but L. micrsoprum forms a 

sister clade to L. connatum. 

Clade II has sequences of Hypsizygus species and in this clade no sequence from 

Pakistan clustered. 

Clade III is mixed clade in which mostly sequences are of Lepista sordida 

(JF420892.1, FJ501563.1, FJ501573.1, FJ501574.1, FJ501575.1) along with Clitocybe 

vibecina (JF907821.1) and Clitocybe sp. (EU486440.1). Pakistani collection of C. 

vibecina  lies in this clade clustering with European sequence of the same species under 

88% BS value and branch length also keeps them on same distance. 

Clitocybe obscuritus nom. prov. collected from Himalayan moist forests of 

Pakistan forms an independent clade (Fig.33). This species is much divergent from the 

rest of Clitocybe and both sequences of the same species behave in the same way. 



 343 

Clade IV of the phylogenetic tree comprises of Clitocybe species and 

Infundibulicybe sequences. This clade has three Pakistani collections of Clitocybe: C. 

alkaliviolascens K-28, C. bresadoliana SR-1 and Clitocybe sp. 1. In this clade sequences 

of Clitocybe forms a sister clade to sequences of Omphlina under a 100% BS value. In 

Clitocybe sub-clade, Pakistani collection of C. bresadoliana SR-1 clustered with same 

sequence under 97% BS value and the branch length is also same for both. The second 

collection C. alkaliviolascens K-28 also clustered with same sequences retrieved from the 

GenBank under 100% BS value and branch length is more or less same. Pakistani 

Clitocybe sp.1 formed a sister clade to the rest of Clitocybe species present in this clade 

under 81% BS value. 
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Fig.33. Phylogenetic analysis of Clitocybe and Lyophyllum species collected from Pakistan based on nrITS-

rDNA regions. This tree is based on maximum likelihood method using Jukes-Cantor model (JC+G). The 

bootstrap values are given above branches only shown which are above 45% at least below branches branch 

length is given. Species collected from Pakistan have been labeled with a box ( ). 

 

 

 HM572531.1 Lyophyllum shimeji 

 HM572536.1 Lyophyllum shimeji

 HM572534.1 Lyophyllum shimeji

 HM572535.1 Lyophyllum shimeji

 AF357050.2 Lyophyllum sykosporum

 AF357049.2 Lyophyllum semitale

 Clitocybe abundans KP-29 Pakistan

 JN020999.1 Clitocybe cf. abundans

 Lyophyllum microsporus KP-85 Pakistan

 HE819396.1 Lyophyllum connatum Pakistan

 EF421104.1 Lyophyllum connatum

Clade I

 AY265850.1 Hypsizygus ulmarius

 FR686561.1 Hypsizygus ulmarius

 FJ609263.1 Hypsizygus marmoreus

 HM561969.1 Hypsizygus marmoreus

 EF421105.1 Hypsizygus ulmarius

 HM561971.1 Hypsizygus marmoreus

 HM561970.1 Hypsizygus marmoreus

 FJ609268.1 Hypsizygus marmoreus

Clade II

 EU486440.1 Clitocybe sp.

 JF907821.1 Clitocybe vibecina

 Clitocybe vibecina SR-6 Pakistan

 JF420892.1 Lepista sordida

 FJ501563.1 Lepista sordida

 FJ501575.1 Lepista sordida

 FJ501574.1 Lepista sordida

 FJ501573.1 Lepista sordida

Clade III

 Clitocybe obscuritus KP-26 Pakistan

 Clitocybe obscuritusKP-26 Pakistan

 AB301608.1 Infundibulicybe gibba

 GU188436.1 Infundibulicybe gibba

 FJ596815.1 Infundibulicybe gibba

 DQ490635.1 Infundibulicybe gibba

 U66431.1 Clitocybe lateritia

 HQ445603.1 Omphalina cf. rivulicola

 GU234109.1 Omphalina rivulicola

 Clitocybe sp. 1 Pakistan

  Clitocybe alkaliviolascens K-28 Pakistan

 JF907807.1 Clitocybe alkaliviolascens

 JF907810.1 Clitocybe bresadoliana

 Clitocybe bresadoliana SR-1 Pakistan

Clade IV

100

67

97

100

97

98

81

58

100

100

100

100

52

95

100

8885

44

90

69

70

62

93

96

0.00327

0.00000

0.01364

0.00215

0.01734

0.00000

0.00867

0.02143

0.00900

0.02346

0.00533

0.00285

0.00000

0.00000

0.00000

0.00000

0.00179

0.00000

0.00810

0.00194

0.00213

0.00000

0.00000

0.06274

0.00178

0.00356

0.00369

0.00211

0.00929

0.00162

0.00000

0.02921

0.00000

0.00000

0.00000

0.00494

0.00173

0.00000

0.00000

0.00000

0.05686

0.16017

0.00000

0.00192

0.02066

0.02844

0.04024

0.02357

0.00000

0.03187

0.00804

0.02341

0.23558

0.12312

0.07766

0.05072

0.00000

0.00000

0.00570

0.03122

0.00000

0.00000

0.04263

0.00000

0.013400.03625

0.00474
0.07018

0.02088

0.01688

0.05915

0.02650

0.05101

0.00848

0.05539

0.00182

0.00182

0.01176

0.00000

0.00000
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DISCUSSION 

During the survey for the investigation of molecular characterization and 

identification of gilled fungi from Himalayan moist temperate forests (HMTF) of 

Pakistan using internal transcribed spacers (ITS) of rDNA, more than 200 taxa of gilled 

fungi, collected from different localities in HMTF, have been dealt. Himalayan forests 

have dominant coniferous vegetation mixed with patches of deciduous trees. For 

authentic and reliable identification of any fungus, mycologists describe its morphology, 

anatomical characters, DNA marker sequence analysis like ITS-rDNA and the 

phylogenetic relationship to the other closely related allies (Vellinga, 2004; Zhang et al., 

2004; Frank et al., 2010; Ge et al., 2010; Lebel & Syme 2012; Razaq et al., 2012a, 

2012b, 2012c). Following these appraoches 85 species belonging to 36 genera of 17 

families of gilled fungi have been characterized and identified. It has been tried to 

interpret the evolutionary history of each species by using different phylogenetic methods 

like maximum likelihood, maximum parsimony, neighbor joining etc; based on nrITS-

rDNA marker which is commonly used for fungal identification and phylogeny (Hibbett 

et al., 2007; Matheny et al., 2007; Begerow et al., 2010; Dentinger et al., 2011; Vizzini et 

al., 2012; Razaq et al., 2012a). 

Agaricaceae is the most important family whose three genera are distributed in 

Pakistani forests: Agaricus, Cystodermella and Lepiota. The genera Agaricus, 

Cystodermella and Lepiota are easily recognized based on morphological and a few 

anatomical characters; however species differentiation in each genus can be problematic 

(Geml et al., 2004; Geml et al., 2009). Therefore, use of molecular marker like ITS-

rDNA is important approach for species delimitation in Agaricaceae (Vellinga et al., 

2011). 

Agaricus is the most species rich with more than 300 known worldwide (Kirk et 

al., 2008) and a checklist of 18 species is available from Pakistan out of which A. 

arvenses and A. placomyces Peck. are reported from Himalyan moist temperate forests of 

Pakistan (Ahmad et al., 1997). During this investigation six species of Agaricus are 

treated and all these species seem new except A. augustus. All these species clustered in 

different clades of phylogenetic tree (Fig.1) according to sections on the basis of their 

close relationships in accordance with Geml et al., (2008). Zhao et al., (2011) also have 

given same phylogenetic tree for Agaricus of temperate and tropical regions. All natural 
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clustering is also observed in all sections of the genus. Those species which have negative 

Schaffer‗s and KOH reactions are distributed in sect. Agaricus and sect. Sanguinolenti but 

the former has edible species with no cheilocystida or rarely cheilocystidia (Para, 2008). 

All the clades or sections of agaricus are monophyletic with exception of sect. 

Sanguinolenti which is paraphyletic (Geml et al., 2008; Zhao et al., 2011). Zhao et al., 

(2011) also studied the evolutionary relationship of temperate Agaricus with tropical ones 

and found that former are distributed in all eight clades. Pakistani collections also occupy 

the position in three clades proposed by previous studies (Geml et al., 2008; Para, 2008; 

Zhao et al., 2011).  

Agaricus albus nom. prov. and Agaricus calvatus nom. prov. clustered with 

sequences of clade sect. Agaricus with unknown Agaricus sp. GAL18885 (EF460358.1) 

and Agaricus sp. GAL18890 (EF460357.1) (Fig.1). Branch length of both these species is 

significantly longer and considerabale which makes them different from both these 

unknown species and the rest of the species in the respective clade. A. californicus 

(FJ755229.1) is misidentified as phylogenetically it clustered in sect. Xanthodermatei 

(Kerrigan et al., 2005; Lebel & Syme, 2012). Both these species are closely related to A. 

campestris and A. cupreobrunneus. Para (2008) described that all the species of this clade 

or section lack the bulbous base and excess of cheilocystidia, brown to reddish brown 

stipe above annulaus. Both Pakistani species have theses basic characters along pinkish 

brown to black lamellae and pointed stipe base like A. campestris and A. cupreobrunneus.  

Agaricus albus has white to pale ochraceous fibrillose surface but at maturity 

pileus scales turn dark brown contrary to A. campestris and lamellae are crowed pink 

brown to dark brown rarely turn black. Para (2008) described some characters of A. 

campestris like thin, white annulus in upper part of the stipe and above annulus stipe 

becomes white but Pakistani species has white thick annulus which slightly turns brown 

on upper surface at maturity and above annulus stipe remains smooth and brown. Hyaline 

cheilocystidia are clusterd which are colourless and clavate to cylindrical different from 

A. campestris. In the phylogenetic analysis (Fig.1) all the sequences of A. campestris 

clustering together very distinctly from Agaricus albus which indicates its unique 

identity. 

Agaricus calvatus is morphologically characterized by smooth or minutely scaled, 

brownish grey pileus with incurved margins, dark brown to black lamellae, smooth stipe 
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with membranous annulus close to pileus, context pale yellowish to reddish brown. This 

species has very long cheilocystidia which are rod like (28.0–66.0× 12.0–19.5 µm) and 

small spores (6.5–9.0× 5.5–6.5 µm) different as described for A. albus and for A. 

campestris and A. cupreobrunneus by Para (2008). Phylogenetically this species also 

clustered with unknown Agaricus species and has long meaningful branch length.Morpho 

anatomical and molecular differences of this species from closely related species make it 

distinct. 

Other Pakistani collection, Agaricus rhodofloridus nom. prov. is characterized by 

brick-red to orangish red pileus with brown scales, dark umbo, size more than the stipe, 

simple membranous annulus, reddhish brown context and abundant cheilocystidia. This 

species has some basic characters of sect. Sanguinolenti. Phylogenetically it also 

clustered in clade sect. Sanguinolenti (Fig.1) with sequences of A. sylvaticus. It shares 

common ancestors with A. sylvaticus and A. benesii under a 93% BS value. Agaricus 

rhodofloridus forms a separate clade from both species in the same clade. According to 

Zhoa et al., (2011), this temperate species having such characters must lie in the 

Sanguinolenti clade. This Pakistan species occupies the same position as unknown 

temperate Agaricus sp. 49-AM-San-WAC913 with A. sylvaticus and A. benesii in sect. 

Sanguinolenti clade of Zhoa et al., (2011) but this species has BS value 83% while 

Pakistani species clustered under BS 93%. Both these European and Asian species may 

be very closely related or different individual of same species. Morphologically, Para 

(2008) described brown scales of A. benesii on white background while Pakistani species 

has brown scales on pink to reddish ground. Cheilocystidia of former species are clavate 

to broadly calvate with dimensions 12.0–26.0 × 5.0–12. µm while the latter has 

cylindrical cheilocystidia with narrower width and smaller lengths (10.5–19.5 × 4.0–6.5 

µm). Agaricus rhodofloridus also differs from A. sylvaticus by having reddish 

background for pileal scale contrast to A. sylvaticus which has white ground; size and 

shape of the cheilocystidia make both species distinct.  

Three other Pakistani species Agaricus augustus SR-30, Agaricus sp. SR-101 and 

Agaricus pakistanicus nom.prov. share medium to large basidiomata with light brown 

fibrils, cylindrical, thick  and white stipe with evanescent  annulus, bulbous base, olive 

green to yellow in 5% KOH. Based on morphological and molecular data these species 

belong to sect. Arvenses and same clade (Fig.1) wich has species with positive Schaeffer 
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reaction. Geml et al., (2004, 2007) also treated the Agaricus species with similar 

morphological characters in sect. Arvenses clade.   

Agaricus sp. SR-101 and Agaricus pakistanicus are closely related 

morphologically and molecularly. Both these clustered with some sequences of unknown 

species and A. macrocarpus and their branch lengths are different and meaningful but BS 

support is not good. Zhoa et al., (2011) also included two species (95-AF-Thoen 7297, 96 

AS-ZRL 2127) from tropical region in sect. Arvenses clade which have different branch 

lengths and with low BS support. Generally it is also observed that the different species 

show different branch lengths which indicates the genetic difference (Geml et al., 2004; 

Zhoa et al., 2011; Lebel & Syme 2012). But this is not always the rule sometimes 

intraspecific genetic variation may also be significant which makes the individual of same 

species so divergent too (Geml et al., 2007).  

Agaricus pakistanicus is characterized by camel brown, smooth pileus with 

evanescent annulus, with cheilocystidia and basidiospores size (7.5–9.5 × 5.0–6.5 µm). 

The spore size of this species is larger than A. macrocarpus Möller (7.0–8.0 × 4.5–5 µm) 

while smaller then A. macrosporus (Möller et Schäffer) Pilát (10.0–13.0 × 6–7 µm). The 

smooth light brown pileus with small cylindrical and significant bulbous base of Agaricus 

sp. SR-101 makes it different. Molecular data also supported morphological difference 

but more detail morpho anatomical study of this species is needed because this collected 

specimen was immature. A. augustus SR-30 is third species of sect. Arvenses clade 

(Fig.1) clearly clustered with A. augustus sequences with non-significant BS value. This 

species is first time recorded from Himalayan region. 

Cystodermella is a new genus for Pakistan. Phylogenetically it is proved that C. 

cinnabarina is synonym of Cystoderma cinnabranum because Pakistani collection 

morphologically identified as C. cinnabarinum when analyzed in phylogenetic analysis 

(Fig.2) clustered with sequences of Cystodermella. It is also confirmation of previous 

studies (Harmaja, 2002; Saar et al., 2009). 

Lepiota is the third genus of family Agaricaceae which has been studied morpho 

anatomically and phylogenetically. Five species of this genus have been described which 

belong to different clades and different sections (Fig.3). Four species, L. acutesequamosa, 

L. cristata, L. brunneoincarnat and L. subincarnata are new records while L. 
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himalayensis Razaq & Khalid is new species. Both former species have been published 

on molecular basis (Razaq et al., 2012c).  

Lepiota himalayensis Razaq & Khalid is characterized by orange-brown 

basidiomata with dark black squamules on pileus, a trichodermial pileus covering 

composed of light brown to hyaline and elongate clavate elements, oblong spores and 

narrowly clavate to clavate cheilocystidia. Because of the trichodermial nature of the 

pileal covering and oblong basidiospores smaller than 10 µm L. himalayensis can be 

placed in L. sect. Ovisporae (Singer, 1986; Vellinga, 2003; Kumar & Manimohan, 2009). 

A detail discussion of this species is available in Razaq et al., (2012a) in anexture. 

Amanitaceae is another important family described from Pakistan of which has more 

than 600 species worldwide and checklist of 15 species is available from Pakistan (Kirk et 

al., 2008; Ahmad et al., 1997). Recently, five new species and four new records have 

been described with illustrations and diagnostic features from Himalayan moist region 

(Tulloss et al., 2001; Niazi et al., 2009). During this study, seven species have been 

described morphologically and their phylogenetic relationships also reconstructed. Based 

on molecular locally generated, phylogenetic tree resulted in the formation of five major 

section clades (Fig.4). 

Amanita pakistanica was described by Tulloss et al., (2001) on detail morpho 

anatomical studies but on molecular basis it has been described first time. On morpho 

anatomical features it was treated in Amanita sect. Caesareae. But the phylogenetic 

analysis done during this study justifies its correct position among members of sect. 

Amnanita (Fig.4). Phylogenetic position of local collections of A. pantherina is also 

described which also lies in sect. Amanita. Its variation in morphological shades is also 

evident in molecular data as it has different coloration of pileus. Niazi et al., (2009) 

described A. rubescens with all its morphological details and ectomycorrhizal nature from 

Pakistan but phylogentic analysis of this local specieshas been reconstructed during this 

study. 

From sect. vallidae, Amanita flavoconioides nom. prov. showed very close relationship 

with A. flavoconia (GQ452058.1), A. flavoconia (EU819463.1), A. flavipes 

(AB015696.1), A. flavipes (AY436455.1), A. franchetii (DQ822790.1), A. franchetii 

(GQ250398.1). In other words, our sequence lies among the species clustered in sect. 

Validae by Zhang et al., (2004) and Justo et al., (2010a). 
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All the species clustering together with A. flavoconioides share some common 

characters like yellow stipe with membranous annulus, remnants of partial veil on pileus, 

non-steriated pileus margins, amyloid basidiospores but they vary other morphological 

characters of stem, annulus and pileus (Oda et al., 1999). 

Phenetically, A. flavoconioides is characterized by predominantly orangish yellow 

color of the pileus, slightly striated margins and non bulbous long cylindrical stipe. 

Occurrence of smaller subglobose basidiospores is another feature of this species.  

The newly described species is closely related to A. flavoconia due to its orangish 

yellow pileus and smooth or slightly scaly yellowish to whitish stipe. However, the both 

species can be separated on the basis of the absence of bulb and tapering stipe base in A. 

flavoconioides. In A. flavoconia stipe base is slightly swollen and it does not taper 

downward. 

Another close relative of A. flavoconioides may be A. flavipes on the basis of 

colour of cap, lack of bulbous base of stipe and skirt like partial veil and its occurrence in 

coniferous forests of Pakistan. The former species can easily be separated from the latter 

due to yellowish orange tone in the pileus and cylindrical stipe which ends a tapering 

base. As compared to small bulb at base of A. flavipes decribed by Tulloss et al., (2001), 

our species does not possess any swelling or bulb like structure. A. flavipes has a faintly 

umbonate to umbonate pileus while in newly described species umbo is absent. 

From sect. Vaginatae, one new record (A. pseudovaginata) and two other species 

(A. khanspurensis nom.prov. & A. vaginatoides nom.prov.) with new proposed names are 

included in phylogenetic analysis (Fig.4, clade  sect. Vaginatae). 

Amanita khanpurensis and A. vaginatoides clustered with A. vaginata, A. 

pesudovaginata and A. umbrinoleutea. All the members in this clade have no annulus on 

the stipes, zonate striated pileus, succate universal veils attached to sides of stipes. This 

clustering is natural and monophyletic (Zhang et al., 2004; Justo et al., 2010a). Both 

Pakistani collections also have these basic characters but both these differ molecularly 

and morphologically from their allies. A. khanpurensis forms a distinct and independent 

clade (Fig.4) which shows its distinguished genetic makeup. Apparently this species is 

very close A. umrinolutea or A. pachycolea but both latter these species are very close to 

each other in the phylogeny given by (Zhang et al., 2004; Justo et al., 2010a) under a 
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significant BS values but Pakistani collection not clustered with them in phylogenetic 

analysis (Fig.4). Tulloss et al., (2001) provided a description for A. umrinolutea from 

Pakistan whose pileus coloration and stipe is different. A. khanspurensis has dark brown 

umbo zone and the zone between striation and umbo ring is light brown to umber with 

grayish tans. This zone also has light brown narrow zone below striation line ends that is 

different from A. umbrinolutea. Grayish fibrillose stipe of A. khanspuresis is also separate 

from closely related species. A range of different European collections of former species 

is available but according to Tulloss et al., (2001) perhaps these are misidentification 

forms of different species which are phenotypicaly alike. A. khanspurensis also have 

different spore size (12.5–14.5 × 10.0–12.0 µm) which is given by Tulloss et al., (2001) 

for Pakistani A. umbrinolutea (10.0–17.2 × 9.0–14.0 µm). Justo et al., 2010a also given 

same relationship for its A. arnaria species described in the clade pseudoamarendia clade 

(Fig.2). It means that A. kahnspurensis is closely related to A. pseudoinculta given by 

Justo et al., (2010a) which has close relationship with ancestors of secotiodes and 

gasteroides fungi. On the basis of previous work, it can be concluded that ancestors of 

Pakistani gasteroid fungi possibly may be from Agaricales especially from Amanita like 

A. khanspurensis. 

Amanita vaginatoides nom. prov. is another species which clustered very 

distinctly forming sister clade to the other common species of sect. Vaginatae (Fig.4, 

clade sect.Vaginatae). This species has three collections from different localities and has 

some intraspecifica variation as well. This species also has common characters of section 

Vaginatae but it has some close resemblance with A. vaginata and A. pseudovaginata. 

Based on previous studies (Ahmad, 1956; Singh & Mehrotra, 1974), Tolluse et al., (2001) 

described A. vaginata a morphological species complex of different closely related 

species. A. vaginatoides is characterized by greenish gray pileus with umbrella like pileus 

when young and plane at maturity, fragile and easily broken, free white lamellae, white 

stipe tapering to apex with slightly bulbous base. This species also differs from A. 

vaginata described by Yang, (1997) from China as the spore size of this species is smaller 

(6.5–) 7.5–9.5 (–10.5) × (6.0–) 6.5–7.5 (–8.5) µm. But oval shape and grayish colour, 

fragile nature of pileus is comparable with Indian collection of Singh and Mehrotra 

(1974) but they described spore size for their collection is (7.5–12.0 × 6.0–7.5 µm). They 

also described that their collection has membranous volva, slender, fragile stipe without a 

bulbous base and these characters make A. vaginatoides different. Khalid (1998) and 
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Niazi (2008) also mentioned such type of collections in their PhD dissertations as A. 

vaginata.var pakistanica. Dark grayish colour of pileus, umbonate plano convex shape, 

absence of universal veil, distributional pattern are similar to Amanita species PAK 3 

described from Pakistan by Tulloss et al., (2001) but fragile nature of pileus and 

ochraceous spots and stains on volva surface are differenct characters.  

Two species from family Bolbitaceae are described using molecular 

characterization, Paneolus deosaiensis nom. prov. and P. sphinctrinus (Fig.5). Former 

species is distributed from moist forests to Alpine scrub in Pakistan and it was proosed 

here new while the latter is described by Razaq et al., (2012c). In phylogentic analysis 

annulate and non-annulate species clustered distinctly. Paneolus deosaiensis clustered 

with P. semiovatus because both species have an annulus on their stipes differing from 

rest of Paneolus species in phylogenetic tree. P.deosaiensis is characterized by white, 

glabrous, campanulate pileus with dentate margins, gray lamellae girdled, cylindrical, 

solid stipe. Ecologically, this species is collected from cow dung like P. sphictrinus and 

its sequence also matches that of P. sphictrinus from the GenBank. But P. deosaiensis has 

some drastic differences like larger basidiospores (18.62–24.32 × 11.68–16.05µm), 

basidia and cystidia of P. sphictrinus are smaller as described by Razaq et al., (2012b). 

Ola‘h (1969) described P. semiovatus with clay pileus colur, spore size (18.6–20.8 × 

10.2–11.5 μm) which is close to P. deosaiensis but clay pileus makes both species 

different. Mostly species of this genus are found on dung therefore different species with 

apparent same morphology may also be misidentified and there is no enough molecular 

data related to this genus for comparison (Razaq et al., 2012c). 

Coprinaceae is very important edible family which has fourteen species already 

repoteted from Pakistan (Ahmad et al., 1997). Coprinus commatus is identified from 

Pakistan and its ITS sequence data is submitted in the GenBank (Fig.6).This species is 

commonly found in different areas of Pakistan (Ahmad, 1956; Shibata, 1992; Ahmad et 

al., 1997). 

Cortinariaceae is important family of gilled fungi which is represented by more 

than 2000 species (Kirk et al., 2008). This cortina or veil family is poorly reported by 

four species from Pakistan (Ahmad et al., 1997). Cortinarius is the largest 

ectomycorrhizal genus of this family which has several sub-genera and sections and sub-

sections on the basis of nature of the pileus and other basic characters. In this study five 
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species have been described from different sub-genera of this genus using morphological 

and molecular details (Fig.7). Internal transcribed spacer region (ITS) of rDNA is widely 

used for species delimitation in Cortinarius in subgenus Telamonia by Kytovuori et al., 

(2005), Lindstrom et al., (2008), Niskanen et al., (2009) and Suarez-Santiago et al., 

(2009). Frøslev et al., (2007) and Garnica et al., (2009) have studied subgenus 

Phlegmacium and Peintner (2008) subgenus Myxacium. A detail study on sect. Armillati 

is available by the work of Niskanen et al., (2011). Intrespecific variation of ITS region is 

very important only 3-5bp is sufficient for identification of morphologically 

distinguishable species (Frøslev et al., 2007, Niskanen & Kytovuori, 2008; Niskanen et 

al., 2009). Ortega et al., (2008) and Suarez-Santiago et al., (2009) also given conclusive 

remarks for species delimitation if only ITS region differs on 10 positions and for 

varieties this difference is significant if it is observable in 2-9 positions. During this study 

five species of of six seem new while other is ne record. 

Cortinarius brunneocarpus nom. prov. is common species of Pakistani forests 

which is described from Pakistan using morphological, anatomical and phylogenetic 

details (Fig.7). This species clustered very clearly in Telamonia clade with two C. 

hinnuleus and C. hinnuleoarmillatus under a significant BS (79%) value. From this 

analysis it is evident that all three species are very closely related sharing common 

ancestory but C. brunneocarpus forms a sister clade with both remaining species. 

Hygrophanous pileus and stipe of all three species is a common character. Breitenbach 

and Kranzlin, (2000) described three varieties of this species because of its polymorphic 

nature.  All sequences of its varieties are not available in the GenBank for comparison, 

only C. hinnuleus is available which has strongly verrucose spores smaller (7.0–9.5 × 

5.4–6.5 µm) than Pakistani species (8.5–11.5 × 6.0–8.5 µm). It is noted that C. 

brunneocarpus has spore size lager than all the varities described in Breitenbach and 

Kranzlin, (2000) and the marginal elements (cheilocystida) are hyaline and almost similar 

size except width (19.0–36.5 × 7.5–12.5 µm) but these are rod shaped. The spore size of 

C. brunneocarpus is almost similar with C. hinnuleoarmillatus (8.8–10.5 × 5.4–6.3 µm) 

as given by Niskanen et al., (2006). C. hinnuleoarmillatus differs from Pakistani species 

as the former has persistent annulus while the latter has evanescent annulus and there are 

white threads of veil remnants even in young collections instead of orange red. It also 

differs in ITS base similarity 10-12 bp from Pakistani C. brunneocarpus. Cortinarius 

brunneocarpus is also treated as C. hinneulus in previous literature in Pakistan because of 
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it close resemblance with European C. hinneulus as there is lack of regional descriptions 

of such closely related species (Khalid, 1998; Niazi, 2008). 

Cortinarius hyacinthifolius nom. prov. is characterized by chestnut brown, plano-

convex, shiny and glabrous pileus, grayish to violet lamellae and cylindrical stipe with 

marginate bulbous base and reddish brown cortina threads on upper part of the step. 

These basic characters and molecular clustering of this makes it close relative of C. 

calochrous and C. magnivelatus (Fig.7, Calochroi clade) but this species differs from 

both by violet coloration of lamellae and reddish brown threads arranged on stipe and 

margins of bulb. This feature is not observed in any variety of C. calachrous (Breitenbach 

and Kranzlin, 2000). Spore size of this species is significant larger (10.5–14.0 × 7.0–9.5 

µm) as compared to other closely related species. Molecular analysis of this species 

indicates that it has different branch length when it is clustering with C. magnivelatus and 

C. calochrous clade (Fig.1, clade Calochroi). The position of C. hyacinthifolius is in 

accordance to the work of Harrower et al., (2011) in Calichraoi clade with C. calochrous 

and in the same clade of Froslev et al., (2007). The percentage similarity of the sequence 

base also indicates that it is different from rest of the species of Cortinarius. 

Cortninarius nigricans nom. prov. has shiny, black, campanulate pileus with 

violet to grayish lamellae, woody and dry stipe. Based on morphology and phylogeny it is 

close relative of C. erythrinus (Fr.) Fr. and C. vernus H. Lindstr. & Melot. 

Morphologically the stipe and pileus nature make it close relative of sub-genus Telomonia 

confirmed by phylogenetic analysis as well (Fig.1, Telamonia clade). Cortninarius 

nigricans shares campanulate, umbonate pileus with C. vernus but its colour is black 

while C. vernus also get black-brown when moist but former looks completely black. 

Spore size of both species is also (C. nigricans 11.2–13.0× 5.0–8.5 µm Vs 6.9–8.5 × 4.8–

6.0 µm in C. vernus) (Breitenbach & Kranzlin, 2000). Ecologically, this species is found 

associated with confirous vegetation while the C. vernus are found in association with 

deciduous trees. 

Cortinarius virgafomus nom. prov. is another Pakistani species of sub-genus 

Phlegmcium. Based on morphological and molecular results it matches very close to C. 

varius having a more than 3% base difference with C. varius. In phylogenetic analysis, it 

also clustered with species of respective sub-genus like C. variosimilis M.M. Moser & 

Ammirati. Both C. varius and C. variosimilis are closely related except the occurrence of 
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strong blue gills of the former.  Both have cylindrical to clavate white stipe with reddish 

annular remnants and spore size is more or less same (in C. variosimilis 9–10.3 × 5.2–

6.2µm Vs 9.–11.2 × 5.5–6.4 µm in C. varius) (Breitenbach & Kranzlin, 2000). 

Cortinarius virgafomus shares common brown pilus colour and basidioles like or rod 

shaped marginal cells (cheilocystidia) and moderately verrucose rusty brown spores. 

Morphologically, this species has brown pileus with unchanging brown lamellae, smaller 

stipe which is cylindrical, brown instead of white, no annulua zone and larger spore size 

(11.0–13.5 × 5.0–8.5 µm) and marginal cells (19.0–36.5 × 7.5–12.5 µm) are anatomical 

differences. Cortinarius virgafomus is different from both by having a clustering in a 

different way in phylogeny (Fig.7). 

Entolomataceae is another family which has1500 worldwide species (Kik et al., 

2008) and a checklist report of only 7 species (Ahmad et al., 1997). Entoloma pakistanica 

nom. prov. is included in this study that seems undescribed as it forms a cluster with E. 

chalybaeum with a distinct branch length (Fig.8). This species phenotypically 

characterized by, hemispherical to convex, gray pileus with velvety fibrillose surface, 

lamellae light gray, thick and broad with 3–4 tires of lamellulae, stipe fusiform, light gray 

without annulus, annular basidiospores and two layers of pileal covering.  

Gray velvety pileus makes it very close to Entoloma chalybaeum var. chalybaeum 

(Pers.) Noordel., but E. pakistanica has broader pileus (3.6cm) than E. chalybaeum (1.2–

2.4cm) and latter has scaly surface and blue colouration in the centre. Spore size is almost 

same in both species (E. chalybaeum var. chalybaeum 8.5–12.0×6.5–8.5, vs 8.5–11.0 µm 

× 7.5–9.5 µm in E. pakistanica) but latter has 5–6 angles as compared to 5–9angles in 

former species. Cheilocystidia in both species are hyaline and clampless but larger and 

more conspicuous in E. chalybaeum var. chalybaeum (30–75× 5–20 µm) than E. 

pakistanica (21.0–38.0 × 4.5–7.5 µm). Pakistani species lies in the clade Nolanea-

Cladopus clade suggested by the studies of Co-David et al., (2009). Entoloma species 

have characteristic pileal bilayer, a thin suprapellis of narrow hyphae, and a well-

developed subpellis of inflated elements (Baroni, 1981; Noordeloos, (1992, 2004) but E. 

chalybaeum var. chalybaeum has cutis to trichodermial pileipellis. A sufficient ITS–

rDNA marker based data is not available for taxonomic purpose which could make the 

species delimitation easy. Nolanlea sericea (Bull.) P.D.Orton, also has close relationship 

in phylogenetic clade V (Fig.7) which has a cutis, bi layered pileipellis with inflated 
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subpellis but it has spore size different. E. pakistanica is clampless species with bilayer 

peleipellis different from Rhodocybe (Co-David et al., 2009).  

Hymenogasteraceae is another important family which is first time being 

reported from Pakistan represented by Timgroveaand Hebeloma with two species. 

Timgrovea descoleus K-95 is agaricoid species which clustered with sequestrate 

macrofungi in phylogenetic analysis under a significant BS values (Fig.13, Clade 

Descolea like). Pakistani species formed a different clade from the unknown species 

group of Timgrovea under 100% BS value. Different branch length means that it must be 

given a new name because this agaracoid fungus lies among those which have lacules. 

This species is sequestrate, gilled hymenogaster because it was collected from beneath a 

litter and partial veil encloses the hymenophore. Francis and Bougher (2004) gave the 

same definition for agaricoid sequestrate fungi. There is another possibility that this 

species may be link between sequestrate and gilled fungi or it may be one the parents of 

sectioid and gasteroid forms like Amanita and other Heblomoid fungi (Bougher & 

Trappe, 2002; Justo et al., 2010a). This is generally thought because of morphological 

similarties exist between epigeous and hypogeous fungi like spore morphology, 

ornamentation, ectomycorrhizal habit etc, (Thiers 1984, Montecchi & Sarasini, 2000; 

Peintner et al., 2001). Molecular analysis also indicates the link between epigeous and 

hypogenous forms of macrofungi (Peintner et al., 2001; Boyle et al., 2006, Stielow et al., 

2011). There is more need to collect and sequence samples to prove a relationship 

between Pakistani epigeous gilled and hypogeous sequestrate fungi like gastroid and 

sectiotoid forms. 

Hebeloma mesophaeum is known from Pakistan (Ahmad et al., 1997) while H. 

theobronimum is first time recorded from Pakistan and both species phylogenetically 

analyzed using ITS-rDNA molecular marker (Fig.12). 

Inocybaceae is other brown spored family which has smooth thick wall spores. 

Here it is represented by 9 species of Inocybe which have been represented more than 500 

species worldwide (Kirk et al., 2008). All the species collected from Pakistan are first 

time being described with morphological, anatomical and molecular details; no so far 

descriptions and illustrations of Inocybe are available from Pakistani territory. Therefore, 

comparison and species reorganization is based on European or Asian flora (Japan, 

China) instead of local one. These 9 species belong to three clades of phylogenetic tree 

constructed (Fig.14a & 14b).  
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Four species belong to sect. Rimosae, three clustered with respective sequences 

giving a perfect match with European species like, Inocybe rimosa, I. obsoleta and I. 

squamata. Inocybe pakistanica nom. prov. represented by four collections from different 

localities forms a sister clade to I. microfastigiata sharing a common ancestor with this 

species under 78% BS value.  One sequence of European collection of I. microfastigiata 

was included by Larsson et al., (2009) showing its same position as in this study. I. 

microfastigiata clustered among I. rimosa clade ‗A‘ of Larsson et al., (2009). I. 

pakistanica has light yellowish brown to dark brown, fibrillose, rimose, cap, 10.5–15.5× 

7.5–9.5 µm spore size and cheilocystidia. I. microfastigiata and I. bulbosissima are very 

closely related except that the spore size of former is smaller (Kühner, 1988). The spore 

size and brown cap colour of I. bulbosissima is comparable and similar to I. pakistanica 

(in I. bulbosissima, 12–15 × 6–8 μm Vs 10.5–15.5× 7.5–9.5 µm in I. pakistanica).I. 

bulbosissima can be differentiated from Pakistani species by its small bulbous base 

inspite of other anatomical differences (Larsson, 2009). In phylogentic analysis I. 

microfastigiata and I. bulbosissima are closely related to I. pakistanica but four sequences 

of Pakistani species clustered independently as a different species. It is observed that 

different sequences of same species clustered together in a single clade (Ryberg et al., 

2008). 

Based on morphological and molecular results three species belong to Mallocybe 

out of which only one species clustered with sequences of I. leucoblema perfectly and this 

Pakistani collection matches 99% with its European sequences (Fig.1, clade Mallocybe) 

which makes its identification easy (Ryberg et al., 2008). Two other species: I. impurus 

and I. genticus form an independent clade in Mallocybe clade. Both these species have 

significant branch lengths and BS value on their clade node looking conspecific. Both 

these species have different branch lengths with respect to each other and this difference 

is very significant for species delimitation as all different species have different lengths 

(Larsson et al., 2009).  Morphologically, these are also very distinct from each other for 

example I. impurus dark brown to blackish brown with glabrous pilues while I. genticus 

is yellowish brown to reddish brown with scaly surface. Both species have no significant 

difference in their spore size (in I. impurus10.0–12.5× 6.0–8.0 µm Vs 9.5–13.5× 7.0–

8.5µm in I. genticus) and hyaline thin walled cheilocystidia but of different size and 

shape. I. impurus has clusters of cheilocystidia which are cylindrical to clavate shape and 

larger (26.0–38.5× 5.0–15.5 µm) than I. gigitii which have clavate shape cystidia (16.52–
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25.96× 5.9–8.97 µm). Both these species are very close to I. dulcamara in phylogenetic 

analysis but morphologically it has some characters different from both like it has septate 

cheilocystidia and smaller spore size (7.4–10.5× 4.8–6.5 µm) (Kobayashi, 2002). Other 

closely related I. terrigena has also strongly squamose stipe different from both Pakistani 

species (Breitenbach & Kranzlin, 2000). I. genticus, morphologically looks very close to 

I. gymnocarpa described by Breitenbach and Kranzlin, (2000) and (Kobayashi, 2002), 

reddish brown pileus, appressed squamolose surface and non-septae cheilocystidia are 

common in both. Notable differences between tow species are the prominent umbo in 

Pakistani collection and Asian collection from Japan has smaller spore size (8.8–10.8× 

6.1–7.5 µm) (Kobayashi, 2002) and in phylogenetic tree both occupy different places. 

Two species have been reported here which have close relationship with I. 

nitidiuscula in phylogenetic analysis. I. nitidiuscula clusters with same ectomycorrhizal 

sequences submitted from Pakistan. I. nitidiuscula collection was also sent to The 

Hokkaido Museum, Japan where (Dr. Kobayashi‘s personal comments) it was identified 

as I. nitidiuscula and morpho anatomical details are also studied. Inocybe sp. SR-19 has 

metuloids as I. nitidiuscula, spore size is also not more different but I. nitidiuscula is 

yellow species with reddish tint but it has grayish squamolose pileus surface. 

Molecularly, it has some close resemblance with I. nitidiuscula but in phylogeny it differs 

and goes near to I. lacera which also has metuloids. Some detail study and molecular 

analysis is needed for this species to erect it as new species. 

Marasmiaceae is another family which received less attention in Pakistan even a 

single species of this family is so far not available with detailed morpho anatomical 

description and illustration. Here, in this study this family is represented by three genera: 

Marasmius, Gymnopus and Microphale. Morpho anatomical details and molecular data 

for three marasmoid genera are provided out of which the last two genera are first record 

for Pakistan. Marasmius albo 

Three species of Gymnopus, a new genus for Pakistan, are morphologically 

described and phylogenetically their positions and evolutionary status is provided 

(Fig.15). This phylogenetic tree is in accordance with previous studies of Wilson and 

Desjardin (2005) and Hughes et al., (2010) but it was noted that Pakistani species 

clustering is different than their blast matches; (Gmnopus sp. K-36 matches with G. 

readiae (AF505773), Gymnopus sp. K-38 & Gymnopus sp KP-32 with G. confluens 
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(AF505773). In phylogenetic analysis all these species clustered together forming a sub 

clade with G. dichrous and G. cylidricus even though these species are morphologically 

different. The inaccurate entries which are 20% in the GenBank may cause some problem 

in the phylogenetic analysis (Bridge et al., 2003; Nilsson et al., 2006). All Pakisatni 

species are campanulate, thin and different shades of brown coulor are common but K-36 

has uniform pileus colour with fleshy long stipe tapering toward apex. K-38 and KP-32 

have different colouration zones of their fibrillose pilei, margins in both of them are light 

brown but K-38 has almost three zones from dark to light toward margins. These species 

are closely related to G. cylidricus J.L. Mata, but centrally depressed pileus, orange 

brown with white-pruinose surface, light colour towards apex are some of the 

morphological differences. Morpohlogically, G.  cylindricus G.  biformis, G.  confluens, 

and G. alnicolus are also very closely related but their anatomy and molecular data is 

different (Mata et al., 2004). Therefore a further detailed study is need for these Pakistani 

species.  

Marasmius oreades and M. albimyceliosus are first time described from Pakistan 

on morpho anatomical and molecular basis but the morphology of the last species is 

varies from molecular results (Fig.16). Ahmad et al., (1997) has reported Marasmius 

oreades from Pakistan but description is not available. 

Microphale (M. brassicolens) is another important genus of this family which is 

first time being reported from Pakistan (Fig.17). This genus is also still debatable as far as 

its taxonomic status is concerned. 

Mycena pura is also first time described from Pakistan using a phylogentic species 

concept (Fig.18). 

Physalacriaceae is reprensted here by one genus. Xerula is genus new to Pakistan 

and X. hispida is its first species representative from Pakistan which is analysed on 

molecular basis (Fig.19). 

Pleurotaceae is small family reprensented by 6 genera and only 94 species (Kirk 

et al., 2008). Many species of Pleurotus and Hohenbuehelia are nematophagous. In this 

study only Hohenbuehelia is represented by H. petalodes from Himalyan moist region of 

Pakistan. This species is described morphologically and molecularly (Fig. 20). 

 Pluteuaceae Kotl. & Pouzar is another important family which is represented 

here by its one genus; Pluteus Fr. This genus is characterized by free lamellae, pink 

spores, metuloid and non metuloid cystidia, cutis, trichoderm or hymeniderm pileal 

covering  and resentenced by total 300 species wordwide (Kirk et al., 2008). Singer 
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(1986) divided this genus into three sections on the basis of metuloid cystidia (Pluteus 

sect. Pluteus), Non-metuloid cystidia (Pluteus sect. Hispidoderma and Celluloderma). 

From Pakistan in this study two metuloid species have been described on morphological 

and molecular basis. One Pakistani species matches with European P. pouzarianus 

morphologically and molecularly (Justo et al., 2010b; 2011). The second species, P. 

subcervinus nom. prov. clustered with P. spegazzinianus (Fig.21). Pluteus subcervinus is 

closely related to P. spegazzinianus described by Singer (1958). Thin walled to metuloid 

cystidia are similar but in former the cheilocystidia are hyaline while in latter light brown; 

excessively pronged metuloid are broad in Pluteus subcervinus. In the same way lager 

basidiospores (7.5–10.0 × 6.5–8.5 µm) of Pluteus subcervinus are also different than P. 

spegazzinianus (6.8–9.0 × 5.5–6.8 µm). Singer (1958) described this species 

morphologically very similar to P. cervinus (Schaeff) P. Kumm. and light brown edges of 

lamellae P. spegazzinianus  are different but Pakistani species has only white lamellae 

with slightly dentate margins. Similar collections of P. cervinus represent different 

collection on morphological and molecular (Justo et al., 2011). P. cervinus is also 

believed to found on woods of angiosperms while Pakistani collection is purely collected 

from coniferous forest and has clamp connections. But this is not always the rule, Justo 

and Castro (2007) and Vellinga (1990) reported on coniferous wood also. 

Russulaceae is another important family distributed worldwide with known 750 

species of both Lactarius and Russula. Twenty four (24) species of Russula and nine (9) 

of Lactarius are available from Pakistan, associated with coniferous vegetation (Ahmad et 

al., 1997; Niazi et al., 2006). 

 Phylogentically, Lactarius sanguifluus and Lactarius ahmedii are included in 

analysis (Fig.22). The former is described first time on molecular basis from Himalayan 

areas while the latter seems undescribed.  

In phylogentic tree Lactarius ahmedii clustered in a natural way with species of 

sect. Thejagali of sub-genus Russularia (Fr.) Kauffman which is characterized by pileal 

celluar cuticle with poorly developed ixotrichoderm above it (Hesler & Smith, 1979). 

This type of relationship among species of sect. Thejagali was given by Geml et al., 

(2009). According to this study Pakistani new species occupies the space in ‗A‘ clade of 

fig.2. Lactarius ahmedii can also be distinguished from the rest of species of this section 

of sub-genus Russularia. 

Lactarius ahmedii is characterized by orangish to reddish brown pileus dark in the 

centre, concolorous stipe and slight lighter lamellae, reticulate basidiospores. In the pileus 
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rosette groups of cells are not observed. This species is closely related to L. subserifluus 

and L. atlanticus. Pileus colour is nearly same with former but the central depressed 

umbonate part is different. Pakistani collection does not have purely cylindrical stipe like 

L. subserifluus; it is slightly tapering towards apex and a ring like zone near the pileus on 

stipe that is concolorous with lamellae, is also different.  Hesler and Smith (1979) have 

described American collection of L. subserifluus which has smaller spore size (6.0–

7.5×6.0–7.0 µm) than L. ahmedii (6.0–8.5×5.0–7.6 µm) with a different warts size (0.76–

2.12 µm). L. subserifluus has hymenium consisting of only basidia without any 

pseudocystidia and cheilocystidia where as L. ahmedii possesses cystidia.  

In Russula three new species (Russula foetenoides, R. himalayca & R. 

khanspurensis) and two new varieties (R. laricina var. ahmedii and R. pectinatoides var. 

pakistanica) are proposed here while four species (Russula acrifolia, R. integriformis, R. 

laricina and R. pectinatoides) are recorded first time for Pakistan while R. aurata, R. 

densifolia are described first time on molecular data.The first two species belong to sect. 

Integratae sub-sect. foetentinae and the R. khanspurensis shares characters with species 

of sect. Tenellae (Fig. 23). 

Russula foetenoides nom. prov. is characterized by yellowish-brown pileus with 

chestnut brown disc and patches at centre and white adnate to adnexed lamellae. 

Microscopically, subglobose, echinulate, pale orange yellowish basidiospores; 

particularly the spores have warts and ridges (ca.1.7-2 µm) which hardly have any 

reticulum but possesses many line connections.  

Russula foetenoides, based upon large yellowish brown pileus, pale orange 

yellowish, echinulate spores and prominent apiculus fall clearly in Russula Set. Ingratae 

sub-sect. Foetentinae. Its yellowish brown, large sized pileus, spore shape, warts and 

echines make this species very close to European species R. foetens (Pers.) Fr..  Shaffer 

(1972) described morpho-anatomically. The basidiospores of R. foetens (7.5–11.5×6.7–

8.7) and echines or warts of the basidiospores are isolated without any line connections or 

reticulum. R. foetnoides has spore size (8–10 × 7–9 µm) very near to R. foetens but the 

Pakistani collections have line connections and even partial reticulum. This difference 

makes them apart and brings close our species to other Russula species having reticulate 

basidiospores. 

 Phylogenetic relationship of R. foetenoides based on ITS sequences places it 

among the members of the clade I (Fig.23) which have yellow, larger spores with 
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prominent ornamentation. This clade is in accordance with Foetentinae clade of 

Eberhardt (2002) which is based on ITS sequences which shows R. foetens and R. 

laurocerasi in one clade while R. amoenolens as sister clade to both of them. While clade 

II (Fig.3) is also in accordance with Russula clade of Eberhardt (2002) in which white to 

cream spored members are present. This topology our phylogenetic tree is also in 

accordance with clade 3a of Miller and Buyck (2002) and clade subg. Ingratula Russula 2 

of Buyck et al., (2008) in which R. foetens and R. illota are sub-clades while R. 

pectinatoides is sister clade to both of them as shown by Miller and Buyck (2002). Russla 

foetenoides lies in Foetentinae clade of Eberhardt (2002), clade 3a of Miller and Buyck 

(2002) and clade subg. Ingratula Russula 2 of Buyck et al., (2008). The ITS-rDNA 

sequence similarity of Pakistani species shows that R. foetens is closest relative (Fig. 23, 

sect. Ingratae) while R. lauracerosi and R. illota also have close base similarities. Both 

these species have spores with line connection like R. foetenoides but the spore size of 

them is quite different (R. illota 7–9 × 6.5–7.5 µm vs R. foetenoides 8–10 × 7–9 µm) (R. 

lauracerosi 7–9×7–8.5 vs R. foetenoides 8–10 × 7–9 µm). R. lauracerosi has a very 

significant height of spore ornamentation (2.6 µm) different from rest of species in this 

clade (Kuo, 2009).  

R. himalayca nom. prov. is characterized by reddish-brown pileus with chestnut 

brown dark adnate lamellae. Microscopically, subglobose, echinolate, pale orange 

yellowish basidiospores; a rarely reticulum or a fewer line connections between spines. 

These basic characters of sub-sect. Foetentinae. This species is very close to R. foetens as 

it lies in R. foetens clade (Fig.23, clade sect. Inegratae) but it formed a sister clade to all 

sequences of R. foetens under a significant BS value. it also differs from other closely 

related Pakistani R. foetenoides  as this species clustered with those species which have 

reticulate spores with high spines sizes. It has different sore size (7.0–15.65× 6.0–7.6µm) 

different from all closely related species like R. foetens, R. foetenoides, R. illota and R. 

lauracerosi. This species which has some of connections among warts or rarely these 

connections is between R. foetens and other reticulate species. Some more anatomical 

studies are required for this species. Phylogentically this species can be discussed in the 

perspective given above for R. foetenoides. 

R. khanspurensis nom. prov. is characterized by green colour fruiting body, globes 

to sun-globose to plano-convex, very closely related to R. parazurea J.Schaff. In the 

molecular analysis, R. khanspurensis clusterd very closely with R. parazurea (Fig.1, 
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clade, Heterophyllae). According to Kranzilin, (2005) R. parazurea has same shape as 

Pakistani species but the former has gray to green –bluse with olive tones but latter has 

light green colour of the pileus. Pakistani species has different spore size (7.0–8.5×5.7–

6.5µm) than R. parazurea (6.0–7.5×4.9–6.1µm) and has reticulate spores different from 

former (Kranzilin, 2005). In the phylogenetic analysis both species can be separated as 

different branch length which make them closely related. R. parazurea is found in 

hardwood forest while R. khanspurensis  is collected from area dominated with 

coniferous vegetation. 

Russula laricina var. ahmedii nom. prov. is distinguished by the pinkish pileus 

that is different from Russula laircina, spore size is overlapping with its original species. 

In phylogenetic analysis (Fig.23), this has clustered with Russula laricina with some 

different branch length value. This variety may be extended to a new species but for it a 

detail study of its more collections is needed. In the same way, R. pectinatoides var. 

pakistanica nom. prov. has coated pileus as compared to dreid surface of R. pectinatoides 

and branch lengths of both are also different. 

In Strophariaceae, three genera (Gymnopilus, Hypholoma & Pholiota) are 

described with mopho anatomical and phylogenetic details. For more detail about their 

identification and phylogeny each genus treated separately with its species in separate 

phylogenetic tree.  

 Gymnopilus P. Karst. is represented by more than 200 species worldwide 

(Guzman-Davalos et al., 2003). This lignicolous genus remains unattended in Pakistan 

and even a single species is not so far described using morpho anatomical details and 

molecular data. Romagnesi (1942) divided this genus (as genus Fulvidula Romagn.) into 

Annulatae and Cortinatae on the basis annulus. Former comprises of all the species which 

have persistent annulus while latter has non-persistent or no veil. Pakistani G. acortinus 

nom. prov. is characterized by orangish brown, campanulate to convex pileus, light 

pinkish brown lamellae, tapering stipe without any annulus on stipe. G. acortinus is 

morphologically is close to its clade species (Fig. 24) as almost all share annulate stipe for 

example. But in case of phylogenetic and molecular analysis these two groups are not 

recoverable even though this genus is monophyletic (Guzman-Davalos et al., 2003). 

Pakistani species differs from all of its close relatives as it lacks any cheilocystidia and 

pleurocystidia and trichodermial pileal covering. This character may close G. acortinus 
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with Cortinarius species with addition of rusty brown ornamented spores but there are no 

evidences of cortina in three specimens of different ages and secondly its ectomycorrhizal 

habitat is yet to be determined. On molecular basis it does not match with any Cortinarius 

species in blast searches; and in phylogenetic tree this clustered with Gymopilus species 

under a significant BS value. 

Hyphloma xanthofolia nom. prov. is another pretty, colourful mushroom of this 

family which has orange red to reddish brown pileus with pale margins and yellow 

lamellae. Phylogeneticaly this species closely clustered independently with H. dispersum 

and one unknown species (Fig. 25). Ultimately these three species lie in Sublateritium 

clade in which most of sequences belong to one orange brown H. sublateritium species. 

H. sublateritium species, another orange brown fungus is very close to Pakistani species 

but the fruiting body of latter is smaller (1.5-2.8cm) than H. sublateritium collected from 

USA (2-7.5 cm) and Europe (2-.5-5cm) and the lamellae are also pallid gray, yellowish 

brown to black while in  Hyphloma xanthofolia lamellae are yellow in all collections 

(Watling & Gregory, 1987; Kuo, 2005). Basidiospores ranges are not much different from 

H. sublateritium but it has legniform to broadly clavate to broadly venticose cystidia 

(33.0–42.5 × 8.5–15.0 µm) while H. sublateritium (35.0–35.0 × 7.0–10.0 µm) has 

fusiform to ventricose (Walting & Gregory, 1987). Kuo (2005) described lamellae from 

pale, then olive, flushed green by maturity, finally purple-brown and spore size (7-10 × 4-

5 µm) in H. dispersum. 

Pholiota has two species Pholiota flavipes nom. prov. and Pholiota cylindricus 

nom. prov. which have very close relationship with P. spumosa in sct. Spumosae in 

phylogenetic analysis (Fig. 26). Both Pakistani species form a sister clade with P. 

spumosa and P. flavida under a significant BS value. Phylogenetically, P. flavipes and P. 

cylindricus can be differentiated from each other as both have different branch lengths in 

similar way as P. spumosa and P. flavida possess (Fig.1, clade I) and morphologically P. 

flavipes has fibrillose annulus which P. cylindricus lacks. Pileus characters like smooth, 

lemon yellow surface, incurved margins, pale adnate lamellae, and spore size (7.0–9.0 × 

4.0–5.5 µm) of P. flavipes make it close relative of P. flavidia and P. spomusa. Spore size 

of Pakistani species is same as P. spomusa but the fibrillose remnant of annulus and 

smaller fruiting body make it different in the same way as P. highlandensis (Peck) Quadr. 

differs from P. spomusa (Holec, 2001). P. flavipes has also a major difference with P. 

flavidia like the absence of pleurocystidia in latter and veil remnants variously arranged 
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along the margin of pileus.  Spore size of P. cylindricus and P. spumosa is very close but 

the colour of pileus in former is brown while latter has bright lemon yellow. The veil 

remnants variously arranged along the margin of pileus is also observed in young 

specimens of P. cylidricus similar to P. flavida as described by Smith and Hesler (1968). 

P. cylidricus differs from P. flavida by having pleurocystidia which are similar to 

cheilocystidia. For Pholiota molecular approach is more reliable for species delimitation 

(Matsumoto et al., 2003).  

Tricholomataceae is a diverse family with different 78 genera and 1020 species 

(Kirk et al., 2008). During this study nine genera and 14 species have been described on 

morphological and molecular basis.  

Armilleria is important plant pathogen genus of this family. These pathogens love 

to live in temperate and tropical rareas. (Hood et al., 1991). Armilleria causes root rot in 

higher plants like Abies, pines, oak etc, and species specific interaction with host is also 

common (Termorshuizen, 2001). Armellaria sp. KP-48 is commonly found in Pakistani 

Himalayan moist forest and it was considered as A. mellea by previous workers (Shibata, 

1992, Murakami, 1993, Ahmad et al., 1997). During this study this species has been 

analyzed on molecular basis using its ITS-rDNA region and phylogenetic tree was also 

reconstructed (Fig.27). In blast search it matches 99% with unknown species reported 

from Bhutan. In the phylogenetic analysis, Pakistani species clustered with the same 

species distinctly from A. mellea. Ecologically, both Pakistani and species from Bhutan 

have been collected from high altitudes of Himalaya associated with Abies vegetation but 

with different species; Pakistani with A. pindrow while species of Bhutan with A. densa 

Griff. (Coetzee et al., 2005). Similar ecology, coniferous host and base similarity more 

than 97% indicate that both may be isolates of same species widely distributed in 

Himalayan range of Asia but both species are associated with different species of same 

genus.  

Clitocybula (Singer) Singer ex Métrod is small genus represented by 10 taxa in 

Europe and North America (Barrasa et al., 2006) and this is new for Pakistan.  

Clitocybula himayalica nom. prov. is a non-ectomycorrhizal taxon which is commonly 

distributed in Himalayan forests. In the phylogenetic analysis, it clustered with different 

species of the genus in clade I but forming a sister clade with C. familia, C. lacerata and 

C. oculus (Fig. 28). It means Pakistani species has close relationship with these three 
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European species. Pakistani species is characterized by greenish gray pileus, distant 

ribbed light gray color lamellae, and cylindrical light green stipe. This species is very 

close to European C. familia described by Antonín et al., (2011) but European species has 

stipe with broad apex, moderately crowded lamellae and umbonate plano-convexpileus 

while Pakistani species is campanulate with darker central area. Pakistani species has 

larger basidiospores (6.0–7.5 × 4.0–6.0 µm) than C. familia (3.5–5.25(5.5) × 3.5–5.0 μm) 

and abundant clusters of marginal cells (cheilocystidia) were observed different from 

latter. C. oculus has smaller spores (5-6.5 × 4-5.5 µm) than C. himalayca (6.0–7.5 × 4.0–

6.0 µm) but larger than C. familia (3.5–5.25(5.5) × 3.5–5.0 μm), C. lacerata has spore 

size larger than remaining other three species (6-8 × 4.5-6 µm) (Kuo, 2004). 

Laccaria ahmedii nom. prov. is very interesting collection because mostly the 

species of this genus are reported from arctic-alpine habitats (Osmundson et al., 2005). 

Laccaria ahmedii is characterized by two to four spored basidia anatomically while 

macromorphologically it has sub-glubose to palno-convex pileus with striated surface, 

distant lamellae, concolorous with pileus surface. This species when compared base 

similarity of ITS-rNDA sequence matches 95% with L. pumila. In phylogenetic analysis 

this species clustered with L. pumila and L. montana (Fig. 29, clade I). Interestingly, this 

close relationship was observed in phylogenetic analysis of Osmundson et al., (2005). 

Mueller, (1992) also believed that species look similar in field but with anatomical 

difference that former has two spored basidia. Singer (1977) treated both these species a 

synonyms considering this difference in two individuals of same population. Lahaie, 

(1981) on the basis of his data observation disagreed with Singer (1977) and considered 

them two separate species. Osmundson et al., 2005 analyzed molecular data on the basis 

of ITS-rDNA marker of both species. These are very closely related to each other but 

monophytelically separated from each other in phylogenetic tree. Pakistani species can 

easily be separated from L. pumila because it has four spored basidia while from L. 

montana by having two and four spored basidia.  Pakistani species has small prominent 

umbo when young different from both while central depression when old, lamellae are 

distant and orange brown different from both (L. montana & L. pumila). Lamellae are 

forked according to Osmundson et al., (2005) which makes it close to L. pumila basidia 

are mostly four spored. Phylogenetic analysis also makes this species different from both. 

Ecologically former both species are reported from treeless zone while Pakistani species 

was collected from vigorous vegetation of coniferous trees from temperate area. 
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Melanoleuca is another genus which is morpho anatomically analyzed (Fig. 30) 

represented by M. angelesiana. 

The phylogeny and synonymy of Tricholoma myomyces is also interpreted in Fig. 

(31) in which it is clear that T.myomyces is not synonym of T. terreum. 

Tricholomopsis flammula is first Pakistani species which is first time described 

and illustrated using morpho anatomical tools and molecular approaches (Fig. 32) (Razaq 

et al., 2012b). Local T. rutilans is also included in this study which matches 93% with 

European collections but this genus has diverse ITS region.  

Clitocybe is represented by 6 species in this study. All species are described 

phylogenetically (Fig.33), four species clustered with their respective sequences and on 

the basis of molecular and morphology these are considered as same species like 

Clitocybe alkaliviolascens, C. abundans, C. bresadolina and A. vibecina. These four 

species are new records for Pakistan while C. obscuritus and Clitocybe sp.1 are two new 

undescribed species that do not fit any clade of the phylogenetic tree. C. obscuritus forms 

an idependent clade very different from the rest of the species. In blast search, it matches 

84% only with unknown species and in phylogenetic analysis, the both isolates collected 

from different localities form a small clade. From morphology perspective, Clitocybe is 

difficult to recognize as it is a character-poor genus (Vizzini et al., 2010). In fact, many 

species of this genus differ only in very subtle features like basidioma macromorphology, 

pileipellis structure and basidiospores size (Harmaja, 1969; Singer, 1986; Takahashi, 

2003; Raithelhuber, 2004). Molecular analysis also determines it as non-monophyletic 

assemblage of species in this genus (Moncalvo et al., 2002; Matheny et al., 2006). 

Clitocybe sp.1 clustered in clade IV with sequences of Pakistani species but forming a 

sister clade under 81% BS value with different branch length. All the species present in 

this sub clade share a common brown colour of pileus and decurrent lamellae and fleshy 

funnel shaped shape but Clitocybe sp.1 has lighter colour (light brown) of pileus and 

white, ridge like lamellae. 

Lyophyllum P. Karst. consists of 40 species found across the world in temperate 

north hemisphere (Kirk et al., 2008). L. connatum is the first species from Pakistan which 

has been described using morphological, anatomical and molecular details (Razaq et al., 

2012). L. microsporus nom. prov. is the second species which clustered with L. connatum 

described from Pakistan under a significant BS value (Fig. 33). Both species share white, 
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smooth colour of pileus, decurrent lamellae, ellipsoid spores, hymenuim without 

pleurocystidia. L. microsporus has extremely smaller sized spores (2.7–3×4.8–4.9 µm) 

and thin, crowded lamellae as compared to spores size of L. connatum (4–7 × 5–6 µm) 

and lamellae described by Razaq et al., 2012c. Phylogenetically this species also 

clustered in a different way indicating its separate position from L. connatum. 

Morphological, anatomical and molecular characterization of all the taxa included 

in this study elucidated that 39 taxa are undescribed prevoiusly; and remaining are 

addition to mycoflora of Pakistan. Almost all the flora is compared with European, 

American and some Asian mycoflora like Chinese and Japanese species because detail 

descriptions and molecular data of local flora is lacking. Those species which are found 

worldwide and their base similarity are more than 97% and sometimes even 95% are 

retained with same names and remaining are treated as new species after careful 

examination of morpho anatomical characterization Allopatric patterns and continental 

drifts increase the species richness and diversity of an area. Apparently, similar two 

individuals of same species from two different continents when carefully examined may 

belong to two different species (Petersen et al., 2003). All the taxa treated in this project 

will provide baseline and reference sequences for future research and comparison of 

regional mycoflora. 
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